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Preface 
 

There is growing evidence on the importance of studies focusing on mechanisms and 
strategies leading to cancer prevention. The plethora of approaches include regulation 
of oxidative stress using antioxidant therapies, carefully balanced diets and living 
habits, epidemiological evidence and molecular approaches on the role of key 
biological molecules such as antioxidant enzymes, vitamins, proteins and naturally 
occurring free radical scavengers as well as controversial results and clinical 
applications. These are some of the topics that this book highlights. Furthermore, it 
provides comprehensive reviews of the state-of-the-art techniques and advances of 
cancer prevention research of different areas and how all this knowledge can be 
translated into therapeutic benefits as well as controversies. The primary target 
audience for the book includes PhD students, researchers, biologists, medical doctors 
and professionals who are interested in mechanistic studies on cancer prevention, 
clinical approaches and associated topics. 

In section 1, top experts discuss a diverse set of carcinogenesis mechanisms with 
emphasis in oxidative stress, DNA damage and inflammation. Specifically, Dr Li Yang 
and colleagues discuss the targeting of tumor microenvironments and cancer 
prevention. Dr Du’s chapter concentrates on the role of inflammatory reactive oxygen 
species (ROS) in Fanconi anemia hematopoiesis and leukemogenesis. Dr Eddy Yang 
and colleagues concentrate on the interplay between inflammation, DNA damage and 
cancer exploring the positive roles of vitamin D, retinoid and antioxidants. Dr Cofre’s 
chapter focuses on Kaiso protein and prognosis of cancer discussing especially the role 
of immunohistochemistry in the current epigenetic paradigm. Finally, for this section, 
Drs. Showalter and Czerniecki ‘dissect’ very successfully the targeting of molecular 
pathways for prevention of high-risk breast cancer. 

In section 2, chapters focus on the contribution of specific dietary and lifestyle patterns 
to cancer as well as in prevention. Dr Novaković and colleagues discuss how nutrition, 
physical activity, tobacco and alcohol use may contribute to carcinogenesis and the 
necessary lifestyle changes to prevent the appearance of a malignancy. Dr Kotzev’s 
chapter concentrates on the prevention of colorectal cancer and especially the various 
risk and protective factors for colorectal polyps and cancer. Dr. Wada’s work focuses 
on the preventive effects of food components and commonly used supplements in 
colorectal cancer as well as controversies. Dr Kaliora’s and Dr Kountouri’s chapter 
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discusses the exciting chemopreventive activity of Mediterranean medicinal plants 
while Dr De Souza’s comprehensive review chapter explores critically the dietary 
manipulation for therapeutic effect in prostate cancer. Dr Barone’s work discusses 
extensively the roles of phytoestrogens as nutritional modulators in colon cancer 
prevention. On the same note, Dr Akpinar-Bayizit and colleagues concentrate on the 
unique therapeutic potential of pomegranate and its products for prevention of cancer. 
Last but not least, Dr Sanghvi and colleagues focus on the prevention of cervical 
cancer in women living with HIV in the developing word. 

The last section of this book, section 3, targets strategies for effective prevention and 
translational benefits i.e. from the bench to the clinic. The chapter by Dr Kreps on 
strategic communication for cancer prevention and control, and especially the ways 
for reaching and influencing vulnerable audiences opens the discussion in this section. 
Dr Lichtveld and colleagues concentrate on the advantageous creation of a sustainable 
cancer workforce through focusing on disparities and cultural competence. Dr Morré 
and Dr Morré shed light on the opportunities for cancer prevention based simply on 
early and reliable detection. The comprehensive review by Dr Phillips and Dr 
Crawford critically presents the changing landscape of prostate cancer 
chemoprevention with all current strategies and future directions. In a more clinical 
direction, Dr Craina and colleagues concentrate on the current advances in the field of 
therapeutic strategies in endometrial cancer. Finally, our concluding chapter for this 
book, by Dr Roca-Pardiñas and colleagues targets the significance of reducing false 
positives in CAD mammographic schemes for detecting breast microcalcificacions, a 
type of radiologic signs of irregular shape. 

  
Dr. Alexandros Georgakilas,  

PhD, Associate Professor,  
Head of DNA Damage and Repair Laboratory,  

Biology Department,  
Howell Science Complex,  
East Carolina University,  

Greenville NC,  
USA 
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Targeting Tumor Microenvironments  
for Cancer Prevention and Therapy 

Li V. Yang1,2,3, Reid D. Castellone1 and Lixue Dong1 
1Department of Internal Medicine, Division of Hematology/Oncology,  
2Department of Anatomy and Cell Biology, Brody School of Medicine,  

East Carolina University, Greenville, North Carolina,  
3UNC Lineberger Comprehensive Cancer Center, Chapel Hill,  

North Carolina,  
U.S.A. 

1. Introduction 

Solid tumors comprise not only cancer cells but also host stromal cells, such as vascular 
cells, inflammatory/immune cells, and cancer-associated fibroblasts. The crosstalk between 
cancer cells and stromal cells plays an important role in tumor growth, metastasis, and 
response to antitumor therapy (Hanahan and Weinberg, 2011; Joyce and Pollard, 2009; 
Petrulio et al., 2006). Cancer cells with oncogenic mutations are central to tumor formation. 
Endothelial cells in tumors form new blood vessels (angiogenesis) which bring oxygen and 
nutrients to the growing tumor (Ferrara and Kerbel, 2005), and also regulate leukocyte 
infiltration and tumor cell metastasis (Chouaib et al., 2010). Inflammatory cells have both 
tumor-promoting and tumor-preventing effects (Grivennikov et al., 2010; Hanahan and 
Weinberg, 2011). Fibroblasts are the most abundant cells in the tumor stroma and have been 
demonstrated to have tumor-promoting activities (Bhowmick et al., 2004). Moreover, cancer 
cells within tumors are heterogeneous and composed of distinct subpopulations with 
different states of tumorigenicity. One subpopulation of cells that has recently been 
extensively studied is the cancer initiating cell or cancer stem cell (CSC) (Cho and Clarke, 
2008), which exhibits high capacity of generating new tumors.  

The microenvironment in solid tumors is very distinct from that in normal tissues. Due to 
deregulated cancer cell metabolism, highly heterogeneous vasculature and defective blood 
perfusion, the tumor microenvironment is characterized by hypoxia and acidosis (Cairns et 
al., 2006; Gatenby et al., 2006; Gatenby and Gillies, 2004). The uncontrolled proliferation of 
tumor cells results in a growing mass that rapidly consumes oxygen, glucose and nutrients 
(Gatenby and Gillies, 2004).  When an oxygen diffusion limit is reached, some regions of a 
tumor become hypoxic. Cancer cells rely heavily upon glycolysis (‘Warburg effect’) to 
generate ATP and metabolic intermediates for biosynthesis (Gatenby and Gillies, 2004; 
Vander Heiden et al., 2009). There is much evidence to link the connection between the 
adaptation to hypoxia and the development of an aggressive tumor phenotype in both 
experimental and clinical settings (Chang et al., 2011; Gatenby and Gillies, 2004). In addition 
to hypoxia, the existence of acidosis is a defining hallmark of the tumor microenvironment. 
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This condition arises mainly due to an increase in the production of lactic acid by glycolysis 
along with other proton sources (Gatenby and Gillies, 2004; Helmlinger et al., 2002; 
Yamagata et al., 1998). Acidosis is a selection force for cancer cell somatic evolution, 
modulates cancer cell invasion and metastasis, and affects the efficacy of some 
chemotherapeutic drugs (Cairns et al., 2006; Gatenby et al., 2006; Gatenby and Gillies, 2004).  

Here we will describe cellular heterogeneity, hypoxia, and acidosis in the tumor 
microenvironment, and discuss some recent progresses in targeting tumor angiogenesis, 
inflammation, hypoxia and acidosis-related pathways for cancer prevention and therapy.    

2. Tumor microenvironments and cancer progression 

2.1 Complex cellular components in solid tumors 

Tumor is an aberrantly proliferating tissue that contains cancerous cells and host stromal 
cells such as vascular cells, inflammatory cells, and fibroblasts. These cells are crucial for 
cancer initiation, progression and metastasis and have been exploited as targets for cancer 
therapy and prevention (Ferrara and Kerbel, 2005; Fukumura and Jain, 2007; Hanahan and 
Weinberg, 2011).  

2.1.1 Vascular cells 

Tumor blood vessels, like normal vessels, are composed of endothelial cells, 
pericytes/smooth muscle cells and basement membrane. However, all of these components 
are morphologically and/or functionally different from the normal counterparts (Baluk et 
al., 2005). 

Tumor-associated endothelial cells (TECs) are the major player in the formation of tumor 
vasculature through sprouting from pre-existing blood vessels (a process called 
‘angiogenesis’). During blood vessel formation, endothelial cells proliferate, migrate and 
form the inner layer of a lumen, followed by basement membrane formation and pericyte 
attachment. Angiogenesis is stimulated by excessive pro-angiogenic factors secreted by 
tumor cells or stromal cells in an oxygen-depleted microenvironment. Moreover, bone 
marrow-derived endothelial progenitor cells recruited to tumor stroma can contribute to 
blood vessel construction by incorporating into vessels (Lyden et al., 2001). New blood 
vessel formation is critical for tumor development and progression, as it delivers nutrients 
and oxygen to growing tumor and removes metabolic wastes. In addition, vascular 
endothelial cells form a barrier between circulating blood cells, tumor cells and the 
extracellular matrix (ECM), thus playing a central role in regulating the trafficking of 
leukocytes and tumor cells (Chouaib et al., 2010). In this regard, endothelial cells are critical 
for boosting a host immune defense against cancer cells and for controlling tumor 
metastasis. However, the ‘gate-keeping’ function of endothelial cells in tumors is heavily 
compromised. TECs are not tightly associated with each other, resulting in wider inter-
endothelial junctions that cause plasma leakage and hemorrhage (Hashizume et al., 2000). 
Consequently, tumor vasculature is often leaky and less efficient in blood perfusion, leading 
to high interstitial fluid pressure, hypoxia and acidic extracellular pH that significantly 
affect the delivery and efficacy of chemotherapeutic drugs. The leaky blood vessels also 
facilitate the intravastion of tumor cells and promote tumor metastasis. 
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TECs are different from endothelial cells in normal tissues at several aspects. It has been 
reported that human hepatocellular carcinoma-derived endothelial cells, when compared to 
the ones from adjacent normal liver tissue, show increased apoptosis resistance, enhanced 
angiogenic activity and acquire more resistance to the combination of angiogenesis inhibitor 
with chemotherapeutic drugs (Xiong et al., 2009). Studies have also revealed distinct gene 
expression profiles of TECs and identified cell-surface markers distinguishing tumor versus 
normal endothelial cells (Seaman et al., 2007).  

In blood vessels, pericytes are smooth muscle cell-like cells that cover the vascular tube. 
They are intimately associated with endothelial cells and embedded within the vascular 
basement membrane, and play an important role in the maintenance of blood vessel 
integrity. Pericytes in tumors are different from normal ones: in tumors, pericytes are often 
less abundant and more loosely attached to the endothelial layer (Abramsson et al., 2002; 
Morikawa et al., 2002). The abnormality in pericytes weakens the vessel wall and increases 
vessel leakiness. Pericytes express several markers, though none is pericyte-exclusive, 
including α-smooth muscle actin (αSMA), platelet-derived growth factor receptor-β 
(PDGFR-β) and NG2 (Gerhardt and Betsholtz, 2003; McDonald and Choyke, 2003). PDGF-B 
signaling is important for pericyte recruitment and attachment to endothelial cells during 
vascular development (Abramsson et al., 2002; Abramsson et al., 2003).  

2.1.2 Inflammatory/immune cells 

Tumors are often infiltrated by inflammatory cells, such as macrophages, neutrophils, 
lymphocytes, mast cells, and myeloid progenitors. This phenomenon was initially observed 
by Rudolf Virchow more than a century ago and thought as an immunological response 
attempting to eliminate cancer cells. Whereas immune cells play a role in recognizing and 
eradicating early cancer cells (Kim et al., 2007), mounting evidence has also shown that 
inflammatory cells within tumors can enhance tumor initiation and progression by helping 
cancer cells acquire hallmark capabilities (Grivennikov et al., 2010; Hanahan and Weinberg, 
2011). Inflammation is considered as an ‘enabling characteristic’ of tumor biology (Hanahan 
and Weinberg, 2011).  

Pathological studies show that the abundance of certain types of infiltrating inflammatory 
cells, such as macrophages, neutrophils and mast cells, is correlated with poor prognosis of 
cancer patients (Murdoch et al., 2008). Tumor associated macrophages (TAMs), along with 
mast cells, neutrophils and other immune cells, produce cytokines (e.g. TNFα and IL-1), 
chemokines (e.g. CCL2 and CXCL12), angiogenic factors (e.g. VEGF, PDGF, FGF and IL-8), 
and matrix-degrading enzymes (e.g. MMPs, cathepsin proteases and heparanase) 
(Grivennikov et al., 2010; Karnoub and Weinberg, 2006). Some inflammatory cells, 
particularly neutrophils, also generate reactive oxygen and nitrogen species. These bioactive 
factors promote cancer cell proliferation, invasion and resistance to apoptosis through, for 
instance, the interleukin-JAK/STAT pathway (Ara and Declerck, 2010), and induce new 
blood vessel formation in the tumor. Extracelluar matrix-degrading enzymes promote 
cancer cell invasion and metastasis, whereas accumulation of reactive oxygen and nitrogen 
species can cause DNA mutagenesis, suppress DNA repair enzymes, increase genomic 
instability, and aggravate cancer progression.  
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While the tumor-promoting effects of infiltrating inflammatory cells have been well 
documented, certain types of immune cells, particularly cytotoxic T cells and natural killer 
cells, exhibit anti-tumor activities. The high numbers of these cells within a tumor predict a 
favorable prognosis (de Visser, 2008; Fridman et al., 2011). Immune surveillance is 
considered as an important mechanism to inhibit carcinogenesis and maintain tumor 
dormancy (Kim et al., 2007). Evading immune destruction by downregulating tumor 
antigens, suppressing immune cell function and other means is an emerging hallmark of 
cancer cells and plays important roles in cancer progression and metastasis (Hanahan and 
Weinberg, 2011). With regard to cancer therapy, blockade of CTLA-4 (cytotoxic T 
lymphocyte-associated antigen 4), a negative regulator of T cells, by the monoclonal 
antibody, ipilimumab, improved overall survival in patients with metastatic melanoma 
treated in combination with dacarbazine (Robert et al., 2011a). Moreover, expansion of 
tumor-infiltrating lymphocytes ex vivo and adoptive T-cell transfer immunotherapy led to 
regression of metastatic melanoma and durable responses in patients (Dudley et al., 2002; 
Rosenberg et al., 2011).     

2.1.3 Fibroblasts 

Fibroblasts account for the majority of stromal cells within solid tumors and are the 
principal source of ECM constituents (Chang et al., 2002). Fibroblasts in tumors are termed 
as cancer-associated fibroblasts (CAFs).  

Tumors have been described as wounds that do not heal (Dvorak, 1986). Indeed, it has been 
observed that tumor-associated fibroblasts are biologically similar to the ones involved in 
wound healing or fibrosis (Ryan et al., 1973; Schor et al., 1988). Fibroblasts involved in these 
processes produce more ECM proteins and proliferate faster than the normal counterparts 
from healthy tissues (Castor et al., 1979; Muller and Rodemann, 1991). Fibroblasts with these 
properties are referred as “activated fibroblasts” or “myofibroblasts”, due to their 
characteristic expression of α-smooth muscle actin (α-SMA) (Gabbiani, 2003; Ronnov-Jessen 
et al., 1996). Fibroblasts can be activated by various stimuli, such as transforming growth 
factor-β (TGFβ), epidermal growth factor (EGF), platelet-derived growth factor (PDGF) and 
fibroblast growth factor 2 (FGF2) (Zeisberg et al., 2000).  

CAFs play an important role in promoting tumor initiation and progression by stimulating 
angiogenesis and tumor cell growth and invasion (Shimoda et al., 2010). The existence of a 
large number of CAFs in tumors is often associated with poor prognosis (Maeshima et al., 
2002; Surowiak et al., 2006). CAFs produce growth factors, cytokines, chemokines and ECM 
proteases to stimulate angiogenesis and cancer cell proliferation and invasion. For example, 
CAFs secrete elevated levels of stromal cell-derived factor 1 (SDF-1; also called CXCL12) 
that facilitates angiogenesis by recruiting endothelial progenitor cells into the tumor (Orimo 
et al., 2005). SDF-1 can also interact with the CXCR4 receptor expressed on the surface of 
cancer cells, thus stimulating  tumor cell growth and promoting tumor progression in vivo 
(Orimo and Weinberg, 2006). TGFβ, another factor produced by CAFs, is a critical mediator 
of the epithelial-to-mesenchymal transition (EMT); therefore, CAFs might contribute to EMT 
in nearby cancer cells and promote their invasiveness (Shimoda et al., 2010).  Moreover, 
CAFs facilitate cancer cells to invade ECM and metastasize by releasing ECM-degrading 
proteases, such as matrix metalloproteinases (MMPs) (Boire et al., 2005; Sternlicht et al., 
1999).  
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CAFs can maintain the myofibroblastic properties even after several passages in vitro 
without further signaling from carcinoma cells. How do CAFs acquire and maintain their 
activated phenotype? There are some controversial results with regard to the presence of 
somatic genetic alterations in CAFs. It has been reported that stroma microdissected from 
various human cancers exhibited some genetic alterations, such as chromosomal loss of 
heterozygosity (LOH) and somatic mutations (Currie et al., 2007; Kurose et al., 2002; 
Moinfar et al., 2000; Paterson et al., 2003; Tuhkanen et al., 2004; Wernert et al., 2001). Other 
reports also demonstrated that in the process of tumor development, fibroblasts that have 
lost p53 activity were clonally selected, leading to a highly proliferative stroma (Hill et al., 
2005; Kiaris et al., 2005). In contrast, several genome-wide genetic analyses, including CGH 
and SNP arrays, were not able to detect any genetic alterations in the myofibroblasts 
isolated from various human cancers (Qiu et al., 2008; Walter et al., 2008). Other studies 
have suggested that epigenetic modifications within the genome of CAFs, such as DNA 
methylation, might be the reason (Hu et al., 2005; Jiang et al., 2008). Further studies are 
required to clarify these issues. 

2.1.4 Cancer stem/initiating cells 

Although cancer can originate from a single transformed cell, not all the cancer cells within 
a tumor are identical; in other words, cancer cells become heterogeneous during the somatic 
evolution process, reflected by distinct tumor regions with different histopathological 
characteristics and various degrees of tumor hallmark capacities. Moreover, mounting 
evidence indicates that tumor cells are also heterogeneous with regard to the capability to 
generate new tumors (Cho and Clarke, 2008; Lobo et al., 2007). Multiple studies showed that 
distinct subpopulations of cancer cells could be sorted from primary tumor samples based 
on their cell-surface antigen profiles. When different subpopulations of cells were injected 
into immune-deficient mice, only a subset of cells was able to propagate tumor growth, 
whereas other cells were unable to induce tumor regeneration (Lobo et al., 2007). This 
population of cancer cells has also been demonstrated to have the ability of self-renewal and 
differentiation, two hallmark characteristics of stem cells (Clarke et al., 2006). In addition, 
these cells also expresses some markers of normal stem cells (Al-Hajj et al., 2003); hence, 
these cells are termed as ‘cancer stem cells’ (CSCs; also referred as cancer initiating cells or 
tumorigenic cancer cells).  

CSCs were initially identified in leukemia (Bonnet and Dick, 1997; Lapidot et al., 1994) and 
later in solid tumors that include cancers of breast, brain, pancreas, head and neck, and 
colon (Al-Hajj et al., 2003; Dalerba et al., 2007; Li et al., 2007; O'Brien et al., 2007; Prince et al., 
2007; Ricci-Vitiani et al., 2007; Singh et al., 2004). Studies of leukemia stem cells suggest that, 
CSCs may arise from normal stem cells that acquire oncogenic mutations and undergo 
transformation (Fialkow, 1990; Lapidot et al., 1994; Lobo et al., 2007), or progenitor cells that 
gain the ability to self-renew through oncogenic transformation (Cozzio et al., 2003; Krivtsov 
et al., 2006; So et al., 2004). However, recent observations suggest that CSCs may also be 
derived from non-CSCs via the EMT process (Mani et al., 2008; Morel et al., 2008; Singh and 
Settleman, 2010), which plays an important role in morphogenesis and in promoting tumor 
cell motility and invasiveness (Hugo et al., 2007; Thiery, 2003). This model indicates that 
whereas CSCs can differentiate into non-CSCs; non-CSCs may also be reprogrammed and 
converted to CSCs, suggesting the existence of a dynamic interconversion between CSCs 
and non-CSCs that is controlled by the tumor microenvironment (Gupta et al., 2009). Such 
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plasticity of CSC state is absent in the conventional depiction of normal stem cells, and has 
changed the perception of CSCs biology. 

With regard to the frequency of CSC representation in tumors, there are conflicting results 
and ongoing controversies. Initially, CSCs were described to exist only as small 
subpopulations within tumors (Bonnet and Dick, 1997; Lapidot et al., 1994); moreover, since 
normal stem cells are usually rare, it was assumed that CSCs should also be rare. However, 
recent studies on human melanoma suggested that as many as a quarter of the cancer cells 
could be CSCs (Kelly et al., 2007; Quintana et al., 2008). This disparity on the frequency of 
CSCs reported were partially attributed to the experimental xenograft conditions in which 
the ability of human tumor cells to seed and grow in a mouse tissue may vary (Quintana et 
al., 2008). The plasticity of CSCs state may also in part account for the differences of CSCs 
representation. The balance of the interconversion between CSCs and non-CSCs could be 
shifted in one direction or another in response to microenvironmental signals (Santisteban et 
al., 2009; Till et al., 1964). It is suggested that the proportion of CSCs may differ between 
tumor types, dependent on stromal microenvironment and somatic mutations within 
tumors as well as tumor progression stage (Gupta et al., 2009). 

The existence of CSCs has attracted growing attention as CSCs may provide explanations 
for some puzzled clinical problems and imply novel cancer therapies (Clevers, 2011). CSCs 
have been shown to be more resistant to a variety of conventional radio/chemotherapies 
than non-CSCs (Chiu et al., 2010; Diehn et al., 2009; Li et al., 2008). Together with their 
ability to regenerate tumor and to colonize distant organs (Hermann et al., 2007), CSCs are 
proposed to be responsible for cancer recurrence following chemotherapy or radiation 
treatment, and for metastases that appear after surgical removal of a primary tumor. In 
addition, CSCs hypothesis implies that development of novel and more effective treatments 
that target the ‘seeds’ of the tumors might be a promising improvement of current therapy 
regimen. However, the plasticity of CSC phenotype implies that eliminating CSCs alone 
may not effectively cure tumors as they can be regenerated from non-CSCs, calling for dual 
targeting therapeutic regimens (Gupta et al., 2009). Moreover, there are controversies about 
the CSCs model and the experimental strategy employed to define the existence of CSCs. 
There are rising concerns about the xenograft assay, a typical experimental strategy in the 
CSC research, in which sorted cancer cells are xenotransplanted into immunodeficient mice. 
However, this method could induce cellular stress of the isolated cancer cells; moreover, the 
species barrier and the transplantation procedure within this approach could complicate the 
process of CSC identification (Clevers, 2011). It will be of importance to devise new 
strategies to detect functional presence of CSCs within a tumor.  

2.2 Angiogenesis 

The growth and progression of tumors rely on blood vessels to acquire oxygen and 
nutrients and to remove metabolic wastes (Papetti and Herman, 2002). During the early 
stage of tumor development, once the size of a tumor mass reaches the diffusion limit for 
oxygen and nutrients, it may stay in a dormancy state with a steady rate of cell proliferation 
and death (Fukumura and Jain, 2007). Some human tumors can remain dormant for a 
number of years. However, the steady state may be disturbed as oxygen-deprived tumor 
cells release angiogenic factors that trigger the ‘angiogenic switch’ and initiate new blood 
vessel formation from nearby existing ones (a process called angiogenesis) (Hanahan and 
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Folkman, 1996; Hanahan and Weinberg, 2000). Angiogenesis expands the tumor vascular 
network, enabling malignant cell proliferation and metastasis. Therefore, angiogenesis is a 
rate-limiting step in tumor development and progression.  

Angiogenesis is controlled by a fine-tuned equilibrium between angiogenic and angiostatic 
factors (Baeriswyl and Christofori, 2009; Bergers and Benjamin, 2003; Carmeliet and Jain, 
2000). Under normal physiological conditions, this balance is tightly regulated, so that the 
‘angiogenic switch’ is ‘on’ only when needed and otherwise remains ‘off’. Moreover, the 
newly formed vessels rapidly mature and become quiescent. By contrast, in tumors, the 
balance between positive and negative controls is disrupted due to an overproduction of 
pro-angiogenic factors. Consequently, new blood vessels are constantly produced in tumors. 
To date, more than two dozen pro-angiogenic factors and similar number of anti-angiogenic 
factors have been identified. Key pro-angiogenic molecules include vascular endothelial 
growth factor (VEGF), angiopoietin 1 (Ang1), platelet-derived growth factor (PDGF), 
placenta growth factor (PlGF), fibroblast growth factor 2 (FGF2), hepatocyte growth factor 
(HGF), among others (Adini et al., 2002; Papapetropoulos et al., 1999). Important angiogenic 
inhibitors include thrombospondin, angiostatin, endostatin, canstatin and tumstatin 
(Folkman, 2006; Kazerounian et al., 2008; Nyberg et al., 2005).  

VEGF signaling pathway is the most prominent and best characterized pro-angiogenic 
pathway (Ferrara et al., 2003). The VEGF family includes VEGF-A, B, C, D, and PlGF 
(Ferrara, 2002; Hicklin and Ellis, 2005). VEGF-A (also called VEGF) is the major regulator of 
tumor angiogenesis. There are several isoforms of VEGF-A, with 121, 165, 189 and 206 
amino acids, which are generated by alternative splicing (Houck et al., 1991; Tischer et al., 
1991). VEGF-A mainly binds to VEGF receptor 2 (VEGFR-2) and triggers various 
downstream signaling pathways to up-regulate genes that stimulate endothelial cell 
proliferation, migration and survival and increase vascular permeability (Dvorak, 2002; 
Shibuya and Claesson-Welsh, 2006). VEGF is expressed at elevated levels in most types of 
human cancer. This can be caused by diverse genetic and epigenetic factors (Kerbel and 
Folkman, 2002; Kerbel, 2008). Hypoxia, a hallmark of tumor microenvironment, is an 
important inducer of VEGF through the hypoxia-inducible factor (HIF) 1α and 2α (Semenza, 
2003). In addition, inflammatory cytokines, growth factors and chemokines can also induce 
VEGF expression. Other genetic causes include activation of oncogenes, such as mutant ras 
(Rak et al., 1995), or inactivation of tumor-suppressor genes, such as the von Hippel-Lindau 
(VHL) tumor suppressor (Patard et al., 2009).  

In addition to VEGF, there are other important signaling pathways that regulate 
angiogenesis. Endothelial cell-associated delta-like ligand (Dll) 4-notch signaling pathway 
acts as negative feedback mechanism of VEGF signaling to prevent excessive tumor 
angiogenesis (Lobov et al., 2007; Ridgway et al., 2006). HGF/c-Met signaling can induce 
VEGF and VEGFR expression and also promote angiogenic proliferation and survival (You 
and McDonald, 2008). FGF2 signaling can stimulate angiogenesis independent of VEGF 
(Beenken and Mohammadi, 2009). PDGF-B signaling is important for the recruitment of 
pericytes to nascent blood vessels and stabilization/maturation of the vasculature (Lindahl 
et al., 1997). The angiopoietins (Ang-1, 2), interacting with the Tie2 receptor, act in 
cooperation with VEGF to promote angiogenesis and stabilize and mature new vasculature 
(Augustin et al., 2009). PlGF, signaling through VEGFR1, is another growth factor that 
induces endothelial cell proliferation, migration and survival (Fischer et al., 2007). 
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Moreover, endothelial progenitor cells can also be recruited and contribute to the formation 
of new blood vessels. 

Due to the imbalanced expression of pro- and anti-angiogenic factors (Jain, 2005), tumor 
vasculature is often abnormal in architecture and function (Baluk et al., 2005; Fukumura and 
Jain, 2007). In contrast to the well-organized normal vascular tree, tumor blood vessels are 
highly variable in size, shape, and branching pattern. They are tortuous, dilated, irregularly 
shaped, and lack the normal hierarchy of arterioles, capillaries and venules. The structure of 
vessel wall is also defective, with large inter-endothelial junctions and loose perivascular 
cells attachment (McDonald and Choyke, 2003; Morikawa et al., 2002). Hence, tumor blood 
vessels are often leaky and hemorrhagic. Vascular permeability in tumor is generally higher 
than that in normal tissues, leading to increased interstitial fluid pressure. Also, blood flow 
in tumor vessels is irregular, slower, oscillating, and sometimes can even reverse the 
direction. Therefore, in spite of the production of excess blood vessels, the perfusion 
efficiency in tumor is still low. The aberrant tumor vasculature fails to meet the demand of 
growing tumor for nutrients and oxygen, as well as to adequately remove waste products. 
Chronically, the tumor microenvironment becomes hypoxic and acidic (Fukumura and Jain, 
2007). As stated in more detail in the following sections, hypoxia and acidosis are selection 
forces for cancer cell somatic evolution and also significantly affect radiation sensitivity and 
chemotherapeutic efficacy.  

As angiogenesis plays a critical role in tumor growth and progression, anti-angiogenesis 
therapy has been developed aiming to halt tumor growth by depriving cancer cells of the 
blood supply (Ferrara and Kerbel, 2005). Most of the angiogenesis inhibitors target the 
VEGF signaling pathway, including antibodies directly against VEGF and small molecules 
inhibiting its receptors. These anti-angiogenic agents have provided clinical benefits in 
patients with various types of cancers. Detailed discussion on anti-angiogenesis therapy is 
presented in the Section 3.1.  

2.3 Hypoxia 

The defective architecture and functionality of tumor blood vessels results in the occurrence 
of hypoxic regions in solid tumors (Fukumura and Jain, 2007; Gatenby and Gillies, 2004). 
Hypoxia is further exacerbated by the uncontrolled and rapid proliferation of tumor cells. 
These cancerous cells consume large amounts of oxygen and nutrients during their rapid 
divisions, further dictating the need for ample blood supply. As the oxygen diffusion limit is 
reached and the partial pressure of oxygen, pO2, drops towards zero, cells must adapt and 
rely upon alternative means to acquire energy in this hypoxic microenvironment (Bertout et 
al., 2008; Cairns et al., 2006; Fukumura and Jain, 2007; Gatenby and Gillies, 2004, 2007). A 
common adaptation strategy is the dependence upon glycolytic metabolism, coined the 
‘Warburg Effect’ (Gatenby and Gillies, 2004; Warburg, 1956). In cancer cells, a large portion 
of glucose is utilized through glycolysis, by which each glucose molecule is converted to 
two ATP and two lactic acid molecules. In contrast, normal cells obtain the majority of their 
ATP through oxidative phosphorylation, which results in the release of 36 ATP from one 
glucose molecule (Gatenby and Gillies, 2004; Vander Heiden et al., 2009). While less efficient 
in ATP production, glycolysis generates intermediate molecules as substrates for nucleotide, 
lipid and amino acid biosynthesis, which is crucial for rapidly dividing cancer cells (Vander 
Heiden et al., 2009). It is proposed that the acquisition of glycolytic metabolism offers a 



 
Targeting Tumor Microenvironments for Cancer Prevention and Therapy 

 

11 

selective advantage for cancerous cells, allowing them to adopt a more malignant phenotype 
(Gatenby and Gillies, 2004; Vander Heiden et al., 2009). 

In addition to the noted alteration in the mode of energy acquisition, hypoxia is also known 
to regulate gene expression of cells. To proliferate and thrive in a hypoxic environment, 
cancer cells must modulate numerous cellular pathways. For example, pathways that 
initiate the acquisition of a motile and invasive phenotype, such as the c-Met pathway 
(Eckerich et al., 2007), are activated to facilitate cancer cells to leave the primary, hypoxic 
tumor (Hanahan and Weinberg, 2011). It has been discovered that hypoxia-inducible factor 
1 (HIF-1) is a master regulator of many of the pathways that allow cancer cells to thrive in a 
hypoxic environment (Bertout et al., 2008; Semenza, 2007a, b). HIF-1 is reported to control 
the transcription of many genes, including those needed for maintaining cell viability, 
vascularization, glucose uptake, and metabolic reprogramming. HIFs are known to regulate 
pro-angiogenic and pro-glycolytic pathways. In animal models, HIF-1 overexpression has 
been associated with invasion, tumor growth and increased vascularization. Furthermore, 
HIF-1α overexpression has been correlated with an increase in patient mortality (Rankin 
and Giaccia, 2008; Semenza, 2007a). HIF proteins have also recently been attributed to the 
survival and self-renewal of cancer stem cells (CSCs), which are involved in cancer cell 
propagation and the development of aggressive and metastatic phenotypes (Heddleston et 
al., 2010; Wang et al., 2011). The Notch and Oct4 pathways, responsible for maintaining the 
stem cell phenotype, have been reported to be under the regulatory control of HIF protein. 
Due to the immense involvement of HIF-1 in transcriptional regulation of genes that 
promote survival and progression of cancer cells in a hypoxic environment, it serves as a 
target of anti-cancer therapies (Semenza, 2007a; Tennant et al., 2010). 

Another effect of hypoxia lies in the resistance of cancer cells to chemotherapy and radiation 
treatment (Cairns et al., 2006; Gatenby and Gillies, 2004). Oxygen is known to increase the 
effectiveness of radiation therapy as it is a potent radiosensitizer. In turn, hypoxia can 
invoke a resistance of cancer cells to radiation and some forms of chemotherapy (Cairns et 
al., 2006). This hypoxia-induced resistance can be attributed, among many factors, to an 
inability in chemotherapy and radiation to induce cell cycle arrest, DNA breaks, and 
apoptosis (Wilson and Hay, 2011). Furthermore, hypoxia can up-regulate the expression of 
genes known to cause resistance to chemotherapeutics, such as multidrug resistance gene 
(MDR1), and downregulate the expression of apoptosis regulating genes (Bertout et al., 
2008). 

2.4 Acidosis 

As discussed above, cancer cells develop a modified form of energy metabolism in which 
glucose incorporated by the tumor is mainly converted into ATP and lactic acid through 
glycolysis even in the presence of oxygen (Gatenby and Gillies, 2004; Vander Heiden et al., 
2009; Warburg, 1956). In addition, it is believed this switch to a glycolytic phenotype, 
although inefficient in ATP production, is overall beneficial for rapidly dividing cancer cells 
(Cairns et al., 2011; Vander Heiden et al., 2009). However, the glycolytic metabolism directly 
results in the development of acidic interstitial pH in the tumor microenvironment, another 
stress that cancer cells must evolve to evade. 

Acidosis is another defining hallmark of the tumor microenvironment. Interstitial 
accumulation of hydrogen ions is due to the production of lactic acid from glycolysis and 
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other proton sources from, such as, ATP hydrolysis and carbonic acid (Gatenby and Gillies, 
2004; Helmlinger et al., 2002; Yamagata et al., 1998). Whereas the intracellular pH of cancer 
cells is kept neutral, an extracellular pH of 6.5-6.8 is often observed in the interstitial space of 
tumors (Griffiths et al., 2001). To maintain a relatively neutral intracellular pH, cancer cells 
utilize an array of acid-base transporters, such as sodium/hydrogen exchangers, vacuolar-
type H+-ATPases, and monocarboxylate transporters, to extrude the excess protons from 
cancer cells (Izumi et al., 2003; Webb et al., 2011).   

Just as the ability for tumor cells to adapt to a hypoxic microenvironment offers a distinct 
evolutionary advantage towards an aggressive phenotype, so does the ability for cancer 
cells to survive in an acidic microenvironment. Upon exposure to the low extracellular pH 
found in and around solid tumors, many of the normal, non-cancerous cells in the 
surrounding tissue undergo cell death, often attributed to p53-dependent pathways. Cancer 
cells that have evolved to be immune to this notable acidosis are often left highly invasive 
and aggressive (Gatenby and Gillies, 2004). Acidosis is also known to contribute towards 
tumor cell invasion through the release of proteolytic enzymes that degrade extracellular 
matrix. Hypoxia and acidosis have been reported to increase the secretion and activity of 
matrix metalloproteinases (MMPs) and other matrix-degrading enzymes (Bourguignon et 
al., 2004; Johnson et al., 2000; Ridgway et al., 2005). 

Acidosis also plays a role in the cytotoxic effectiveness of radiation and chemotherapy. 
Microenvironmental acidosis has been shown to invoke a resistance to radiation-induced 
apoptosis of cancer cells (Hunter et al., 2006). Acidic extracellular pH can also modulate the 
uptake of chemotherapeutic drugs, especially the weak acid and weak base drugs (Cairns et 
al., 2006; Gerweck et al., 2006). In the acidic tumor microenvironment, weak base drugs, 
such as doxorubicin, exist in a highly charged state. In turn, the uptake of these drugs across 
the plasma membrane is inhibited, thereby reducing the ability of the chemotherapeutic 
drugs to reach their cytotoxic target. In contrast, weak acid drugs, such as chlorambucil, 
exist in a non-charged state at acidic pH and, therefore, have increased cell permeability. 

2.5 Somatic evolution and cancer cell metastasis 

As normal cells are transformed to pre-malignant tumor cells and further towards 
malignant and metastatic tumors, the process of somatic evolution is actively used (Gatenby 
and Gillies, 2004). Cancer cells arise through gene mutations. Oncogenes with a dominant 
gain of function arise, while tumor suppressor genes become inactivated through a loss of 
function. As a result of somatic evolution, some of the traits that promote the cancerous 
phenotype include the evasion of apoptosis, limitless replicative potential, sustained 
angiogenesis, the ability for invasion and metastasis, and deregulated energy metabolism 
(Hanahan and Weinberg, 2011).  

Carcinogenesis and Darwinian dynamics draw an analogy as new phenotypes are generated 
through heritable genetic changes and subsequent selection for the fittest by the 
environment (Gatenby and Gillies, 2004, 2008). It has been proposed that hypoxia and 
acidosis both apply extreme constraints and act as selection forces for progressive tumor 
cells. Cancer cells that have gained immunity to these conditions, such as through the 
Warburg effect and other adaptations, display a distinct advantage over neighboring normal 
cells. Cancer cells that are able to thrive in the harsh environment are highly aggressive with 
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a resistant phenotype. Communication between tumor cells and the microenvironment is 
crucial for the cells to take advantage of the changes in the microenvironment and develop a 
malignant phenotype (Gatenby and Gillies, 2004; Lorusso and Ruegg, 2008). 

There are many mechanisms by which cancer cell somatic evolution is driven by the 
microenvironmental selection forces.  Primarily, various pathways crucial for cancer cell 
survival under the hypoxic and acidotic conditions are activated, such as those that promote 
a downregulation of apoptosis, a switch to glycolytic metabolism, and an upregulation of 
HIFs (Gatenby and Gillies, 2004; Heddleston et al., 2010; Vander Heiden et al., 2009; Wilson 
and Hay, 2011). Cancer cells resistant to acidosis and hypoxia often acquire p53 mutations. 
As p53 is important for apoptosis, cells that have a mutation in this gene exhibit an 
advantage as they are often immune to the cytotoxic microenvironment (Bertout et al., 2008). 
In addition, many tumor cells develop a very active sodium/hydrogen exchange system 
and other proton transport mechanisms, which facilitate the extrusion of excess protons 
(Izumi et al., 2003; Webb et al., 2011). The resulting cytoplasmic alkalinization is thought to 
be crucial for cell reproduction in the acidic environment. Therefore, the hallmarks of the 
tumor microenvironment, such as hypoxia and acidosis, actively function as selection forces 
to shape cancer cell phenotypes during the somatic evolution process (Gatenby and Gillies, 
2004; Webb et al., 2011). 

The ability to acquire a metastatic phenotype via somatic evolution is one of the most 
devastating properties of cancer cells, and is directly correlated with an increase in patient 
morbidity and mortality (Fidler, 2002; Steeg, 2006). Current cancer therapy approaches, such 
as surgery, radiation and chemotherapy, can be effective in controlling primary, localized 
tumor. However, these modes of treatment are severely limited in retarding the spread of 
cancer as they do little to impair metastasis. It is therefore evident that the development of 
novel means of combating tumor cell metastasis is crucial towards the eradication and 
control of this disease. 

The general steps of tumor metastasis involve the initial acquisition of motility and 
invasiveness, intravasation, transit in the blood or lymph, extravasation and finally arrest 
and growth at a new site (Fidler, 2002; Sahai, 2007; Steeg, 2006). The tumor 
microenvironment plays a large role in the ability of cancer cells to acquire a metastatic 
phenotype. As previously touched upon, two of the defining characteristics of the tumor 
microenvironment, hypoxia and acidosis, both actively select for more invasive and 
metastatic phenotypes (Chang et al., 2011; Gatenby et al., 2006; Gatenby and Gillies, 2004). It 
is also reported that inflammatory cells, fibroblasts and other stromal cells in the tumor 
microenvironment can contribute to the progression of a tumor towards a more malignant, 
metastatic phenotype (Joyce and Pollard, 2009; Lorusso and Ruegg, 2008).  

3. Tumor microenvironments as targets for cancer prevention and therapy 

Cellular components and molecular pathways associated with tumor microenvironments 
have been exploited as targets for cancer prevention and therapy. In fact, combination 
therapy targeting both cancer cells and other related cells and pathways, such as vascular 
cells and immune cells, can lead to more effective cancer treatment (Cairns et al., 2006; 
Ferrara and Kerbel, 2005; Luo et al., 2009). Therapeutic approaches modulating 
angiogenesis, inflammation, and hypoxia and acidosis pathways will be discussed  
below. 
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3.1 Anti-angiogenesis cancer therapy 

As described in the ‘angiogenesis’ session, tumors rely on angiogenesis to grow and 
disseminate. Therefore, it has been proposed that tumor growth can be inhibited by starving 
tumor cells through angiogenesis blockade (Folkman, 1971). Since VEGF is a major regulator 
of tumor angiogenesis, a number of agents targeting VEGF and its receptors have been 
developed and several have been approved by the Food and Drug Administration (FDA) for 
clinical applications. Among them, bevacizumab (Avastin, Genentech/Roche) is a 
humanized monoclonal antibody directly against VEGF (Ferrara et al., 2004; Presta et al., 
1997), and sunitinib (Sutent, Pfizer) and sorafenib (Nexavar, Bayer) are small molecule 
inhibitors that target multiple receptor tyrosine kinases (RTK), including VEGF receptors 
and PDGF receptors (Faivre et al., 2007; Kupsch et al., 2005; O'Farrell et al., 2003).  

Bevacizumab was approved by the FDA in 2004 on the basis of the survival benefit observed 
in a randomized phase III clinical trial, in which bevacizumab was administrated in 
combination with chemotherapy in patients with previously untreated metastatic colorectal 
cancer (Hurwitz et al., 2004). The clinical benefit of bevacizumab was also evaluated in other 
cancer types. The combination of bevacizumab with paclitaxel and carboplatin in patients 
with previously untreated nonsquamous non-small-cell lung cancer (NSCLC) improved 
primary endpoint of overall survival (OS) (Sandler et al., 2006). Moreover, the combined 
regimen of bevacizumab with 5-fluorouracil, leucovorin, and oxaliplatin (FOLFOX) were 
used to treat patients with previously treated metastatic colorectal cancers and prolonged 
progression-free survival (PFS) and OS (Giantonio et al., 2007). More recently, bevacizumab 
monotherapy was approved as a second-line therapy for glioblastoma multiforme (GBM) 
(Cohen et al., 2009). Some severe adverse effects of bevacizumab therapy, including 
gastrointestinal perforation and arterial thromboembolic complications, were observed in a 
small percentage of patients. Other side effects such as hypertension were also noticed 
(Eskens and Verweij, 2006; Verheul and Pinedo, 2007). Notably, in addition to the oncologic 
application, VEGF inhibitors are also used to treat the neovascular (wet) age-related macular 
degeneration (AMD), as VEGF has been demonstrated to be a mediator of ischemia-induced 
intraocular neovascularization (Chen et al., 1999; Ferrara et al., 2006; Gragoudas et al., 2004; 
Ng et al., 2006; Rosenfeld et al., 2006). 

Sunitinib and sorafenib are RTK inhibitors that inhibit the tyrosine phosphorylation of 
VEGFRs, PDGFRs, c-kit, and Flt-3 (Fabian et al., 2005; Smith et al., 2004). Sunitinib has been 
reported to prolong the time to progression in imatinib-refractory gastrointestinal stromal 
tumors (Goodman et al., 2007). Sunitinib was also approved by FDA for the treatment of 
metastatic renal cell carcinoma (Motzer et al., 2009; Motzer et al., 2006). Sorafenib has been 
shown to increase PFS in patients with metastatic renal cell carcinoma (Escudier et al., 2007). 
In addition, sorafenib was approved for treating hepatocellular carcinomas (Lang, 2008; 
Llovet et al., 2008). Pazopanib, another RTKI, was approved for the treatment of metastatic 
renal cell carcinoma (Sternberg et al., 2010). Moreover, there are other anti-angiogenic agents 
under investigation that target other signaling molecules involved in angiogenesis, such as 
antibodies against angiopoietin-2 and PlGF which have been shown to delay tumor growth 
in preclinical models (Fischer et al., 2007; Oliner et al., 2004). 

There were also some clinical trials with angiogenesis inhibitors that did not show 
significant clinical benefits. For instance, the combination of bevacizumab with gemcitabine 
didn’t show improved PFS or OS in patients with chemotherapy-naïve advanced pancreatic 
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cancer (Kindler et al., 2010). An earlier phase III trial of bevacizumab combined with 
gemcitabine and erlotinib for the same type of cancer increased PFS but didn’t improve 
primary endpoint of OS either (Van Cutsem et al., 2009). PFS, although an indicator of the 
efficacy of drugs, is a poor surrogate for OS, as PFS benefits are not always translated into 
OS benefits (Wilkerson and Fojo, 2009). The controversies about whether to keep the FDA’s 
approval of bevacizumab for metastatic breast cancer provide such an example. In 2008, 
bevacizumab was approved for treating breast cancer in combination with chemotherapy 
based on the results from the clinical trial E2100 (Miller et al., 2007). However, the study was 
only able to show an improved primary endpoint of PFS but not OS. Several subsequent 
clinical trials showed similar results (Miles et al., 2010; Robert et al., 2011b), which leads to 
recent recommended withdrawal of bevacizumab by FDA for metastatic breast cancer 
(Lenzer, 2011). 

Another major problem is that, even in those successful trials, the VEGF pathway inhibitors 
can only generate transitory clinical responses in most patients, with increased survival 
typically measured in months (Kerbel, 2008). Almost inevitably, temporary tumor shrinkage 
or stasis was followed by tumor relapse and progression. The modest responses to the anti-
angiogenic agents are partly due to the existence of resistance to the therapeutics (Bergers 
and Hanahan, 2008). Tumor cells and the stroma they reside in can adapt to the presence of 
angiogenesis inhibitors by acquiring means to evade angiogenesis blockade and sustain 
blood vessel and tumor growth. One important compensatory response is that, when the 
VEGF signaling pathway is inhibited, tumor may activate or up-regulate the expression of 
alternative pro-angiogenic factors, such as FGF2, PlGF, and PDGF pathways (Fernando et 
al., 2008); or in other cases, there are pre-existing redundant pro-angiogenic factors in the 
treated tumors (Bergers and Hanahan, 2008).  

Furthermore, a growing list of studies indicates that anti-angiogenic therapies may even 
lead to increased tumor invasiveness and metastasis (Ebos et al., 2009; Paez-Ribes et al., 
2009). Questions and concerns have been raised about the efficacy and safety of 
antiangiogenic agents in blocking different stages of tumor progression. Potential 
mechanisms of the increased metastasis may involve both tumor-dependent and host-
mediated responses (Ebos and Kerbel, 2011), such as increased expression of pro-metastatic 
proteins (Pennacchietti et al., 2003; Rofstad and Halsor, 2002), induction of tumor cell EMT 
(Higgins et al., 2007), and pericyte dysfunction (Bergers et al., 2003), among others. Perhaps 
the most prevailing proposition is that inhibition of angiogenesis could elicit an elevated 
level of tumor hypoxia, which selects for cancer cell populations that are able to grow in low 
oxygen environments and promote tumor invasion and metastasis (Rapisarda and Melillo, 
2009). Studies have demonstrated that hypoxia-induced mechanisms, such as the up-
regulation of c-Met and interleukin 8 (Pennacchietti et al., 2003; Rofstad and Halsor, 2002; 
Steeg, 2003), can promote cancer cells to disseminate to distant locations (Kienast et al., 
2010).  

As a breakthrough in cancer treatment, anti-angiogenesis therapies have provided survival 
benefits in certain cancer types and represent an important complement to the traditional 
chemotherapy strategies. However, there are ongoing challenges, such as the lack of lasting 
benefits for the majority of patients and an emerging, though still controversial, possibility 
that increased tumor invasion and metastasis might in some instances be induced by anti-
angiogenesis therapy. It will be of importance to understand the molecular basis of the 
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treatment limitations and to formulate improved strategies to overcome them. For example, 
combining anti-angiogenic therapy with anti-hypoxia agents or anti-metastatic agents might 
help overcome the metastatic phenotype induced by increased tumor hypoxia. 

3.2 Anti-inflammation in cancer chemoprevention and therapy 

Numerous studies show that inflammation plays an important role in cancer initiation, 
progression and metastasis. As described in the Section 2, infiltrating inflammatory cells 
such as macrophages, mast cells and neutrophils produce reactive oxygen and nitrogen 
species, growth factors, cytokines, chemokines, proteases and other bioactive factors in the 
tumor microenvironment (de Visser et al., 2006; Grivennikov et al., 2010). These bioactive 
factors can induce DNA mutagenesis, inhibit DNA repair enzymes, stimulate cancer cell 
proliferation, degrade extracellular matrix, and promote cancer cell invasion and metastasis. 
On the other hand, certain types of infiltrating immune cells, such as cytotoxic T cells and 
natural killer cells, can inhibit tumor progression. 

Chronic inflammation is closely associated with the development of some types of cancers. 
For instance, patients with inflammatory bowel disease or ulcerative colitis have an 
increased risk of developing colorectal cancer (Xie and Itzkowitz, 2008). Chronic Helicobacter 
pylori infection and ulcers are associated with gastric cancer and mucosa-associated 
lymphoid tissue lymphoma. Infection with hepatitis B virus increases the risk of developing 
liver cancer (Pages et al., 2010). Furthermore, epidemiological studies indicate that the use of 
aspirin and other nonsteroidal anti-inflammatory drugs is associated with a reduced cancer 
incidence. These widely documented observations provide the rationale to assess anti-
inflammatory agents in cancer chemoprevention and therapy (Kashfi, 2009). 

Nonsteroidal anti-inflammatory drugs (NSAIDs) have been extensively evaluated for cancer 
chemoprevention. Aspirin (acetylsalicylic acid), a prototype NSAID, inhibits the 
cyclooxygenase (COX) enzymes and suppress the production of prostaglandins and 
thromboxanes. Aspirin exhibits chemopreventive effects on colon cancer in several 
randomized trials. A recent study performed a 20-year follow-up of 5 randomized trials to 
investigate the long-term effects of aspirin (75-300 mg daily) on colorectal cancer incidence 
and mortality (Rothwell et al., 2010). 391 of 14,033 patients (2.8%) had colorectal cancer 
during a median 18.3-year follow-up. Compared to the control group, the incidence of colon 
cancer, but not rectal cancer, was lower in the aspirin group. Furthermore, the benefit of 
aspirin increased with the duration of treatment. Allocation to aspirin treatment for 5 years 
or longer reduced the risk of proximal colon cancer by ~ 70% and also decreased the risk of 
rectal cancer. Moreover, a meta-analysis of 3 randomized controlled trials showed that, in 
more than 2,000 patients with previously resected colorectal adenomas, the aspirin groups 
(dose range from 81 to 325 mg per day), in comparison to the placebo groups, had a lower 
rate of tumor recurrence (Gao et al., 2009). In addition to colorectal cancer, a recent study 
showed that daily aspirin treatment for 5 years or longer reduced the mortality from several 
common types of solid cancers (Rothwell et al., 2011). However, not all studies supported 
the protective role of aspirin in cancer prevention. In the Woman’s Health Study, a low dose 
(100 mg) of aspirin every other day for an average 10 years of treatment did not reduce the 
risk of total, breast, colorectal, and other cancers (Cook et al., 2005). The major adverse 
effects of aspirin treatment are gastrointestinal bleeding and ulceration.            

In addition to aspirin, COX-2 specific inhibitors have been tested as cancer chemopreventive 
agents. There are two COX genes in the cell: COX-1 is constitutively expressed in many 
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tissues and COX-2 is induced upon inflammation and other stimuli (Botting, 2010). Earlier 
clinical studies showed that the COX-2 inhibitor, celecoxib (400 mg twice per day for 6 
month), resulted in approximately 30% reduction in polyp number and size in familial 
adenomatous polyposis (FAP) patients (Steinbach et al., 2000). However, studies found that 
prolonged use of COX-2 inhibitors increased the risk of cardiovascular events in a dose-
related manner (Baron et al., 2008; Solomon et al., 2005; Solomon et al., 2006). These findings 
led to the discontinuation of the clinical trials and the withdrawal of the drugs from the 
market. Clearly, drugs with improved safety profiles are required for the long-term use in 
cancer chemoprevention. In this respect, the “old” NSAID, aspirin, has been widely used to 
prevent cardiovascular diseases and, therefore, has a favorable cardiovascular profile.        

Inflammatory chemokines and their receptors have also been exploited as targets for cancer 
therapy. Chemokines are a family of chemotactic cytokines that bind to cognate G protein-
coupled receptors. Forty-seven chemokine members have been identified and are divided 
into 4 subfamilies: the CC subfamily, the CXC subfamily, the CX3C subfamily, and the XC 
subfamily. The chemokine receptors are comprised of the CCR subfamily, the CXCR 
subfamily, CX3CR1, and XCR1 (Lazennec and Richmond, 2010). In the tumor 
microenvironment, various chemokines are produced by cancer cells, inflammatory cells, 
fibroblasts, and endothelial cells. Chemokines can stimulate cancer cell growth and 
metastasis, recruit inflammatory cells, and promote tumor angiogenesis. 

Stromal cell-derived factor-1 (SDF-1, also named CXCL12) and its receptor CXCR4 play 
important roles in the mobilization and homing of hematopoietic stem cells and the 
metastasis of cancer cells. AMD3100 (plerixafor), developed by Genzyme, is a small 
molecule that antagonizes the binding of CXCL12 to its receptor CXCR4, and was recently 
approved by FDA for stem cell mobilization in non-Hodgkin’s lymphoma and multiple 
myeloma patients (Pusic and DiPersio, 2010). Clinical trials demonstrated that AMD3100 
(plerixafor), together with G-CSF, significantly increased the mobilization of hematopoietic 
stem cells for autologous stem cell transplantation in patients with multiple myeloma and 
non-Hodgkin’s lymphoma (DiPersio et al., 2009a; DiPersio et al., 2009b). AMD3100 
(plerixafor) can also be used as a chemosensitizing agent. Studies showed that AMD3100 
(plerixafor) impeded the interaction between leukemia cells and the bone marrow 
microenvironment, mobilized cancer cells into peripheral blood, and increased the 
sensitivity of multiple myeloma cells and acute myeloid leukemia cells to chemotherapeutic 
drugs (Azab et al., 2009; Nervi et al., 2009). Furthermore, CXCL12/CXCR4 inhibitors have 
therapeutic effects on other non-hematological cancers. In pre-clinical models, blockade of 
CXCR4 has been shown to inhibit the migration and metastasis of melanoma cells, oral 
squamous cell carcinoma cells, and gastric cancer cells (Kim et al., 2010; Uchida et al., 2011; 
Zhao et al., 2011). CXCR4 inhibitors could also chemosensitize and suppress the growth of 
pancreatic and ovarian cancer cells (Righi et al., 2011; Singh et al., 2010). Besides 
CXCL12/CXCR4, inhibitors for other chemokines/receptors, such as CCL2 and CCR4, are 
also undergoing clinical development for the treatment of leukemia and solid tumors 
(Lazennec and Richmond, 2010).                

3.3 Molecular targeting of hypoxia pathways 

As described in the Section 2, hypoxia inhibits the tumor killing effects of radiation and also 
regulates cancer cell apoptosis, invasiveness and metabolism (Cairns et al., 2006; Gatenby 
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and Gillies, 2004). Hypoxia-inducible factors (HIFs) are master regulators of cell hypoxia 
responses and control the expression of numerous genes involved in angiogenesis, 
glycolytic metabolism, glucose transport, erythropoiesis, and other processes (Semenza, 
2007b). Increased expression of HIFs is correlated with a worse prognosis in many types of 
cancers. Thus, HIFs have been proposed as a potential target for cancer therapy. Inhibitors 
of the HIF pathway have been developed and tested in preclinical models and/or clinical 
trials (Semenza, 2007a).  

PX-478, a HIF-1α inhibitor, showed remarkable antitumor activity in human cancer 
xenograft models (Welsh et al., 2004), and also enhanced radiosensitivity of human 
pancreatic cancer xenografts (Schwartz et al., 2009). It has been shown that the degradation 
of HIF-1α can be induced through inhibiting the chaperone protein HSP90 (Isaacs et al., 
2002). The HSP90 inhibitor, 17-AAG (Tanaspimycin), exhibited anti-tumor activities in 
multiple cancer cell models. A recent phase II clinical trial showed that 17-AAG 
(Tanaspimycin) plus trastuzumab had significant anti-cancer activity in HER2+ breast cancer 
patients previously progressing on trastuzumab (Modi et al., 2011). It should, however, be 
noted that HIF-1α degradation is only one of the effects of HSP90 inhibitors as HSP90 is 
required for preventing the degradation of many other proteins.     

As a response and adaptation to hypoxia in the tumor microenvironment, cancer cells rely 
substantially on glycolysis for ATP production. It was discovered by Otto Warburg decades 
ago that cancer cells preferentially utilize glycolytic metabolism even under aerobic 
conditions (known as ‘Warburg effect’) (Warburg, 1956). Since glycolysis only generates 2 
ATP molecules per glucose, tumor cells evolve a compensatory mechanism by up-regulating 
the level of glucose transporters and significantly increasing glucose uptake.  

Genes involved in glycolytic metabolism have been proposed as potential cancer therapeutic 
targets (Tennant et al., 2010). Studies demonstrate that HIFs directly activate the 
transcription of glucose transporters (e.g. GLUT1) and several key glycolytic enzymes 
(Semenza, 2007b). Some oncogenes and tumor suppressors, such as Myc, PI3K, p53 and 
PTEN, can also regulate the expression of genes important for glycolysis and cell 
metabolism (Dang et al., 2009; Tennant et al., 2010). A recent chemical screening identified a 
compound, STF-31, which could inhibit the glucose transporter 1 (GLUT1) and the Warburg 
effect, induce cell death of renal cell carcinoma and inhibit the growth of tumor xenografts 
(Chan et al., 2011). Agents have also been developed to target the enzymes in the glycolysis 
pathway. One such agent is the hexokinase inhibitor, 2-deoxyglucose, which has been 
shown to have anti-tumor activities in multiple cancer cell models (Loar et al., 2010; Zhang 
and Aft, 2009). Other potential anti-cancer targets in the glycolysis cascade includes 
pyruvate kinase, the tumor-specific pyruvate kinase M2 (PKM2) isoform, pyruvate 
dehydrogenase kinase 1 (PDK1), among others (Tennant et al., 2010; Vander Heiden et al., 
2009). Inhibitors of these enzymes, such as TLN-232 and dichloroacetate (DCA), are being 
evaluated in clinical trials. A recent study showed that DCA had anti-tumor activities in 
glioblastoma patients (Michelakis et al., 2010).  

Furthermore, major regulators of metabolic pathways, such as mTOR (mammalian target of 
rapamycin) and AMPK (AMP-activated protein kinase), have been employed as important 
targets for cancer therapy. In particular, the mTOR inhibitors, everolimus and temsirolimus, 
have been approved by FDA for the treatment of advanced renal cell carcinoma with clinical 
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benefits in prolonging progression free survival and overall survival (Kwitkowski et al., 
2010; Motzer et al., 2008). Moreover, epidemiological studies indicated that the cancer 
incidence is lower in diabetic patients treated with the AMPK agonist metformin (Bo et al., 
2011). In a short-term prospective clinical trial, metformin treatment reduced colorectal 
aberrant crypt foci in non-diabetic patients (Hosono et al., 2010). These results indicate that 
metformin may be a useful agent for cancer prevention and therapy (Gonzalez-Angulo and 
Meric-Bernstam, 2010; Li, 2011).   

In addition to targeting hypoxia-related molecular pathways, hypoxia itself can be utilized 
for cancer therapy. Bioreductive prodrugs, which are activated in hypoxic environments, 
have been evaluated as potential anti-cancer agents to selectively kill hypoxic tumor cells. 
For instance, apaziquone (EO9), a bioreductive prodrug, was used through instillation to 
treat bladder cancer and significantly reduced the rate of tumor recurrence in the clinical 
trials (Hendricksen et al., 2009; Jain et al., 2009).   

Hypoxia as a hallmark of the tumor microenvironment has also been exploited to develop 
imaging approaches for cancer diagnosis. A family of nitroimidazole derivatives has been 
used as chemical tracers to detect hypoxia in tissues. A PET probe, 18F-fluoromisonidazole 
(FMISO), has been applied to detect hypoxic regions in solid tumors and to assess the 
change of tumor hypoxia status in response to therapy such as anti-angiogenesis treatment 
(Szeto et al., 2009; Valable et al., 2011). In addition, the up-regulation of hypoxia-responsive 
glucose transporters in tumor cells has been utilized for [18F] fluorodeoxyglucose positron 
emission tomography (FDG-PET). As the uptake of glucose is substantially increased in 
cancer cells, the radioactive [18F] fluorodeoxyglucose tracer is preferentially accumulated in 
the tumor and can be detected by positron emission tomography (Buerkle and Weber, 2008). 
FDG-PET has been widely used in the clinic to detect tumors and metastases and assess the 
response of tumors to therapeutics.  

3.4 Molecular targeting of acidosis-related pathways 

In addition to hypoxia, extracellular acidosis is another major hallmark of the tumor 
microenvironment. To avoid the harmful accumulation of protons and decrease of 
intracellular pH (pHi), cancer cells must use the cellular transporter system to expel excess 
acids from the cells. Carbonic anhydrases (CA), monocarboxylate transporters (MCT), 
vacuolar-type H+-ATPase proton pump (V-ATPase), and sodium/hydrogen exchangers 
(NHE) play important roles in cellular pH regulation (Izumi et al., 2003; Swietach et al., 
2010; Webb et al., 2011). Furthermore, recent studies have shown that a family of proton-
sensing G protein-coupled receptors regulates the behavior of tumor cells, immune cells, 
and blood vessels (Ludwig et al., 2003; Mogi et al., 2009; Yang et al., 2007). Targeting these 
pH regulators may be utilized to kill cancer cells or to augment the effects of other anti-
cancer agents. 

Carbonic anhydrase (CA) enzymes catalyze the reversible reaction between carbon dioxide 
and bicarbonate: CO2 + H2O ↔ HCO3- + H+, and facilitate the transport of CO2 and H+ ions 
for pH regulation (Swietach et al., 2010). There are 15 CA isoforms, I to XV, in mammalian 
cells, located in the cytosol, mitochondrion, extracellular plasma membrane, or secreted. In 
particular, the isoform IX (CAIX) has been extensively studied in cancer biology (Swietach et 
al., 2010). The expression of CAIX is strongly induced by hypoxia and regulated by HIF-1. 
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CAIX has been used as an endogenous marker to delineate hypoxic regions in solid tumors 
and is a prognostic marker of aggressive cancers. Inhibition of CAIX has been shown to 
suppress tumor growth in xenograft models (Chiche et al., 2009). CAIX small molecule 
inhibitors and antibodies have been developed and evaluated as potential anti-cancer 
therapeutics. A CAIX monoclonal antibody exhibited anti-tumor activities in the mouse 
xenograft model of colorectal cancer (Zatovicova et al., 2010). Moreover, CAIX inhibitors 
were shown to increase the therapeutic effects of tumor radiation (Dubois et al., 2011). 

Monocarboxylate transporters (MCT) facilitate the efflux of lactate and protons from cells. 
The up-regulation of MCTs has been observed in a variety of tumors such as breast, 
colorectal, ovarian, prostate, and central nervous system carcinomas, and associated with 
cancer progression and poor prognosis in some instances (Fang et al., 2006; Froberg et al., 
2001; Pertega-Gomes et al., 2011; Pinheiro et al., 2010; Pinheiro et al., 2008). MCT1 and MCT4 
were related to the invasiveness of human lung cancer cells and drug resistance of ovarian 
cancer cells (Chen et al., 2010; Izumi et al., 2011). Inhibition of MCT1 could retard the 
growth of cancer cells in culture and animal models (Fang et al., 2006; Sonveaux et al., 2008). 
MCTs may, therefore, represent potential targets for cancer treatment.   

Vacuolar-type H+-ATPases (V-ATPases) are multi-subunit, complex enzymes that transport 
protons from the cytoplasm to vacuolar lumens or to extracellular space (Izumi et al., 2003). 
These proton pumps are important for maintaining intracellular and extracellular pH 
homeostasis. V-ATPases overexpression has been detected in many types of tumors such as 
oral squamous cell cancer and melanoma (Nishisho et al., 2011; Perez-Sayans et al., 2010). 
Studies showed that V-ATPases increased cancer metastasis and drug resistance (Nishisho 
et al., 2011; You et al., 2009). Inhibition of V-ATPases by small molecule inhibitors or small 
interfering RNA suppressed tumor growth and metastasis, induced tumor cell apoptosis, 
and overcame chemoresistance in several cancer models (De Milito et al., 2007; Lu et al., 
2005; Nishisho et al., 2011; You et al., 2009).    

Sodium/hydrogen exchangers (NHE) regulate the pH homeostasis of cells by extruding 
intracellular H+ in exchange of extracellular Na+ at a 1:1 ratio. Nine NHE isoforms have been 
identified in mammalian cells (De Vito, 2006). NHEs were found to regulate cytoskeletal 
structures and tumor cell migration and invasion (Paradiso et al., 2004). Treatment with 
NHE1 inhibitors sensitized the paclitaxel-induced apoptosis of human breast cancer cells 
(Reshkin et al., 2003). Moreover, increased activity of NHE was observed in doxorubicin-
resistant human colon cancer cells and the treatment with the NHE inhibitor 5-(N-ethyl-N-
isopropyl)-amiloride (EIPA) sensitized the resistant cells to doxorubicin (Miraglia et al., 
2005). Inhibition of NHEs has also been shown to reduce the proliferation and VEGF 
production of leukemia cells (He et al., 2007; Turturro et al., 2007).       

Proton-sensing G protein-coupled receptors (GPCRs), including GPR4, TDAG8 (GPR65), 
OGR1 (GPR68), and G2A (GPR132), can be activated by acidic extracellular pH to transduce 
multiple downstream signaling pathways such as the Gs/cAMP, Gq/phospholipase C/Ca2+, 
and G13/Rho pathways (Ludwig et al., 2003; Murakami et al., 2004; Radu et al., 2005; Tobo et 
al., 2007; Wang et al., 2004; Yang et al., 2007). Different from the proton transporters, the 
proton-sensing GPCRs do not directly transport protons but, instead, perceive acidic 
extracellular pH to trigger signal transduction. Potential roles of the proton-sensing GPCRs 
in cancer biology have been emerging, with differential roles for each family member in a 
cell context-dependent manner. Activation of GPR4 by acidic pH has been shown to inhibit 
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tumor cell migration, invasion and metastasis and suppress microvascular outgrowth 
(Castellone et al., 2011; Yang et al., 2007). Overexpression of OGR1 also inhibited the 
migration and metastasis of prostate cancer cells and the effects were attributed to the 
constitutive activity of the receptor but not pH sensing function (Singh et al., 2007). 
Overexpression of TDAG8, however, enhanced the development of lung cancer cells (Ihara 
et al., 2010). TDAG8, as well as GPR4, exhibited transforming activities when ectopically 
overexpressed in immortalized cell lines (Sin et al., 2004). Furthermore, the proton-sensing 
GPCRs have been shown to regulate immune cell function and inflammatory responses 
(Ichimonji et al., 2010; Mogi et al., 2009; Onozawa et al., 2011). These observations suggest 
that the proton-sensing GPCRs may represent novel targets for cancer treatment, 
inflammation inhibition, and chemoprevention.  

Taken together, the acid-base transporters and proton-sensing receptors described above are 
important for cancer cells to sense and adapt to the acidic tumor microenvironment. Further 
research is warranted to validate these pH regulators as potential targets for cancer therapy 
and chemoprevention. Moreover, acidity itself in the tumor microenvironment can also be 
exploited for cancer detection and treatment. Recent studies showed that a technology using 
the pH low insertion peptide (pHLIP), a peptide that forms α-helix at acidic pH and inserts 
across cell membrane, could be applied to image prostate cancer xenografts in mice by 
positron emission tomography (Vavere et al., 2009). Acidity in the tumor microenvironment 
may also be utilized to design pro-drugs that are activated or become more potent at acidic 
pH to differentially kill cancer cells.   

4. Concluding remarks 

Cancer cells do not exist in isolation; instead, they closely interact with blood vessels, 
inflammatory cells, and fibroblasts in a unique tumor microenvironment characterized by 
hypoxia and acidosis. The interaction between cancer cells and the tumor microenvironment 
plays a pivotal role in cancer progression and somatic evolution, which follows very similar 
principles of Darwinian selection. It is increasingly recognized that in addition to killing 
cancer cells, targeting the components of the tumor microenvironment can help develop 
more effective approaches for cancer prevention and therapy. For instance, anti-
angiogenesis therapy, combined with conventional chemotherapy, has shown significant 
clinical benefits in multiple cancer types (Ferrara and Kerbel, 2005; Kerbel, 2008). 
Furthermore, a number of agents targeting inflammation, cancer cell metabolism, and 
hypoxia and acidosis pathways have been developed and added to the arsenal for cancer 
treatment, detection, diagnosis, prognosis and chemoprevention.  

While significant progress has been made to understand the tumor-microenvironment 
interaction, considerable knowledge gaps still remain. This aspect is exemplified by the 
lessons learned from anti-angiogenesis therapy. Whereas angiogenesis inhibitors have 
offered therapeutic benefits in cancer patients, some unexpected adverse effects deserve a 
close attention. In certain experimental settings, anti-angiogenesis therapy has been shown 
to promote tumor invasion and metastasis (De Bock et al., 2011; Ebos and Kerbel, 2011; Ebos 
et al., 2009). The underlying cause is largely attributed to the anti-angiogenesis therapy-
induced hypoxia, which is known to stimulate cancer cell metastasis. These observations 
illustrate that cancer cells constantly evolve and adapt to the changing tumor 
microenvironment during therapeutic interventions and/or tumor development. In 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

22

addition to hypoxia, other microenvironmental factors, such as acidosis and low nutrients, 
are also important selection forces that have a significant impact on cancer cell somatic 
evolution. The experience of anti-angiogenesis therapy once again underscores the fact that 
tumors comprise not just cancer cells and these cancer cells are continuously evolving. It is 
necessary to target multiple cell components and molecular pathways (both cancer cell-
intrinsic and microenvironment-related) in order to devise more effective strategies for the 
treatment and prevention of cancer. 
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1. Introduction 

Fanconi anemia (FA) is a genetic disorder characterized by bone marrow failure (BMF), 
clonal proliferation of hematopoietic stem cells, and transformation to leukemia and other 
cancers (Ames et al., 1995; Boglilo et al., 2002; Cohen-Haguenauer et al., 2006; Cumming et al., 
2001; Fagerlie et al., 2001; Jonkers et al., 2001; Suematsu et al., 2003). Somatic cell fusion 
studies show FA is genetically heterogeneous. So far mutations in 15 genes have been 
identified in FA or FA-like patients (Cohen-Haguenauer et al., 2006; Joenje et al., 1987; 
Jonkers et al., 2001; Lensch et al., 1999; Stoepker et al., 2011; Yamamoto et al., 2011). The genes 
encoding the groups A (FANCA), B (FANCB), C (FANCC), D1 (FANCD1/BRCA2), D2 
(FANCD2), E (FANCE), F (FANCF), G (FANCG), -I (FANCI/KIAA1794), J (FANCJ/ BRIP1), 
L (FANCL), M (FANCM), N (FANCN/PALB2),  O/RAD51C and P/SLX4 proteins have been 
cloned (de Winter et al., 1998, 2000a, 2000b; Howlett et al., 2002; Joenje et al., 2000; Letitus et 
al., 2004; Levran et al., 2005; Lo Ten Foe et al., 1996; Meetei et al., 2003, 2004, 2005; Meindl et 
al., 2010; Reid et al., 2006; Smogorzewska et al., 2007; Somyajit et al., 2010; Strathdee et al., 
1992; Timmers  et al., 2001; Xia et al., 2006; Yamamoto et al., 2011). The latter two genes are 
still thought of as tentative as they do not fall within a defined category biologically and the 
patients carrying these gene mutations are limited. The majority of mutations are found in 
FANCA, FANCC and FANCC genes in FA patients (Table 1). Recent studies on the biological 
function of these FA proteins have demonstrated that eight of the FA proteins (namely, 
FANCA, B, C, E, F, G, L, and M) form a nuclear multiprotein complex (Collins et al., 2005; 
D’Andrea et al., 2003; de Winter et al., 2000; Meetei et al., 2003; Smogorzewska et al., 2007; 
Tischkowitz et al., 2003; Walsh et al., 1994), which functions as a nuclear E3 ubiquitin ligase 
that monoubiquitinates downstream FANCD2/FANCI dimer in response to DNA damage 
or DNA replication stress. This FANCD2/FANCI heterodimer then recruits other 
downstream FA proteins including FANCD1 (which is the breast cancer protein BRCA2), 
and the recently identified FANCJ, FANCN, FANCO and another breast cancer protein, 
BRCA1 (D’Andrea et al., 2010), to nuclear loci containing damaged DNA and consequently 
influence important cellular processes such as DNA replication, cell-cycle control, and DNA 
damage repair.  The core complex also interacts with the FAAP100 and FAPP24 proteins, 
which are also crucial components in the pathway (Ciccia et al., 2007; Horejsi et al., 2009; 
Collis et al., 2008, Fig 1). FANCM and its interacting proteins, such as FAAP24 and MHF1, 
MHF2, also play a role in controlling the processing and stabilization of stalled replication 
forks (Schwab et al., 2010; Luke-Glaser et al., 2010; Singh et al., 2010).  
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Table 1. Complementation groups and interaction proteins of Fanconi Anemia. 

 
Fig. 1. Function of the FA pathway. Eight FA proteins form a nuclear core complex, which 
acts as ubiquitin ligase. FANCM interacts with FAAP24, FAAP100 as well as MHF1 and 
MFH2, resulting in complex chromatin loading and controlling the processing and 
stabilization of stalled forks, respectively. In response to DNA damage or replication stress, 
nuclear core complex monoubiquitinates two other FA proteins, FANCD2 and FANCI, 
which then recruit other downstream FA proteins FANCD1, FANCJ, and FANCN to 
damaged DNA and involved in  DNA repair, cell-cycle control to repair ICL (interstrand 
crosslink) lesions and to maintain genome stability.  

Many studies indicate that FA proteins might play specific roles in hematopoiesis by 
governing the responses of hematopoietic cells to both genotoxic and cytotoxic stresses. Loss 
of FA functions causes excessive apoptosis of HSC and progenitor cells (HSC/P) cells 
leading to BMF in the early stage of FA. As the disease progresses, apoptosis as well as 
genomic instability impose a selective pressure on FA HSC/P cells and promote the 
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development of mutant clones, which could be transformed  to leukemia (Cumming  et al., 
1996, 2001; Fagerlie  et al., 2001; Haneline et al., 1998, 1999, 2003; Koh  et al., 1999; Li X et al., 
2004; Li Y et al., 1997; Maciejewski  et al., 1995; Nakata  et al., 2004; Pang et al., 2001a, 2001b, 
2002; Rathbun et al., 1997, 2000;  Si et al., 2006; Walsh et al., 1994; Wang et al., 1998;  Whitney 
et al., 1996).  

2. FA hematopoiesis 

Hematological abnormalities are among the most important clinical features of FA. Children 
with FA often develop pancytopenia during the first few years of life. Complications of BM 
failure (BMF) are the major causes of morbidity and mortality of FA, and 80% of FA patients 
die from BMF (Bagby et al., 2003; Buchwald et al., 1998; Fagerlie et al., 2001; Kutler et al., 2003; 
Lensch et al., 1999; Liu et al., 2000). In addition, patients with FA have high risk of 
developing myelodysplasia (MDS) or acute myeloblastic leukemia (AML) (Bagby et al., 2003; 
Buchwald et al., 1998; D’Andrea et al., 2003; Fagerlie et al., 2001; Kennedy et al., 2005; 
Tischkowitz et al., 2003). During the BMF-MDS-AML progression, FA patients frequently 
develop clonal chromosomal abnormalities in the BM HSC/P cells. In fact, secondary 
occurred clonal cytogenetic abnormalities, such as 3q addition, 5q deletion and monosomy 7, 
are common in in children with FA who have evolved to MDS and AML and non-FA 
patients with MDS and AML after alkylating agents treatment (Freie et al., 2004; Fridman et 
al., 2003; Futaki et al., 2002; Giaccia et al., 1998; Lina-Fineman et al., 1995; Rubin et al., West et 
al., 2000).  

Excessive apoptosis and subsequent failure of the HSC compartment led to progressive BMF 
in FA patients have been documented from in vitro and in vivo studies. However, the 
molecular etiology of BMF and leukemia in FA remains to be elucidated.  Compelling 
evidence suggest that altered expression of certain growth factors and cytokines, such as 
reduced expression of interleukin-6 (IL-6) and granulocyte-macrophage colony stimulating 
factor (GM-CSF) but increased secretion of mitotic inhibitor TNF- in patient BM cells, may 
in part be responsible for hematopoietic disease progression in FA (de Cremoux et al., 1996; 
Dufour et al., 2003; Rosselli et al., 1992; 1994; Schultz et al., 1993; Stark et al., 1993). It is 
conceivable that these alterations may change the BM microenvironment (for instance, 
leading to factor deprivation or constant exposure to mitogenic inhibitors) and cause 
deregulation of cellular homeostasis. It has also been shown that FA BM cells are 
hypersensitive to a variety of extracellular cytokines, including interferon- (IFN-) and 
tumor necrosis factor  (TNF- (Dufour et al., 2003; Fagerlie et al., 2001; Haneline et al., 1998; 
Koh et al., 1999; Li X et al., 2004;  Li Y et al., 2004; Nakata et al., 2004; Pang et al., 2001a, 2001b, 
2002; Rathbun et al., 1997, 2000; Reid et al., 2006; Rosselli et al., 1992; Schultz et al., 1993; Si et 
al., 2006; Wang et al., 1998; Whitney et al., 1996), which may subsequently lead to cell 
apoptosis. Indeed, studies of FA patients have demonstrated that BM from FA patients has 
decreased number of colony-forming progenitors, as well as a reduction in colony size 
(Doneshbod–Skibba et al., 1980; Gluckman et al., 1989). These data demonstrate defective 
hematopoiesis in FA (Bagby et al., 2003; Fagerlie et al., 2001; Tischkowitz et al., 2003). 

In contrast to FA patients, mouse models deficient for several FA genes, including Fanca, 
Fancc, Fancd2 and Fancg, do not show no spontaneous hematological defects or leukemia 
development (Cheng et al., 2000; Whitney et al., 1996; Wong & Buchwald, 2002; Yang et al., 
2001). Studies in the Fanca and Fancc mouse models show that while blood count and the 
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number of committed BM progenitors are normal in FA mice as compared to WT mice; 
however, when subjected to sublethal dose of DNA cross-linking agent mitomycin C 
(MMC), which does not affect WT mouse cells, to the mutant mice experienced progressive 
decrease of all peripheral blood parameters, as well as early and committed progenitors, and 
eventually died within 8 weeks (Chen et al., 1996; Whitney et al., 1996). These results suggest 
that loss of FA genes in mouse models results in compromised defects in response to 
environmental insults (Chen et al., 1996; Whitney et al., 1996; Pang et al., 2000; Rathbun et al., 
1997; Haneline et al., 1998; Wong & Buchwald, 2002). 

Similar to FA-C patients, BM cells from Fancc-/- mice show compromised colony growth 
capacity following IFN-, TNF- and MIP-1 treatment (Haneline et al., 1998). Literatures 
suggest that IFN- and TNF- suppress colony growth forming ability of FA mouse BM cells 
by upregulating other cellular receptors, such as the fas receptor (CD95) (Young et al., 1997). 
Increase in CD95 expression has been found in CD34+ cells from children with FA as well as 
the CD34+ fraction of hematopoietic progenitors in Fancc-/- mice, which is associated with 
increased apoptosis (Cumming et al., 1996; Otsuki et al., 1999). The hypersensitivity of Fancc-
/- hematopoietic cells to IFN- and TNF- is also mediated through activation of the RNA-
dependent protein kinase (PKR) pathway, which is reported to initiate apoptosis in some 
instances, as an elevated level of activated PKR was found in Fancc-/- mouse embryonic 
fibroblasts (Pang et al., 2001, 2002; Zhang et al., 2004). Several groups independently showed 
compromised hematopoietic engraftment and reconstitution after BM transplantation of FA 
HSCs (Haneline et al., 2003; Zhang et al., 2007). Deregulation of apoptotic responses in 
hematopoietic cells may account at least in part for the nearly universal development of BM 
failure in children with inactivating FA mutations.  

3. Inflammation and FA 

Inflammation is a biological process orchestrated mainly by myeloid cells and accompanied 
by infection or phagocytosis (Balwill et al., 2001). Increased oxidative stress in FA patients 
may be the result of an increased burden of endogenously produced oxidants as well as 
increased amounts of ROS generated by various inflammatory cytokines. Many studies 
indicate a correlation between elevated circulating pro-inflammatory cytokines and anemia in 
patients with leukemia-related BM diseases (Hakim et al., 1993), but direct evidence for the 
mechanistic link between inflammation and BMF or leukemia is lacking.  

There is evidence showing that patients with FA have abnormally high levels of TNF- 
(Fagerlie et al., 2001; Fiers et al., 1999; Freie et al., 2003), which is a major mediator of 
inflammation and ROS production (Liu et al., 2003; Lohrum et al., 1999). Inappropriate 
induction or activation of TNF-signaling has been implicated in the pathogenesis of 
numerous common diseases such as arthritis, heart attacks, and cancer (Ekbom et al., 1990; 
Jonsson et al., 2005; Mantovani et al., 2002; Marx et al., 2004). It is conceivable that the presence 
of TNF- and increased oxidative stress in FA BM may account for profound physiologic 

changes, including the development of BMF and progression to leukemia. 

Similar to TNF-, IL-1 and IL-6 are also well-known pro-inflammatory cytokines with a 
wide range of biological activities in immune regulation, hematopoiesis, inflammation and 
oncogenesis (Ibanez et al., 2009). It has been demonstrated that IL-1 is overexpressed in FA-
A patients (de Cremoux et al., 1996). The elevated levels of IL-1β were completely reverted 
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by complementation of functional FANCA into FA-A lymphocytes. In addition, the 
constitutive activation of the PI3K-Akt pathway in FA cells upregulates the expression of IL-
1β through an NF-κB independent mechanism and this overproduction activates the 
proliferation of tumour cells (Ibanez et al., 2009). IL-6 is the chief stimulator of the 
production of most acute phase proteins (Scheller et al., 2011), whereas the other implicated 
cytokines influence subgroups of acute phase proteins. Recent studies demonstratethe 
presence of a defect in IL-6 production in FA patients (Coussens et al., 2002; Cumming et al., 
1996), suggesting that this cytokine may partly be responsible for pancytopenia associated 
with BMF, the major clinical feature of FA, in FA patients. In addition, it has been reported 
that Fancc-/- HSC/P cells had altered growth and apoptosis responses to combinations of 
stimulatory cytokines, most dramatically in response to a combination of factors that 
included interleukin-3 (IL-3) and IL-6 (Aubé et al., 2002). 

4. FA oxidant hypersensitivity 

Even in steady state, hematopoietic cells are exposed to various ROS, which are routinely 
generated during metabolic or inflammatory process. ROS induce a variety of responses in 
hematopoietic cells, including cellular proliferation and growth inhibition (Howlett et al., 
2002; Ichijo et al., 1997). Like cells from other tissues, hematopoietic cells have developed 
several mechanisms to prevent the damage induced by oxidative stress. First, antioxidant 
enzymes, including superoxide dismutases (SODs), catalase, glutathione peroxidases and 
peroxiredoxins, can directly eliminate ROS. Secondly, other cellular enzymes can function to 
repair DNA damage induced by ROS in hematopoietic tissues. While FA murine models do 
not recapitulate some of the major FA clinical manifestations such as BM failure and 
leukemia, hematopoietic cells from FA knockout mice exhibit extreme oxidant sensitivity. 
Extensive studies have demonstrated FA oxidant hypersensitivity by using primary and 
immortalized cell cultures as well as ex vivo materials from patients (Bogliolo et al., 2002; 
Cohen–Haguenauer et al., 2006; Cumming et al., 1996; Futaki et al., 2002; Hadjur et al., 2001; 
Kruyt et al., 1998; Pagano et al., 2005; Park et al., 2004; Saadatzadeh et al., 2004). It has also 
been shown that reoxygenation-generated oxidative stress, which is associated with 
significant DNA damage and inhibition of colony formation capacity (Ames et al., 1993; 
Hammond et al., 2003; Chen et al., 2000), induced senescence of bone marrow progenitor 
cells from Fancc-/- mice compared to their counterparts. While these studies suggest a 
correlation between oxidative stress and FA disease progression, the mechanism by which 
oxidative stress influences the function of FA HSC/P cells has not been systematically 
studied. A number of hypotheses regarding the effect of oxidative stress in FA have been 
suggested, including the proposal that ROS could damage DNA and inability of FA HSC/P 
cells to repair such damage would result in exacerbated genomic instability leading to 
apoptosis and malignant transformation.  

Three major FA core complex components, FANCA, FANCC, and FANCG (Bagby et al., 
2003; Kennedy et al., 2000; Green et al., 2009), were found to interact with a variety of cellular 
factors that primarily function in redox-related processes (Table 2), such as FANCC protein 
interacts with NADPH cytochrome P450 reductase and glutathione S-transferase P1-1 
(Cumming et al., 1996; Kruyt  et al., 1998), which are involved in either triggering or 
detoxifying reactive intermediates including ROS. It has also been demonstrated that Fancc-
/- mice with deficiency in the anti-oxidative enzyme Cu/Zn superoxide dismutase 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

46

demonstrated a defective hematopoiesis (Hadjur et al., 2001). Fancc-/- cells exhibit 
hyperactivation of ASK1, a serine-threonine kinase that plays an important role in redox 
apoptotic signaling (Saadatzadeh et al., 2004). Another FA protein, FANCG, interacts with 
cytochrome P450 2E1, which is associated with the production of reactive oxygen 
intermediates, and mitochondrial anti-oxidant enzyme peroxiredoxin-3 (Futaki et al., 2002, 
Mukhopadhyay et al., 2006), which suggested a possible role of FANCG in protection 
against oxidative DNA damage. Furthermore, FANCA and FANCG interact upon oxidative 
stress (Park et al., 2004). These findings indicate a crucial role of FA proteins in oxidative 
stress signaling. We recently found that FANCD2 associated with FOXO3a, a master 
regulator in response to oxidative stress (Huang et al., 2007; Li et al., 2010; Tsai et al., 2008). 
While these observations point to the involvement of FA proteins in oxidative stress 
response, the molecular pathways in which FA proteins function to modulate physiologic 
oxidative stress have not been defined. 

 
Table 2. Fanconi anemia proteins in redox signaling. 

5. Oxidative stress response in FA hematopoietic cells: a FOXO3a 
connection 

Forkhead transcription factors of the FOXO class O including FOXO1, FOXO3a, FOXO4 and 
FOXO6, are implicated in the regulation of diverse physiologic processes, including cell 
cycle arrest, apoptosis, DNA repair, stress resistance, and metabolism (Brunet  et al., 2004; 
Huang et al., 2007). It has been established previously that members of the FOXO family are 
negatively regulated by PKB/c-Akt in response to insulin/IGF signaling, and are involved 
in regulating cell cycle progression and cell death (Geert et al., 2002; Essers et al., 2004). 
Among these FOXO proteins, FOXO3a functions as a master regulator of oxidative stress 
(Huang et al., 2007; Tsai et al., 2008). Several recent studies demonstrate that FOXO3a 
protects quiescent HSCs from oxidative stress (Tothova et al., 2002, 2007; Miyamoto et al., 
2005). Some other studies also indicatethat Foxo3a is involved in inflammatory responses, 
such as inflammatory arthritis, intestinal inflammation, rheumatoid blood and synovial 
tissue, angiogenesis and postnatal neovascularization etc. (Turrel-Davin et al., 2009; Potente 
et al., 2005; Jonsson et al., 2005; Walbert et al., 2004).  

While strong evidence indicates that FA cells, including hematopoietic cells from FA 
patients, are intolerant to oxidative stress (Cohen-Haguenauer et al., 2006; Cumming et al., 
2001; Du et al., 2008; Futaki et al., 2002; Hadjur et al., 2001; Kruyt et al., 1998; Paganno et al., 
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2005; Park et al., 2004;  Saadatzadeh et al., 2004; Schindler et al., 1988; Zhang et al., 2005) and 
certain FA proteins interact with cellular factors involved in redox metabolism (Aggarwal et 
al., 2003; Ames et al., 1995; Bagby et al., 2003), the molecular pathways in which FA proteins 
function to modulate physiologic oxidative stress have not been defined. Our recent 
identification of the FANCD2-FOXO3a complex (Li et al., 2010) and preliminary 
characterization of impaired anti-oxidant defense in primary BM cells from FA patients 
opened new research opportunities to extend the functional study on the roles of FA 
proteins in the context of oxidative stress. We envision a model (Fig 2) in which the FA 
proteins regulate oxidative stress response through mechanisms involving functional 
interplay with the major oxidative stress-responsive transcription factor FOXO3a and 
protection of anti-oxidant genes from oxidative damage. Loss of these FA protein functions 
leads to elevated levels of ROS. As a consequence, FA HSC/P cells accumulate excessive 
DNA damage and increased genomic instability.  However, further studies remains to be 
done in this context. 

 
 
 

 
 

Fig. 2. A model for the role of FA proteins in oxidative stress signaling. In WT cells, the FA 
pathway helps keep cellular levels of ROS in check through functional interaction with the 
FOXO3a oxidative stress responsive pathway and safeguarding cellular anti-oxidant genes. 
In FA cells, both the FOXO3a pathway and the anti-oxidant defense are impaired due to loss 
of the FA protein functions. As a result, FA cells accumulate high levels of ROS, which 
damages DNA leading to genomic instability. 

6. The FA syndrome links inflammatory ROS to leukemogenesis 

Certain chronic inflammatory conditions have long been known to link to cancer. There is 
compelling evidence that chronic inflammation increases the risk of human cancers such as 
hepatocellular carcinoma, colon and bladder cancers, B cell lymphomas, and visceral 
malignancies (Kuper et al., 2000; Mackay et al., 2001; Martin et al., 2011; Suematsu et al., 2003; 
Umeda et al., 2002; Ziech et al., 2010), probably through the unbalanced machinery between 
DNA damage and repair (Fig. 3.).  
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Fig. 3. Possible mechanisms for induction of oxidative stress and DNA damage and the roles 
in carcinogenesis. Intracellular stress or exogenous insults induces ROS production, which 
damages DNA, lipids and proteins. Over-produced ROS leads to cell death and activates 
cell defense machinery, including DNA repair and other cellular signaling pathways to 
maintain genome stability. Insufficient DNA repair or apoptosis causes mutagenesis, which 
results in cancer development. 

Oxidative stress is considered as an important pathogenic factor in leukemia-prone bone 
marrow diseases like FA (Bogliolo et al., 2002; Cohen–Haguenauer et al., 2006; Cumming et 
al., 1996; Futaki et al., 2002; Hadjur et al., 2001; Joenje et al., 1987; Kruyt et al., 1998; 
Mukhopadhyay et al., 2006; Pagano et al.,  2005; Park et al., 2004; Saadatzadeh et al.,  2004; 
Schindler et al., 1988; Zhang et al., 2005a, 2005b). The expression of inflammatory mediators, 
particularly the pro-inflammatory cytokines TNF-, interleukin-1beta (IL-1, and IL-6 in 
these patients is often associated with increased production of ROS either as a component of 
their immune response or as a consequence of increased metabolism (Macciò et al., 1998; 
Mantovani et al., 1997; Mantovani et al., 2002; Tischkowitz et al., 2004). Many studies have 
shown a correlation between elevated circulating pro-inflammatory cytokines and anemia in 
patients with leukemia-related BM diseases but direct evidence for the mechanistic link 
between inflammation and leukemia is lacking.   

Normal hematopoiesis is maintained by dynamic interactions between HSCs and the bone 
marrow microenvironment, which is a complex system consisting of a variety of cell types, 
including stromal cells of nonhematopoietic, mesenchymal origin as well as 
hematopoietically derived stromal macrophages producing extracellular matrix components 
and hematopoietic growth factors (Bhatia et al., 1995; Konopleva & Michael, 2007; Marina et 
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al., 2007). Alterations of pro-inflammatory cytokine expression such as reduced IL-6 and 
increased TNF-which are often found in FA patient cells, may account for BM 
microenvironment changes such as growth factor deprivation or constant exposure to 
mitogenic inhibitors. These alterations may subsequently cause deregulation of cellular 
homeostasis in FA (de Cremoux et al., 1996; Dufour et al., 2003; Rosselli et al., 1992, 1994; 
Schultz et al., 1993; Stark et al., 1993) at least partially through upregulation of ROS 
production. 

ROS induce a variety of responses in HSCs, including cellular proliferation and apoptosis 
(Nakamura et al., 1997; Nakata et al., 2004). ROS can also cause DNA damage and drive 
HSCs into cell division, which is essential for DNA repair processes (Wilson A et al., 2008). 
There is strong evidence that HSCs are activated and thus functionally exhausted by oxidative 
stress. Mice with mutations in the ATM or FOXO genes, as well as various DNA repair 
genes exhibit premature exhaustion of HSCs due to accumulation of ROS or DNA damage, 
indicating that cellular balance between ROS and antioxidant defense as well as DNA repair 
is crucial for the maintenance of HSC self-renewal and hematopoietic function (Rossi et al., 
2007; Nijnik et al., 2007).  

The inflammatory cytokine TNF- which is overproduced in FA patients, has been 
considered as one important pathological factor involved in the abnormal hematopoiesis in 
FA. Extensive evidence demonstrated that excessive apoptosis of FA hematopoietic cells 
induced by TNF-, may contribute to at least partially the pathophysiology of BM failure in 
FA. The c-JUN NH2-terminal kinase (JNK) and nuclear factor-kappa B (NF-B) pathways 
are two well-established pathway involved in TNF--induced ROS production (Nakata et 
al., 2004; Ma et al., 2009; Ventura et al., 2004).  The JNK kinase can be activated by TNF--
induced ROS. This activation then in turn leads to more ROS production, and sustained JNK 
activation in NF-B-deficient cells was suggested to depend on ROS. It has been shown that 
TNF-induced ROS production at inflammatory sites causes DNA damage and therefore 
cause mutation and cancer (Aggarwal et al., 2003; Kryston et al., 2011; Martin et al., 2011 
Sedelnikova et al., 2010; Suematsu  et al., 2003; Wajant  et al., 2003; Ziech et al.,  2010). One 
possible mechanism is through Oxidation of bases and generation of DNA strand 
interruptions. However, the accurate measurement of oxidative stress is a hallmark of 
disease diagnosis as well as treatment. Recently, HPLC associated with tandem mass 
spectrometry (MS/MS) or electrochemical detector (ECD) together with optimized DNA 
extraction conditions has been developed as a relevant analytical approach for measuring 
oxidatively base damage in cellular DNA (Cadet et al., 2006, 2010). Our recent studies 
demonstrated the inflammatory ROS-mediated hematopoietic suppression and increased 
chromosomal aberrations in Fancc-/- mice, which is associated with impaired oxidative 
DNA-damage repair, implicating a role of FA pathway in maintaining genomic stability 
(Sejas et al., 2007; Zhang et al., 2007).  Further studies indicated that TNF- not only is a pro-
apoptotic signal suppressing FA hematopoietic progenitor activity, but also promotes 
leukemic transformation of FA hematopoietic stem/progenitor cells (Li et al., 2007). 
Therefore, FA disease progression to leukemia is governed not only by genetic changes 
intrinsic to the FA cells, but also by epigenetic and environmental factors and that TNF--
mediated inflammation is one of the most important epigenetic and environmental factors 
contributing to FA leukemogenesis. Recent study indicate that FA hematopoietic cells are 
prone to clonal hematopoiesis and malignancy, which is associated with increased 
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cytogenetic abnormalities and myeloid malignancies in Fancc-/- BM cells (Haneline et al., 
1998, 1999, 2003; Li X et al., 2004; Si et al., 2006). While the role of FA proteins in the 
regulation of TNF--induced ROS production remains to be elucidated, several hypotheses 
have been proposed, including that FA proteins protect chromosomal DNA from ROS 
attack or facilitate the repair of oxidative DNA damage, which in turn downstream ROS 
signaling. It is also possible that FA proteins can regulate the biosynthesis of ROS metabolic 
molecules, such as glutathione and the expression of antioxidant enzymes (such as 
glutathione Stransferases and catalase). However, there is no direct evidence for any of these 
assumptions so far. Another potential target is the redox-sensitive transcription factor NF-
B, a major player involved in transcription regulating during differentiation and 
inflammation (Dhar et al., 2006). The activation of NF-B is known to enhance inflammation 
and promote cancer (Coussens et al., 2002; Fiers et al., 1999; Macdougal et al., 2002). In 
addition, chronic exposure of FA BM cells to proinflammatory cytokine TNF- creates an 
environment selects for somatically mutated preleukemic stem cell clones which are 
apoptosis-resistant and acquire proliferative advantage (Li et al., 2007). Patients with these 
TNF--resistant BM cells may advance to MDS and AML via a mechanism involving 
genomic instability, coupled with inflammation driven by high NF-B transcriptional 
activity (Fig. 4).  

 
Fig. 4. The pro-inflammatory cytokines and their potential role in FA pathophysiology. 
Overproduced pro-inflammatory cytokines (TNF-, IL-6, IL-1 etc.) plays roles in not only 
pro-apoptotic signal suppressing FA hematopoietic progenitor activity, but also promoting 
leukemic transformation of FA HSC/P cells, which lead to typical phenotype of FA patients. 



 
Inflammatory ROS in Fanconi Anemia Hematopoiesis and Leukemogenesis 

 

51 

7. Functional interaction between the FA proteins and other oxidative stress 
response pathways 

Recent findings of a reduction of the HSC pool and a deficient repopulating capacity in 
Foxo3a knockout animals (Miyamoto et al., 2007) indicate that FOXO3a plays essential 
regulatory roles in HSC maintenance through a mechanism of regulating ROS. This is 
consistent with our recent finding that FANCD2 forms complex with FOXO3a in response to 
oxidative stress (Li et al., 2010). In addition, we observed several hematopoietic defects in FA 
mice deficient for Foxo3a (unpublished data). These results suggest that the FA proteins 
functionally interplay with other oxidative stress response pathways. Indeed, our 
preliminary results with primary BM cells from FA-A patients show that certain genes 
functioning in anti-oxidant defense and ROS metabolism fail to respond to oxidative stress 
(unpublished data). This suggests that one critical function of FA proteins under oxidative 
stress is to safeguard the expression of these anti-oxidant defense genes through DNA 
damage repair or gene promoter protection. While these observations indicate that the FA 
pathway functionally interacts with other cellular oxidative stress response pathways, the 
molecular mechanisms by which FA proteins function to modulate physiologic oxidative 
stress remain to be elucidated. Further investigation into the roles of FA proteins in 
oxidative DNA-damage response and repair, and the functional relationship between 
inflammatory ROS and genomic instability during FA leukemogenesis not only will 
advance our understanding of the function of FA proteins in hematopoiesis but also may 
suggest new targets for therapeutic prevention and treatment of BM failure and cancer 
progression of the disease. 

8. Conclusion 

Given other known genomic instability syndromes such as ataxia telangiectasia, Nijmegen 
breakage syndrome, xeroderma pigmentosum, and Werner syndrome rarely develop BM 
failure and leukemia, FA has been considered an excellent disease model for studying 
oxidative stress response in cancer development. Further investigation into the function of 
FA proteins in oxidative damage response and repair will help shed new light on the role of 
FA proteins in the maintenance of normal hematopoiesis under conditions of oxidative 
stress, and yield valuable information on whether targeting components of FA-related 
oxidative stress signaling pathways may be therapeutically useful in the prevention and 
treatment of FA BMF and leukemia. In addition, while FA is a rare disease, understanding 
functional interaction between FA proteins and other critical oxidative stress signaling 
pathways provides a unique opportunity to mechanistically comprehend and potentially 
intervene in these physiologically important processes.  
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1. Introduction 

Despite decades of research, cancer continues to affect millions of people each year. 
However, the more we discover about cancer, the more we realize that no single therapeutic 
strategy can effectively treat it. As we learn about the aberrant signals and pathways which 
lead to cancer, prevention may be a more feasible strategy. Vaccines, chemo preventive 
compounds, and healthier lifestyle choices are our arms in the battle against this deadly 
disease. In this chapter we discuss the importance of cancer prevention, how 
chemoprevention can be our first line of defense, and consider the role of small molecules 
and vaccines in cancer prevention and therapy. Deciphering the role of early disease 
detection and understanding how biomarkers and epigenetics can be a tool against cancer is 
vital. Finally, tackling the causes of cancer is critical for eradicating this malignancy.   

The process of carcinogenesis is extremely slow, offering ample opportunity for intervention 
and prevention. A mutation in the genome may lead to transformation to a precancerous 
lesion and eventually to cancer with unchecked cell growth. An untold number of genetic 
changes can trigger cells to become cancerous. Predicting the changes and the susceptible 
population is even more daunting.  

Mutations, whether acquired or inherited and caused by endogenous and exogenous agents, 
result in oncogenic transformation. In the human genome, there are many different types of 
genes that control cell growth in a very systematic, precise way. Error in these genes leads to 
further alterations or mutations. An accumulation of many mutations in different genes 
occurring in a specific group of cells over time is required to cause malignancy. In general, 
mutations in two classes of genes, proto-oncogenes and tumor suppressor genes, lead to cancer.  

1.1 Proto-oncogenes 

Proto-oncogenes are typically responsible for promoting cell growth but alterations lead to 
transformation into oncogenes and promotion of tumor growth. Mutations in these genes 
are typically dominant in nature. Often, proto-oncogenes encode proteins that function to 
stimulate cell division, inhibit cell differentiation, and halt cell death. Oncogenes, however, 
typically exhibit increased production of these proteins, thus leading to increased cell 
division, decreased cell differentiation, and inhibition of cell death. These phenotypes typify 
cancer cells. Underlying genetic mechanisms associated with oncogene activation include 
point mutations, deletions, or insertions that lead to a hyperactive gene product. Other 
examples include alterations in the promoter region of a proto-oncogene that lead to 
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increased transcription. Gene amplification events leading to extra chromosomal copies of a 
proto-oncogene may also lead to oncogenesis. Chromosomal translocation events that 
relocate a proto-oncogene to a new chromosomal site that leads to higher expression or lead 
to a fusion between a proto-oncogene and a second gene, which produces a fusion protein 
with oncogenic activity may lead to cancer as well.  

1.2 Tumor suppressors 

Tumor suppressor genes are also present in our cells to control cell growth and apoptosis. 
Exquisite control over these processes suppresses tumor development. Mutations in tumor 
suppressors, as mentioned above, can lead to carcinogenesis. Tumor suppressors are in 
place to oppose threats to the genome. p53, the guardian of the genome, is one of the most 
commonly mutated tumor suppressor genes in human cancer. p53, a transcription factor, 
plays a critical role in numerous signaling pathways, from development to maintaining 
genomic stability and cell death (Brosh and Rotter 2009). Mutant p53 has been shown to 
exhibit gain–of–function properties that drive tumor progression and metastasis (Brosh and 
Rotter 2009). p53 is a stress response protein that functions primarily as a tetrameric 
transcription factor which regulates a large number of genes in response to a variety of 
cellular insults, including oncogene activation and DNA damage. These signals activate p53 
primarily through post-translational modifications that result in augmented p53 protein 
level and transactivation activity. Activated p53 suppresses cellular transformation mainly 
by inducing growth arrest, apoptosis, DNA repair and differentiation in damaged cells 
(Oren 2003). Not surprisingly, p53 function is almost always compromised in tumor cells. 
Mutations in p53, usually due to somatic mutations, are observed in approximately half of 
all human cancers and constitute a cornerstone in tumorigenesis (Hollstein et al. 1991, 
Vogelstein, Lane and Levine 2000). 

1.3 Models of carcinogenesis 

There are several models of carcinogenesis. One of the models proposed by Dr. Bert 
Vogelstein proposes the loss of function of tumor suppressors such as p53 which paves the 
way for genomic instability, changes in metabolism, insensitivity to apoptotic signals, 
invasiveness and motility. However, the nature of the causal link between early tumorigenic 
events and the induction of the p53-mediated checkpoints that constitute a barrier to tumor 
progression remains uncertain. Loss of p53 function occurs during the development of most, 
if not all, tumor types. The cascade of events starts with a mutation that inactivates tumor 
suppressor gene leading to hyper-proliferation of epithelial cells. The mutation may also 
inactivate DNA repair genes while mutation of proto-oncogene creates an oncogene. The 
same mutation may lead to a cascade of inactivation of several more tumor suppressor 
genes before resulting in cancer. For example in colon carcinogenesis, loss or mutation of 
APC gene leads to overexpression on cyclooxygenase (COX) genes, transforming the normal 
tissue to hyperproliferative epithelium, and resulting in early adenoma. Subsequent DNA 
hypomethylation leads to mutations such as in k-ras gene, and results in intermediate 
adenoma. Another mutation following this, such as loss or mutation of DCC or SMAD 4, 
results in late adenoma. Subsequent mutation in p53 leads to carcinogenesis. Further 
mutations result in metastasis and greater genomic instability. It is thus quite apparent that 
the perturbations necessary to form cancer are numerous and complex. Figure 1 gives an 
overview of this model of carcinogenesis.  



 
Staying a Step Ahead of Cancer 

 

65 

 
Fig. 1. The cascade of events that leads to colon carcinogenesis. 

An alternate theory is Dr. Alfred Knudson’s two-hit theory of cancer causation. This model 
accounts for both hereditary and non-hereditary cancer. Normal cells have two undamaged 
chromosomes, one from each parent, containing thousands of genes. People with a 
hereditary susceptibility to cancer inherit a damaged gene on one of the chromosomes. 
Thus, their first hit or mutation occurs at conception. Others receive the first hit in their 
lifetime. A subsequent damage to the same gene on the second chromosome may lead to 
cancer. Therefore, people with a hereditary susceptibility to cancer just need one hit during 
their lifetime to produce cancer. An overview of this model is given in Figure 2. This model 
is applicable for cancer such as retinoblastoma where inheritance of the first hit leads to a far 
greater chance of developing a second cancer causing mutation. 

 
Fig. 2. The two-hit model of carcinogenesis. 
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2. Genomic instability and cancer 

It should be noted that a state of genomic instability prevails in cancer. In certain cases, such as 
overexpression of licensing factors (hCdt1 and hCdc6), prolonged overexpression of these 
factors lead to a more aggressive phenotype, bypassing the antitumor barriers of accelerated 
senescence and apoptosis. The link between activation of DNA-damage response and 
tumorigenesis implies that continuous DNA damage checkpoint activation could lead to 
selective suppression of the DNA-damage response-induced antitumor barriers by 
inactivating mutations resulting in genomic instability and tumor progression (Bartkova et al. 
2005, Bartkova et al. 2006, Gorgoulis et al. 2005, Di Micco et al. 2006, Halazonetis, Gorgoulis and 
Bartek 2008). Cells possessing re-replicated DNA above a critical threshold are typically 
neutralized by either senescence or apoptosis. However, cells with re-replicated elements below a 
critical threshold are prone to recombination processes leading to genomic instability. These 
events favor the selection of resilient cells and lead to therapeutic resistance (Liontos et al. 2007).  

Proteins involved in DNA repair pathways have garnered attention because mutations 
causing dysfunction can lead to increased genetic instability and ultimately to increased 
cancer risk.  Indeed, several studies have demonstrated alterations of these genes are 
associated with susceptibility to cancer (Berwick and Vineis 2000). Identification of factors 
associated with prognosis is an ever important process for both an escalation and de-
escalation of therapies for appropriately selected patients. Additionally if alterations of these 
genes impact development of cancer, they are possible targets for therapy.  

2.1 DNA damage and repair 

The human body is under continuous attack from both external and internal insults which 
ultimately generates thousands of DNA lesions per day. But it has evolved its own 
defense mechanism to combat these lesions. The cellular response to DNA damage is 
critical for maintaining genomic integrity and for preventing carcinogenesis. Since DNA 
lesions can block genomic replication and transcription and lead to mutations it is 
imperative that DNA is repaired without any errors. Failure to repair any damage to the 
nucleic acid results in cell death in the form of apoptosis or necrosis. To combat threats 
posed by DNA damage, cells have evolved mechanisms, collectively termed the DNA-
damage response, to detect DNA lesions, signal their presence, and promote DNA repair. 
Cells defective in these mechanisms generally display heightened sensitivity towards 
DNA-damaging agents. While this may be exploited for cancer therapy [e.g. poly ADP-
ribose polymerase (PARP) inhibitors in breast cancer susceptibility protein (BRCA) 
deficient ovarian and breast tumors] it should also be noted that many such defects can 
lead to human disease, such as cancer.  

2.2 DNA repair pathways 

In an effort to repair the damaged DNA and avoid passing the damaged DNA onto the 
progeny cells, the cell has evolved several repair pathways. These repair pathways include 
base excision repair (BER), nucleotide excision repair (NER), double strand break (DSB) 
repair via homologous recombination (HR) or non-homologous end joining (NHEJ), and 
mismatch repair (MMR) (Polo and Jackson 2011, Stratton 2011, Stricker, Catenacci and 
Seiwert 2011). Though it is not clear what determines the choice of repair pathway, it is an 
area of active research.  
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Whereas some lesions are subject to direct protein-mediated reversal, most are repaired by a 
cascade of catalytic events mediated by multiple proteins. In MMR-mediated repair, 
detection of mismatches and insertion/deletion loops triggers a single-strand incision that is 
then worked upon by nuclease, polymerase and ligase enzymes. In BER-mediated repair, a 
damaged base is often recognized by a DNA glycosylase enzyme that mediates base 
removal before nuclease, polymerase and ligase proteins complete the repair in processes 
overlapping with those used in single strand break repair. In contrast, NER-mediated repair 
recognizes helix-distorting base lesions. It includes two sub-pathways that differ in the 
mechanism of lesion recognition: transcription-coupled NER, which specifically targets 
lesions that block transcription, and global-genome NER. A key aspect of NER is that the 
damage is excised as a 22–30-base oligonucleotide, producing single-stranded DNA that is 
acted upon by DNA polymerases and associated factors before ligation proceeds.  

In NHEJ, DSBs are recognized by the Ku protein that then binds and activates the protein 
kinase DNA-PKcs, leading to recruitment and activation of end-processing enzymes, 
polymerases and DNA ligase IV. NHEJ repair, predominantly utilized in the repair of 
radiation induced DNA damage, is a highly efficient but error-prone process that often 
results in mutations in the repaired DNA. The NHEJ repair process is dependent on the 
DNA-dependent protein kinase (DNA-PK) catalytic subunit (DNA-PKcs), the Ku70/Ku80 
heterodimer, and the XRCC4–ligase IV complex and ultimately rejoins the ends of DSBs 
with little or no homology. In response to radiation, DNA-PKcs is autophosphorylated at 
threonine 2609. This is required for the functional activation of the NHEJ repair pathway. 
Consistent with the role of NHEJ repair in the repair of radiation-induced DSBs, cells 
deficient in any NHEJ repair protein have been shown to be hypersensitive to radiation-
mediated cytotoxicity (Iliakis et al. 2004, Yang et al. 2009, van Gent, Hoeijmakers and Kanaar 
2001). A less-well-characterized Ku-independent NHEJ pathway, called micro-homology-
mediated end-joining (MMEJ) or alternative end-joining, results in sequence deletions. 
Although both NHEJ and MMEJ are error-prone, they can operate in any phase of the cell 
cycle.  

In contrast, HR is generally restricted to S and G2 because it uses sister-chromatid sequences 
as the template to mediate faithful repair. Although there are several HR sub-pathways, HR 
is always initiated by single strand DNA generation, which is promoted by various proteins 
including the MRE11–RAD50–NBS1 (MRN) complex. In events catalyzed by RAD51 and the 
breast-cancer susceptibility proteins BRCA1 and BRCA2, the single strand DNA then 
invades the undamaged template and, following the actions of polymerases, nucleases, 
helicases and other components, DNA ligation and substrate resolution occur. HR is also 
used to restart stalled replication forks and to repair inter-strand DNA crosslinks, the repair 
of which also involves the Fanconi anaemia protein complex.  This high-fidelity, error-free 
process is also critical in the repair of lesions resulting from replicative stress (Yang et al. 
2009, Jiang et al. 2011, Wang et al. 2010).  

2.2.1 Cell cycle checkpoints 

Checkpoints are also put in place throughout the cell cycle that halt further progression of 
DNA replication and cell division upon detection of damaged DNA. This can arrest the cell 
either transiently or permanently (senescence), as well as activate specific DNA repair 
pathways in response to certain types of DNA damage. Some of the proteins in these 
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pathways are mutated or non-functional in human tumors causing cancer cells to be more 
reliant on an intact DNA repair pathway for survival. Key DNA damage signaling 
components in mammalian cells are the protein kinases ATM and ATR. ATM is recruited to 
and activated by DSBs. In contrast, ATR is recruited to and activated by replication protein 
A-coated double stranded DNA. Two of the best studied ATM/ATR targets are the protein 
kinases CHK1 and CHK2. Together with ATM and ATR, these proteins reduce cyclin-
dependent kinase (CDK) activity by various mechanisms, often mediated by p53. Inhibition 
of CDKs slows down or arrests cell-cycle progression at the G1–S, intra-S and G2–M cell-
cycle checkpoints. This allows more time for DNA repair before replication or mitosis. In 
parallel, ATM/ATR signaling enhances repair by a variety of methods: inducing DNA-
repair proteins transcriptionally or post-transcriptionally, by recruiting repair factors to the 
damage-site, and by activating DNA-repair proteins by modulating their phosphorylation, 
acetylation, ubiquitylation or SUMOylation. The aforementioned proteins can be exploited 
for cancer therapy as well.  

2.3 Epigenetic modifications in cancer 

Both genotoxic and non-genotoxic mechanisms have been implicated in malignant 
transformation. Genotoxic mechanisms involve changes in genomic DNA sequences leading 
to mutations. On the other hand, non-genotoxic mechanisms modulate gene expression 
directly (Franco et al. 2008). Epigenetic pathway which involves changes in DNA 
methylation patterns and histone modifications is considered to be a non-genotoxic 
mechanism capable of modulating gene expression and thus promoting malignant 
transformation. Thus, it is vital to determine such epigenetic modifications in a way that we 
can expand on cancer biological marker development with clinical relevance (Franco et al. 
2008). Epigenetic molecular marker development has been a hot topic in cancer research 
because of the ability to contribute to cancer diagnosis and/or prognosis due to their high 
sensitivity and specificity. A number of epigenetic modifications have been detected in 
critical genes involved in various cancers that can potentially serve as specific clinical 
biomarkers.  

2.4 DNA hypomethylation and cancer 

Promoter DNA hypomethylation modification has been observed for a number of genes 
including H-ras in prostate and thyroid cancers and cancer-testis antigen gene (CAGE) in 
prostate, breast, lung and laryngeal cancers. The X-inactive specific transcript (XIST) 
modification is observed in prostate cancer while erythropoietin (EPO) is found in prostate 
and breast cancers. Maspin changes are detected in ovarian, pancreatic and lung cancers. 
Changes in γ-Synuclein are prevalent in ovarian and breast cancers while c-myc 
modifications are found in breast and lung cancers. Urokinase-type plasminogen activator 
modification is observed in breast cancer, S100P in pancreatic cancer and Melanoma-
associated antigen A (MAGE-A) in lung cancer (Ziech et al. 2010). 

2.4.1 DNA hypermethylation and cancer 

Promoter DNA hypermethylation modification has been associated with altered expression 
of critical  genes associated with various cancers including BRCA1/BRCA2 in prostate, 
breast, pancreatic and ovarian cancers, Von Hippel–Lindau tumor suppressor (VHL) and 
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p53 in breast cancer. A number of changes are observed in lung cancer including P16INK4a, 
H-cadherin, Death-associated protein kinase 1 (DAPK1), MDM2, and p53. Modification in 
p14ARF is observed in lung, esophageal and colorectal cancers while changes in hHML1 are 
seen in colorectal cancer. RASSF1A modification are present in lung and nasopharyngeal 
cancers (Ziech et al. 2010).  

2.4.2 Modifications in chromatin structure in cancer 

Besides changes in DNA methylation patterns, the chromatin has also been shown to 
regulate transcriptional activity. To this end, any modifications in core histone proteins 
(e.g. H2A, H2B, H3 and H4) can have an impact in the activation and/or repression of 
transcription. Such modifications can include, among others, methylation, acetylation, 
deacetylation, phosphorylation, and ubiquitination. Histone acetylation and/or 
deacetylation are observed in breast, prostate, colon, testicular, renal and pancreatic 
cancers. Histone demethylation is observed in breast, prostate, colon, testicular and 
esophageal cancers while histone H3 lysine 27 tri-methylation is observed in breast, 
ovarian, colon and pancreatic cancers. Histone H3 lysine 9 and/or Histone H4 lysine 20 
tri-methylations are present in breast, lung and hepatocellular cancers. Histone H3 lysine 
4 methylation is often observed in breast, ovarian, colorectal and hepatocellular cancers 
(Ziech et al. 2010).  

2.5 BRCA1 and cancer 

Perhaps, the most noted molecular marker for cancer is mutations in the BRCA family of 
genes. The BRCA family of proteins is essential for HR-mediated repair of DNA double 
strand breaks (Jackson and Bartek 2009, Bartek, Lukas and Lukas 2004, Wang et al. 2010, 
Jiang et al. 2011). As little as one unrepaired DNA double strand break is fatal to the cell 
(Yang et al. 2009, Aziz, Nowsheen and Georgakilas 2010). Thus, it is not surprising that 
certain mutations in the BRCA gene lead to an increased risk for breast cancer as part of a 
hereditary breast-ovarian cancer syndrome. Women with mutated BRCA1 or BRCA2 gene 
have up to a 60% risk of developing breast cancer (King et al. 2003, Graeser et al. 2009). 
Similarly, 55% increased risk of developing ovarian cancer is observed with BRCA1 
mutations and about 25% for women with BRCA2 mutations (King et al. 2003). Research 
suggests hypermethylation of the BRCA1 promoter may be an inactivating mechanism for 
BRCA1 expression not only in breast and ovarian cancer but also lung and oral cancer 
(Esteller et al. 2000, Marsit et al. 2003). Due to the lack of reliable biomarkers, many women 
with breast cancer end up being over-treated or under-treated for the disease. Epigenetic 
modifications have been detected in critical genes involved in breast cancer that could 
potentially serve as specific clinical molecular markers. These include promoter DNA 
hypomethylation in c-myc, CAGE, Urokinase-type plasminogen activator, EPO and γ- 
Synuclein genes and promoter DNA hypermethylation in BRCA1, BRCA2, Von Hippel–
Lindau tumor suppressor (VHL) and p53 genes (Ziech et al. 2010).  

In addition to breast cancer, mutations in the BRCA1 gene also increase the risk of 
developing ovarian, fallopian tube, and prostate cancers (Brose et al. 2002, Thompson, 
Easton and the Breast Cancer Linkage 2002). Mutations in BRCA also increase the risk for 
a subset of leukemia and lymphoma (Friedenson 2007). Women having inherited a 
defective BRCA1 or BRCA2 gene have risks for breast and ovarian cancer that are so high 
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and seem so selective that many mutation carriers choose to have prophylactic surgery. 
Promoter DNA hypomethylation in Maspin and γ-Synuclein genes and promoter DNA 
hypermethylation in BRCA1 and BRCA2 genes have been reported in ovarian cancer 
(Ziech et al. 2010). A number of epigenetic modifications have been detected in critical 
genes involved in pancreatic cancer that could potentially serve as specific clinical 
biomarkers including promoter DNA hypermethylation in BRCA1 and BRCA2 genes 
(Ziech et al. 2010). Thus, the tumor suppressor genes BRCA1 and BRCA2 are critical for 
the maintenance of our genome.  

2.6 Mutations in DNA repair genes and cancer 

Patients with underlying cellular defects in the response to DNA DSBs often exhibit 
genomic instability, increased cancer predisposition and radiation sensitivity. There are a 
number of other genetic disorders that predisposes an individual to cancer via defects in 
DNA repair pathways. For example, mutations in Ataxia telangiectasia mutated (ATM), a 
critical DNA repair protein, leads to Ataxia Telangiectasia (AT). ATM is a 
serine/threonine protein kinase that is recruited and activated by DNA DSB. It 
phosphorylates several key proteins that initiate activation of the DNA damage 
checkpoint, leading to cell cycle arrest, DNA repair or apoptosis. Several of these targets, 
including p53, CHK2 and H2AX are tumor suppressors (Shiloh 2003). Thus AT sufferers 
are predisposed to lymphoma, breast, brain, stomach, bladder, pancreas, lung, ovaries, T 
cell prolymphocytic leukemia, B cell chronic lymphocytic leukemia and sporadic colon 
cancers (Aziz et al. 2010). They are also extremely sensitive to radiation, a source of DNA 
damage (Alderton 2007). 

Nijmegen breakage syndrome (NBS) is a rare autosomal recessive congenital disorder 
causing chromosomal instability and DNA repair deficiency. NBS1 codes for a protein that 
stops cell cycle progression following DNA damage and interacts with FANCD2 that can 
activate the BRCA1/BRCA2 pathway of DNA repair (Stavridi and Halazonetis 2005). Thus, 
mutations in the NBS1 gene lead to higher levels of cancer, primarily lymphoma (Aziz et al. 
2010). Similarly, Lynch syndrome is marked by defects in MMR genes such as MSH1, 
MSH2, MSH6, and PMS2 (Vasen and de Vos tot Nederveen Cappel 2011). This leads to 
increased incidence of colorectal cancer, cancers of the stomach, small intestine, liver, 
gallbladder ducts, upper urinary tract, brain, skin, prostate, endometrium and ovary (Aziz 
et al. 2010). Li-Fraumeni patients demonstrate mutations in Chk2 and p53 and defects in 
MMR. They have a higher incidence of osteosarcoma (Aziz et al. 2010). Werner syndrome, 
on the other hand, is marked by mutations in WRN and Rad51 genes leading to deficiency 
in HR- and NHEJ mediated DSB repair. This syndrome leads to a number of cancers 
including osteosarcoma, colon, rectal, lung, stomach, prostate, breast, thyroid and soft tissue 
sarcomas (Aziz et al. 2010). Xeroderma Pigmentosum is marked by mutations in XPD gene, 
defects in NER-mediated repair and higher incidence of skin cancer (Aziz et al. 2010). Bloom 
is caused by mutations in Blm gene and leads to leukemia, lymphoma, melanoma, and 
bladder cancer due to defects in HR-mediated repair (Aziz et al. 2010). Mutations in 
RECQL4, a key BER and HR-repair protein, leads to Rothmund Thompson, Baller Gerold 
and Rapadilino syndromes which are marked by predisposition to osteosarcoma (Aziz et al. 
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2010). Mutations in the FANC gene, a marker of Fanconi anemia, leads to deficient DNA 
crosslink repair and subsequent increased risk of acute myeloid leukemia, head and neck 
cancer, gynecological malignancies, and gastrointestinal squamous cell carcinoma (Aziz et 
al. 2010). DNA Lig4 deficiency, a mutation in a key NHEJ repair protein, leads to pancreatic 
and lung cancers (Aziz et al. 2010). Other defects in NHEJ mediated repair pathways, e.g. 
Rag1 and Rag2 or Artemis, lead to an increased incidence of lymphoma. XCIND and RS-
SCID syndromes are characterized by the aforementioned defects (Aziz et al. 2010). 
Mutations in XLF, a marker of Cernunnos deficiency and a key NHEJ-mediated repair 
protein, lead lymphoma while defects in ATR, a key DSB repair protein, lead to ATR-Seckel 
syndrome which predisposes the individual to leukemia (Aziz et al. 2010).   

Another protein, OGG1, an enzyme involved in DNA repair, has been shown to have 
predictive value for lung cancer (Hatt et al. 2008). OGG1 levels can be easily assayed in 
blood samples and low levels correlate with higher chance of developing lung cancer. In a 
recent study, 40% of people with lung cancer had low levels of the enzyme compared to 4% 
of healthy individuals (Paz-Elizur et al. 2003). 

2.7 Other modifications in cancer 

Progression of any cancer is accompanied by genetic alteration(s) which leads to altered 
protein structure and function. In the last several years, the association between human 
papilloma virus (HPV) and head and neck cancer has been solidified (Wansom et al. 2010, 
Albers et al. 2005, Sirianni et al. 2004, Sirianni, Wang and Ferris 2005, Kumar et al. 2007, 
Kumar et al. 2008, Sisk et al. 2002). Interestingly, HPV associated head and neck cancers 
exhibit better prognosis and appear to respond better to chemo-radiation. Saliva or serum of 
head and neck cancer patients can be analyzed for p53, EGFR, and HPV status and 
microsatellite alterations. In addition, a number of epigenetic modifications have been 
detected in critical genes involved in this particular cancer type that could potentially serve 
as specific clinical biological markers. These include promoter DNA hypomethylation in H-
ras and CAGE genes in thyroid and laryngeal cancers respectively and promoter DNA 
hypermethylation in p14ARF and RASSF1A genes in esophageal and nasopharyngeal 
cancers respectively (Ziech et al. 2010).  

3. The role of lifestyle choices in cancer 

Billions of dollars are spent each year to research new therapeutic strategies against cancer. 
Still, millions of people die from the disease each year. Thus, successful prevention appears 
to be the better option and requires attacking the root causes of the disease. The best way to 
control cancer is to prevent it from happening in the first place. Geographic and economic 
differences in cancer incidence and mortality are striking. The types of cancer vary greatly 
between the developed and developing countries. Lung, prostate, breast and colorectal 
cancer are common in the developed countries like the US while ovarian, cervical, 
hepatocellular, and head and neck cancer are wide-spread in the poorer nations (Ott et al. 
2011). Table 1 lists the common cancers and their associated risk factors which can be 
avoided to prevent these malignancies.   
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Risk factor Cancer 
Tobacco  Bladder 

 Head and neck 
 Lung 

Human papillomavirus  Cervical 
 Head and neck 

Hepatitis  Hepatocellular  
Weight/ Diet  Breast 

 Cervix 
 Colon 
 Esophagus 
 Gall-bladder 
 Kidney 
 Liver 
 Ovary 
 Pancreas 
 Prostate 
 Stomach 
 Uterus 

Alcohol  Breast 
 Colorectal 
 Esophageal 
 Liver 
 Lung 
 Melanoma 
 Oral  
 Pharyngeal 
 Stomach 

Table 1. Preventable cancers and their risk factors. 

3.1 HPV  

Of note, persistent HPV infections are now recognized as one of the causes of cancer. HPV is 
the cause of essentially all cervical cancers, as well as most cases of anal cancer. Genital HPV 
infection also causes some cancers of the vulva, vagina, and penis. In addition, oral HPV 
infection causes some cancers of the oropharynx and head and neck (Lowy and Munger 
2010). HPV-induced cancers often have viral sequences integrated into the cellular DNA. 
Some of the HPV genes, such as E6 and E7, act as oncogenes that promote tumor growth 
and malignant transformation. E6/E7 proteins inactivate two tumor suppressor proteins, 
p53 (inactivated by E6) and retinoblastoma (RB) (inactivated by E7) (Dyson et al. 1989, Sherr 
and McCormick 2002, Storey et al. 1998, Werness, Levine and Howley 1990). As mentioned 
before, p53 is a tumor suppressor gene that arrests the cell cycle, prevents cell growth and 
stimulates apoptosis in the presence of DNA damage (Vogelstein et al. 2000). p53 also 
upregulates p21 which blocks the formation of the Cyclin D/Cdk4 complex, thereby 
preventing the phosphorylation of RB and, in turn, halting cell cycle progression by 
preventing the activation of E2F (Sherr and McCormick 2002). E6 has a close relationship 
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with E6-associated protein (E6-AP) which is involved in the ubiquitin ligase pathway. E6-
AP binds ubiquitin to p53, thereby flagging it for proteosomal degradation (Werness et al. 
1990). In contrast, E7 competes for RB binding, freeing the transcription factor E2F to 
transactivate its targets, thus pushing the cell cycle forward (Dyson et al. 1989). Most HPV 
infections are cleared rapidly by the immune system and do not progress to cancer. Since 
the process of transforming normal cells into cancerous ones is slow, cancer occurs in people 
with persistent HPV infection.  

3.2 Alcohol  

Alcohol, a carcinogen, also causes a plethora of cancers (Wang et al. 2011, Chang, Straif and 
Guha 2011, Land et al. 2011, Pelucchi et al. 2008, Thomas 1995). Increased alcohol 
consumption has been linked to breast, liver, stomach, colorectal, melanoma, lung, and 
other cancers. Alcohol is thought to stimulate tumor growth by fuelling the production of 
growth factors that stimulate angiogenesis (Pelucchi et al. 2011). In addition, alcohol 
suppresses immune activity. Thus, alcohol should only be consumed in moderation. 

3.3 Smoking  

Cigarette smoking leads to lung cancer since smoking exposes the individual to multiple 
DNA-damaging carcinogens and mutagens that result in mutations in critical genes that 
control cellular growth (Gonzalez et al. 2011, Hymowitz 2011, Lam and Minna 2011, Pesch et 
al. 2011, Proctor et al. 2011, Shields 2011). Moreover, smokers are exposed to multiple tumor 
promoting substances and inflammatory agents that exacerbate the process. Effective 
tobacco control led by clean air legislation, taxation, and anti-tobacco advertising is 
gradually contributing to decreased lung cancer incidence ((CDC) 2011, Bajoga et al. 2011, 
Ballbe et al. 2011, Kasza et al. 2011, King et al. 2011a, King et al. 2011b, Mage et al. 2011, 
Walsh et al. 2011). Thorough understanding of the biochemical, genetic and behavioral 
mechanisms of smoking can help us identify people who have a particularly high 
susceptibility to tobacco promoted cancers. These individuals can then be targeted for novel 
prevention measures, such as a nicotine vaccination and chemoprevention. Other simple 
individual steps that can help against developing cancer include vaccination (discussed in 
detail in a subsequent section) and screening for cervical cancer and hepatitis B, avoidance 
of excessive sun exposure for skin cancer, and limiting alcohol consumption for head and 
neck cancer and liver cancer (Pelucchi et al. 2008, Thomas 1995, Herrero et al. 2011, Chang et 
al. 2011, Pelucchi et al. 2011, No et al. 2011). Education and public outreach are immensely 
critical in this field. To this end, as research resources are allocated on cancer prevention, 
simultaneously there is a need to support scientific research to better understand the specific 
causes and mechanisms of cancers. Effort to identify susceptible individuals and target them 
for preventive interventions is necessary.  

3.4 Diet 

A number of studies have examined the impact of diet on cancer risk. Both the quantity and 
quality of food plays a role in cancer, with the former thought to be more critical. Some foods 
do contain anticancer compounds. Phytonutrients, often found in pungent and bitter 
vegetables, include resveratrol in grapes and curcumin in turmeric (Azari et al. 2009, Feeney 
2004, Greenlee, Hershman and Jacobson 2009, Holst and Williamson 2008, Kale, Gawande and 
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Kotwal 2008, Kaur, Agarwal and Agarwal 2009, Lanzotti 2006, Mates et al. 2011, Mattoo et al. 
2010, McGrath and Spigelman 2008, Neto 2007, Surh 2008, Wahlqvist and Lee 2007, Wenefrida 
et al. 2009). Other molecules, including sulforaphane and genistein, an isoflavone found in 
soybeans, are currently being tested as pharmaceutical agents in cancer prevention (Ali et al. 
2005, Caetano et al. 2006, Takahashi et al. 2006, Shenouda et al. 2004). A healthy balanced diet 
with these nutrients can help prevent cancer. The barriers to the effectiveness of these 
phytonutrients lie in the genome and microbiomes. For instance, consumption of a known 
amount of the phytonutrient sulforaphane does not guarantee absorption of a predicted 
amount of anti-cancer molecule since differences in the glutathione S transferase M1 gene 
influences the metabolic rate of sulforaphane, a phytonutrient present in broccoli. The faster it 
is metabolized, the faster it is expelled from the body (Chung et al. 2000, Gasper et al. 2005, 
Gross-Steinmeyer et al. 2010, Joseph et al. 2004, Lampe 2007, Lampe 2009, McWalter et al. 2004, 
Riedl, Saxon and Diaz-Sanchez 2009, Ritz, Wan and Diaz-Sanchez 2007, Traka et al. 2008, Wan 
and Diaz-Sanchez 2007). Similarly, a number of the nutrients, e.g. isoflavones from soy, cannot 
be absorbed without the aid of microbes in the intestine (Di Cagno et al. 2010, Ding and Shah 
2010, Rekha and Vijayalakshmi 2010, Szliszka et al. 2011, Szliszka and Krol 2011). Nonetheless, 
a healthy diet can reduce the chances of developing cancer. 

Diet plays a vital role in the promotion of prostate cancer (Nelson, De Marzo and Isaacs 
2003). Increased total fat intake, animal fat intake, and consumption of red meat have been 
associated with an increased risk of developing prostate cancer. In addition, the level of 
consumption of red meat correlates with the risk of prostate cancer (Giovannucci et al. 1993). 
Cooking meat at high temperatures or broiling on charcoal grills causes heterocyclic 
aromatic amine and polycyclic aromatic hydrocarbon carcinogens to form (Gross et al. 
1993). Substantiating the claim, one such heterocyclic amine carcinogen, 2-amino-1-methyl-
6-phenylimidazo[4,5-b]pyridine, causes prostate cancer when fed to rats (Shirai et al. 1997). 
On the other hand, antioxidant carotenoid lycopene found in tomatoes, isothiocyanate 
sulforaphane found in cruciferous vegetables, as well as other micronutrients may protect 
against prostate cancer by reducing oxidative genomic damage (Chan and Giovannucci 
2001, Cohen, Kristal and Stanford 2000). Other antioxidants, such as vitamin E, 
isothiocyanate sulforaphane and selenium, may also reduce the risk of prostate cancer 
(Nelson et al. 2003, Hoque et al. 2001, Cohen et al. 2000, Heinonen et al. 1998). Factors 
involved in inflammation and angiogenesis, such as NFκB and vascular endothelial growth 
factor (VEGF) pathways, have been reported to be critical regulators in prostate 
carcinogenesis (Heymach et al. 2011).  

The association between diet and breast cancer risk has been investigated extensively and 
has led to some recommendations for cancer prevention. Maintaining a healthy weight 
reduces the risk for breast cancer. Excess weight and weight gain in adult life are related to 
higher risk of postmenopausal breast cancer, and weight loss after menopause is associated 
with substantially reduced risk. Moderate levels of alcohol consumption increase the risk for 
breast cancer. Interestingly, this effect can be mitigated by adequate folate intake (Kim et al. 
2011, Linos, Holmes and Willett 2007, Linos and Willett 2009, Linos and Willett 2007). 
Emerging research suggests that dietary intake of fiber and nuts during adolescence 
influences subsequent risk of breast disease and may suggest a viable means for breast 
cancer prevention (Linos et al. 2010, Su et al. 2010, Holmes et al. 2009). Since breast cancer is 
a heterogeneous disease and dietary factors may differentially affect certain breast cancer 
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subtypes future studies should therefore attempt to characterize associations according to 
tumor characteristics.  

A significant association between body mass index and higher cancer-induced mortality has 
been reported (Table 1) (Lampe 2007, Teucher, Rohrmann and Kaaks 2009, Boniol and 
Autier 2010, Gotay 2010, Khan, Afaq and Mukhtar 2010, Land et al. 2011, Lanzotti 2006, Li et 
al. 2011a). Specifically, a correlation between being overweight (excess body fat) and cancers 
of the esophagus, colon, liver, gall-bladder, pancreas, kidney, breast, uterus, cervix, ovary, 
prostate and stomach has been observed. But researchers have yet to fully decipher the link 
between being overweight and cancer. The mechanism likely depends on the type of 
malignancy. For instance, abdominal fat pressing on the stomach causes acid to splash up 
into the esophagus leading to tissue damage, which can ultimately result in esophageal 
cancer (Etemadi et al. 2011, Hall and Crowe 2011, Kong et al. 2011, Lagergren 2011, Li et al. 
2011b, Olsen et al. 2011, Rutegard et al. 2011, Ryan et al. 2011). Estrogen, produced by fat 
cells, appears to play a role in endometrial cancer and breast cancer in postmenopausal 
women since it fuels cellular growth of estrogen receptor positive cancers (Bradlow et al. 
2011, Colonna, Douglas Case and Lawrence 2011, Creighton et al. 2011, Perks and Holly 
2011, Rondini et al. 2011, Sikalidis and Varamini 2011, Subbaramaiah et al. 2011, Willyard 
2011, Yang et al. 2010). Androgen promotes some forms of prostate cancer as well 
(Aggarwal, Ryan and Chan 2011, Capitanio et al. 2011, Hoda et al. 2010, Ribeiro et al. 2010). 
Similarly, obesity promotes production of excess insulin which can promote growth of 
cancer. Interestingly, blockade of these receptors using antibodies and small molecular 
inhibitors have been shown to stop cancer cell proliferation. For example, Tamoxifen, an 
antagonist of the estrogen receptor, is currently used for the treatment of both early and 
advanced estrogen receptor positive breast cancer (University 2011, Amir et al. 2011, Braems 
et al. 2011, Cuzick et al. 2011, Doughty 2011, Fleeman et al. 2011, Gandhi and Verma 2011, 
Garrido et al. 2011, Goetz et al. 2011, Kilic et al. 2011, Kiyotani et al. 2011, Lin, Zhang and 
Manson 2011, Obiorah and Jordan 2011, Teunissen et al. 2011). Furthermore, it has also been 
approved by the FDA as a chemo preventative agent in women adjudged to be at high-risk 
of developing breast cancer (University 2011, Amir et al. 2011, Cuzick et al. 2011, Goetz et al. 
2011).  Similarly, people on metformin treatment to control their insulin level appear to have 
a lower risk of developing breast and pancreatic cancer (Papanas, Maltezos and Mikhailidis 
2010, Rozengurt, Sinnett-Smith and Kisfalvi 2010, Suh and Kim 2011, Vigneri et al. 2009).  

Regular physical activity cuts down on the risk of cancer as well. One proposed theory is 
that active people tend to digest their food faster, decreasing the chance of absorption of any 
carcinogenic products that happen to be going through the colon to be in contact with the 
mucosal lining (Azcárate-Peril, Sikes and Bruno-Bárcena 2011). In the same way, improved 
lung function limits exposure to airborne carcinogens, decreasing the risk of cancer. 
Interestingly, physically active individuals had lower estrogen levels compared to sedentary 
women, reducing their chance of developing the disease (Eliassen et al. 2010, Kossman et al. 
2011, Lynch, Neilson and Friedenreich 2010, Phipps et al. 2011, Suzuki et al. 2011, Winzer et 
al. 2011). Thus, it is clear that simple healthy lifestyle choices can help reduce the chances of 
developing cancer.  

3.5 Prophylactic surgery  

A more drastic measure to prevent cancer is prophylactic surgery. It involves removal of as 
much of the at-risk tissue as possible in order to reduce the chance of developing cancer. 
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Bilateral prophylactic mastectomy (removal of healthy breasts) and prophylactic salpingo-
oophorectomy (removal of healthy fallopian tubes and ovaries) do not, however, offer a 
guarantee against developing cancer. Because not all at-risk tissue can be removed by these 
procedures, some women have developed breast cancer, ovarian cancer, or primary 
peritoneal carcinomatosis even after prophylactic surgery.  

Additionally, there are instances where despite strict lifestyles, cancer unfortunately will 
still develop. In these situations where prevention has failed, the next effective strategy is 
early detection of disease, which can improve the chance of beating cancer. Regular 
screening for cancer increases the chance of catching the disease early, while it is still 
treatable. Screening does not, however, change the risk of developing cancer. For example, 
breast cancer can be screened by mammography and clinical breast exams. Studies are 
currently under way to test the effectiveness of other breast cancer screening methods, such 
as magnetic resonance imaging (MRI), in women with BRCA1 or BRCA2 mutations. For 
ovarian cancer, surveillance methods include transvaginal ultrasound, blood tests for CA–
125 antigen, and clinical exams. Similarly, prostate cancer screening includes assaying 
prostate specific antigen (PSA) levels and digital rectal exam for lumps in the prostate. High 
PSA levels and lumps may be indicative of cancer but infection and inflammation may 
falsely elevate PSA levels as well. Routine colonoscopy to look for early signs of cancer is 
recommended at age 50 or earlier if there is a family history of colorectal cancer, a personal 
history of inflammatory bowel disease, or other risk factors. These strategies help in 
diagnosing cancer at its early stages. 

The most effective steps to curb cancer are low-cost and low-tech. For example, giving up 
smoking and losing weight can drastically reduce the chances of developing cancer. 
Smoking has long been known to be a risk factor while obesity has more recently been 
recognized as one. Together they account for roughly half of all cancer cases (Ott et al. 2011, 
Brand et al. 2011, Land et al. 2011, Li et al. 2011a, Boniol and Autier 2010, Giovannucci et al. 
2010, Gotay 2010, Khan et al. 2010, Teucher et al. 2009). Since these habits are easier said 
than done, policies that make unhealthy lifestyle choices difficult and expensive while 
making healthier ones easier and cheaper will be a step in the right direction. In addition, a 
number of clinical compounds have also been proposed to reduce the risk of carcinogenesis. 
These are discussed in detail below. 

4. Chemo preventative strategies against cancer 

A number of chemo preventative compounds have been proposed to reduce the risk of 
tumorigenesis (Table 2). A chemoprevention agent that blocks the very first step of 
tumorigenesis would be best. The next sections will discuss various pathways which can be 
targeted to potentially prevent cancer. 

4.1 Inflammation 

Dysregulation of cell proliferation and apoptosis evasion are major determinants of the 
evolution of neoplasia and tumor growth, the hallmarks of cancer (Hanahan and Weinberg 
2000). As tumors move to a progressed state and possibly metastasis, it is generally accepted 
that there is further induction of genetic and genomic alterations which has been 
synonymous with an increase in DNA mutations and further loss of homeostasis primarily  
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Cancer Drug Notes Reference 
Breast Tamoxifen  Selective estrogen receptor 

modulator 
(Vogel et al. 2006) 

Raloxifene  Selective estrogen receptor 
modulator  

(Vogel et al. 2006) 

Cervical/vulvar/anal HPV vaccine  Promotes immune response 
to prevent HPV infection 

(Einstein et al. 
2009, Heard 2011, 
Saslow et al. 2007, 
Wheeler et al. 
2011) 

Esophageal Porfimer sodium 
and 
photodynamic 
therapy with 
omeprazole 

 Lodges in precancerous cells 
and upon exposure to light 
produces reactive species of 
oxygen 

 Kills surrounding cancer 
cells 

(Overholt, 
Panjehpour and 
Haydek 1999, 
Overholt et al. 
2007, Panjehpour 
and Overholt 
2006) 

Skin Fluorouracil  Interferes with DNA 
synthesis  

 Results in cell death 

(Madan, Lear and 
Szeimies 2010) 

5-aminolevulinic 
acid in 
combination with 
Porfimer sodium 
and 
photodynamic 
therapy 

 Lodges in precancerous cells 
and upon exposure to light 
produces reactive species of 
oxygen 

 Kills surrounding cancer 
cells 

(Madan et al. 
2010) 

Imiquimod  Enhances immune response 
 Promotes apoptosis 

(Madan et al. 
2010) 

Prostate Finasteride  An inhibitor of 5α-reductase 
 Inhibits the conversion of 

testosterone to 
dihydrotestosterone  

 Prevents or delays the 
appearance of prostate 
cancer 

 Possible benefit and a 
reduced risk of urinary 
problems must be weighed 
against sexual side effects 
and the increased risk of 
high-grade prostate cancer. 

(Thompson et al. 
2003) 

 

Table 2. Chemo preventative drugs currently approved by the FDA. 
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via inflammation-based pathways (Colotta et al. 2009, Solinas et al. 2010, Klein and Glazer 
2010). Inflammatory chemokines and cytokines such as CCL2, CCL18, and others have been 
implicated in such processes (Chen et al. 2011, Bonecchi, Locati and Mantovani 2011, Redon 
et al. 2010). It has been suggested that the tumor surrounding may contribute to tumor 
proliferation.  Tumors have the ability to alter their stroma and support the development of 
both tumor cells and non-malignant cells (Polyak, Haviv and Campbell 2009). The tumor 
eventually escapes from the host immune system via activation of one or several molecular 
mechanisms that lead to inhibition of immune cell functions or to apoptosis of anti-tumor 
effector cells (Schreiber, Old and Smyth 2011). The ability to block tumor escape hinges on a 
better understanding of cellular and molecular pathways operating in the tumor 
microenvironment. Monitoring the change(s) in the tumor stroma such as those occurring in 
the mesenchymal stem cells within tumor stroma via molecular and cellular profiles as the 
tumor progresses allows for identification of cell or protein targets for cancer prevention 
and therapy (Karnoub et al. 2007). Increasingly, cancer treatments are being modified to 
include tumor surrounding as a therapeutic target, since the non-malignant cells are more 
genetically stable and less likely to evolve into drug resistant phenotypes. For example, 
aspirin inhibits COX-1, while Celebrex inhibits COX-2 (Chan, Ogino and Fuchs 2007, Harris 
et al. 2005, Cooper et al. 2010, Ghosh et al. 2010, Harris 2007, Koehne and Dubois 2004, 
Reddy 2007, Reddy and Rao 2005, Smith et al. 1998). COX-1 is produced in tissues 
throughout the body, and is known to mediate the production of prostaglandins, chemical 
messengers that control a number of physiological functions, such as lowering blood 
pressure, regulating body temperature and controlling inflammation (Kundu and Fulton 
2002, Smith et al. 1998, Pereira, Medeiros and Dinis-Ribeiro 2009). COX-2, on the other hand, 
is strictly regulated and tends to spike during inflammation and other stress (Cesario, Rocca 
and Rutella 2011). Abundance of COX-2 has been linked to the growth and proliferation of 
cancerous and pre-cancerous cells (Cesario et al. 2011, Khan et al. 2011). Inhibiting the COX 
pathways can alter cancerous and precancerous cells by decreasing angiogenesis and cell 
growth (Banu et al. 2007, Half, Sun and Sinicrope 2007, Ishizaki et al. 2006, Sheng et al. 1997, 
Suh et al. 2009, Tuynman et al. 2008, Zhang et al. 2009). In addition, COX inhibition 
enhances apoptosis and enables the immune system to recognize and target the cells for 
destruction (Hida et al. 2000, Ding, Tong and Adrian 2000, Hsu et al. 2000, Souza et al. 2000). 
While COX-2 inhibitors are still a promising drug for chemoprevention, they have not been 
approved as a standard chemo preventative agent yet. This is, in part, due to increased risk 
of stroke, gastrointestinal bleeding, and heart attack following administration of these 
agents (Marnett 2009, Menter, Schilsky and DuBois 2010, Psaty and Furberg 2005). 
Nevertheless, a number of clinical trials evaluating the clinical efficacy of aspirin in 
decreasing the risk of colon, lung, prostate and brain cancer are currently in progress 
(Rothwell et al. 2011). Five year follow up data suggests that aspirin dramatically reduces 
the risk of death from solid tumors and gastrointestinal cancers. The latent period before an 
effect on deaths was about 5 years for esophageal, pancreatic, brain, and lung cancer, but 
was more delayed for stomach, colorectal, and prostate cancer. For lung and esophageal 
cancer, benefit was confined to adenocarcinomas. Benefit was unrelated to aspirin dose as 
long as the administered dose was 75 mg or upwards. Benefit was unrelated to sex or 
smoking, but increased with age (Rothwell et al. 2011). 

Emerging research suggests that other systemic anti-inflammatory drugs may have anti-
tumorigenic potential as well. For example, statins, which were initially developed for 
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cholesterol management, has been shown to disrupt the growth and proliferation of cancer 
cells such as prostate cancer (Kochuparambil et al. 2011). This has been verified in clinical 
trials as well where the use of statin drugs was linked with a reduced risk of advanced, 
especially metastatic or fatal, prostate cancer (Platz et al. 2006).  

4.2 Estrogen signaling 

Other small molecules, such as metformin and tamoxifen, demonstrate anti-tumor activity 
against breast cancer (Goodwin, Ligibel and Stambolic 2009, Jiralerspong et al. 2009, 
Osborne 1998). Raloxifene and tamoxifen have been shown to cut down the risk of estrogen-
receptor positive breast cancers by as much as 50% (Vogel et al. 2006). Tamoxifen, a selective 
estrogen receptor modulator, has demonstrated benefit when used alone as well as in 
combination with chemotherapy to treat advanced breast cancer. It reduces circulating 
insulin-like growth factor-1, inhibits angiogenesis, and induces apoptosis (Li et al. 2009). It is 
also efficacious in reducing tumor recurrence and prolonging survival when administered 
as postoperative adjuvant therapy in stages I and II disease. In a randomized breast cancer 
prevention clinical trial to evaluate the worth of taking tamoxifen for the prevention of 
breast cancer in women considered to be at increased risk for the disease, tamoxifen 
prevented the appearance of a substantial number of breast cancers (Fisher et al. 1998). 
Tamoxifen administered daily for at least 5 years prevented invasive breast cancer in 
women at increased risk (Fisher et al. 1998). Women who took tamoxifen also had fewer 
diagnoses of noninvasive breast tumors, such as lobular carcinoma in situ. The study found 
that though tamoxifen reduced the occurrence of estrogen receptor-positive tumors, it had 
no effect on the occurrence of estrogen receptor-negative tumors (Fisher et al. 2005). 
Tamoxifen is available in the United States for the reduction of breast cancer incidence in 
high-risk premenopausal and postmenopausal women.  

Raloxifene, another selective estrogen receptor modulator, has successfully been tested for 
the treatment and prevention of osteoporosis. Raloxifene hydrochloride is a selective 
estrogen receptor modulator that binds to estrogen receptors to competitively block 
estrogen-induced DNA transcription (Grese et al. 1997, Brzozowski et al. 1997). An 
evaluation of breast cancer incidence in women treated with raloxifene for the prevention of 
osteoporosis showed a 75% decrease in invasive breast cancer, and, as with tamoxifen, only 
the estrogen receptor positive disease is reduced (Martino et al. 2004, Cummings et al. 1999). 
These data emphasize the fact that these drugs target the estrogen receptor-mediated 
growth mechanism. These data validate the original hypothesis that a non-steroidal anti- 
estrogen in the same class as tamoxifen could be used not only to prevent osteoporosis but 
also to prevent breast cancer as a beneficial side effect.  

4.3 Androgen signaling 

Similar to other cancers, prostate cancer chemoprevention involves the use of natural and 
synthetic agents that inhibit or reverse the development of precancerous lesions or delay 
progression of these lesions to invasive disease. Since androgens are involved in the 
development of prostate cancer, they are an obvious chemotherapeutic target. Finasteride, 
an inhibitor of 5α-reductase, inhibits the conversion of testosterone to dihydrotestosterone, 
the primary androgen in the prostate (Thompson et al. 2003). A phase III trial for prostate 
cancer prevention, the Prostate Cancer Prevention Trial using the drug finasteride, 
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suggested that this chemopreventive agent can reduce the risk of developing prostate cancer 
(Thompson et al. 2003). In this clinical trial, 18,882 men 55 years of age or older with a 
normal digital rectal examination and a prostate-specific antigen level of 3.0 ng per milliliter 
or lower were randomly assigned to treatment with Finasteride (5 mg per day) or placebo 
for seven years. The primary end point was the prevalence of prostate cancer during the 
seven years of the study and a 24% reduction in incidence of prostate cancer was observed 
in the treatment arm. However, the incidence of high-grade tumors was higher in men 
receiving finasteride compared to those on placebo (Thompson et al. 2003).  

4.4 Vitamin D  

Another molecule that has shown great chemopreventive potential is vitamin D. Vitamin D 
promotes the differentiation and apoptosis of cancer cells, slowing down their proliferation. 
It has been previously reported that Vitamin D has anti-proliferative effects in prostate 
cancer and mechanism of action involves nuclear exclusion of cyclin dependent kinase 2 
(CDK2) and increase in p27 levels, an inhibitor of CDK2. This results in G1 cell cycle arrest 
of tumor cells (Yang and Burnstein 2003, Yang et al. 2002). Supplemental vitamin D intake 
or synthesis of vitamin D has the potential to reduce the incidence and death rates of colon, 
breast, prostate, and ovarian cancers (Manson, Mayne and Clinton 2011). A number of 
studies have established the association between vitamin D and its metabolites and cancer. 
It has long been observed that cancer rates were lower among people living in southern 
latitudes compared to similar groups in northern latitudes. Long-term studies have 
confirmed the efficacy of moderate intake of vitamin D in reducing cancer risk and, when 
administered with calcium, in reducing the incidence of fractures. Calcitriol, the hormonally 
active form of vitamin D, is being actively evaluated in clinical trials as an anti-cancer agent 
(Crescioli et al. 2004, Scher et al. 2011). Besides anti-proliferative, pro-apoptotic, and pro-
differentiating actions on various malignant cells and decreasing tumor growth in vivo, 
calcitriol also exhibits several anti-inflammatory effects including suppression of 
prostaglandin action, inhibition of p38 stress kinase signaling, and the subsequent 
production of pro-inflammatory cytokines and inhibition of NF-κB signaling (Krishnan et al. 
2011). Calcitriol also decreases the expression of aromatase, the enzyme that catalyzes 
estrogen synthesis in breast cancer, both by a direct transcriptional repression and indirectly 
by reducing prostaglandins, which are major stimulators of aromatase transcription (Diaz et 
al. 2009, Swami et al. 2011, Zanatta et al. 2011, Krishnan et al. 2009). Other important effects 
include the suppression of tumor angiogenesis, invasion, and metastasis (Krishnan and 
Feldman 2010, Krishnan and Feldman 2009, So et al. 2010, Krishnan et al. 2010, Chung et al. 
2009, Ma, Trump and Johnson 2010). These calcitriol actions provide a basis for its potential 
use in cancer therapy and chemoprevention. 

As mentioned above, calcium supplementation has great anti-tumorigenic potential as well 
(Lappe et al. 2007). Multiple theories exist on the mechanism of anti-tumor activity of 
calcium. Calcium binds to bile acids and fatty acids in the gastrointestinal tract to form 
insoluble complexes known as calcium soaps. This reduces the ability of the acids to damage 
cells in the lining of the colon and stimulate cell proliferation to repair the damage 
(Newmark, Wargovich and Bruce 1984, Pence 1993, Suzuki and Mitsuoka 1992, Wargovich, 
Lynch and Levin 1991). Calcium may also act directly to reduce cell proliferation in the 
lining of the colon or cause proliferating colon cells to undergo differentiation, which, in 
turn, leads to a reduction in cell proliferation (Boyce and Ham 1983, Hennings et al. 1980). 
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Finally, calcium may also improve signaling within cells and cause tumor cells to 
differentiate and undergo cell death (Varani 2011, Roberts-Thomson, Curry and Monteith 
2011, Fedirko et al. 2009, Peterlik, Grant and Cross 2009). 

4.5 Retinoids 

Retinoids such as all-trans retinoic acid and 9-cis retinoic acid are derivatives of vitamin A 
that play a pivotal role in a diverse group of biologic processes including cellular 
proliferation, differentiation, apoptosis, and development (Sporn and Roberts 1983). 
Retinoic acids have been studied intensively for their anticancer effects, which are exerted 
through a wide range of mechanisms. All-trans-retinoic acid-based differentiation therapy 
which slows proliferation and induces differentiation is utilized in acute promyelocytic 
leukemia (Reichman et al. 1997). Relapse of this subtype of leukemia is often associated with 
acquired resistance to retinoid maturation induction. In addition to leukemia, retinoids have 
been shown to be efficacious in the prevention of breast, cervical, neural, and hematological 
cancers (Casillas et al. 2003, Choi et al. 2000, Ding et al. 2002, Sanborn et al. 2000).  

hTERT up-regulation has long been known as a key element in tumorigenesis, vital to the 
immortality of cancer cells. Treatment with the retinoid 9cUAB30, a synthetic analog of 9-
cis-retinoic acid, leads to downregulation of hTERT expression, decrease in telomerase 
activity, and induction of apoptosis of leukemic cells (Love et al. 2008). The compound has 
also demonstrated beneficial effects against breast cancer (Hansen et al. 2007). These 
findings strongly support the use of 9cUAB30 as a chemo preventative agent. A first in 
human pharmacokinetic study with this compound was recently completed and further 
research is currently underway.  

4.6 Potential chemo preventative agents  

A number of other compounds have shown promise based on anti-cancer effects and low 
toxicity. With most solid-tumor cancers, the biggest threat is not the tumor itself but its 
ability to metastasize. Genistein, a soy isoflavone has been promising in preventing 
metastasis of prostate cancer by preventing the activation of the focal adhesion kinase and 
decreasing the levels of matrix metalloproteinase-2 (MMP-2) (Li et al. 2006, Huang et al. 
2005, Kumi-Diaka et al. 2010, El Touny and Banerjee 2009, Xu et al. 2009).  

Curcumin, a molecule derived from turmeric, has potential anti-cancer activity as well 
(Wilken et al. 2011). Curcumin inhibits proliferation and induces apoptosis in cancer cells 
via suppression of the AKT pathway (Wong et al. 2011, Sun et al. 2010, Duarte et al. 2010, 
Saini et al. 2011, Prakobwong et al. 2011, Zanotto-Filho et al. 2011, Sreekanth et al. 2011). 
Moreover, it decreases cell growth via inactivation of NF-κB, preventing DNA binding, 
nuclear translocation, and p65 phosphorylation. Curcumin also suppresses activation of 
STAT-3 as indicated by decreased phosphorylation and inhibition of JAK1 phosphorylation 
(Rajasingh et al. 2006, Zhang et al. 2010, Saydmohammed, Joseph and Syed 2010, Bill et al. 
2010). Moreover, curcumin induces expression of peroxisome proliferator activated receptor 
gamma and upregulates death receptors, DR4 and DR5. Curcumin also inhibits expression 
of cell survival proteins such as Bcl-2, Bcl-xl, XIAP, cFLIP, cIAP-1, cIAP-2, and survivin, and 
proteins linked to cell proliferation, such as cyclin D1 and c-Myc (Bava et al. 2010, Glienke et 
al. 2010, Prakobwong et al. 2011, Watson et al. 2009, Fossey et al. 2011). The growth 
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inhibitory effects of curcumin are enhanced in the IKK deficient cells, the enzyme required 
for NF-κB activation (Prakobwong et al. 2011). Thus, curcumin mediates its anti-
proliferative and apoptotic effects through activation of multiple cell signaling pathways, 
and thus its anti-tumor activity is under active research. Curcumin blocks a number of 
targets involved in tumor initiation, promotion, and progression, and is considered a 
promising chemopreventive agent. Thus, among others, a phase II trial of curcuminoids' 
effect on cellular proliferation, apoptosis and COX-2 expression in the colorectal mucosa of 
subjects with recently resected sporadic adenomatous polyps is currently ongoing. Further 
research is warranted to evaluate the efficacy of cucumin in other cancers. 

5. Vaccines for cancer prevention 

Cancer vaccines have been developed to boost the immune system to fend off cancer. These 
vaccines or biological response modifiers work by stimulating or restoring the immune 
system’s ability to fight infections and disease. There are two broad types of cancer vaccines: 
preventive (or prophylactic) vaccines, which are intended to prevent cancer from 
developing in healthy people; and treatment (or therapeutic) vaccines, which are intended 
to treat an existing cancer by strengthening the body’s natural defenses against the cancer. 
The FDA has approved two types of vaccines to prevent cancer: vaccines against the 
hepatitis B virus, which can cause liver cancer, and vaccines against human papillomavirus 
types 16 and 18, which are responsible for more than 50% of cervical cancer cases (Lehtinen 
et al. 2011, Wheeler et al. 2011, El-Serag 2011). Furthermore, researchers are developing 
treatment vaccines against many types of cancer and testing them in clinical trials. 

Table 3 lists the current anti-cancer vaccines either in clinical trial or approved for clinical 
use. HPV types 16 and/or 18 also cause some vaginal, vulvar, anal, penile, and 
oropharyngeal cancers (D'Souza et al. 2007, Heard 2011, Wattleworth 2011). The FDA 
approved vaccines Gardasil and Cervarix protect against HPV 16 and 18 infections which 
cause cervical cancer (Roden and Wu 2006, Einstein et al. 2009, Saslow et al. 2007). Gardasil 
is approved for use in females to prevent cervical cancer and some vulvar and vaginal 
cancers caused by HPV types 16 and 18. It is also approved for use in males and females to 
prevent anal cancer and precancerous anal lesions caused by these HPV types. Cervarix is 
approved for use in females ages 10 to 25 to prevent cervical cancer caused by HPV types 16 
and 18. All prophylactic vaccines work through the induction of virus-neutralizing 
antibodies and reduction of the number of cells that are infected after viral infection. This 
prevents the clinical disease associated with infection. Successful vaccines immunologically 
mimic the infections they prevent. This primes the adaptive immune system to recall 
specific effector functions on interaction with the infectious agent in the future. This 
restimulation process boosts immunity and induces protection against future viral infection. 
These vaccines are considered to be molecularly targeted because they generate immune 
responses against specific proteins; that is, the L1 HPV viral capsid protein (for Cervarix and 
Gardasil) and the hepatitis B surface antigen (for hepatitis B vaccine) (Frederick and Huh 
2008, Herzog et al. 2008, Huh, Kendrick and Alvarez 2007, Huh and Roden 2008, Kendrick, 
Huh and Alvarez 2006, Kirby, Huh and Alvarez 2002, Myers et al. 2008). The HPV vaccines 
are manufactured from purified L1 structural proteins by recombinant technology. L1 viral 
capsid proteins are the same protein against which antibodies are made in the natural 
immune response to HPV. These proteins self-assemble spontaneously to form  
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Type Cancer Vaccine 

Therapeutic Kidney 
 Oncophage 

Prostate 
 Provenge 
 DC-Vax Prostate 
 Onyvax-P 

Melanoma 
 Oncophage 
 M-vax 
 Uvidem 
 M3TK 
 CYT004-MelQbG10 
 MAGE-A3 antigen-specific cancer immunotherapeutic 

Leukemia 
 GRNVAC1 
 GVAX leukemia 

Bladder 
 Bexidem 

Colorectal 
 Collidem 
 IMA901IMA910 

Breast 
 INGN 225 
 NeuVax 
 Ii-Key/HER2/neu cancer vaccine 

Lung 
 INGN 225 
 Lucanix 
 IDM-2101 
 Stimuvax 
 GV1001 

Brain 
 Oncophage 
 DC-Vax Brain 
 HSPPC-96 Oncophage 
 CDX-110 

Ovarian 
 CVac 

Pancreatic 
 GVAX pancreatic 
 GV1001 

Lymphoma 
 Biovax ID 

Renal 
 IMA901IMA910 

Liver 
 GV1001 

Preventive Cervical 
 HPV vaccine (Gardasil and Cervarix) 

Vaginal 
 HPV vaccine (Gardasil and Cervarix) 

Vulvar 
 HPV vaccine (Gardasil and Cervarix) 

Anal 
 HPV vaccine (Gardasil and Cervarix) 

Penile 
 HPV vaccine (Gardasil and Cervarix) 

Oropharyngeal 
 HPV vaccine (Gardasil and Cervarix) 

Liver 
 Hepatitis B 

Colorectal 
 MUC1 - poly-ICLC 

Table 3. Preventive and therapeutic cancer vaccines either in clinical trial or approved for 
clinical use. 
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noninfectious virus-like particles that induce a protective host immune response. Because 
the virus-like particles contain the same epitopes as naturally occurring HPV, the immune 
system mounts a primary immune response to the vaccine, enabling a stronger and faster 
secondary immune response if naturally exposed to the same HPV types (Huh et al. 2007). 
The difference in the immune response generated by vaccination and natural infection is 
attributable to high immunogenicity of virus like particles inducing much higher 
concentrations of neutralizing antibodies to L1. In addition, higher antigen dose in the virus 
like particles and direct exposure of capsids to systemic immune responses are also 
observed. One of the challenges in vaccine formulation is balancing immunogenicity and 
toxicity. Addition of aluminum adjuvants to these vaccines helped to stimulate an immune 
response by acting as vehicles or immunomodulators. These vehicles transport antigen to 
lymphoid tissues or cause formation of an antigen depot at the site of injection. 
Immunomodulators help activate innate and adaptive immunity and increased 
immunogenicity of the vaccine (Huh et al. 2007, Huh and Roden 2008). The mechanisms by 
which these vaccines induce protection have not been fully defined but involve cellular 
immunity and neutralizing immunoglobulin G antibodies. HPV vaccines are designed for 
prophylactic use only; they do not clear existing HPV infection or treat HPV-related disease. 
Data from clinical trials utilizing these vaccines suggest that molecular targeting through 
immunization against infectious agents related to neoplasia is a successful way to prevent or 
treat early steps of host cell damage that can otherwise lead to cancer.  

The FDA has also approved a cancer preventive vaccine that protects against HBV infection. 
Chronic HBV infection can lead to liver cancer. The original HBV vaccine was approved in 
1981, making it the first cancer preventive vaccine to be successfully developed and 
marketed (Poland and Jacobson 2004). Today, most children in the United States are 
vaccinated against HBV shortly after birth.  

6. Conclusion 

With more and more people being diagnosed with cancer every day, undoubtedly, more 
effort needs to be vested in cancer prevention and therapy. Research organizations are 
starting to infuse a prevention ethos into their medical approach. Prevention messages are 
being added to the patient consultation process. A crosstalk between multiple disciplines 
such as psychology, molecular genetics, epidemiology, and medicine is needed for 
progressing cancer prevention and therapy.  
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1. Introduction 

The term cancer is used generically to represent a set of more than 100 diseases, including 
malignant tumors from different locations. The understanding, diagnosis and management 
of malignancies require scientific knowledge and experiences ranging from the knowledge 
of the complex epigenetic mechanisms (intracellular regulation) to the individual lifestyle 
choice in different societies. Therefore, cancer prevention, prognosis and control are issues 
of profound importance to global public health. 

Cancer appears as a major public health problem both in developed and developing 
countries. According to the latest report from the International Agency for Research on 
Cancer (IARC) / WHO (Boyle & Levin, 2008), the overall impact of cancer more than 
doubled in 30 years. About 12 million cancer cases and 7 million cancer deaths are estimated 
to have occurred in 2008. Of these, lung cancer had the greatest incidence rate (1.52 million 
new cases), followed by breast cancer (1.29 million cases) and colorectal cancer (1.15 million 
cases).  Due to poor prognosis, lung cancer was the leading cause of death (1.31 million), 
followed by stomach cancer (780,000 deaths) and liver cancer (699,000 deaths About one 
million new cancer cases and 589,000 cancer deaths are estimated to have occurred in South 
America, Central America and in the Caribbean. Prostate cancer was the most common 
cancer in men, followed by lung, stomach and colon and rectum. Breast cancer was the most 
common cancer in women, followed by cancers of the cervix, colon and rectum, stomach 
and lung (Boyle & Levin, 2008). 

The continued population growth and ageing significantly affect the impact of cancer in the 
world, which is greater in developing and under-developed countries. Half of the world’s 
new cancer cases and about two thirds of cancer deaths are estimated to have occurred in 
2008 in these countries (Farmer et al., 2010). Therefore, it is essential that resources and 
efforts are directed towards guiding strategies for cancer prevention, diagnosis and 
treatment. 

In this particular chapter the strategies for prevention, diagnosis and treatment in the 
current epigenetic scenario of the new molecular mechanisms proposed for the 
development of cancer will be discussed. 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

108 

2. Epigenetics  

Epigenetics is the study of heritable changes in phenotype or gene expression caused by 
mechanisms other than changes in DNA sequence. The molecular mechanisms of epigenetic 
inheritance and its relationship with the expression of chromatin include three interrelated 
processes, namely DNA methylation, genomic imprinting and histone modifications 
(Kouzarides, 2007). Through small chemical molecules called methyl groups, which bind 
covalently with DNA or histones, the epigenetic processes improve the ability of genome to 
store and transmit biological information beyond the known structure and sequence of 
genetic material. 

In recent years we have faced a new paradigm, a view more focused on the cell and on the 
search for information layers outside of the cell nucleus and even of the DNA as the center 
for information of the cell. These layers of epigenetic information transcend embryogenesis 
and cancer development processes, as follows.  

3. The embryogenesis as an epigenetic process  

The importance of epigenetics in experimental biology is decisively felt in the process of cell 
differentiation. The information and epigenetic marks are essential to determine which cell 
is phenotypically different from any other cell as a result of embryogenesis. This allows us 
to reprogram a somatic cell and transform it based on epigenetic principles, in a cell with 
characteristics of pluripotent stem cells. These cells are called ips cells (induced pluripotent 
stem cells)(Takahashi et al., 2007). In the Ips cells the DNA has not been changed or 
modified and the pluripotent state can be inherited during each cell division. This indicates 
that the changes in the machinery of epigenetic information, rather than genetic material, 
play a decisive role in controlling differentiation. 

4. The cancer as an epigenetic process 

The process of cancer development involves genomic changes identified as genetic and also 
changes in the epigenetic information (Jones & Baylin, 2002; Hake et al., 2004; McGarvey et 
al., 2008). Altered DNA methylation patterns have been described and histone modifications 
in cancer cells may occur at different stages of tumor development and contribute to the 
development and progression of cancer (Galm et al., 2006; McGarvey et al., 2008). 

Historically, the first evidence has emerged that the contribution of epigenetics to cancer 
development comes from nuclear transfer experiments. Nuclear transfer provides a tool for 
selective reprogramming of the epigenetic state of a cell genome, without changing their 
genetic constitution, with the purpose of assessing the role of epigenetics in tumorigenesis. 

Experiments with frogs have shown that renal carcinoma nuclei can be reprogrammed to 
support embryonic development at the tadpole stage (McKinnell et al. 1969). Similar results 
were also obtained with nuclei from medulloblastoma in mice (Li et al. 2003). Therefore, the 
nuclei of cancer cells can be reprogrammed through a process of nuclear transfer. 

Another experimental approach was also based on nuclear transfer with blastocyst 
formation. However, it included the creation of explants from the inner cell mass in "in 
vitro" culture to develop embryonic stem cell lines (Hochedlinger et al., 2004). These 
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embryonic stem cells were used to confirm the origin of the tumor clone and test the initial 
conservation of the tumorigenic capacity of these cells originated by tumor cores.  In these 
experiments it has been unequivocally demonstrated that the clones derived from cancer 
cells and that the nuclei of cancer cells (leukemia, lymphoma and breast cancer) were able to 
sustain the embryonic development until the preimplantation blastocyst stage. It has also 
been demonstrated that the oocyte cytoplasm is able to reprogram the epigenetic state of 
some nuclei of tumor cells, transforming these cells into pluripotent and also enabling them 
to sustain the differentiation of multiple somatic cell types such as melanocytes, 
lymphocytes and fibloblasts. Therefore, the cancer state is an epigenetic cell state susceptible 
of change regardless of the DNA alterations (Feinberg, 2008). 

The role of epigenetics was also confirmed by studying cohorts of twins and analyzing the 
concordance in cancer between monozygotic and dizygotic twins, and, thus, providing 
information about whether family patterns are influenced by environmental or genetic 
patterns. If the concordance in cancer is greater between monozygotic twins (who share 
100% of the genes) than between dizygotic twins (who share in average 50% of the 
segregated  genes) the genetic effects are probably more important. On the other hand, if the 
concordance rate is similar in both types of twins, then the environmental effects are 
probably more important. Thus, the use of statistics to analyze large populations of twins 
allows us to estimate the magnitude of environmental and genetic effects on susceptibility to 
sporadic cancer. 

This retrospective study has shown that hereditary factors make a minor contribution to 
susceptibility to most types of neoplasms, indicating that the environment plays a major role 
in sporadic cancer in populations living in the study areas (Lichtenstein et al., 2000).  The 
study, on the other hand, stresses that some types of cancer, such as prostate and colorectal 
cancers are more influenced by genetic factors than previously thought. 

Thus, even more important aspects related to diseases are being reworked, and cancer may 
no longer be categorized as a disease based on genetics alone, and all the data indicate that 
most commonly diagnosed cancers in the world have primarily environmental or epigenetic 
origin. Except for some types of cancer considered hereditary, familial adenomatous 
polyposis, colorectal cancer and prostate cancer, the contribution of hereditary factors to the 
development of cancer is thought to be relatively small. 

5. How the epigenetics affects genetics  

The DNA methylation takes place only at cytosine bases that are located 5’ to a guanosine in 
a CpG dinucleotide. This dinucleotide is actually underrepresented in the genome, but short 
regions, known as CpG islands, are rich in CpG content. Most CpG islands are found in the 
proximal promoter regions of almost half of the genes in the mammalian genome and are, 
generally, unmethylated in normal cells. In cancer, however, the hypermethylation of these 
promoter regions is now the most well categorized epigenetic change to occur in tumours, it 
is found in virtually every type of human neoplasm and is associated with the inappropriate 
transcriptional silencing of genes, involving tumour-suppressor genes.  

These tumour suppressor genes are predicted to be important for tumorigenesis, but seem 
not to be frequently mutated and de novo hypermethylation of CpG islands in the promoters 
of MLH1 (mutL homologue 1, colon cancer, non-polyposis type 2) (Herman et al., 1998) and 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

110 

Author Organ/tissue Genes 
studied 

Altered genes-aberrant methylation-aberrant 
Distribution (p) 

Herman et al., 1995 Many Cancers p16 p16 - Hypermethylation (the first evidence) 
Herman et al., 1998 Colorectal hMLH1 hMLH1-Hypermethylation (p < .001) 
Esteller et al., 2000 Breast, Ovary BRCA1 BRCA1- Hypermethylation (p < .0002) 
Esteller et al., 2000 Colorectal hMGMT MGMT (k-RAS)-Hypermethylation (p= .002) 
Cho et al., 2003 Stomach CAGE CAGE- Hypomethylation 
Russo et al., 2005 Lung/Blood p16/DAPK p16/DAPK - Hypermethylation (p = .001) 
Sinha et al., 2009 Tongue p16 p16- Hypermethylation (p =.0361) 
Tanemura et al., 
2009 Skin RASSF1A RASSF1A- Hypermethylation (p < .005) 
Daí et al., 2009 Lung Kaiso kaiso- Cyoplasmic distribution (p = .005) 

Kim et al., 2010 Intestine p16/MINT31 
Hypermethylation- p16 (p < .0001) MINT31 
 (p < .004) 

Muggerud t al., 2010 Breast RASSF1A RASSF1A- Hypermethylation (p < .001) 
Taghavi et al., 2010 Esophagus p16 p16 - Hypermethylation (p <.001) 

Table 1. Summary of epigenetic modifications associated with human cancers (prospective 
and retrospective studies). 

MGMT (O6-methylguanine-DNA methyltransferase) (Esteller et al., 2000b), seems to be that 
leads to their inactivation. Hypermethylation of the promoter of MLH1 can lead to 
microsatellite instability, and hypermethylation of the promoter of MGMT leads to 
increased G →A transitions. Additionally, there is a growing list, of other tumour 
suppressor genes in which promoter hypermethylation is the only mechanism for the loss of 
function of these genes in tumorigenesis: breast cancer 1, early onset (BRCA1) (Esteller et al., 
2000a), von Hippel–Lindau syndrome (VHL)(Herman et al., 1994), p16 (Herman et al., 1995; 
Russo et al., 2005; Sinha et al., 2009; Kim et al., 2010; Taghavi et al., 2010), death associate 
protein (DAP) kinase 1 (DAPK1) (Russo et al., 2005), and RASSF1A (Tanemura et al., 2009; 
Muggerud et al., 2010), which encodes a protein of unknown function that can bind to the 
RAS oncogene (Table 1).  

The epigenetic modifications can also be induced by environmental and occupational 
exposures thus contributing to carcinogenesis. A good example is the methylation changing 
the absorption wavelength of cytosine, into the range of incident sunlight, resulting in CC 
→TT mutations, which commonly occur in skin cancers (Pfeifer et al., 2000). So, tobacco 
smoke has been estimated to account for 30% of all cancer deaths and 85% of lung cancer 
deaths due to the presence of thousands of mutagenic compounds, including polycyclic 
aromatic hydrocarbons and nitrosamines. In this case, methylated CpGs are also preferred 
binding sites for benzo(a)pyrene diol epoxide and other carcinogens that are found in 
tobacco smoke (Yoon et al., 2001). These cause DNA adducts and G →T transversion 
mutations, which are often found in the aerodigestive tumours of smokers (Ziech et al., 
2010). On the other hand, one of the most well established occupational carcinogenic agents 
is asbestos along with a growing list of tumorigenic agents that include: wood-dust 
particulates, solvents, paints, dye products, gasoline, petroleum-based mixtures, benzenes, 
mineral oils, phthalates and metal ions (Ziech et al., 2010). For these agents, the free radical-
induced damage is suggested to be involved in aberrant epigenetic changes observed during 
the carcinogenic process. The understanding of epigenetic alterations has become clearer the 
mechanism by which lifestyle choice like smoking and drinking, diet, environment and 
infections affecting the DNA tissue-specific cells and altering the behavior of cells in this 
tissue. 
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Finally, besides DNA hypermethylation, cancer cells have also been shown to undergo 
dramatic global hypomethylation (Ehrlich, 2002; Cho et al., 2003) and changes in the 
organization of the histone protein complex that would serve as epigenetic biomarkers 
indicative of the carcinogenic process (He and Lehming, 2003). Many references in the 
literature published in the last years reviewed the importance of alterations in DNA 
methylation and histone modifications for better cancer diagnostics and therapeutic 
strategies (Jones and Baylin, 2002; Ziech et al., 2010; table 1).  Further review of this subject is 
not within the scope of this chapter, which is aimed to show the role of proteins, like Kaiso, 
which interact with methylated DNA and participate in the establishment of cancer, as we 
shall see later in this chapter. 

6. The epigenetics and proteomics walking together toward the diagnosis 
and prognosis of cancer, in the current epigenetic context 

A major challenge faced by cancer therapy is to be able to predict the early stage of the 
disease in order to provide an appropriate treatment for the patient (Ludwig and Weinstein, 
2005). In this regard, the molecular biomarkers have been useful for distinguishing different 
subtypes of patients with different clinical profiles and at all stages of disease, expanding 
our prognostic ability (Seligson et al., 2005). 

Over the past decades high-throughput technologies including genomics, epigenome, 
transcriptome and proteomics have been applied to improve our understanding of cancer 
pathogenesis in order to develop strategies aimed to improve cancer treatment (Seligson, 
2005; Ocak et al., 2009). The ultimate goal of these technologies is to help develop 
noninvasive methods for specific and sensitive diagnosis and facilitate prediction of the 
response of a patient to a given therapy, as well as help identify potential therapeutic targets 
(Ueda et al., 2011). 

The most important technologies used in the study of cancer are proteomics and 
epigenomics that help understand that cancer cell phenotype is primarily determined by 
proteins, and, thus, a genomic or transcriptome approach of the disease are extremely 
limited. This can be said because it is known that i. levels and protein expression have a low 
correlation with mRNA levels, ii. proteins undergo post-translational modifications that 
may alter its function, iii. in the same cell can express different proteins using a mechanism 
of differential splicing from the same mRNA and very important as we shall see iv. the same 
protein may have a different function depending on the cellular compartment where it is 
located. Therefore, the protein detection techniques, including immunohistochemistry 
(IMH), in this new context, are of vital importance for understanding cellular processes and 
disease emergence. 

In order to better understand the cancer cell and the development of cancer, proteomic 
information projects have been created based on epigenetics in which proteins and their 
interactions with the epigenome inside the cell become the key aspect in the understanding 
of how cancer cells work (Stefanska et al., 2011; Jerónimo et al., 2011). Therefore, knowledge 
of machinery and all the protein interactions established by them may be important for the 
prognosis of the tumor and the development of a proper drug to fight cancer and to 
determine the mechanisms of the disease. 
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A good example is the study of the proteins of the methyl-CpG-binding domain (MBD) that 
"read" and interpret the signals in DNA methylation and are critical mediators of various 
epigenetic processes. We currently know that the family of MBD proteins is formed by five 
MBD1 and MeCP2 -4 members. There is also a member of non-classical MBD protein called 
Kaiso that uses a "zinc finger" domain to bind to methylated DNA and mediate 
transcriptional repression. The factor Kaiso and its partner p120ctn are considered similar to 
the β-catenin-TCF/LEF (T-cell factor / Lymphoid Enhancing factor) pair that regulate genes 
of canonical Wnt pathways, with the peculiarity that Kaiso (the difference in TCF/LEF) can 
interact with the epigenome in cancer development. As usually, hypermethylation is a 
recognized gene silencing mechanism in processes of tumorigenesis and drug resistance.  
Obviously, the MBD protein and Kaiso could be important modulators of tumorigenesis and 
excellent therapeutic targets for developing anti-cancer therapies (Sansom et el., 2007). 
Therefore, the role of protein detection methods in the diagnosis, prognosis and even in the 
development of therapies against cancer is unquestionable in the current epigenetic scenery 
of disease etiology (Yoshimura et al., 2011).  

7. The multifunctional protein and its relation to cellular compartments 

A single protein can have different functions in a cell and these functions concern the 
compartment where they are located. One of the best documented examples is that 
transglutaminase 2 (TG2) may act as a transglutaminase, G-protein kinase, protein disulfide 
isomerase or as an adapter protein. These multiple biochemical activities are involved in a 
wide variety of cellular processes such as differentiation, cell death, inflammation, cell 
migration and others. The specific microhabitats and subcellular compartments of location 
of the plasma membrane, cytoplasm, nucleus, mitochondria, or extracellular space are 
important in the development of different biochemical activities by the same protein 
structure (Park et al., 2010). 

Thus, in our search for a drug target, e.g., cancer, we must always know the location of a 
given protein in the cell and be aware of how this cell places these proteins in different 
micro environments, and that more often than not these different functions may occur 
simultaneously. So part of the strategy to find the correct pharmacological targets is the 
previous understanding of the structure and the establishment of subcellular 
microenvironments inside the cells and the better knowledge of the complex and dynamic 
subcellular compartmentalization that will be further explained. 

Therefore, immunohistochemistry provides information that cannot be obtained in any 
other way, which is the relationship between the pathological state and the dimension of the 
altered compartment (Oliver and Jamur, 2009; Dabbs, 2010), of great relevance to the 
establishment of the cancer diagnosis, as we shall see soon.  

8. The multifunctional proteins, compartments and cancer 

Surprisingly, over the past few decades multifunctional proteins provided the basis of the 
study of some diseases, including cancer. Alterations and aberrations of the multifunctional 
proteins regarding their distribution and subcellular localization have been used to diagnose 
the pathological state. I will consider briefly connexins, β-catenin and kaiso as examples of 
these proteins and their role in cancer development. 
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9. Connexins 

Connexins can be channels of intercellular communication or proteins that trigger processes 
of proliferation or apoptosis, depending on the cellular context (Goodenough & Paul, 2003). 

Traditionally, it was believed that the role of connexins in cancer development was related 
to its role in intercellular communication channel or gap junctional intercellular 
communication activity (GJIC). In fact, cancer was the first disease to be associated with 
connexin disorders (Loewenstein, 1979). The evidence was mainly related to the use of 
tumor-promoting agents (non-mutagenic carcinogens) and mitogens that decreased the 
activity of connexin-mediated intercellular communication (Budunova & Williams, 1994) 
and, on the other hand, antineoplastic agents or chemicals promoting cell coupling through 
these proteins (King & Bertram, 2005). It was also shown that tumor-derived cells were 
deficient in expression of connexins (Lee et al., 1992; Laird et al., 1999) and that studies of 
overexpression of these proteins showed decrease in cellular proliferation (Yamasaki & 
Naus, 1996). This created a favorable scenario that could lead one to believe that the 
decrease in expression of connexins and, thus, intercellular communication, was related to 
cell proliferation and tumor progression. 

The most important work on the change in concepts regarding these channels of 
communication was the transfection of connexin43 that makes it possible reversing the 
neoplastic phenotype of a strain of human glioblastoma cells and that showed that 
phenotypic reversion was associated with a cytoplasmic localization of connexins without 
increasing the ability to establish intercellular communication between cells (Huang et al, 
1998). Therefore, a new concept has arisen, according to which connexins could have two 
different functions not necessarily connected: (i) intercellular communication in the plasma 
membrane and (ii) direct modulation of cell growth control in cell cytoplasm. 

Concerning the connexin role in regulating cell proliferation, two hypotheses have been 
developed:  1) a downregulation of connexins from the plasma membrane is an indirect 
result of the activation of MAPK (mitogen-activated protein kinase) and Akt 
(phosphoinositide-activated kinase) and 2) they act as negative regulators of intercellular 
junctions (Kojima et al., 2004). However, other lines of evidence indicated that the connexins 
were directly involved in the regulation of cell growth and that its downregulation would 
contribute to (and not be a consequence of) the loss of cell cycle control (Vinken et al., 2006).   

A detailed study supporting this latter idea used transfection of connexin 43 in human 
osteosarcoma cells, which inhibited cell proliferation without restoring intercellular 
communication (Zhang et al., 2001). In this model direct connexin 43 changes the expression 
of p27/Kip1 (the cyclin-dependent kinase inhibitor). Importantly, Cx43, or at least the 
carboxy terminal tail of this protein has been localized within the nucleus with the use of 
immunohistochemistry, confirming an intracellular regulatory role (Dang et al., 2003; Cofre 
& Abdelhay, 2007). 

In primary breast tumors, immunohistochemistry can clearly detect the cytoplasmic 
expression of connexins 43 and 26, being a commonly used diagnostic test for this stage of 
the disease (Kanczuga-koda et al., 2006). However, immunohistochemistry shows that in the 
same metastatic tumor cells taken from the lymph node, the expression of connexin43 and 
26 changes and has now expanded, though in the plasma membrane. This increased 
expression in the cell membrane is considered the earliest event in the process of metastasis 
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(Kanczuga-koda et al., 2006). The important diagnostic value of IMH is evident in the 
resolution stage of the disease. 

Although the role of connexins in the process of metastasis is controversial because some 
studies indicate that connexin expression is inversely proportional to metastatic capacity of 
a primary tumor (Nicolson et al., 1988), other studies reveal that connexins might be 
involved in metastasis (Carystinos et al., 2001). 

At least it is clear that, unlike previously thought, connexins have a tumor suppressor 
function, but not from a classical point of view, since there are no mutations of this protein 
associated with carcinogenesis.  So, they seem to have different effects on different stages of 
carcinogenesis, (depending on the connexin isoform or cell type in which it is expressed). 
Connexins seem to favor cell proliferation when they are downregulated (cytoplasmic 
localization) and increase the potential for invasion and metastasis when they are 
overexpressed (initially in the plasma membrane) (for a review of this literature sees 
Crespin et al., 2008). As we shall see at the end of this chapter, this issue needs to be clarified 
for a better understanding of subcellular compartmentalization and mechanisms of 
regulation of intracellular signaling.   

10. β-catenin 

The decisive factor in paradigm change regarding proteins with various compartments  
inside the cell and its relationship with the processes of disease establishment was β-catenin. 
The protein β-catenin is a transcriptional factor with nuclear function and also a structural 
component of tight junctions (adherens junctions) in the plasma membranes of the cell. The 
role of cell adhesion was the first to be characterized and such role is possible because β-
catenin interacts with cadherins and with the actin cytoskeleton via an adapter protein α-
catenin (Kemler, 1993)(Figure 1a). The transcriptional function developed as part of the 
intracellular pathways of the canonical Wnt. In the nucleus β-catenin acts as a cofactor along 
with TCF/LEF in the upregulation of a variety of oncogenes including cyclin D1 and c-myc 
(Figure 1d). The canonical Wnt/Wingless signaling pathway plays an important role in 
embryonic development and tumorigenesis (Morin, 1999; Polakis, 2000; Bienz, 2005). 

The transcriptional role of β-catenin is very interesting because it involves translocation 
from the cytoplasm to the nucleus and initiates the expression of its target genes within it 
(Nusse, 1997; Akiyama, 2000). In the absence of Wnt binding a macromolecular complex 
formed by the cytoplasmic protein APC (adenomatous polyposis coli), Axin and disheveled 
(DSH) stimulate the phosphorylation of β-catenin. Directly responsible for this 
phosphorylation is the protein casein kinase 1 (CK1) and glycogen synthase kinase 3 (GSK3). 
Β-catenin phosphorylated is destined to a ubiquitin-mediated degradation of β-catenin 
(Figure 1 b). So, in the absence of Wnt signaling levels of β-catenin are kept low by the 
action of Gsk3 and CK1 (Clevers, 2006; McDonald et al., 2009). 

Translocation of β-catenin only happens when the receptors of the canonical Wnt pathways 
are activated and the macromolecular complex is recruited to the plasma membrane 
proteins with CK1 and GSK3 and thus could not phosphorylate β-catenin (Figure 1 c). The 
key point in this model is that the activation of canonical pathway leads to stabilization of β 
catenin. Therefore, Wnt signaling would finally prevent β-catenin degradation, which could 
then translocate to the nucleus and perform its transcriptional activity (Clevers, 2006). As we 



 
Kaiso and Prognosis of Cancer in the Current Epigenetic Paradigm 

 

115 

shall see later, this classical interpretation may change when additional information on 
subcellular compartmentalization is gained. 

In clinical practice aberrant changes in the expression of β-catenin in the nucleus have made 
it possible to suggest the use of this molecule as a complement to the differential diagnosis 
of various cancers, including cancers of the gastrointestinal tract, lung and tumors of 
gynecological origin (Montgomery & Folpe, 2005). Also, the absence or loss of nuclear 
expression of β-catenin expression associated with strong cytoplasmic P-cadherin was 
associated with melanoma aggressiveness and poor patient survival, establishing an 
important prognostic value in these types of cancer for β-catenin (Bachmann et al., 2005). 

 
Fig. 1. Canonical and non-canonical Wnt signaling pathway. Crosstalk between Kaiso, 
Kaiso–p120ctn, β-catenin and Endossomal compartments.  a. In the absence of Wnt ligands 
or in the case of high E-cadherin concentrations, β-catenin and p120ctn associate with E-
cadherin, promoting intercellular adhesion. b. In the absence of Wnt binding, a 
macromolecular complex formed by the cytoplasmic protein APC (adenomatous polyposis 
coli), Axin and disheveled (DSH) stimulate the phosphorylation of β-catenin. Directly 
responsible for this phosphorylation is the protein casein kinase 1 (CK1) and glycogen 
synthase kinase 3 (GSK3). Β-catenin phosphorylated is destined to a ubiquitin-mediated 
degradation of β-catenin. c. The activation of canonical pathway leads to stabilization of β 
catenin. Therefore, Wnt signaling would finally prevent β-catenin degradation, which could 
then (d.) translocate to the nucleus, and perform its transcriptional activity, associate with 
lymphoid enhancer-binding protein (LEF)/T-cell factor (TCF). e. If E-cadherin is mutated or 
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downregulated, p120ctn become at least partly cytoplasmic. Cytoplasmic p120ctn is stable 
and modulates small GTPases by stimulating RAC and inhibiting RHO. Both small GTPases 
are stimulated by non-canonical Wnt signalling.  f. Kaiso translocate into the nucleus and 
within the nucleus kaiso associates with co-repressors (N-CoR) and histone deacetylases 
(HDAC) and represses genes harbouring KBS (Kaiso-binding sites) or methylated CpG 
(mCpG) islands in their regulatory domain. Likewise, a NCoR complex with lymphoid 
enhancer-binding protein (LEF)/T-cell factor (TCF) represses genes with a LEF binding 
sequence (LBS). g. Translocation of Kaiso in the nucleus and vice versa is mainly under the 
influence of microenvironmental factors. h. The protein complexes involving the Wnt 
receptor, Gsk3 and CK1 (among others), are then taken inside the lumen of the 
multivesicular bodies (MVBs), separating Gsk3 from their cytoplasmic substrates and it also 
produces the stabilization of β-catenin. APC, adenometous polyposis coli protein; 
BTB/POZ, broad-complex, tramtrak and bric-a-brac/poxvirus and zinc finger domain; 
DAAM1, Dishevelled-associated activator of morphogenesis 1; GBP, GSK3-binding protein; 
LRP, LDL-receptor-related protein (Wnt co-receptor). Wnt signalling pathway modified 
from Van Roy & McCrea, 2005. 

11. Kaiso  

This protein has been recently considered revolutionary due to its multifunctional role, 
modulating cytoplasmic processes and fulfilling transcriptional functions. It has the specific 
ability to interact with methylated DNA configuring an interesting pharmacological target 
for molecules that participate in the interphase of the epigenome.  It is also known to be 
decisive in the process of tumorigenesis, and cytoplasmic accumulation of this protein, such 
as detection by IMH, plays an important role in the prognosis of some cancers. Because of 
these important reasons, the impact produced by this protein in a new scenario in epigenetic 
cancer shall deserve greater consideration.  

Kaiso protein (encoded by the zinc finger and broad-complex, tramtrack and bric-a-brac 
(BTB)-domain-containing 33 gene ZBTB33) is a transcriptional factor that has a BTB/POX 
domain for the protein-protein interaction in the amino-terminal portion and a “Zinc 
Finger” domain for interaction with DNA in the carboxyl-terminal portion (Collins et al., 
2001; Daniel & Reynolds, 1999).  Due to the aforementioned characteristics Kaiso is member 
of a subfamily of "zinc finger" proteins known as POZ-ZF (Daniel & Reynolds, 1999). Most 
members of this subfamily (POZ-ZF) transcriptional factors including, Kaiso, BCL-6, PLZF, 
HIC-1, FAZF, APM1, MIZ-1, ZBTB7 and champignon are involved in the process of cancer 
development (Bardwell  & Treisman, 1994; Albagli et al., 1995; Wales  et al., 1995; Schneider 
et al., 1997; Reuter et al., 1998; Hoatlin et al., 1999; Maeda et al., 2005a). 

Kaiso protein interacts specifically with p120 catenin (p120ctn), a member of the armadillo 
family that owns β-catenin (Daniel & Reynolds, 1999). β-catenin and p120ctn are very 
similar molecules possessing the two i. domains of interaction with the cytosolic portion of 
cadherins and ii. the ability to translocate from the cytoplasm to the nucleus (Reynolds & 
Roczniak-Ferguson, 2004). A p120ctn is a regulator of the kaiso function and it is known that 
in the nucleus of the cell they directly modulate the action of canonical Wnt pathways and 
target genes of β-catenin, which is another indication of the importance of Kaiso in the 
development of cancer (Daniel, 2007).   
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The genes transcriptionally regulated by Kaiso are matrilysin (Spring et al., 2005), c-myc and 
cyclin D1 (Van Roy & McCrea, 2005), all of them widely known for their involvement in cell 
proliferation and metastasis and all also regulated by the domain "Zinc finger" of Kaiso 
(Daniel, 2007). Gene Wnt11 is another important and well- known regulatory target, which 
belongs to the non-canonical Wnt pathways (Kim et al., 2004). 

The non-canonical Wnt pathways are involved in cell polarity and cell movements of 
epithelial-mesenchymal transition observed during gastrulation, and also during the 
process of metastasis (Wallingford et al., 2002; Veeman et al., 2003). The cytoplasmic 
molecules involved in the transduction of non-canonical Wnt pathway are DSH 
(Dishevelled) and DAAM1 (Dishevelled-associated activator of morphogenesis 1) (Habas et 
al., 2001) that through two independent and parallel pathways lead to activation of 
GTPases, Rho (Marlow et al., 2002; Habas et al., 2001) and Rac (Habas et al., 2003)(Figure 1 
e). Ultimately, the activation of a kinase assorted to the Rho called ROCK would be 
responsible for the reorganization of the cytoskeleton (Veeman et al., 2003). p120ctn 
regulates the cell cytoplasm proteins Rho and Rac (Van Roy & McCrea, 2005) and Kaiso 
would be indirectly related to processes that involve reorganization of the cytoskeleton 
during metastasis. 

The Kaiso protein, unlike other members of the subfamily, appears to be the only factor with 
bimodal features in their interaction with DNA, being able to interact specifically with 
methylated CpG island sites and with consensus DNA sequences CTGCNA (Prokhortchouk 
et al., 2001; Daniel et al., 2002) (Figure 1 f). These interactions are important for the 
epigenetic silencing of tumor suppressor genes, which is an essential role of Kaiso in colon 
cancer development processes (Lopes et al., 2008). 

Regarding epigenetic silencing, the Kaiso protein also acts as a histone-deacetylase-
dependent transcriptional repressor (Daniel, 2007). The HDAC (histone deacetylase) 
catalyzes the deacetylation of histones and these changes facilitate more closed chromatin 
conformation and restrict gene transcription. The HDAC acts as a protein complex with 
corepressors recruited. Some of them are directly recruited by Kaiso as NCOR1 (nuclear 
receptor co-repressor 1) (Yoon et al., 2003) and SIN3A (Van Roy & McCrea, 2005) (Figure 1f). 

The information on repression of target genes of the canonical and non-canonical Wnt 
pathways, associated with cancer (including matrilysin and Wnt11) can lead us to think that 
the role of Kaiso in the healthy cell is that of a tumor suppressor gene.  

12. Kaiso and tumorigenesis 

Almost all the members of the POZ-ZF family were found to be involved in cancer 
development. BCL-6 and PLZF are oncoproteins linked to non-Hodgkin’s lymphoma and 
acute promyelocytic leukemia, respectively (Chen et al., 1994; Onizuka et al., 1995). FAZF 
and ZBTB7 are related to Fanconi’s anemia and several other human cancers (Hoatlin et al., 
1999; Maeda et al., 2005b; Dai et al., 2002; Pessler et al., 1997). On the other hand, ICH-6 and 
APM1 are candidate tumor suppressors in various human cancers (Schneider et al., 1997; 
Albagli, 2003). 

Like other members of the subfamily POZ-ZF, the Kaiso protein has been implicated in 
cancer and the first indirect evidence emerged because the target genes of the Kaiso protein 
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(MTA2, MMP2, and siamois CiclinD1) are linked to cell proliferation or metastasis tumor, 
providing a good indication of the importance, though indirect, of Kaiso in tumorigenesis 
processes. 

More consistent and direct data about the participation of Kaiso in the  cancer development 
process have been recently obtained, when it has been found that Kaiso inhibits activation 
mediated by β-catenin of the Mmp7 gene (also known as matrilysin), which is well known 
for metastatic spread (Spring et al., 2005). Recently another study suggests that Kaiso can 
regulate TCF/LEF1-activity, via modulating HDAC1 and beta-catenin-complex formation 
(Iioka et al., 2009) (Figure 1f). This shows that Kaiso can directly regulate the signaling 
pathway of canonical Wnt / β-catenin widely known for its involvement in human tumors. 
Other evidence also showed that Kaiso rescues the dorsalization of the mesoderm produced 
by β-catenin and siamois in Xenopus laevis (Park et al., 2005). Siamois is a high mobility 
group (HMG)-box transcription factor that promotes the dorsalization of the mesoderm of 
amphibians and is a well-known target of the canonical Wnt pathway involving TCF/LEF. 
The Kaiso overexpression decreases the ability of TCF/LEF to interact with β-catenin, which 
implies that Kaiso and TCF/LEF are associated in the nucleus (Van Roy & McCrea, 2005). 
Other target genes of canonical Wnt pathway, such as Fos, Myc and CCND1 also appear to 
be directly regulated by Kaiso. On the other hand, the non-canonical Wnt pathways would 
also be modulated by Kaiso, at least in Xenopus, where it has been demonstrated that Kaiso 
depletion directly directly activates the Wnt11 promoter (Kim et al, 2004). 

However, there is still controversy regarding the Kaiso’s oncogenic or tumor suppressor 
role. As aforementioned, it is known that matrilysin and Wnt11 are repressed  by Kaiso, 
and, thus, it is believed that it might act as a tumor suppressor (Dai et al., 2009).  
Nevertheless, Kaiso could also act as a methylation-dependent oncogene, repressing the 
tumor suppressor gene CDKN2A and providing increased survival of colon cancer cells 
(Lopes et al., 2008). The epigenetic silencing role of kaiso was approached to produce a 
depletion of Kaiso (by RNA interference) and an increased expression of the tumor 
suppressor gene CDKN2 was found, which did not affect the DNA methylation levels. As a 
result, the colon cancer cells were more susceptible to cell death mediated by chemotherapy 
(Lopes et al., 2008). It is then possible to assess the importance of kaiso as a possible 
therapeutical target to improve the efficiency of the current cancer treatments.  

13. Subcellular localization of Kaiso and prognosis of cancer 

As expected for a transcriptional factor, the Kaiso protein is often found in the nucleus of 
several tumor or non-tumor derived mammalian cell lines (Daniel, 2007). Recent studies 
using  immunohistochemistry analysis of normal and tumor tissue revealed that Kaiso 
protein is predominantly localized in the cytoplasm of the cell or is totally absent, though 
(Soubry  et al., 2005). 

This seems to be unusual because Kaiso has a signal "NLS" highly conserved and required 
for any protein with nuclear localization. Moreover, Kaiso uses classical nuclear transport 
mechanisms through interaction with Importin α/β nuclear (Kelly et al., 2004). One 
possible explanation is that Kaiso, like other proteins or factors that normally reside in the 
cytoplasm, require a post-translational modification, to be targeted and translocated to the 
cell nucleus.  
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However, 2009 data has shown for the first time that the subcellular localization of Kaiso in 
the cytoplasm of a cell is directly associated with the poor prognosis of patients with lung 
cancer (non-small cell), and around 85 to 95% of lung cancers are non-small cell (Dai et al., 
2009). Such data shows a direct relationship between the clinical profile of patients with 
pathological expression of Kaiso. Therefore, evidence of changes in subcellular localization 
seems to be relevant to the diagnosis and prognosis of various types of human tumors. 

14. Analysis of the subcellular location of Kaiso in Mielode Chronic Leukemia 
(CML) 

Data obtained by our group in collaboration with the laboratory of stem cells of the 
Brazilian National Cancer Institute (INCA of Rio de Janeiro), headed by Dr. Eliana 
Abdelhay, shows the subcellular distribution of Kaiso by immunofluorescence on cell lines 
K562, used as a model of CML in the blastic phase. As it can be seen in Figure 2a, the 
expression of Kaiso is clearly cytoplasmic (Cofre, J., personal communications). As expected, 
cytoplasmic expression is significantly reduced when using the duplex for inhibition of 
Kaiso (Rnai) 48 hours after transfection (Figure 2b). As a control, we used the β-tubulin 
marker and demonstrated that the duplex Kaiso does not modify the expression of this 
marker after transfection for 48 hours (Figure 2 c and d) . 

 
Fig. 2. Immunofluorescence analysis of kaiso expression. A.Kaiso was expressed in the 
cytoplasm of K562 cells (a human erythroleukemic line). B. siRNA-Kaiso efficiently down-
regulates cytoplasm expression after 48 hours transfection. As a control, we used the marker 
beta-tubulin and showed that siRNA-Kaiso does not modify the expression of this marker 
after 48 hours transfection. 
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These results are promising, first because they make it possible to relate the LMC disease to 
the presence of cytoplasmic Kaiso, and second, because the molecule may have a diagnostic 
value of clinical interest, not only in LMC, but also in other types of leukemia.  

15. The new view of cellular compartments 

Another noteworthy aspect is that the cellular compartments are currently the object of 
many discussions in experimental biology, and we are witnessing a reconceptualization  of 
these compartments, which involves the way they are structured and work, as well as their 
possible relationships with disease development at the cellular level.   

It is logical to think that since a cell is in a process of constant division, for any given cell 
division, the elements in the nucleus and the cytoplasm are mixed, and at this important 
moment for cellular functioning, the cytoplasmic and nuclear components share the same 
general compartment that is the cytoplasm of the cell under division. According to this 
view, there is a very tenuous separation between the cytoplasm and the nucleus of a cell, 
and the sub compartments generated inside the cytoplasm are what really matters in a cell. 
Although many scenarios of the separation of specific functions have been detected inside 
the nucleus (Zhao et al., 2009; Spector & Lamond, 2011), none of these microenvironments 
would be maintained in cells in the process of cell division. 

These new sub compartments that are important for the understanding of the mechanisms 
of diseases such as cancer are the networks of endocytic membrane represented by a system 
of interconnected membranous organelles and endosomes that are responsible for the 
selection of destination and transport of various types of macromolecules from the 
extracellular milieu into the cell and within the cell. A recent discovery reveals that the 
process of endocytosis and endosomes would be crucial for the maintenance of cellular 
homeostasis, ensuring the compartmentalization of transduction processes of intracellular 
signals (Scita & Di Fiore, 2010). It is now widely accepted that systems of endocytic 
membrane trafficking and intracellular signaling are closely interconnected and endosomes 
could act as signaling platforms (Hupalowska & Miaczynska, 2011). 

The main endosomal compartment that regulates intracellular signaling processes would be 
the so-called multivesicular bodies (MVB). It would have a specific role in the sequestration 
of receptors activated in the membrane that by means of an intracellular mechanism of 
endocytosis would be placed inside the lumen of the MVB, unable to access the components 
of intracellular signaling, which would reduce and negatively regulate the signaling 
pathway of these receptors (Katzmann et al., 2002; Raiborg & Stenmark, 2009). 

Surprisingly, this compartment can also play a role in positive regulation of certain 
signaling pathways through sequestration of inhibitors (Taelman et al., 2010). Because of its 
important role in cancer, it is worth mentioning that the Gsk3 and CK1 promoted by the 
Wnt signaling pathways would be hidden in internal vesicles inside the MVB. The protein 
complexes involving the Wnt receptor, Gsk3 and CK1 (among others), are then taken inside 
the lumen of the MVB, separating Gsk3 from their cytoplasmic substrates (Figure 1h). 
Consequently, in the absence of Gsk3, which is now inside the MVB, β-catenin would be 
stabilized in the cytoplasm, translocate into the nucleus and activate transcription. 

The endosomal compartments are, thus, a trapping mechanism of enzyme and receptors, 
and it is believed that it produces the stabilization of many cellular proteins. Coincidentally, 
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as discussed in the chapter, proteins as connexin and Kaiso, which are essential for the 
diagnosis and prognosis of cancer, are always accumulated in the cytoplasm in cancer cells. 

This knowledge of endosomal compartments can be of paramount importance for the 
understanding of the molecular mechanisms by which diseases such as cancer initiate. For 
example, in the case of specific connexins, the tumor suppressor role could be related to the 
sequestration of these proteins in MVB during the onset of this tumor. Other related studies 
have proposed connexins as platforms for sequestering signaling proteins, suggesting that 
connexins might directly sequester MAPK (Mitogen-Activated Protein Kinase), CDK 
(Cyclin-dependent kinase), and Src (Proto-oncogene tyrosine-protein kinase) by SH2 and 
SH3 domains of the carboxyl terminal tail of Cx43 and, thus, act as a tumor suppressor 
(Cofre & Bermudez, 2011). 

No studies have shown the association of connexins and endosomal compartments, and yet 
such studies could help understand the controversy of the expression of connexins in the 
plasma membrane during early metastasis, which can be related to deregulation 
mechanisms of cellular physiology of the endocytic compartment. 

16. Future directions 

Therefore, a view focused on subcellular compartments and proteins modulating the 
epigenome can provide a greater understanding of the biology of malignant cells, as well as 
improve our approach to cancer treatment. It is known that cancer treatment is dictated by 
the stage of the disease, and that cancer treatment is more effective during the chronic phase 
of the disease. Unfortunately, clinical and molecular tests cannot predict disease 
progression, which can create an obstacle to diagnosis: the inability to identify subtypes of 
patients most likely to benefit from specific treatment options for specific stages of the 
disease, which would make it possible to offer a therapy targeted to a given cancer patient. 

Finally, the understanding of this new biology of disease progression can provide markers 
for clinical diagnosis and different approximations for better therapeutic strategies. Also, 
there is always hope that we’ll be able to identify proteins and signaling pathways that may 
be useful as reliable prognostic markers of the disease and therapeutic targets in the near 
future.   
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1. Introduction 

1.1 Role of vaccines in disease prevention and cancer prevention 

Vaccine therapy is traditionally designed to be given prophylactically in order to prevent 
infectious diseases. Vaccines formulated against pathogens known to cause disease have 
been successfully created and implementation policies have been effective in the prevention 
and eradication of many life-threatening diseases. A well-know example of the success that 
is possible with a well constructed vaccine and an efficient vaccination strategy is the 
poliomyelitis vaccine. Poliomyelitis was first documented in the late 19th century and it 
quickly reached the level of causing annual global endemics. The vaccine was introduced in 
the United States in 1955 and was associated with an immediate reduction in the disease and 
eventual the elimination of wild-type polioviruses in the United States by 1972. Subsequent 
global expansion of polio vaccination has resulted in a drastic reduction of documented 
cases of the disease as well as eradication of wild type 2 poliovirus [1].  

A natural next step after the development of prophylactic vaccines to prevent infectious 
disease was the emergence of vaccines used against specific infectious agents that are 
known to cause cancer. An estimated 12% of human cancers are attributable to viral 
infections [2]. Viral infections that are known to cause cancer include human papillomavirus 
(HPV), hepatitis B virus (HBV), hepatitis C virus (HCV), Epstein-Barr virus (EBV), and 
Kaposi’s sarcoma-associated herpes virus (KSHV). Safe and effective vaccines have been 
developed against two oncovirus, HPV to prevent HPV-associated cervical carcinoma and 
HBV to prevent HBV-associated hepatocellular carcinoma.  

1.2 Primary versus secondary prevention 

A small number of cancers are directly associated with exposure to an oncovirus. 
Vaccinating against these viruses and preventing infection and subsequent cancer formation 
is referred to as ‘primary cancer prevention’. This term also encompasses the theoretic 
potential of vaccinating against non-infectious cancers prior to tumorigenesis. Most cancers 
do not have a direct link to one specific pathogen. Therefore, experimental cancer vaccines 
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are designed to stimulate an immune response against pathogens from established tumors. 
The creation of a vaccine against an established tumor, either invasive or pre-invasive, is 
referred to as ‘secondary cancer prevention’. The goal of secondary cancer prevention is to 
use active specific immunotherapy to eradicate cancer cells without causing harm to healthy 
tissues. Successful secondary cancer prevention can have of a number of goals including 
inhibiting the evolution of pre-invasive to invasive disease, impeding the progression of 
disease and the formation of metastases, and increasing patient survival.  

1.3 Breast cancer background and potential for vaccine therapy 

Breast cancer remains the most common non-skin cancer diagnosis and the second leading 
cause of cancer related death in women [3]. Major improvements in the surgical and 
adjuvant treatment of breast cancer during recent decades have resulted in improved 
disease-free and overall survival for breast cancer patients. Morbidity from surgery, 
chemotherapy and radiation is substantial and even with optimal current treatments 
approximately 40,000 women a year succumb to breast cancer [3].  

A general challenge to constructing an effective cancer vaccine is that all tumor cells contain 
self-antigens that vary from normal tissue by mutation or expression level and therefore 
cancer cells are able to evade immune surveillance. It is essential to find tissue and tumor 
specific molecules that are capable of stimulating an immune response. Vaccination efforts 
are often focused on high risk cancers where the clinical impact can be the greatest. 
Immunotherapy, which involves actively manipulating the immune system to target 
tumors, promises the potential for a safe and effective adjuvant treatment for patients with 
high risk breast cancer. 

1.4 Molecular phenotypes of breast cancer  

Elucidation of the molecular basis of carcinogenesis has identified that breast cancer and 
probably all solid tumors exist as discrete molecular subtypes rather than a single disease. 
Breast cancer is a heterogeneous disease and several microarray profiling studies have 
identified distinct subtypes of breast tumors that are associated with different clinical 
outcomes [4-7]. The implications of classifying tumors based on gene profiling are both 
therapeutic and predictive. Gene expression profiling facilitates both  the prediction of patient 
outcome and the selection of patients that will benefit from specific adjuvant therapies.  

Breast tumors are typically classified into five distinct genetic subtypes based on 
immunphenotype and the expression of the following receptors; estrogen (ER), 
progesterone (PR), human epidermal growth factor receptor-2/neu (HER-2), cytokeratin 5/6 
(CK5/6) and epidermal growth factor (EGFR). Luminal A cancers are ER positive and/or PR 
positive, HER-2 negative and Grades 1 or 2. Luminal B cancers are (a) ER positive and/or PR 
positive and HER-2 positive or (b) ER positive and/or PR positive and HER-2 negative and 
high grade. HER-2 type cancers stain negative for ER and PR and positive for HER-2. Basal-
like tumors have no staining for ER, PR and HER-2, but do stain positive for CK 5/6 and/or 
EGFR. Tumors that have no staining for all 5 markers are referred to as Unclassified [4, 8, 9]. 
These molecular phenotypes of breast carcinoma can be delineated with routine 
immunohistochemical markers. Substantial differences in the survival of patients with 
different subtypes have been reported. Luminal A tumors have a significantly better 5- and 
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10- year survival compared to Luminal B, HER-2, Basal-like and unclassified tumors [4]. In 
addition, certain ductal carcinoma in situ (DCIS) lesions over express HER-2, which results 
in a more rapid progression to invasive disease [11] and higher risk of recurrence [10, 13].  

Anti-estrogen therapy is used for primary and secondary prevention of luminal tumors, but 
there are currently no similar options for prevention of the high risk tumors (Luminal B, 
Basal, HER-2). Trastuzumab is a human epidermal HER-2-targeted monoclonal antibody 
that has been shown to decrease recurrence and improve survival when used in the 
adjuvant setting combined with chemotherapy to treat patients with invasive disease that 
over-express the HER-2 protein [14]. The effect of trastuzumab has been postulated to be 
mediated by antibody-dependent cytotoxicity (ADCC) [15]. Unfortunately, this regimen is 
often not curative [14, 16] and patients can become resistant to therapy and ultimately fail 
[17] . A protein in the HER family would be an ideal target for a breast cancer vaccine. The 
HER family of tyrosine receptor kinases of which HER-1, HER-2, HER-3 and HER-4 are 
members make intriguing targets as these molecules are implicated in HER-2 and Basal-type 
breast cancers and also play a significant role in the development of some of the Luminal-
type breast cancers. 

2. Cancer and the immune response 

The immune system is a complex and overlapping cellular network that protects against 
foreign pathogens and closely regulates self-tolerance. The innate system represents the first 
line of defense to tissue injury and foreign pathogens. It is comprised of natural barriers, 
cytokines, neutrophils, macrophages, dendritic cells (DCs), and natural killer (NK) cells [18, 
19]. The innate response also includes the activation of the complement pathway. The early, 
antigen-nonspecific response of the innate immune system is necessary for the activation of 
the adaptive immune system which is comprised of B- and T- lymphocytes that express 
antigen-specific receptors and are ultimately responsible for producing and maintaining 
immunologic memory [20].  

2.1 Cancer response to the immune system: exploitation and evasion and editing 

In order for cancer cells to survive they must be able to either evade the immune system or 
to exploit it in a way that causes immune cells to actually enhance tumor growth. The 
immune response to neoplastic development is often described as paralleling the body’s 
response to inflammation. It can be simplistically divided into an ‘acute’ and ‘chronic’ 
reaction. Epithelial cancer progression and eradication, similar to an inflammatory reaction, 
are regulated by both the innate and adaptive immune systems [21]. The specific immune 
cells involved paradoxically enhance and eliminate carcinogenesis. Accumulated data from 
animal and human studies has shown that the acute immune response to tumor growth is 
an anti-neoplastic process, comprised of CD8+ T cells, TH1 cells and NK cells [22]. 

Continued epithelial cancer development leads to dysregulation between the two subsets of 
the immune system and excessive activation results in an immune response that is similar to 
the body’s response to chronic inflammation. Chronic activation of innate immune cells is 
associated with an ongoing infiltration cells that facilitate the survival of neoplastic cell 
survival by stimulating angiogenesis, inflammation and proliferation [19-23]. The chronic 
activation of the innate immune system also directly contributes to cancer development by 
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suppressing the anti-tumor adaptive immune response (CD8+ T cells, TH1 cells, NK cells) 
and allowing tumor cells to escape from surveillance. One type of innate immune cells, 
myeloid suppressor cells, are known to accumulate in the peripheral blood of patients with 
cancer [24, 25]. Myeloid suppressor cells directly inhibit T lymphocytes and therefore inhibit 
the anti-tumor environment produced by innate immune cells [25, 26]. These cells also 
promote tumor growth by assisting in angiogenesis [27].  

In addition to suppressing the anti-tumor effects of the adaptive immune system, chronic 
activation of the cells of the innate immune (B cells, TH2 cells) response actually promotes 
tumor development [21]. Multiple population based studies have definitively linked chronic 
inflammatory conditions with the development of certain cancers. For example Helibacter 
pylori infection and gastric cancer, inflammatory bowel disease and colon cancer, and 
hepatitis and hepatocellular carcinoma [28-30]. Subsequent studies that revealed an inverse 
relationship between long-term usage of anti-inflammatory medications and a decreased 
cancer risk support the support the direct association between chronic inflammation and 
cancer development [31]. Through a variety of cellular mediators, chemokines and 
cytokines, innate immune cells and TH2 cells are able to create a pro-tumor 
microenvironment that favors cell proliferation, genomic instability and malignant 
conversion [32].  

In addition to exploiting the immune system to stimulate tumor growth, cancer cells must 
also be able to evade the immune response. Prolonged activation of the innate immune cells 
results in subsequent suppression of the anti-tumor adaptive immune response, therefore 
allowing tumors cells to avoid specific immune surveillance. Neoplastic lesions attract 
regulatory T cells that suppress cytotoxic T cells [33]. Furthermore, cancer cells avoid 
immune surveillance by over expression or mutation of self-peptides. These non-foreign 
antigens are only weakly immunogenic and thus evade the host immune response or do not 
induce an immune specific response in the same way that a completely foreign antigen 
would.  

Growing tumors are phenotypically sculpted by the immune system. One of the risks of 
cancer immunotherapy is that it can result in ‘immunoediting’, whereby the immune 
response sculpts cancer cells into a more aggressive phenotype [34, 35]. Surviving tumor 
cells acquire the ability to evade immune recognition through selective pressures that favor 
the survival and reproduction of cancer cells that lack the selected antigen. In considering an 
immunotherapy target it is important to select an antigen that is central to the survival of the 
tumor cell or that contributes to the aggressiveness of the disease. Therefore, when the cells 
adapt, only variants that do not express the antigen will survive. This creates a tumor that 
consists of cells that are unable to survive or that have a phenotype that is associated with a 
better clinical prognosis [36]. This process of immunoediting explains in part why targeting 
only single antigens has resulted in limited clinical success.  

2.2 General potential for vaccine therapy 

The intimate relationship between cancer and the immune system illustrates the potential 
for an effective immunotherapeutic agent, such as a cancer vaccine, to harness the immune 
system and then to manipulate the immune cells to create a strong anti-tumor environment. 
Traditional vaccines are designed to be prophylactic. The immunogens in the vaccines are 
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administered prior to disease exposure and effective immunity is created before infection. In 
contrast, cancer vaccines are intended to stimulate active immunity only after tumors cells 
are already present and established. Oftentimes, vaccines are not given until the cancer has 
spread systemically. Also, unlike bacteria or other microbes for which vaccines are used, all 
tumor cells also express antigens that are very similar to established self-antigens. The ideal 
vaccine target would be an antigen that is present only on cancer cells and not on normal 
cells. Since this is uncommon, one of the largest challenges in vaccine development is 
breaking immune tolerance without inducing autoimmune reaction that would be harmful 
to healthy tissues. Several vaccine approaches have been established for a multitude of 
cancers in both early and late stages.  

3. Immune response in relation to invasive and in situ breast cancer 

Breast cancer, both the in situ and invasive forms, is an ideal target for vaccine therapy since 
this disease creates a significant public health burden. There is potential for vaccines to 
inhibit the progression of in situ disease into invasive cancer. The ultimate goal would be to 
prevent the formation of breast cancer altogether. Central to success of using 
immunotherapy to treat breast cancer is that breast tumors have already been established to 
be relatively immunogenic and the growing tumors are subject to immunosurveillance. 
Tumor antigens that are over-expressed or mutated in breast cancer cells initiate the 
development of a tumor-specific adaptive immune response [23, 37, 38]. T-cells that 
recognize these antigens have been isolated from breast cancer patients [39, 40]. As further 
evidence that the cell-mediated immune reaction has an important role in breast cancer 
development and clinical outcome, lymphocyte infiltration has been shown to be associated 
with improved survival in breast cancer patients [41]. Recent data by Mahmoud et al 
confirmed that the presence of an efficient T-cell-mediated immune response is associated 
with breast cancer outcomes [42]. This study, a retrospective review of 
immunohistochemical staining from nearly 2000 patients with invasive breast cancer who 
received standard surgical and adjuvant treatment revealed that a higher number of CD8+ T 
lymphocytes infiltrating the tumor of adjacent stroma was independently associated with 
longer survival in patients with invasive breast cancers.  

In addition to being immunogenic, other aspects of breast cancer make it a good model for 
the development of a high-impact cancer vaccine, especially for patients with early stage 
disease. First, solid tumor cancer vaccines have had limited success when used to treat 
advanced or metastatic disease [43]. Breast cancer is most frequently treated with surgery 
and radiation therapy, which greatly decreases the disease burden, even in advanced cases. 
This tumor debulking provides a greater potential for disease eradication by competent 
immune cells. Second, the typical slow growing nature of most breast cancers allows for the 
expansion of immune cells over time with repeated vaccine boosters. Therefore, effective 
levels of active and immune competent cells can be achieved before the disease becomes 
systemic. 

Although most cancer vaccines have been developed to treat metastatic and systemic 
disease, there are a number of theoretical benefits to instead delivering vaccine therapy to 
patients with limited, microscopic cancer burden (as neoadjuvant therapy) in the absence of 
bulky disease. For instance, immune-competent patients would be able to produce a 
significant response comprised of antigen-competent T-cells that can rapidly expand when 
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presented with low antigen levels of early disease or early recurrence [44]. In addition, 
patients with early stage breast cancer do not require aggressive adjuvant therapy. The 
immune response in vaccinated patients with early stage cancers will not be compromised 
by the limitations of these cytotoxic treatments, most importantly the long-term reductions 
in functioning B and T lymphocytes [45-47]. There has therefore been a shift in the field of 
immunotherapy towards the treatment of patients with minimal disease and the prevention 
breast cancer formation. 

3.1 Immunotherapy and ductal carcinoma in situ  

With the increasing use of screening mammography, DCIS, the pre-invasive form of breast 
cancer, has become the most frequently diagnosed breast malignancy. DCIS is a 
heterogeneous disease both in terms of nuclear grade and expression of cell-surface 
receptors. DCIS is the non-obligate precursor of invasive ductal carcinoma. Low-grade DCIS 
may develop into invasive cancer slowly or not all. In contrast, high-grade DCIS almost 
always develops into invasive disease and often requires more aggressive surgical and 
adjuvant therapy [48].  

Currently, in most clinical practices, DCIS lesions are examined for the over-expression of 
ER and PR. Interest in the correlation between the molecular biology of DCIS and its clinical 
aggressiveness has led to staining for other markers. The additional information about 
potential antigen targets on DCIS is useful to guide development of novel adjuvant vaccines 
against DCIS. Specifically, for the past 6 years we have routinely stained all of the tumors 
from our DCIS patients for the over-expression of HER-2. Other biologic markers that are 
may have prognostic significance include HER 1-4, Ki67, p21, bcl-2, p16 and COX-2, c-myc 
and survivin [10, 13, 49]. 

Multiple recent studies have concentrated on determining molecular phenotypes for DCIS 
similar to those described for invasive breast cancer. In 2010 Tamimi et al published a large 
case series of DCIS and invasive breast tumors that were analyzed using tissue microarray 
and immunostaining for ER, PR, HER-2, CK 5/6 and EGFR. The authors concluded that the 
same 5 molecular phenotypes used to describe invasive cancer were all identified among the 
cases of DCIS. The prevalence of the lesions was not consistent between the DCIS and 
invasive tumors; the Luminal A phenotype was significantly more frequent among the 
invasive cancers and the Luminal B and HER-2 molecular phenotypes were more frequent 
in DCIS. The triple negative (Basal-like) phenotype is very uncommon in DCIS [50]. This is 
consistent with other studies that show a higher prevalence of HER-2 over expression in 
DCIS compared to invasive breast cancer [51-53]. Additional work has expanded the 
traditional molecular profiling to incorporate many more biomarkers that have been found 
to be biologically relevant to invasive breast cancer, including p53, bcl-2 and P-cadherin. Bcl-
2 was found to be one of the most common genes to be up regulated in the well-
differentiated sample of DCIS [53] and has also been reported to be a predictor of good 
prognosis in invasive breast cancers [54].  

DCIS is a particularly attractive vaccine target because the elimination of this disease 
prevents the subsequent development of invasive breast cancer. In addition, a novel 
neoadjuvant vaccine would be ideal to reduce size of these lesions prior to surgery. This 
could theoretically decrease the amount of breast tissue required to obtain clear margins 
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during surgical excision and could also prevent the risk of subsequent recurrence. In 
general, DCIS patients are often otherwise healthy and are therefore able to mount an 
immune response to vaccination. The long latency period between the diagnosis of in situ 
disease and the development of invasive breast cancer, as well as the minimal disease 
burden of DCIS, provides an ideal therapeutic window to administer preventative vaccines. 
This strategy of treating early disease is applicable to early invasive breast cancer as well as 
to other cancers with indolent courses or those that are diagnosed in early stages, such as 
prostate and colon cancers, chronic leukemia and lymphomas [48, 55].  

4. Selection of a tumor antigen target  

The selection of an appropriate target tumor antigen is paramount to the success of any 
cancer vaccine. The ideal vaccine would stimulate a significant immune response without 
causing autoimmunity and without a detrimental side effect profile. One strategy to avoid 
autoimmunity and to enhance the specificity of the vaccine is to target tumor antigens that 
are overexpressed in cancer cells but have minimal expression in normal cells. As 
mentioned in a previous section, one challenge to targeting oncogenic molecules is that 
these tumor associated antigens are usually only weakly immunogenic and are therefore 
capable of evading the immune response, or the immune system can immunoedit the 
tumors leaving behind antigen negative tumor cells. Many of the breast cancer tumor 
antigens are also overexpressed in other cancers of epithelial cell origin (colon cancer and 
ovarian cancer). Previously targeted peptides in the experimental production of vaccines 
against breast cancer include Mucin (MUC)-1, Her-2, carcinoembryonic antigen (CEA), and 
survivin [56-58].  

4.1 The EGF receptor family 

The epidermal growth factor receptor (EGFR) family is a group of four related 
transmembrane receptor tyrosine kinases that have been implicated in the development of a 
multiple solid malignancies and have subsequently been targeted in a variety of novel 
therapeutics [59]. The EGFR family consists of HER-1 (also known as ERBB1), HER-2 
(ERBB2), HER-3 (ERBB3) and HER-4 (ERBB4). These receptors bind 13 different ligands and 
form a number of different dimers between the family members. Ligand binding and 
dimerazation initiates various intracellular signaling pathways that affect numerous cellular 
processes involved in cell survival and proliferation. The oncogenic effects of the EGFR 
proteins result from amplification, over expression or mutation [60]. Refer to Fig. 1. 

4.2 HER-1, HER-3, HER-4 

HER-1 is a non-tissue specific peptide that has been implicated in the oncogenesis of 
multiple malignancies including breast, colorectal, pancreatic adenocarcinoma, brain glioma 
multiforme and non-small cell lung cancer [60]. The Food and Drug Administration (FDA) 
recently approved the use of a novel HER-1 directed tyrosine kinase inhibitor, erlotinab, in 
conjunction with other established medications for the treatment of advanced pancreatic 
and non-small cell lung cancers [61]. In addition, cetuximab is an anti-HER-1 monoclonal 
antibody that has been approved to treat patients with advanced colorectal cancer [62]. 
Although no anti-tumor vaccines have been formulated that are directed against HER-1, it is 
a feasible possibility to target this protein in order to develop an anti-HER-1 T cell response.  
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Fig. 1. The EGF receptor family. 

HER-3 has a more ambiguous role in tumorigenesis compared to the other members of the 
EGFR family. It is frequently expressed in breast, ovarian and lung cancers [62-64]. The role 
of HER-4 in relationship to tumor development is also not clear. HER-4 mutations have 
recently been shown to augment proliferation and cell survival in melanomas. Agents that 
target HER-4 may be found to be effective against melanoma and other cancers [60].  

4.3 HER-2 

The HER-2 protein is a well established target of immunotherapy in breast cancer. The 
proto-oncogene HER-2 is found on chromosome 17q and encodes a transmembrane tyrosine 
kinase growth factor receptor. HER-2 over expression occurs in ovarian, pancreatic, gastric, 
lung and head/neck cancers [65-68]. Twenty to thirty percent of breast cancers have been 
found to amplify the HER-2 gene or overexpress the HER-2 protein, which portends a 
poorer prognosis and higher risk of recurrence in patients with both invasive and in situ 
disease [69].  

HER-2 represents an ideal target for antigen-specific vaccines used to treat breast cancer. 
Over expression of this protein is immunogenic as it induces a T cell immune response 
causing HER-2 specific antibodies to be present in the serum of breast cancer patient [70]. 
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The feasibility of HER-2 targeted vaccines has been demonstrated in animal models [71]. In 
addition, a number of phase I and II trials using HER-2 based vaccines of all types have been 
performed in patients with high risk breast cancer. The vaccines in all of these studies were 
well tolerated and caused minimal toxicity [18].  

5. Development of dendritic cell vaccines for the treatment and prevention of 
cancer 

The concept of producing a vaccine aimed at specific breast cancer antigens is theoretically 
straightforward although the details and execution are obviously complex to carry out. 
There are several different vaccine approaches under investigation for the treatment of early 
and late stage breast cancer (dendritic cells, whole tumor cells, peptide-based and viral-
based) [72, 73]. Breast cancer vaccines utilizing all of these different strategies are in various 
stages of development [18, 38, 72-74]. A comprehensive review of the published data on all 
breast cancer vaccines is beyond the scope of this chapter.  

The advent of dendritic cell (DC) vaccines, propelled by the ability to culture human DC 
cells, has provided promise for a novel vaccine strategies [75]. Despite preclinical evidence 
and high expectations for the potential effectiveness of DC-based cancer vaccines, initial 
results of clinical trials were somewhat disappointing with discordant tumor response rates 
[43, 76, 77]. However, continued interest in therapeutic possibilities of DC vaccines has led 
to recent successes and promising data in breast and other cancers. The efficacy of DC 
vaccines continues to improve as efforts have been made to optimize DC vaccines and 
circumvent tumor escape mechanisms.  

5.1 Dendritic cells 

DC vaccines represent one of a number of strategies for vaccinating patients against tumor-
associated antigens. DCs are the most powerful of the APCs and are the primary means by 
which naïve T cells become immunized to specific antigens. DCs are unique in their ability 
to activate both the innate and adaptive immune systems. Immature DCs arise from 
progenitors in the bone marrow and then enter the blood stream and circulate throughout 
the peripheral tissues where they are exposed to foreign antigens. After capturing antigens, 
DCs undergo a maturation process that ultimately guides their travel to secondary 
lymphoid tissues. Once in the regional lymph nodes, the DCs process the captured antigen 
and then display the antigen as a peptide on their MHC molecules. DCs present the 
peptides to naïve T cells resulting in T lymphocyte expansion and differentiation.  

In addition to T cell stimulation, contact with DCs causes activation of B lymphocytes which 
leads them to differentiate into plasma cells that subsequently release antibodies targeted 
against the initial pathogen. After antigen exposure, DCs also release cytokines which can 
activate the cells of the innate immune system, including eosinophils, macrophages, and NK 
cells. In this way, DCs are capable of activating both the innate and adaptive immunity and 
are central to the communication between the two immune systems [36, 78-80].  

5.2 Production and adminstration of DC vaccines 

No standard protocol exists for the production of DC vaccines, but there are some general 
components that are often involved. First, the DCs are collected from the patient via 
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leukapheresis and then activated ex vivo with the specific tumor antigen and human 
granulocyte-macrophage colony-stimulating factor (GM-CSF). The activated DCs are then 
reintroduced to the patient in order to stimulate a T cell response. We have developed a DC 
vaccine targeting HER-2 and used to treat patients with DCIS. The production process will 
be briefly described. 

First, peripheral blood monocytes are obtained by leukapheresis followed by elutriation 
under good clinical practice conditions. Monocytes are then cultured overnight in 
monocyte-macrophage serum-free medium GM-CSF and interleukin (IL)-4. Immature DCs 
are next pulsed with HER-2 MHC II binding peptides, extracellular and intracellular 
domain peptides for 12 hours. In order to potentiate the benefits of signaling infectious non-
self at the time of vaccine administration, we then sequentially culture the cells with 
interferon-gamma (IFN-γ) and bacterial lipopolysaccharcharide (LPS), a TLR agonist, prior 
to pulsing with MHC class I peptides. As mentioned previously, TLR stimulation leads to 
cytokine release and DC maturation. This activation strategy assures that the DC are able to 
robustly secrete IL-12 which maximizes their ability to produce IFN-γ and a functional T cell 
response [55].  

The major technical disadvantage to the use of DC vaccines relates to the ex-vivo nature of 
their generation. A number of obstacles must be dealt with in order to make the process 
successful and efficient [36, 81]. Most importantly, the production of DC must be made 
individually for each patient. The process is dependent on access to leukapheresis facilities 
at the treatment center. Leukapheresis is complex procedure that does not always generate 
consistent results. The procedure is associated with minimal patient morbidity including, 
brief electrolyte imbalances, minimal risk of infection and vascular injury. Another 
important consideration in the production of DC vaccines is the financial burden of 
manufacturing and administering such an individualized treatment. Sipuleucel-T, the only 
cancer vaccine that is currently approved by the FDA, is priced at $31,000 and is typically 
given three times, making a complete treatment cost $93,000. This is one of the most 
expensive cancer therapies ever approved [77, 82].  

We advocate injecting the vaccines directly into distal lymph nodes. It has been shown 
that only a proportion of peripherally administered DCs migrate to regional lymph nodes 
[83]. Using ultrasound guidance to inject the cultured DCs directly into distal lymph 
nodes assures that a predetermined and defined quantity of antigen-loaded DC cells are 
delivered to the site of T-cell sensitization, thus allowing the vaccine to activate an 
adaptive immune response. This method also synchronizes peak IL-2 secretion to occur 
when the DCs are close to T cells. Vaccinating patients prior to surgical resection also 
allows us to have the opportunity to review the histopathological effects of vaccination on 
the tumor cells [36].  

In April 2010, the FDA approved the first cancer vaccine. This individualized DC vaccine, 
Sipuleucel-T (Provenge; Dendreon Corp.), is approved for use in men with metastatic 
castration-resistant prostate cancer. Similar to other DC vaccines, the production of 
Sipuleucel-T begins with leukaphoresis and the isolation of peripheral blood mononuclear 
cells. The DCs are then activated by exposure to a recombinant fusion protein (prostatic acid 
phosphatase and GM-CSF). The treated cells are re-infused into the patient. This process is 
repeated every two weeks for a total of three treatments [84].  
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The results from initial trials reported a 41 % relative reduction in the risk of death and a 
trend toward increased survival in the men treated with Sipuleucel-T compared to the men 
in the placebo group [85, 86]. The IMPACT study, a double-blind, placebo-controlled, 
multicenter trial involving 512 men with metastatic castration-resistant prostate cancer, was 
designed with overall survival as the primary endpoint. Of note, these men were either 
asymptomatic or minimally symptomatic, representing a patient population that is at an 
earlier stage and therefore more likely to be amenable to immunotherapy. Compared with 
the placebo arm, patients in the Sipuleucel-T arm achieved a 22% relative reduction in the 
risk of death. This represented a 4.1 month increase in median overall survival between the 
placebo and Sipuleucel-T arms. There was no significant difference achieved in the prostate-
specific antigen response or time to progression between the two arms. Sipuleucel-T was 
well tolerated [84]. 

6. DC vaccination in breast cancer 

Successful reduction of HER-2 over expressing tumors requires activation of both the innate 
and adaptive immune responses [87]. As described, DCs are unique in their ability to elicit 
responses from tumor-specific effector and memory T cells. Numerous strategies exist that 
aim to introduce tumor antigens into DCs in order to generate vaccines (loading individual 
tumor peptides, transfer of tumor-specific DNA or RNA through lipofection or viral vectors, 
whole tumor cell fusion). An early DC vaccine strategy for breast cancer involved the 
production of DC/tumor cell fusion vaccines. Avigen et al conducted a trial in which 16 
patients with metastatic breast cancer were injected with a fusion vaccine using tumor cells 
obtained from a biopsy and DCs acquired from leukapheresis [88]. Three patients had a 
significant clinical response. Unfortunately the efficacy of fusion cell generation is less than 
45% and multiple patients were not able to receive the full course of vaccines due to limited 
yield.  

In 2007, Park et al published data from a phase I study in which they treated 18 metastatic 
breast cancer patients with Lapuleucel-T (Dendreon Corp), a vaccine produced in a similar 
fashion as sipuleucel-T, although a HER-2 fusion protein is used [89]. The study was 
designed to evaluate the safety and immunologic activity of the novel agent. The therapy 
was well tolerated. Significant immune responses were stimulated (as measured by 
lymphocyte proliferation and IFN-γ enzyme-linked immunospot assays). The therapy was 
also associated with tumor response and extended disease stabilization. Further trials are 
warranted to determine the efficacy in patients with earlier stage disease and in combination 
with other anti-HER-2 therapies.  

Another DC vaccine approach that is being explored is Adevexin (Introgen Therapuetics), 
made form leukapheresed APCs that are transfected with a replication-impaired adenoviral 
vector that brings the p53 gene under control of a cytomegalovirus promoter [90]. This 
vaccine is not specifically anti-HER-2, but instead works under the theory that p53 
restoration can be used to treat cancer. This vaccine triggers p53-specific T-cell responses 
against cancer cells with mutant p53 and has proven to be safe and synergistically effective 
in a number of tumor types.  

Currently other anti-HER-2 DC vaccines trials are recruiting patients and results of these 
trials are pending [74]. We are conducting a clinical trial with a novel DC vaccine designed 
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to treat DCIS patients with lesions that overexpress HER-2. No other DC-based vaccines 
have been designed specifically to treat HER-2 expressing DCIS tumors. We anticipate a 
significant reduction in disease burden in our patients after a complete vaccine course. We 
hope that this vaccine will also be preventative in terms of both disease recurrence and rate 
of transformation into invasive breast cancer.  

Our strategy of vaccine production utilizes both MHC I and II peptides as well as ex vivo 
activation with IFN-γ and LPS to yield polarized DC cells that induce a unique set of soluble 
factors including high levels of IL-12 and Th1 chemokines not elicited through traditional 
vaccines methods. This innovative DC vaccine strategy called Immune Conditioning by 
Activated Innate Transfer (ICAIT) uses monocyte-derived DCs that are activated with and a 
special clinical-grade TLR 4 ligand, LPS and IFN-γ (ICAIT-DC). This unique DC activation 
method gives the DCs qualities that are not found in the so-called “gold-standard” DCs 
used in prior vaccine trials. The “gold standard” DC vaccines, activated with TNF, IL-6, 
PGE2, IL-1β, have the potential to simulate aseptic inflammation [91]. In contrast, ICAIT-
DCs produce high levels of factors that specifically enhance aspects of anti-tumor immunity 
such as NK cells which augment tumor rejection, and TNF and IL-12 which are anti-
angiogenic [55, 92]. ICAIT-DCs also have the distinct ability to influence the quality of 
sensitized T cells and can condition T cells for recognition of HER-2 expressing tumors. 
Lastly, ICAIT-DCs posses a killer function that enables them to lyse breast cancer cells.  

Our DC vaccine is unique in its design against DCIS rather than invasive breast cancer. Our 
first neoadjuvant trial involved treating patients with HER-2 expressing DCIS tumors. The 
patients were treated with a course of four weekly intranodal injections of ICAIT-DCs that 
had been pulsed with HER-2 derived proteins. This approach yielded promising results that 
have positive implications for the treatment and prevention of high risk breast cancers. 
Specifically, 85% of ICAIT-treated patients developed immune responses to at least one of 
the HER-2 peptides. Eleven of the 22 patients with residual DCIS treated with the vaccine in 
our initial studies showed loss of HER-2 expression and tumor regression. The immunized 
patients developed a specific immune response against the HER-derived peptides and 
presented high levels of CD4+ and CD8+ T lymphocytes. These results have potential 
positive implications not only for prognosis but also in terms of breast-conserving surgery 
[55]. Five of the 27 patients had no evidence of remaining disease. The vaccination was most 
effective in patients with hormone-independent DCIS as 40% of ER negative HER-2 positive 
patients had no residual disease whereas only 5% of ER positive HER-2 positive had no 
residual disease. The vaccine appeared to alter the phenotype of the remaining DCIS in the 
patients that were found to have residual disease. The rate of change to a different post-
vaccination phenotype was significantly different between the ER positive and ER negative 
patients. 43.8% of the patients that were initially ER positive and HER-2 positive phenotype 
converted to ER positive and HER-2 negative phenotype. In comparison, 50% of the patients 
that initially had tumors that were ER negative and HER-2 positive changed to the ER 
negative and HER-2 negative phenotype. These results supported the safety and efficacy of 
the DC based HER-2 vaccine. The vaccine induced a decline or eradication of HER-2 
expression (work not yet published).  

7. Future direction and prevention  

There are a number of molecules that have been discovered to be present in breast 
carcinomas that have not yet been exploited to their fullest potential. The future directions 



Targeting Molecular Pathways  
for Prevention of High Risk Breast Cancer: A Model for Cancer Prevention  

 

143 

for the development of breast cancer vaccines should focus not only on targeting molecules 
that are specific tumor related antigens, but also to the downstream signaling pathways 
involved in tumorigenesis. For example, recent work has elucidated the role of survivin 
(Figure 1), a protein in the anti-apoptotic family. Blocking the expression of survivin, was 
found to have a direct role in the initiation of apoptosis of breast cancer cells [93]. Up-
regulation of survivin is also directly linked to HER-2 over expression [94]. A novel anti-
survivin based therapy in combination with an anti-HER-2 DC vaccine is an exciting 
possibility to treat and possibly prevent breast cancers.  

Another promising possibility is to develop immune responses against other HER family 
members including HER-1 and HER-3. HER-3 has no ligand binding sites but intracellular 
signaling moieties and can partner with HER-2 and HER-1. HER-3 signaling may lead to 
HER-2 resistance thus developing vaccines against these targets may supplement HER-2 
vaccines to make them better preventive agents eliminating vaccine escapes.  

MUC-1(Figure 1), an epithelial glycoprotein that is over expressed in may breast cancers, is 
another molecule that has yet to be fully exploited as an anti-cancer drug target. This 
molecule has been implicated in tumor invasion and metastases [95]. MUC-1 pulsed DC 
based vaccine trials for patients with pancreatic and biliary carcinomas are currently 
underway and the clinical efficacy of these vaccines is not known at this time [96]. MUC-1 is 
another molecule that could potentially used to target breast cancers.  

There is immeasurable potential for vaccine therapy to be used in immunocompetent 
patients with minimal disease to prevent disease progression and recurrence. Even more 
exciting is the potential to treat patients with no disease at all. Forty percent of the 
participants in our recent vaccine trial converted from ER positive HER-2 positive to ER 
positve HER-2 negative suggesting that HER-2 vaccines can direct or steer tumors  to more 
favorable phenotypes. The ultimate goal is therefore to produce a vaccine that could prevent 
breast cancer formation altogether. The development of successful breast cancer prevention 
would be applicable to other solid tumor malignancies such as colorectal, head and neck 
cancer, lung cancer, gastric cancer and other GI malignancies. 
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1. Introduction 

Cancer development is a result of interactions among environmental and hereditary factors 
(Kim, 2006). The majority of genetic abnormalities, which  increase the risk of cancer are not 
hereditary, but a result of DNA damage occurring during lifetime. The causes of DNA 
damage include internal (nutrient metabolism, cell hormones) and/or external factors (diet, 
insufficient physical activity, tobacco use, exposure to chemical agents and radiation) 
(International Life Sciences Institute [ILSI], 2005; World Cancer Research Fund [WCRF], 
2007; Kryston et al., 2011). Epidemiological studies have shown that diet and lifestyle are the 
most important external factors implicated in the development of malignant diseases (ILSI, 
2005; WCRF & AICR, 2007; Go et al., 2003). 

Why the same environmental factors cause different changes in human genome among 
individuals is a question for scientists searching unique combinations of factors leading to 
cancer (Brower, 2011). There is a growing body of evidence that many cancers are not 
caused by mutations in genes, but by chemical modifications that alter the way genes 
function. Chemical modifications of genes are called epigenetic changes. Epidemiological 
studies have shown that diet and lifestyle may cause such changes (Brower, 2011). 

According to World Cancer Report (Boyle & Levin, 2008) 12.4 million new cases of cancer 
were reported in 2008. Malignant diseases accounted for 7.6% of all deaths during the same 
year and estimations are that in 2030, cancers will be responsible for 17.0% of deaths 
worldwide. The number of new cases is expected to rise, especially in developing countries 
(Boyle & Levin, 2008). 

In total, malignancies account for 83 million disability-adjusted life years (DALYs). The 
estimated global economic loss from cancer is US$ 895.2 billion, measured by the economic 
value of DALYs (American Cancer Society & Livestrong, 2010). 

The aforementioned data, coupled with rising health care expenditures for cancer patients, 
led to cancer being seen not only as a health problem, but also as a political issue (WHO, 
2011a, 2011b). Identification of cancers as the leading non-communicable diseases [NCDs], 
together with cardiovascular diseases, type 2 diabetes and chronic obstructive pulmonary 
diseases, was followed by an initiative to include NCDs among the global development 
goals that will succeed the Millennium Development Goals in 2015 (The NCD Alliance, 
2011).  
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Scientists around the world declared war on cancer (Waldorp, 2011). Preventive medicine 
has been recognized as the most promising field in reducing the risk of malignant diseases 
development. As diet and lifestyle are believed to be the most important external factors 
implicated in cancer development, nutrition care process [NCP] (American Dietetic 
Association [ADA], 2006a, 2008) and medical nutrition prevention [MNP] are considered the 
most important tools in cancer risk management (Key et al., 2004; Béliveau & Gingras, 2007).  

NCP and MNP can be used to reduce the potential of nutrition misinformation to increase 
the cancer risks in populations and individuals who are inadequately educated about 
healthy food and lifestyle choices (ADA, 2006b).  

Registered dietitians are well aware of dietary reference values and safe upper limits for 
nutrients intake in different population groups, but these recommendations neglect genetic 
differences in population subgroups. Therefore, special scientific disciplines - nutrigenetics 
and nutrigenomics - study the effects of different foods and food constituents on gene 
expression (Fenech et al., 2011). There is a distinct difference between nutrigenetics and 
nutrigenomics. Nutrigenetics studies effects of genetic variations on body response to diet 
and nutrition, while nutrigenomics studies health effects of gene alterations influenced by 
food constituents (Milner, 2006a). Both disciplines aim to determine the optimal nutrient 
intake and nutrient combinations (called nutriom) in order to sustain the genome and 
support the physiological processes of gene expression, metabolism and cell functioning. 
These findings are expected to be used in cancer risk reduction in dietetic practice (Milner, 
2006a). 

2. Risk factors related to lifestyle and the possibility of cancer prevention 

Many lifestyle factors are related to cancer risks, but at the same time they are highly 
preventable or modifiable. 

2.1 Body composition 

Nutrition transitions, taking place in developing countries since the 20th century, toward 
more energy-dense foods, associated with insufficient physical activity, resulted in 
pandemic prevalence of overweight and obesity (Popkin, 1995). Overweight and obesity are 
metabolic disorders and the leading causes of NCDs. Worldwide, 4.8% of all deaths and 
2.3% of DALYs are attributable to overweight and obesity (WHO, 2009a). 

Overweight and obesity are associated with increased risk of some cancer localizations 
(Calle et al., 2003; Lagergren, 2011; Fontham & Su, 2008; Stoll, 2002; Ma et al., 2008). Visceral 
adiposity and central obesity are risk factors for some cancers (AICR & WCRF, 2009). Fat 
mapping (adipotopography) is an emerging biomedical field dealing with localization and 
amount of intra-abdominal adipose tissue [IAAT] in the human body. Subjects with higher 
amount of intra-abdominal adipose tissue are at greater risk for insulin resistance, diabetes 
and cancer (Thomas et al., 2011). The recommended body-mass index [BMI] for cancer risk 
reduction is 21.5 kg/m2 on a population scale, and between 18.5 kg/m2 and 25.0 kg/m2 on 
individual level (AICR & WCRF, 2009; Food and Agriculture Organization of the United 
Nations [FAO], 2004). Individuals with BMI within the physiological range, but with high-
risk waist circumference [WC], are classified as thin-on-the-outside, fat-on-the-inside [TOFI] 
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phenotype (Thomas et al., 2011) and they are at greater risk of certain cancer localizations. 
TOFI is a pathological phenomenon, synonymous with "metabolically obese", whereas 
thin-on-the-outside, thin-on-the-inside [TOTI] is an acronym for healthy adipose tissue 
distribution (Thomas et al., 2011).  

TOFI phenotype may be used to explain the rising incidence of cancers in developing 
countries. Rapid economic growth and social transitions happening in these countries affect 
dietary and other lifestyle choices. Energy-dense foods become easily accessible to 
consumers, while the level of physical activity decreases, promoting overweight and obesity 
(Popkin, 2001). 

Higher amount of IAAT or visceral adiposity is usually related to increased serum levels of 
insulin-like growth factor [IGF-1], insulin, leptin, sex hormones and adipocytokines (tumor 
necrosis factor-alpha [TNF-α], interleukin-6 [IL-6], C-reactive protein [CRP], adiponectin, 
resistin, visfatin, apelin), all known as cancer and type 2 diabetes risk factors (Donohoe et 
al., 2011; Bon, 2008; Redinger, 2008). Epidemiological studies show that type 2 diabetes 
patients are at higher risk for developing many types of cancer. There is an ongoing effort in 
research of shared risk factors for cancer and type 2 diabetes supported by the American 
Diabetes Association and the American Cancer Society. This research strives to find a 
biological link between cancer and type 2 diabetes, as well as to explain whether diabetes 
mellitus therapy affects the risk for cancer development (Giovannucci et al., 2010). 

Taller individuals are more likely to get cancer, due to cells being stimulated by IGF-1 and 
growth hormone continuously, increasing the possibility of DNA replication error, some of 
which may lead to malignant alterations (Hernandez et al., 2009). 

Overweight and obesity are usually the result of external factors, and are therefore, 
preventable and treatable (WHO, 2005, 2008a) risk factors for some cancers (Table 1). 

 

Cancer site USA [%] UK [%] Brazil [%] China [%] 
Endometrium 70 56 52 34 

Esophagus 69 75 60 44 
Mouth, pharynx & larynx 63 67 63 44 

Stomach 47 45 41 33 
Colon 45 43 37 17 

Pancreas 39 41 34 14 
Breast 38 42 28 20 
Lung 36 33 36 38 

Kidney 24 19 13 8 
Gallbladder 21 16 10 6 

Liver 15 17 6 6 
Prostate 11 20 n/a n/a 

Total for these cancers 
combined 

34 39 30 27 

Total for all cancers 24 26 19 20 

Table 1. Estimated percentage of cancers that could be prevented by healthy diet, regular 
physical activity and healthy weight in selected countries based on the conclusions of the 
2007 WCRF/AICR Diet and Cancer Report (n/a –  exposure data not available). Adapted 
from AICR & WCRF, 2009. 
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According to Fair & Montgomery, "nutritional energy intake is a modifiable factor in the 
energy balance-cancer linkage". Animal studies showed that reduction of energy intake by 
10.0 to 40.0% decreases cell proliferation, by increasing apoptosis due to insufficient 
angiogenesis (Fair & Montgomery, 2009). Although known to have anticarcinogenic 
potential, decreased energy intake alone cannot reduce the risk of cancer, since energy 
expenditure depends highly on the physical activity level. Regular physical activity helps 
weight loss, reduction of IAAT, serum insulin, IGF-1 and adipocytokines levels, hence 
reducing the risk of cancer (WHO, 2008a). 

Body mass reduction and maintenance of healthy body mass calls for accurate 
determination of daily energy requirements (Table 2), depending on age, gender and 
physical activity levels (U.S. Department of Agriculture [USDA] & U.S. Department of 
Health and Human Services, 2011). 

 

  Physical Activity Level 

Gender Age 
[years] 

Sedentary 
[kcal/day] 

Moderately active 
[kcal/day] 

Active [kcal/day] 

Child (female and male) 2-3 1000-1200a 1000-1400a 1000-1400a 
Femaleb 4-8 1200-1400 1400-1600 1400-1600 

 9-13 1400-1600 1600-2000 1800-2400 
 14-18 1800 2000 2400 
 19-30 1800-2000 2000-2200 2400 
 31-50 1800 2000 2200 
 51+ 1600 1800 2000-2200 

Male 4-8 1200-1400 1400-1600 1600-2000 
 9-13 1600-1800 1800-2200 2000-2600 
 14-18 2000-2400 2400-2800 2800-3200 
 19-30 2400-2600 2600-2800 3000 
 31-50 2200-2400 2400-2600 2800-3000 
 51+ 2000-2200 2200-2400 2400-2800 

Table 2. Estimated calorie needs per day by age, gender and physical activity level (a. The 
calorie ranges accommodate needs of different ages within the group. Children and 
adolescents need more calories at older ages, and adults need less calories at older ages.; b. 
Not including pregnant and breastfeeding females.) Adapted from: U.S. Department of 
Agriculture [USDA] & U.S. Department of Health and Human Services, 2011. 

High waist circumference (WC) values increase the cancer risks, and they are undoubtedly 
related to all-cause mortality in middle aged men and women (Bigaard et al., 2005). Health 
risks of high waist circumference values in adolescence and young adulthood are similar to 
those of middle aged individuals. Efforts are being made to standardize WC reference data 
in accordance with age, gender, body height and ethnicity. Standardization of WC by BMI, 
site of waist measurement, meal timing and phase of respiration are suggested (Wang, 
2006). According to Wang the "unit for WC standardization that investigators will accept 
logically and mathematically and that would increase the use of WC measurement in the 
clinical field" should be similar to the percentile system used in children's growth rate 
nomograms, or T-score used in bone density evaluation (Wang, 2006). Cut-off values of WC 
by gender and ethnicity are shown in table 3. 
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Country/Ethnic group Gender Waist circumference 

Europidsa 
In the USA, the ATP III values (102 cm male, 88 cm 
female are likely to continue to be used for clinical 

purposes) 

Male > 94 cm 

Female > 80 cm 

South Asians 
Based on Chinese, Malay and Asian-Indian 

population 

Male > 90 cm 

Female > 80 cm 

Japanese 
Use South Asian recommendations until 

more specific data are available 

Ethnic South and Central Americans 
Use South Asian recommendations until 

more specific data are available 

Sub-Saharan Africans 
Use European recommendations until more 

specific data are available 
Eastern Mediterranean and Middle East (Arab) 

populations 
Use European recommendations until more 

specific data are available 

Table 3. Cut-off values of waist circumference by gender and ethnicity excluding children 
younger than 6 years (a. In future epidemiological studies of populations of Europid origin, 
prevalence should be given using both European and North American cut-points to allow 
better comparisons). Table adapted from IDF, 2006. 

Key recommendations for long term maintenance of healthy body mass are as follows 
(Grace, 2011): 

1. Being physically active (at least 60 minutes of moderate physical activity daily),  
2. Choosing low energy and low fat foods,  
3. Eating breakfast regularly,  
4. Monitoring body mass,  
5. Catching body mass gain before it turns into overweight or obesity,  
6. Establishing a consistent healthy diet and proper lifestyle choices.  

2.2 Cancer protective diet versus diet-related cancer risk 

Nutrition is the source of life. Healthy diet with optimal nutrients intake prevents nutrient 
deficiency and helps to maintain or improve health. Types of nutrients and their amounts 
sufficient for sustaining life and maintaining good health are well known and 
recommendations for nutrients intake are given according to age, gender, pregnancy or 
lactation (Smolin & Grosvenor, 2010). A number of factors (e.g. genetic background, 
physical activity level) affect individual's optimal nutrients intake, so it is still not possible 
for dietitians to practice personalized nutrition. 

The inter-individual variability of responses to different food constituents is being 
scrutinized (Simopoulos & Milner, 2010). The scientific position that genetic predisposition 
to complex diseases is a result of small variations of a large number of genes and their 
ability to interact with specific ecological factors is strongly supported in available literature. 
Therefore, results of nutrigenomic and nutrigenetic research could, through practical and 
clinical use of new knowledge, reduce the risk for malignant alterations and help control the 
burden of cancer as the second most common cause of death in the world (Kinsella & He, 
2009; WHO, 2011c). It is expected that nutrigenetics and nutrigenomics will shed some light 
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on the complex relations between nutritional molecules, genetic variations and the 
biological system, thus facilitating the concept of personalized nutrition. Development of 
nutrition guides intended for individual use depends on agricultural production and food 
availability (Simopoulos & Milner, 2010). 

At this moment, only population-based nutrition guides exist. They first appeared in early 
20th century (USDA, 2002). The first significant guide was the Exchange List for Meal 
Planning (American Diabetic Association & ADA, 2003) and it was followed by globally 
accepted MyPyramid (USDA, 2011a). In June 2011, USDA published the enhanced version 
of nutrition guide called ChooseMyPlate (USDA, 2011b), based on Dietary Guidelines for 
Americans, published earlier in 2011 (USDA & U.S. Department of Health and Human 
Services, 2011). The use of nutritional guides is still encouraged in dietetics practice, because 
they can help manage cancer risks by changing diet and lifestyle. 

No specific food can be labelled as anticarcinogenic, but certain food constituents have the 
potential to reduce cancer risks (WCRF & AICR, 2007; WHO, 2003). Diet rich in fresh 
vegetables, fruits and low in red and processed meat has been referred to as 
chemoprotective, while foods with high glycemic indices and sweetened beverages have 
been linked to hyperinsulinemia, overweight, obesity and increased cancer risks (WCRF & 
AICR, 2007; Kushi et al., 2006).  

2.2.1 Grains and grain products 

The amount of nutrients in cereals and cereal products depends on the degree of refinement 
and processing. Dietary fibers, antioxidants, phenols, lignans and phytoestrogens, present in 
whole grain products may reduce the risk for some types of cancer (Schatzkin et al., 2007). 
Dietary fibers are defined as partially or completely indigestible carbohydrates consisting of 
3 or more monosaccharide units (Gray, 2006). "Isolated indigestible carbohydrates shown to 
have beneficial physiological effects in humans" are called functional fibers (Institute of 
Medicine, 2005). The fiber content of carbohydrates, determines the food's glycemic index 
[GI] (Smolin & Grosvenor, 2010; Gray, 2006; Barclay, 2008). Foods labelled with "low GI" on 
nutrition claims (good sources of dietary fibers) are recommended for risk reduction of 
certain cancers (Barclay, 2008; Buttriss & Stokes, 2008). Nutrition (and health) claims have 
enormous potential for chronic diseases risk reduction and health promotion and 
improvement, but better education of consumers on this issue is necessary (Buttriss & 
Stokes, 2008; Jovičić et al., 2010; Bonsmann et al., 2010). Key recommendation concerning 
grains and grain products category is to pay attention to the GI and dietary fiber content per 
100 g or per serving of foods. 

2.2.2 Fruits and vegetables 

During the last decade of the 20th century, scientists started emphasizing that high intake of 
fruits and vegetables may reduce cancer risks. That is why the "5-A-Day" program was 
developed by the American National Cancer Institute (Havas et al., 1994), but later studies 
failed to back up the optimistic findings from the 90s (Boffeta et al., 2010; Willet, 2010; 
Cancer Council Australia, 2007). There is an ongoing effort to find specific fruits and 
vegetables and their constituents (or their interactions) that are responsible for cancer risk 
reduction (Table 4). 
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Organisation Review Highest Evidence 
Convincing 

Moderate Evidence 
Probable 

Lower Evidence 
Possible / Limited 

WCRF/AICR (2007)  

Mouth (f&v) 
Pharynx (f&v) 
Larynx (f&v) 

Oesophagus (f&v) 
Stomach (f&v) 

Lung (f) 

Nasopharynx (f&v) 
Colon & rectum (f&v) 

Pancreas (f) 
Liver (f) 
Lung (v) 
Ovary (v) 

Endometrium (v) 

IARC (2003)  
Oesophagus (f&v) 

Stomach (f) 
Colon & rectum (v) 

Mouth (f&v) 
Pharynx (f&v) 
Larynx (f&v) 
Kidney (f&v) 

Colon & rectum (f) 
Bladder (f) 

Stomach (v) 
Lung (v) 
Ovary (v) 

WHO/FAO (2003)  

Oral Cavity (f&v) 
Oesophagus (f&v) 

Stomach (f&v) 
Colon & rectum (f&v) 

 

COMA (1998) Oesophagus (f&v) 
Stomach (f&v) 

Colon & rectum (v) 
Breast (f&v) 

WCRF/AICR (1997) 

Mouth (f&v) 
Pharynx (f&v) 

Oesophagus (f&v) 
Stomach (f&v) 

Colon & rectum (v) 
Lung (f&v) 

Larynx (f&v) 
Pancreas (f&v) 

Breast (f&v) 
Bladder (f&v) 

Ovaries (f&v) 
Cervix (f&v) 

Endometrium (f&v) 
Thyroid (f&v) 

Liver (v) 
Prostate (v) 
Kidney (v) 

Table 4. Conclusions from the major cancer prevention reports regarding the cancer 
protective effect of fruit (f) and vegetables (v). Used with permission of Cancer Council 
Australia (www.cancer.org.au) (Cancer Council Australia, 2007). 

Fruits and vegetables contain dietary fibers, vitamins, minerals and other bioactive 
molecules, as well as a large percentage of water which makes them low-energy foods. 
Replacing high-energy dense foods with fruits and vegetables may lead to body mass 
reduction and, consequently, to cancer risk reduction (Willet, 2010; Cancer Council 
Australia, 2007; Slimani & Margetts, 2009; Novaković et al., 2010). 

Nutritional and health benefits of indigestible oligosaccharides contained in fruits and 
vegetables are being pointed out in scientific journals. Oligosaccharides are dietary fibers 
which are generally highly fermentable. Some oligosaccharides, namely 
fructooligosaccharides, inulin and lactulose are valued for their prebiotic properties (Gray, 
2006; Roberfroid et al., 2010; Mujal et al., 2009). High-energy dense nutrition is low in 
indigestible oligosaccharides and other dietary fibers. Chronic high fat intake and low 
dietary fiber intake may lead to gut microflora changes, specifically to Bifidobacterium spp. 
number decrease (Cani & Delzenne, 2009). Altered microflora may play an important role  
in obesity initiation and homeostasis perturbation (Cani et al., 2007a; Cani et al., 2009; 
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Heilbronn & Campbell, 2008). Lipopolysaccharides [LPS] from Gram negative bacteria (in 
altered gut microflora) promote secretion of inflammatory cytokines. LPS pass through 
intestinal wall, travel by chylomicrons to target organs where they promote inflammation-
induced metabolic disorders (obesity, insulin resistance, macrophage infiltration into 
adipose tissue, liver steatosis). Bifidobacterium spp. as an important actor in healthy gut 
microflora, decreases the levels of intestinal endotoxins and enhances mucosal barrier 
function (Tuohy et al., 2005). Increasing the intake of prebiotics may be a beneficial strategy 
in keeping the number of Bifidobacterium spp. optimal and gut microflora healthy and 
functional, reducing low-grade inflammation (Tohuy et al., 2005; Cani et al., 2007b). 
According to Goodlad et al. "prebiotic dietary fibers may also modulate other targets prone 
to influence metabolic disorders associated with obesity, such as gut peptides" (Goodlad et 
al., 1987). Decreasing low-grade inflammation and beneficially influencing the body mass, 
prebiotics (together with probiotics) may be a factor in cancer risk reduction (Grey, 2006; 
Tuohy et al., 2005; Cani et al., 2007a; Goodlad et al., 1987; World Gastroenterology 
Organisation, 2008; Donaldson, 2004; Yan & Polk, 2010). Jain et al. indicated that certain 
synbiotics (combinations of prebiotics and probiotics) are more efficient in vivo than in 
either treatment alone, but that more research is needed to identify the most potent 
synbiotics (Jain et al., 2010). 

2.2.3 Milk and dairy products 

Milk and dairy products are sources of many essential nutrients, e.g. amino acids, fatty 
acids, lactose, vitamin D, vitamin A, vitamin B12, calcium, potassium and they are 
prerequisites for growth and development, as well as for optimal bone health (USDA & U.S. 
Department of Health and Human Services, 2011; Smolin & Grosvenor, 2010). The strength 
of evidence suggesting that intake of milk and dairy products is associated with reduced 
cardiovascular and type 2 diabetes risks and blood pressure lowering is moderate (Smolin  
& Grosvenor, 2010; Huth & al., 2006). A large number of epidemiological studies were 
conducted in order to explore the relations between milk and dairy products consumption 
and cancer risks, but the results were largely equivocal (Huth & al., 2006; Quigley, 2011; 
Järvinen, 2011; Van der Pols et al., 2007). Chronic excessive intake of dairy fat can promote 
development of malignancies, but certain fatty acids from milk, like conjugated linoleic acid 
[CLA] can inhibit cancer growth. Vitamin D3 may reduce the risk of prostate cancer. 
Calcium from milk and dairy products may have protective properties against colon cancer, 
while bovine lactoferrin from whey may inhibit colon carcinogenesis (Tsuda et al., 2000; 
Aune et al., 2011). 

The aforementioned contradictory results do not undermine the importance of milk and 
dairy products in daily diet. Dietary Guidelines for Americans, 2010  recommendations for 
dairy intake are in accordance with cancer risk reduction (USDA & U.S. Department of 
Health and Human Services, 2011; Smolin & Grosvenor, 2010). 

2.2.4 Protein foods 

ChooseMyPlate nutrition guide classifies meat, fish, eggs and their products, legumes, nuts 
and seeds as protein foods (USDA, 2011b). Proteins have not been linked with increase in 
obesity, diabetes or cancer risks (WHO, 2007a; Joslin Diabetes Center & Joslin Clinic, 2007), 
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but foods from this group are rich sources of fats, oils and other substances that might affect 
cancer risks (Smolin & Grosvenor, 2010; USDA, 2011b). 

The majority of case-control studies suggested a positive link between meat consumption 
and colorectal cancer risk (WCRF & AICR, 2007; Gonzalez, 2006; Chan et al., 2011). 

Globally, meat and meat products account for 8.0% of the daily energy intake (FAO, 2011). 
On account of essential amino acids, fatty acids, vitamin B12, folates, iron, copper and zinc 
content, meat should be consumed on a daily basis. The amount and the percentage of fat in 
consumed meat, as well as the type of processing correlate with the incidence of colorectal 
malignancies (Gonzalez, 2006; Chan et al., 2011; Cross & Sinha, 2004). Risk factors associated 
with consumption of meat and meat products include nitrates, nitrites, N-nitroso 
compounds, heterocyclic amines and polycyclic aromatic carbohydrates. Iron is also 
considered to be a risk factor, because of its prooxidative properties (WCRF & AICR, 2007; 
Cross & Sinha, 2004; Eichholzer & Gutzwiller, 1998; Lanou & Svenson, 2010; Butler et al., 
2003; Zheng et al., 2009). The overall evidence supports limiting red and processed meat 
intake in order to reduce the risk of colorectal cancer (WCRF & AICR, 2007; Key et al., 2004; 
Béliveau & Gingras, 2007; Kushi, 2006). 

Dietary fatty acid composition plays a role in the process of carcinogenesis and tumor 
proliferation (WCRF & AICR, 2007; Fenech et al., 2011; WHO, 2008a; FAO, 2004; USDA & 
U.S. Department of Health and Human Services, 2011; Chan & Giovannucci, 2010; Hu et al., 
2011a). The single most prominent issue responsible for global increase of total dietary fat 
and saturated fatty acids intake is the process of hydrogenation of oils (USDA & U.S. 
Department of Health and Human Services, 2011; Van Stuyvenberg, 1969). Total 
hydrogenation transforms unsaturated fatty acids from fish oil and plant oils to saturated 
fatty acids, while partial hydrogenation produces unsaturated trans-fatty acids. When 
consumed, trans-fatty acids act as saturated (USDA & U.S. Department of Health and 
Human Services, 2011; Van Stuyvenberg, 1969). WCRF (WCRF & AICR, 2007) and North 
Carolina Colon Cancer Study (Vinikoor et al., 2009) claim that specific effects of trans-fatty 
acids on cancer risk is not known, since positive correlation linking trans-fatty acids intake 
and overall cancer prevalence was detected using mailed food questionnaires (Hu et al., 
2011b). 

Data on health effects of fatty fish intake, the correlation between fatty fish intake and 
gastric cancer (Wu et al., 2011), breast cancer (Terry et al., 2003; Murff et al., 2011), prostate 
cancer (Terry et al., 2003; Allen et al., 2004) and colorectal cancer (Aune et al., 2009a; 
Vinikoor et al., 2009; Daniel et al., 2009) are inconsistent (Daniel et al., 2009). Long-chain 
polyunsaturated fatty acids from fish are seen as promising nutrients in cancer prevention, 
but currently there is not enough supportive scientific evidence. On the other hand, intake 
of α-linolenic acid might be a risk factor for cancer (Daniel et al., 2009; Colquhoun et al., 
2009). New studies, both experimental and epidemiological, are necessary to shed more 
light on these findings. 

The link between eggs consumption and cancer has not been researched as extensively. 
Currently, the evidence suggest that eggs intake may be linked to increase in colon, rectal, 
bladder and ovarian cancer risks, putting into consideration the use of dietary alternatives 
to eggs (Zhang et al., 2003; Radosavljević et al., 2005; Aune et al., 2009). 
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Legumes are known to be beneficial in cardiovascular and type 2 diabetes risk reduction, 
but there is limited evidence that legumes consumption may reduce the risk of stomach, 
colorectal, and kidney cancer. Further investigations of these complex relations are still 
waited upon (Kolonel et al., 2000; Aune et al., 2009b). 

Effects of nuts and seeds intake on cancer risks are limited and inconclusive (WCRF & 
AICR, 2007). 

Aflatoxin contamination of fungus-contaminated crops and legumes remains a serious food 
safety problem, as aflatoxin is known to be a risk for liver cancer (Goldman & Shields, 2003; 
Wogan et al., 2004).  

2.2.5 Table salt 

Chronic intake of excessive amounts of table salt is a possible gastric cancer risk factor 
(WCRF & AICR, 2007; ADA, 2006a; Key et al., 2004; Béliveau et al., 2007; WHO, 2003, 2005; 
AICR & WCRF, 2009; Donaldson, 2004). As positive correlation between Helicobacter pylori 
infection and high salt intake has also been noted, it is possible that there is a synergy 
between the two factors in gastric cancer promotion. Another mechanism of stomach cancer 
promotion proposed is that high salt intake damages the gastric mucose, increasing the 
possibility of endogenous mutations, which leads to hypergastrinemia and decrease in 
number of gastric parietal cells, and thus to cancer promotion (Wang et al., 2009). 

Processed foods are the main source of salt in the diet, and in order to reduce cancer risks in 
adult population, population-level strategy should start by decreasing salt intake among 
children, adolescents and young adults (Trajković-Pavlović et al., 2010a, 2010b).  

2.2.6 Vitamins, minerals and other bioactive molecules 

Micronutrients, such as vitamins and minerals, are essential nutrients in maintaining good 
health, while other bioactive molecules, such as phytochemicals (substances of plant origin) 
and zoochemicals (substances of animal origin) are non-essential, but may improve human 
health (Kaput, 2006). Recommendations for vitamin and mineral intake exist for different 
population groups (Institute of Medicine, 1998, 2000, 2001), but it is not possible to quantify 
the need for phytochemicals (Smolin & Grosvenor, 2010). 

Many vitamins (e.g vitamin E, vitamin C), minerals (e.g selenium) and phytochemicals (e.g 
flavonoids) are parts of the antioxidant defense system. Substances with antioxidant 
properties were seen as promising in lowering risks from chronic diseases and, among 
them, cancer. In vitro experiments have confirmed that these molecules have antioxidant 
properties, but the initial hypothesis that antioxidant substances can prevent cancer (or 
other chronic diseases) in humans has yet to be confirmed (WCRF & AICR, 2007; Mamede et 
al., 2011). 

The impact of calcium and vitamin D on breast and colorectal cancer is being intensively 
researched during the last ten years, but, up to this point, no definite answers can be given 
about these relations (Lin et al., 2007; Lappe et al., 2007; Manson et al., 2011). 

In the complex pathways of carcinogenesis, there are numerous processes that could be 
targeted by phytochemicals in order to lower the risk of disease development. The interest 
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in phytochemicals has grown substantially over the years and it has not lessen, although 
screening for potential chemopreventive molecules requires a systematic and wide-range 
approach (Tan et al., 2011; Milner, 2004). In order to reduce the risk of cancer in human 
population, many experiments studying herbs and spices and their effects on carcinogenesis 
were conducted on animals. The possibility of using herbs and spices as substitutes for 
unhealthy food constituents (e.g added sugars, added fat, table salt) can contribute to 
chemopreventive potential of herbs and spices (Tapsell et al., 2006). 

If phytochemicals are added to foods, such foods become functional. Functional foods are 
foods that provide healthy benefits beyond basic nutrition, when consumed as part of a 
varied diet on a regular basis, at effective levels (ADA, 2009; Howlett, 2008). According to 
some authors, health effects of consuming functional foods containing bioactive substances 
or pharmaceuticals may be as beneficial as consumption of those substances from their 
natural sources (Howlett, 2008). Other authors claim that chemopreventive properties of 
fruits and vegetables are a result of synergistic and additive effects of phytochemicals acting 
together in their natural environment, and therefore, cannot be imitated by functional foods 
(Tapsell et al., 2006; Liu, 2003; Milner, 2006b). 

Global use of dietary supplements containing vitamins, minerals and other bioactive 
compounds, although already enormous, is still on the rise. Dietary supplements can reduce 
the risk of deficiencies and promote optimal health, but should not be considered substitutes 
for a well-balanced, healthy diet (Mason, 2007). Evidence supporting the use of dietary 
supplements in cancer risk reduction are scarce, so population-based recommendation is to 
increase the percentage of people who are achieving optimal nutrition without the use of 
dietary supplements (WCRF & AICR, 2007; Myung et al., 2009). Determination of oxidative 
stress-based biomarkers should be regarded as "indication" for using antioxidant 
supplements (Ziech et al., 2010), although this is not financially viable yet. 

Mediterranean diet is considered to be protective against cancers, opposite to USA and 
Northern Europe diet patterns. Adoption of Mediterranean eating pattern in USA and 
Northern Europe may help cancer risk reduction (Simopoulos, 2001; Verberne et al., 2010).  

2.3 Physical activity 

Regular physical activity, besides leading to fitness, provides many health benefits 
(Warburton et al., 2006; Miles, 2007). Physical activity increases overall well-being, and if 
regular, improves quality of life, helps body mass maintenance and therefore, reduces 
cancer risks (WCRF & AICR, 2007; WHO, 2003, 2005, 2008a, 2009b; AICR & WCRF, 2009). 
Cancer risks in regularly physically active are up to 40.0% lower than among physically 
inactive (Newton & Galvão, 2008). 

Insufficient physical activity is considered to be the fourth leading risk factor in overall 
mortality. WHO holds insufficient physical activity responsible for 6.0% of global deaths 
(WHO, 2009a). Dropping levels of physical activity worldwide are in part responsible for 
rising prevalence of NCDs, including cardiovascular diseases, diabetes and cancer (WCRF & 
AICR, 2007; WHO, 2005, 2009a; Fair & Montgomery, 2009; AICR & WCRF, 2009; Newton & 
Galvão, 2008; Tucker et al., 2011; Hardman et al., 2011; Wannamethee et al., 2001). 
Insufficient physical activity accounts for 21.0-25.0% of breast and colon cancer burden 
(WHO, 2009a, 2010a) 
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Physical inactivity is a modifiable lifestyle choice and a cancer risk factor, and it is therefore 
of great public health significance (WCRF & AICR, 2007; WHO, 2005; AICR & WCRF, 2009; 
Warburton et al., 2006; Miles, 2007; Newton & Galvão, 2008; Tucker et al., 2011; Hardman, 
2001; Wolin et al., 2009), but meeting  physical activity recommendations has proven to be as 
big of a challenge on an individual level, as on the society one. 

The complexity of cancer - physical activity interactions should be assessed on gene level, 
too. Thune & Furberg (Thune & Furberg, 2001) believe that "genetic predisposition to be 
physically active, combined with the knowledge that cancer is a genetic localized disease, 
warrants studies in general population and high-risk groups alike". 

Physical activity is divided into inactivity, insufficient activity and sufficient activity. 
Sufficient activity is subdivided into "meeting current recommendations" (moderate 
physical activity) and "highly active" (WHO, 2007b, 2009a, 2009b, 2010a). 

"Meeting current recommendations" is possible by 2.5 hours of moderate physical activity, 
or 1 hour of vigorous physical activity per week. Both are equivalent with 600 metabolic 
equivalents [MET] per week. Highly active individuals' energy expenditure is equivalent to 
1600 MET per week. Metabolic equivalent is the ratio of energy consumption during a 
specific physical activity to energy consumption while sitting and resting. One MET is 
defined as the resting metabolic rate obtained during quiet sitting and is set by convention 
to 3.5 ml O2/kg/min or 1 kcal/kg/h (WHO, 2010a). Physical activities are classified 
according to energy needed for their performance, using MET as a reference value. On a 
population level, moderate physical activity should be set as a goal for health benefits and 
cancer risk reduction. Indivividuals and population groups that are already moderately 
active, should be encouraged to become highly active. 

In the "Global Recommendations on Physical Activity and Health" (WHO, 2010a), WHO 
aims to establish dose-response relationship between physical activity and the consequent 
health benefits, as well as to identify the frequency, duration, intensity, type and total 
amount of physical activity needed for health benefits, such as cancer or other NCDs risk 
reduction (WHO, 2007b, 2009b, 2010a). Currently, it is believed that diabetes, heart diseases 
and cancer risks, including breast and colon cancer risks, can be reduced among people who 
are 18 or older by 150 minutes of moderate intensity aerobic activity the least, or 60 minutes 
of vigorous activity weekly. At least 60 minutes of moderate to vigorous physical activity 
can reduce NCDs risks in 5-17 year-olds (WHO, 2009a, 2009b). For added health benefits, 
introduction of physical activity, with the amount, frequency, duration and intensity being 
gradually increased, is recommended for inactive adults, older adults and those limited in 
activity by their disease (WHO, 2010a). 

Public health goals set by new physical activity recommendations include achieving and 
maintaining optimal health (WCRF & AICR, 2007; WHO, 2003, 2005, 2007, 2008a, 2009a, 
2009b, 2010a; Wolin et al., 2009). 

2.4 Tobacco, alcohol use and everyday drinks 

Although alcoholic beverages and everyday drinks are considered foods, together with 
tobacco use, their consumption may pose a health risk. On the other hand, safe drinking 
water is not a health risk, but a prerequisite for optimal health. 
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2.4.1 Tobacco use 

Tobacco is a plant that contains nicotine, various carcinogens and toxins, and it is 
considered addictive (WHO, 2011d). Around 4000 chemicals have been detected in tobacco 
smoke, with more than 50 of them identified as carcinogenic (WHO, 2006). Tobacco 
dependence is classified as a disease under the International Classification of Diseases [ICD-
10] (WHO, 1999). 

Tobacco use has grown into a global epidemic. The number of tobacco users is on the rise in 
middle and low income countries, while in decline in developed countries (Mackay et al., 
2006; IARC, 2004; WHO, 2008b). Smoking is the second principal cause of global mortality 
participating with 8.7% (3.7% DALYs) (WHO, 2008b, 2009a; IARC, 2004). At the same time, 
smoking is the most modifiable single risk factor for malignant diseases and other NCDs 
(WHO, 2009a; Danaei et al., 2009). 

Smoking causes 71.0% of lung cancer deaths (WHO, 2009a), but it is also a risk for other 
cancer localizations, like throat, mouth, esophagus, stomach, pancreas, kidney, bladder and 
cervix (WHO, 1999, 2011d). Not only smokers die of smoking-related lung cancer – 4300 
secondhand smokers die from lung cancer every year in USA (IARC, 2004; WHO, 2008b, 
2011e). 

Tobacco use, in any form, is unhealthy. Attempts were made to create less toxic versions of 
tobacco products, but such products were unacceptable by consumers and consequently 
failed. Although not widely used, in some parts of the world smokeless tobacco represents a 
significant form of tobacco use (WHO, 2006; IARC, 2004, 2006, 2008). 

Definitions of smoking and related terms – secondhand tobacco smoke [SHS], 
environmental tobacco smoke [ETS] or other people's smoke and smoking free area – are 
given in WHO Framework Convention on Tobacco Control [WHO FCTC] as recommended 
terms for smoking and secondhand smoke (WHO, 2006, 2011e). 

WHO FCTC aims to protect public health policy makers from commercial interests, to 
provide guidance for protection against tobacco smoke, to regulate the contents of tobacco 
products, to implement rules for labelling, advertising and promotion of tobacco products, 
to educate people and communicate information about tobacco addiction. Ultimately, the 
goal is to decrease the number of tobacco users and increase the number of former smokers 
(WHO, 2011e; IARC, 2008). 

There are several aspects of harmful effects of smoking. Dietary nutrient intake and plasma 
folate level can also be affected by smoking status. Depletion of plasma folate, an 
antioxidant, together with depletion of other dietary substances, might be a factor in early 
onset of tobacco-related morbidity and mortality in smokers. Beneficial effects of 
Mediterranean diet on smokers' health have been documented and they are presumably 
related to optimal ratio of omega-6 to omega-3 polyunsaturated fatty acids and significant 
amounts of bioactive molecules (Vardavas et al., 2008, 2011). 

In conclusion, all tobacco products should be considered harmful and addictive, and strict 
regulations should be implemented in order to control the tobacco epidemic (WHO, 2011e; 
IARC, 2008). Public health researchers of the Oxford Vision 2020 Program, underlined not 
only the societal, but the individual responsibility towards health and healthy lifestyle 
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choices. Being aware of the health risks related to tobacco use is not merely enough – 
motivational campaigns should be designed in order to cut down smoking prevalence by 8.0 
to 10.0% per year, and achieve the resulting prevalence of less than 10.0% in all social 
groups (Yach et al., 2005). 

2.4.2 Alcohol use 

WHO has estimated that alcohol consumption causes 3.5% of global deaths (6.2% among 
males, and 1.1% among females) (WHO, 2011f), and it is responsible for 4.5% of DALYs 
(WHO, 2011f). 

The link between alcohol intake and cancer is well documented. There is a positive 
correlation between oral, pharyngeal, laryngeal, esophageal, liver, colorectal (in men) 
(WCRF & AICR, 2007; WHO, 2009a, 2011f; Testino & Borro, 2010; Baan et al., 2007)  and 
breast cancer and intake of more than 30 g of alcohol/day (3 standard drinks/day) (Allen et 
al., 2009; Boyle & Boffetta, 2009). Heavy drinking may correlate with higher risk of lung and 
pancreatic cancer, but the epidemiological evidence supporting this hypothesis is weak 
(WCRF & AICR, 2007; WHO, 2011f; Testino & Borro, 2010).  

Heavy drinking is defined as intake of more than 80 g of alcohol per day, or more than 5 to 6 
standard drinks per day (Pöschl & Seitz, 2004). 

More than 30 codes of ICD-10 include the term "alcohol" in their name or definition, 
documenting the importance of alcohol-related health impairment (WHO, 1999). 

Health effects of alcohol vary depending on the age, gender and other characteristics of 
consumers, but they also depend on the setting and context of  drinking (Pöschl & Seitz, 
2004). 

International Agency for Cancer Research has stated that "acetaldehyde associated with 
alcoholic beverages is carcinogenic to humans (Group 1)" and confirmed the Group 1 
classification of alcohol consumption and of ethanol in alcoholic beverages (Secretan et al., 
2009). 

Acetaldehyde is the first and the most toxic metabolite of alcohol metabolism. Alcohol 
dehydrogenase [ADH] oxidizes alcohol to acetaldehyde, which is then converted to acetate 
by aldehyde dehydrogenase [ALDH]. Ethanol also inhibits DNA methylation and interacts 
with retinoid metabolism. Tissue-specific levels of ethanol are in correlation with the 
amount of alcohol ingested, but they also depend on the genotype coding for ethanol-
metabolizing enzymes, predominantly ALDH (Seitz & Stickel, 2007; Boffeta & Hashibe, 
2006; Seitz & Becker, 2007). 

Effects of acetaldehyde, elevated estrogen levels, production of oxygen radicals and changes 
in folate and vitamin B6 metabolism, may be mechanisms responsible for the genotoxicity of 
alcohol (Seitz & Stickel, 2007; Boffeta & Hashibe, 2006; Seitz & Becker, 2007). 

Persons with achlorhydric gastritis who consume alcohol are at greater risk of stomach 
cancer. Absence of hydrochloric acid creates an environment favorable for thriving of ADH-
containing bacteria that can metabolize carbohydrates to ethanol and acetaldehyde (Seitz & 
Becker, 2007). 
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The WHO Global Strategy to Reduce the Harmful Use of Alcohol (WHO, 2010b) aims to 
raise awareness of health, social and economic aspects of alcohol abuse, and the relationship 
between alcohol and disease development. It points to the importance of effective 
stakeholders involvement in preventing harmful effects of alcohol. It also aims to provide 
support for national efforts to reduce the overall effects of alcohol abuse. 

USDA recommendations for alcohol intake not linked  to increase of cancer risks are 28 g of 
alcohol per day for healthy adult men, and half of that amount for healthy women (USDA & 
U.S. Department of Health and Human Services, 2011). The European Code Against Cancer 
recommends up to 20 or 30 g/day of alcohol for healthy men and, again, half of that amount 
for healthy women (Boyle et al., 2003). AICR made recommendations simple by advising 2 
standard drinks for healthy men and 1 standard drink for healthy women (WCRF & AICR, 
2007). 

Tobacco and alcohol use are major risk factors for malignancies of different localizations, but 
mainly of the gastrointestinal tract (Testino & Borro, 2010; Pelucchi et al., 2008; Seitz & Cho, 
2009) and the two also act in synergy increasing the cancer risk. Tobacco smoking combined 
with alcohol use increase the tissue levels of acetaldehyde, while alcohol helps in activation 
of different procarcinogens in tobacco smoke by induction of cytochrome-P450-2E1-
dependent microsomal biotransformation system in mucose cells of the upper digestive 
tract and liver (IARC, 2004; Testino and Borro, 2010; Seitz & Cho, 2009). Pancreatic cancer 
risk is 4.3-fold higher in people who smoke more than 20 cigarettes per day and drink more 
than 21 standard drinks per week, than in non-smoking people who drink less than 7 
standard drinks per week (Talamini et al., 2010). 

2.4.3 Coffee and tea use 

Coffee and tea drinking is a widespread habit. Both coffee and tea contain many bioactive 
substances (antioxidants, phenols) with in vitro anticarcinogenic characteristics (Ferruzzi, 
2010). Consumption of 3 cups of coffee per day (equivalent to 300 mg of caffeine) is 
considered to be moderate (Tverdal et al., 2011). 

It is still not known whether coffee consumption increases the risk of any type of cancer. 
Evidence concerning the link between coffee and esophageal and pancreatic cancer are 
inconsistent and difficult to interpret, due to the confounding effects of tobacco and alcohol 
use (WCRF & AICR, 2007; Ferruzzi, 2010). 

Laboratory experiments and animal testing showed chemoprotective activity of tea 
polyphenols, but there are not enough evidence to confirm the same in human population 
(WCRF & AICR, 2007; Lambert & Yang, 2003). 

2.4.4 Soft drinks 

Soft drinks consumption shows an increase of 5.0% per year, that is an increase  from 467 to 
552 billion litres from 2004 to 2007 (Zenith International, 2005, 2008). Cola drinks and 
carbonated soft drinks reportedly accounted for 42.0% of 467 billion litres of soft drinks 
consumed within one year, in contrast to fruit juices, nectars and fruit drinks which 
accounted for 8.0% in 2004 (Zenith International, 2005). 
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Currently, findings on the effects of soft drinks on cancer risks are limited and inconsistent 
(WCRF & AICR, 2007). 

Soft drinks are significant contributors to added sugar intake which leads to body mass 
increase, overweigh, obesity and consequently to NCDs. Eminent international 
organizations do not consider soft drinks to be a part of healthy and active lifestyle (WCRF 
& AICR, 2007; WHO, 2005; USDA & U.S. Department of Health and Human Services, 2011). 

2.4.5 Water as a fluid of choice 

Only air is more crucial for life than water. Access to safe drinking water is a basic human 
right, as well as a condition for achieving and sustaining optimal health (WHO, 2011e). 

However, contaminated water is a great health risk. Inorganic arsenic from drinking water 
is a proven risk for lung cancer and there is limited evidence that it is also a risk factor for 
kidney and bladder cancer (WCRF & AICR, 2007). 

Safe drinking water is a nutrient per se. Because it plays many important roles in the human 
body, water is the fluid of choice as a part of healthy lifestyle. There has been a steady 
growth in the sales of bottled water (6.1% in 2007) (Zenith International, 2008) which is an 
encouraging fact in accordance with today΄s active and healthy lifestyle. 

Daily requirements for water depend on age, gender, pregnancy, lactation, physical activity 
level, diet and external conditions (Smolin & Grosvenor, 2010; ILSI, 2004).  

3. Conclusion 

The impact of nutrition and lifestyle on cancer development is evident. Still, there are many 
unanswered questions concerning the interactions among nutrition, environment and 
human genome. The existing and future knowledge should be used by public health 
professionals to promote cancer risk reduction  on a population scale, especially in high risk 
subpopulations, as well as on the individual level. Further research and public health 
activities should be supported by health and government authorities. 

"To eat is a necessity, to eat intelligently is an art." (François de La Rochefoucauld, French 
writer, 1613-1680)  

"Walking is man's best medicine." (Hippocrates, ancient Greek physician, 460 BC – 377 BC) 
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1. Introduction  

CRC is one of the most frequently diagnosed neoplastic disorders in humans worldwide. 
According to the National Centre for Health Information of Bulgaria the prevalence of CRC 
for 2005 is 304.6/100 000 cases, and the incidence - 49.2/100 000 cases (Bulletin of the 
National Centre for Health Information, 2005). Colorectal polyps (CRP) are established 
precursors of CRC. Hence, elimination of precursors is a well-known strategy for reduction 
of risk. In the last decade the most extensively studied etiologic factors are the risk factors 
for colorectal cancer development, because of its growing incidence and the possibility for 
its prevention. Prophylaxis of CRC we can divide in primary, secondary and tertiary. The 
most widely used chemopreventive drugs are: acetylsalicylic acid, polyvitamins, calcium, 
folic acid, selenium and NSAID. 

2. Risk and protective factors for colorectal polyps and cancer  

Today it is widely accepted that colorectal polyps (CRP) are preneoplastic lesions of 
colorectal cancer (CRC). From the 3 major groups of polyps: adenomas, hyperplastic, and 
serrated polyps, with the first group having the highest malignant potential. Hyperplastic 
polyps are the most common benign lesions, possessing very low malignant potential, and 
therefore do not require colonoscopic surveillance. However, recent studies prove their role 
in the classical model of adenoma-carcinoma sequence, and reveal common molecular 
features between normal mucosa, colorectal polyps, and cancer: proliferation activity, p53 
overexpression, hypomethylation of c-myc, and mutations in k-ras oncogene (Hamilton, 
2001). Progression of adenomas to CRC has been proven by the 'multistep model' of 
carcinogenesis, proposed by Fearon and Vogelstein. According to this model the stepwise 
progression of aberrant crypt foci, small, middle and large adenoma to carcinoma is 
accompanied by accumulation of mutations in the genes APC, k-ras, DCC, and p53 (Fearon,  
Fogelstein, 1990). Serrated polyps are histologicaly characterized by 'saw-tooth' infolding of 
the crypt epithelium, and are seen in 1% of the cases (Longacre & Fenoglio-Preiser, 1990). 
Every adenoma of the colorectum has a 5% probability for malignant transformation 
(Winawer et al., 1997). The growth of small adenomas is slow, requiring 10 years on average 
for doubling of their size (Hoff, 1987). The percentage of transformation of small adenomas 
into carcinomas is 0.25% (Eide, 1986). CRC is caused by complex interactions between host 
genetic susceptibility and certain exogenous risk factors. Geographic variation underscores 
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the importance of environmental factors in CRC pathogenesis, since a 30-40 fold difference 
between regions with high and low incidence has been found (Parkin et al., 1999). It is 
famous that the main risk factors for CRC and CRP are obesity, high calories intake, high 
body mass index (BMI), and low physical activity, consumption of red meat and animal fats, 
and alcohol. Other risk factors include male gender, advancing age, use of laxatives, 
constipation, pathological gut flora, some occupations, and intake of Fe-containing 
supplements. There is association also between the risk of developing CRC or CRP and 
presence of some diseases like inflammatory bowel disease (IBD), acromegaly, diabetes 
mellitus, cholecystectomy, ovarian and breast cancer, history of survived cancer or 
availability of adenomatous polyps in the past. Many conditions increase the risk of 
development of CRC and the degree of their influence substantially varies, as is shown in 
Table 1. 

 
 
 

Risk factor Minimal Moderate Major 
Dominant  inheritance  (FAP, HNPCC, Juvenile 
polyposis) 

  + 

Diet   + 
Recessive inheritance or low penetration  (MAP)  +  
CRC in the past  +  
Colorectal villous adenoma in the past  +  
Low physical activity  +  
Age > 50 y.  +  
Male gender +   
Obesity +   
Tobacco smoking +   
Chronic alcohol abuse +   
Extensive IBD +   
Acromegaly +   
Diabetes mellitus +   
Cholecystectomy +   
Breast cancer, ovarian cancer, radiotherapy +   

 

Тable 1. Assessment of risk factors for CRC and CRP. FAP, Familial adenomatous polyposis; 
NHPCC, Hereditary non-polyposis colorectal cancer; MAP, MYH-associated adenomatous 
polyposis; IBD, inflammatory bowel disease. 

3. Patients and methods (our study) 

3.1 Characteristics of patients with colorectal polyps and cancer  

One-hundred and sixty six patients diagnosed for large bowel polyps were included in 
the present study. Of the patients, 76 were female and 90 male, aged 60±13 years (range 
19-86 years). Also, 107 patients with CRC (48 female and 59 male) aged 64±11 years (range 
32-94 years), 3 patients with familial adenomatous polyposis (FAP), and 2 patients with 
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Peutz-Jeghers syndrome, aged 31±12 years were included in the study. As a control we 
used a group of 42 healthy individuals (18 female and 24 male), aged 55±12 years, to 
whom upper and lower endoscopy was performed at their will or as a screening 
procedure, but showed no changes. Careful personal history, including dietary habits, 
physical examination, and anthropometric data were taken from all patients. We studied 
some factors from the lifestyle and diet in our patients with CRC and CRP, and looked for 
any connection between these factors and the beginning of CRC and CRP. For the aim of 
our study, we divided food consumed from the patients into 13 groups as follows: I. Milk 
and dairy products; II. Eggs; III. Meat and meat products; IV. Fish and sea animals; V. 
Cereals and pasta; VI. Sugar and sweets; VII. Legumes; VIII. Nuts; IX. Fats; X. Vegetables; 
XI. Fruits; XII. Spices; XIII. Beverages. We tried to establish the preferred way of cooking 
and favorite drinks in the studied patients. We registered their dietary habits in 
qualitative and quantitative manner, until the moment of CRC or CRP occurrence. We 
analyzed family predisposition of the included patients and their exposition to deleterious 
exogenous factors. All information, including clinical data, endoscopic and histological 
results, surveillance, and treatment, was entered on personal cards and in a 
gastrointestinal register for polyps and cancer.  

3.2 Statistical analysis 

Logit-models were used for determining the possible risk or preventive factors, which 
combine regression and correlation analysis. We investigated the influence of these factors 
upon included patients with linear regression analysis to be able to associate the lifestyle 
and diet habits of population in our region. Depending on the value of the Exponent Ехp(B), 
factors are classified in three groups: risk factors – Exp(B)>1, protective factors – Exp(B) <1 
and indifferent factors – Exp(B)=1. Statistical analysis was performed using Microsoft Excel, 
Statistics 5. 13./W and SPSS 13.0 for Windows software programs. Values of p<0.05 were 
considered as statistically significant.  

4. Risk factors for colorectal polyps according to our data 

Our data find the following risk factors for colorectal polyps: consumption of red meat, 
meat products, sausages, fat food, high BMI, frequent use of laxatives, beer and alcohol 
intake, preserved foods, salty foods, grilled or barbecued meat, low physical activity, 
allergy, bacon, ham, margarine, fried food, preserved meat, sugar, marinated food, tobacco 
smoking, egg-fried food, working in heavy or petrol industry, presence of autoimmune 
disease, use of microwave oven, professional exposure to extremely low temperatures, 
passive smoking and elevated serum glucose level.  

We concluded that the most important risk factors for the development of colorectal polyps 
are diet factors - consumption of sugar products, fried, grilled and preserved food, animal 
fats and margarine, egg-fried food and obesity. The most important life style and 
occupational risk factors for the development of colorectal polyps are: chronic alcohol 
intake, long lasting tobacco smoking, minimal physical activity, occupational exposure to 
petrol and metals. The chronic alcohol intake includes usage of beer, wine and strong drink. 
Substantial factors are and presence of autoimmune disease or allergy, frequent use of 
laxatives and elevated serum glucose level. 
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Factor Intensity Exp. (B) 
Chronic alcohol abuse + + + 9,256 
Sugar and sweets  + + + 8,917 
Fried food  + + + 7,258 
Preserved food + + + 5,363 
Heavy industry workers + + + 5,259 
Beer + + + 5,025 
Meat delicacy  + + + 4,759 
Bacon  + + + 4,582 
Long lasting sausages + + + 4,265 
Fat food + + + 4,023 
Margarine +  + 3,707 
Exposure to petrol +  + 3,616 
Weekly consumption of grilled meal +  + 3,093 
Presence of autoimmune disease +  + 2,958 
Strong drink +  + 2,919 
Low physical activity +  + 2,843 
Wine +  + 2,827 
Salty food +  + 2,575 
Allergy +  + 2,566 

Grilled meat +  + 2,439 
Preserved meat +  + 2,345 
Ham +  + 2,241 
Smoked food  +  + 2,144 
Frequent use of laxatives + 1,796 
Marinated food + 1,658 
Preserved food + 1,511 
Egg-fried food + 1,448 
Tobacco smoking + 1,444 
Frequent meat consumption + 1,349 
Elevated serum glucose level + 1,115 
Years of alcohol consumption) + 1,074 
High body mass index (BMI)        + 1,047 
Years of smoking + 1,030 

Table 2. Risk factors for colorectal polyps (4,01 – 10,00  + + +), (2,01 – 4,00  +  +),  
(1,00 – 2,00 +).  

5. Protective factors for colorectal polyps according to our data 

According to our results fruits (apples, plumbs, raspberries, and pears), vegetables, rye- and 
whole-grain bread, green tea, vegetable food consumption, yoghurt, fasting, fish, lamb, 
hare, garlic, legumes and mineral water have a strong protective effect against large bowel 
polyps. 

The most significant protective factors against colorectal polyps are again diet factors - 
consumption of fruit, vegetables, rye- and whole-grain bread, vegetable food, green tea, 
yoghurt and fasting. Protective role plays and frequent consumption of fish, lamb and hare. 
Probably, conditions of rural life are connected with reduction of the risk factors for 
development of colorectal polyps. 
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Factor Intensity Exp. (B) 
Fruit + + + 0,033 
Rare consumption of 
grilled food 

+ + + 0,094 

Apples + + + 0,122 
Vegetables + + + 0,126 
Rye bread + + + 0,199 
Plumbs + + + 0,244 
Raspberries + + + 0,258 
Pears + + + 0,268 
Rural life + + 0,318 
Green tea + + 0,325 
Vegetable food + + 0,345 
Whole-grain bread + + 0,352 
Yoghourt + + 0,367 
Green vegetables + + 0,382 
Fasting + + 0,385 
Fish + + 0,428 
Lamb + 0,559 
Hares + 0,588 
Legumes + 0,595 
Garlic + 0,616 
Low salt diet  + 0,668 
Mineral water + 0,895 

Table 3. Protective factors for colorectal polyps (0,01 – 0,3  + + +), (0,31 – 0,50  + +),  
(0,51 – 1,00  +). 

6. Risk factors for colorectal cancer according to our data 

One of the most important aims of our study was to establish the risk factors for the CRC 
epidemic, which is observed now and in Bulgaria. We accomplished this study considering 
the specific conditions in our country and made comprehensive investigation of the diet 
habits of all included patients with colorectal polyps and cancer. We estimated and all other 
possible risk factors. Detailed list of risk factors for development of colorectal cancer is 
presented in Table 4.  

The major risk factors for CRC are dietary as well: consumption of fat food, red meat and 
meat diet as a whole, smoked and egg-fried food, sugar and sweets, white bread, obesity. 
The lifestyle has also a significant effect: long lasting alcohol intake (beer, wine, and spirits), 
tobacco smoking, minimal physical activity, urban life. We noticed and other risk factors for 
CRC development: H. pylori infection, presence of adenomas, diabetes mellitus, and 
frequent use of laxatives. Probably, urban life increases the exposition to many of the 
presented risk factors and therefore it is a specific risk factor for development of CRC. 

7. Protective factors for colorectal cancer according to our data  

According to our results consumption of dairy products, fruit, garlic, onions, fish, plant oil, 
boiled food, vegetables, fowls, legumes and white meat has a strong protective effect for 
CRC. Low salt diet, fasting, usage of acetylsalicylic acid and rural life also possess protective 
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Factor Intensity Exp. (B) 
Fat food + + + 11,034 
Adenomas with severe dysplasia + + + 10,784 
Smoked meat + + + 7,282 
Egg-fried food + + + 6,334 
Long lasting alcohol intake>10y + + + 5,939 
Sub-products + + + 5,625 

Fried food + + + 5,244 
Short lasting sausages + + + 4,646 
Pork + + + 4,368 
Sausages + + + 4,255 
Margarine + + + 4,214 
Beer + + + 4,095 
Bacon + + 3,366 
Tobacco smoking + + 3,622 
Meat delicacy + + 3,546 
Low gr. dysplastic adenomas + + 3,541 
Minimal physical activity + + 3,446 
Sugar and sweets + + 3,281 
Urban life + + 3,054 
Exposure to petrol + + 2.898 
Frequent use of laxatives + + 2,895 
Preserved food + + 2,339 
White bread + + 2,248 
Helicobacter pylori + + 2,204 
Red meat + 1,805 
Meat products + 1,508 
Wine + 1,414 
Tobacco smoking >10y  + 1,058 
Strong drink + 1,054 
Villous component in adenoma + 1,052 
Overweight and obesity + 1,045 
Diabetes mellitus + 1,040 
Age + 1,036 

Table 4. Risk factors for CRC (4,01 – 12,00  + + +), ( 2,01 – 4,00  +  +), (1,00 – 2,00  +).  

effect against development of CRC. Our data is similar to the findings of other authors 
(Zaridze, 1983). Detailed list of protective factors against development of CRC is presented 
in Table 5. 

The most important protective factors for CRC development are: consumption of fruit, 
vegetables, fasting, vegetable oil, fish, poultry, white meat, legumes, boiled food, and rare 
consumption of grilled meat. Regular use of acetylsalicylic acid and rural life are prominent 
protective factors for development of CRC. Obviously, diet regime in conditions of 
Bulgarian rural area is much closer to the healthy Balkan diet from the first half of the 20-th 
century, which plays protective role in the prophylaxis of cardiovascular, metabolic and 
neoplastic diseases. 
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Factor Intensity Exp. (B) 
Low salt diet + + + 0,001 
Melons + + + 0,051 
Dairy products + + + 0,071 
Pears + + + 0,114 

Acetylsalicylic acid + + + 0,119 
Garlic + + + 0,128 
Fasting + + + 0,133 
Fish + + + 0,137 
Poultry + + + 0,165 
Rural life + + + 0,197 
Water melons + + + 0,200 
Hares + + 0,202 
Onions + + 0,228 
Plant oil + + 0,231 
Grapes + + 0,235 
Peppers + + 0,264 
Fruit + + 0,294 
Vegetables + + 0,300 
Green vegetables + + 0,318 
Boiled food + + 0,343 
Fowls + + 0,367 
Legumes + 0,418 
Rare use of grilled meat + 0,430 
Fasting + 0,457 
White meat + 0,665 
Peaches + 0,668 

Table 5. Protective factors for CRC (0,01 – 0,2   + + +), ( 0,201 – 0,40   + +), ( 0,41 – 1,00 +). 

8. Risk and protective factors for colorectal polyps and colorectal cancer - 
summary  

Our data show that colorectal polyps and cancer share common risk and protective factors 
(Kotzev et al., 2008). This finding, paired with the high frequency of existence of colorectal 
polyps and CRC, could serve as an evidence of the role of the colorectal polyps as CRC 
precursors. Common risk and protective factors for colorectal polyps and colorectal cancer 
are summarized in Table. 6, where factors are divided into alimentary risk factors, 
nonalimentary risk factors and protective factors.  

9. The mode of action of risk and protective factors for colorectal polyps and 
cancer 

The mode of action of different risk and protective factors for CRC and CRP is associated 
with distinct pathogenetic mechanisms, which sometimes share similar pathways. 

9.1 Alimentary risk factors for colorectal polyps and cancer  

9.1.1 Obesity, high BMI and high caloric intake 

Obesity, high BMI and high caloric intake are associated with increased risk for cancer 
formation, including CRC (Giovannucci et al., 1995). These risk factors are connected with  
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Risk dietary factors Risk non-dietary factors Protective factors 
Overweight Low physical activity Carbohydrates (long chained) 
Food additives and contaminants 
(heterocyclic amines) 

Tobacco smoking 
 

Fish 
 

Contaminated water Gender Probiotics 
Fats Age Fibers 
Red meat Laxatives Flavonoids 
Sugar Helicobacter pylori Dairy products 
Alcohol Occupational risks Calcium 
Eggs Colorectal polyps Fluids 
Way of cooking - grilled meat IBD, diabetes. mellitus, 

ovarian  Ca, mammary Ca 
Vitt. A, B, C, D, folic acid, 
Selenium,  Calcium 

Way of cooking — fried meat Cholecystectomy Fruit and vegetables 
Way of cooking - high t° Radiotherapy Cereals 
Polyamines Colorectal cancer Bioactive components 

Table 6. Summary of  all protective and risk factors tor CRC and CRP. 

large bowel polyp formation as well. High caloric intake in combination with low physical 
activity leads to hyperinsulinemia and peripheral insulin resistance, which could result in 
high mucosal proliferative activity, reduced apoptosis, accumulation of free radicals, and 
mutagenesis. Being overweight could have an inappropriate influence on the immune 
system, could elevate the serum level of prolactine, and raise the sensitivity of the 
hypothalamo-hypophyseal axis. High BMI and high caloric intake are connected with 
elevated risk for development of CRC and colorectal adenomas according to different 
experimental animal studies and epidemiological studies (Ford, S. 1999). 

9.1.2 Food additives and contaminants 

Food contains various food additives, contaminants, fertilizers, herbicides, food dying 
agents, antibiotics and antimycotics. Increased mutageneity has been observed in faeces of 
patients with elevated risk for CRC formation (Villa et al., 1996). Food contains a lots of car-
cinogens and co-carcinogens such as free radicals, N-nitrous compounds, secondary bile 
acids, polyamines, and heterocyclic amines (used in food processing) (Parkin et al., 1999). 
Co-carcinogens usually need activation in the gut. Their activation and inactivation is 
maintained by the gut flora, some phytochemicals and metabolites. Meat processing leads to 
elevated carcinogen production. Meat and fish cooking leads to formation of heterocyclic 
amines, especially at high temperatures or when exposed to direct fire. Our study shows 
that grilled, fried and egg-fried foods are associated with high CRP formation, and fried and 
egg-fried foods are risk factors for CRC as well. We consider preserved food as a risk factor 
for CRP and CRC, while marinated food is associated with CRP. Some observations propose 
that gut bacteria could transform bile acids into secondary bile acids (deoxycholic and 
litocholic) which possess high toxicity and stimulate large bowel mucosal proliferation 
(Burnstein, 1993). Food fatty acids also alter the composition and the quantity of bile acids. 
Accelerated bowel transit time could diminish exposition time of mucosa to food 
carcinogens, and enlarged volume could dilute them. Thus food fibers bind, inactivate and 
carry out the luminal carcinogens.  
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9.1.3 Fats  

The first announcement of the relationship between high intake of fats and CRC dates from 
1969 (Wynder et al., 1969). The relationship between saturated/animal fatty acids and CRC 
risk is tight. Saturated fats play a crucial role in the initiation, promotion and progression of 
CRC. Saturated fats increase the bile excretion, which is followed by toxic impact upon 
colon epithelium and hyperproliferation (Burnstein, 1993). The current study proved that 
consumption of fatty foods, bacon, and margarine is strongly associated with CRP and CRC 
development. The results of animal studies report that in the animals, which are on high fat 
diet, elevated cell proliferation and free radicals are observed. Inflammation and oxidative 
stress play a significant role in human carcinogenesis, besuse DNA lesions and 
chromosomal instability could occur (Evans et al., 2004; Kryston et al., 2011; Sedelnikova et 
al., 2010). On the other hand omega-3 polyunsaturated fatty acids decrease inflammation, 
inhibit formation and progression of preneoplastic colorectal lesions (Anti et al., 1994). The 
so-called "Mediterranean" diet, which is rich in fish and sea products, reduces the risk for 
colorectal cancer. Our study proves that regular consumption of fish and sea products (more 
than twice a week) strongly prevents CRP and CRC. Probably, the protective effect of 
omega-3 polyunsaturated fatty acids is due to stimulation of apoptotic program, decrease of 
inflammation, mucous prostaglandins and decrease of the secondary bile salts 
concentration, which are promoters for CRC. There are data that omega-3 polyunsaturated 
fatty acids modulate the action of COX-2 and induce the expression of 15-
hydroxyprostaglandin dehydrogenase, a physiologic COX-2 antagonist (Lim et al., 2008).  

9.1.4 Carbohydrates 

It is believed that decreased intake of carbohydrates reduces the risk for polyp formation 
(Lubin et al., 1997). Complex long-chained carbohydrates are considered highly protective 
in contrast to saccharose (World Cancer Research Fund and American Institute for Cancer 
Research, Food, Nutrition and the Prevention of Cancer: A Global Perspective., 1997). Some 
studies confirm that persistent hyperglicaemia and the subsequent insulin release are 
stimuli for hyperproliferation of colon epithelium and risk factors for the development of 
CRC (Calle & Thun, 2004). In contrast, other studies did not observe such an association 
(Weijenberg et al., 2008). Complex long-chained carbohydrates must supply 46-60% of all 
energy intake, while refined saccharose must supply <10% according to some 
recommendations (World Cancer Research Fund and American Institute for Cancer 
Research, Food, Nutrition and the Prevention of Cancer: A Global Perspective., 1997). The 
results of this study support the notion that saccharose and sweets are risk factors for CRP 
and CRC, while complex long-chained carbohydrates have protective effect. 

9.1.5 Red meat  

Consumption of red meat is connected with development of CRC (Ferrucci et al., 2009). Our 
study also confirmed the fact that regular consumption of red meat, large amounts of meat 
and meat products, preserved meat, ham, long- and short lasting sausages, pork, sub-
products, and meat delicacy, is strongly associated with CRP, and CRC initiation and 
progression. On the other hand intake of fish, hare, lamb, white meat and poultry are highly 
protective. The possible pro-carcinogenic effect of red meat could be explained by the 
elevated heme iron content which could serve as a source for production of free radicals and 
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mucosal hyperproliferation (Nelson, 2001). The results obtained by other studies deny the 
role of dietary Fe and iron status for CRC development (Tseng et al., 1997). N-nitrous 
compounds in the red meat and produced during the food processing with high 
temperature polycyclic carbohydrates and heterocyclic amines are also possible reasons for 
the harmful effect of red meat (De Meester & Gerber, 1995) Red meat consumption in 
elderly individuals should be limited to 70-80g/day. 

9.1.6 Alcohol  

We believe that chronic alcohol abuse is a major risk factor for gastrointestinal polyps and 
cancer formation in esophagus, stomach, colon and rectum. High alcohol intake (>21 
units/week) of beer, wine and spirits significantly increases the risk for CRP and CRC. 
These findings are probably due to the effect of acetaldehyde, which damages colorectal 
mucosa and elevates cell regeneration. Folic acid and methionine deficiency in persons who 
chronically abuse with alcohol are also risk factors for development of CRC (Giovannucci  et 
al., 1995). Alcohol is an inducer of cytochrome P-405 2E1, which contributes to increased 
production of free radicals (Seitz & Osswald, 1992). Alcohol diminishes the transformation 
of retinol into retinoic acid and as result cell proliferation is upregulated (Seitz et al., 1998). 

9.1.7 Food processing 

We found that fried and grilled food is a risk factor for CRC and CRP. Cooking of the food 
at high temperatures and usage of grill induces formation of heterocyclic amines in the 
meat, which own mutagenic and pro-carcinogenic activity (Sigimura et al., 2004; De Meester 
& Gerber, 1995). Biochemical interactions between proteins, carbohydrates and fats during 
food processing are also of great importance for the formation of carcinogenic compounds.  

9.2 Nonalimentary risk factors for colorectal polyps and cancer 

9.2.1 Physical activity  

Five percent of cardiovascular mortality rate is caused by low physical activity. 13% is the 
estimated value for CRC (Slattery & Potter, 2002). This is probably due to the combination of 
low physical activity, nutrition, lifestyle, and their cross-interactions. The mode of action of 
physical activity upon CRC is not clear, but decrease in inflammation and insulin levels is 
supposed. A middle intensive physical activity 3-4 times per week with 1.5 h duration is 
advisable. Increased physical activities, especially in men, reduce the risk for CRC with 40-
50% (Scottish Intercollegiate Guidelines Network. Management of Colorectal cancer. A 
national clinical guideline., 2003). 

9.2.2 Tobacco smoking 

Many authors consider CRC as tobacco-related, taking into account the duration of 
smoking. It is estimated that 12% of the cases of CRC are related to smoking (Courtney et al., 
2004). The present study confirmed the role of tobacco smoking as a risk factor for CRP and 
CRC. The risk is elevated proportionally to the years of smoking. Tobacco smoking disrupts 
conjugation of glutathione, cytochromes and damages DNA (Pfohl-Leskowitcz et al, 1999). 
Inhalation of carcinogens from tobacco smoke could trigger microsatellite instability (Yang 
et al., 2000). 
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9.2.3 Gender 

The incidence of CRC is almost always higher in men (Parkin et al., 1999). Our data support 
these findings, as the men/women ratio was 1.2/1 in patients with CRP and 1.23/1 in 
patients with CRC. These differences could be explained with different life style, diet habits, 
physical activity, tobacco smoking, and consumption of alcohol, usage of NSAID and iron 
stores. There are and speculations about the protective role of female sex hormones 
(Crandall, 1999). Hormone replacement therapy in women is not recommended, because of 
the risk of vascular damages, thromboembolism and breast cancer (Scottish Intercollegiate 
Guidelines Network. Management of Colorectal cancer. A national clinical guideline, 2003).  

9.2.4 Age 

The interacting reasons for neoplastic changes in the colon are clinically manifested as a 
CRC during the second half of life. The mean age of our patients with CRP is 60 years and 
the mean age of our patients with CRC is 64 year. The mortality rate is increasing in parallel 
with advancing age according to reported data (Crandall, 1999). 

9.2.5 Laxatives use 

Frequent use of laxatives is among risk factors according to our data. This result is 
supported by some other studies (Van Gorkom et al., 1999). Probably, laxatives exert direct 
toxic effect upon colon mucosa.  

9.2.6 Iron and haemochromatosis 

The presumable mechanism of iron influence as a risk factor for CRC is connected with the 
formation of the free radicals from the unabsorbed iron, which damage colon epithelium. 
Heterozygotic patients who have not developed haemochromatosis are at elevated risk of 
developing CRC (Altes et al., 1999). The high risk of developing CRP and CRC in our 
patients who have regularly consumed red meat could be partially explained with the high 
amount of organic iron, which is available in the heme molecule. 

9.2.7 Occupation 

Our data show that exposure to petrol and metal is a risk factor for CRP and CRC. It is 
possible that petrol derivates and metals exert harmful effect upon colonic mucosa. Other 
exogenous risk factors are: use of anthranoid laxatives, working in petrol industry, 
production of synthetic materials, wood- and metal processing. Ionizing radiation increases 
the risk for CRC in radiation treatment of small pelvis after latent period of 15 years (Levin 
et al., 2002). 

9.2.8 Gut flora 

Pathological gut flora could produce potential carcinogens, deconjugate bile acids and 
impair cell DNA molecule (Aries et al., 1969). Our study ascertained the fact that H. pylori 
infection serves as a risk factor for CRC development. Similar results are reported from 
other authors (Zumkeller et al., 2006). However, more extensive studies are needed to prove 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

190 

this observation. H. pylori could exert negative effect not only on upper parts of 
gastrointestinal tract, but may be also on colorectal mucosa. 

9.2.9 Association with other diseases 

Chronic and extensive IBD is connected with increased cell turnover and elevated risk of 
developing CRC. The risk for development of CRC in patients with IBD depends on the 
duration (8-10 years) and the extent of disease (Ekbom et al., 1990). We observed malignant 
transformation in one patient with ulcer colitis and inflammatory pseudopolyposis with 
duration more than 10 years. Some big population based studies have found slightly 
elevated risk of developing CRC in right colon in women 15 years after cholecystectomy 
(Ekbom et al., 1993). Acromegaly is associated with elevated risk for CRC (Jenkins et al., 
1997). We do not have any patient with acromegaly and CRP or CRC. We did not observe 
association between the patients who have undergone cholecystectomy and the frequency of 
CRC and CRP. The possible mechanism of this risk factor is associated with the constant free 
leakage of bile in the gut and with the toxic and carcinogenic effect of secondary bile salts. 

9.3 The mode of action of protective factors for colorectal polyps and cancer 

9.3.1 Probiotics 

Our data confirm that Bulgarian yoghurt (containing Lactobacilus acidophilus/bulgaricus and 
Streptococcus termophylus) has a protective effect on large bowel polyp formation.  Its use as a 
prophylactic seems perspective since it is traditionally present in Bulgarian national cuisine. 

9.3.2 Fibers 

According to our study the intake of large amounts of fibers is associated with reduced risk 
for CRP formation, although conflicting data exist. In a large prospective study, 
approximately 40% reduction of CRC risk in persons with high fiber consumption was 
reported (Bingham et al., 2003). The protective action of diet fibers is based on their 
capabilities to accelerate bowel transit time and enlarged volume, which could diminish 
exposition time of mucosa to food carcinogens and dilute them. Food fibers bind, inactivate 
and carry out the luminal carcinogens. Food fibers also decrease fecal pH and inhibit 
bacterial degradation of different alimentary compounds (Kritchevsky, 1995).  

9.3.3 Flavonoids 

Flavonoids are powerful antioxidants, which are found basically in fruit, vegetables, seeds, 
nuts, tea and wine (Middleton & Kandaswami, 1993). According to our data consumption of 
fruit and vegetables is protective factor for CRC and CRP, whereas regular consumption of 
tea is protective factor for CRP.  Flavonoids inhibit cell proliferation and induce apoptosis 
(Wenzel et al., 2000).  

9.3.4 Selenium 

In supranutrtional doses selenium has protective effect against development of CRC, cancer 
of prostate and lung cancer (Schatzkin et al., 1996). Its mode of action is based on its 
antioxidant, antiproliferative, and proapoptotic properties (Zhu et al., 2000). Selenium is 
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basic part of the selenium-dependent glutathione-reductase, which removes free radical and 
protects the integrity of cell membrane and DNA stability. Selenium also activates tumor-
suppressor gene p53 (Seo et al., 2002). Our data in patients who use selenium as prophylaxis 
confirm its protective role.  

9.3.5 Calcium 

Our data show that consumption of milk products has protective effect against developing 
CRC and CRP. Calcium in milk products bind luminal bile and fat acids in insoluble soaps 
and inhibits proliferation of colon cells (Bostick et al., 1995). Calcium also enhances cell 
apoptosis in colon mucosa (Fedirko et al., 2009). Probably, calcium has a modulating role in 
the western diet, rather than anticarcinogenic properties. Optimal intake of calcium in >50 
year old persons is 1200 mg per day (Institute of Medicine, Dietary Reference Intakes for 
Calcium, Phosphorus, Magnesium, Vitamin D and Fluoride. Food and Nutrition Board, 
Washington, DC., 1997). 

9.3.6 Fluid intake 

Regular intake of mineral water is protective factor for CRP according to our data. 
Epidemiological studies showed that protective effect of fibers depends on the volume of 
drank fluids (Lubin et al., 1997). This phenomenon is associated with the decreased 
concentration of carcinogens, accompanied with a high amount of fluid intake. 

9.3.7 Vitamins 

There are data that vitamin D, alone or in combination with calcium plays protective role for 
CRC (Hawk et al., 2004). Vitamin D induces cell differentiation and inhibits cell proliferation 
and metastatic potential (Giovannucci, 2006). Vitamin A has similar properties as vitamin D, 
but there is no clear evidence of its protective role for CRC. Significant side effects of 
vitamin D and vitamin A restrict their usage. No convincing data exist and for the protective 
role of folic acid for CRC. Combined use of some vitamins with antioxidant properties, like 
vitamin C and vitamin E, and minerals, like selenium could enhance their impact (Patterson 
et al., 2000). Our data confirm this result, because we used combination formula composed 
of vitamin E – 80 mg, vitamin C – 100 mg, β-caroten – 10 mg and selenium – 250   μg) as  a 
prophylactic drug in 12 patients for period of 5 years. 

9.3.8 Bioactive compounds 

A lot of foods containing bioactive compounds are with protective effect for CRC and CRP 
according to our data – garlic, tea, fruit, vegetables, onions, grapes, vegetable food, legumes 
etc. Bioactive compounds include numerous chemical substances, which own anticancer 
properties (Greenwald, 2002). Some of the most studied bioactive compounds are found in 
green tea, tomatoes, and different sorts of onions, carrots, lemons and garlic. There are 
flavonoids and polyphenols in green tea, fruit and vegetables, which possess antioxidant 
properties. Bioactive compounds d-limonen and perilil alcohol are found in citrus fruit and 
their impact is associated with the induction of glutathione S-transferase. Red grapes have 
antioxidant properties, because of the bioactive compound resveratrol. In cereals and in 
beans are found phytoestrogens, which change the metabolism of steroid hormones. A lot of 
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bioactive compounds present in traditional Bulgarian cuisine. Therefore, it is reasonable to 
keep the tradition of healthy Balkan (Bulgarian)  diet from the first half of the 20-th century.  

9.3.9 Cereals 

Consumption of rye and whole grain bread are protective factors for CRP according to our 
data. Low incidence of CRC and other cancers is observed in countries with high 
consumption of complex long-chained carbohydrates, which is found in cereals (Gerber, 
2003). This fact is based on the presumption that complex long-chained carbohydrates 
successfully substitute fats as a source of energy. Recommended dose of cereals is 600-800 
gram per day. 

9.3.10 Fruit and vegetables 

Regular consumption of fruit and vegetables is a protective factor for CRC and CRP 
according to our data. Fruit and vegetables contain vitamins, minerals, biologically active 
substances and some insoluble fibers. All of them are regarded as protective. The suggested 
daily dose of fruit and vegetables is 400-800g/day divided in at least 5 meals. The protective 
role of regular consumption of fruits and vegetables is proven: the replacement of high 
calorie food with low calorie fruits and vegetables (cabbage and broccoli) decreases overall 
energy intake and reduce the risk for CRC. Compounds with hypothetical antiproliferative 
and anticancer action, which inactivate free radicals, are antioxidant vitamins (A, C, E), folic 
acid, thioethers (garlic, onions, leeks), terpens (citrus fruits), plant phenols (grapes, 
strawberries), carotenoids (carrots, sweet potatos, water melons), selenium, flavonoids, 
calcium, etc (Levin et al., 2002). With high consummation of fibres (cereals, fruits, 
vegetables) the risk for CRC is reduced with 40% (Guidance on Cancer Services. Improving 
Outcomes in Colorectal Cancers – Manual Update. National Institute for Clinical Excellence 
2004). Protective effect of fibers is augmented from the fluid intake, calcium, etc. (Levin et 
al., 2002).  

9.3.11 Dairy products  

Our study confirms that dairy products and yoghourt are protective factors for CRC and 
CRP, but low-fat dairy products must be available, in order to prevent cardiovascular 
diseases. Low-fat dairy products supply calcium and vitamin D, both of which has 
protective effect for CRC. The contradictory data about the protective role of dairy products 
is associated with the quantity of the contained fat (World Cancer Research Fund and 
American Institute for Cancer Research, Food, Nutrition and the Prevention of Cancer, 
1997).  

In summary, the intake of fats cause increased influx of bile in the small intestine, whereas 
part of the fat and bile reaches the large bowel, where bacteria metabolize fat and bile into 
bile acids and fat acids. These products impair the epithelium of large bowel and stimulate 
cell proliferation, which is a prerequisite for carcinogenesis of large bowel. The secondary 
products of bile metabolism and by-products of some foods, which are cooked in certain 
way, could act like carcinogens, especially in persons with genetic predisposition for 
development of CRC. The food exerts effect upon intraluminal content and wall of the large 
bowel, but also part of the digested substances are absorbed and release of the local 
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hormones and peptides, like insulin and gastrin, is induced. These hormones and peptides 
could also promote epithelial hyperploliferation. Apoptosis and cell differentiation are 
suppressed too, and DNA abnormalities could occur (Fig. 1). Adenomatous, hyperplastic or 
mixed colorectal polyps are morphological sign of the blended influence of genetic and 
exogenous factors upon the colorectal epithelium. Occurrence and progression of these 
polyps are evidence for the readiness of the colorectal epithelium to react in this distinct 
way under the influence of exogenous risk factors and inherited predisposition. Diet fibers 
by their volume and fluids dilute large bowel content, shorten the bowel transit time and do 
not permit a long contact of large bowel content with large bowel wall. As a result of  
bacterial fermentation of the cereal fibers, short-chain fatty acids are produced, which are 
very important for the metabolism and proper state of large bowel epithelium and 
contribute to large bowel integrity (Hague et al., 1995). Changed low pH in the large bowel 
inhibits dehydroxylation and dehydrogenation of bile acids. Changed low pH in the large 
bowel plays protective role for occurrence of CRC, because dehydroxylation and 
dehydrogenation of bile acids could result in formation of carcinogenic substances.  

 
Fig. 1. Possible mechanisms of influence of diet and lifestyle upon pathogenesis of colorectal 
cancer. IFG-1, insulin-like growth factor-1; COX-2, cyclooxygenase-2. 
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Micronutrients and bioactive compounds complete their protective role by several 
mechanisms – in systemic way promote cell differentiation and apoptosis, and support the 
large bowel integrity, while intraluminally, micronutrients and bioactive compounds 
participate actively in detoxification of diet and metabolite carcinogens. Influence of the 
environmental risk factors, especially diet risk factors, could facilitate the clinic expression 
of recessive alleles for CRC or alleles with low penetration. Diet risk factors could also 
modulate the time of expression of recessive alleles for CRC. This statement could explain 
some of the cases of CRC in patients from a generation, which has been migrated from 
countries with low incidence of CRC in countries with high incidence of CRC (USA, 
Australia). Often, systemic genetic variations (polymorphisms) could affect the speed of 
detoxification or the activation of environmental carcinogens. This is happening in the 
process of the culinary food treatment, during tobacco smoking or from the alcohol 
metabolites. At the same time, shortage of anticarcinogens could be available in the regular 
diet.  

We must not forget that from the two known etiological risk factors, the first is acquired – 
diet and lifestyle, and the second one is inheritable – susceptibility. Large bowel polyposis is 
a very good example of the interactions between exogenous and endogenous factors that 
take part in large bowel carcinogenesis with different rate of progression. In patients with 
FAP the progression from benign adenomas to cancer is rapid (2-4 years) due to inherited 
genetic changes; in other cases longer exposure to certain exogenous factors is needed to 
cause genetic changes that lead to cancer (the mean age of CRC patients in оur group was 64 
years); however, in certain subjects the time for neoplastic transformation exceeds life 
duration. Therefore a good differentiation between these groups and early prophylaxis and 
screening methods are needed. The most frequently used screening methods include: 
flexible sigmoidoscopy, fecal occult blood test, large bowel capsule endoscopy (if cheaper), 
double contrast barium enema, virtual colonoscopy, fibrocolonoscopy, endoscopic 
polypectomy, histological evaluation of all removed polyps, assessment of risk factors, and 
genetic testing if possible. In conclusion about 15% of the cases with CRC are hereditary, 
while the remaining 85% are sporadic. However, in 30% of cases a stronger correlation with 
dietary habits and lifestyle is suspected, while in 55% a close interaction between host 
susceptibility and environmental factors is more probable. The above fact leads us to the 
hypothesis that prevention of CRC is a possible task, which can be achieved by correction of 
certain exogenous factors. 

10. Chemoprevention 

Chemoprevention is defined as a usage of a medication or natural substances, which can 
prevent occurrence of benign or malignant tumor (Hakama, 1998).  Chemoprevention is 
used in every stage of CRC prevention and includes three major groups: medications, non-
medications and biologically active substances. Medications include non-steroidal anti-
inflammatory drugs (NSAIDs), acetylsalicylic acid, inhibitors of cyclooxigenase-2 (СОХ-2), 
5-aminosalicylic acid (5-ASA), folic acid, ursodeoxycholic acid, difluoromethylornithine 
(DFMO), dithiolethionine (oltipraz), acetilcystein, etc. Non-medications are: selenium, fibers, 
calcium, vit A, B, C, D, β-carotene, other retinoids, minerals, etc. Biologically active 
substances include: limonene and perillyl alcohol (in citruses), resveratrol (red grape), 
diallyl disulfide (garlic), lycopene (tomatoes), flavanols (green tea), isoflavones – genistein 
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(soya), dithiolthiones, squalene (olive oil), ferulic and phytic acids (rice). Chemoprevention 
plays a substantial role in secondary and tertiary prevention of CRC. Also, it could be used 
for prophylaxis in patients after polypectomy of adenomas with high-grade dysplasia, 
polyps with invasive carcinomas, patients with familial history for cancer. Patient with IBD 
and inflammatory pseudopolyposis and require constant chemoprevention with 5-ASA. The 
most widely used medications include: acetylsalicylic acid, polyvitamins, folic acid, 
selenium, NSAID. So far, the most consistent data for reduction of polyp recurrence exist for 
acetylsalicylic acid and folic acid. Still, more large studies, examining the exact medications 
and possible role, are needed.  

10.1 NSAIDs  

Mechanisms of chemoprevention with NSAIDs include: inhibition and deactivation of 
possible carcinogens, inhibition of cell proliferation, promotion of cell differentiation and 
apoptosis, correction of genetic damages and inhibition of angiogenesis (Gustafson-Svard et 
al., 1996). Epidemiological studies have shown that NSAIDs and especially acetylsalicylic 
acid have chemopreventive properties (Lang, 2003). Regression of polyps to 28% is detected 
in FAP patients, who are treated in a long period with NSAIDs (Steinbach et al., 2000). The 
regular intake of acetylsalicylic acid and other NSAIDs reduce the incidence of CRC with 30-
50% according to retrospective and prospective studies (Janne & Mayer, 2000). However, 
adenomas are observed in some patients, who are treated with acetylsalicylic acid, which 
means that chemoprevention cannot substitute completely screening colonoscopy (Sandler 
et al., 2003). The dose of acetylsalicylic acid is still debatable. Some studies show that 
reduction of the risk for colorectal polyp occurrence is achieved with lower doses of 
acetylsalicylic acid (Baron et al., 2003). Side effects of long intake of acetylsalicylic acid, like 
gastrointestinal hemorrhage and brain hemorrhage restrict the usage of acetylsalicylic acid. 
There is a need for development and usage of new forms of acetylsalicylic acid and NSAIDs 
agents, which are much safer, like NO-acetylsalicylic acid (Fiorucci & Del Soldato, 2003). 
Another possibility is the usage of products and substances of natural origin. For example, 
natural COX-2 inhibitors are yellow pigment curcumin, resveratrol (in grapes) and omega 3-
fatty acids in the fish.  

10.2 Folic acid 

The presumable protective mechanism of folic acid is not clear, but it is supposed, that the 
lack of folic acid is associated with hypomethylation of DNA and oncogenic activation. 
Regular intake of folic acid for at least 15 years reduces the risk of development of CRC 
(Giovannucci et al., 1998). A study showed reduction of CRC incidence in genetically 
predisposed persons who use folic acid in high doses. Probably, these persons are 
vulnerable to methyl group deficiency, as a result of DNA aberrations with low 
penetration (Fuchs et al., 2002). The risk for CRC is vastly reduced if folic acid is used for 
a prolonged time, especially from smokers (Scottish Intercollegiate Guidelines Network. 
Management of Colorectal cancer. A national clinical guideline. 2003). However, there are 
data from animal studies that folic acid can promote the impact of some carcinogens (Kim, 
2003). Moreover, no large studies are available to sustain the chemopreventive role of folic 
acid.   
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10.3 Calcium 

Protective role of calcium is confirmed in different trials. A result from a study claims that 
regular daily intake of 3 g calcium as supplement reduce the risk of colorectal adenomas 
relapse 1 year after their removal. This fact is an evidence of protective action of calcium in 
the early stages of colorectal carcinogenesis (Baron et al., 1999). Another study reported that 
high calcium intake is associated with vastly lower risk of development of distal CRC, but 
not proximal CRC (Wu et al., 2002). 

10.4 Ursodeoxycholic acid 

The protective role of ursodeoxycholic acid for CRC is probably due to the reduced 
absorption of the secondary deoxycholic acid, which increases epithelial proliferation and 
promote carcinogenesis. A study proved that use of synthetic ursodeoxycholic acid is 
associated with reduced risk of development of CRC in patients with ulcerative colitis and 
primary sclerosing cholangitis (Peng et al., 1995). Other authors found that administration of 
ursodeoxycholic acid in patients with primary biliary cirrhosis, who have undergone 
polypectomy, is connected with vastly reduced risk of CRP relapse (Serfaty et al., 2003).  

10.5 Selenium 

Abundant data for the role of selenium as a prophylactic substance for the CRC are 
constantly accumulating. Epidemiological studies have shown anticancer role of selenium 
since 1970. In some parts of Europe there is low amount of selenium in the soil and 
European population show tendency of lower intake of selenium in the last 25 years 
(Rayman, 2000). A lower risk for CRC was detected in persons who take 200 g selenium 
daily (Clark et al., 1996). Some authors found lower serum levels of selenium in patients 
with CRC (Scieszka et al., 1997). 

We can conclude that the choice of proper chemopreventive tool is difficult. Such a tool 
must be effective, cheap, safe and easy to use. It is calculated, that up to 80% of the cases 
with CRC could be prevented by alteration of diet habits (Cummings & Bingham, 1998). 
These data oblige us to fully clarify the role of chemoprevention in colorectal neoplasms. 
Combination of chemoprevention with screening endoscopy is of great importance for 
reduction of the CRC mortality. The most significant chemopreventive agents are the 
acetylsalicylic acid and other NSAIDs, antioxidants, calcium and selenium.  

10.6 Chemoprevention in our patients 

The main indications for applying chemoprevention in our patients were: patients with 
adenomatous polyposis of large bowel; patients who have undergone endoscopic 
polypectomy; operated for CRC patients, IBD patients and patients with hereditary 
syndromes of CRC. 70 of our patients took chemopreventive agents: acetylsalicylic acid, 
polyvitamins, folic acid, selenium, NSAID, calcium, 5-ASA, ursodeoxycholic acid. 

11. Primary prophylaxis of colorectal adenomatous polyps and CRC  

Colorectal cancer prevention is divided into three groups: primary, secondary and tertiary. 
Diet and lifestyle are considered as targets in primary CRC prevention, which includes 
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modification of the established risk factors for colorectal polyps. These are: limitation of 
certain foods, beverages and habits; improved physical activity; consumption of protective 
foods; eradication of H. pylori. Important question is whether it is possible to apply primary 
prophylaxis in CRC and its precursor – adenomatous colorectal polyposis and if risk factors 
for CRC and CRP are avoidable and at what extent? Considering the growing epidemic of 
CRC this issue is waiting its prompt answer. What kind of healthy style of life we can offer 
to threatened people, similarly to the primary prevention in other diseases like 
cardiovascular disease, ischaemic heart disease and arterial hypertension, and distinct type 
of cancers?  A great part of risk factors for CRC and CRP are associated with the diet, the 
lifestyle, exogenous carcinogens, some diseases and disease-like conditions. However, some 
protective factors for CRC and CRP are famous and could be recommended. As a primary 
prevention in healthy persons change of diet habits, reduction of body weight, refusal of 
tobacco smoking and alcohol intake are recommended. Preventive role of calcium, 
magnesium, β-carotene, vitamins, folic acid and selenium for CRC and CRP is still 
disputable. Acetylsalicylic acid and other NSAIDs for this purpose are not commonly used, 
because of their adverse side effects (Sandler, 2004). However, if new and convincing data 
are available, we can try to restrict influences of known risk factors and to cure precancerous 
conditions and will be able to perform proper primary prevention for CRC and colorectal 
adenomatous polyposis. 

12. Secondary prophylaxis of colorectal adenomatous polyps and CRC  

Secondary CRC prevention is used for early detection of premalignant adenomas and cancer 
in its curative stage. It includes: screening colonoscopy; polypectomy; optimal treatment of 
IBD patients; chemoprevention and follow-up (Hawk, 2004; Rex, 2000). The aim of 
secondary prophylaxis or screening is to diminish the mortality of CRC by early detection 
and treatment of premalignant adenomas and cancer in its curable stage. European and 
national gastrointestinal and digestive endoscopy societies recommend screening to 
comprehend all healthy and risk groups of people. CRC screening consists of: digital rectal 
examination, fecal occult blood test, fecal immunochemical test for 
haemoglobin/haptoglobin, barium enema, sigmoidoscopy, sigmoidoscopy with fecal occult 
blood test, colonoscopy (with polypectomy), chromoendoscopy, NBI and high-resolution 
colonoscopy, virtual colonoscopy - CT or MRI, fecal DNA test (Geissler & Graeven, 2005). A 
useful test is invented for early detection and follow-up of CRC, similar to the noninvasive 
serological and fecal tests used for detection of infection with H. Pylori. This test is based on 
the idea, that proliferating cells, especially malignant cells, are expressing special isoenzyme 
of pyruvate kinase (PK), which plays a significant role in glycolysis. This isoenzyme consists 
of 4 subunits in healthy cells, while in neoplastic cells there are 2 subunits. This dimeric 
form M2-PK is found in gastrointestinal neoplasms. Tumor marker M2-PK is found in the 
blood of 47.8% of patients with CRC, while fecal test is sensible in 80% of cases with CRC 
(Hardt et al., 2004).  

We propose stratification of healthy population in three groups: patients with moderate risk 
for development of colorectal polyps and cancer; patients with elevated risk for development 
of colorectal polyps and cancer; patients with extremely high risk for development of 
colorectal polyps and cancer;  
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The first group includes all patients who have no family history for cancer and no personal 
history for polypectomy or cancer in the past. 

The second group includes patients with family history for CRC or related neoplasia 
(stomach, mammary gland, endometrium, ovary, adrenal glands), patients with 
polypectomy of polyps with low-grade dysplasia, patients with large bowel resection due to 
CRC (5 years post-surgery), male gender. 

The third group includes patients: with familial adenomatous polyposis (FAP), with 
polypectomy of polyps with high-grade dysplasia, patients with large bowel resection due 
to CRC (up to 5 years post-surgery), with Peutz-Jeghers syndrome, juvenile polyposis, 
Cowden`s disease, HNPCC, IBD patients, with acromegaly and ureterosigmoidostomy.  

The most appropriate follow-up method of patients, who have undergone polypectomy, is 
colonoscopy. The intervals according to the patients` risk and starting age are summarized 
in Table 7. 

 

 
№ 

Patients 
Starting age for 
screening colonoscopy 

Interval for control 
colonoscopy 

1 
With average statistical risk for 
development of CRP and CRC 

50 years 10 years 

2 With moderately elevated risk for CRC 40 years 5 years 
3 With extremely high risk for CRC 10-30 years 1-3 years 

Table 7. Starting age and intervals for screening colonoscopy. 

13. Tertiary prophylaxis of CRC  

Follow-up, chemoprevention and polypectomy are cornerstones of tertiary CRC prvention. 
Tertiary prevention is performed after surgical treatment for CRC and its aim is elongation 
of the survival and improvement of the quality of life of patients who have been treated 
with resection for curable CRC. This purpose can be achieved by treatment of the patient’s 
complaints, which are connected with the primary disease or with the systemic 
chemotherapy, as well and by disclosure of relapses in early and curable stage. We have not 
to forget, that occupational and psychosocial rehabilitation are very important in these 
patients. Large studies, which offer standard approach to these patients, are missing. 
Nevertheless, the following factors must be considered: tumor stage, general condition of 
the patient and life expectancy, and the patient’s gain from treatment with a new, 
potentially curable surgeon intervention in case with proven relapse of CRC. 8,4 % of our 
patients develop metachronous CRC with mean age 69±11 years. The mean difference 
between diagnosis (CRC) of first and second localization is 6 years (2-15). This is the time for 
tertiary prophylaxis of CRC.  

Follow-up of patients with CRC is achieved by: personal history, physical examination, 
carcinoembryonic antigen (CEA) test, lab tests, fecal occult blood test, chest X-ray, 
abdominal ultrasound, echo-endoscopy, CТ, MRI, colonoscopy and PET-CT.  

In conclusion, primary prophylaxis of the disease is the ultimate aim of every clinical 
physician. Can we apply the primary prophylaxis in colorectal adenomas and CRC? 
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Encouraging examples for this possibility exist. Low physical activity, high uptake of 
saturated fats and arterial hypertension were recognized as risk factors for cardiovascular 
diseases. For a few years broad public campaigns resulted in dramatic reduction of 
mortality from coronary heart disease. Similar results are obtained and in some countries, in 
which restrictive government politics for tobacco smoking exists. No single factor is 
responsible for CRC carcinogenesis, but combination of some important factors, which are 
associated with the diet and lifestyle, is crucial. 

May be the true pathway is to seek some average healthy diet and lifestyle, which play 
preventive role for many diseases. This recommendation is especially useful for the persons 
who are genetically predisposed, because the environmental risk factors can promote faster 
carcinogenesis. 

Revival of the healthy Balkan (Bulgarian) feeding habits from the first half of the 20-th 
century seems reasonable (Ribarova et al., 2004). More protective foods must be included in 
our daily meal and this task looks feasible. We have to consume regularly fruit, vegetables, 
cereals, low-fat dairy products, legumes, poultry, fish, sea products, fibers and to reduce the 
intake of animal fats, red meat and preserved food. We have to be physical active, restrict 
alcohol usage, and to avoid tobacco smoking and usage of grilled and fried food. 

Many countries introduced a large scale programs for reduction of risk factors and 
promotion of protective factors for CRC. Besides that, such programs are useful and for 
prophylaxis of cardiovascular diseases, some other cancers and important metabolite 
diseases, like diabetes mellitus II type and obesity. 

14. Recommendations for prophylaxis of CRC according to our data 

You must follow these rules to be protected from colorectal cancer: 

1. Do not eat fatty food, smoked meat, fried foods, margarine, pork, red meat and egg-
fried food  

2. Do not drink alcohol 
3. Do not smoke 
4. Sustain high physical activity and do not be obese  
5. Restrict the intake of refined sugar and white flour products 
6. Use plant oil, but not margarine 
7. Legumes, fish, low-fat dairy products and Bulgarian yoghourt are good source of 

proteins 
8. Consume at least 5 times per day fruits and vegetables (pears, melons, water melons, 

grapes, peaches, onion, garlic, pepper)  
9. Prefer poultry, white meat, hares and fish from the meat 
10. Healthy cooking includes decrease of the fat added in the food, reduction of the 

cooking temperature and refraining from the use of grilled food 
11.  Do not use regularly laxatives  
12.  Avoid contact with petrol  
13.  Avoid usage of preserved foods and prefer local, season`s, fresh or frozen fruits and 

vegetables 
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14.  Fasting is good 
15.  Do endoscopic polypectomy if you have adenomatous colorectal polyps 
16.  Eradicate Helicobacter pylori if you are infected 
17.  Use daily acetylsalicylic acid if you do not have any contraindications 
18.  Make a screening colonoscopy after you reach 50 years, and if you are in risk group 

(familial predisposed to colorectal cancer or associated localization – stomach, 
endometrium, breast, ovary or if you have preceding polypectomy) – after you reach 40 
years. Consider genetic testing if you are in  risk groups  
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1. Introduction  

It has been reported that the cause of 30% of cancer is associated with eating habits (Anand 
et al., 2008). Colorectal cancer is one of the most common causes of death all over the world, 
and there is a strong association between this type of cancer and food intake. Despite this 
statement, the preventive effects of foods and nutrients on colorectal cancer have not 
completely elucidated yet. 

It has been proposed that some biologically active nutrients suppress colon carcinogenesis 
through the mechanisms of cytostatic properties, inhibition of cell growth, induction of 
apoptosis, an anti-inflammation effect or modification of DNA in in vitro studies.  

Although the positive effects of these nutrients have been shown in in vitro studies, it is still 
difficult to apply the effects of these nutrients in in vivo studies, due to modifications to 
foods during the process of absorption and delivery within the body. There might be two 
possible active sites, where foods and their components affect colon epithelium cells, where 
nutrients are distributed hematogenously after absorption, or retained in the lumen without 
absorption. Absorbed foods and nutrients might show the effects of anti-inflammation, anti-
oxidant, and anti-proliferative par hematogenously in cancer epithelial cells and stromal 
cells, while on the other hand, the regulation of enterobacteria might be provided by the 
component in a poorly-absorbed form. Recent studies have focused on resistant 
carbohydrates functioning as prebiotics that prevent colorectal cancer (Davis & Milner, 
2009). 

The normal human intake of food has a great advantage for oral administration and safety, 
compared with the administration of medicine, because safety has been proven by long food 
experience. Thus, the prevention of colorectal cancer through the intake of specific foods 
and nutrients might have a great potential, however further studies are required, especially 
in regard to absorption and disposition. In this paper, we focused on foods, and their 
components, with cancer preventive aspects. 

2. The preventive effects of food components against colorectal cancer  

Colorectal cancer is one of the most common cancers in the world and it has been proposed 
that it is strongly associated with dietary habits (Anand et al., 2008; Jemal et al., 2011). Red 
and processed meat may convincingly increase the risk, and physical activity is only the 
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proven method of prevention. Avoiding body fatness, especially abdominal fatness, and the 
consumption of an excessive amount of alcohol are also important for colorectal cancer 
prevention (World Cancer Research Fund, 2007b). Despite the confirmation of cancer 
inducing foods, foods or nutritional elements that have protective qualities against 
colorectal cancer have not yet been fully confirmed. 

2.1 Epidemiology 

Colorectal cancer is the third most commonly diagnosed cancer in males and the second in 
females, and it is the fourth common cause of death in males and third in females, according 
to a survey conducted in 2008 (Jemal et al., 2011) . The increasing rate of colorectal cancer is 
considered to be due to the combination of changes in dietary patterns, obesity and smoking 
(Jemal et al., 2011). Approximately only 5-10% of all colorectal cancers are a consequence of 
recognized hereditary conditions (Lynch & de la Chapelle, 2003). Since dietary habits play 
an important role in the incidence of colorectal cancer, this subject must be employed as one 
of the main strategies to investigate components derived from foods with cancer prevention 
properties.  

It has been reported that dietary patterns are associated with the onset of colorectal cancer. 
The Mediterranean diet was associated with a reduced risk of recurrence of colorectal 
adenomas in woman. The Mediterranean diet is characterized by a high consumption of 
breads, vegetables, fruit, fish and olive oil (World Cancer Research Fund, 2007c, as cited in 
Cottet et al., 2005). The Japanese traditional diet is characterized by a high consumption of 
fish and seafood with a high salt content. Japanese cohort studies demonstrated that both 
the Japanese traditional diet and western diet were associated with an increased risk of 
colon cancer in women, but not in men (Kim et al., 2005). The ‘Pork, processed meats and 
potatoes' diet was associated with an increased risk of colon cancer in women and also with 
rectal cancer in men. ‘Pork, processed meats and potatoes’ diet pattern was characterized as 
intakes of energy, protein carbohydrate, fat, saturated and monounsaturated fatty acids, 
cholesterol, B vitamins, and minerals (Dixon et al., 2004). Vegetarian diets might moderately 
reduce the risk of colon cancer, which is due to not only to no or low consumption of meat, 
but also to a high consumption of plant foods (Sanjoaquin et al., 2004; World Cancer 
Research Fund, 2007c), although there is a negative result of colorectal cancer prevention 
(Key et al., 1996). 

2.2 Adenoma-to-carcinoma sequence and pathology 

A genetic model for colorectal tumorigenesis has been proposed in the following procedures 
(Fearon & Vogelstein, 1990). 1) The mutation of APCTS gene transform normal colonic 
epithelia tissue to multiple polyps, 2) DNA hypomethylation is related to the onset and 
development of and early adenoma, 3) The K-ras oncogene play an important role in the 
progression from early to intermediate adenomas, 4) A mutation of the Thymidylate 
synthase gene plays an important role in the development from intermediate to late 
adenoma, 5) A mutation of TP53 gene is highly found in late adenomas and colorectal 
cancers (Tammariello & Milner, 2010) (Figure 1). 

Oxidative stress, which provided by both exogenous (irradiation, chemicals, and drugs) and 
endogenous (O2 metabolism, immune response, and inflammation) origin, plays a critical  
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Abbreviations: COX, cyclooxygenase; AA, arachidonic acid; VEGF vascular endothelial growth factor; 
Ca, calcium; CoQ10, coenzyme Q10 

Fig. 1. Proposed anticarcinogenetic effects of nutrients on colorectal cancer. Selenium, folate, 
vitamin A and CoQ10 have been reported to repair damaged DNA. Vitamin D and n-3 fatty 
acid may suppress the COX-2 mediated carcinogenesis. Ca plays a diverse role, including 
the inhibition of APC mutation, suppression of β-catenin and binding to bile acid. Probiotics 
and/or prebiotics reduce colorectal cancer to modify the proportion of gut microflora. 

role in DNA damage (Kryston et al., 2011). Reactive oxygen spices (ROS) and DNA 
interactions induce DNA damage, which causes mutation via either double-strand break 
(DSB) or non-DSB lesions (Sedelnikova et al., 2010). Carcinogenesis of oxidative stress also 
involve immune cell activation via CCL2/MCP-1, pro-inflammatory factor (Martin et al., 
2011).  

The methods of accurate measurement of oxidative stress have been brought by HPLC, 
tandem mass spectrometry (MS/MS) electrochemical detector (Cadet et al., 2010). There are 
also biomarkers to assess the level of oxidative stress, such as 8-oxo-2’deoxyguanosine (8-
oxo-dG) (Ziech et al., 2010). These can allow us precise studies of anti-oxidative property by 
food. 

Cyclooxygenase (COX) also plays an important role in carcinogenesis, e.g. to induce 
prostaglandin E2 (PGE2). PGE2 has diverse functions to promote cell proliferation, migration, 
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invasion and angiogenesis, and also to suppress immunity and apoptosis through inducing 
cyclin D1, Bcl-2 and vascular endothelial growth factor (VEGF) (Chan & Giovannucci, 2010). 
Figure 1 demonstrates the possible anti-tumor mechanisms of nutrients in the process of 
colorectal carcinogenesis (Janne & Mayer, 2000; Lamprecht & Lipkin, 2003; World Cancer 
Research Fund, 2007a; Chan & Giovannucci, 2010; Vilar & Gruber, 2010).  

2.3 Digestion, absorption, delivery and distribution, and the site of mechanisms of 
action 

For the clinical application of foods and nutrients for the prevention of colorectal cancer, we 
need to elucidate thoroughly how each food is digested, absorbed, delivered, and 
distributed to every organ or tissue, and determine what is the biologically active 
component, similar to the pharmacokinetics of drugs. Food constituents showed anti-tumor 
properties when they are distributed hematogenously to pre-cancer or cancer epithelial 
cells.  

We often find that there is a big gap in the effective concentration between in vitro and in 
vivo studies. It sometimes happens that in vitro studies need a much higher concentration to 
demonstrate significant anti-tumor effects, compared with the biological concentration. 
When the ingestion of a nutrient shows a cancer prevention effect in an in vivo study, this 
does not directly mean the nutrient affect will be imported into the cells, as it may change to 
another form after digestion and absorption. Each article of food includes a lot of 
constituents, so that various constituents may demonstrate additive action or synergetic 
effects. In addition, active constituents affect not only cancer epithelium cells, but also the 
cancer stromal environment, e.g. angiogenesis or the interaction between epithelial and 
stromal cells, since the paracrine interaction between epithelial and stroma cells affect each 
other for tumor progression (Ko et al., 2002; Adegboyega et al., 2004; Martinez-Outschoorn 
et al., 2011).  

For cancer prevention of the alimentary tract, active food components can have an effect not 
only hematogenously, but also from the gut lumen side. This indicates that indigestible 
constituents, as well as easily absorbed components, can function as potent anti-cancer 
agents against colorectal cancer. As mentioned above, resistant starches have cancer 
prevention properties as prebiotics that modify intestinal microorganism (Tuohy et al., 
2005). Calcium may reduce the colorectal cancer risk associated with the combination to bile 
acid, the risk profile in intestinal lumen (Boursi & Arber, 2007). The effective site of food 
components has been proposed in Figure 1 (Lamprecht & Lipkin, 2003). 

Some of the blood levels of active components after the ingestion of foods have been 
reported, but those amounts in the gut or stool have been rarely reported. For colorectal 
cancer prevention in humans, we need to investigate the systemic function of food 
ingredients, how the food is digested, absorbed and remains in the gut, as well as the blood 
concentration and delivery in each organ. Further studies are necessary to illuminate the 
mechanisms of food components on colorectal cancer prevention.  

2.4 Food, nutrition, physical activity and the prevention of cancer: a global 
perspective, 2007 

The Food, Nutrition, Physical Activity and the Prevention of Cancer: a Global Perspective 
was produced by the World Cancer Research Fund and the AIRC, in order to generate a 
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comprehensive series of recommendations on food, nutrition, and physical activity, for 
reducing cancer risk for all populations worldwide (World Cancer Research Fund, 2007b). 

The World Cancer Research Fund and the American Institute for Cancer Research judged 
that the evidence that physical activity protects against colorectal cancer was convincing, 
and the evidence that foods containing dietary fibre, garlic, milk and calcium protect against 
colorectal cancer was probable. On the other hand, the evidence that red meat, processed 
meat, alcoholic drinks for men, body fatness, abdominal fatness and adult attained height 
caused colorectal cancer was convincing, and the evidence that alcoholic drinks in women 
caused this cancer was probable.  

Table 1 shows the positive and negative results on colorectal cancer protection of foods and 
nutrition. 

2.4.1 Foods judged to “probably” reduce the risk of colorectal cancer 

The 4 foods that affected the judgement that the evidence on the reduction of the risk of 
colorectal cancer was probable were food containing dietary fibre, garlic, milk and calcium. 

2.4.1.1 Dietary fibre 

Dietary fibre was associated with a reduced risk of colon cancer (Mastromarino et al., 1976). 
A meta-analysis of eight studies of dietary fibre estimated that the relative risk was 0.90 
(95% confidence interval (CI) 0.84-0.97) per 10 g/day increment (World Cancer Research 
Fund, 2007c). 

A few negative results have been demonstrated. There was no association shown between 
dietary fibre consumption and the onset of colorectal cancer or adenoma by a 16-year 
follow-up prospective study (Fuchs et al., 1999). In the paper, a higher consumption of 
vegetable fibre was even associated with an increased risk of colorectal cancer in women. 
There was another negative result shown for dietary fibre, i.e., a high-fibre cereal 
supplement did not reduce recurrent colorectal adenomas (Alberts et al., 2000). 

The mechanisms of the action of dietary fibre are not clearly elucidated yet, but it has been 
suggested that it dilutes faecal contents, decrease transit time, and increase stool weight 
(World Cancer Research Fund, 2007c, as cited in Cummings, 1981). Short-chain fatty acids, 
like butyrate, are produced by the gut flora from dietary carbohydrates that reach the colon, 
induce apoptosis and cell cycle arrest, and promote differentiation (World Cancer Research 
Fund, 2007c). Dietary fibre intake is important for lipid and glucose metabolism or for acting 
as prebiotics on microflora health in preventing colonic cancer (Donini et al., 2009). The 
consumption of fibre is associated to the consumption of folate (World Cancer Research 
Fund, 2007c), which has also been reported to be associated with a reduced risk of colorectal 
cancer (Sanjoaquin et al., 2005). 

2.4.1.2 Garlic 

In the “Global Perspective”, the World Cancer Research Fund and American Institute for 
Cancer Research judged that garlic probably protects against colorectal cancer (World 
Cancer Research Fund, 2007c). Ally sulphur, which is considered to be an effective 
component of garlic, inhibited colon tumors in animal studies. The biologically active 
compounds derived from garlic have been proposed as allicin, diallyl sulphide (DAS),  
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Food and 
nutrition 

Human studies 

RR (95% CI) 
highest vs lowest 

exposure whcn it is 
not mentioned 

ref. 

Foods containing dietary fibre   
 positive    
  Dietary fibre was associated with a 

reduced risk of recurrence of colorectal 
adenomas in woman /meta-analysis 
from 8 studies 

0.90 (0.84-0.97) per 
10g/day increment 

World Cancer 
Research 
Fund, 2007c 

 negative    
  Dietary fibre was not associated with 

colorectal cancer risk in women/16-year 
follow-up cohort study 

0.95 (0.73-1.25) Fuchs et al., 
1999 

  Dietary fibre from vegetable was 
associated with an increased risk of 
colorectal cancer in women/16-year 
follow-up cohort study 

1.35 (1.05-1.72) Fuchs et al., 
1999 

  Dietary supplement of wheat-bran fibre 
was not associated a reduced risk of 
recurrent colorectal 
adenomas/randomized trial 

0.88 (0.70-1.11) Alberts et al., 
2000 

garlic   
 positive    
  Garlic intake was probably associated 

with a reduced risk of colon cancer/2 
cohort studies and 6 case-control studies 

0.77 (0.51-1.16) 
0.68 (0.46-1.01) 

World Cancer 
Research 
Fund, 2007c 

milk   
 positive    
  Milk intake was associated with a 

reduced risk of colorectal cancer/meta-
analysis from 4 cohort studies 

0.94 (0.85-1.03) per 
serving/day  

World Cancer 
Research 
Fund, 2007c 

  Milk intake was associated with a 
reduced risk of colorectal cancer/meta-
analysis from 10 cohort studies 

0.85 (0.78-0.94)  Cho et al., 
2004 

  Milk intake was associated with a 
reduced risk of colorectal cancer/meta-
analysis from 19 cohort studies 

0.91 (0.85-0.94) per 
200 g/day of milk 

Aune et al., 
2011 

calcium   
 positive    
  Calcium supplementation was 

associtated with a reduced risk of 
adenomas/meta-analysis from 2 cohort 
studies 

0.95 (0.92-0.98) per 
200 mg/day 

World Cancer 
Research 
Fund, 2007c 

  Total calcium intake and intake of 
calcium from food sources was was 
associtated with a reduced risk of 
colorectal cancer/meta-analysis from 10 
cohort studies 

0.78 (0.69-0.88) for 
total calcium 
0.86 (0.78-0.95) for 
calcium from food 
sources 

World Cancer 
Research 
Fund, 2007c, 
as cited in 
Samad et al., 
2005 

Table 1. 
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non-starchy vegetables and fruits   
 possitive    
  Conssumption of fruit was associated 

with a reduced risk of colorecatl 
cancer/meta-analysis from 8 cohort 
studies 

0.97 (0.92-1.03) per 
serving/day 

World Cancer 
Research 
Fund, 2007c 

  Conssumption of fruit was associated 
with a reduced risk of colorecatl cancer 
in women/meta-analysis from 5 cohort 
studies 

0.81 (0.85-0.98) per 
serving/day 

World Cancer 
Research 
Fund, 2007c 

  Consumption of fruit was associtated 
with a reduced risk of colorectal 
cancer/cohort study 

0.57 (0.34-0.97) Sanjoaquin et 
al., 2004 

  A high consumption of vegetable and 
fruit was association with a reduced risk 
of colorectal and colon cancer/cohort 
study 

0.86 (0.75-1.00) for 
colorectal cancer 
0.76 (0.63-0.91) for 
colon cancer 

van 
Duijnhoven et 
al., 2009 

  There is limited evidence suggesting that 
non-starchy vegetables protect against 
colorectal cancer 

1.00 (0.90–1.11) per 2 
servings/day 

World Cancer 
Research 
Fund, 2007c 

 negative    
  Vegetarians diet was not significantly 

associated with a reduced risk of 
colorectal cancer/cohort study 

0.85 (0.55-1.32)  
vegetarians vs non-
vegetarians 

Sanjoaquin et 
al., 2004 

  A high consumption of vegetable was 
not associated with recuded risk of rectal 
cancer/cohort study 

0.92 (0.79-1.06) van 
Duijnhoven et 
al., 2009 

  A high consumption of fruit was not 
associated with recuded risk of colorectal 
cancer/cohort study 

0.88 (0.76-1.01) van 
Duijnhoven et 
al., 2009 

Foods containing folate   
 positive    
  Dietary folate intake was associated with 

the recuced risk of colorectal 
cancer/meta-analysis of 7 cohort studies 

0.75 (0.64-0.89) Sanjoaquin et 
al., 2005 

  Total folate intake was associated with a 
recuced risk of colorectal 
cancer/metanalysis of 7 cohort studies 

0.95 (0.81-1.11) Sanjoaquin et 
al., 2005 

Selenium and foods containing selenium   
 positive    
  Dietary selenium was associated with a 

reduced risk of colorectal cancer/A 
meta-analysis from 5 case-control studies 

0.86 (0.78-0.95) per 
10 μg/dl serum 

World Cancer 
Research 
Fund, 2007c 

Fish   
 positive    
  Fish consumption was associated with a 

reduced risk of colorectal cancer/meta-
analysis from 7 cohort studies 

0.96 (0.92-1.00) per 
serving/week 

World Cancer 
Research 
Fund, 2007c 

 negative    

 
Table 1. (continued) 
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  Consumption of salmon or cod was not 
associtated with local markers of 
inflammation, genotoxicity markers in 
colonocyte, and apoptotic and mitotic 
rate in colonic mucosa/randomized 
controlled study 

 Pot et al., 2009; 
Pot et al., 
2010a; Pot et 
al., 2010b 

Foods containing vitamin D   
 positive    
  Food containing vitamin D was 

associated with a reduced risk of 
colorectal cancer/meta-analysis from 9 
cohort studies 

0.99 (0.97-1.00) per 
100 IU/day 

World Cancer 
Research 
Fund, 2007c 

Vitamins (except vitamin D)    
 positive    
  A high consumption of vitamin C and E 

from both food and supplements (total) 
was associated with a reduced risk of 
colon cancer risk/pooled analysis of 
cohort studies 

0.80 (0.71-0.90) for 
total vitamin C 
0.82 (0.74-0.91) for 
total vitamin E  

Park et al., 
2010 

  Multivitamin intake was associated with 
a reduced risk of colon cancer/pooled 
analysis of cohort studies  

0.88 (0.81-0.96) Park et al., 
2010 

  A high intake of either dietary nutrients 
(vitamin C, vitamin E, β-carotene, 
selenium, folate, vitamin B6, and vitamin 
B12) was associated a reduced the risk of 
distal colorectal cancer in the 
caucasian/case-control study 

0.58 (0.42-0.80) for 
vitamin C 
0.65 (0.48-0.89) for 
vitamin E 
0.52 (0.38-0.71) for 
β-carotene 
0.55 (0.39-0.77) for 
selenium 
0.50 (0.36-0.69) for 
folate 
0.48 (0.35-0.67) for 
vitamin B6 
0.59 (0.42-0.81) for 
vitamin B12 

Williams et al., 
2010 

  A high intake of dietary selenium was 
associated with a reduced risk of distal 
coloredtal cancer in African 
Americans/case-control study 

0.55 (0.29-1.02) Williams et al., 
2010 

  β-carotene intake was associated with a 
reduced risk of colorectal cancer in 
men/cohort study 

0.77 (0.763-0.95) Park et al., 
2009 

 negative    
  lycopene intake was associated with an 

increased risk of rectal cancer in 
men/cohort study 

1.50 (1.04-2.16) Park et al., 
2009 

Table 1. (continued) 
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  Vitamin A, vitamin C, and vitamin E 
intake from food only were not 
associated with colon cancer risk 
/pooled analysis of cohort studies  

0.92 (0.81-1.05) for 
vitamin A  
1.06 (0.95-1.18) for 
vitamin C  
0.99 (0.89-1.11) for 
vitamin E  

Park et al., 
2010 

    A high consumption of carotenoid 
(except for β-carotene) was not 
associated with a reduced resk of 
colorecatl cancer/cohort study 

0.86 (0.71-1.04) for 
total carotenoids in 
men0.83 (0.67-1.04) 
for total carotenoids 
in men 

Park et al., 
2009 

Abbreviations: RR, relative risk; 95% CI, 95% confidence interval 

Table 1. Positive and negative result of food and nutrition on colorectal cancer protection. 

diallyl disulphide (DADS), diallyl trisulfide (DATS) and ajoene. DAS, DADS and S-allylcysteie 
(SAC) demonstrated the inhibitory effect on colon cancer in the rat (Shukla & Kalra, 2007). 

In colon tumor cells, the induction of apoptosis, cell cycle modification and inhibition of 
tubulin polymerisation were suggested as the mechanism of the action of DATS, and the 
anti-proliferative effect, G2/M cell cycle arrest, decrease of polyamine biosynthesis, 
inhibition of histone deacetylase activity were suggested as the mechanisms of the actions of 
DADS (Filomeni et al., 2003; Shukla & Kalra, 2007). It also has been reported that garlic and 
its constituents inhibit DNA adduct formation, scavenge free radicals and modulate P-
glycoprotein-mediated multidrug resistance (Shukla & Kalra, 2007). 

2.4.1.3 Milk and other dairy products 

A meta-analysis of “a global perspective” produced a summary effect estimate for relative 
risk of 0.94 (95% CI 0.850-1.03) per serving/day (World Cancer Research Fund, 2007c). An 
analysis of data obtained from 10 cohort studies demonstrated that higher milk intake (≧ 
250 g/day) was related to a statistically significant reduced risk of colorectal cancer with 
relative risk 0.85 (95% CI 0.78-0.94) compared with the lowest intake (< 70 g/day) (Cho et 
al., 2004). According to the latest meta-analysis study, nineteen cohort studies concluded 
that the summary relative risk was 0.91 (95% CI 0.85-0.94) per 200 g/day of milk, and 0.83 
(95% CI 0.78-0.88) per 400 g/day of total dairy products intake. There was no significant 
association between the consumption of cheese and a reduced risk (Aune et al., 2011). 

Dietary milk fat globule membrane reduced the incidence of aberrant crypt foci in Fisher-
344 rats (Snow et al., 2010). 

The cancer prevention effect of milk and dairy products is at least partly associated with the 
intake of calcium, which may bind to bile acids and ionized fatty acids to reduce cell 
proliferation and promote cell differentiation (Aune et al., 2011). 

2.4.1.4 Calcium (supplemented at a dose of 1200 mg/day)  

The main dietary sources of calcium in Europe and America are milk and dairy products. 
The meta-analysis estimate for the summary effect for colon cancer was 0.95 (95% CI 0.92-
0.98) per 200 mg/day of dietary calcium (World Cancer Research Fund, 2007c). Analysis 
from 10 cohort studies demonstrated that the total calcium had a greater correlation (relative 
risk 0.78; 95% CI 0.69-0.88) to colorectal cancer than calcium from food sources (relative risk 
0.86; 95% CI 0.78-0.95) (World Cancer Research Fund, 2007c, as cited in Samad et al., 2005). 
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On the other hand, there was a negative report regarding the chemoprevention effects of 
calcium, 2.5 g/kg calcium reduced the number of small intestinal tumors, but increased the 
number of colon tumors (Huerta et al., 2003).  

Calcium binds bile acids in the bowel lumen to inhibit their proliferative and carcinogenic 
effects, since bile acids might promote hyper-proliferation of the colorectal epithelium and 
carcinogenesis. Calcium may also act directly on the colonic epithelial cells to inhibit ras 
mutation (Bautista et al., 1997; Janne & Mayer, 2000). Extracellular dietary calcium is 
associated with the activation of calcium-sensing receptors in intestinal epithelial cells, and 
then the activation of intracellular signalling pathways, including proliferation, 
differentiation, and apoptosis (Lamprecht & Lipkin, 2001). 

2.4.2 Food judged to be “limited-suggestively” reduced cancer risk 

Since there was not sufficient evidence to judge, the factors below were concluded as 
limited-suggestive; non-starchy vegetables (not including salted and/or pickled products), 
fruits, foods containing folate, foods containing selenium, fish, foods containing vitamin D, 
and selenium (supplements at the dose of 1200 mg/day).  

2.4.2.1 Fruit and vegetable 

It is quite complicated to investigate which nutrient has the most effective properties for 
colorectal cancer prevention, since non-starchy vegetables are a source of dietary fibre, 
carotenoids, folate, selenium, glucosinolates, and so on, and fruits are sources of vitamin C, 
carotenoids, phenols, flavonoids and other anti-oxidants. The results of the anti-cancer 
effects of fruit and vegetable are heterogeneous. 

Dietary cruciferous vegetable intake was associated with a reduced colon risk of 
approximately 25% (Marshall, 2008), There was an inverse association between the 
consumption of fruits and the risk of colorectal cancer, although the vegetarians showed a 
moderate, but non-significant, decrease in the risk (Sanjoaquin et al., 2004). A high 
consumption of vegetable and fruit showed an inverse association with colorectal and colon 
cancer, but not rectal cancer in the European Prospective Investigation into Cancer and 
Nutrition (EPIC). There was no significant inverse association shown between vegetable 
consumption or fruit consumption and colorectal, colon, or rectal cancer (Key et al., 2009; 
van Duijnhoven et al., 2009).  

Vegetable-fruit mixture intake did not decrease the number of colon polyps both in low in 
fat (20% of energy) and high in fat (40% of energy) in the ApcMin mice which are genetically 
predisposed to intestinal polyps (van Kranen et al., 1998). 

It has been reported that several fruits have a specific potency for cancer prevention. Apple is 
rich in quercetin (World Cancer Research Fund, 2007c). Apple juice also showed the potency of 
preventing colon carcinogenesis in mice, but this effect was not found under the cancer 
promoting conditions associated with obesity (Koch et al., 2009). On the other hand, Nandir et 
al. showed apple pomace increased the number and diameter of colon polyps in ApcMin mice 
(Mandir et al., 2008). Citrus fruits are sources of antioxidants, such as vitamin C, phenols, 
flavonoid and bioactive phytochemicals. Vitamin C traps free radicals and reactive oxygen 
species, and protects DNA from mutagenic damage (World Cancer Research Fund, 2007c). 
Cruciferous vegetables, such as broccoli, cabbage and cauliflower, reduced the colorectal 
cancer risk (Marshall, 2008), although there was also a negative report (Graham et al., 1988). 
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2.4.2.2 Foods containing folate and folate 

According to the meta-analysis study, there was strong association between folate 
consumption and colorectal cancer risk in 7 cohort studies. Dietary folate showed a stronger 
association (relative risk for high vs. low intake = 0.75; 95% CI 0.64-0.89) than total folate 
(relative risk for high vs. low =0.95; 95% CI 0.81-1.11) (Sanjoaquin et al., 2005). Folate intake 
was strongly correlated with dietary fibre intake (World Cancer Research Fund, 2007c). 

Animal studies also supported the cancer prevention properties of folate, however, 
intervention with exceptionally high doses of folate (2.0-5.0 g of folic acid/kg diet) after the 
formation of microscopic neoplastic foci may have promoted colorectal carcinogenesis (Kim, 
2003). Folate reduced the number of small intestinal tumors in mice, although the timing of 
folate intervention was critical in preventive properties. In contrast, this effect was not found 
in colon (Song et al., 2000). 

Folate deficiency has the potential to modulate DNA synthesis, DNA methylation, DNA 
damage and impaired DNA repair, increase mutagenesis, hyperproliferation, abnormal 
apoptosis, and methylenetetrahydrofolate reductase (MTHFR) polymorphisms and related 
gene-nutrient interactions (Prinz-Langenohl et al., 2001; Kim, 2003).  

Under certain conditions, folate potentialy has an inverse effect on cancer prevention. In 
DNA polymerase β deficiency mice, folate deficiency provided protection against 
tumorigenesis, the induction of apoptosis, and the suppression of cell proliferation 
(Ventrella-Lucente et al., 2010) 

2.4.2.3 Selenium and foods containing selenium 

A meta-analysis of “a global perspective” produced a summary effect estimate of 0.86 (95% 
CI 0.78-0.95) per 10 μg/dl serum, with high heterogeneity (World Cancer Research Fund, 
2007c). Dietary selenium deficiency has been reported to cause a lack of selenoprotein 
expression, and some of these selenoproteins play important roles in anti-inflammatory and 
antioxidant properties (Ganther, 1999). 

Selenium-enriched broccoli reduced the number of small intestinal tumors in multiple 
intestinal neoplasia mice (Davis et al., 2002). In the study, selenium-enriched diet for 10 
weeks significantly increased the plasma concentration of selenium, and reduced small 
intestinal (46.3 ± 3.7 vs 65.6 ± 6.1) and large intestin (0.43 ± 3.7 vs 1.93 ± 6.1) tumors than 
control diet. 

Several mechanisms have been suggested for the cancer preventiion effect of selenium, 
including the induction of apoptosis, cell cycle modulation (inhibition of cdk2 and protein 
kinase C), and the activation of thioredoxin redactase (Combs, 2004). 

2.4.2.4 Fish 

A meta-analysis of “a global perspective” produced a summary effect estimate of 0.96 (95% 
CI 0.92-1.00) per serving/week. A high consumption of fish is associated with low 
consumption of meat (World Cancer Research Fund, 2007c).  

Increasing salmon or cod consumption for 6 months resulted in a lower concentration of the 
systemic inflammation marker C-reactive protein (CRP), but showed no effect on the local 
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markers of inflammation in the colonic biopsies or feces, the genotoxicity markers in 
colonocyte, and apoptotic and mitotic rate in colonic mucosa (Pot et al., 2009; Pot et al., 
2010a; Pot et al., 2010b). 

An animal study showed that fish oil significantly reduced colon tumors (Rao et al., 2001). A 
diet including fish oil and pectin protects against colon cancer, compared with that of corn 
oil and cellulose azoxymethane, which induced colon cancer in model rats (Cho et al., 2011).  

The preventive mechanisms of fish have been proposed to include the effects on gene 
expression, decreasing adhesion genes such as B44galt1 at the initiation stage, lowering the 
expression of both cell promoters and suppressors at the aberrant crypt foci (ACF) stage, 
and increasing apoptosis inducing genes at the tumor stage. These modifications may be 
associated to the induction of apoptosis and the suppression of proliferation (Cho et al., 
2011). Fish n-3 polyunsaturated fatty acids (PUFAs) may reduce eicosanoid biosynthesis 
derived from n-6 PUFA to protect tissue from inflammation, and inhibit COX-2 (Rao et al., 
2001). 

On the other hand, it has been reported that dietary fish oil containing docosahexaenoic acid 
(DHA) promotes inflammation through the modification of CD4+ and CD8+ T-cell 
populations in SMAD-/- mice and that chronic inflammation is the risk factor for colorectal 
cancer (Woodworth et al., 2010). 

2.4.2.5 Foods containing vitamin D 

A meta-analysis of “a global perspective” produced a summary effect estimate of 0.99 (95% 
CI 0.97-1.00) per 100 IU/day (World Cancer Research Fund, 2007c). Higher vitamin D levels 
are associated with a lower risk of colon cancer and overall mortality. UV exposure 
stimulates vitamin D production, but it may increase the risk of skin cancer. Therefore it is 
recommended that high-risk populations with a low level of vitamin D intake increase the 
consumption of fish, or take vitamin D supplements (Zeeb & Greinert, 2010). 

Vitamin D induces differentiation, apoptosis and induces G1 phase arrest in intestinal cells. 
It also increases the absorption of calcium in the small and large intestine. Most of the 
pleiotropic, long-term actions of [1,25 (OH)2D3] are mediated by binding to vitamin D 
receptors (VDR), which are high-affinity receptors in the nucleus of cells. Activated VDR 
induces gene transcription, and VDR density in colonic mucosa was higher in hyperplastic 
polyps and in early stages of carcinogenesis, compared with normal mucosa (Lamprecht & 
Lipkin, 2001; Lamprecht & Lipkin, 2003; World Cancer Research Fund, 2007c). 

2.4.3 Limited-non conclusive and others 

There was not enough evidence for cancer prevention at the time of when “a grovel 
Perspective” was drawn up in 2007, so the following foods and nutrition were judged 
limited-non conclusive: Cereals (grains) and their products, potatoes, poultry, shellfish and 
other seafood, other dairy products, total fat, fatty acid, cholesterol, sugar (sucrose), coffee, 
tea, caffeine, total carbohydrate, starch, vitamin A, retinol, vitamin C, vitamin E, 
multivitamins, non-dairy sources of calcium, methionine, beta-carotene, alpha-carotene, 
lycopene, meal frequency, and energy intake. 

Some of the latest research has demonstrated new knowledge, or confirmed the previous 
results. 
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2.4.3.1 Vitamins (except vitamin D)  

A pooled analysis of cohort studies concluded that a high consumption of vitamin C and E 
from both food and supplements showed an inverse association with colon cancer risk, 
although there were some interactions with folate intake. Multivitamin intake also 
significantly decreases the risk of colon cancer. On the other hand, vitamin A, vitamin C, 
and vitamin E intake from food only were not associated with colon cancer risk (Park et al., 
2010). 

In the Caucasian race, a high intake of each anti-oxidant nutrient (vitamin C, vitamin E, β-
carotene, selenium) and DNA methylation-related nutrients (folate, vitamin B6, vitamin 
B12) reduced the risk of distal colorectal cancer, and only selenium showed a lower risk in 
African Americans. In this study, both intake from food only and total intake (food and 
supplements) demonstrated cancer prevention potency (Williams et al., 2010). 

In colorectal cancer patients, the level of vitamin A, vitamin C, and vitamin E were reduced, 
and urinary 8-oxo-dG, a biomarker of DNA oxidation, was elevated (Obtulowicz et al., 
2010). 

A high consumption of carotenoid did not reduce the risk of colorectal cancer, except for β-
carotene intake among men, which showed an inverse association (relative risk 0.77, 95% CI 
0.763-0.95). On the other hand, lycopene intake was significantly associated with an increase 
in the risk of rectal cancer among men (relative risk 1.50, 95% CI 1.04-2.16) (Park et al., 2009). 

2.4.3.2 Other dietary factors 

Avenanthraide (Avns) polyphenols from oats showed anti-proliferative effects independent 
of Cox-2 expression in COX-2 positive HT29, Caco-2 and LS174T cells, and COX-2 negative 
HCT116 cells. Avns may also reduce the colon cancer risk inhibiting PGE2 production 
derived from macrophage (Guo et al., 2010).  

In animal studies, the oral administration of flavone (400mg/kg over 4 weeks) increased 
apoptosis and reduced the rate of aberrant crypt formation in mice. The down-regulation of 
the tricarboxylic acid cycle may be a part of the action mechanism (Winkelmann et al., 2010). 
In a human study, a case-control study of dietary flavonoid showed that flavonoid, 
especially quercetin, was significantly associated with a reduction in the colorectal cancer 
risk (Kyle et al., 2010).  

In an SD rat study, Coenzyme Q10 reduced the number of APFs, possibly by modulating 
COX-2 and iNOS gene expression in colonic mucosa, and DNA damage in leukocytes (Kim 
& Park, 2010). 

It has been reported that an increased consumption of n-3 fatty acid, Sulforaphane, 
Chafuroside, Curcumin and Dibenzoylmethane decreased the number of small intestinal 
tumors in ApcMin mice. On the other hand, there are a few reports on colonic tumor that 
showed that 31 g/kg of steridonic acid or 600 ppm of sulforaphane demonstrated an 
inhibitory effect on colonic tumors in ApcMin mice (Petrik et al., 2000; Shen et al., 2007).  

2.5 The latest proposed action mechanisms 

Various mechanisms, such as DNA repair, proapoptosis, cell cycle modification, immunity 
promotion, and the mediation of chemomediators, have been proposed as the effects of 
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foods and nutrition. Recently, the focus has been on the prebiotic and probiotic effects, 
insulin-like growth factor (IGF) regulation, and calorie restriction. 

2.5.1 Prebiotic and probiotic effects 

Feeding specific food products with a prebiotic effect have been reported to reduce the 
incidence of tumors and cancers (Roberfroid et al., 2010). There are 100 trillion microbial 
organisms, called the microbiota, in human adult gut (Davis & Milner, 2009). Carbohydrate 
and proteolytic fermentation are the two main types of anaerobic fermentation in the 
gastrointestinal tract (Davis & Milner, 2009, as cited in (McIntosh et al., 1999). 

Prebiotics are non-digestible food ingredients which stimulate beneficial gut microbiota 
(Lim et al., 2005), e.g. inulin and other oligosaccharides, lactulose and resistant starch, such 
as fructooligosaccharides, inulin, lactulose and galactooligosaccharides (Tuohy et al., 2005). 
Probiotics are live bacteria found in processed foods or in dietary supplements, e.g. yogurt, 
cheese, fermented milks, juices, smoothies, cereal, and nutrition bars (Penner et al., 2005; 
Davis & Milner, 2009). Synbiotics are a combination of a probiotic with a prebiotic. A 
prebiotic can support the activity of a probiotic (Gibson & Roberfroid, 1995). 

Prebiotics must survive acidic conditions in the stomach and resist digestion in the small 
intestine. Then they need to be selectively fermented, and stimulate beneficial bacteria, 
usually bifidobacteria or lactobacilli, in the colon (Tuohy et al., 2005). In the randomized, 
double-blind, placebo-controlled trial for 12 weeks, dietary synbiotics reduced colon cancer 
risk, through increasing Bifidobacterium and Lactobacillus, and decreasing Clostridium 
perfringens (Rafter et al., 2007).   

A 4-year supplementation regime employing Lactobacillus casei decreased the recurrence of 
atypical colonic polyps (Ishikawa et al., 2005).  

Several animal studies and human trials showed that prebiotics, probiotics and synbiotics 
reduced toxic metabolite production, like caecal β-glucuronidase, nitrate reductase activities 
and caecal pH, in the gut, resulting in the prevention of colorectal cancer. On the other hand, 
some human studies denied the beneficial effects of prebiotics (Tuohy et al., 2005). 

An increased number of bifidobacteria and/or lactobacilli may also play an important role 
in DNA protective modification and chemically-induced DNA damage (Tuohy et al., 2005). 
An increased number of biofidobacteria and/or lactobacilli in the gut may suppress the 
number or activity of putative enteropathogens such as Escherichia coli and Clostridium 
perfingens (Reddy, 1999). Prebiotics may also stimulate protective enzyme activities within 
the intestinal mucosa or reduce the immune inflammatory response (Burns & Rowland, 
2000). 

Since prebiotics are mostly oligosaccharides, it is considered that they reduce blood glucose. 
Increasing glycosylated hemogloin (HbA1c), which is a biomarker of glucose control for 
diabetes, was associated with an increased risk of colorectal cancer in women (Chan & 
Giovannucci, 2010). However, the consumption of short-chain fructooligosaccharides did 
not have a significant affect on the glucose level in blood (Luo et al., 2000).  

Transplantation of the gut microflora from normal mice into germ-free recipients resulted in 
increasing their body fat without increasing food consumption (Bajzer & Seeley, 2006). A 1- 
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year low calorie diet in obese people modified the proportion of gut microbes, increasing 
bacteroidestes and decreasing firmicutes, while obese people had fewer bacteroidetes and 
firmicutes, compared with a lean control group (Ley et al., 2006). 

Supplementation employing a drink fortified with short-chain fructooligosaccharides and 
inulin (1.5 g/day) significantly increased the absorption of calcium in adolescent girls 
(Griffin et al., 2002). The consumption of oligosaccharides also improved the magnesium 
absorption in humans and animals (Coudray et al., 2003). An optimum well-tolerated dose 
of prebiotics might be 10 g/day and a high dose (e.g. > 20 g/day) of some prebiotics might 
have a laxation effect, such as stool frequency or stool weight (Bouhnik et al., 1999). 

2.5.2 IGF regulation 

IGF play important roles in proliferation, differentiation and transfomation in a variety of 
cell types, and thus it has been suggested that dysregulation of the IGF is an important 
cancer risk factor (Park, 2008). 

A study on colon adenocarcinoma showed that n-3 polyunsaturated fatty acids, 
eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), increased IGFBP-6 in human 
colon adenocarcinoma Caco-2 cells, and the authors proposed that low IGF-II/IGFBP-6 
ratios have resulted in less free IGF-II and a resulting slower proliferation of Caco-2 cells 
(Roynette et al., 2004). All-trans retinoic acid (tRA) showed an anti-proliferative effect in 
Caos-2 cells, and it was considered that this was due to a partly increased IGFBP-6 
expression (Kim et al., 2002). 

A low-calcemic vitamin D analogus decreased the secretion of IGF-II and suppressed HT-29 
cell proliferation (Oh et al., 2001).  

2.5.3 Calorie restriction 

Calorie restriction in ApcMin mice at the rate of 40% reduced the number of intestinal polyps 
by 57%, compared with mice fed ad libium. The serum levels of IGF-1 and leptin, and 
urinary corticosterone output were significantly reduced in the calorie restriction group, 
compared with that of the ad libium group. Supplementation of freeze-dried fruit and 
vegetable extract with a diet high in olive oil also reduced the number of polyps, even 
though this group had a calorie intake of about 90% of ad libium. The supplementation of 
fruit and vegetables significantly reduced the urinary corticosterone output levels, but did 
not show any effect on the serum levels of IGF-1 and leptin (Mai et al., 2003). 

These results indicate that calorie restriction has a great potency for colon cancer prevention, 
and a diet in high fruit and vegetable without calorie restriction showed less, but still 
significant, intestinal tumorigenesis preventive effects. 

Calorie restriction or increased exposure to n-3 fatty acid, sulforaphe, chafrroside, curcumin 
and dibenzoylmethane reduced the risk of colon cancer, while total fat, a diet high in 
calories and all-trans retinoic acid increased the risk (Tammariello & Milner, 2010). 

However, even considering these interesting results, the frequency of colon polyps in the 
calorie restriction group and the fruit and vegetable group did not show any significant 
changes, compared with the ad libium group (van Kranen et al., 1998). 
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3. Conclusion 

The contribution of diet in all cancer-related death estimates was 30-35% in the 
environmental factors, greater than tobacco, which was 25-30%. Colorectal cancer was 
strongly associated with diet, and linked to 70% of cancer related-deaths (Anand et al., 
2008). Eating habits are the most important factor for colorectal cancer prevention, however, 
it is still difficult to specify how we should eat. It has been proposed that an increase in the 
consumption of fruit and vegetables and less intake of red and processed meat will 
comprise a better diet. However, it has not been proven yet how much of a respective 
increase and decrease is the best quantity, and which nutrients exactly play a key role in 
carcinogenesis and anti-carcinogenesis. Plenty of studies have been published on food 
components or nutrients to protect from carcinogenesis in vitro, describing the molecular 
action mechanisms involved. In human trials, individual nutrients, such as supplements, 
often showed no or less intended function, while nutrients contained in food functioned as 
expected. Accordingly, the judgement from a global perspective concluded that it was not 
appropriate to recommend the usage of supplements for cancer prevention at the present 
(World Cancer Research Fund, 2007d). The ideal diet for cancer prevention may be a well-
balanced diet, and no one food or ingredient should be considered a miracle food. Further 
studies are required to elucidate precisely the disposition and safety of nutrients and the 
interaction of each nutrient. 
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1. Introduction 
Cervical cancer ranks as the third most common cancer in women worldwide and is the 
fourth leading cause of cancer deaths in women, with an estimated 270,000 deaths annually. 
Over 85% of both cervical cancer cases and deaths occur in developing countries with only 
5% of global cancer resources (Lancet 2010). Cervical cancer is the most common cancer in 
women in most developing countries and most common cause of cancer deaths (Cervical 
Cancer Action: Report Card 2011). It is the leading cause of years of life lost to cancer in low 
resource settings (Yang et al. 2004). In sub-Saharan Africa cervical cancer represents 22% of 
all cancers in women (Parkin et al. 2003).  

Currently, an estimated 33.3 million individuals worldwide are living with HIV/AIDS, 
approximately 68% of whom live in Sub-Saharan Africa; globally over 50% of all those living 
with HIV are female and in Sub-Saharan Africa, women account for 60% of HIV infections. In 
2009 there were an estimated 7000 new infections per day, 51% of these among women 
(UNAIDS 2010). However, there have been dramatic advances in prevention, care and 
treatment in the areas that are hardest hit by HIV over the past 10 years, coincident with 
unprecedented global commitment for funding and other support. These include a global 
decline of 19% in number of new HIV infections and a >25% decline in HIV prevalence among 
young people 15–24 years of age in 15 high burden countries, a decrease in global AIDS deaths 
by 19% from 2004–2009, and an increase in access to antiretroviral therapy (ART) in low and 
middle-income (LMIC) countries from 400,000 in 2003 to 5.25 million by the end of 2009 (this 
however, comprises only 35% of those estimated to be in need of therapy) (WHO 2011). 

The areas where cervical cancer rates are highest also often have high prevalence of HIV and 
the presence of HIV increases the risk of cervical precancerous and cancerous changes; 
furthermore there is general unavailability of effective cervical cancer screening programs in 
these lower resource settings. This paper will review issues related to cervical cancer 
screening and prevention for HIV-infected women in low resource settings, with a focus on 
non-cytology-based techniques. 

2. Human papillomavirus infection and cervical cancer 
The causal relationship between some microbial pathogens, primarily viral, and human 
carcinogenesis have been suspected but it has only been in the last 20 years that knowledge 
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has accumulated to more clearly define the mechanisms and processes that chronic, 
persistent infections induce cancer development, see Figure 1.  Replication of DNA and 
RNA tumor viruses involve incorporation of the viral genome into the host cell 
chromosomes inducing several mutations that disrupt the homeostatic balance between 
proliferation and cell death; in the case of oncogenic HPV, the expression of viral E2, E6, and 
E7 genes lead to the production of proteins that initiate cell cycle and disable control of 
growth, allowing the proliferation of genetic damage to accumulate in HPV infected cells.   
(Georgakilas et al. 2010).  Oxidative stress negatively impacting genetic and cellular 
processes can be brought about by reactive oxygen species (ROS) or free radicals induced by 
chronic infection (Kryston et al. 2011; Georgakilas et al. 2010).  Although additional 
researches are needed to accurately define the relationship, oxidative stress is linked in 
several studies with some tumor virus but not HPV (Kryston, et al.  2011)     

 
Fig. 1. Role of Viral Infection in Carcinogenesis. 

Schematic pathway of viral infection leading to cancer adapted from Figure1 Viral 
pathogens role(s) in  human carcinogenesis based on current status of knowledge and 
clinical evidence.  

Alexandros Georgakilas, William Mosley, Stavroula Georgakila, Dominick Ziech, and 
Mihalis Panayiotidis. Viral-induced human carcinogenesis: an oxidative stress perspective. 
Molecular BioSystems Vol 6, pp 1162 – 1172, (2010). 

In the 1990s a combination of large-scale epidemiologic studies and the application of new 
molecular techniques clearly established human papillomavirus (HPV) as the etiologic cause 
of cervical cancer (Clifford 2003; Walboomers 1999). Using the most sensitive assays, over 
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99% of invasive cervical cancers have been found to be HPV-positive (Sankaranarayanan 
2008). Current evidence suggests that over 50% of sexually active adults have been infected 
with one or more genital HPV types (Ho 1998; Evander 1995); however, most HPV 
infections resolve or become latent and undetectable (Ho 1998; Moscicki 1998; Evander 
1995). Furthermore, although there are well over a 100 distinct molecular subtypes of HPV, 
only a small subset have been associated with development of cancer and are considered 
“high risk” or oncogenic (Cogliano 2005). For cervical cancer to develop, persistent infection 
with an oncogenic HPV subtype is necessary. The oncogenic or high-risk HPV includes HPV 
subtypes -16, -18, -31, -33, -35, -39, -45, -51, -52, -56, -58, -59, -66, -68 which are strongly 
associated to cervical precancer (Schiffman 2003). 

Cervical cancer is relatively unique in that there is a recognizable preinvasive phase in 
which progression from initial HPV infection to invasive disease evolves over several years, 
passing through cytologically and histologically distinct precancerous phases, known as 
cervical dysplasia (mild, moderate, severe, carcinoma-in-situ) or cervical intraepithelial 
neoplasia (CIN 1,2,3). The peak prevalence of infection with carcinogenic HPV subtypes is in 
the teens and twenties, following closely after the initiation of sexual activity; the majority of 
these infections are transient and are cleared by the body’s immune system. When viral 
persistence and progression do occur, the median time from HPV detection to development 
of CIN 3 is approximately 7–8 years, with 20% progressing from CIN 1 to CIN 3 within 2 
years. Progression from CIN 3 to invasive cancer occurs over an additional 5–7 years. The 
peak prevalence of invasive cancer occurs in the 40-50 year age range (McIndoe 1984; 
Kolstad 1976; Melnikow 1998; Josefsson 2000; Schiffman 2005). This prolonged natural 
history offers numerous opportunities to detect the presence of precancerous lesions and to 
prevent progression to invasive cancer.  

3. HPV, cervical dysplasia and HIV 
3.1 Interrelationship of HIV and Human Papillomavirus  

Studies have shown that HIV-infected women have higher prevalence of HPV, higher 
incidence of HPV (Branca 2003; Ahdieh 2001), higher HPV viral load (Jamieson 2002), longer 
persistence of HPV (Ahdieh 2000; Sun 1997), higher likelihood of multiple HPV subtypes 
(Jamieson 2002; Firnhaber et al. 2009; Clifford et al. 2007), and greater prevalence of 
oncogenic subtypes (Minkoff 1998; Uberti-Foppa 1998; Acta Cytol 2009; 53: 10–17) than HIV-
uninfected women. HPV viral load is independently associated with HPV persistence 
(Ahdieh 2001). A recent meta-analysis found that the rate of cervical HPV infection in HIV-
infected women with normal cervical cytology varied from more than 55% in South and 
Central America and Africa to over 30% in Asia, North America, and Europe (Clifford 2006). 
Furthermore, in HIV-positive women the prevalence and persistence of HPV infection 
increases with decreasing CD4 count and increasing HIV RNA levels (Palefsky 1999; Denny 
2008) and some studies show that oncogenic HPV types may be more common with lower 
CD4 counts and/or higher viral loads. (Luque 1999; Minkoff 1998; Clifford et al. 2007). A 
recent cross-sectional study of 109 HIV+ women initiating ART in South Africa (median 
CD4 count 125/mm3) found a high-risk HPV (HR-HPV) prevalence of 78.9% (Moodley et al. 
2009). In another South African cohort of over 123 women with HIV seroconversion HR-
HPV infection doubled within 36 months of seroconversion (Wang et al. 2011). Higher HPV 
viral loads are also associated with lower CD4 counts (Heard 2000). 
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3.2 HIV and cervical dysplasia 

The prevalence and incidence of abnormal Pap smears are increased among HIV-infected 
women as compared to uninfected women, with up to 10-fold higher rates (Maiman 1998); 
abnormal cervical cytology is associated with the presence of HPV infection and the degree 
of immunosuppression. Both frequency and severity of abnormal Pap smears and 
histologically documented dysplasia increase with declining CD4 counts and have also been 
associated with higher HIV-RNA levels (Garzetti 1995; Shah 1996; Davis 2001; Ellerbrock 
2000; AIDS Care 2007; 19: 1052–1057. Massad 2008; Massad 2001). Two-thirds of 109 HIV+ 
women initiating ART in South Africa with median CD4 125/mm3 had abnormal Pap 
smears (Moodley et al. 2009). Increased HPV viral load, seen in women with more advanced 
HIV, is also associated with increased frequency, severity, and incidence of cervical 
dysplasia (Heard 2000; Weissenborn 2003; Cohn 2001). HIV is also associated with more 
extensive/larger volume of cervical involvement, and are also more likely to involve other 
areas in the lower genital tract (e.g., vulva, vagina, anal regions) (Maiman 1990). Progression 
and regression of Pap smear abnormalities have also been associated with level of 
immunosuppression and plasma viremia, as reflected in CD4 count and HIV viral load 
(Massad 2001; Schuman 200).  

The role of effective ART and immune reconstitution in reducing the incidence and 
progression and promoting the regression of HPV infection and cervical dysplasia remains 
unclear, but HPV-related lesions do not appear to respond to ART like other opportunistic 
illnesses. Studies examining this issue have mixed findings, which may be related to 
differences in study design, virologic and immunologic parameters, duration and type of 
ART use, length of follow-up or other factors. In one study use of ART was associated with 
increased likelihood of regression of cervical dysplasia after treatment for 12 months (Heard 
2002). In the Women’s Interagency HIV Study (WIHS), after adjustment for CD4 count and 
Pap status, use of ART was associated with increased regression and decreased risk of 
progression of cervical cytologic abnormalities (Minkoff 2001). The HIV Epidemiology 
Research Study (HERS), a U.S. observational, multisite cohort study, among women with 
preexisting abnormal cervical cytology, ART was associated with enhanced HPV clearance 
but not with regression of abnormal Pap results (Paramsothy et al. 2009). In a study of 
women initiating HAART there was a high prevalence of cervical HPV DNA at baseline, but 
this declined over 96 weeks of HAART (Fife et al. 2009). On the other hand, with 15 months 
of follow-up, persistence of high-risk HPV and progression of SIL were comparable among 
women without antiretroviral treatment, those treated with nucleoside analogues only, and 
those treated with ART (Lillo 2001). In a more recent analysis from Women’s Interagency 
HIV Study (WIHS), the prevalence, incident detection, and clearance of HPV infection 
and/or SIL before versus after ART initiation were compared, using women as their own 
comparison group. The role of adherence, defined as use of HAART as prescribed > or = 
95% of the time, and effective ART, defined as suppression of HIV replication, were also 
examined. ART initiation among adherent women and among women on effective ART was 
associated with a significant reduction in prevalence, incident detection of oncogenic HPV 
infection, and decreased prevalence and more rapid clearance of oncogenic HPV-positive 
SIL, although strength of these protective effects was only moderate. (Minkoff et al. 2010). 
Given these conflicting findings, HIV-positive women should continue to be followed 
closely for evidence of lower genital tract neoplasia, regardless of antiretroviral therapy or 
viral load.  
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3.3 Invasive Cervical Cancer (ICC) in HIV disease 

In 1993, the Center for Disease Control and Prevention (CDC) expanded the case definition of 
AIDS to include invasive cervical cancer (ICC). As is the case with HIV- negative women, 
oncogenic HPV types play a central role in the relationship between HIV and cervical cancer. 
Recent African data found that without high-risk HPV present, the risk ratio for ICC between 
HIV-positive and HIV-negative women was approximately 1 (Hawes 2003). HPV types 16 and 
18 were the most common HPV subtypes in a study of ICC in Kenyan HIV+ and HIV- women 
and were detected in 65% of ICCs in the HIV-infected patients. Almost half of the type 16 or 18 
associated cancers involved multiple HPV types (De Vuyst et al. 2007). 

A study matching data from AIDS registries and cancer registries in 15 US regions found 
that persons with AIDS (information captured 4–60 months after AIDS diagnosis) had 
statistically significantly elevated risk of ICC compared to the general population, with 
standard incidence ratios (SIR) of 68.6, 95% CI = 59.7 to 78.4 ( Chaturvedi et al. 2009). During 
the period 1996—2004 (post-HAART introduction), ICC in women with low CD4 T-cell 
count was not significantly increased, possibly reflecting active screening but also not 
showing evidence of decline in incidence with HAART availability. There has been no 
evidence of increased incidence of ICC with the use of regular screening and appropriate 
evaluation and treatment of abnormal Paps (Massad et al. 2004; Massad et al. 2009). Case-
control or cross-sectional studies in various African countries, including Cote d’Ivoire, 
Tanzania, South Africa, Kenya and Senegal have found that ICC was associated with HIV 
infection (Adjorlolo-Johnson et al. 2010; Kahesa et al. 2008; Stein et al. 2008; Hawes et al. 
2003; Gichangi et al. 2003). However, studies evaluating the strength of association of HIV 
with cervical cancer among African women have shown conflicting results, possibly 
reflecting the competing risk of dying from other HIV-related conditions or other illnesses 
(Adjorlolo-Johnson et al. 2010; Moodley 2006). A recent mathematical modeling simulation 
projected that, compared with no ART and no screening, the lifetime cumulative risk of 
dying from ICC approximately doubled with ART and no screening; however, screening 
even when done once, had the potential to reduce ICC mortality (Atashili et al. 2011) 

When ICC does develop in the setting of HIV, it tends to occur at younger ages and with 
less immunosuppression as compared with HIV-positive women with other AIDS-indicator 
conditions. Women with HIV and cervical cancer also tend to be 10—15 years younger than 
HIV-negative women with cervical cancer (Lomalisa 2000; van Bogaert 2011). HIV-positive 
women with invasive cervical cancer may present at more advanced stages (especially with 
CD4 <200/mm3), may metastasize to unusual locations (e.g., psoas muscle, clitoris, 
meningeal involvement), have poorer responses to standard therapy, and have higher 
recurrences and death rates, as well as shorter intervals to recurrence or death, compared 
with HIV-negative women of similar stage (Klevens 1996; Maiman 1990). 

4. Cervical cancer screening in developed countries 
In the U.S. there have been marked reductions in cervical cancer incidence and mortality 
over the past 60 years, largely the result of the development and widespread introduction of 
the Papanicolau (Pap) test in 1949 (Sawaya 1999; van der Graaf et al. 1986; Eddy 1990), based 
on cytologic examination of cells obtained from the cervix with a simple scraping using a 
wooden spatula or brush. It is estimated that 60% of the women who are diagnosed with 
ICC have never had cervical cytology testing or have not been screened within the 5 years 
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before diagnosis (NIH 1996). However, conventional Pap smears are not perfect: a single 
Pap smear is associated with false-negative rates of 10–25%, largely because of errors in 
sampling or interpretation. False-negative Pap smears are associated with 30% of the new 
cases of cervical cancer each year (NIH 1996; Shingleton et al. 1995)  

Newer Pap smear screening techniques using liquid-based media appear to decrease 
inadequate smears and also offer the possibility of direct HPV-DNA testing on collected 
specimens (ACOG 2009). A recent review of over 400 HIV-infected women who underwent 
both conventional and liquid-based cytologic screening found a significant decrease in the 
proportion of smears diagnosed as ASCUS/AGUS as well as the ASCUS/SIL ratio, with 
liquid-based preparations (Swierczynski 2002). HPV testing for cancer-associated HPV 
subtypes is currently used as a triage test to stratify risk in women with a cytology diagnosis 
of atypical squamous cells of undetermined significance (ASC-US), in postmenopausal 
women with a cytology diagnosis of LSIL and is also often used as an adjunct to cytology for 
primary screening in women older than 30 years (ACOG 2009). The currently used 
classification system for Pap smear results is known as the Bethesda classification, which 
includes an indication of adequacy of sample, whether the result is normal and, if abnormal, 
degree of abnormality (Solomon 2002).  

With current US-based guidelines (ACOG 2009), Pap smears are recommended beginning at 
age 21 and every two years until age 30 if normal. After 30, if the last 3 tests have been 
normal, screening interval can be increased to 3 years. Providers may consider 
discontinuation of screening after age 65–70; if there have been no abnormal Pap smears in 
10 years and no on-going risk factors. Colposcopy with biopsy of abnormal areas for 
histologic confirmation is recommended with ASCUS/+HPV or greater abnormality on Pap 
or with repetitive ASCUS, even if HPV-. The results of both Pap smear and 
colposcopy/biopsy are used to determine need to treatment, follow-up or further 
evaluation.  

Women with HIV infection are recommended to have more frequent screening with cervical 
cytology: twice in the first year after diagnosis of HIV and, if normal, annually thereafter 
(CDC 2009; ACOG 2010) More frequent Pap smears should be considered with previous 
abnormal Pap smears, with conservative follow-up of cervical dysplasia without treatment 
(after colposcopic evaluation to rule out HSIL), with other evidence of HPV infection and 
after treatment for cervical dysplasia (Anderson 2005).  

The role of HPV-DNA testing in HIV+ women is unclear. In a WIHS substudy of HIV+ and 
HIV- women with normal baseline cytology, incidence of squamous intraepithelial lesions 
(SIL) were examined by baseline HPV DNA results and stratified by CD4 count. Through 3 
year follow-up, incidence of any SIL was similar in HIV- and HIV+ with CD4>500 who had 
negative results for oncogenic HPV or all HPV, suggesting that similar cervical cancer 
screening practices may be applicable to both groups. On the other hand, after just 2 years 
follow-up, incidence of any SIL in HIV+ with CD4<500 was increased over HIV-, even 
among women with negative results for any HPV, suggesting that a closer screening 
strategy may be needed for women with lower CD4 counts (Harris et al. 1995). In two 
prospective studies of HIV-infected women with ASC-US, approximately 30% of 
participants had evidence of oncogenic HPV, a finding that would support the use of HPV 
testing in this population if HPV testing remained highly sensitive (Massad et al. 2004; Kirby 
et al. 2004). However, one of these studies reported a sensitivity of HPV testing for the 



 
Cervical Cancer Screening and Prevention for HIV-Infected Women in the Developing World 

 

237 

detection of CIN 2 or higher of 100% (Kirby et al. 2004) and the other study reported a 
sensitivity of only 50% for detecting high-grade CIN (Massad et al. 2004). Currently CDC 
and ACOG do not recommend HPV testing for triage of HIV-infected women with 
abnormal cytology results, for follow-up after treatment for CIN, or to lengthen screening 
intervals (CDC 2009; ACOG 2010). A study examining HPV DNA testing as a primary 
screening method for cervical dysplasia in 94 HIV-positive women found that HPV DNA 
testing identified high-grade cervical dysplasia more accurately than Pap smear (Petry 
1999). 

Even in locations with high resources, screening for cervical dysplasia in the setting of HIV 
can be challenging. Women receiving gynecologic and primary HIV care at the same 
location are more likely to have had Pap smear screening within the previous year (AHRQ 
2010). However, despite high rates of HPV and CIN, many women with HIV do not engage 
in the recommended annual Pap testing (Tello et al. 2008; Oster et al. 2009). 

4.1 Cervical cancer screening in low resource countries 

Cervical cancer screening is often simply not available in developing world settings. Barriers 
to cytology-based screening programs include poor health infrastructure, lack of trained 
cytology technicians and cytopathologists and cost. In addition Pap smears are not point-of-
care tests; they require the ability to notify women of abnormal results and to follow-up 
with further evaluation or treatment. However, in low resource settings, many or most 
women reside at some distance from health centers, have little access to or cannot afford 
effective transportation, and there is a lack of effective recall mechanisms for abnormal 
results (Anorlu 2008). In sub-Saharan Africa there was a 60-80% default rate among those 
with cytologic abnormalities-(Cronje 2004). 

Prevention of cervical cancer by identification and treatment of cervical cancer precursors is 
key, since treatment resources for invasive disease are scarce. In 2002, the survival rate for 
invasive cervical cancer was 21% in sub-Saharan Africa vs. 70% in US (Parkin et al. 2005). 
This is related to the fact that most patients present at late stages, as well as a lack of 
effective treatment resources, including surgical expertise and radiotherapy (Ashraf 2003). 
When women present with advanced cervical cancer, palliative care resources are also 
limited; although morphine is on the WHO list of essential medications 
(http://whqlibdoc.who.int/hq/2011/a95053_eng.pdf), one study of 47 African countries 
found that only 11 used morphine for chronic pain (Harding 2005).  

Recent work has focused on service delivery models using alternatives to cytology for 
screening for cervical precancerous lesions in order to improve access to safe and effective 
treatment, minimize loss to follow-up and prioritize utilization of specialized care. 
Necessary programmatic components, regardless of the strategy employed, include 
leadership at national levels making preventing cervical cancer a priority and including 
development of strategies and guidelines; community awareness building; training of 
providers and continuing education; data collection systems and outcomes monitoring, 
including quality assurance measures; administrative management; patient recall and 
retention plans; and appropriate linkages to assure adequate supplies, timely and high 
quality laboratory testing, and referrals when needed for higher levels of care. In South 
Africa, where it is estimated that 1 in 26 women develop cervical cancer in their lifetime, a 
cervical screening program was initiated in 2001; it called for three free Pap smears, starting 
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at age 30, at ten year intervals (Cronje 2003; Moodley 2006). By 2005–2006, 100% of primary 
health care clinics in South Africa had health professionals trained to conduct Pap smears, 
yet the screening rate was only 1.3% (van Schalkwyk 2008). Several studies have found a 
lack of awareness of cervical cancer as a disease among women, as well as stigma and 
cultural beliefs or perceptions related to the reproductive organs and symptoms that may 
delay care-seeking (Anorlu et al. 2008; Wellensiek et al. 2002; Anorlu et al. 2000); however, 
studies have also documented that health care workers also often have poor knowledge 
about cervical cancer (Tarwireyi et al. 2003; Ayinde and Omigbodun et al. 2003). 

4.2 Alternatives to cervical cytology 

Two primary strategies have been developed as alternatives to cytologic screening. The first 
technique utilizes visual inspection of the cervix without magnification after application of a 
dilute solution (3–5%) of acetic acid (VIA) or, less commonly, Lugol’s iodine solution (VILI). 
Most studies report results with VIA. With visual inspection techniques, there are three 
possible results: negative, positive, or suspicious for cancer requiring referral and further 
evaluation and management. The accuracy of VIA/VILI depends on the ability to visualize 
the cervical transformation zone, the area where the original columnar epithelium covering 
the ectocervix has been replaced by squamous epithelium, and the area where oncogenesis 
begins. As women approach menopause and afterwards, the transformation zone recedes 
into the cervical canal and may no longer be visible, reducing accuracy of VIA (Cremer 
2011). However, in younger women and women in whom the transformation zone is visible, 
the high negative predictive value of VIA (see below) suggests that significant lesions can 
generally reliably be excluded if VIA is negative. A major advantage of these techniques is 
the ability to offer treatment the same day, known as the single-visit approach (SVA).  

The other major alternative to cytology is HPV testing. HPV-DNA testing, with detection of 
high-risk HPV subtypes, is reproducible and objective. HPV testing has been suggested as 
primary screening in place of cytology in the US and Europe (Kitchener et al. 2009; Cusick et 
al. 2006) and a negative HPV test predicts a less than 2% risk of developing cervical 
dysplasia (Naucler et al. 2009; Lonky et al. 2010; Mesher et al. 2010; Kitchener et al. 2009; 
Cusick et al. 2006). An advantage of HPV testing is that a pelvic exam is not required, but 
simply insertion of a swab into the vagina to obtain the sample; furthermore, studies have 
shown that accurate results can be obtained with self-testing, where the woman inserts the 
swab into her own vagina (Ogilvie et al. 2005; Balasubramanian et al. 2010), that this 
compares favorably to collection by clinicians (Bhatla et al. 2009; Petignat et al. 2007) and is 
acceptable to women (Mitchell et al. 2011; Lack et al. 2005). However, treatment of positive 
results clearly requires access to and good visualization of the cervix. 

Sensitivity and specificity values for these screening strategies vary depending on the 
comparison technique used as “gold standard”, as well as the detection goal, i.e., any 
cervical intraepithelial neoplasia (CIN) or only high grade CIN (CIN2 or CIN3) which are 
the immediate precursors to invasive cancer. Low-grade lesions (CIN1) may regress 
spontaneously up to 60% of the time (Cox et al. 2003) and are not routinely treated. 
Therefore, it is thought that the most appropriate detection goal is CIN 2 or higher (CIN2+), 
since these lesions are the ones likely to progress to cancer. Some studies have suggested 
that use of colposcopically-directed biopsy may overestimate sensitivity of VIA when 
compared to expanded biopsies, including endocervical curettage (ECC), likely due to 
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increased detection of nonvisible lesions in the endocervical canal (Pretorius et al. 2007; 
Cagle et al. 2010). 

In a cluster randomized trial in India, 31343 women screened with VIA were compared to 
30958 controls, 30–59 years of age. Women who were VIA+ received colposcopy and biopsy 
with cryotherapy at the same visit for a colposcopic impression of dysplasia. With 7 years of 
follow-up, VIA was associated with a 24% reduction in cervical cancer incidence, stage 2 or 
higher, and 35% reduction in cervical cancer mortality (Sankaranarayanan 2007). In a study 
one year after cryotherapy, 648 women received both VIA by trained nurses and colposcopy 
and biopsy with VIA+ patients; 42 (6.5%) were referred for colposcopy and three of these 
had HSIL or cancer. Of those who were VIA-, colposcopically-based diagnosis was HSIL in 
only two cases (VIA sensitivity 60%, specificity 93.9%, PPV 7.1%, NPV 99.7%, comparable to 
Pap smear (Chumworathayi et al. 2008). A recent review of published studies of VIA 
accuracy with histology as the standard and CIN 2 as the outcome measure found 
sensitivity 79-82%, specificity 91-92% with PPV 9-10% (Sauvaget et al. 2011). 

A pooled analysis of approximately 30,000 women from 17 population-based studies in 
China assessed the diagnostic accuracy of HPV testing for the detection of CIN 3 or greater; 
all positive tests were referred for colposcopy and biopsy. HPV-DNA testing had higher 
sensitivity of 97.5% and lower specificity of 85.1% , as compared to cytology (sensitivity 
87.9%, specificity 94.7%) and VIA (sensitivity 54.6%, specificity 89.9%) (Zhao et al. 2010). 
HPV testing was evaluated and compared to both VIA and cytology in a cluster randomized 
trial in India. The trial had four arms, with >31,000 women aged 30–59 in each arm and 8 
years of follow-up. In this study HPV by hybrid capture (detects 13 high risk subtypes) was 
compared to cytology, VIA and standard of care, which was no screening. With a positive 
result with any of the three screening tests, colposcopy and biopsy were performed and 
treatment with cryotherapy or LEEP was offered. When compared to the no screening 
group, HPV testing was associated with an approximately 50% reduction in detection of 
advanced cervical cancer and deaths from cervical cancer; neither VIA nor cytology was 
associated with statistically significant benefit (Sankaranarayanan et al. 2009). 

In an analysis of the accuracy of five cervical cancer screening tests assessed in 11 studies in 
Africa and India, using colposcopically-directed biopsy as the standard and high grade CIN 
as the outcome, pooled sensitivity for VIA was 79.2%; for VILI 91.2%; for cytology 57% and 
for HPV testing (using Hybrid-Capture 2 assay) 62%(and pooled specificity for VIA was 
84.7% for VILI 84.5% for cytology 93% and for HPV testing 94%). In this study pooled 
prevalence of CIN2+ was 2.3% and PPV was 11.6% and 12.9%, respectively for VIA and VILI 
and NPV >99% for both techniques. Accuracy of visual methods and cytology increased 
over time, while performance of the HPV test was constant (Arbyn et al. 2008).  

In the setting of HIV infection, there are more limited data. In one study of 205 women 
correlating VIA with cytology with biopsy as the standard, VIA was more sensitive than 
Pap smear (76% vs. 57%, respectively) but less specific (83% vs. 95%, respectively); PPV for 
VIA was only 34% but was also low for cytology at 55%, but NPV for both techniques was 
high (97% for VIA, 95% for cytology). The prevalence for CIN in this patient population was 
10.2% (Akinwuntan 2008). More recently VIA, HPV testing and cytology were compared to 
colposcopically-directed biopsy in 498 women in Kenya. Both HPV testing and Pap smear 
had higher sensitivity than VIA, with HPV showing greatest sensitivity (94%, 89% and 79%, 
respectively), while VIA was superior to HPV testing in terms of specificity (51% for HPV 
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testing, 60% for cytology, 63% for VIA). PPV was low for all three methods (18% for HPV 
testing, 20% for Pap, 17% for VIA) and NPV was high (99% for HPV testing, 98% for PAP, 
95% for VIA) (Chung CROI 2011). In a “see and treat” program in Uganda HIV-infected 
women had higher likelihood of inflammation, resulting in an increase in false-positive 
results (Mutyaba et al. 2010).A randomized clinical trial of VIA and HPV testing , with 
cryotherapy treatment for positive results, was performed among over 6500 women in 
South Africa, of whom 956 were HIV+. Women were followed for up to 36 months after 
randomization with colposcopy and biopsy to determine the study endpoint of CIN2+. 
Screen-and-treat using HPV testing significantly reduced CIN2+ in both HIV+ and HIV- 
women at follow-up (relative risk 0.20 [95% CI 0.06–0.69] and 0.31 [95% CI 0.20–0.50], 
respectively), compared to controls with sensitivity of 94% and PPV of 29.9% in HIV+ 
women; VIA also reduced the likelihood of CIN2+ at follow-up, but to a lesser degree and 
only reached statistical significance in HIV+ women (RR 0.51 [95% CI 0.29–0.89]), where 
sensitivity was 63.9% and PPV was (Kuhn et al. 2010). Because HIV+ women had higher 
rates of CIN2+, both screen-and-treat strategies had a stronger impact at the population 
level in HIV+ women than in HIV- women. It was estimated that for every 100 women 
screened HPV screen and treat could prevent 11.9 CIN2+ cases in HIV+ women and VIA 
screen and treat could prevent 7.4 cases of CIN2+ in HIV+ women.  

A comparison of VIA and HPV testing is found in Table 1. In computer-based models, both 
VIA and HPV testing are cost-effective alternatives to conventional cytology-based 
programs, which usually require three visits, in low resource settings (Goldie et al. 2005). 
While HPV testing is more objective and reproducible and has higher sensitivity than VIA, it 
has some significant disadvantages for lower resource countries. A rapid HPV test has now 
been developed (Care-HPV, Qiagen Inc.) but is not yet commercially available), but costs 
(estimated at $5–10 US) are still largely prohibitive in areas where annual health 
expenditures are often under <$5 per person. Furthermore, although results can be available 
the same day, they are not available instantly, but are run in batches and require up to 3 
hours for actual testing. VIA is inherently subjective and less reproducible, as reflected by 
low inter-rater agreement was seen among both midwives and gynecologists compared to 
lead reference physicians regarding cryotherapy treatability (Gage et al. 2009), but 
performance seems to improve with experience. A number of studies have shown the 
sensitivity of VIA to be similar to or higher than that of cytology. It is inexpensive, with low 
costs, including cost of supplies and cost to the patient because of the ability to treat 
abnormalities at the same visit. VIA can be task-shifted to lower level health workers and, 
most notably, allows single visit screening and treatment. Furthermore, VIA has been 
shown to be safe, feasible and acceptable in multiple studies (Phongsavan et al. 2011; 
Sankaranarayanan et al. 2007; Palanuwong 2007; Sanghvi et al. 2008). The positive predictive 
value of VIA is low and fairly common conditions such as cervicitis may cause false positive 
VIA results (Davis-Dao 2008). It remains unclear how the greater prevalence of HPV 
infection in HIV-infected women will affect performance characteristics of HPV testing as a 
primary screen in this population. 

An advantage of HPV testing is that pelvic exam is not required, but simply insertion of a 
swab into the vagina to obtain the sample; furthermore, studies have shown that accurate 
results can be obtained with self-testing, where the woman insert the swab into her own 
vagina (Ogilvie et al. 2005; Balasubramanian et al. 2010), that this compares favorably to 
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collection by clinicians (Bhatla et al. 2009; Petignat et al. 2007) and is acceptable to women 
(Mitchell et al. 2011; Lack et al. 2005). However, treatment of positive results clearly requires 
access to and good visualization of the cervix. On the other hand, VIA is inherently 
subjective and less reproducible; however a number of studies have shown its sensitivity to 
be similar to or higher than that of cytology, it is inexpensive, can be task-shifted to lower 
level health workers and, most notably allow single visit treatment. It remains unclear how 
the greater prevalence of HPV infection in HIV-infected women will affect performance 
characteristics of HPV testing as a primary screen in this population. 
 

 Outcome Sensitivity (%) 
(min-max-pooled) 

Specificity (%) 
(min-max-pooled) 

VIA CIN 2 + 65-91-79 74-95-85 

VILI CIN 2 + 74-98-91 73-92-85 

Cytology CIN 2 + 33-82-57 87-99-93 

HPV Hybrid Capture 2 CIN 2 + 48-68-62 92-95-95 

Table 1. Sensitivity and specificity of 4 screening tests for CIN 2+ cervical lesion, minimum, 
maximum and pooled measures 

Minimum, maximum and pooled measure of sensitivity and specificity adapted from Table 3. 

Marc Arbyn1, Rengaswamy Sankaranarayanan, Richard Muwonge, Namory Keita, Amadou 
Dolo, Charles Gombe Mbalawa, Hassan Nouhou, Boblewende Sakande, Ramani Wesley, 
Thara Somanathan, Anjali Sharma, Surendra Shastri and Parthasarathy Basu. Pooled 
analysis of the accuracy of five cervical cancer screening tests assessed in eleven studies in 
Africa and India. Int. J. Cancer: 123, 153–160 (2008). 

As yet, there has been fairly limited programmatic experience with these screening 
techniques in the setting of HIV. Jhpiego has introduced a VIA/SVA program in Guyana, 
Cote d’Ivoire and Tanzania, screening over 16,000 women from 2009–2010. Services were 
provided by trained nurses and midwives at HIV care and treatment sites and general 
health facilities. In all 3 countries HIV+ women were more likely to be VIA+ than  
HIV-/unknown women. In all 3 countries HIV+ women who were VIA+ were more likely 
to have large lesions (occupying >75% cervix) and therefore ineligible for cryotherapy. 
Eighty-two% of eligible women had same-day treatment with cryotherapy; of those who 
postponed, 44% did not return for treatment (Anderson 2011). These findings confirm 
cytology-based studies that HIV+ women are at greater risk for cervical dysplasia and is 
consistent with other studies suggesting that a larger volume of the cervix involved. It also 
supports the feasibility of VIA/SVA from a programmatic standpoint and suggests that this 
approach results in reduction of loss to follow-up as compared to screening requiring a 
subsequent visit.  

As HPV testing becomes more affordable and accessible, and particularly if it can be done as 
a genuinely rapid point-of-care test, it is possible that a hybrid approach to cervical 
screening may maximize accuracy and minimize unnecessary treatment. In this scenario, 
HPV testing could be the primary screening method, with VIA performed on those who are 
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HPV+ to assess the presence of disease and the feasibility of treatment. Those who are HPV-
negative would receive no further screening. Alternatively, VIA could be the initial screen, 
with those who are VIA+ having HPV testing to improve PPV. 

5. Treatment 
A cervical cancer screening program cannot be effective unless there is an effective 
intervention to prevent the development of cervical cancer. Excisional or ablative treatment 
is indicated for the presence of high grade lesions, which encompasses a diagnosis of 
moderate-severe cervical dysplasia or carcinoma-in-situ and are the immediate precursors 
of invasive cervical cancer (ICC). Hysterectomy should not be used as a primary treatment 
for high-grade cervical dysplasia without first ruling out the presence of invasive cancer 
with an excisional procedure. The most common procedures used for treatment are loop 
electrosurgical excisional procedure (LEEP), cryotherapy or cervical conization. Table 2 
summarizes the key characteristics of each treatment option. 
 

 Cervical Conization LEEP Cryotherapy 
Anesthesia 
required 

General or regional Local None 

Other resources 
needed 

Operating room supplies, 
instruments, personnel, 

anesthetics 

Electrical generator, wire 
loops (different sizes) 

Cryoprobes (different 
sizes), CO2 tank 

Effectiveness * 96%+ 96%+ 88% 
Technical 
difficulty 

Highest Intermediate Lowest–nurses, midwives 
can safely and effectively 

perform 
Complications Highest: bleeding, 

stenosis, adverse 
pregnancy outcomes most 

common 

Intermediate: dependent 
on amount of tissue 
removed; excessive 

bleeding during or after 
procedure most common

Lowest: <1–2%, generally 
minor 

Pathologic 
specimen 

Yes Yes No 

Cost Highest Intermediate Lowest 

*Effectiveness figures cited based on studies in general populations. In HIV + women, the effectiveness 
is expected to be lower for all techniques. 

Table 2. Comparison of treatment methods for cervical dysplasia. 

Cervical conization requires regional or general anesthesia and removes a larger volume of 
tissue. There are higher complication rates after the procedure, including postoperative 
bleeding (5–15%), infection (02–6.8%), cervical stenosis (approximately 8%) and increased 
risk of preterm delivery (Hoffman and Mann 2010; Arbyn et al. 2008). This procedure is 
typically used when lesions are entirely within the cervical canal (based on pathologic 
analysis of endocervical curettage), are thought to extend high into the cervical canal or 
when invasive cancer is suspected, so that accurate pathological examination can be 
performed and, when preinvasive, the entire lesion can be removed.  

LEEP has supplanted cervical conization in many situations, including lesions that are 
believed to extend more superficially into the canal. LEEP utilizes a thin wire in the shape of 
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a loop and electrosurgical generators; the loops are available in a variety of sizes and can 
also be passed through tissue with several passes if needed to remove the entire area of 
abnormality, therefore tailoring the procedure to the size of the lesion on the extocervix. The 
depth of excision can be fairly precisely determined and controlled. LEEP can be performed 
under local anesthesia and removes less tissue than conization. Complications are less 
common than after conization (postoperative bleeding 0–8%, infection 0–2%, cervical 
stenosis 4.3–7.7%; preterm delivery-no increased risk) (Hoffman and Mann 2010; Arbyn et 
al. 2008).  

Cryotherapy uses nitrous oxide or carbon dioxide to freeze the cervix and destroy 
precancerous tissues and can be performed without anesthesia or electricity. Freezing is 
done in two cycles of three minutes with five minutes of thawing in between (Sellors 2003). 
Mid-level providers have been trained successfully to perform cryotherapy safely and with 
a high degree of acceptability (Bradley 2006; Nene et al. 2008). Carbon dioxide (CO2) 
provides a less expensive alternative to nitrous oxide and produces equally low 
temperatures (Sirivongrangson 2007). However, some studies report that CO2 may cause 
cryotherapy blockage up to 50% (Sirivongrangson 2007; Winkler 2010). The quality of 
cryotherapy devices rather than gas could be responsible for variant temperature (Winkler 
2010). The freeze-clear-freeze technique, often employed to reduce gas blockage, may also 
produce temperatures not sufficiently low enough for treatment to be effective (Winkler 
2010). It is important for providers to give adequate treatment by paying attention to visual 
cues that confirm freezing. Cryotherapy does not provide a tissue specimen. For 
cryotherapy to be optimally effective, the entire lesion and ideally the entire transformation 
zone must be visible and the lesion should occupy less than three-fourths of the 
transformation zone (Sankaranarayanan 2008). Adverse effects after cryotherapy are 
relatively uncommon and generally minor, reported in 1–2% of women (Cirisano 1999; 
Sankaranarayanan 2007; Nene 2008). Discomfort usually resolves within a week after 
treatment (Chamot 2010; Bradley 2006). Significant bleeding after cryotherapy is 
uncommon. After cryotherapy, watery discharge generally continues for several weeks. 
Post-treatment infection and pelvic inflammatory disease for LEEP and cryotherapy are 
both rare (Chamot 2010). The risk of cervical stenosis after cryotherapy is low (<1%) 
(Loobuyck and Duncan 1993) and the risk of obstetric complications, particularly preterm 
delivery, is lower after cryotherapy than after excisional procedures. Complications after 
cryotherapy do not differ among developed and developing countries.  

In lower resource areas, the advantages of cryotherapy are significant: the ability to perform 
the procedure without anesthesia, lack of need for electricity, the lower level of technical 
expertise required to perform the procedure and lower costs. A significant advantage of 
LEEP is the ability to examine a tissue sample histologically; however, in areas with few 
resources, pathological evaluation is usually not available. Studies have generally found 
LEEP to be associated with somewhat higher cure rates (absence of persistent or recurrent 
disease) than cryotherapy (Melnikow et al. 2009). A randomized clinical trial of cryotherapy 
and LEEP for treatment of histologically confirmed high-grade cervical dysplasia found that 
LEEP had higher overall cure rate of 96.4% as compared to 88.3% for cryotherapy (p=0.026) 
(Chirenje et al. 2001). Treatment methods are generally consistent among high-income and 
low-income countries (Luciani 2008). Cryotherapy is less effective in older women, where 
the transformation zone and any cervical lesions are more likely to recede into the cervical 
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canal and is less effective with large lesions. This raises potential concerns in the 
management of HIV+ women, who may have lesions occupying a larger volume of the 
cervix.  

One of the treatment effects with either cryotherapy or LEEP may be stimulation of the 
immune response, promoting clearance of HPV after treatment, even if the entire lesion or 
the entire transformation zone is not excised or ablated, although one small study failed to 
show an effect of cryotherapy on HPV clearance one year after treatment (Taylor 2010; 
Chumworathayi et al. 2010). 

HIV-positive women have an increased incidence of persistence or recurrence after 
treatment, with some studies documenting >50% recurrence rate (Tebeu et al. 2006). 
Recurrence rates are increased in the following situations:  

 positive surgical margins with LEEP or cervical conization (present in >40% of HIV+ 
women) (Boardman et al. 1999; Gilles et al. 2005; Lima et al. 2009).  

 glandular involvement (Lima et al. 2009). 
 greater immunosuppression (Holcomb et al. 1999; Shah et al. 2008) 
 lack of suppressive ART (Robinson et al. 2001). 

Most recurrences in HIV+ women appear to be low-grade disease, which may be associated 
with new HPV infections (Massad et al. 2007) but re-excision may be necessary in some 
cases (Holcomb et al. 1999; Gingelmaier et al. 2007). Follow-up with cervical cytology alone 
or cytology and colposcopy together at 6-month intervals over the first year after treatment 
is recommended (CDC 2009; Wright et al. 2007). 

There remain limited data on the use of LEEP and cryotherapy in the setting of HIV, 
especially related to efficacy. A study of HIV-infected and –uninfected women in 
Zimbabwe, cryotherapy had a 40.5% failure rate among HIV+ women at one year of follow-
up, compared to 15.8% failure rate among HIV- women; in the same study, LEEP had 14% 
and 0% failure rates, respectively, among HIV+ and HIV- women (CHirenje 2003). 
However, over 50% of failures were low-grade lesions. LEEP was associated with higher 
complication rates, including excessive bleeding,and discharge, than cryotherapy. A study 
from Zambia of cryotherapy-ineligible women (many of whom were HIV+), referred for 
further management, LEEP (performed by physicians) was feasible and safe, with low levels 
of complications that can be managed locally (Pfaendler et al. 2008). 

Abstinence should be emphasized until complete healing has occurred after treatment for 
cervical dysplasia, since the treatment has been shown to dramatically increase genital tract 
HIV shedding (Wright 2001) and may increase risk of sexual transmission of HIV. However, 
a recent study from Kenya found no increase in detectable cervical HIV-1 RNA among HIV-
positive women (most on ART) after cryotherapy. (Chung et al. 2011). 

6. Research questions and programmatic issues 
There remain a number of unanswered questions and challenges regarding the 
implementation and integration of effective cervical cancer screening programs into HIV 
care and treatment. Data regarding antiretroviral treatment and CD4 counts correlated with 
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VIA results are important to further refine screening and treatment protocols and inform 
guidelines on appropriate screening strategies and intervals. Integration of cervical cancer 
screening for HIV+ women requires testing of different models for training, implementation 
and data collection. Given the information currently available of the interaction of HPV and 
HIV infections and the epidemiology of HIV: 

 Will screening earlier in the course of HIV, when there is less immunosuppression, be 
associated with smaller and more treatable lesions? 

 Will ART and associated immune reconstitution make a difference in rates of VIA 
positivity and lesion size? 

 How often should screening occur in HIV+ women? 
 Are HIV+ women more likely to accept SVA than HIV- women?  
 What is the relative efficacy and safety of LEEP vs cryotherapy in HIV+ women? 
 What are appropriate models of care and what is their feasibility?  
 How will VIA and HPV testing be best integrated to enhance test performance, 

feasibility and scale-up? 
 How will cervical cancer prevention be taken to scale in low and middle income 

countries? 

7. Primary prevention of HPV/cervical cancer 
Given the millions of new HPV infections/ year in 14-44 year olds primary prevention of 
HPV infections should be a priority. Consistent and correct use of condoms has been 
associated with reduction in risk for acquisition of genital HPV infection, including genital 
warts, CIN and cervical cancer (Winer et al. 2006; Vaccarella et al. 2006; Manhart and 
Koutsky 2002) although data are limited in the HIV setting. Male circumcision (MC) has 
been shown to reduce by reduce the risk of sexual HIV transmission from female to male by 
60% (http://www.who.int/hiv/topics/malecircumcision/en/index.html) in randomized 
clinical trials. MC was also associated with a lower incidence of multiple high-risk HPV 
types and increased clearance of HR-HPVs as compared to controls (14.8% vs 22.3%, 
respectively) in Uganda (Gray et al. 2010); however, MC was not associated with decreased 
incidence or increased clearance of HR-HPV in the female partners of circumcised men 24 
months after the procedure, as compared to partners of men in the control group (Tobian et 
al. 2011) However, MC has long been associated with reduced risk of cervical cancer in the 
wives of circumcised men; therefore further study is warranted.  

Finally, two HPV preventive vaccines are now available, one quadrivalent, providing 
protection against HPV types 16, 18, 6, 11, and the second bivalent, protecting against HPV 
types 16 and 18 only. In the initial trials of these vaccines, there was >95% -100% protection 
against incident infection with vaccine subtypes in women not previously infected with 
those subtypes and in CIN2 or greater related to HPV-16 or 18 (FUTURE II Study Group, 
2007; Villa et al. 2005; Paavonen et al. 2009, Garland et al. 2007) vaccine effectiveness was 
maintained through over 7 years of follow-up (FUTURE I/II Study Group 2010). Although 
there are other high risk HPV types, types 16 and 18 are responsible for approximately 70% 
of invasive cervical cancers worldwide (de Sanjose et al. 2010). Recent HPV seroprevalence 
studies in HIV+ African women found that 65% were seropositive for one of the vaccine 
subtypes (Firnhaber 2011), suggesting that early vaccination may provide significant 
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protection. However, a recent review found that HIV-infected women in different 
geographic regions (including Zambia, Brazil, US) appear to be infected with less prevalent 
HR-HPV types as compared to the general population (McKenzie et al. 2010) . As yet there 
are limited data on safety, immune response and efficacy of the HPV vaccine in HIV+ 
women, although studies are on-going. Although data on the safety of the quadrivalent 
vaccine in HIV-infected children has been demonstrated, efficacy of the currently available 
HPV vaccines in women or girls with HIV has not yet been established (Levin et al. 2010).  

Given the high rates of HPV and cervical cancer in countries with limited health resources, 
initiatives to introduce HPV vaccination for young people prior to the initiation of sexual 
activity in these settings are critical. The HPV vaccine is the most expensive vaccine ever 
developed and costs must be lowered to make this a feasible intervention in the developing 
world. Fortunately, groups such as GAVI and others are working with governments and 
other potential donors, as well as with the vaccine makers, to make these vaccines more 
accessible in areas where they are needed most. Given the high prevalence of both HIV and 
HPV in many low resource settings and the virologic synergy between these two viruses, 
with increased rates of HPV-related disease in HIV+ individuals, HIV+ women may be a 
particular target group for vaccine administration. Furthermore, with improved access to 
antiretroviral treatment and greater longevity, an increasing number of girls who have been 
perinatally infected with HIV will be living into adulthood and these girls may particularly 
benefit from HPV vaccination. 

Mathematical models estimate that reduction in incidence and mortality of cervical cancer 
will be greatest in low/middle income countries with no or limited screening and that HPV 
vaccination may be cost-effective if cost <$10–25/vaccinated girl (Kim JJ et al. 2008). 
Currently, the WHO recommends including routine HPV vaccination in national 
immunization programs, providing prevention of cervical cancer is a public health priority, 
programmatically feasible, cost-effective, and has sustainable financing (WHO 2009). HIV 
infection is not considered a contraindication to HPV vaccination (CDC 2007; ACOG 2010; 
CDC 2009).  

8. Conclusion 
Cervical cancer is a leading cause of morbidity and mortality in countries with the fewest 
resources and these resources are often already over-stretched by high levels of HIV 
infection. Virologic synergy between HIV and HPV infections further exacerbates the 
problem, and HIV-infected women are at increased risk for HPV and HPV-related diseases, 
including cervical cancer. Furthermore, unlike other typical opportunistic infections, there is 
no compelling evidence that the use of effective ART reduces the burden of HPV or HPV-
related complications, possibly leading to increased numbers of women at risk for cervical 
cancer as HIV treatment programs become more accessible and successful. Fortunately, 
cervical cancer is preceded by an extended precancerous period that can be detected and 
treated to prevent the development of invasive disease. Cervical cytology, which has 
revolutionized cervical cancer prevention in the U.S. and other developed countries over the 
past half-century, is simply not feasible for most countries with few resources. Alternatives 
such as VIA and HPV testing hold great promise as alternative screening strategies, coupled 
with the use of cryotherapy or LEEP to treat precancerous lesions. In the new WHO Global 
health sector strategy on HIV/AIDS an over-arching goal is to achieve universal access to 
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comprehensive HIV prevention, treatment and care. Two of the four strategic directions 
noted in this strategy are to leverage broader health outcomes through HIV responses, 
including strengthening linkages between HIV and other related health programs, notably 
including cervical cancer screening and care, and to build strong and sustainable heath 
systems in which HIV and other essential services are available, accessible, affordable and 
sustainable. This renewed emphasis on comprehensiveness and integration of services is 
consistent with making further evaluation of the role of these screening techniques, 
individually or in concert, in the setting of HIV a research priority. 
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1. Introduction 

Generally, the use of plants, herbs or other natural products in medicines is since humans 
inhabited earth. It was “since ever” when humans were trying to find out which plants 
might be useful to fight several pains and aches, fever, dyspepsia, or wounds. Through the 
ages, humans learned which plants would cure different illnesses, or might be poisonous 
and cause even death, and those that could be part of their diet. There are too many 
examples and references in the pharmaceutical, knowledge that passed from generation to 
generation. There is ample historical evidence for different usages of herbs by our ancestors. 
Herbs are the oldest drugs in the world. The initial use was primarily experimental similar 
to what applied to animals, e.g. against poisonous plants. The first record of the valuable 
properties of medicinal plants was by the Sumerians (6000 BC), followed by Chinese and 
Greek. The first book written about herbal plants was by Chinese (4000 BC). However, 
Greeks were these who spread the use of medicinal plants in West using the knowledge 
written down by Theophrastus (300 BC). Apollonios wrote about their uses in cosmetology 
and in religious ceremonies. Hippocrates recommended Pimbinella anisum, of the 
Umbelliferae family for sneezing and Theophrastus indicated the usefulness of 600 aromatic 
and medicinal plants in several pathologies. In ancient Rome, Galenus who was the 
personal physician to Roman emperors and is nowadays considered as “The Father of 
Pharmacy” was most devoted to aromatherapy. Reports about the uses of essential oils 
occur even in the Bible, and it was approximately during the 8th century AD when the 
Arabs improved the methods of extracting the essential oils from natural products and 
creating novel elixirs and medicines. During the Middle Ages, the essential oils producers 
were not affected by cholera and plague. During the Renaissance, the use of plants, essential 
oils, herbs and several other natural products was progressively neglected. The revolution 
of Chemistry and the synthesis of drugs resulted in almost complete abandonment. 
However, the impressive results of treating traumas with different botanical products 
during the two World Wars motivated scientists to further deal the potential of natural 
products in disease treatment. Aspirin (acetylsalicylic acid), perhaps the most popular 
painkiller, has a very long history and its medical use stretches back to antiquity. Medicines 
made from willow and other salicylate-rich plants date back at least to 400 BC. Willow bark 
extract became recognized for its specific effects on fever, pain and inflammation in the mid-
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eighteenth century. Lewis and Clark allegedly used willow bark tea in 1803-1806 as a 
remedy for fever for members of the famous expedition. By the nineteenth century 
pharmacists were experimenting with and prescribing a variety of chemicals related to 
salicylic acid, the active component of willow extract. Chemist Charles Frédéric Gerhardt 
and many other chemists established the compound's chemical structure and devised 
efficient methods of synthesis of acetylsalicylic acid. Aspirin's popularity grew over and it is 
now accepted as one of the most efficient drugs in many health problems. 

The NCI (National Cancer Institute) has examined more than 30,000 plants with anticancer 
activity (Ipek, 2005). However, the use of plants as a means treatment is still very limited. 
From 250,000 to 500,000 species plants, a small percentage has been examined for its 
medicinal properties. The World Health Organization estimates that 80% of the inhabitants 
of the earth choose traditional medicine for primary health needs, much of which relies on 
the use of essential oils from plants. The main aromatic plants belong to the families 
Labiatae, Umbelliferae, Lauracae, Myrtacae and Compositae.  

Today, various types of consumer products based on natural products may appear with 
different names, which are: 

 Neutraceuticals 
 Dietary supplements  
 Herbal remedies 
 Herbal teas and infusions  

All the Mediterranean countries are extremely rich in native plants, many of which are 
cultivated systematically.  

For several decades the majority of drug substances were either natural products or 
compounds. However, in the last century, synthetic chemistry and biotechnology 
techniques have offered alternatives to natural sources (Harvey, 2009). The past few decades 
have witnessed a renewed interest in the field and nowadays although to a lesser extent, the 
field still continues to produce new drugs; half of the drugs approved since 1994 have been 
based on natural products (Harvey, 2008). Contemporary Western science supports the right 
use of traditional medicinal plants, which have become a part of many modern therapies 
after thorough investigations on their quality and safety. There are of course certain steps to 
take before introducing medicinal plants into disease prevention or treatment. In most cases, 
research starts when there is knowledge of use of plants by native people for disease 
treatment within folk medicine. Accurate identification, phytochemical analysis, 
pharmacological screening, in vitro, animal model and human interventions, further 
identification of the most bioactive fraction or component and of the exact mechanism 
underlying the activity, and finally toxicity tests are steps to be taken prior consideration of 
the candidate medicinal plant or component to be administered in disease. To this end, 
collaboration among specialists in ethnobotany, ethnopharmacy, ethnopharmacology 
ethnomedicine, phytochemists, analytical and organic chemists is essential. Depending on 
the activity investigated other specialists, e.g. in microbiology or in cancer, might be 
required.  

Ethnobotany is the study of the relationships that exist between people and plants. 
Ethnobotanists aim to document, describe and explain complex relationships between 
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cultures and plants; explore how plants are used for food, medicine, clothing, hunting, and 
religious ceremonies. 

Ethnopharmacology differs from ethnopharmacy in that it is the biological evaluation of 
how effective traditional medicines are, whereas ethnopharmacy deals instead with much 
broader considerations of drug use. These considerations are related to the perception, use, 
and management of pharmaceuticals within a given human society. 

Ethnomedicine is the comparative study of how different cultures view disease and how 
they treat or prevent it; also, the medical beliefs and practices of local cultures, those that 
have relevant written sources, as well as knowledge and practices that have been orally 
transmitted over the centuries.  

Phytochemistry is the study of phytochemicals that includes techniques such as extraction, 
isolation and structural elucidation (MS, NMR) of natural products, as well as various 
chromatography techniques (HPLC, LC-MS). 

Although very few people nowadays would abandon the benefits of modern 
pharmaceutical science or the convenience of technology, a growing interest in medicinal 
plants and their uses occurs which began in early 1980s. It has been reported that almost 
80% of the global population in developing countries use plant materials for health care 
(Farnsworth et al., 1985). Plants are a good source of chemical compounds many drugs 
originate from a natural compound isolated from a medicinal plant. Nevertheless, this 
extended medicinal use reported does not incorporate or result in respective drug 
discovery. According to estimates only 20% of all plant species have been chemically or 
biologically evaluated (Cordell, 2003) and therefore the evaluation of a natural product 
seems to be a great prospect in the seek out for new drugs. Fabricant and Farnsworth (2001) 
showed that 94 species of plant are utilized for the production of the 122 single agent natural 
products that are used as single agent drugs around the world. Of these, 72% were used 
clinically for the same or a related ethnomedical purpose.  

This 80% of medicinal plants not yet chemically or biologically evaluated is a major 
challenge (Cordell & Colvard, 2005). The evidence to date with natural products is 
intriguing and guarantees greater attention. More research is indicated to bring about the 
biological effects and how susceptibility factors including nutrient–nutrient interactions and 
genetics influence the response. Automation, nanotechnology and proteomics, will have an 
increasingly important impact and thus we must be prepared to use them appropriately 
(Cordell & Colvard, 2005). Microarray assay systems based on the enhanced knowledge of 
the human genome will be brought to the level of the routine evaluation of extracts and 
compounds in order to assess genetic impact.  

2. Mediterranean medicinal plants and cancer chemoprevention 

Carcinogenesis is generally recognized as a complex and multistep process in which 
oxidative stress and inflammation plays a crucial role, and distinct molecular and cellular 
alterations occur (Franco et al., 2008; Kryston et al., 2011). Cancer chemoprevention attempts 
to interfere in the progress of the disease by using natural or synthetic substances. In the 
term of chemoprevention, many food components of the Mediterranean diet, gained the 
“food-borne anticarcinogens” title due to their content on components with 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

264 

chemopreventive properties. Those chemical compounds have proved that they may 
interrupt or reverse the carcinogenesis process by acting on intracellular signalling network 
molecules involved in the initiation and/or promotion, but also may arrest or reverse the 
progression stage of cancer (Ramos, 2008). Those “food-borne anticarcinogens” can be 
define as either “blocking agents” which act immediately before or during the initiation of 
carcinogenesis by chemical carcinogens, or “suppressing agents, which act after initiation 
during the  prolonged stages of promotion and progression (I.T. Johnson, 2007). Blocking 
agents scavenge Reactive Oxygen Species by potentiate the antioxidant enzyme system, or 
prevent genotoxic carcinogens, from forming adducts with DNA, either by inhibiting their 
activation from carcinogens or by enhancing their detoxification and excretion (Nelson et al., 
1993). Suppressing agents act after initiation, during the prolonged stages of promotion and 
progression. They may prevent further DNA damage, induce cell-cycle arrest or apoptosis, 
as well as inhibit inflammation, invasion or angiogenesis (Fig. 1).   

 
Fig. 1. Mechanism of cancer chemoprevention. 

The present chapter aimed to assess the chemoprevention activity of plants derived from 
Mediterranean basin. Original research studies that were published in English until August 
2011, were selected through a computer-assisted literature search (i.e., PubMed and 
Sciencedirect). We focused on the anticancer properties of phytochemicals from Chios 
mastic gum (Pistacia Lentiscus var. Chia) and Mediterranean herbs, derived mainly from 
family Lamiaceae (e.c. genous Origanum, Rosmarinus, Satureja, Thymus, Sideritis, Salvia, 
Mentha).  

2.1 Chios mastic (Pistacia lentiscus L.) and cancer chemoprevention 

Chios Mastic is the name of a resinous sap produced from the mastic tree (Pistacia lentiscus 
var. chia) (Fig. 2A). It is a natural, aromatic resin in teardrop shape, falling on the ground in 
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drops from superficial scratches induced by cultivators on the tree’s trunk and main 
branches with sharp tools (Fig. 2B). As it drips, it appears as a sticky and translucent liquid 
which, 15-20 days later, is solidified into irregular shapes influenced by the area’s weather 
conditions in summertime that is intense drought and sunlight. After being solidified, it has 
a crystal form (Fig. 2C), while its rather bitter taste quickly subsides to leave a distinctive 
aroma that really makes it unique. That solid product is then harvested and washed by 
mastic growers, giving us finally the natural Chios mastic. Soil and climatic characteristics 
allow the development of mastic trees just south of the island of Chios in the Aegean Sea, 
Greece. Its color is initially ivory-like but as time goes by, that shade is lost and 12 to 18 
months later it changes into yellowish due to oxidation. It is made of hundreds of 
components; such multitude probably justifies the multiple uses of Chios mastic, in the 
fields of food industry, health and cosmetic care, worldwide.  

 
Fig. 2. A: Mastiha Tree, B: Mastiha tree trunk and C: Mastiha drop. 

Chios mastic has been recognized since ancient times both for its distinctive aroma and its 
healing properties. It has been recorded as the first natural chewing gum in the ancient 
world. The mastic is known since antiquity for its organoleptic characteristics, but also for 
its beneficial properties. The first recorded promoter mastic was Dioscorides who wrote that 
Chios produced the best and greatest quantity of mastic, noting that it was indicated for 
coughing and stomach ailments, to sweeten the breath, and for facial masks. Several years 
later, Galen, the most important Greek physician after Hippocrates, extolled mastic’s styptic 
and lenitive properties and recommended it for inflammations of the stomach, intestines 
and liver. Aretaeus, a physician from Cappadocia who lived in the second half of the 2nd 
century CE, left many formulas for poultices using mastic. A poultice of apple pulverized 
with mastic and meliloto (a species of aromatic clover) remedied delirium. A poultice of 
dates pulverized in wine together with mastic and aloe helped the patient regain strength 
after a cardiac episode. A poultice of quince, dates, nardo (valeriana) and mastic treated an 
upset stomach. Monk Antonio Menzani di Cuna in the pharmacy of the Franciscan 
Monastery of Saint Savior in Jerusalem created a most effective balsam named “The 
Jerusalem Balsam” using four ingredients: aloe, frankincense, myrrh, and mastic, dissolved 
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in ethanol. The philosopher and physician al-Razi (868-932 CE) who was considered the 
Hippocrates of Islam, prescribed a mixture of alum and mastic to fill decayed teeth and the 
chewing of mastic as an appetite stimulant for pregnant women. Abu Yusuf Ya’qub ibn 
Ishaq al-Kindi, a physician in 9th century Baghdad, provided a medical formula “that makes 
those who drink happy”; it fortified the stomach, sweetened the breath, and aided the liver. 
It was administered before or after food and contained rose oil, clove, valeriana, cinnamon, 
saffron, cardamom, hazel nuts, and mastic. Abu Marwan’Abd al-Malik, born in Seville in 
1091, was one of the most eminent clinicians of his time who prescribed a preparation of 
licorice, raisins and mastic for liver problems. The healing action of mastic was explained by 
the Swiss physician and alchemist Paracelsus, in his Der grossen Wundartzney (Great 
Surgery Book). “The biological nature of man is such that it enables him to self-heal, to re-
balance and re-fill. Wounds are not healed by the balsam. Mastic, resins and other healing 
agents are unable to create even a fiber of flesh. They have, however, the property that 
enables nature to work unimpeded to heal the wound.”  

The first research studies on the health effects of mastic were in the mid 1980s regarding 
peptic ulcers (Al-Habbal et al., 1984; Al-Said et al., 1986; Huwez & Al-Habbal, 1986). Since 
then, more and more studies have been carried out in order to highlight the pharmaceutical 
effects of mastic in a number of diseases.  

The research on the anticancer effects of mastic is most recent. First, Balan et al. (2005) 
showed that hexanoic gum extract caused apoptosis in HCT116 colon cancer cells. Although 
the mechanism of action was not elucidated, the resin appeared to trigger a cascade of 
reactions catalyzed by a family of proteases, caspases, resulting in DNA degradation and 
apoptosis of cancer cells. The ethanol extract of mastic gum exhibited similar properties, 
while the observation that cell death continued even when gum treatment stopped indicated 
that apoptosis was programmed (Balan et al., 2007). Also, in a study of Kaliora et al., (2010), 
different solvent extracts from 500 μg dried product suppressed cell proliferation, 
significantly (p<0.05) in AGS cells. In the same study, FACS indicated that extracts 
significantly induced cell death (p<0.05). All extracts statistically decreased protein and 
mRNA ICAM-1 levels (p<0.05), while IL-8 protein and mRNA levels showed no significant 
difference. They concluded that the ethanol-terpene-rich extract was the most effective. A 
similar mechanism was observed in prostate cancer cells (He et al., 2006; He et al. 2007a, 
2007b). 

The study of Moulos et al. (2009) was the first to investigate the effect of mastic essential oil 
in the expression of the whole genome (genome-wide expression analysis). This study 
provided novel evidence on the molecular basis of tumor growth inhibition mediated by 
mastic oil and set a rational basis for application of genomics and bioinformatic 
methodologies in the screening of natural compounds with potential cancer 
chemopreventive activities Microarray expression profiling was performed using Illumina 
mouse-6 v1 beadchips, followed by computational analysis. For a number of selected genes, 
RT-PCR validation was performed in Lewis lung carcinomas, cells as well as in three human 
cancer cell lines of different origin A549 alveolar epithelial cell, colon cancer HCT116 and 
K562 myelogenous leukaemic cells. DNA microarray applied in this study allows for the 
measurement of the expression of complete genome, including identification of functions, 
metabolic pathways and regulatory mechanisms in diseases such as cancer. The method of 
the microarray is a milestone in the science of genetics. In the study of Moulos al. the 
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cultivation of LLC with mastic oli (0.01% v/v) resulted in regulation of the expression of 925 
genes. Among them, modifications on cell cycle/proliferation, survival and NF-kappaB 
cascade in conjunction with concomitant regulation of genes encoding for PTEN, E2F7, 
HMOX1 (up-regulation) and NOD1 (down-regulation) indicated some important 
mechanistic links underlying the anti-proliferative, pro-apoptotic and anti-inflammatory 
effects of mastic oil. The expression profiles of Hmox1, Pten and E2f7 genes were similarly 
altered by mastic oil in the majority of test cancer cell lines. Inhibition of PTEN partially 
reversed mastic oil effects on tumor cell growth, indicating a multi-target mechanism of 
action.  

A recent study in mice with colon cancer confirmed the antineoplastic role of mastic (Dimas 
et al., 2009). The intraperitoneal injection of hexane extract of gum at a dose equal to 200 
mg/kg body weight resulted in significant suppression of tumor growth in a human colon 
cancer/immunodeficient mouse model. However, the schedule of administration seemed to 
play a key role in toxicity. When the extract given for a whole month applying 5 day 
administration-2 day interval, the size of tumors was significantly reduced, but none of the 
animals survived the intervention. Conversely, when the schedule was 4 day 
administration-3 day interval, tumor size was significantly decreased and all animals 
survived.  

In none of the above studies was the bioactive compound in mastic determined. Essential 
oils and resins, including mastic essential oil and resin, contain a wide variety of terpenes. 
Specifically, essential oils consist of volatile, low molecular weight terpenes, and resins 
consist of a mixture of volatile and non volatile terpenes. Terpenes are hydrocarbons of 
plant origin with carbonate skeleton of 2-methyl-1,3-butadiene or isoprene a common 
organic compound with the formula CH2=C(CH3)CH=CH2. The terpenes identified in Chios 
mastic are over 80 structures (Papageorgiou et al., 1997; Assimopoulou & Papagerogiou, 
2005; Paraschos et al., 2007).  

Numerous studies have shown the beneficial role of several terpenes known to be contained 
in Pistacia species against several cancers; pancreas, breast, colon, liver, and skin (Crowell, 
1999). The main monoterpenes are perillyl alcohol, limonene, geraniol and α-pinene and the 
major triterpenes oleanolic acid and isomer ursolic acid (Fig. 3). 

The chemotherapeutic action of perillyl-alcohol is established. In the study by Stark et al. 
(1995) Perillyl alcohol significantly reduced the growth of hamster pancreatic tumors to less 
than half that of controls. A percentage of 16% of perillyl alcohol-treated pancreatic tumors 
completely regressed whereas no control tumors regressed. Perillyl alcohol induced contact 
inhibition in cultured human pancreatic carcinoma cells and inhibited their anchorage-
independent growth (P<0.001). Thus, perillyl alcohol has antitumor activity against 
pancreatic carcinomas at non-toxic doses, and may be an effective chemotherapeutic agent 
for human pancreatic cancer. As regards the mechanism of action, the perillyl alcohol has 
been shown to inhibit the proliferation of B12/13 adenocarcinoma pancreatic cells and also 
to induce apoptosis (Stayrook et al., 1997). Also, the expression of the pro-apoptotic Bak 
protein was multiplied up to 8 times, which was not observed in normal pancreatic D27 
cells. It is rather that the antitumor activity of perillyl alcohol toward pancreatic cancers may 
be due to preferential stimulation of Bak-induced apoptosis in malignant versus normal 
cells. Bak may, therefore, be a useful biomarker for the chemopreventive and therapeutic 
effects of perillyl alcohol, indicative of a Bak-dependent apoptotic pathway. 
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In 1994, Haag and Gould examined the effect of perillyl alcohol in Wistar-Furth rats with 
DMBA initiated breast cancer. When tumor diameter reached 3mm, their diet was enriched 
with 2.5% perillyl alcohol. Three weeks later, the tumors in 22 out of 27 rats (81%) 
disappeared completely. This observation lead the researchers to examine the effect of 
different concentrations of the monoterpene in tumors already reached 10mm. After 15 
weeks of 2% perillyl-alcohol intervention, 10 of the 20 animals showed complete tumor 
decrease and additional 5 showed some improvement. However, diet enrichment with 3% 
perillyl alcohol resulted to toxicity and death in some animals. On the contrary, Stark et al. 
(1995) have sown that 3% perillyl alcohol in the diet is absolutely secure. The results are 
conflicting and this is due to methodological weaknesses. Food intake depends on body 
weight and the number of animals present in each cell. It is noteworthy that the rats 
maintain a kind of hierarchy with the obvious presence of the "stronger" and more "weak". 
The more animals form a group, the more difficult it is to calculate food intake. In the study 
by Haag and Gould (1994) in each cage housed only two animals, while that of Stark et al. 
(1995) not listed. The choice of the strain should also be chosen with strict criteria for the 
purposes of the study. Thus, limonene appears to reduce the incidence of kidney cancer in 
F344 rats, but not in NCI-Black-Reiter rats in the absence of α2-globulin in liver cells 
(Dietrich & Swenberg, 1991). 

 
Fig. 3. Chemical structure of the main monoterpenes A: perillyl alcohol, B: limonene, C: 
geraniol and D: α-pinene and major triterpenes E: oleanolic acid and F: isomer ursolic acid 
of Chios mastic. 

After 19 weeks incorporating 1% perillyl-alcohol in the diet of rats with DEN-liver cancer, 
the mean liver tumor weight was 10-fold less than that for the untreated animals. The 
monoterpene did not influence tumor cell proliferation but increased the apoptotic index 
approximately 10-fold. The mRNA levels for the mannose 6-phosphate/insulin-like growth 
factor II receptor and the transforming growth factor beta type I, II, and III receptors were 
also significantly increased in the liver tumors from the terpene-treated animals when 
compared to the corresponding receptor mRNA levels in the normal tissue surrounding the 
tumors and in the tumors of untreated animals. The results demonstrated that perillyl-
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alcohol does not promote the formation of liver tumors, but rather inhibits their growth by 
enhancing tumor cell loss through apoptosis (Mills et al., 1995).  

Angiogenesis is essential for the progression of solid tumors and hematological 
malignancies. Thus, antiangiogenic therapy is one of the most promising approaches to 
control cancer. When Loutrari et al., (2004) examined the ability of perillyl alcohol to 
interfere with the process of angiogenesis, they observed prevention of new blood vessel 
growth in the in vivo chicken embryo chorioallantoic membrane assay and inhibition of the 
morphogenic differentiation of cultured endothelial cells into capillary-like networks. In 
addition, perillyl alcohol inhibited proliferation and induced apoptosis of endothelial cells 
via the caspase-3 activity and DNA fragmentation. Consistent with the observed 
antisurvival effect, perillyl alcohol treatment resulted in a significant inhibition of Akt  
phosphorylation in endothelial cells. Finally, it differentially modulated the release of two 
important angiogenic regulators: vascular endothelial growth factor and angiopoietin 2. A 
recent study in the effects of ursolic and oleanolic acid administration on the formation of 
1,2-dimethyl-hydrazine (DMH)-induced aberrant crypt foci in the colon of the male Wistar 
rat. When either individually or as a mixturewere administered in rats, a significant 
reduction in the frequency of aberrant crypt foci in the group treated with the triterpenoid 
compounds plus DMH was recorded compared to those treated with DMH alone, 
suggesting that triterpenes have a protective effect against colon carcinogenesis (Furtado et 
al., 2008). In the study by Yamai et al. (2009) the triterpenes enhanced conventional therapy 
in esophageal cancer and anti-tumor activity attribted to the powerful antioxidanteffects 
(Ovesná et al., 2006) and their ability to block angiogenesis (Sogno et al., 2009).  

Perillyl alcohol at the 1 g/kg level significantly inhibited the incidence (percentage of 
animals with tumors) and multiplicity (tumors/ animals) of invasive adenocarcinomas of 
the colon, whereas perillyl alcohol at 2 g/kg diet inhibited the incidence of total 
adenocarcinomas of the colon and small intestine as compared to the control diet (Reddy et 
al., 1997). The study indicated that the colon tumors of azoxymethane-induced colon 
carcinogenesis animals fed perillyl alcohol exhibited increased apoptosis as compared to 
those fed the control diet. These results demonstrate the potential chemopreventive activity 
of perillyl alcohol against colon carcinogenesis. 

When investigating whether the addition of d-limonene to the diets of rats would modify 
the process of mammary tumor induction, diets containing 1,000 or 10,000 p.p.m. of d-
limonene were fed to rats one week prior to DMBA induced tumor formation. A significant 
reduction in mammary carcinogenesis was observed at each level. The inhibition of 
carcinogenesis was mainly due to an increase in latency; however, major differences in 
incidence could be seen during the follow-up period. For example, rats fed 10,000 p.p.m. of 
d-limonene had a 72% reduction in mammary tumors when compared to controls at 18 
weeks post DMBA treatment. In addition to inhibiting the appearance of mammary tumors, 
d-limonene was also found to cause the regression of frank mammary tumors. No toxicity 
was evident in these rats even at the highest d-limonene dose (Elegbede et al., 1984). 
Maltzman et al. (1991) observed that limonene inhibited the toxicity of DMBA, increasing 
the urinary excretion of DMBA and its metabolites, reducing the formation of DMBA-DNA 
complexes affecting the liver detoxification pathway. 

Topical perillyl alcohol significantly inhibited tumor incidence and multiplicity, average 
tumor size, and the average tumor burden/mouse without any apparent toxicity in a 
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nonmelanoma model of mouse skin carcinogenesis. It inhibited UVB-induced AP-1 
transactivation in both cultured human keratinocytes and transgenic mice that stably 
express a luciferase reporter driven by AP-1 elements. The results suggested that perillyl 
alcohol might be used for chemoprevention of human skin cancer. (Batherlman et al., 1998).  

However, clinical trials in cancer patients are intimidating. The 20 patients, of whom 15 
were evaluable in the study of Bailey et al. (2008), received perillyl alcohol in doses between 
1,200 and 2,000 mg/m2 for a total of 43 courses. The most common observed toxicities were 
nausea, gastrointestinal distress, and fatigue. Other toxicities included diarrhea or 
constipation, hypokalemia, and one incidence of acute pancreatitis. Due to these toxicities, 
four of the patients declined further treatment either during or after the second course. 
While perillyl alcohol was not detected in plasma, perillic acid and dihydroperillic acid were 
detected in plasma, and the peak levels at 2,000 mg/m2 per dose were approximately 600 
µM perillic acid and 50 µM dihydroperillic acid. There was no evidence that levels of TGF-b 
plasma and the expression of Ras proteins were affected, indicative of the non significant 
advantages of perillyl alcohol In adults with advanced malignancies. No significant 
difference occurred between lesions appearing on the perillyl alcohol treated forearm vs. the 
placebo-treated forearm in healthy non skin cancer subjects under UV radiation (Stratton et 
al., 2008), indicative that most probably perillyl alcohol cream has no chemopreventive 
activity in skin cancer. Finally, intake of 55 mg-perillyl alcohol daily for six months, reduced 
50% the size of tumors in 3.4% of adults with malignant gliomas (da Fonseca et al., 2008a, 
2008b). 

Conclusively, although sometimes inconsistent, the naturally occurring Chios mastic or 
individual terpenic components are many hoped for application as chemotherapeutic 
agents. The first report to display a promotion potential of Chios Mastic Gum on the 
formation of preneoplastic lesions comes from Doi et al., (2009). In a rat liver medium-term 
carcinogenesis bioassay, orally administered mastic of 1% apparently promoted GST-P foci 
yield after DEN-initiation but the 0.1% dose (48.3 mg/kg/day) was concluded as non-
promoting dose. This 0.1% dose is almost equivalent to 2.9 g/day/person with the average 
human body weight regarded as 60 kg. Most Chios mastic doses previously reported in 
human studies were around this level, e.g. 5 g/day/person (Triantafyllou et al., 2007), 4 
g/day/person (Bebb et al.,2003), 2.2 g/day/parson (Kaliora et al., 2007a, 2007b), or 1 
g/day/person (Al-Habbal et al., 1984). Favorable effects of mastic such as anticarcinogenic 
potential could be achieved at relatively low doses without any toxicity (He et al., 2006). 
Further studies must elucidate the mechanisms underlying and determine safety levels in 
humans. 

2.2 Mediterranean herbs and cancer chemoprevention 

In herbal medicine the term herbs is used to refer not only to herbaceous plants but also to 
bark, roots, leaves, seeds, flowers and fruit of trees, shrubs, and woody vines, and extracts of 
the same that are valued for their savory, aromatic, or medicinal qualities. The botanical 
term herb refers to seed-producing plants with non-woody stems that die down at the end 
of the growing season (Craig, 1999). 

Herbs have been grown and used for culinary and medicinal purposes since antiquity. The 
Mediterranean basin has been distinguished throughout the generations with a rich 
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inventory of natural medicinal herbs and it is the place in which the sience of botany was 
born. Oregano (Origanum vulgare), Sage (Salvia officinalis), Thyme (Thyumus vulgaris), Saffron 
(Crocus sativus), Rosemary (Rosmarinus officinalis), Savory (Satureja hortensis), Bay Laurel 
(Laurus nobilis), Basil (Ocimum basilicum L.), Chamomile (Marticaria chamomilla), Dittany of 
Crete (Origanum dictamnus), Marjoram (Origanum majorana), Rosemary (Rosmarinus 
officinalis), Sideritis (Sideritis syriaca), Hypericum (Hypericum perforatum), Pennyroyal 
(Mentha pulegium), Olive (Olea europaea), Anise (Pimpinella anisum), Coriander (Coriandrum 
sativum), Garlic (Allium sativum), Fennel (Foeniculum vulgare), Garden cress (Lepidium 
sativum), Lavender (Lavandula angustifolia), Myrtle (Myrtus communis), Nigella (Nigella 
sativa), Sumac (Rhus coriaria) are some of the generally considered as native Mediterranean 
herbs. Herbs are used as flavorings and seasonings, for the preservation and storage of 
various foods and help to maintain their organoleptic properties. In most of these herbs, the 
flavor is provided by the aromatic ingredients in their essential oils and oleoresins (Craig, 
1999). They are also used for the treatment of headaches, neuralgia, gingivitis, toothaches, 
tonsillitis, sore throat, common cold and against cough. Cultures throughout history have 
practiced the art of pain management through remedies such as oral ingestion of herbs. 

Hereby are cited indicative examples of some herbs and some of the healing properties 
attributed to them: 
Basil (Ocimum basilicum L.): antispasmodic, diuretic, laxative, auxiliary for memory 
Bay Laurel (Laurus nobilis): tonic, appetizer 
Rosemary (Rosmarinus officinalis): antiseptic, antirheumatic, tonic 
Dittany (Origanum dictamnus): emmenagogue, tonic, healing 
Thyme (Thymus vulgaris L.): antispasmodic, antiseptic, antirheumatic 
Oregano (Origanum vulgare): expectorant, antispasmodic, disinfectant 
Sage (Salvia officinalis L.):  against hypotension and anemia, antidiabetic 
Chamomile (Marticaria chamomilla): soothing, anti-insomnia, against flu 

In the past it was not known the exact way of activity of herbs and their healing properties 
recorded empirically. Those properties provoked the interest of researchers to conduct 
numerous studies in order to verify these observations and to ascertain the responsible 
substance for these properties. Today it is known that the properties of medicinal plants 
owned to chemical compounds that they contain, termed phytochemicals, with antioxidant, 
anti-inflammatory, anti-bacterial, anticancer and cardioprotective properties. Today much of 
scientific research has been focused on investigating the possible use of medicinal plants for 
prevention, cure and/or adjunctive treatment of chronic diseases such as cancer.  

Several commonly used herbs have been identified by the National Cancer Institute as 
possessing cancer-preventive properties (Caragay, 1992). Many studies showed that many 
phytochemical compounds of herbs of the Mediterranean basin, gained the “food-borne 
anticarcinogens” title. These beneficial substances act as antioxidants and electrophile 
scavengers, stimulate the immune system, inhibit nitrosation and the formation of DNA 
adducts with carcinogens, induce phase I or II detoxification enzymes, act on intracellular 
signalling network molecules involved in the initiation and/or promotion of cancer, 
interrupting thus or reversing the carcinogenesis process (Bisset, 1994; Robbers et al., 1994; 
Cuvelier et al., 1994; Armata et al., 2008; Saddiqe et al., 2010; Lee et al., 2011). 

Thyme (Thymus vulgaris), Rosemary (Rosmarinus officinalis) and Sage (Salvia officinalis L.) 
have phenolic compounds (phenolic diterpenes, flavonoids and phenolic acids) that are able 
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to inhibit cancer, through inhibiting the initiation, as well as tumor progression (Craig 1999; 
Ho et al., 2000). Sideritis or “mountain tea” (Sideritis syriaca, Sideritis clandestina), Hypericum 
(Hypericum perforatum) and sage (Salvia officinalis L.) contain polyphenols (chlorogenic acid, 
apigenin, protocatechuic acid, caffeic acid, rosmaric acid, carnosol, qerqetin, luteolin, 
apigenin, p-coumaric acid, hypericine, geraniol, α-pinene, β-pinene) with anti-inflammatory 
and antioxidant properties (Saddiqe et al., 2010; Armata et al., 2008; Lu & Foo, 2001; Thorsen 
& Hildenbrandt, 2003). Carnosol has been evaluated for anti-cancer properties in prostate, 
breast, skin, leukemia, and colon cancer with promising results (Jonhson, 2011).  

 
Fig. 4. A: Oregano (Origanum vulgare), B: Dittany of Crete (Origanum dictamnus), C: Vogel 
(Origanum microphilum), D: Thyme (Thymus vulgaris),   E: Pennyroyal (Mentha 
pulegium), F: Hypericum (Hypericum perforatum). 

Methanol extract of Olives (Olea europaea), rich in phenolic compounds, exhibits gastric 
cancer preventive efficacy by limiting cell proliferation, inducing cell death and suppressing 
inflammation in AGS cancer cells (Kountouri et al., 2009).  Chamomile (Marticaria chamomill) 
and Oregano (Origanum vulgare) show antimicrobial activity against Helicobacter pylori, a 
Gram-negative bacteria that infects the stomach and strengthens the chances of stomach 
cancer (Stamatis et al., 2003; Bampidis et al., 2006; Couladis et al., 2003).  

Many studies have been reported to that phytochemicals from herbs interfere at the 
initiation of cancer. In vitro studies with cancer cell lines, showed that oregano extract 
protect against oxidative stress and DNA damage from radiation (Rao et al., 2006; Bakkali et 
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al., 2006). Additionally, oregano extract was found to have strong antioxidant activity, 
through the capture free radicals, suppression of fat oxidation, inhibition of NOS and 
protection of DNA from H2O2-induced oxidative damage (Zheng & Wang, 2001; Aherne et 
al., 2007; Tsai et al., 2007). The components which are responsible for this activity are 
carvacrol, the terpene rosmarinic acid, glycosides of protocatechuic acid and thymol (Karioti 
et al., 2006; Braga et al., 2006). Several phytochemicals inhibit tumor formation by 
stimulating the protective phase II enzyme, glutathione transferase. GT is a detoxifying 
enzyme that catalyzes the reaction of glutathione with electrophiles to form compounds that 
are less toxic, more water-soluble, and can be excreted easily. Mice fed with a diet 
containing thyme (Thymus vulgaris L, 0.5% or 2.0%) or treated orally with thymol (50-200 
mg/kg) or carvacrol (50-200 mg/kg) once a day for 7 successive days, showed a 
significantly increased in GT protein levels (Sasaki et al., 2005). Similar results were 
observed when rosemary extract or carnosol alone were administered in female rats 
(Singletary, 1996). Limonene, geraniol, menthol, and carvone found in commonly used 
herbs stimulate also glutathione transferase activity (Craig, 1999). 

 
Fig. 5. Chemical structure of the terpenes A: carnosol, B: carvacrol, C: thymol and 
polyphenols D: resveratrol, E: chrysin and F: apigenin founds in many herbs. 

Herbs phytochemicals have gained also the “suppressing agents” title. Inhibition of tumor 
cells proliferation has been highlighted in several studies that have been done on herbs, or 
on isolated components of them; nevertheless, the precise mechanism of action is not fully 
defined. Carnosol and thymol from oregano can inhibit the proliferation of cancerous cells 
or cells with active oncogenes (Sasaki et al., 2005; Slamenova et al., 2007; Mezzoug et al., 
2007). Carnosol, also found in large quantities in dittany and in thyme, can inhibit the 
proliferation of breast cancer cells by 50% after incubation for 48h in a concentration of 
100µM, by inducing apoptosis (Arunasree, 2010). An in vivo study of Moran et al. (2005) 
showed that dietary carnosol (0.1%) decreased APC associated adenoma formation by 46% 
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in the C57BL/6J/Min/+ (Min/+) mouse when compared to controls. Also, carnosol induces 
G2/M cell cycle arrest that targets cyclin A and cyclin B1 with an IC50 of 23 μM in Caco-2 
colon adenocarcinoma cells which are representative of precancerous lesions (Visanji et al., 
2006). Additional in vitro work has shown that carnosol significantly inhibited the highly 
metastatic mouse melanoma B16 cells through down regulation of matrix metalloproteinase 
2, c-jun, as well as the redox sensitive transcription factor nuclear factor-kappa B (Nf-κB) (J.J. 
Johnson et al., 2008). Also, J.J. Johnson et al. (2008) shows that carnosol promoted G2 cell 
cycle arrest of PC3 cell line, with inhibition of cyclins A, D1, D2 and cdks 2 and 6, and 
targets multiple signaling pathways that include the AMPK and PI3K/Akt pathway. 
Resveratrol and chrysin can inhibit the proliferation of Caco-2 cells after 72h incubation 
when administered in combination at concentrations of 20 mM and 32 mM, respectively 
(Iwuchukwu et al., 2011). The effect of resveratrol to inhibit cell proliferation, has been 
reported previously and found to be associated with the remaining cell cycle arrest at 
phases S and G2/M through inhibition of Cdk7 and p34Cdc2 (Joe et al., 2002; Estrov et l., 
2003; Liang et al., 2003). Similar results were reported by Jin et al. (2010) on the activity of 
total polyphenols from tea in cell lines of colon (IT29, LoVo, SW480, HCT116). The inhibition 
of cancer cell proliferation from those phytochemicals was positive correlated with the 
incubation time (24h-1w) and the dose administered (50-300 mg). Farnesol and geraniol, and 
to a lesser extent perillyl alcohol, found in spearmint (Mentha spicata), substantially 
suppressed the growth of pancreatic, colon, murine leukemia, hepatoma and melanoma 
tumor cells (Burke et al., 1997; Carnesecchi et al., 2001). Polyphenolics in green tea (Camellia 
sinensis) are known to possess antimutagenic and anticancer activity. Some evidence 
suggests that tea has a protective effect against stomach and colon cancers (Dreosti, 1996). 
The way of which tea polyphenols inhibit cell proliferation has been elucidated. More 
specifically, EGCG reduces cell proliferation by inhibiting enzymes that catalyze reactions of 
DNA replication. EGCG inhibit proteasome be forming ester bonds with it, resulting in 
accumulation of p27KIP1 and arrest of cell cycle in G1 phase. Additionally, EGCG induces 
the cyclin kinase inhibitor WAF1/p21 resulting cells arrest in phase G0/G1 (Syed et al., 
2007). Also, a recent study found that genistein inhibits the proliferation of prostate cancer 
cells after incubation for 72h at three different concentrations (5 mg/mL, 10 mg/mL, 20 
mg/mL) (Peternac et al., 2008). The essential oil of Rosemary, caused 50% inhibition of 
tumor cells proliferation, at breast and prostate cancer, after 24h incubation at 
concentrations of 190 and 180 mg/mL respectively (Hussain et al., 2010). The petroleum 
ether extract of Hypericum adenotrichum Spach (called “kantaron” in Turkey), a member of 
Hypericum perforatum genus that grows to Western Turkey, showed antiproliferative 
effects in HL-60 promyeloic leukaemia cells, which correlated with cyclin D1 suppression 
and p21 induction (Ozmen et al., 2009). Also, methanol extract of Malva Silvestris rich in 
phenolic compounds, inhibited cell proliferation of B16 and A375 melanoma cell lines 
(Danilea et al., 2007). 

Many studies shows that extracts of oregano and its components have anti-inflammatory 
properties, as they suppress inflammation in vivo and in vitro. Braga et al. (2006) found that 
thymol at a concentration of 2.5-20 mg / mL inhibits the release of elastase, a marker of 
inflammation, by human neutrophils after stimulation with a chemotactic peptide. 
Resveratrol can inhibit in vitro the expression of IL-8 in monocytes stimulated with PMA 
(Shen et al., 2003). Additionally, resveratrol and quercetin, found that they can inhibit the 
secretion of IL- 8 in stimulated with IL-1 tumor cells in the liver (Gauliard et al., 2008). The 
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apigenin, a flavone, also displays the ability to reduce secretion of IL-1b, IL-8 and TNf-α in 
monocytes stimulated with LPS (Nicholas et al., 2007). Zhou et al. (2004), studying the effect 
of hyperforins, one of the phytochemicals contained in the sedge, found that it induce gene 
expression of IL-8 in intestinal epithelial cells and in leukemia cells by a mechanism 
independent of the NF-κB. The ability of polyphenols to inhibit the secretion of IL-8 was 
confirmed in another study which found that ellagic acid, chrysin, genistein and EGCG can 
reduce significant levels of secretion of IL-8 cell line of bowel cancer (Romier et al., 2008). 
Carnosol can inhibit enzymes involved in the development of inflammation (5-LOX, COX-2, 
NOS, etc.) affecting various signaling pathways. The anticancer action has been studied in 
various cancers (eg prostate, breast, skin, leukemia, etc.) with encouraging results (J.J. 
Johnson, 2011). Apigenin, chrysin and kaempferol can suppress COX-2 transcription by 
mechanisms including activation of the PPARg transcription factor (Liang et al., 2001). 
Curcumin inhibited COX-2 activities through suppression of NF-κB activity via control of 
the NIK/IKK signaling complex in colon cancer cells (Plummer et al., 1999). Phenylethyl 
isothiocyanate in winter cress (Barbarea vulgaris) showed a strong anti-inflammatory activity 
by reducing the level of iNOS mRNA in LPS-stimulated mouse RAW264.7 macrophages 
(Ippoushi et al., 2003). Gingerol inhibited nitric oxide synthesis in activated J774.1 mouse 
macrophages and prevented peroxynitrite- induced oxidation and nitration reactions in 
macrophages (Chen et al., 2003). Polyphenols from green tea inhibit STAT3 expression, a 
transcriptional factor, and prostate cancer growth and subsequently induce apoptosis of 
prostate cancer cells (Siddiqui et al., 2008). Resveratrol modulates IL-6-induced intercellular 
adhesion molecule-1 (ICAM-1) gene expression by suppressing STAT3 phosphorylation 
(Wung et al., 2005). Some of the phenolic components containing herbs have been evaluated 
on their ability to affect the activation of NF-KB, and its commitment to the positions 'target' 
in DNA. More specifically, the chrysin and ellagic acid reduce the activation of NF-KB in 
Caco-2, which had previously stimulated with either LPS, IL-1, or with TNF-a (Romier et al., 
2008). Additionally, chrysin (3 mmol/L) was found to reduce the activation of NF-KB in 
stimulated by TNF-a A549 human lung adenocarcinoma epithelial cell line. In contrast to the 
above, the chrysin caused increased binding capacity of this transcription factor to DNA, but 
also led to increased activation when administered to mouse macrophages that had 
undergone stimulation with LPS (Woo et al., 2005). Conflicting results were also studying 
the action of two other phenolic compounds, genistein and resveratrol. Both compounds 
appear to induce the activation of NF-KB in stimulated either with LPS, IL-1, or TNF- a 
Caco-2 colon cells (Romier et al., 2008). However, regarding genistein, Li et al. (2005) 
demonstrated the ability to reduce the activation of NF-KB in PC3. Also, resveratrol was 
found to reduce the activation of this molecule in U937, HeLa, and H4 (Holmes-McNary et 
al., 2000; Manna et al., 2000). Moreover, a study of the effect of resveratrol on TNF-a 
stimulated MCF7 cells, showed that it prevents the binding of NF-KB to DNA (Banerjee et 
al., 2002). Another phenolic molecule has been extensively studied is EGCG, which was 
found to inhibit the activation of NF-KB in cancer cell lines A431 (Gupta et al., 2004) and 
LNCaP (Hastak et al., 2003). One interpretation proposed to explain the contradictory 
results of the effect of polyphenols on levels of activation of NF-KB in cell lines of colon 
balances have studied is that there are probably different signaling pathways responsible for 
activation of NF-KB as response to various phenolic compounds. This diversity of cells in 
the intestinal epithelium may be associated with prolonged exposure to high concentrations 
of polyphenolic components in relation to blood cells and other organs are exposed to 
comparatively lower concentrations (Romier et al., 2008). 
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Historical and current studies and surveys indicate, that the region of the Mediterranean has 
been distinguished throughout generations with a rich inventory of natural medicinal herbs. 
By expanding upon the wisdom of the Greeks over the centuries, indigenous medicine has 
contributed greatly to the development of modern medicine in Europe and remains one of 
the closest forms of original European medicine. A diet in which culinary herbs are used 
generously to flavor food, provides a variety of active phytochemicals that promote health 
and protect against chronic diseases such as cancer. Charlemagne was correct when he said 
“a herb is a friend of physicians and the praise of cooks”. Nevertheless, whereas some 
herbal products may be safe and may contain active constituents that have beneficial 
physiologic effects, others may be unsafe to use. The Food and Drug Administration has 
classified several herbs as unsafe, even in small amounts, and hence they should not be used 
in either foods or beverages (Craig, 1999). Some herbs are safe in modest amounts but they 
may become toxic at higher doses. Overall, when herbs are prescribed appropriately, the 
safety of traditional herbal medications is high. Any plant parts used or prescribed by 
ethnopharmacologists should be tested for safety before being recommended for human 
use. 

3. Conclusion 

Although there is a lack of definitive evidence for the association of Mediterranean diet with 
various types of cancer and whatever the final assessment of the overall contribution of such 
diets to cancer prevention turns out to be, there is no doubt that the phytochemicals they 
contain do exert a range of fascinating and potentially important biological effects on human 
health. Over the last decade, a broad spectrum of plant natural compounds, that have 
gained much attention for consideration as cancer chemopreventive or therapeutic agents, 
has been isolated from traditional herbal medicines, spices, fruits, and vegetables. These 
plant secondary metabolites as medicines, dietary supplements or “health food” ingredients 
may exhibit considerable benefits over synthetic drug approaches, as they offer an 
inexpensive, convenient, readily applicable and accessible health-care approach for 
prevention, control and management of diseases such as cancer. The continued emergence 
of new evidence for the multifunctional effects of these products has certainly provided 
much impetus for future research into their modes of action and their application in cancer 
prevention and treatment. Advances in cellular, biochemical and molecular biology 
techniques and experimental approaches using transcriptome, proteome, metabolome and 
bioinformatics analyses have provided useful new insights into cancer therapeutics.  

One obvious weakness of the current state of research, is that much of it has been conducted 
in vitro, with little regard for the bioavailability of the compounds studied. In most cases the 
small proportion of any compound that is absorbed undergoes extensive metabolism before 
reaching target organs, and the products are readily excreted. In the future, long-term 
systematic intervention trials, that will take into consideration the bioavailability and 
metabolism of those phytochemicals, will be essential to gather good evidence of their 
anticancer potential. Such strategies will contribute to a full risk–benefit analysis, based on a 
thorough understanding of their overall biological effects. With the expected advances in 
our understanding of the specific signaling pathways, transcription factors and molecular 
target genes affected by chemopreventive plant compounds, these natural products will 
offer a great promise as anticancer therapeutics or chemopreventive agents. Moreover, 
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further development of these potent natural products will improve the efficacy of targeted 
therapeutic strategies to win the long run battle against cancer.  
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1. Introduction 

Given that there is a wealth of literature on the potential effect of a wide variety of 
phytochemicals on the growth of prostate cancer cells, we have limited our discussion to 
arguably four of the most important: isoflavones, lycopene, resveratrol, and curcumin. The 
focus of this review is on the clinical pharmacology of these compounds, as there are 
already an extensive number of reviews in the literature on all of these compounds for 
various cancers, including our previous review of isoflavones in prostate cancer (de Souza et 
al., 2009). Here, we use the loose term “phytochemicals” to describe this group of plant–
based compounds with biological activity in vitro, for simplicity. Like other phytochemicals, 
isoflavones, lycopene, resveratrol and curcumin have a wide variety of potential 
mechanisms of action in many different cancer cell lines. Many of these biological effects 
involve key components of signal transduction pathways within cancer cells, but in this 
review, we will be focusing on studies specifically in prostate cancer. 

Reactive oxidative species (ROS) may have an overall contribution to the development of 
cancer (Kryston et al., 2011; Benhar et al., 2002), but the mechanism is far from clear, though 
the general thrust of the argument is that DNA damage wrought by ROS may be left 
unchecked or uncorrected by mismatch repair enzymes, thereby contributing to 
carcinogenesis (Benhar et al., 2002, Ziech et al., 2010, Kryston et al., 2011). However, it is also 
apparent that higher levels of ROS can activate intrinsic apoptosis (Benhar et al., 2002), 
which would imply that antioxidants should not be used indiscriminately as it could 
prevent a desirable outcome in cancer cells.  The biological mechanisms underpinning some 
of the potential anti-oxidant mechanisms of phytochemicals are complex and as yet 
speculative, and will not be discussed here. Instead, readers are referred to recent reviews 
(Ziech et al., 2010; Kryston et al., 2011). 
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Table 1 lists the major sources of our selected phytochemicals (Holden et al., 1999; Neveu et 
al., 2010; Nutrient Data, L. & Knovel, 2008; Tayyem et al., 2009), though we acknowledge 
that many other foods contain smaller amounts as well, though they are not reviewed here.   

 

Food 
Curcumin 
mg/100g 

Lycopene 
mg/100g 

Isoflavones 
mg/100g 

Resveratrol 
mg/100g 

Apricots, tinned  0.065   
Bilberry    0.67 
Chocolate, dark    0.04 
Cranberries, 
European 

   1.92 

Curry 50-580    
Grape, black    0.15 
Grapefruit, pink  1.3-1.5   
Guava, fresh  5.4   
Guava, juice  3.3   
Lingonberry    3.00 
Peanut   0.02 0.08 
Peanut butter   0.01 0.04 
Pistachio   3.6 0.11 
Red currant    1.57 
Soy paste, miso   41.4  
Soybean, 
tofu,firm 

  22.5  

Soybean,tofu, 
silken  

  30.0  

Strawberry    0.35 
Tomato, raw  3.0   
Tomato, boiled   4.4   
Tomato juice  9.3   
Tomato paste  6.5-29.3   
Tomato, sauce 
(ketsup) 

 17.0   

Tomato, tinned  9.7   
Turmeric 
powder 

580-3,140    

Wine, Red    0.27 
Wine, Rose    0.12 
Wine, White    0.04 

Table 1. Dietary sources of selected phytochemicals. 

2. Isoflavones 

Soy and soy products, rye bread, and red clover, are good sources of flavonoids 
(Adlercreutz, 2002). Flavonoids, in turn, are made up of isoflavones, flavonones, flavones, 
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flavonols, catechins, anthocyanins, and chalcones, of which the isoflavones are but a small 
part, though disproportionately studied. Isoflavone intake is approximately 50mg daily in 
Asia, about ten times more than in Western countries (Messina et al., 2006). 

2.1 Pharmacology 

There are many intermediates and metabolites of isoflavones produced in humans, but the 
majority have not been studied. Genistin, daidzin and glycitin are thought to be the 
predominant isoflavones found in soy foods, of which the glycoside moiety is the major 
form with anticancer activity. Through the action of  - glucosidase provided by gut 
bacteria, and hydrolysis, the conversion of glycosides to aglycones (Setchell et al., 2002; 
Yuan et al., 2007; Zubik & Meydani, 2003) allows absorption into the blood. One hypothesis 
for the variable absorption values obtained from studies is the variability of the gut 
microbacterial environment amongst humans. Some support for this concept was provided 
by Rufer et al., (2008), who gave pure daidzein in both its aglycone and glycoside forms to 
seven volunteer men in a randomized, double – blind study, at a dose of 1mg/kg. 
Bioavailability of the glycoside form was found to be 3-6 times higher than that of the 
aglycone form, with half – life measured at 6.4h for the glycoside and 8.9h for the aglycone. 
Given the differences recorded for maximum concentration (Cmax) and urinary excretion, it 
is not unreasonable to speculate that this observation could be explained by the time taken 
by gut microflora to generate metabolites. Inter - individual variability in pharmacokinetic 
parameters was very high for these metabolites, which clearly could not be explained by 
differences in pharmacogenomic factors, due to the randomized crossover design. 

There are few other pharmacokinetic reports of isoflavones and data are derived largely 
from single dose administration studies. In general, aglycones appear in the blood within 
two hours of ingestion (Atkinson et al., 2005; Franke et al., 1995; Richelle et al., 2002; Setchell 
et al., 2001). Peak plasma concentrations (Cmax) for aglycones occur at 4-7h, whereas the 
corresponding time for glycosides is 8-11h, implying that the rate limiting step for 
absorption is initial hydrolysis of the isoflavone (Setchell et al., 2001; Zubik & Meydani, 
2003). After about 48hrs, plasma concentrations are no longer detectable. In a study reported 
by Setchell et al., (2003), higher doses of isoflavones did not produce linear pharmacokinetic 
parameters, suggesting that uptake was rate - limiting and saturable. Administration of 
approximately 80mg isoflavones a day is thought to give concentrations of genistein and 
daidzein consistent with that found in patients on a high isoflavone diet (Howes et al., 2002). 

2.2 In vitro data 

The literature attests to a large array of potential biological effects of isoflavones, despite 
their similarity in chemical structure: genistein binds estrogen receptor better than daidzein 
(Kuiper et al., 1998) for example, and equol is more potent than daidzein in inhibiting 
prostate cancer cell growth (Hedlund et al., 2003). Genistein produces apoptosis in prostate 
cancer cells (Kyle et al., 1997), but it is also possible that low doses promote cancer cell 
growth while higher doses inhibit growth (Bergan et al., 1996). This apparently conflicting 
data is not limited to isoflavones, and if the potential biphasic effects of phytochemicals are 
true, the underlying mechanisms for this observation could represent an important area of 
future research.  
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Tyrosine kinase phosphorylation appears to be a key event influencing the fate of many 
cancer cells, and inhibition may increase apoptosis or inhibit prostate cancer cell growth. 
Some isoflavones appear to have this ability; for example, genistein has been shown to 
reduce FAK (focal adhesion kinase) activity just prior to apoptosis (Kyle et al., 1997).  It can 
also transiently activate the FAK : beta – 1 – integrin complex (Bergan et al., 1996; Liu et al., 
2000), which could theoretically help explain its ability to reduce metastases. Further, 
isoflavones may reduce activity of ERK1/2 and various cyclin dependent kinases (Agarwal 
et al., 2000). A range of other potential mechanisms for the growth inhibiting effects of 
isoflavones have been described (see Table 2).  

2.3 In vivo data 

Soy protein or biochanin A (another isoflavone) inhibits growth and increases apoptosis in 
the LNCaP prostate cancer xenograft model (Bylund et al., 2000; Rice et al., 2002). Dietary 
genistein supplementation can reduce the incidence of poorly differentiated 
adenocarcinoma in a transgenic strain of mice (Mentor-Marcel et al., 2001), and can improve 
survival. In a model where prostate cancer is induced by chemical carcinogens methyl 
nitrosourea (NMU) or 3,2-dimethyl-4-aminobiphenyl (DMAB) (Kato et al., 2000), soy protein 
or genistein can prevent growth (McCormick et al., 2007; Wang et al., 2002). Dose - response 
studies involving subcutaneously and orthotopically implanted tumours (Zhou et al., 1999; 
2002) demonstrated clear reduction of tumor growth with a variety of isoflavone 
preparations, though changes in a variety of biomarkers were not consistent, and depended 
on the type of isoflavone preparation. 

2.4 Clinical studies in prostate cancer 

An interesting study of 40 men randomized post-prostatectomy to a low fat / high 
isoflavone diet (Li et al., 2008) or a control diet showed lower 6 month IGF-1 concentrations 
in the treatment group.  Sera collected from treated patients were able to reduce in vitro 
growth of LNCaP cancer cells by 20%, suggesting biologically relevant concentrations were 
achieved. Soy has been shown to suppress growth of localized, but not for advanced disease 
(Kurahashi et al., 2007), perhaps not surprisingly, since prostate cancer is a heterogenous 
disease, and more advanced disease may have different underlying biology. 
Pharmacogenomic work suggests that the reduction in risk of prostate cancer may be 
positively associated with a greater ability to produce equol from other isoflavones (Akaza 
et al., 2002, 2004). “Nutrigenomic” factors may therefore play an important part in 
predicting those who might benefit from phytoestrogen supplementation (Steiner et al, 
2008). 

Many studies do not show evidence of benefit for isoflavones. One randomized, placebo-
controlled trial of 12 weeks treatment with genistein in men with early prostate cancer 
found no significant difference in PSA levels between the treatment and placebo groups 
(Kumar et al., 2004), although the authors suggested that surrogate measures were being 
affected by treatment. Other trials support the idea that isoflavones, even given over 
relatively short periods of time, can possibly slow the rate of rise of PSA, though no 
statistically significant conclusions can be drawn (Dalais et al., 2004; Hussain et al., 2003; 
Maskarinec et al., 2006; Pendleton et al., 2008). Even by administering high doses, up to 
600mg genistein daily, no statistically significant PSA changes were noted in a Phase I and  
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 Action References 
Androgen related functions 
5α reductase a. Inhibited by genistein a. (Evans et al., 1995) 

PART-1 
a. Prostate androgen regulated 
transcript 1 inhibited by 
genistein and daidzein 

a. (Yu et al., 2003) 
 

AR 

a. Transcriptionally 
downregulated by genistein 
b. In LNCaP cells, Lycopene 
inhibited AR gene element in a 
dose response manner 
c. Resveratrol inhibits AR 
transcription activity in 
LNCaP 
d. Curcumin downregulates 
AR gene expression in 
androgen dependent and 
castration resistant prostate 
cancer cells 

a. (Davis et al., 2000; Takahashi 
et al., 2006; Tepper et al., 2007) 
b. (Zhang et al., 2010) 
c. (Wang et al, 2010) 
d. (Nakamura et al, 2002; Tsui 
et al., 2008) 

PSA 

a. mRNA expression and 
secretion reduced by genistein 
b. PSA mRNA not 
downregulated by lycopene in 
LNCaP 
c. Resveratrol downregulates 
expression in LNCaP cells  
d. Curcumin inhibits PSA 
expression 

a. (Davis et al., 2000; Rice et al., 
2007)  
b. (Peternac et al., 2008) 
c. (Hsieh & Wu, 2000; Mitchell 
et al., 1999) 
d. (Tsui et al., 2008) 

Cell survival and proliferation 

DNA synthesis 
b. Lycopene reduces DNA 
synthesis in primary cultures 
of prostate epithelia 

b. (Barber et al, 2006) 

Cyclins 

a. Cyclin B downregulated by 
genistein 
b. Lycopene downregulates 
cyclin D1  
c. C1/Cdk4 kinase and D1, E, 
B and cdk1 all downregulated 
by resveratrol in LNCaP lines; 
resveratrol increases cyclin A 
and cyclin E in LNCaP cells 
d. Curcumin downregulates 
cyclin expression 

a. (Davis et al., 1998)  
b. (Palozza et al., 2010) 
c. (Benitez et al., 2007; 
Kuwajerwala et al., 2002) 
d. (Aggarwal et al., 2009) 
 

Myt-1 
 a. Upregulated by genistein a. (Touny & Banerjee, 2006) 

Wee-1 
 

a. Phosphorylation reduced by 
genistein a. (Touny & Banerjee, 2006) 

p21WAF1 

 

a. Upregulated by genistein 
c. Decreased by resveratrol in 
LNCaP 
d. Upregulated by curcumin  

a. (Davis et al., 1998; Lian et al., 
1998) 
c. (Benitez et al., 2007; 
Kuwajerwala et al., 2002; 
Mitchell et al., 1999) 
d. (Aggarwal et al., 2007) 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

290 

p27Kip1 

 

a. Increased by genistein 
c. Upregulated by resveratrol 
in LNCaP only, not in PC-3 
cells; repressed by resveratrol 
in LNCaP cells 
d. Upregulated by curcumin 

a. (Bhatia & Agarwal, 2001; 
Kazi et al., 2003; Rice et al., 
2007) 
c. (Benitez et al., 2007; 
Kuwajerwala et al., 2002) 
d. (Aggarwal et al., 2007) 

Protein tyrosine kinase 

a. Inhibition of EGF tyrosine 
kinase activation by genistein 
c. Resveratrol inhibits tyrosine 
kinase 
d. Curcumin inhibits EGF-R 
signaling 

a. (Akiyama et al., 1987) 
c. (Sallman et al., 2007) 
d. (Dorai et al., 2000) 

PTEN 
a.Expression is induced by 
genistein and daidzein in PC3 
and LNCaP 

a. (Cao et al., 2006) 
  

Akt 

a. Inhibited by genistein 
b. Lycopene decreases AKT 
activation, leading to apoptosis 
in both androgen-responsive 
and independent PCa cells 
c. Inhibited by resveratrol 
d. Inhibited by curcumin; PI3K 
inhibited by curcumin 

a. (Bemis et al., 2004; Li & 
Sarkar, 2002; El Touny & 
Banerjee, 2007; Park et al., 
2005) 
b. (Ivanov et al., 2007) 
c. (Aziz et al., 2006; Chen et al., 
2010) 
d. (Yu et al., 2008; Shankar & 
Srivastava, 2007) 

mTOR 

a. Inhibited by genistein 
c. Resveratrol inhibits mTOR 
d. Inhibited by curcumin in 
PC-3 cells, 

a. (Rice et al., 2007) 
c. (Brito et al, 2009; Chen et al., 
2010) 
d. (Yu et al., 2008) 

MAPK 

a. MAPK inhibited by 
genistein 
b. Lycopene, at least partially 
inhibits MAPK 
c. MAPK is inhibited by 
resveratrol 
d. P38 is activated by 
curcumin in PC3 cells 

a. (Huang et al., 2005; Xu & 
Bergan, 2006) 
b. (Palozza et al., 2010) 
c. (Nguyen et al., 2008) 
d. (Hilchie et al., 2010) 

ERK1/2 
a. Inhibited by genistein; 
induced by isoflavones 
 

a. (Agarwal, 2000; Bhatia & 
Agarwal, 2001; Wang et al., 
2006; Wang et al., 2004)  

JNK 
a. Activation by genistein 
d. Activated by curcumin 

a. (Lazarevic et al., 2008) 
d. (Hilchie et al., 2010) 

NFκB 

a. Inhibited by genistein and 
soy isoflavones 
b. Downregulated by 
resveratrol   

a. (Davis et al., 1999; Li & 
Sarkar, 2002; Raffoul et al., 
2007; Singh-Gupta et al., 2009) 
b. ( Benitez et al., 2009) 

IGF-1/R 
a. Inhibition by genistein 
b. Lycopene decreases IGF-1R 
expression in PC-3 cells 

a. (Takahashi et al., 2006, 
Wang et al., 2003) 
b. (Kanagaraj et al., 2007) 
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STAT 

a. Activated by genistein 
c. Resveratrol inhibits Src and 
Jak kinases 
d. STAT 3 is inhibited by 
curcumin, but even more so by 
synthetic analogues of 
curcumin 

a. (Pinski et al., 2006) 
c. (Sallman et al., 2007) 
d. (Lin et al., 2009) 

TGFβ 
a. TGFβ inhibited by genistein 
d. IL6 induction via TGFβ 
inhibited via curcumin 

a. (Xu & Bergan, 2006) 
d. (Park et al., 2003) 

Apoptosis 

Mdm2 

a. Downregulated by genistein 
d. mRNA reduced by 
Curcumin in a dose dependent 
manner 

a. (Li et al., 2005) 
d. (Li et al., 2007) 

Bax 
 

a. Increased by genistein 
b. Lycopene upregulates Bax 
in LNCaP 
c. Increased due to resveratrol 
in LNCaP 
d. Curcumin upregulates  

a. (Kazi et al., 2003) 
b. (Palozza et al., 2010) 
c. (Benitez et al., 2007) 
d. (Shankar & Srivastava, 2007) 

Bcl-XL 
a. Downregulated by genistein 
d. Down regulated by 
curcumin 

a. (Li et al., 2001) 
d. (Shankar & Srivastava, 2007) 

XIAP 

a. Inhibited by phenoxodiol in 
ovarian cancer cells and 
melanoma cells 
c. Resveratrol promotes 
interaction of XIAP with Bax to 
cause apoptosis 
d. Inhibited by curcumin 

a. (Alvero et al., 2006; Herst et 
al., 2007; Kamsteeg et al., 2003, 
Kluger et al., 2007; Sapi et al., 
2004)  
c. (Gogada et al., 2011) 
d. (Deeb et al., 2007) 

Caspases 

a. Activated and caspase 
inhibition overcome by 
phenoxodiol in HN12 cells; 
Caspase mediation by 
genistein induced apoptosis 
c. Resveratrol activates 
caspase: 9,6,7 and 3 leading to 
apoptosis 
d. In PC-3 cells, apoptosis 
caused by curcumin is 
independent of caspases; In 
LNCaP curcumin initiates 
caspase-dependent 
mitochondrial death  

a. (Aguero et al., 2005; 
Choueiri et al., 2006; Kumi-
Diaka et al., 2000; Kumi-Diaka 
& Butler, 2000) 
c. (Benitez et al., 2007) 
d. (Hilchie et al., 2010) PC-3 
results, 
(Shankar & Srivastava, 2007) 
LNCaP results 

Other targets 

HIF1α 

a. Inhibition by genistein in 
PC3 cancer cells 
d. Curcumin inhibits gene 
transcription of HIF 1 alpha 

a. (Singh-Gupta, 2009) 
d. (Thomas et al, 2008) 
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VEGF 

a. Downregulated by genistein 
b. Inhibited by lycopene in 
xenografts  
c. Suppressed by resveratrol 
d. Inhibited by curcumin in 
LNCaP xenografts 

a. (Cao et al., 2006; Guo et al., 
2007; Li & Sarkar, 2002) 
b. (Yang, 2011) 
c. (Ganapathy et al., 2010) 
d. (Shankar et al., 2007) 
 

ERβ 

a. Antagonist and partial 
agonist by genistein; 
expression reduced by 
genistein 
d. Estradiol binding inhibited 
by > 85% in PC-3 cells 

a. (Booth et al., 2006; Cao et al., 
2006; Kuiper et al., 1998; Pike 
et al., 1999; Wang et al., 2006 ) 
d. (Shenouda, et al., 2004) 

COX-2 
a. mRNA and protein 
expression reduced by 
genistein in LNCaP and PC3 

a. (Swami et al., 2009)  

Sphingosine Kinase 
a. Inhibited by phenoxodiol in 
endothelial cells 
c. Inhibited by resveratrol 

a. (Gamble et al., 2006)  
c. (Brizuela, 2010) 

TNOX 
a. Inhibited by phenoxodiol 
 

a. (Davies & Bozzo, 2006; 
DeLuca et al., 2005) 

Focal adhesion kinase 
a. Activity reduced by 
genistein 

a. (Kyle et al., 1997) 

Hypermethylation 
a. Reversal of DNA 
methyltransferase activity by 
genistein 

a. (Fang et al., 2007; Skogseth 
et al., 2005) 

MMP 

a. MMP2 and 9 downregulated 
by genistein; MMP2 
expression inhibited by 
phenoxodiol 
c. MMP3 and MMP9 
suppressed by resveratrol 
d. Curcumin inhibited 
expression of MMP2 and 
MMP9  

a. (Gamble et al., 2006; Huang 
et al., 2005; Kumi-Diaka, 2006; 
Li & Sarkar, 2002 ; Xu & 
Bergan, 2006) 
c. (Ganapathy et al., 2010) 
d. (Hong et al., 2006) 
 

Urokinase plasminogen 
activator 

a. Inhibited by genistein 
b. Lycopene upregulates UPA 
receptor 

a. (Jarred et al., 2002) 
b. (Forbes et al., 2003) 

Table 2. Selected molecular targets of phytochemicals in prostate cancer cells: (a), (b), (c), (d) 
refer to isoflavone, lycopene, resveratrol, and curcumin related literature, respectively. 
While many of these targets have been shown to be relevant in other cancer cell lines, here 
we have focused on publications on prostate cancer cell lines. 

pharmacokinetic study (Fischer et al., 2004), though serum dehydroepiandrosterone was 
reduced by 31.7% (P = 0.0004) at the end of the study, and estrogenic side effects were 
encountered. Biologically relevant concentrations of genistein, commensurate with in vitro 
activity, can be achieved with high doses of genistein - enriched isoflavone extracts 
(Takimoto et al., 2003). Peak plasma concentrations reached between 4.3 and 16.3uM at 
doses up to 8mg/kg orally (equivalent to 560mg for a 70kg person) in this study. 
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3. Lycopene  

Once water is reduced, the lycopene content of tomato products surpasses all other foods, 
weight for weight. Although lycopene melts at 172-173 degrees Celsius (Zapalis & Beck, 
1985), processing and cooking improves availability of tomato-sourced lycopene.  Being fat 
soluble, tomato sources of lycopene are best absorbed when cooked or consumed with a fat, 
such as with olive oil in Mediterranean cooking (Itsiopoulos et al., 2009).  As lycopene 
synthesis correlates with tomato ripening, it is older, vine ripened-in-the sun tomatoes that 
offer the highest lycopene content (Ronen et al., 1999). Other sources of lycopene, in 
descending order of content are: guava, watermelon, pink grapefruit (Mangels et al., 1993), 
apricots (Curl, 1960) and rosehips (Böhm et al., 2003).   

3.1 Pharmacology 

Lycopene is a non-provitamin A carotenoid. The frequency of light absorption, due to its 
alternating double bond system, defines visual color ranging from pink through to deep red. 
Once consumed, lycopene micelles are believed to be formed by bile salts and along with 
fat, pass from the mucosa and into general circulation via low-density lipoproteins (Sharma 
& Goswami, 2011). It is the only carotenoid associated with plasma cholesterol level 
(Campbell et al., 1994). Within the body, lycopene is preferentially stored in the liver, 
seminal vesicles and the prostate tissue.  In particular it becomes localized to the nuclear 
membrane and the nuclear matrix, suggesting that it may have a receptor or transporter 
role. In Western populations, blood lycopene concentrations range from 0.29-0.60 uM, with 
a half-life of 2-3 days (Schwedhelm et al., 2003). 

A Phase I single-dose study on lycopene pharmacokinetics using increasing doses from 10 
to 120 mg found dose dependent half-lives between 28 and 62 hours. Lycopene peaks 
between 16 and 33 hours after dosing levels of 0.075 to 0.21 uM (Gustin et al., 2004). 

3.2 In vitro data 

Like other phytochemicals, many potential mechanisms of action have been put forward to 
explain the anticancer properties of lycopene. Of relevance to prostate cancer, lycopene has 
been shown to inhibit DNA synthesis (Barber et al., 2006). Lycopene also inhibits growth of 
hormone-dependent LNCaP and C4-2 prostate cancer cell lines without affecting PSA 
mRNA expression (Peternac et al., 2008), and increases expression of PPARgamma and 
LXRalpha in LNCaP cells (Yang et al., 2011). It also inactivates Ras and reduces NFkappaB, 
as well as inducing apoptosis in LNCaP cells (Palozza et al., 2010). While it can reduce Akt 
activation (Ivanov et al., 2007), its ability to induce apoptosis may be cell line-dependent. 
Other potential mechanisms of action by lycopene in prostate cancer are listed in Table 2. 

In combination with docetaxel, lycopene inhibits growth of hormone independent prostate 
cancer DU145 cells through insulin-like growth factor 1 receptors leading to downstream 
inhibition of survivin expression and subsequent apoptosis (Tang et al., 2011). 

Almost certainly, variations in experimental conditions, doses and techniques could 
contribute to these apparent biological effects. At physiological concentrations, however, 
lycopene may not have growth inhibitory effects on a variety of cell lines (Burgess et al., 
2008). This was confirmed recently in experiments where supraphysiological concentrations 
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were required to reduce growth, possibly through alterations in the cell cycle (Ford et al., 
2011). 

3.3 In vivo data 

Athymic mice models used by Yang et al., (2011) show strong inhibition of PC3 xenograft 
growth by high doses of lycopene (16 mg/kg), possibly via increased levels of insulin-like 
growth factor-binding protein 3, or a reduction in plasma vascular endothelial growth factor 
(VEGF) levels. In a provocative study of androgen expressing prostate cancer cell lines 
treated with serum from rats fed a control diet, or diets supplemented with red, or yellow 
tomato (containing no lycopene), connexin43 (a protein regulating cell growth) was 
upregulated by both the red and yellow tomato supplemented diet (Gitenay et al., 2007). 
This suggests tomato compounds other than lycopene may have a role in reducing prostate 
cancer cell growth; one such candidate might be FruHis, a carbohydrate derivative found in 
tomato products (Mossine et al., 2008). However, in humans at least, dietary lycopene has 
been shown to affect gene expression, regardless of whether it is included in its food matrix 
(Talvas et al., 2010) 

In a transgenic mouse model, early intervention with selenium, vitamin E and lycopene 
supplements was able to significantly reduce prostate cancer and liver metastases 
(Venkateswaran et al, 2009). Limpens et al., (2006) had earlier reached the same conclusion, 
but they did not see any activity from the single agents. Naturally, it is difficult to know 
how much the additional supplements contributed to prostate cancer control, though both 
groups suggest the combination was important. Not all data are supportive of the growth 
inhibitory effect of lycopene however, possibly because of differences in the rat model used 
by Imaida et al., (2001). 

3.4 Clinical studies in prostate cancer 

Mills et al., (1989), through the Seventh Day Adventist men study, showed a link between 
low prostate cancer risk and frequent tomato consumption, along with beans, lentils and 
peas, raisins, dates, and other dried fruit. Giovannucci et al., (2007) performed an analysis 
on data from the Health Professionals study and found that higher tomato sauce (assumed 
to be lycopene) intake correlated inversely with prostate cancer incidence; indeed, this was 
only one of four factors (in addition to African American race, positive family history, and 
alpha-linolenic acid intake) that predicted for incidence and advanced prostate cancer. 

In a small, randomized trial of 30mg lycopene supplementation over 3 weeks prior to 
prostatectomy, margin positivity at surgery was reduced by lycopene, though no other 
endpoints were affected (Kucuk et al., 2001). The study was extremely small, and no 
conclusions can be drawn.  

Zhang et al., (2010) recently reported a study in 41 men with localized prostate cancer given 
10mg lycopene once a day. Seventy percent of men had a reduced slope of PSA rise, and 
21% had a decrease in their PSA levels. However, scant details were available for the study, 
and we do not know whether there were confounding variables; further, this would appear 
to be the same patient population as in a previous publication (Barber et al., 2006).  In a 
study of 41 men with localised prostate cancer (Barber et al., 2006) given 20 mg lycopene 
daily, nearly 70% of patients had a slower rate of PSA rise post-treatment. A study in 20 
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consecutive men with hormone refractory prostate cancer treated with lycopene 10mg daily 
had shown a response rate (complete and partial) of 35% (Ansari et al., 2004). However, this 
phenomenal response rate has not been able to be repeated. Indeed, Vaishampayan et al., 
(2007) reported a study in 38 men with hormone sensitive and resistant cancer randomized 
to the lycopene alone arm and found only PSA stabilization, without any patient qualifying 
for a partial response. Adding soy isoflavones (to men randomized to the other arm) did not 
appear to improve outcome. Another study in 46 patients with androgen-independent 
prostate cancer prescribed 15mg lycopene daily found only one patient with a PSA 
response; toxicity included mainly grade 1-2 diarrhea, nausea, flatulence, and abdominal 
distension (Jatoi et al., 2007). 

4. Resveratrol 

Resveratrol is a phytoalexin found in the skins and seeds of red grapes Vitaceaea vinifera. 
Therefore, red wines are especially rich in resveratrol, as is grape juice (Romero-Perez, 1999).  
Other sources include lentils (as resveratrol-3-O-glucoside), peanuts, dark chocolate and 
berries (Neveu, 2010). 

4.1 Pharmacology 

Resveratrol is well-absorbed, but has poor bioavailability due to extensive first pass 
metabolism by the liver. 

A pharmacokinetic study of trans-resveratrol (25, 50, 100 or 150mg  single doses, repeated 
over 13 dosings) showed Cmax detected 48 to 90 minutes post-dosing (Almeida et al., 2009), 
but there was wide interindividual variability reported, also noted in another 
pharmacokinetic study (Nunes et al., 2009).  In another study in 40 healthy volunteers given 
a single dose ten times the quantities used in the previous study (500, 1000, 2,500 or 
5,000mg), peak plasma concentrations were achieved in 90 minutes, and were associated 
with a range of plasma resveratrol concentrations between 73 and 539 ng/mL (Boocock et 
al., 2007).  Absorption may be faster after oral dosing (Goldberg et al., 2003), possibly due to 
delayed absorption by food (Vaz-da-Silva et al., 2008).  

Resveratrol is rapidly metabolized. Radioactively labeled carbon-14 distribution studies 
(Vitrac et al., 2003) have been performed in mice with trans-resveratrol; it distributes to the 
stomach, intestines, liver and kidney, regions of highest uptakes.  Mice, like men (de Santi et 
al., 2000 a,b,c) also form both sulfur and glucuronide conjugates, but a proportion remains 
unchanged as trans-resveratrol.  A toxicological study with trans-resveratrol (as resVida®) 
in rats over 4 weeks has tested up to 300 mg/kg/d, with no observed serious adverse events 
(Edwards et al., 2011). 

A phase I trial and repeated dose study to determine safety, pharmacokinetics and the effect 
on insulin-like growth factor (IGF) axis by resveratrol was recently reported (Brown et al., 
2010).  Doses of 0.5, 2.5 or 5.0 g per day over 29 days was given to forty volunteers. Levels of 
resveratrol metabolites in plasma were about 20 times higher than that of free resveratrol, 
and a reduction of circulating plasma IGF-1 and IGFBP-3 was noted (P< 0.04 in both).  It is 
not clear to what extent the metabolites contributed to the fall in plasma IGF-1 and IGFBP-3 
levels. 
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4.2 In vitro data  

Resveratrol results in dose-dependent inhibition of PI3K and pAkt in LNCaP cells that 
in turn modulates anti-apoptotic bcl2 family proteins (Aziz et al., 2006). Resveratrol 
reduces ERK 1/2 activation in PC3 cells (Stewart & O’Brian, 2004) amongst many other 
targets; some of these are listed in Table 2. For example, resveratrol also reduces the 
activity of clusterin by functioning as a tyrosine kinase inhibitor (Sallman et al., 2007), 
phosphoAkt and mTOR (Chen et al., 2010), and NFkB (Benitez et al., 2009). Resveratrol 
causes growth inhibition in typical prostate cancer cell lines: PC-3, DU145, and LNCaP 
(Hsieh & Wu, 1999), but interestingly, whole cranberry extract (containing resveratrol) 
was also effective in inducing apoptosis (Maclean et al., 2011). As in all whole-food 
extract studies, however, there is no certainty that the molecule of interest is responsible 
for the effect seen.  

4.3 In vivo data 

In a PC3 xenograft study, resveratrol alone inhibited tumour growth, enhanced TRAIL 
induced apoptosis, and inhibited angiogenenesis (Ganapathy et al., 2010). Resveratrol is also 
able to reduce or delay prostate cancer in the TRAMP mouse model (Slusarz et al., 2010), 
possibly via inhibition of HedgeHog signaling. Conflicting evidence was provided by Wang 
et al., (2008), who found that resveratrol increased angiogenesis and inhibited apoptosis, at 
least in LNCaP xenografts. 

4.4 Clinical studies in prostate cancer 

A review on clinical trials of resveratrol has already been recently published (Patel et al., 
2011), and will not be discussed in detail here. Selected prostate cancer trials are listed in 
Table 3. 

Resveratrol dosing studies have been performed at up to 5 grams per day.  However, mild 
gastrointestinal side effects (abdominal pain, nausea, diarrhea) were common in subjects 
administered resveratrol at a dose 1g daily (Brown et al., 2010; Elliott et al., 2009; la Porte et 
al, 2010). A Phase I study of resveratrol in 10 volunteers demonstrated that even at the 
highest 5 g per day cohort, saturation kinetics were not observed (Boocock et al., 2007) and 
that plasma concentrations remained quite low, 500 ng/mL. This possibly is considerably 
less that the 5uM concentration required for in vitro activity, but six plasma and urine 
metabolites were identified; whether these compounds contribute to the anticancer activity 
of resveratrol remains unknown. Two monoglucuronide metabolites of resveratrol area 
under the curve concentrations were 23-fold hold higher than that of cis-resveratrol 
(Boocock et al., 2007). Inter-individual pharmacokinetic variability has been found to be 
high (Almeida et al., 2009).   Complicating the picture is that other phytochemicals ingested 
in the diet, such as quercetin and to a lesser degree, kaempferol, fisetin, apigenin and 
myricetin, may inhibit phenol sulfotransferase and in doing so, increase resveratrol 
absorption (de Santi et al., 2000 a, b).  

As the studies in Table 3 have noted, data for resveratrol are not all favourable or 
particularly convincing. The reasons are not well understood, but could include ineffective 
plasma concentrations derived from inadequate doses, inter-individual pharmacokinetic  
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Intervention / Diet Design Outcome Reference 
Isoflavones    

 
N=34. Randomized 
crossover trial. 6 week 
intervention 

Reduced cholesterol but no 
change in PSA 

(Urban et al., 
2001) 

Single dose formulations 
of genistein, daidzein, 
glycitein 

Pharmacokinetic study 
Mean elimination half – lives of 
genistein was 3.2h and daidzein 
was 4.2h 

(Busby et al., 
2002) 

160mg daily of red clover 
isoflavone preparation 
(genistein, daidzein,  
formonetin,  biochanin A) 

N=38, pilot study of 
treatment prior to 
prostatectomy. 18 
treated vs 18 untreated 
patients. Non – 
randomized and non – 
blinded study 

Apoptosis in treated patient 
specimens significantly higher 
than controls. No changes in 
PSA, testosterone. 

(Jarred, 2002) 

Soy isoflavone 
preparation for 3 – 6 
months 

N=41, Pilot study in 3 
groups (watchful 
waiting, rising PSA after 
local therapy, hormone 
insensitive) 

Reduction of rate of rise of PSA 
in whole group. Serum 
genistein concentrations 
increased from 0.11 to 0.65µM 
and daidzein from 0.11 to 
0.51µM.  PSA stabilization in 
83% of hormone sensitive group 
and 35% hormone insensitive 
patients 

(Hussain et al., 
2003) 

Single doses of two soy 
isoflavone preparations 

N=13. Phase I dose 
escalation with genistein 
at 2, 4, 8mg/kg. 

Cmax between 4.3 and 16.3µM, 
half – life between 15 and 22h. 

(Takimoto et al., 
2003) 

Approximately 300mg or 
600mg genistein and 
daidzein in soy 
formulation 

N=20. Phase I multiple 
dose, orally over 84 days 

31% reduction in 
dehydroepiandrosterone. 
Possibly slowing of PSA  rise 
(non – significant) 

(Fischer et al., 
2004) 

Soy vs Soy + linseed vs 
wheat in bread diet 

N=29, Pilot study. 
randomized comparison 
prior to prostatectomy 

-12% and 24% change in PSA 
and free/total ratio respectively. 
In favour of phytoestrogen 
activity. 

(Dalais et al., 
2004) 

Genistein – rich extract 
for 6 months 

N=62, range of rising 
PSA states including 
post – prostatectomy, off 
cycle during 
intermittent hormones, 
surveillance. 

One patient had PSA decline 
>50% and 8 patients had PSA 
decline <50%. 

(de Vere White 
et al., 2004) 

60mg soy isoflavone 
preparation 

N=59 evaluable patients 
who completed 12 
weeks treatment. 
Gleason grade 6 or less. 

Reduction of testosterone in 61% 
of treatment group vs 33% of 
controls. PSA stabilization in 69% 
of treatment group vs 55% 
controls. 

(Kumar et al., 
2004) 

Supplement of soy, 
isoflavones, lycopene, 
silymarin, antioxidants 

N=46 (intent to treat). 
Randomized, double 
blind, crossover 
analysis. 10 week 
treatment periods 
separated by 4 week 
washout  

Statistically significant 
reduction in slope of PSA 
induced by treatment. Increase 
in PSA doubling time from 445 
to 1150 days (2.6 fold) with 
supplement 

(Schroder et al., 
2005) 
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Intervention / Diet Design Outcome Reference 
240mg clover 
phytoestrogens daily for 
2 weeks prior to 
prostatectomy 

N=20, pilot study, 
placebo controlled. 

Non – significant decline in 
testosterone levels, but 
compensated rise in LH levels 

(Rannikko et al., 
2006) 

High or low soy diet for 3 
months 

N=24, randomized 
crossover to alternative 
diet after 1 month 
washout 

Decline of PSA (not significant) 
of 14% while on high soy diet 

(Maskarinec et 
al., 2006) 

Lycopene with or without 
soy isoflavones for 6 
months 

N=71, includes hormone 
sensitive and resistant 
patients. Randomized 
trial. 

95% of patients in lycopene 
group and 67% of patients in the 
combined group achieved PSA 
stabilization. 

(Vaishampayan 
et al., 2007) 

80mg daily, purified 
isoflavones 

N=50 men with prostate 
cancer Gleason grad 6 or 
less completed 
treatment. Randomized, 
placebo controlled, 
double blind 

No changes in sex hormones or 
PSA over 12 weeks 

(Kumar et al., 
2007) 

Soy milk 3 times daily for 
12 months 

N=20, open label study 
observing rate of PSA 
rise after local therapy 

Regression modeling showed 
slowing of the rate of PSA rise, 
from 56% per year to 20% per 
year while on study 

(Pendleton et al., 
2008) 

Soy isoflavone 
supplement for 2 -4 
weeks prior to 
prostatectomy 

N=25 (12 placebo, 13 
soy). Randomized, 
double blind, placebo 
controlled 

Tissue COX-2 mRNA 
expression were reduced by soy 
isoflavones. Statistically 
significant correlation between 
isoflavone levels and p21 
mRNA expression in the 
treatment group. 

(Swami et al., 
2009) 

Soy vs Soy + linseed vs 
wheat in bread diet 

N=29, Pilot study. 
randomized comparison 
prior to prostatectomy 

-12% and 24% change in PSA 
and free/total ratio respectively. 
In favour of phytoestrogen 
activity. 

(Dalais et al., 
2004) 

Lycopene    

 15 mg Lycopene daily for 
6 months 

N=18, Phase II pilot study 
in men with advanced 
hormone refractory 
disease. 29% withdrew 
from the study before the 
end of the 6 month 
observation period. 

 Endpoints included PSA 
progression rate, QOL, 
analgesic use. Stable PSA noted 
in 29%, but otherwise 
no benefit. 

(Schwenke, et 
al., 2009) 

30 mg/d lycopene 
supplement tomato 
oleoresin (LycoRed®) 
 

N=105. Randomized 
Phase II, placebo 
controlled, double blind 
study in African 
Americans. 21 day 
treatment prior to 
prostate biopsy.  
 

Mean Plasma lycopene 
concentration 0.74 to 1.43 
µmol/L (P<0.0001),  
Mean Prostate tissue lycopene 
0.45 to 0.59 pmol/mg. No 
significant changes in 8-oxo-
deoxyguanosine or 
malondialdehyde was seen. 

(van Breemen et 
al., 2011)  
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Intervention / Diet Design Outcome Reference 

3 months of 30mg 
lycopne per day, 3g fish 
oil per day, or placebo 

N = 69 (22 on lycopene,  
21 on fish oil, 26 
placebo). Randomized, 
Phase II double-blind 
trial. 

IGF-1 and COX-2 gene 
expression did not change 
compared to placebo in men 
with early stage, low grade 
prostate cancer. 

(Chan et al., 
2011) 

10mg daily for 3 months 
N=20, metastatic 
hormone refractory 
prostate cancer 

One patient (5%) with complete 
response, 6 with partial 
response (30%) 

(Ansari & 
Gupta,2004) 

10mg daily N=41, localized prostate 
cancer on surveillance 

Regression slopes of (log) PSA 
vs time decreased in 
26/37 (70%, 95% CI: 53–84%) of 
the patients after 
supplementation 
and in eight cases (21%) the 
post-treatment 
slope was negative 

(Barber et al., 
2006) 

15mg, 30mg, or 45mg for 
30 days 

N=45, randomized to 
one of 3 doses of 
lycopene prior to 
prostatectomy 

No toxicity, but reduced serum 
free testosterone and increased 
total estradiol was noted. 

(Kumar et al., 
2008) 

Resveratrol    

Trans-resveratrol at: 
0, 25,50,100 and 150 mg,  
6 times/d for 13 doses-  

Double blind, 
randomized, placebo 
controlled Healthy 
volunteers,  
N=40, as 4 x 10 per 
group 
5 males 
Phase I 
 

Mean plasma concentration was 
3.9, 7.4, 23.1 and 63.8 ng/mL 
and peaked in 0.8-1.5 hours post 
dose:  Mean area under curve 
for plasma, post the 13th dose 
was 3.1, 11.2, 33.0 and 78.9 
ng/mL; coefficients of variation 
>40%  
Adverse events were mild and 
similar between groups, but low 
plasma concentrations achieved 

(Almeida, et al., 
2009) 

2 g resveratrol BID over 8 
days 

N=8 Healthy subjects 
Steady state and 
pharmacokinetics study 
Tolerability with food, 
quercetin and alcohol 
Phase I 

6/8 has loose stool or mild 
diarrhea at the start of the study 
1 subject developed rash and 
headache 

(la Porte et al., 
2010) 
 

Up to 975 mg/d as: 
25,50,100,150 mg given 6 
times per day over 2 days 

N=8 Healthy volunteers 
Double blind 
Randomized 
Placebo-controlled 
Phase I 
4 men, one per dosing 
level 

Mild adverse events experience 
d; low plasma concentrations 
achieved 

(Almeida  , 2009) 

28 day x 36 µg resveratrol 
per day- as Chardonnay 
cava wine containing 
trans-resveratrol, cis-
resveratrol, and cis-piceid  

Healthy volunteers 
Phase I 

Decrease in inflammatory 
markers: 
 IL-6, high sensitivity CRP, 
intercellular adhesion molecule-
1 (ICAM-1), monocyte chemo 
attractant protein 1 (MCP-1)  

(Soleas et al., 
2002) 

270 mg/d resveratrol 
over 7 days 

N=19 
Phase I 

“did not cause discomfort” 
(Wong et al., 
2010) 
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Intervention / Diet Design Outcome Reference 
2.5 versus 5 g per day for 
28 days 

N = Healthy volunteers 
Phase I 

Mild and reversible AEs 
(Elliott et al., 
2009) 

Single resveratrol doses 
of 0.5, 1, 2.5 and 5 g using 
500 mg capsules 

Healthy volunteers 
10/level = 40 
Pharmacokinetic study 
and metabolite 

6 metabolites found in urine 
and plasma 
No serious adverse events 
Peak Plasma 539 ng/mL 1.5 
hour post dose, peak AUC for 
metabolites were up to 23 time 
that of resveratrol, rapid urinary 
excretion. 

(Boocock et al., 
2007) 

25mg to 5 g resveratrol 
 
 

Dose escalation  
Phase I  
40 Healthy volunteers 

No evidence of saturation with 
a continuing linear response- 
very limited plasma 
concentrations, at high 5 g 
intake only 500 ng/mL levels 
achieved  

(Boocock et al., 
2007a,b)  
 

500 mg caps resveratrol 
At 0.5, 1, 1.25 or 5.0 g 
once daily over 29 days 

 Healthy adults 
22 Males, 18 Females 
Safety, 
Pharmacokinetics  
Phase I 

Lower IGF-1 and IGFBP-3 in 
plasma.In all ,28/40 healthy 
adults had at least one adverse 
event,:  nausea, diarrhea or 
abdominal pain, all above 1 g 
daily 

(Brown et al., 
2010) 

Curcumin    

Soy isoflavones (40mg) + 
Curcumin (100mg) or 
placebo for 6 months 

Randomised trial, N=85 
men who had previous 
prostate biopsies but 
were negative for cancer 
and PIN. 

PSA reduction was greater in 
subgroup of men who had 
higher baseline PSA value, but 
overall, there was no statistical 
difference between those who 
had supplements and those on 
placebo 

(Ide et al., 2010) 

Table 3. Selected clinical trials of phytochemicals in prostate cancer. 

and pharmacodynamic variability, and other factors such as drug interaction. For example, 
resveratrol has been shown to inhibit cytochrome P 450; 3A4, 2D6, 2C9 and alternately 
induce 1A2 (Chow et al., 2010), a key factor that has not been taken into account in many 
clinical studies. Theoretically, interactions with concomitant medications whilst on trial may 
therefore result in either unwanted toxicity or reduced concentrations of resveratrol. 

5. Curcumin 

Curcumin is only found as an active component of whole or ground turmeric, within the 
rhizome or root nodule, specifically of two branches of the ginger family, Zingiberaceas, of 
the species, Curcuma longa Linneas, Curcuma aromatica or Curcuma zantorrhiza and in tropical 
ginger, Zingiber cassumaunar.  In India, turmeric in dried curry powders range considerably 
from 10 to 32% (Govindarajan, 1980). 

5.1 Pharmacology 

Structurally, curcumin (diferuloylmethane, a polyphenolic molecule) is a diketone and can 
also be classified as a phenylpropanoid. It is known to have poor solubility and poor 
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bioavailability (Anand et al., 2007).  Absorption and transformation occurs at the intestinal 
wall, where enzymes such as sulfotransferases, UDP-glucoronyltransferase, and P450 ensure 
its rapid breakdown (Ireson et al., 2002). Pharmacokinetic studies, including Phase I and 
other trials confirm the poor bioavailability of the compound (Cheng et al, 2001; Sharma et 
al., 2004; Garcea et al., 2005; Garcea et al., 2004). Data from these studies show that curcumin 
seems to be absorbed from the gut within 1-2hrs, and doses up to 8000mg have produced 
minimal toxicity. Nausea and diarrhea have been the principal toxicities encountered. 
Vareed et al (2008) studied doses of either 10g or 12g in volunteers, and found Cmax to be 
around 1.7-2.3 ug/mL, with time taken to reach maximum concentration (Tmax) and half-
life estimated to be 3.3h and 6.8h, respectively. Sharma et al., (2004) studied escalating doses 
in a Phase I trial up to 3.6g daily and found no dose-limiting toxicity. Mild nausea and 
diarrhea was encountered, but plasma concentrations of only around 10nM could be elicited 
in this study; nevertheless, inducible PGE2 production was reduced by about 50-60% at that 
dose level. 

5.2 In vitro data  

There is a wealth of literature on the potential mechanism of action of curcumin in vitro (see 
Table 2), but it is not clear which is the predominant mode of action. It is highly likely that 
different mechanisms of action exist for different cell lines. Curcumin can inhibit Akt and 
mTOR in PC3 cell lines (Yu et al., 2008), and enhance Apo2L/TRAIL induced apoptosis, at 
least in ovarian cancer cells (Wahl et al., 2007). EF24, a curcumin analogue, and curcumin 
itself can inhibit HIF1alpha gene transcription in PC3 prostate cancer cells (Thomas et al., 
2008). Teiten et al., (2011) showed that curcumin induced cell cycle arrest in G2 phase and 
could modulate Wnt signaling in androgen-dependent prostate cancer cells, but not in 
androgen-independent cells. 

Apoptotic and growth inhibitory pathways are affected by curcumin in numerous ways 
(Ravindran et al., 2009). One example is its ability to abrogate survival mechanisms via 
suppression of constitutive and inducible NF-kappaB activation (Mukhopadhyay et al., 
2001). It can also induce apoptosis of DU145 and LNCaP, associated with reduction of 
expression of Bcl2 and bcl-xL (Mukhopadhyay et al., 2001). 

5.3 In vivo data 

Curcumin inhibits LNCaP xenograft growth, induces apoptosis, and sensitizes tumours to 
TRAIL induced apoptosis (Shankar et al., 2007). Others have also demonstrated the growth 
inhibitory properties of curcumin in vivo (Barve et al., 2008; Khor et al., 2006), possibly via 
antiangiogenic mechanisms such as reduction of MMP-2 and MMP-9 expression (Hong et 
al., 2006). Liposomal encapsulation of curcumin, particularly in combination with 
resveratrol, significantly reduces prostate cancer tumours in vivo (Narayanan et al., 2009). 

5.4 Clinical studies 

Despite the intense interest in curcumin as a possible cancer prevention agent, there is a 
surprising lack of clinical data in prostate cancer. Efforts have focused on improving 
bioavailability by incorporating curcumin in nanoparticles, or developing more potent 
analogues. Whilst ongoing trials in prostate cancer are yet to be reported, the only trial we 
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could find described a randomized study of the combination of soy isoflavone and 
curcumin compared to placebo in men who did not have prostate cancer after undergoing 
prostate biopsy (Ide et al., 2010); its relevance for prostate cancer can therefore be 
questioned. 

6. Studies on the the combination of phytochemicals and androgen ablation 

Even though androgen suppression for metastatic disease is effective treatment, invariably, 
castrate resistance develops. However the recent development of new drugs that act on the 
androgen receptor (AR) suggest that there is still a role for androgen manipulation beyond 
the point traditionally defined as “castration resistance”. As a result, there is renewed 
interest in whether phytochemicals modulate androgen receptor function in prostate cancer. 
It appears each phytochemical discussed in this review accomplishes androgen receptor 
inhibition, but all may use different mechanisms. For example, isoflavones have been shown 
to reduce androgen receptor transcription (Gao et al., 2004), and down regulate prostate 
androgen-regulated transcript-1 gene expression (Yu et al, 2003), whereas androgen receptor 
gene element is inhibited by lycopene in a dose-dependent manner in studies with LNCaP 
cells (Zhang et al., 2010). Lycopene appears to interact with AR by affecting β-catenin 
nuclear localization and inhibiting IGF-1 stimulated prostate cancer growth (Kucuk et al., 
2002; Liu et al 2008). Resveratrol functions include the inhibition of androgen receptor 
transcription activity (Wang et al., 2010; Shi et al 2009) and down regulation of PSA 
expression (Mitchell at al, 1999; Hsieh & Wu, 2000) as tested in LNCaP cell lines. Others 
have shown that it also inhibits DNA binding of androgen receptor (Harada et al., 2011). 
Finally, androgen receptor function is inhibited by curcumin in LNCaP (Tsui et al., 2008) 
and in PC3 (Nakamura et al., 2002) cell lines. Curcumin appears to down regulate 
transactivation and expression of AR and AR-related cofactors, including activator protein-1 
(AP-1), NF-kB, and cAMP response element binding protein (CREB) (Nakamura et al.,  
2002). 

Burich et al., (2008), showed that the combination of genistein combined polysaccharide 
(GCP) and bicalutamide had enhanced activity against LNCaP and LNCaPR237H cell lines. 
Presumably, the basis of synergistic activity observed was the ability of GCP to 
downregulate AR and suppress mTOR (Tepper et al., 2007). 

7. Studies on the combination of phytochemicals and chemotherapy 

In many clinical studies, the possibility that something other than the phytochemical of 
interest, obtained from the diet, may influence outcome has probably not been given 
sufficient weight in the literature. Given that foods contain many phytochemicals other than 
those proposed to have anti-cancer activity, it is surprising to find little work on the 
potential synergistic or antagonistic interactions between different phytochemicals on cancer 
cell lines. Further, since many experiments involve unspecified doses, sources and contents 
of phytochemicals, it is not possible to conclude whether true synergistic growth inhibition 
occurs when these agents are used in combination. 

Synergy or enhanced activity has been reported in prostate cancer cell lines using 
isoflavones in combination with paclitaxel (Ping et al., 2010), radiation (Raffoul et al., 2007), 
and docetaxel (Burich et al., 2008). Phenoxodiol, a novel isoflavone, in combination with 
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cisplatin has been shown to be synergistic against DU145 cells and probably additive in PC3 
cells (McPherson et al., 2009). In vivo combination therapy of soy isoflavones and radiation 
for prostate cancer has also been investigated, with favorable effects on the control of the 
disease (Raffoul et al., 2007; Wang et al., 2006). 

Docetaxel effect in castration-resistant prostate cancer patients was improved by lycopene 
via insulin-like growth factor 1 receptor perturbation (Tang et al., 2011). Using an animal 
model to confirm these findings, a 38% improvement over docetaxel was found (P=0.047). 
Lycopene appeared to work by inhibiting IGF-1 stimulation and increasing expression and 
secretion of IGF-BP3.  Downstream effects included reduced AKT kinase activity and 
survivin production and increased apoptosis. 

Resveratrol enhances ionizing radiation - induced cell death in DU145 cells, which are 
thought to be relatively radiation-resistant (Scarlatti et al., 2007), and as previously noted, 
enhances TRAIL-induced apoptosis in vivo (Ganapathy et al., 2010). Radiosensitisation 
properties, at least in PC3 cells, also appear to belong to curcumin (Chendil et al., 2004; Li et 
al., 2007), and like resveratrol, curcumin also enhances TRAIL-induced apoptosis in prostate 
cancer cells (Deeb et al., 2005). Synergy between curcumin and a number of cytotoxic agents 
including doxorubicin, 5FU and paclitaxel occurs in PC3 and DU145 cells (Hour et al., 2002), 
as well as gemcitabine in PC3 (Li et al., 2007). 

The advantage of finding synergy lies in an increased benefit: risk ratio if compounds being 
combined are more effective (synergistic) without necessarily being more toxic, particularly 
if they are known to be well-tolerated as single agents. Further, because some 
phytochemicals have poor bioavailability, the discovery of synergistic interactions with 
other phytochemicals in prostate cancer gives rise to the hypothesis that therapeutic effects 
may be obtained from a variety of combinations, even though individual phytochemicals 
may have questionable clinical effect. 

8. Conclusions  

The literature surrounding the idea of using phytochemicals for the prevention of prostate 
cancer is considerable, yet there are disproportionately few clinical studies, and just about 
none that show a convincing effect for biological outcomes in a clinical setting. Showing 
meaningful outcomes in a prostate cancer prevention trial with phytochemicals would 
ideally involve a prospective, randomized, placebo controlled trial that would require large 
numbers of patients to provide statistical power. Given that prostate cancer patients can live 
for many years, long-term follow up, is also required. Both of these requirements make such 
studies extremely difficult to mount. Nevertheless, many have investigated the effect of 
phytochemical administration in men with established prostate cancer (see Table 3). The 
lack of standardization in endpoints (eg. PSA, sex hormone changes) means that drawing 
systematic conclusions from such data is problematic, if not impossible. Other flaws in these 
studies include short-term administration of the phytochemical in question, highly variable 
sources, preparations and combinations, underpowered studies, and almost certainly 
inadequate dosing and scheduling of these compounds. However, the wealth of preclinical 
literature concerning the potential use and mechanisms of action of phytochemicals for 
prostate cancer will no doubt continue to provide impetus for therapeutic trials for some 
time to come. There are some serious pharmacological challenges in simply administering a 
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single agent though, and it remains to be seen whether new approaches such as developing 
analogues of phytochemicals, or improving their bioavailability through better formulations 
will ultimately prove successful.  
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1. Introduction  

Intestinal carcinogenesis is the final outcome of a multi-step process resulting from genetic 
alterations that are influenced by two categories of factors: environmental factors and host-
related factors such as cytokines and hormones (including sex steroid hormones).  One of 
the most important environmental factors involved in the development of colon cancer is 
dietary components. However, variations in cancer incidence among and within 
populations with similar dietary patterns suggest that the predominant pathogenetic factor 
is the individual response, through the expression of different protein and metabolite 
patterns (1).  Among host-related factors particular attention is paid in this work to  the 
relationship between estrogens, as well as their agonists (phytoestrogens), and colon cancer, 
and the possible role of these latter substances in the prevention of colon cancer.  

2. APC gene in colorectal cancer 

Colorectal cancer (CRC) is the final outcome of a multi-step process that, in most cases, 
proceeds down  the adenoma–carcinoma sequence pathway (2). 

The tumor suppressor gene mutation involving the Adenomatous Polyposis Coli (APC) gene is 
present  in 80% of  sporadic CRCs and  100% of cases of Familial Adenomatous Polyposis 
(FAP). In humans, the APC mutation provides the genetic background to the onset of the 
tumor process, making intestinal cells susceptible to tumor progression and promotion 
through the accumulation of further mutations as a result of epigenetic phenomena largely 
influenced by environmental factors (3).  

FAP offers  an ideal model for the study of CRC since in these patients “normal” mucosa 
coexists with low and high-grade dysplastic lesions as well adenocarcinoma, i.e. all the 
stages of the carcinogenetic process.  For this reason  the modifications occurring during the 
carcinogenetic process are easily comparable and free from individual variations (4).  

3. Estrogens in colorectal cancer 

Phytoestrogens (heterocyclic non steroid phenols) are plant-derived compounds with a 
structural and functional action as estrogen agonists in mammals. To understand their 
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biological activities and the possible interactions between phytoestrogens and colorectal 
cancer, a knowledge of some fundamental data on estrogens is essential.  

Estrogen biological activities are mainly mediated by their binding with two specific 
receptors: estrogen receptor alpha (ER-α) and estrogen receptor beta (ER-β). Both of these 
estrogen receptors (ERs) belong to the steroid/thyroid hormone receptor superfamily of 
nuclear receptors, which are activated upon binding of the ligand. After binding, activated 
ERs are able to interact directly with cis-regulatory elements of target genes by binding to 
estrogen-response elements (EREs), or indirectly through interaction with another DNA-
bound transcription factor, such as activator protein 1 (AP-1), thus facilitating the assembly 
of basal transcription factors into a stable pre-initiation complex, followed by increased 
transcription rates for target mRNAs (5). 

Both ERs consist of three main regions: 1) a hypervariable N-terminal, that contributes to the 
transactivation function, 2) a highly conserved DNA-binding domain, responsible for 
specific DNA-binding and dimerization and 3) a C-terminal domain, involved in ligand-
binding (LBD) and nuclear localization, as well as ligand-dependent transactivation 
functions. ER-α and ER-β are produced by different genes located on different chromosomes 
(6).  

In mammals, both ER-α and ER-β have conserved DNA binding domains (96%) but they 
have different LBD showing only 58% homology. ER-α has two distinct transcriptional 
activation functions (AF): AF-1 and AF-2. AF-1, located at the N-terminal, is ligand-
independent, constitutively active and contributes to the transcriptional activity of the 
receptor by recruiting co-activator proteins such as GRIP1 and SRC-1 and the histone 
acetyltransferases (HAT) p300/CBP and pCAF. The AF-2 domain is under the control of 
ligands in both ER-α and ER-β. 

Variations observed in the phenotypes of knock-out mice lacking ER-α or ER-β suggest that 
these two proteins have different biological activities. This view has been further supported 
by in vitro and in vivo studies in ER-β knock-out mice, indicating that ER-β is a modulator 
of ER-α activity as it is able to reverse the effects of ER-α and to inhibit estradiol (E2)-
dependent proliferation (7). In addition, it is known that ER-α and ER-β have a different 
distribution in the various organs and apparatuses. ER-α is essentially expressed in the 
breast, bone, cardiovascular tissue, urogenital tract and central nervous system, while ER-β 
is the prevalent form in the gut. Both receptors bind E2 but they activate promoters in 
different ways. Studies on breast and prostate carcinogenesis suggest an opposite role of ER-
α and ER-β in the proliferation and differentiation of target tissues, a hypothesis described 
as the ying/yang relationship (8).   

Estrogens regulate cellular function also through non-genomic pathways. In fact, after 
palmitoylation ERs can localize at the plasma membrane, associate to caveolin-1 and, upon 
estrogens stimulation, activate rapid signals. In the case of ER-α, palmitoylation stimulates 
proliferation, while ER-β localization at the plasma membrane and its association with 
caveolin-1 activates p38 (a member of the MAPK family), that promotes apoptosis (9). This 
finding is confirmed by the observation, in the tumor tissue, of a reduction of ER-β and an 
increased alpha/beta ratio, that is related to a reduction of apoptosis and an increased rate 
of proliferation. 
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In the last few years, numerous epidemiological, clinical and experimental studies have 
explored the role of estrogens in intestinal carcinogenesis, suggesting their protective role 
and potential use in CRC prevention (10-14). In particular, estrogen protective activities are 
thought to be related to their receptor subtype beta (ER-β), suggesting the use of selective 
ER-β agonists in primary CRC prevention . 

Since the early 80s, the role of a progressive silencing of Estrogen Receptor beta (ERβ) 
expression in intestinal cells, as a pathogenetic factor involved in intestinal tumorigenesis 
and its progression to an overt cancerous phenotype, has been studied in both animal 
models and clinical settings (11-14).  

There is some evidence supporting ER-β as a prognostic factor in sporadic adenocarcinoma, 
and suggesting its role as a relevant surrogate biomarker in the follow-up of intestinal 
neoplasia development and dysplastic severity (15-18).  

In the ApcMin/+ mouse, that represents the animal model equivalent to FAP in humans, the 
loss of apoptotic control also occurs in non adenomatous (normal) mucosa, again depending 
upon a decreased ER-β expression and related decreased TUNEL and caspase-3 expression. 
In intact male ApcMin/+ mice it has been demonstrated that supplementing the diet with 
selected, weak but specific ER-β agonists reversed the hyperproliferative behavior in non 
adenomatous mucosa, and reduced the number and the degree of polyp dysplasia in 
adenomatous mucosa (19). 

In human sporadic polyps, a progressive, significant decrease of ER-β expression has been 
demonstrated, a finding confirmed in subjects affected by Familial Adenomatous Polyposis 
(FAP) (4).  In these patients, in fact, a progressive, significant decrease of ER-β expression 
was observed in the different stages of the disease, correlated with apoptosis (r=0.76, p< 
0.001), and inversely correlated with cell proliferation.  

4. Phytoestrogens and CRC 

Phytoestrogens are heterocyclic, non steroid phenols extracted from plants. These 
compounds are structurally similar and have a functional action as estrogen-agonists in 
mammals. Four classes of phytoestrogens can be distinguished, on the basis of their 
different molecular structure and different biological activities, namely isoflavones, lignans, 
coumestans and lactones (20-21). 

Isoflavones, including genistein and quercitin, are the most known phytoestrogens. They 
are primarily found in the Fabaceae family, which includes legumes, soybean, peanut and 
clover.  

Lignans were first identified in plants and later in biological fluids of mammals. These 
compounds are found in whole grain, seeds, fruits and vegetables but also in beverages 
such as coffee and tea (22). The cyclic urinary excretion of these phenolic compounds during 
the menstrual cycle led to investigations of their biological role, and they are now 
considered as a new hormone class (23). 

Coumestans are less common in the human diet than isoflavones; they are extracted from 
fodder, clover, legumes and soybean.  
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Lactones are the least common phytoestrogens in the human diet.  

Natural phytoestrogens undergo glycosidic binding to carbohydrates to produce complex 
molecules that are hard for the intestinal tract to absorb. For this reason, after ingestion, this 
glycosidic binding is broken up by glycosidases, enzymes produced by intestinal microflora. 
This enzymatic digestion generates ‘‘aglycone’’, a compound that is quickly absorbed and 
can bind ERs (24).   

Phytoestrogens are characterized by a higher binding affinity to ER-β as compared to the 
other estrogen receptor subtype, alpha (ER-α). This biological characteristic explains why 
the administration of phytoestrogens does not produce the classic side effects associated to 
estrogen administration (cerebro- and cardiovascular attacks, a higher incidence of 
endometrial and breast cancer) (25-27), making these substances ideal candidates for CRC 
prevention.  

As proposed for estrogens, genomic and non-genomic mechanisms have been also 
suggested for phytoestrogens to explain their biological activities (20; 28-32). 

One of the most interesting compounds is Silymarin, initially extracted from Silybum 
marianum. It is a mixture of four flavolignans (silibinin, isosilibinin, silydianin and 
silychristin) and the isoflavone taxifolin. It is already used in the treatment of alcoholic liver 
disease and as an anti-fibrotic agent (33). 

Extensive research within the last decade has shown that silymarin can suppress the 
proliferation of a variety of tumor cells (e.g., prostate, breast, ovary, colon, lung, bladder); 
this is accomplished through cell cycle arrest at the G1/S-phase, induction of cyclin-
dependent kinase inhibitors (such as p15, p21 and p27), down-regulation of anti-apoptotic 
gene products (e.g., Bcl-2 and Bcl-xL), inhibition of cell-survival kinases (AKT, PKC and 
MAPK) and inhibition of inflammatory transcription factors (e.g., NF-kappaB). Silymarin 
can also down-regulate gene products involved in the proliferation of tumor cells (cyclin D1, 
EGFR, COX-2, TGF-beta, IGF-IR), invasion (MMP-9), angiogenesis (VEGF) and metastasis 
(adhesion molecules). The antiinflammatory effects of silymarin are mediated through 
suppression of NF-kappaB-regulated gene products, including COX-2, LOX, inducible 
iNOS, TNF and IL-1 (35). 

Silymarin has also been shown to sensitize tumors to chemotherapeutic agents through 
down-regulation of the MDR protein and other mechanisms. It binds to both estrogen and 
androgen receptors, and down-regulates PSA. In addition to its chemopreventive effects, 
silymarin exhibits antitumor activity against human tumors (e.g., prostate and ovary) in 
rodents (35) 

Seidlova-Wuttke et al. (34) have demonstrated the selective binding of silymarin to ER-β 
and no binding to ER-α, but, how mentioned above, beyond its specific ER-β agonism 
silymarin, exerts an anti 5-lipoxygenase (LOX) and anti-COX2 effect (35-36).  

There is strong positive correlation has been recently established between 5-LOX 
overexpression and the appearance of typical high-risk factors for malignant transformation 
of polyps, such as histological epithelial localization, increased polyp size, villous and 
tubulovillous adenomas, high grade of intraepithelial neoplasia, and patient age because 
both inflammatory enzymes are up-regulated in colon carcinogenesis and involved in 
silencing apoptosis (37). 
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Finally have been demonstrated that, without any apparent toxicity, the feeding of 
polyphenols from silymarin suppressed the tumor growth of the human SW480 CRC, 
implanted in nu/nu mice. The inhibitory activity was associated with strong anti-
proliferative (β-catenin, c-Myc and cyclin D1 suppression) and pro-apoptotic effects. (36).   

Even lignans exert similar activity in several human cancers. For example Touillaud et al. 
examined associations between the risk of postmenopausal invasive breast cancer and 
dietary intakes of four plant lignans (pinoresinol, lariciresinol, secoisolariciresinol, and 
matairesinol) and estimated exposure to two enterolignans (enterodiol and enterolactone), 
as measured with a self-administered diet history questionnaire, among postmenopausal 
French women who were not taking soy isoflavone supplements. They demonstrate that 
high dietary intakes of plant lignans and high exposure to enterolignans were associated 
with reduced risks of Estrogen receptor negative and Progesteron receptor positive 
postmenopausal breast cancer in a Western population that does not consume a diet rich in 
soy (56). On the other hand Kuiisten et al. studied the associations between plasma 
enterolignans and the risk of colorectal adenomas in a Dutch case-control study . Colorectal 
adenomas are considered to be precursors of colorectal cancer. Cases with at least one 
histologically confirmed colorectal adenoma and controls with no history of any type of 
adenoma were included. Plasma enterodiol and enterolactone concentrations were 
measured by liquid chromatography with tandem mass spectrometry and they observed a 
substantial reduction in colorectal adenoma risk among subjects with high plasma 
concentrations of enterolignans, in particular, enterodiol (42). 

Lignans exert a similar activity in several human colon cancer cells and are easily 
metabolized and absorbed in the colon (38-41). Lignin is a documented absorbant of 
carcinogens in the intestinal lumen. Its degradation to enterolignans by human intestinal 
microbiota could delay lignan release (42). 

5. Phytoestrogens in experimental CRC  

Mice with the Apc gene (ApcMin/+) mutation are highly susceptible to spontaneous intestinal 
adenoma formation and  are therefore considered the most suitable model for experimental 
CRC studies (43). A recent experimental study demonstrated that in ovariectomized 
ApcMin/+ female mice, the administration of a diet enriched with the phytoestrogen 
cumestrol induced a reduction of the number of polyps and an increased enterocyte 
migration as compared to control animals. Cumestrol was chosen in this study because it is 
a potent ER-β agonist, with a 200-fold higher affinity  than estradiol (44). 

Seidlova-Wuttke et al. (34) compared the effect of silymarin and estradiol in ovariectomized 
female mice and confirmed the selective binding of silymarin to ER-β by in vitro 
experiments. In another study, conducted by Khono et al., a silymarin-enriched diet 
significantly reduced azoxymethane-induced intestinal carcinogenesis in male mice. This 
effect was dose-dependent and determined a reduction of the number of cryptic adenomas, 
that are known to precede the development of colic adenocarcinoma (45). 

The effect of a 0.02% silymarin-enriched diet on tumor development was also tested in intact 
ApcMin/+ male mice, i.e. in physiological conditions. Intestinal polyp development was 
evaluated together with ER-β expression, as well as other biological parameters influencing 
tumor growth (epithelial cell proliferation, apoptosis and migration), following the addition 
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of a combination of the ER-β-selective agonist silymarin and/or lignin to a high-fat/low-
fiber diet, which has been shown to foster  tumor growth. The addition of silymarin or 
lignin to the diet and, to an even greater extent,  the specific combination of the two, 
significantly counteracted intestinal tumorigenesis and increased ER-β mRNA and protein 
levels. Cell proliferation and apoptosis were rebalanced and cell migration accelerated, 
restoring values similar to those observed in wild type animals. These results further 
support a protective effect of ER-β in CRC, suggesting that dietary supplementation with 
the combination of silymarin and lignin could be  a potential approach to  CRC prevention 
(46). 

6. Phytoestrogens in human CRC  

Several studies have reported a reduction of the CRC risk associated with the consumption 
of soy foods (the main source of isoflavones) and non-fermented soy foods (e.g. tofu) (47-
52). The main limitations of these studies are that they all assessed only specific soy foods 
intake rather than total phytoestrogen intake: none of the studies was designed to evaluate 
phytoestrogen intake. 

Another study investigated the association between colorectal cancer and lignans commonly 
present in Western diets. Dietary lignan intake produced a significant reduction in colorectal 
cancer risk (53). 

Few epidemiologic studies have been conducted on the relationship between 
phytoestrogens and colorectal polyps formation. A case-control study on the role of lignans 
(54) suggests that these compounds may be protective against cardiovascular diseases and 
polyps (55). 

Our research group aimed to assess whether a specifically ERβ-targeted dietary 
management of human, recurrent sporadic adenopolyposis could have any impact on ERβ-
controlled apoptosis and/or proliferative behavior. As a preliminary step, we  assessed 
whether  non adenomatous (normal) mucosa of patients affected by sporadic 
adenopolyposis displayed an impaired apoptotic control of cell proliferation, dependent 
upon a reduced ER-β expression similar to that observed  in the ApcMin/+ mouse. We 
designed a randomized, double blind placebo-controlled study to further assess whether a 
proprietary blend of ER-β agonists (a mixture of silymarin, 30% of which as silibinin) could 
positively affect the ERβ-dependent apoptotic control of cell proliferation, in the normal 
mucosa of patients affected by sporadic adenopolyposis, prone to polyp recurrence, and 
enrolled in a surveillance program for the follow-up of polyp recurrence by screening 
colonoscopy every 3-5 years.  

We also assessed urinary phytoestrogens to check  for compliance to sylimarin 
supplementation, and to see whether biomarkers expression was differently related to the 
phytoestrogens from the regular diet as opposed to the  supplements given during the study 
period, in the two study groups. All patients were instructed to maintain their regular diet 
over the study period. Urinary phytoestrogens (ng/mL), namely the active lignans: 
enterodiol (ED) and enterolactone (EL), were measured on spot urinary samples. 

In this clinical trial, we similarly hypothesized a ERβ down-modulation, paving  the way for 
an altered apoptotic control of cell proliferation, in the non adenomatous colon mucosa of 
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patients affected by sporadic adenopolyposis,  presenting with a similar cell proliferation 
rate. We found  that the normal mucosa of an APC-mutated intestinal environment  is prone 
to polyp development and recurrence because of an altered proliferation-apoptosis  ratio, 
related to a decreased ER-β expression. Moreover, we demonstrated  that ER-β dependent 
apoptosis can be restored by administering specific phytoestrogens supplements with a 
selective action  on ERβ, in a similar manner to what we had  previously observed in  
ApcMin/+ mice. This randomized, double-blind placebo-controlled study showed that 
sylimarin, lignans and lignin can positively affect the ERβ-driven apoptotic control of colon 
epithelial turnover, by increasing ER-β expression in the normal mucosa of sporadic 
adenopolyposis patients prone to polyp recurrence.  This is achieved via an increased ERβ 
content and was demonstrated in all patients, regardless of whether they were free from  
polyps or not,  at screening colonoscopy. 
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1. Introduction  

Pomegranate (Punica granatum L.) is considered one of the oldest known edible fruits and is 
the symbolic of abundance and prosperity. For thousand of years, many cultures have 
believed that pomegranate have beneficiary effects on health, fertility, longevity and rebirth. 
The recent interest for this fruit is not only because of the pleasant taste, but also due to the 
scientific evidences that suggest therapeutic activity such as anti-atherogenic, antiparasitic, 
antimicrobial, antioxidant, anticarcinogenic and antiinflammatory effects. These beneficial 
effects were attributed to the antioxidative properties of pomegranate phenolic compounds, 
tannins and anthocyanins as well as other phytochemicals. The constituents of pomegranate 
have been thoroughly investigated, however, clinical trials are in progress to explore the 
therapeutic potential of pomegranate products, particularly determining preventive efficacy 
of pomegranate extracts in cancer, cardiovascular diseases, inflammation, diabetes and 
ultraviolet radiation-induced skin damage. In order to facilitate the further investigations 
the information contained in this work is based upon the immense work on impact of 
administration of pomegranate extracts, particularly in cancer prevention such as skin, 
prostate, breast, and colon.  

2. The constituents of pomegranate and derived products  

Along with olives, figs and grapes, pomegranates are among the first plants to have been 
cultivated by man. Pomegranate (Punica granatum L.) is considered one of the oldest known 
edible fruit that is mentioned in the Koran, the Bible, the Jewish Torah, and the Babylonian 
Talmud as ‘Food of Gods’ that is symbolic of plentyness, fertility and prosperity 
(Madihassan, 1984; Aviram et al., 2000; Seeram et al., 2006). The pomegranate, a mystical 
and highly distinctive fruit, is the predominant member of two species comprising the 
Punicaceae family. The genus name Punica, was the Roman name for Carthage, where the 
best pomegranates were known to grow. Pomegranate is known by the French as grenade, 
the Spanish as granada (derived from the ancient city of Granada), and literally translates to 
seeded ("granatus") apple ("ponium") (Jurenka, 2008).  

In ancient Greek mythology, the edible part of pomegranate known as the “fruit of the 
dead”, containing considerable amounts of saccharides, polyphenol, and available in Hades 
for its residents. Hades benefitted amorously when six pomegranate seeds from his 
kingdom sealed for him the betrothal of the daughter of Zeus and Demeter. The 
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Babylonians regarded the seeds as an agent of resurrection, the Persians as conferring 
invincibility on the battle field and for ancient Chinese alchemical adepts; the bright red 
juice was mythopoetically regarded as a “soul concentrate”, a synonym to human blood, 
conferring to longevity and immortality (Dahham et al., 2010). Since ancient times, the 
pomegranate has been used extensively in the folk medicine of many cultures as a “healing 
food” in order to eliminate parasites, as an antihelmintic and vermifuge, antipyretic, and to 
treat and cure aphtae, ulcers, diarrhea, acidosis, dysentery, hemorrhage, microbial 
infections, and respiratory pathologies. It also features prominently in the ceremonies, art, 
and mythology of the Egyptians and Greeks, and was the personal emblem of Maximilian, 
the Holy Roman Emperor (Longtin, 2003; Larrosa et al., 2010; Lee et al., 2010). 

The pomegranate fruit is round, with leathery skin or rind, typically yellow, overlaid with 
light or deep pink or rich red. The edible part of the fruit, the arils can be preserved as syrup or 
used for juice, jam, jelly, wine, vinegar, and fruit leather production, and can be an alternative 
to flavoring and coloring used in beverages (Maestre et al., 2000; Fadavi et al., 2005; Ozgen et 
al., 2008; Al-Said et al., 2009; Mousavinejad et al., 2009; Akbarpour et al., 2010).  

2.1 Chemical composition of pomegranates 

The pomegranate tree can be divided into several anatomical compartments: seed, juice, 
peel, leaf, flower and root bark, each of which is widely used in therapeutic and food 
formulas, and cosmetics due in large part to the scientifically supported health benefits on 
arteriosclerosis, cholesterol levels and cancer prevention.The other parts are good source of 
tannins, dyes, and alkaloids (Khan, 2009; Viuda-Martos et al., 2010; Wang et al., 2010). The 
chemical composition of the pomegranate and its products depends on the cultivar, growing 
region, and climate, the fruit’s stage of maturity, cultural practices and manufacturing 
systems (Badenes et al., 1998; Dumas et al., 2003; Toor et al., 2006; Raffo et al., 2006, 
Borochov-Neori et al., 2009; Zarei et al., 2011). Tables 1 & 2 show the chemical composition 
of pomegranate fruit and phytochemicals in pomegranate and its parts.  

 

Constituent  
Moisture 72.6-86.4% 
Protein 0.05-1.6% 
Fat 0.01-0.9% 
Mineral elements 0.36-0.73% 
Fibre 3.4-5.0% 
Carbohydrates 15.4-19.6% 
Calcium 3.0-12.0 mg 
Phosphorus 8.0-37.0 mg 
Iron 0.3-1.2 mg 
Sodium 3.0 mg 
Magnesium 9.0 mg 
Ascorbic acid (Vitamin C) 4.0-14.0 mg 
Thiamine (Vitamin B1) 0.01 mg 
Riboflavine (Vitamin B2) 0.012-0.03 mg 
Niacine 0.18-0.3 mg 

*Values per 100 g of edible portions  

Table 1. Chemical Composition of Pomegranate* (Yilmaz, 2007). 
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Plant Component   Constituents 
  
Pomegranate juice Anthocyanins; glucose; ascorbic acid; phenolics such as 

ellagic acid, gallic acid, caffeic acid, catechin, 
epigallocatechin gallate (EGCG), quercetin, rutin; 
mineral elements; aminoacids 

Pomegranate seed oil  Punicic acid; ellagic acid; fatty acids; sterols 
Pomegranate pericarp (peel, 
rind)  

Phenolic compounds like punicalagins, gallic acid, 
catechin, EGCG, quercetin, rutin, anthocyanidins, other 
flavonoids 

Pomegranate leaves  Ellagitannins (punicalin and punicafolin); flavonols such 
as luteolin and apgenin 

Pomegranate flower  Gallic acid, triterpenoids such as ursolic,maslinic and 
asiatic acid 

Pomegranate roots and bark  Ellagitannins; piperidine alkaloids 

Table 2. Phytochemicals of Pomegranate (Jurenka, 2008). 

About 50% of the total fruit weight corresponds to the peel, which is an important source of 
bioactive compounds such as phenolics, flavonoids, ellagitannins (ETs), and 
proanthocyanidin compounds (Li et al., 2006), minerals (Mirdehghan & Rahemi, 2007), and 
complex polysaccharides (Jahfar et al., 2003). Significant variations in organic acids, phenolic 
compounds, sugars, water-soluble vitamins, and minerals of pomegranates have been 
reported by various researchers (Davidson et al., 2009; Tezcan et al., 2009).  

The edible part of the pomegranate fruit consists of 40% arils and 10% seeds. The arils are 
comprised of approximately 80% juice and 20% seed. The juice of arils contain 85% water, 
10% total sugars (glucose, sucrose, and fructose) (Melgarejo & Artes, 2000), and 1.5% pectin, 
organic acids (citric, malic, tartaric, succinic, fumaric, ascorbic acid) (Tezcan et al., 2009), 
fatty acids (i.e. conjugated linoleic acid, linoleic acid, punicic acid and eleostearic acid) 
(Fadavi et al., 2006) and amino acids (i.e. proline, valin, and methionine) (Seppi & Franciosi, 
1980), and bioactive compounds (phenolics and flavonoids) (Dahham et al., 2010). 
Pomegranate fruit is a rich source of two types of polyphenolic compounds: anthocyanins 
and hydrolyzable tannins, which account for 92% of the antioxidant activity of the whole 
fruit (Gil et al., 2000). The soluble polyphenol content in pomegranate juice varies between 
0.2 and 1.0% depending on variety (Narr Ben et al., 1996). The seeds are a rich source of 
lipids; of which comprised to 12% to 20% of total seed weight and characterized by a high 
content of polyunsaturated (n-3) fatty acids such as linolenic, linoleic, and other lipids such 
as punicic acid, oleic acid, stearic acid, and palmitic acid (Ozgul-Yucel, 2005). The seeds also 
contain protein, crude fibers, vitamins, minerals, pectin, sugars, polyphenols, isoflavones 
(mainly genistein), the phytoestrogen coumestrol, and the sex steroid, estrone (Singh et al., 
1990; Singh & Sethi, 2003; El-Nemr et al., 2006; Syed et al., 2007). 

Pomegranate flowers (gulnar) contain a variety of secondary metabolites: i) polyphenols, 
including gallic acid (Huang et al., 2005b), ellagic acid and ethyl brevifolin-carboxylate 
(Wang et al., 2006), and ii) triterpene acids consisting of oleanolic, ursolic (Huang et al., 
2005a), maslinic and asiatic (Batta & Rangaswami, 1973). In folk medicine the decoction of 
flowers is used to stop bleeding and purging (Sivarajan & Balachandran, 1994; Jafri et al., 
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2000). The polyphenols in pomegranate flowers have strong antioxidant activity (Oswa et 
al., 1987); ellagic acid had a marked inhibitory effect on the occurrence and development of 
tumours in mice (Boukharta et al., 1992), triterpenes show antimutagenic and 
anticarcinogenic effects (Ovesná et al., 2004); and oleanolic acid significantly enhanced acute 
glucose-stimulated insulin secretion at basal and stimulatory glucose concentrations in 
pancreatic b-cell , and such effects may contribute to the antidiabetic properties (Teodoro et 
al., 2008).  

Pomegranate fruit extracts/constituents possesses immense biological activities such as 
anticarcinogenic (Whitley et al., 2003; Afaq et al., 2005), antibacterial (Akiyama et al., 2001; 
Prashanth et al., 2001; Duman et al., 2009), antidiarrhoeal (Das et al., 1999), antifungal (Dutta 
et al., 1998), antiulcer (Gharzouli et al., 1999), antioxidant activity and free radical 
scavenging capability (Schubert et al., 1999; Aviram et al., 2000; Festa et al., 2001), 
strengthening of the immune system (Lee et al., 2008), prevention of heart disease 
(Johanningsmeier & Harris, 2011) and liver fibrosis (Thresiamma & Kuttan, 1996), and 
inhibition of lipid peroxidation even at lower concentrations than vitamin E (Rosenblat et 
al., 2003). All these therapeutical activities are related to the presence of diverse ‘phenolic 
compounds’, including gallic acid, protocatechinunic acid, chlorogenic acid, caffeic acid, 
ferulic acid, coumaric acid, and catechin and hydrolysable tannins (such as punicalin, 
pedunculagin, punicalagin, corilagin, casuarinin, punicacortein, granatin and ellagic acid), 
and anthocyanins (delphinidin, cyanidin and pelargonidin 3-glucosides and 3,5-
diglucosides) (Amakura et al., 2000; Noda et al., 2002; Poyrazoglu et al., 2002; Kulkarni & 
Aradya, 2005; Viuda-Martos et al., 2010).  

The bright colour of pomegranate flowers and arils is due to anthocyanins (Afaq et al., 
2005); however, only one anthocyanin compound (i.e. pelargonidin-3,5-diglucoside) has yet 
been identified in pomegranate flowers using HPLC (Miguel et al., 2009), whereas in 
pomegranate juice, principally cyanidin-3-O-glucoside, cyanidin-3,5-di-O-glucoside, 
delphinidin-3-O-glucoside, delphinidin-3,5-di-Oglucoside, pelargonidin-3-O-glucoside, and 
pelargonidin-3,5-di- O-glucoside, have been reported (Lansky & Newman 2007; Jaiswal et 
al., 2010). 

Tannins, high-molecular-weight plant polyphenols, are divided into 3 chemically and 
biologically distinct groups: condensed tannins or proanthocyanidins, hydrolyzable tannins 
or elagitannins (ETs), and gallotannins (GTs) (Seeram et al., 2005). Pomegranate leaves 
contain unique tannins such as punicalin and punicafolin, and also have glycosides of 
apigenin, a flavone with progestinic (Zand et al., 2000) and anxiolytic (Paladini et al., 1999) 
properties. Pomegranate peel are rich in hydrolyzable tannins, mainly punicalin, 
pedunculagin, and punicalagin (Seeram et al., 2006), which differ from proanthocyanidins in 
their chemical structures. In addition to ETs, pomegranate peel contains hydroxybenzoic 
acids such as gallagic, ergot alkaloid (EA), and EA glycosides (Amakura et al., 2000); 
anthocyanidins are principally cyanidin, pelargonidin, and delphinidin (Noda et al., 2002) 
and flavonoids such as kaempferol, luteolin, and quercetin (Van Elswijk et al., 2004). 

Al-Maiman & Ahmad (2002) showed the amounts of potassium, calcium and sodium were 
highest in both juice and seeds followed by magnesium, phosphorous, zinc, iron and 
copper. The authors stated that pomegranate can be a good source of nutrients and variation 
could originate from the pomegranate cultivar, and agro-climatic. Akpinar-Bayizit (2010) 
reported that although processing steps include clarification and filtration, the pomegranate 
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juices in Turkish market were a good source for minerals such as potassium (1283.30 mg/L), 
calcium (107.53 mg/L), sodium (96.02 mg/L), phosphorus (76.54 mg/L) and magnesium 
(67.22 mg/L). The high mineral content of pomegranate juices could contribute to the daily 
intake of these constituents in the human diet. 

2.2 Pomegranate fruit derived products  

Pomegranate can be consumed as fresh, fruit juice, fermented fruit juice, dried aril, frozen 
aril, minimally-processed aril, canned aril, jam, jelly, wine, vinegar, paste, fruit leather and 
in flavoring products. 

Pomegranate arils can either be consumed fresh or procesed (dried, frozen, canned and 
minimally-processed). The conventional utilization of wild pomegranate fruit lies in the 
drying seeds along with pulp (arils), which constitute a traditional product called as 
‘Anardana’ (Pruthi & Saxena, 1984). The dehydrated arils are acidic (7.8–15.4%), help in 
improving mouth-feel and digestion, and are widely used as acidulent in culinary 
preparations. The dried anardana contains acid (5.8-15.4%), total sugars (9.3-17.5%) and 
crude fiber as compared to fresh fruit. To obtain frozen arils the arils are put into 
polyethylene bags either with syrup of 15° Brix or coated with solid sugar and frozen in a 
chest freezer. For canned arils, used generally as an appartiser, the arils were put into metal 
tins with syrup of 15° Brix and sterilised for 10 minutes. In the production of minimally-
processed pomegranate aril pomegranates are chilled to 0°C, selected, washed and dried 
with a current of air at room temperature. They are conditioned in polyethylene bags that 
were heat-sealed and conserved in a chamber at 0°C for 10-15 days. These arils are used as a 
garnish for desserts and salad (Al-Maiman & Ahmad, 2002).  

Pomegranate juice can be extracted by using a spiral-type screw press without crushing the 
seeds. The juice is clarified by heating in a flash pasteurizer at 79-82°C cooling, settled for 24 
hours and filtered. The clear juice can be preserved by heat treatment or by using chemicals. 
The use of sulphur dioxide is banned for pomegranate due to loss of colour by bleaching 
action of SO2. Pomegranate juice represents one of the foods recently promoted for its health 
benefits since a glass of pomegranate juice contains about 40% of the Recommended Daily 
Allowance (RDA) of Vitamin C (Singh & Singh, 2004).  

Pomegrenate syrup of 60° Brix with an added acidity of 1.5% as citric acid has a bright 
purplish-red colour and a delightful taste and flavour. It was preserved by pasteurization. 
Preparation of jelly on a small-scale from sweet-sour pomegranates is described by Adsule 
et al. (1992) and Singh & Singh (2004). When making the jellies, approximately 50% of the 
total anthocyanins present in the juice of are lost. During storage at 5°C, certain colour 
differences were observed, which indicates that the pH was not the only parameter 
responsible for this characteristic.  

For preparation of wine, the whole furits are pressed without crushing or juice may be 
extracted from pomegranate grains, which gives a yield of 76 to 85% (Adsule & Patil, 1995). 
Sugar is added to the juice to obtain 22-23° Brix. The juice is fermented as in the same 
manner of red grape wine. The wine is flash pasteurized at 60°C and bottled hot (Singh & 
Singh, 2004).  

Pomegranate seed is a residue obtained from pomegranate juice production, ranging 
between 40 and 100 g/kg of fruit weight (Fadavi et al., 2006; Lansky & Newman, 2007). The 
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seeds are rich source of lipids, and the fatty acid component of pomegranate seed oil 
comprises over 95% of the oil, of which 99% is triacylglycerols. Minor components of the oil 
include vitamin E, sterols, steroids, and a key component of mammalian myelin sheaths, 
cerebroside (Tsuyuki et al., 1981).  

‘Pekmez’, a concentrated and shelf-life extended Turkish product, is generally produced 
from fruits containing high amounts of sugar such as grape, mulberry, carnob, apple, 
pomegranate, plum and apricot (Alparslan & Hayta, 2002; Demirozu et al., 2002). The first 
steps in pomegranate pekmez production is washing, granulating and crushing of the 
pomegranates. The pomegranate juice, obtained by pressing the crushed pomegranates by a 
pneumatical or mechanical press, is boiled with a calcareous substance called ‘pekmez earth’, 
white soil containing 70.40% CaCO3 or technical CaCO3, for deacidification and 
neutralization. The juice is clarified and concentrated usually in open vessels, and rarely 
under vacuum at 565 mm Hg and 66°C, up to 65–68° Brix; this product is called ‘liquid 
pekmez’. The liquid pekmez can be consumed either as liquid or solidified at 6oC for 2-3 days 
via addition of hydrocolloids, to produce ‘solid pekmez’, which has a pasty form that is easily 
spread on a slice of bread. 

The ‘pomegranate leather (pestil)’ is another Turkish pomegranate derived product that can be 
stored for a long time without deterioration. Pomegranates are washed, granulated, 
crushed, pressed and filtered to separate the seeds and skin. Pekmez earth is added to 
neutralize and clarify the fresh pomegranate juice. Clarified juice is filtered and is mixed 
with the wheat starch. Nuts such as walnut or hazelnut can be added in small pieces if 
desired. The juice and starch mixture is concentrated upto 40° Brix by boiling and 
continuous stirring. The puree is spread on cloths of 0.5–2.00 mm thickness and sun-dried 
until a mild, tasty, light and chewable leathery product is obtained. The dried pestil is 
folded, cut and stored in dry conditions (Maskan et al., 2002).  

The ‘pomegranate molasses (sour pomegranate pekmez, nar eksisi, pomegranate sauce)’, a 
traditional seasoning commonly used in salads and many dishes to improve the taste and 
aroma characteristics in Turkey, is a concentrated product produced simply by boiling, 
without the addition of further sugar or other additives (Poyrazoglu et al., 2002; Incedayi et 
al., 2010). Pomegranate molasses is a highly nutritive product since it is more concentrate 
and the have a high mineral content. Traditional methods are still being used to produce 
pomegranate molasses, of which requires cleaning, crushing, extraction, filtration, and 
evaporation (upto 35-65° Brix) in an open vessel or under vacuum. Clarification is not 
recommended in pomegranate molasses since customers prefer bitterness and sourness that 
comes from phenolic substances and acidity (Vardin & Abbasoglu, 2004; Kaya & Sozer, 
2005). 

3. The biochemistry and pharmokinetics of pomegranate  

There is little knowledge about the absorption, bioavailability, biodistribution, and 
metabolism of the bioactive compounds present in pomegranate and in other fruits, 
although they probably have a similar pathway (Petti & Scully, 2009). The bioavailability of 
polyphenols varies according to the structure, glycosylation and solubility of the molecules 
which defined their extractability (Lecerf, 2006; Ozcan et al., 2011). In view of limited human 
studies, it appears that the bioavailability determinations of pomegranate polyphenols is 
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affected by individual variability, differential processing of pomegranate juice, and the 
analytical techniques used, which need to be sensitive enough to detect low postprandial 
concentrations of these metabolites (Basu & Penugonda, 2009). An in vitro study of 
pomegranate juice showed that phenolic compounds are available during the digestion in a 
quite high amount (29%), however, due to pH, anthocyanins are in large transformed into 
non-red forms and/or degraded and similar results are obtained for vitamin C (Pérez-
Vicente et al., 2002).  

The recent interest in pomegranate products is due to the fruit’s beneficial role in the 
prevention of prostate cancer, the prevention of the oxidation of both low density 
lipoprotein (LDL), high density lipoprotein (HDL), and cholesterol, reductions in blood 
pressure, arthritis, anemia, diarrhea, inflammation, gynecological diseases, atherosclerosis 
development, the stimulation of T-cell functions and production of cytokines, Alzheimer’s 
disease, and improvoment of sperm quality (Figure 1). These beneficial effects were 
attributed to the wide range of phytochemicals found in pomegranate. These 
phytochemicals are predominantly phenolic compounds as well as to those of sugar-
containing polyphenolic tannins and anthocyanins, including primarily hydrolysable 
ellagitannins, anthocyanins and other polyphenols. Gil et al. (2000) have demonstrated that 
one of the ellagitannins, punicalagins, is responsible for over 50% of the antioxidant activity 
of the pomegranate juice. The same reserachers indicated that as being water-soluble, 
commercial pomegranate juice obtained by pressing the fruit contain significant amounts of 
punicalagins, depending on the cultivar. Seeram et al. (2005) proposed punicalagin as a 
proper chemical marker for the authentication, quality control and standardization of 
pomegranate products. 

 
Fig. 1. Bioactive effects of pomegranate constituents. 

4. The health benefits of pomegranate derived products  

In recent years, the focus is on understanding the mechanisms of nutraceutic and health 
promoting potentials of the foods nutrients. Cancer, in terms of morbidity and mortality, is a 
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major health issue, eventhough there are advances in early detection and in treatment 
options. Cancer is an aggressive disease, which if not detected at an early stage can 
metastasize to other organs of the body. Carcinogenesis (cancer development) is a multistage 
process, influenced by mainly age, dietary habits and hormonal balance. There are three 
stages of cancer: initiation, promotion and progression (Surh, 2003). The hypothesis of 
alternative methods to prevent cancer seems to be practical and promising strategy to 
reduce cancer incidinces since treatment options for metastasized cancers remain 
inadequate. Chemoprevention focuses on cancer prevention by the administration of one or 
more synthetic or naturally occurring agents to suppress reverse or prolong the process of 
carcinogenesis (Mukhtar & Ahmad, 1999).  

It is clear that bioactive compounds present in daily diet, mainly in fruits and vegetables, 
have prevention potential in cancer by inhibiting carcinogenesis through cell-defensive and 
cell-death mechanism regulation. These chemopreventive effects may be attributed to a 
complex effect of various phenolic substances of antioxidant capacity (Khan et al., 2008).  

Pomegranate is rich in anthocyanins, 3-glucosides, 3,5-diglucosides of delphinidin, cyanidin 
and pelargonidin, ellagitannins and other phenolic compounds, which are known bioactive 
compounds with antioxidant and antitumoral activity (Ozgen et al., 2008; Chaturvedula et 
al., 2011; Zhang et al., 2011). Major hydrolysable tannins in pomegranates are gallotannins, 
ellagic acid tannins and gallagyl tannins, generally termed as punicalagins, and they have 
been shown to inhibit the proliferation of human cancer cells and modulate inflammatory 
subcellular signaling pathways due to a high antioxidant activity (Seeram et al., 2005).  

There are several studies conducted to evaluate the efficacy of pomegranate and its products 
as an anti-proliferative, anti-invasive, and pro-apoptotic agent in various cancer cell lines 
such as skin, prostate, breast, column, and blood cancer. Adams et al. (2006) revealed that 
pomegranate juice suppresses cancer activity through the combined antioxidant and anti-
inflammatory effects by modulating inflammatory cell signaling in colon cancer cells. Malik 
et al. (2005) suggested that pomegranate juice may have cancer chemopreventive as well as 
cancer-chemotherapeutic effects against prostate cancer in humans. Pomegranate fruit 
extract possesses remarkable antitumor-promoting effects in mouse skin.  

Researchers found that daily consumption of pomegranate juice may improve stress-
induced myocardial ischemia in patients who have coronary heart disease (CHD) and the 
pomegranate juice not only prevented hardening of the arteries by reducing blood vessel 
damage, but also reversed the progression of CHD (Sumner et al., 2005). Hartman et al. 
(2006) reported that pomegranate juice had beneficial effect on animal model of Alzheimer's 
disease since polyphenols are responsible for neural protection. 

4.1 Antioxidant activity  

Over the past few years, consumer demand-based research on functional foods gave a basis 
for traditional using of pomegranate, which lead to an increase in number of scientific 
papers concerning pomegranate and its products with health-improving effects (Mehta & 
Lansky, 2004; Rettig et al., 2008; Turk et al., 2008; Alam et al., 2010; Dai et al., 2010; Jadeja et 
al., 2010; Park et al., 2010). The reports have focused on in vitro, ex vivo, and in vivo 
antioxidant actions, of pomegranate and its products, which are attributed to the chemical 
composition. However, many other cellular processes are likely to be involved along with 
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bioactive compounds to enhance reactive oxygen species (ROS) elimination and inhibit ROS 
generation. Oxidative stress, refers to a cell state characterized by excessive production of 
ROS, has been given growing attention, as the generation of ROS, thus improved oxidative 
stress, can induce DNA damage and trigger redox-dependent transcription factors which 
lead to cancer, inflammatory, cardiovascular and neurodegenerative diseases, and aging 
(Evans et al., 2004; Franco et al., 2008; Ziech et al., 2010; Sedelnikova et al., 2010; Kryston et 
al., 2011; Martin et al., 2011). Nishikawa (2008) mentioned that sublethal levels of ROS can 
induce additional changes in DNA of tumor cells to make those cells malignant, stimulate 
the proliferation of cancer cells, and activate the expression of various molecules, some of 
which assist cancer cells to form metastatic colonies. 

The effect of pomegranate cultivars on antioxidant activity was target of study by some 
authors (Borochov-Neori et al., 2009; Mousavinejad et al., 2009; Pande & Akoh, 2009; 
Sadeghi et al. 2009). All authors reported considerable variation in some of the chemical 
composition profile (lipids, phenols, organic acids, vitamins, sugars) and antioxidant 
properties of pomegranate samples, independent on the antioxidant method performed. 
The antioxidant activity of pomegranate and its products was almost determined via in 
vitro trials and several methods could be used for its determination, however, 
pomegranate showed an antioxidant activity, independent on the antioxidant test assayed 
and generally with significant linear correlation between phenolic content and antioxidant 
capacity (Elfalleh et al., 2009). Seeram et al. (2005) stated that the antioxidant level in 
pomegranate juice was higher than found in other fruit juices, such as blueberry, 
cranberry, and orange. Schubert et al. (1999) and Gil et al. (2000) demonstrated that 
pomegranate juice and seed extracts have 2-3 times the in vitro antioxidant capacity of 
either red wine or green tea.  

Rosenblat et al. (2006) have shown that pomegranate extracts scavenge free radicals, and 
decrease macrophage oxidative stress and lipid peroxidation in animals. Studies in rats and 
mice confirmed the antioxidant properties of a pomegranate by-product extract made from 
whole fruit minus the juice, showing a 19% reduction in oxidative stress in mouse peritoneal 
macrophages (MPMs), a 42% decrease in cellular lipid peroxide content, and a 53% increase 
in reduced glutathione levels. A study in rats with chemically induced liver damage 
demonstrated that pretreatment with a methanolic extract of pomegranate peel enhanced or 
maintained the free-radical scavenging activity of the hepatic enzymes such as catalase, 
peroxidase, and superoxide dismutase to values comparable with control values, whereas 
resulted in 54% reduction of lipid peroxidation values compared to controls (Chidambara 
Murthy et al., 2002). 

Using the FRAP (ferric reducing/antioxidant power) assay, Guo et al. (2008) found that 
consumption of 250 mL pomegranate pulp juice daily for four weeks by healthy elderly 
subjects resulted in increased plasma antioxidant capacity, while subjects consuming apple 
juice experienced no significant increase. In addition, subjects consuming the pomegranate 
pulp juice exhibited significantly decreased plasma carbonyl content, a biomarker for 
oxidant/antioxidant barrier impairment in various inflammatory diseases.  

Several works have demonstrated that peel, seeds, arils have antioxidant activity, 
nevertheless, after ingestion those antioxidant compounds, mainly tannin components, are 
metabolized by gut bacteria into urolithins, which readily enter systemic circulation. 
Bialonska et al. (2009a) studied the antioxidant activities of seven urolithins derivatives in a 
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cell-based assay in order to reflect bioavailability of the test compound to the cells, and the 
antioxidant activity is evaluated in the cellular environment and in terms of inhibition of 
intracellular generation of reactive oxygen species. They found that urolithins exhibited a 
significant antioxidant activity correlated with the number of hydroxyl groups as well as 
lipophilicity of the molecules. 

4.2 Anticarcinogenic/antitumoral activity  

The critical success factor in cancer chemoprevention is the capacity of the agent to 
selectively inhibit proliferation and/or induce apoptosis in malignant cells, preserving 
normal cells. Pomegranate, consumed as whole fruit, juice, or any form of derivates, possess 
anti-proliferative, pro-apoptotic, and/or anti-angiogenic effects superior to those observed 
with their isolated active compounds, suggesting therapeutic strategies that may depart 
from preference for pure single agents. There are several publications on the 
anticarcinogenic effects of pomegranate (Ahmed et al., 2005; Jeune et al., 2005; Malik et al., 
2005; Syed et al., 2007; Lansky & Newman, 2007; Hajimahmoodi et al., 2008; Jurenka, 2008, 
Sartippour et al. 2008; Adams et al., 2010; Adhami et al., 2010; Faria & Calhau, 2010,2011; 
Miguel et al., 2010). Therefore, due to the vast explosion of interest in pomegranate as a 
functional food and therapeutic source the present work is launched to make a review that 
highlights anticarcinogenic activity of pomegranate and its products of recently published 
works. 

4.2.1 Prevention of skin cancer  

There is an urgent need to develop mechanism-based approaches for the 
prevention/therapy of lethal skin cancer (non-melanoma). Skin is the organ most accessible 
to sunlight, and directly suffers from the deleterious effects of ultraviolet (UV)1 radiation, 
that is known to accelerate aging changes, causing fine and coarse wrinkling, rough skin 
texture, dryness, telangiectasia and dyspigmentation, resulting in skin cell DNA damage 
(Afaq, 2011). The increase in incidinces of skin cancer due to constant exposure of skin to 
environmental carcinogens, such as chemical agents and ultraviolet radiation, provides a 
strong basis for chemoprevention (Gupta & Mukhtar, 2002). There is a considerable 
attention on the use of naturally occurring botanicals for their potential preventive effect 
against UV-mediated damages referred to as photochemopreventive effects (Afaq et al., 2005). 
In general, skin carcinogenesis, being a stepwise process of all three distinct stages, is an 
effective model for cancer chemoprevention (Richmond & Viner, 2003).  

Hora et al. (2003) investigated pomegranate seed oil (PSO) stated that PSO appears to be a 
natural product with potential as a topical chemopreventive agent against skin cancer, 
through inhibition of PG biosynthesis and ornithine decarboxylase. PSO treatment did not 
delay the appearance of tumors, but significantly decreased the rate of tumor development, 
skin tumor multiplicity, and ornithine decarboxylase activity during 20 weeks of promotion. 
They stated that PSO, being rich in punicic acid, has inhibitory effect on PG biosynthesis, as 
well as inhibiting upstream eicosanoid enzyme, phospholipase A2.  

Murthy et al. (2004) studied the wound healing activity of phenol-rich methanolic extract of 
dried pomegranate peel on the skin of Wistar rats. Following the application of the extract, 
formulated as a water-soluble gel, the animals treated with 5% gel showed complete healing 
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after 10 days, whereas in rats treated with 2.5% gel, healing was observed on day 12, in 
contrast to the positive control animals receiving the blank gel, which took 16–18 days for 
complete healing. The animals treated with 2.5% gel showed moderate healing (55.8% and 
40.8% healing compared with negative and positive controls, respectively), whereas the 
group treated with 5.0% gel showed good healing (59.5% and 44.5% healing compared with 
negative and positive controls, respectively). Histopathological studies supported the 
wound healing increased on application of the gels.  

Afaq et al. (2005) showed that pretreatment of mouse skin with pomegranate fruit extract 
modulated the activation of mitogen-activated protein kinase (MAPKs) and nuclear factor 
kappa B (NF-κB), in the 12-O-tetradecanoylphorbol 13-acetate (TPA)-induced or ultra 
violet-B induced skin carcinogenesis model. Aslam et al. (2006) assessed the cosmeceutical 
value of pomegranate where aqueous fraction of the peel was shown to stimulate type I 
procollagen synthesis and inhibit MMP-1 production by human dermal fibroblasts. Syed 
et al. (2006) reported the remarkable photochemopreventive effects of pomegranate fruit 
extract (PFE) against UVA using normal human epidermal keratinocytes (NHEK) as a test 
system. PFE, extracted edible part of fruit with acetone, treatment was shown to inhibit 
UVA-induced phosphorylation of STAT3, ERK1/2 and AKT1 in human epidermal cells. 
In addition, the inhibitory effect of PFE on UVA-mediated phosphorylation of mTOR and 
p70S6K may have a regulatory effect on the rate of protein synthesis and activation of 
tumor cell proliferation. 

In a study pretreatment of EpiDerm with pomegranate juice, oil or by-product resulted in 
marked inhibition in the number of cyclobutane primidine dimers (CPDs) and 8-hydroxy-2-
deoxyguanosine (8-OHdG) positive cells, ultimately, showing a protective effect of against 
UVB-mediated DNA damage. UVB irradiation results in the induction in metalloproteinases 
(MMPs) which degrade extracellular matrix proteins, and eventually, cause skin wrinkling. 
It was shown that all three components of pomegranate were able to inhibit UVB-induced 
expressions of MMPs as well as MMP-2 and MMP-9 activity in the EpiDerm (Zaid et al., 
2007). Cell culture and animal studies have also supported that intake of pomegranate is 
associated with decreased skin cancer risk (Pacheco-Palencia et al., 2008). Afaq et al. (2009) 
found that pretreatment of human reconstituted skin (EpiDermTM FT-200) with 
pomegranate-derived products inhibited UVB-induced CPDs and 8-OHdG as well as 
protein oxidation and proliferating cell nuclear antigen (PCNA) protein expression. In 
addition they reported an inhibition of UVB-induced metalloproteinases (collagenase, 
gelatinase, stromelysin, marilysin, elastase and tropoelastin).  

George et al. (2011) examined the chemopreventive efficacy of pomegranate fruit extract 
(PFE) and diallyl sulfide (DAS), alone and in combination, using 2-stage mouse skin 
tumorigenesis model. PFE alone delayed onset and tumor incidence by 55%, while in 
PFE+DAS combination at low doses synergistically decreased tumor incidence more 
potentially (84%). In addition, regression in tumor volume was seen with continuous 
combinatorial treatment (p < 0.01). Mechanistic studies revealed that this inhibition was 
associated with decreased expression of phosphorylated ERK1/2, JNK1 and activated NF-
κB/p65, IKKα, IκBα phosphorylation and degradation in skin tissue/tumor. Histological 
and cell death analysis also confirmed that combined PFE and DAS inhibit cellular 
proliferation and markedly induce apoptosis than the single agents.  
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4.2.2 Prevention of prostate cancer  

Prostate cancer is the second-leading cause of cancer-related deaths in men in the World. In 
vitro studies stated several pomegranate products inhibit prostate cancer cell growth, induce 
apoptosis of several prostate cancer cell lines, suppress invasive potential of PC-3 cells, and 
decrease proliferation of DU-145 prostate cancer cells (Lansky et al., 2005a,b; Pantuck et al., 
2006). Albrecht et al. (2004) showed that pomegranate seed oil (PSO) as well as polyphenols 
present in the pericarp and fermented juice suppress proliferation and invasion of several 
human prostate cancer cells, LNCaP, PC-3 and DU-145 across the matrigel matrix. Supra-
additive, complementary and synergistic effects were proven in all models. Lansky et al 
(2005b) found equally combined amounts of pomegranate fermented juice, pomegranate 
pulp juice, cold-pressed pomegranate seed oil extracts resulted in a 99% suppression of DU-
145 prostate cancer cell invasion across a matrigel matrix. Ellagic acid, caffeic acid, luteolin 
and punicic acid, important components of pomegranate significantly inhibited in vitro 
invasion of human PC-3 prostate cancer cells when employed individually.  

Malik et al. (2005) showed that pomegranate fruit extract exhibited significant anti-
proliferative and pro-apoptotic activity against highly aggressive human PC-3 cells. The cell 
growth inhibition was dose-dependent, and alterations were in the regulatory molecules 
responsible in the G1 phase of the cell cycle. Another molecular mechanism through which 
pomegranate fruit extract is capable of inducing apoptosis in prostate cancer cells may be 
up-regulation of Bax and down-modulation of Bcl-2. PFE intake was observed to 
significantly slow the progression of tumor growth in athymic nude mice implanted with 
androgen-responsive CWR22R-1 cells. Importantly, this tumor growth inhibition followed a 
significant decrease in the serum levels of PSA. 

Pantuck et al. (2006) studied the effects of pomegranate juice consumption on prostate-
specific antigen (PSA) progression in men with a rising PSA following primary therapy. A 
phase II, Simon two-stage clinical trial for eligible men patients with rising PSA after 
surgery or radiotherapy was conducted. The eligible patients had previous surgery or 
radiation therapy for prostate cancer, Gleason score ≤7, rising PSA value of 0.2-5.0 ng/mL, 
no prior hormonal therapy, and no evidence of metastases. Patients were treated with 8 
ounces of pomegranate juice daily until disease progression. Mean PSA doubling time 
significantly increased with treatment from a mean of 15 months at baseline to 54 months 
posttreatment. In vitro assays comparing pretreatment and posttreatment patient serum on 
the growth of LNCaP showed a 12% decrease in cell proliferation and a 17% increase in 
apoptosis, a 23% increase in serum nitric oxide, and significant reductions in oxidative state 
and sensitivity to oxidation of serum lipids, after versus before pomegranate juice 
consumption.  

Prostate cancer is dependent on circulating testosterone in its early stages and is treatable 
with surgery, radiation therapy, stereotactic radiosurgery, and proton therapy. Both 
androgen and androgen receptor (AR) are recognized risk factors in the development of 
prostate cancer (Heinlein & Chang, 2004). Reduction of circulating levels of androgens and 
suppression of AR are crucial for the treatment of prostate cancer as an elevated level of 
androgen causes enhancement of prostate cancer (Attard et al., 2006). Pomegranate extracts 
has been shown to inhibit both androgen-dependent and androgen-independent prostate 
cancer cell growth. Since androgen and AR play central roles throughout prostate cancer 
development Hong et al. (2008) examined the effects of pomegranate polyphenols, 



 
The Therapeutic Potential of Pomegranate and Its Products for Prevention of Cancer 

 

343 

ellagitannin-rich extract and whole juice extract on the expression of genes for key 
androgen-synthesizing enzymes [HSD3B2 (3β-hydroxysteroid dehydrogenase type 2), 
AKR1C3 (aldo-keto reductase family 1 member C3) and SRD5A1 (steroid 5α reductase type 
1)] and AR in LNCaP, LNCaP–AR and DU-145 human prostate cancer cells. Pomegranate 
polyphenols inhibited gene expression and AR most consistently in the LNCaP–AR cell line. 
Therefore, inhibition by pomegranate polyphenols of gene expression involved in androgen-
synthesizing enzymes and the AR may be of particular importance in androgen-
independent prostate cancer cells and the subset of human prostate cancers where AR is up-
regulated. 

Since the anticarcinogenic activity of ellagic acid, the main polyphenol in the pomegranate, 
has been shown on several cancer types Malik et al. (2011) evaluated the effect of ellagic acid 
treatment on the cell viability of human prostate cancer cells. They observed that ellagic acid 
(10-100 mol/L) treatment (48 h) of human prostate carcinoma PC3 cells resulted in a dose 
dependent inhibition of cell growth/cell viability. Ellagic acid caused cell growth inhibition 
which was accompanied by induction of apoptosis, as assessed by the cleavage of poly 
(ADP-ribose) polymerase (PARP) and morphological changes. Further, ellagic acid 
treatment was also found to result in significant activation of caspases, as shown by the dose 
dependent decrease in the protein expression of procaspase-3, -6, -8 and -9. This ellagic acid-
mediated induction of apoptosis was significantly (80-90%) inhibited by the caspase 
inhibitor N-benzyloxycarbonyl-Val-Ala-Asp (OMe) fluoromethylketone (Z-VAD-FMK).  

In a study, Koyama et al. (2010) investigated the relationship between pomegranate-induced 
apoptosis in human prostate cancer cells and the insuline-like growth factor (IGF)/IGF 
binding protein (IGFBP) system, as the IGF axis is critical for the regulation of apoptosis in 
many human cancer cell lines and IGFBPs in serum are responsible for regulation of IGF 
action, inhibition of cell proliferation and enhancement of apoptosis in many cell types, 
including prostate (Rajah et al., 1997) and breast (Gucev et al., 1996; Kim et al., 2004) cancers. 
They concluded that there are novel interactions between the IGF system and pomegranate-
induced apoptosis, and pomegranate products modulate the tumor production and 
responsiveness to IGFs and the IGFBPs. Treatment of LAPC-4 prostate cancer cells with 10 
g/mL pomegranate extract, standardized to ellagitannin content (37% punicalagins by 
HPLC), resulted in inhibition of cell proliferation and induction of apoptosis. Co-treatment 
with pomegranate extract and IGFBP-3 revealed synergistic stimulation of apoptosis and 
additional inhibition of cell growth. The researchers also investigated the relationship 
between IGF-1 and pomegranate-induced apoptosis in 22RV-1 prostate cancer cells. Co-
treatment with 100 ng/mL IGF-1 completely blocked apoptosis induction by pomegranate 
extract. In contrast, IGF-I failed to inhibit pomegranate-induced apoptosis in R- cells, 
suggesting the importance of IGF-IR. POMx-treatment decreased Igf1 mRNA expression in 
a dose-dependent manner indicating that its actions also involve tumor-specific suppression 
of IGF-1.  

4.2.3 Prevention of breast cancer  

Along with enthusiastic efforts in early diagnosis, aggressive surgical treatment and 
application of additional non-operative modalities, the prognosis of breast cancer is stil 
chaotic. Pomegranate has been the target of several work in laboratories and cancer centres 
and known to have inhibition properties against diverse types of cancers. Recent review 
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articles reported the laboratory and clinical evidence of cancer chemoprevention or 
treatment of pomegranate fruit, pomegranate juice, pomegranate seed and seed oil on 
prostate, breast, skin, colon, lung, oral and leukaemia cancers, through antioxidant, 
antiproliferation, antiangiogenesis and antiinflammatory mechanisms of action (Adhami et 
al., 2009,2010; Amin et al., 2009; Faria & Calhau, 2011; Johanningsmeier & Harris, 2011). 
They all reported that extracts of pomegranate or the juice are generally more active than 
individual or purified compounds. 

The antiangiogenic potential of pomegranate was evaluated by Toi et al. (2003) where 
VEGF, interleukin-4 and migration inhibitory factor (MIF) were measured in the 
conditioned media of estrogen sensitive MCF-7, estrogen resistant MDA-MB-231 human 
breast cancer cells and MCF-10A immortalized human breast epithelial cells, grown in the 
presence or absence of pomegranate seed oil or fermented juice polyphenols. Polyphenols 
from fermented pomegranate juice, pericarp and oil were shown to inhibit endogenous 
active estrogen biosynthesis with subsequent inhibition of aromatase activity. VEGF was 
strongly downregulated in MCF-10A and MCF-7 cells, and MIF upregulated in MDAMB-
231 cells, representing a marked potential for downregulation of angiogenesis by 
pomegranate fractions. Mehta & Lansky (2004) examined the effects of pomegranate 
fermented juice, cold pressed pomegranate seed oil extract and an HPLC-isoIated peak 
(from the fruit extract-peak B), using the mouse mammary organ culture, an animal model 
of breast cancer having >75% accuracy to predict in vivo carcinogenesis. They showed that 
the purified chromatographic peak of pomegranate fermented juice polyphenols and 
pomegranate seed oil possesses greater chemopreventive potential than that previously 
reported by Kim et al. (2002). While fermented juice polyphenols effected a 42% reduction in 
the number of DMBA-induced cancerous lesions compared with control, purified 
compound, peak B, and pomegranate seed oil each effected an 87% reduction. Peak B is 
believed to be a phenolic compound with potent chemopreventative properties. 
Combination treatment of MCF-7 breast cancer cells with both pomegranate extracts and 
genistein was found to be more effective on inhibition and cytotoxicity than with single 
treatments (Jeune et al., 2005). 

In an ethnobotanical study of medicinal plants in Chandauli District, Singh & Singh (2009) 
were able to document 40 medicinal plants belonging to 27 families by semi-structured 
interviews, field observations, preference and direct matrix ranking with traditional 
medicine practitioners. Pomegranate was found to be an ingredient of a powder for external 
treatment of breast cancer along with whole plant of Vernonia cinerea Less. (AS38) and leaves 
of Crataeva nurvala.  

Epidemiological studies have demonstrated that elevated serum levels of the estrogens, 
mainly estrone and estradiol, and lower levels of sex hormone binding globulin, after 
menopause substantially increased the risk of breast cancer. After menopause, most 
circulating estrogen is derived from the conversion of adrenal androgens to estrone, and 
some of the estrone is further converted to estradiol, the most active estrogen in breast 
tissue. Sturgeon & Ronnenberg (2010) described the in vitro cell culture studies, animal 
studies and available data about the property of pomegranate to prevent breast cancer as 
well as the possible mechanisms involved. They reported that cyclooxigenase inhibition by 
the constituents of the pomegranate fruit, seed oils or pure compounds induce the decrease 
of PGE2 that known to downregulate aromatase expression, that converts adrenal 
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androgens to estrone. Ellagic acid seems to exhibit apoptosis, inhibits activation of 
inflammatory pathways, and inhibits angiogenesis. However, these assays being performed 
in animal models need to be confirmed in humans. 

Grossmann et al. (2010) found that punicic acid inhibited the proliferation of estrogen 
insensitive breast cancer cell line (MDA-MB-231) and an estrogen sensitive cell line 
developed from the MDA-MB-231 cells (MDA-ER 7), as well as induced apoptosis in both 
type of cells 86% and 91% respectively. They stated that punicic acid also disrupted 
mitochondrial membrane potential of both cell lines. Such antiproliferative effect of punicic 
acid on human breast cancer cells was due to lipid peroxidation of cells and activation of 
protein kinase C (PKC).  

Tran et al. (2010) evaluated pomegranate seed linolenic acid isomers as selective estrogen 
receptor modulators (SERMs) in vitro. Punicic acid and -eleostearic acid present in seed oil 
of pomegranate inhibited the IC50 estrogen receptors ER and ERβ depending on the dose. 
At lower doses of punicic acid acted as agonist for both receptors and antagonist at higher 
concentrations. Both acids were effective in producing effective inhibition of cancer cell 
proliferation: MCF-7 (ER-positive human breast cancer cells) and MDA-MB-231 (ER-
negative human breast cancer cells and are SERMs.  

4.2.4 Prevention of colon cancer  

Current treatment options in colorectal cancer such as surgical intervention and adjuvant 
chemotherapy have several limitations in counteracting the disease. Furthermore, at 
advanced stages the patients might be unresponsive to any form of treatment. In this regard, 
an optimal model for primary and secondary prevention in colon cancer, given the 
availability of effective screening procedures and a well-defined multi-step carcinogenic 
pathway, can be thought as the development of new cancer chemopreventive agents that 
could be employed to inhibit tumor development without causing systemic toxicity such as 
increasing the consumption of food containing anticarcinogenic compounds. 
Phytochemicals from pomegranate have been shown to inhibit colon cancer cell 
proliferation and apoptosis through the modulation of cellular transcription factors and 
signaling proteins (Mertens-Talcott & Percival, 2005; Seeram et al., 2006; Khan, 2009; 
Kasimsetty et al., 2010).  

Kohno et al. (2004a,b) reported that dietary administration of pomegranate seed oil rich in 
conjugated linolenic acid markedly inhibited the development of azoxymethane-induced 
colonic adenocarcinomas in male F344 rats without causing any adverse effects. This was 
associated with an increased content of conjugated linoleic acid in the colon and liver 
and/or increased expression of peroxisome proliferator-activated receptor (PPAR)-protein 
in the non-tumor colon mucosa.  

There is considerable evidence that the anticarcinogenic effect of pomegranate ellagitannins 
is mainly due to ellagic acid, which induces apoptosis in human colon cancer cell line via the 
intrinsic pathway with release of cytochrome c into the cytosol, activation of initiator 
caspase 9 and effector caspase 3 and down-regulation of B-cell lymphoma-extra large (Bcl-
XL). In addition, pomegranate treated Caco-2 cells showed arrest in the S phase of the cell 
cycle, down-regulation of cyclins A and B1 and upregulation of cyclin E (Larossa et al., 
2006).  
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Adams et al. (2006) examined the effects of pomegranate juice on inflammatory cell 
signaling proteins in the HT-29 human colon cancer cell line. In HT-29 colon cancer cells, at 
a concentration of 50 mg/L pomegranate juice significantly suppressed TNFalpha-induced 
COX-2 protein expression by 79%, total pomegranate tannin extract (TPT, 55%), and 
punicalagin 48% Cyclooxygenase-2 (COX-2) expression is increased via activation of nuclear 
factor kappa-B (NFKB) by tumor necrosis factor-alpha (TNF-Ot), an inflammatory cell 
signaling process that may be a cause of cancer initiation and progression. Additionally, 
pomegranate juice reduced phosphorylation of the p65 subunit and binding to the 
NFkappaB response element 6.4-fold. TPT suppressed NFK binding 10-fold, whereas 
punicalagin 3.6-fold. It was shown that inflammatory enzymes in colon cancer cells were 
inhibited by the pomegranate juice components. Ellagic acid, punicalagin and TPT failed to 
induce apoptosis in HT-29 and HCT-116 cells when treated at doses equivalent to found in 
pomegranate juice. They were only effective when treated at equivalent doses of 100μg/mL 
(Seeram et al., 2005).  

In a seperate study, Boateng et al. (2007) examined the effect of pomegranate juice given 
access to 20%, before and after treatment with colon-specific chemical carcinogen, 
azoxymethanein to F-344 rats for 17 weeks. Pomegranate fruit juice reduced the number of 
aberrant cryptic foci (ACF) of the colon by 91% in male rats. Histopathology of rat colon 
after 17th week of treatment revealed a remarkable decrease in the number of large crypts in 
pomegranate juice-fed rats, and the number of crypts/ACF was also low. When compared 
to water melon and cranberry juices, pomegranate juice was found to be superior as an 
inhibitor of ACF in rat colon. Increase in weight gain and feed intake was observed in 
pomegranate fruit juice-fed rats, suggesting a possible protective effect against cancer 
cachexia. 

Kasimsetty et al. (2010) investigated the colon cancer chemopreventive properties of 
pomegranate ellagitannins and their intestinal bacterial metabolites, urolithins, in HT-29 
human colon cancer cells, and stated that the ellagitannins and urolithins released in the 
colon upon consumption of pomegranate juice in considerable amounts could potentially 
reduce the risk of colon cancer development, by inhibiting cell proliferation and inducing 
apoptosis. Ellagitannins and urolithins inhibited endocrine disrupter 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD)-induced CYP1-mediated ethoxyresorufin-O-deethlyase 
(EROD) activity in vitro with IC50 values ranging from 56.7 M for urolithin A to 74.8 M for 
urolithin C. These compounds exhibited dose- and time-dependent decreases in cell 
proliferation and clonogenic efficiency of HT-29 cells.  

In colon cancer, a large percentage of the tumour arises from activating mutations in the 
Wnt protein pathway. Sharma et al. (2010) studied the effects of urolitinins, ellagic acid and 
ellagitannin-rich fruit extracts on Wnt signalling in a human 293T cell line using a luciferase 
reporter of canonical Wnt pathway-mediated transcriptional activation. In the canonical 
Wnt pathway, the signal produced by the binding of Wnt ligands to cell surface receptors is 
transmitted through a cytoplasmic protein called disheveled (Dvl) to inhibit the activity of a 
complex of cellular proteins that phosphorylate β-catenin, and target it for destruction. 
Therefore, Dvl-mediated inhibition of the β-catenin destruction complex results in increased 
levels of cellular β-catenin and translocation of β-catenin into the nucleus, where β-catenin 
activates transcription factors of the LEF/TCF families and initiates transcription of target 
genes effective on tissue proliferation, differentiation and tumorigenesis. The researchers 
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concluded that urolithins produced in the colon from ellagitannins present in pomegranate 
are inhibitors of the canonical Wnt signalling pathway at physiologically relevant 
concentrations. 

4.2.5 Prevention of other cancer types  

Eventhough there are advances in detection and therapy of cancer, the severe morbidity rate 
from cancer have not improved. Various parts of the pomegranate plant have been stated to 
exert selective antiproliferative effects on a lung, leukemia, stomach, bladder, oesaphagus 
and oral cancers (Lansky & Newman, 2007; Syed et al., 2007; Heber, 2008; Jurenka, 2008; 
Rahman et al., 2010; Khan & Mukhtar, 2010; Faria & Calhau 2011), through antioxidant, 
antiproliferation (growth inhibition, cell cycle disruption and apoptosis), antiangiogenesis 
and antiinflammatory mechanisms of action. 

In vitro and in vivo studies revealed that pomegranate fruit extract (PFE) have 
chemopreventive/therapeutic potential of against lung cancer models (Khan et al., 
2007a,b,2008). Normal human bronchial epithelial cells (NHBE) and human lung carcinoma 
A549 cells, in mice, were treated with pomegranate fruit extract (50–150 µg/ml) for 72 h. 
There was a significant decrease in the viability of A549 cells, however, only minimal effects 
were observed on NHBE cells. Pomegranate fruit extract treatment of A549 cells resulted in 
dose-dependent arrest of cells in G0/G1 phase of the cell cycle, which was associated with 
induction of WAF1/p21 and KIP1/p27 and accompanied by decrease in the expression of 
downstream cell cycle regulatory proteins (Khan et al., 2007a).  

The effect of oral consumption of a human achievable dose of pomegranate fruit extract on 
tumor growth, progression and signaling pathways involved, was studied further in two 
other mouse lung tumor protocols. Benzo(a)pyrene [B(a)P] and N-nitroso-tris-
chloroethylurea (NTCU) were used to induce lung tumors, and PFE was given in drinking 
water to A/J mice. Lung tumor yield was examined on the 84th day and 140 days after B(a)P 
dosing and 240 days after NTCU treatment. Mice treated with PFE and exposed to B(a)P and 
NTCU had statistically significant lower lung tumor multiplicities than mice treated with 
carcinogens only. Tumor reduction was 53.9% and 61.6% in the B(a)P+PFE group at 84 and 
140 days, respectively, compared with the B(a)P group. The NTCU+PFE group had 65.9% 
tumor reduction compared with the NTCU group at 240 days. PFE treatment also resulted 
in inhibition of NF-κB, MAPK, and PI3K/Akt signaling. Treatment with B(a)P and NTCU 
caused increased phosphorylation of mTOR at Ser2448, whereas PFE administration resulted 
in inhibition of phosphorylation of mTOR. This observation was significant since the mTOR 
integrates mitogenic signals and intracellular nutrient levels to activate 4EBP1 and p70S6K 
that control protein translation and cell cycle progression (Khan et al., 2007b).  

Suzuki et al. (2001) investigated cytotoxicity of pomegranate seed oil and other plant seed 
oils containing conjugated linoleic acids in mouse tumors and human monocytic leukemia 
cells. They stated the cytotoxic effect of pomegranate seed oil (containing 9c,11t,13c-18:3), as 
well as tung seed oil (containing 9c,11t,13t-18:3) and catalpa seed oil (containing 9t,11t,13c-
18:3), was much stronger than that of pot marigold seed oil (containing 8t,10t,12c-18:3), 
suggesting that the position of the double bond could be an important determinant for the 
cytotoxicity of conjugated inoleic acids. 

Kawaii & Lansky (2004) examined the effect of flavonoid-rich pomegranate juice, 
pomegranate fermented juice and pomegranate pericarp extracts on HL-60 human leukemia 
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cell differentiation and proliferation. In vitro assays confirmed that both the pomegranate 
fermented juice and pericarp extracts strongly promoted cellular differentiation and 
inhibited proliferation in HL-60 cell cultures; the effect of pomegranate juice on cellular 
differentiation was less significant. In view of the observations the authors stated the 
hypothesis of another mechanism by which pomegranate constituents impart an 
anticarcinogenic effect. 

Mertens-Talcott & Percival (2005) investigated the interactions of ellagic acid and quercetin 
with resveratrol, with the hypothesis that the selected polyphenols would interact 
synergistically in the induction of apoptosis and reduction of cell growth in human 
leukemia cells (MOLT-4). They found significant interaction for the combination of ellagic 
acid with resveratrol, and alterations in cell cycle kinetics induced by single compounds and 
combinations were also observed. The authors concluded that the anticarcinogenic potential 
of foods containing polyphenols may not be based on the effects of individual compounds, 
but may involve a synergistic enhancement of the anticancer effects. 

4.3 Other health effects  

4.3.1 Antiinflammatory activity  

Epidemiological evidence points that many cancers arise from sites of infection, chronic 
irritation and inflammation (Rakoff-Nahoum, 2006; Heber, 2008). The inflammatory 
response result in persistent oxidative stress orchestrates tumour microenvironment to 
microbial infection and mediates tissue repair and regeneration, which may occur due to 
infectious or non-infectious tissue damage. 

Pomegranate and the selected chemical constituents isolated from juice, peel, and seed 
have been found to have a large range of effects: (i) inhibition of Cyclooxygenase-2 (COX-
2) expression and ultimately eicosanoid biosynthesis (Schubert et al., 1999; Shukla et al., 
2008); (ii) synergistic suppression of inflammatory cytokine expression (Adams et al., 
2006); (iii) inhibition of matrix MMPs (Okamoto et al., 2004; Ahmad et al., 2005; Aslam et 
al., 2006). 

In view of the antioxidant, anticarcinogenic and antiinflammatory properties of 
pomegranate phenolics and/or its derived metabolites, one could hypothesize that 
pomegranate and/or its derived metabolites have a beneficial effect on inflammation. 
Larrosa et al. (2010) evaluated the effects of pomegranate intake and its main microbiota-
derived metabolite urolithin-A (UROA) on colon inflammation in a dextran sodium sulfate 
(DSS)-induced colon inflammation rat model and to assess whether UROA is the main anti-
inflammatory compound. In addition, they examined the effect of the inflammation on the 
phenolic metabolism. DSS (5%) was administered for the five last days to Male Fisher rats, 
fed with 250 mg/kg day pomegranate extract or 15 mg/kg day UROA for 25 days. In both 
groups inflammation markers (iNOS, COX-2, PTGES and PGE2 in colonic mucosa) were 
decreased, the gut microbiota was modulated and the G1 to S cell cycle pathway was up-
regulated. UROA group showed various down-regulated pathways, including that of the 
inflammatory response. Pomegranate extract, but not UROA, decreased oxidative stress in 
plasma and colon mucosa. Only UROA preserved colonic architecture. The normal 
formation of urolithins in pomegranate extract-fed rats was prevented during inflammation 
suggesting UROA could be the most active anti-inflammatory compound derived from 
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pomegranate ingestion in healthy subjects, whereas in colon inflammation, the effects could 
be due to the nonmetabolized ellagitannin-related fraction. 

Structure–activity relationships of natural products have been found to influence the 
various pharmacological functions. In vitro and in vivo antiinflammatory effects of Punica 
granatum Linne, a high phenolic content fruit, widely used as an antipyretic analgesic in 
Chinese culture, were investigated by Lee et al. (2010). Pomegranate has shown potential 
nitric oxide (NO) inhibition in liposaccaharide (LPS)-induced RAW 264.7 macrophage cells, 
with significant decrease in carrageenan-induced mice paw edema. Hydrolysable tannins, 
punicalagin, punicalin, strictinin A, and granatin B, inhibited NO production and inductible 
nitric oxide synthase (iNOS) expression in RAW 264.7 cells. Granatin B showed the strongest 
iNOS and COX-2 inhibitory effects, and exhibited these effects in the inhibition of paw 
swelling and the prostaglandin (PG) E2 level in carrageenan-induced mice.  

Inflammatory disorders are due to excessive production of pro-inflammatory mediators 
such as TNFa, GM-CSF, IL-1, IL-6, IL-8, leukotriene B4 and PAF, the activity of 
inflammatory cells such as neutrophils, monocytes and macrophages, and excessive 
production of reactive oxygen species (ROS) (Nathan, 2006). Bachoual et al. (2011) 
investigated the effect of pomegranate peel aqueous extract (PPAE) on human neutrophil 
reactive oxygen species (ROS) production in vitro and on LPS-induced lung inflammation in 
vivo in mice. PPAE, in a concentration-dependent manner, inhibited luminol-amplified 
chemoluminescence of resting neutrophils and N-formyl-methionylleucyl- phenylalanine 
(fMLF)- or phorbol myristate acetate (PMA)-stimulated neutrophils. On the contrary, had no 
significant effect on superoxide anion generation, suggesting that it does not directly inhibit 
NADPH oxidase activity or activation pathways, or scavenge superoxide anions. In vivo 
studies showed that PPAE also attenuated LPS-induced lung inflammation in mice. 
Consequently PPAE found to inhibit neutrophil myeloperoxidase activity and attenuates 
LPS-induced lung inflammation in mice.  

4.3.2 Cardiovascular health  

Cardiovascular diseases (CVDs) are a leading cause of death and disability worldwide. 
Hypertension and atherosclerosis, a chronic inflammatory disease characterized by plaque 
formation in the large arteries, are major risk factors for CVDs, such as stroke, myocardial 
infarction and heart failure. In addition to genetic factors, age, body weight, blood pressure, 
dyslipidemia, physical inactivity and behavioural risk factors such as tobacco or alcohol use, 
diets that include high fat, salty food are thought to play an important role in the 
development of cardiovascular disease. Epidemiological data have clearly shown that 
independent risk factors for CVD are serum total cholesterol and low-density lipoprotein 
cholesterol (LDL-C) (Kannel et. al., 1986; Mirmiran et al., 2009). A large number of clinical 
trials have demonstrated in order to prevent these cardiovascular diseases from occurring, 
control of a patient’s blood pressure is necessary, either by lifestyle modifications, 
medication(s) such as use of cholesterol-lowering statins, antihypertensive drugs and 
antiplatelet agents or both.  

While modification of dietary patterns and increased physical activity constitute the primary 
preventive intervention in lowering coronary heart disease (CHD) and stroke, the role of 
plant-based bioactive compounds or phytochemicals has attracted much attention since 
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there is a negative relationship between their consumption and CVDs (Hu, 2003; Dauchet et 
al., 2005; Nothlings et al., 2008). Pomegranate, being rich in flavonoids and ellagitannins, are 
potent antioxidants and antiinflammatory agents, thereby counteracting oxidative damage 
and inflammation which underlie the pathogenesis of CVD (Kaplan et al., 2001). Oxidative 
stress, the major contributor to CVD, is the build-up of highly reactive free radical species or 
the decrease of defence mechanisms to protect against biological damage by free radicals 
due to the imbalance between free radical formation and antioxidant status. Oxidative stress 
induces inflammation by acting on the pathways that generate inflammatory mediators like 
adhesion molecules and pro-inflammatory cytokines. The effect of reactive oxygen species 
(ROS) and reactive nitrogen species (RNS) on human health has been studied for decades, 
with results indicating increasing the risk of cancer, arthritis, degenerative eye and 
neurological disorders, as well as general aging (Aruoma, 1998). However, the attention has 
turned to the effect of these free radicals on CVD and related disorders; such as 
atherosclerosis, hypertension, hypercholesterolemia, type 2 diabetes, and heart failure 
(Hamilton et al., 2004). 

Sumner et al. (2005) investigated the effect of daily consumption of pomegranate juice for 3 
months on myocardial perfusion in patients who had coronary heart disease and 
myocardial ischemia in a randomized, placebo-controlled, double-blind study. The patients 
were given either 240 mL pomegranate juice (polyphenol content not specified) or a sports 
beverage of similar color, flavor, and caloric content daily for three months. Although both 
control and treatment patients demonstrated similar levels of stress-induced ischemia at 
baseline, at three months stress-induced ischemia decreased in the treatment group (from 
4.5±3.1 to 3.7±3.7). In addition, angina episodes decreased 50% percent in the treatment 
group but increased 38% in the placebo group. The researchers concluded that pomegranate 
juice consumption resulted in a reduction in myocardial ischemia and improvement in 
myocardial perfusion.  

Rosenblat et al. (2006) studied the antiatherosclerotic effects of a pomegranate by-product 
(PBP, which includes the whole pomegranate fruit left after juice preparation). Four-
month-old E° mice with significant atherosclerosis were given PBP (17 or 51.5 μg of gallic 
acid equiv/kg/day) with an eight-fold higher polyphenol concentration than 
pomegranate juice for three months. Consumption of PBP by the mice resulted in a 
significant reduction in atherosclerotic lesion size by up to 57% and in MPM oxidative 
status as evidenced by a 27% decrease in total macrophage peroxide levels, a 42% 
decrease in cellular lipid peroxide levels, and a 19% decrease in peritoneal macrophage 
uptake of oxidized LDL (Ox-LDL).  

Through in vitro and in vivo studies de Nigris et al. (2006) stated that the proatherogenic 
effects induced by perturbed shear stress can be also reversed by chronic administration of 
pomegranate fruit extract (PFE). The researcher investigated the effects of intervention with 
the PFE rich in polyphones (punicalagin, which is a potent antioxidant) on ELK-1, p-CREB, 
and endothelial nitric oxide synthase (eNOS) expression induced by high shear stress. Both 
the PFE and the regular pomegranate juice concentrate reduced the activation of ELK-1 and 
p-CREB and increased eNOS expression in cultured human endothelial cells and in 
atherosclerosis-prone areas of hypercholesterolemic mice. PFE and pomegranate juice 
increased cyclic GMP levels while there was no significant effect of both compounds on the 
conversion of L-arginine to L-citrulline. Administration of these compounds to 
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hypercholesterolemic mice significantly reduced the progression of atherosclerosis and 
isoprostane levels and increased nitrates.  

In a randomized, double-blind, parallel trial Davidson et al. (2009) assessed the influence of 
pomegranate juice consumption on anterior and posterior carotid intima-media thickness 
(CIMT) progression rates in subjects at moderate risk for coronary heart disease. 
Participants consumed 240 ml/day of pomegranate juice or a control beverage for up to 18 
months. No significant difference in overall CIMT progression rate was observed between 
pomegranate juice and control treatments. In exploratory analyses, in subjects in the most 
adverse tertiles for baseline serum lipid peroxides, triglycerides (TGs), highdensity 
lipoprotein (HDL) cholesterol, TGs/HDL cholesterol, total cholesterol/HDL cholesterol, and 
apolipoprotein-B100, those in the pomegranate juice group had significantly less anterior 
wall and/or composite CIMT progression versus control subjects. They concluded that in 
subjects at moderate coronary heart disease risk, pomegranate juice consumption had no 
significant effect on overall CIMT progression rate but may have slowed CIMT progression 
in subjects with increased oxidative stress and disturbances in the TG-rich lipoprotein/HDL 
axis. 

Endothelial apoptosis is a driving force in atherosclerosis development. Oxidized low-
density lipoprotein (oxLDL) promotes inflammatory and thrombotic processes and is highly 
atherogenic, as it stimulates macrophage cholesterol accumulation and foam cell formation. 
In recent years ellagic acid has been the subject of intense research within the fields of cancer 
and inflammation, however, its protective effect against oxidized LDL-induced injury in 
vascular endothelial cells have not been clarified. Ou et al. (2010) investigated the anti-
apoptotic effect of ellagic acid in human umbilical vein endothelial cells (HUVECs) exposed 
to OxLDL and explored the possible mechanisms. Pretreatment with ellagic acid (5–20 μM) 
significantly attenuated OxLDL-induced cytotoxicity, apoptotic features, and generation of 
ROS. In addition, the antiapoptotic effect of ellagic acid was partially inhibited by 
wortmannin (a PI3K inhibitor) and cavtratin (a specific endothelial NO synthase inhibitor). 
The alterations induced by OxLDL, however, were attenuated by pretreatment with ellagic 
acid. The inhibition of OxLDL-induced endothelial apoptosis by ellagic acid is due to its 
anti-oxidant activity and its ability to modulate the PI3K/Akt/eNOS signaling pathway 
upto a point. 

4.3.3 Antidiabetic properties (glucose and lipid metabolism activity)  

According to several review articles (Jurenka, 2008; Li et al., 2008; Yun, 2010) pomegranate 
flowers, containing abundant ellagitannins, was already prescribed in Unani and Ayurvedic 
systems of medicine as a remedy for diabetes. The protective effect of pomegranate flowers’ 
extracts (PFLE) was investigated by some authors on blood glucose level, serum lipid 
profile, total cholesterol, LDL, pancreatic lipid peroxidation and activities of both enzymatic 
and non-enzymatic antioxidant status in diabetic rats (Huang et al., 2005a,b; Lei et al., 2007; 
Lan et al., 2009; Bagri et al., 2009). The authors reported that the increase in blood glucose 
level, total cholesterol, triglycerides, LDL-cholesterol, very low density lipoproteins, lipid 
peroxidation level with decrease in high density lipoprotein (HDL)-cholesterol, glutathione 
content and antioxidant enzymes namely, glutathione peroxidase, glutathione reductase, 
glutathione-S-transferase, superoxide dismutase and catalase can be reversed by 
administration of aqueous PFLE. PFLE was shown to activate PPAR-a, a cardiac 
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transcription factor involved in myocardial energy production via fatty acid uptake and 
oxidation. PPAR-a activation decreased cardiac uptake and circulation of Iipids. Decreases 
were observed in cardiac tissue triglycéride content at the end of the study and in plasma 
total cholesterol and NEFA after four weeks of treatment.These findinds suggest that 
pomegranate could be used as dietary supplement in the treatment and prevention of 
chronic diseases characterised by atherogenic lipoprotein profile, aggravated antioxidant 
status and impaired glucose metabolism.  

Rosenblat et al. (2006) investigated the effect of 50 mL/day pomegranate juice for three 
months on oxidative stress, blood sugar, and lipid profiles in 10 type 2 diabetic patients, 
with a history of diabetes for 4–10 years, and 10 healthy controls. In diabetic patients, 
triglyceride levels were 2.8 times greater, (HDL) cholesterol was 28% lower, and hemoglobin 
AlC (HbAlC) values were 59% higher than in control patients. They stated that consuming 
pomegranate juice for three months did not significantly affect triglyceride, HDL 
cholesterol, HbAlC, glucose, or insulin values, but did lower serum C-peptide values by 
23%, suggesting improved insulin sensitivity. Researchers concluded that despite the sugars 
naturally present in pomegranate juice, consumption did not adversely affect diabetic 
parameters but had a significant effect on atherogenesis via reduced oxidative stress.  

Esmailzadeh et al. (2006) investigated the cholesterol-lowering effects of 40 g concentrated 
pomegranate juice on 22 type 2 diabetic patients (8 men and 14 women) for eight weeks. 
Statistically significant decreases were observed in total cholesterol, LDL cholesterol, 
total/HDL cholesterol ratio, and LDL/HDL ratio, which due in part to decreased absorption 
and increased fecal excretion of cholesterol, as well as possible affects on HMG-CoA 
reductase and sterol O-acyltransferase, two enzymes key to cholesterol metabolism.  

Oleanolic acid, ursolic acid and gallic acid, active components contained in pomegranate 
flower (Li et al., 2008), have long been recognized to have antihyperlipidemic properties 
(Liu, 1995; Jang et al., 2008). Xu et al. (2009) speculated that PFLE might improve diabetes 
and obesity-induced fatty liver, and investigated the effects and underlying mechanisms of 
action of PFLE on hepatic lipid accumulation in ZDF rats with severe fatty liver and in 
human liver-derived HepG2 cell line. PFLE-treated ZDF rats showed reduced ratio of liver 
weight to tibia length, hepatic triglyceride contents and lipid droplets. These effects were 
accompanied by enhanced hepatic gene expression of peroxisome proliferator-activated 
receptor (PPAR)-alpha, carnitine palmitoyltransferase-1 and acyl-CoA oxidase (ACO), and 
reduced stearoyl-CoA desaturase-1. Incontrast, PFLE showed minimal effects on expression 
of genes responsible for synthesis, hydrolysis or uptake of fatty acid and triglycerides. PGF 
treatment also increased PPAR-alpha and ACO mRNA levels in HepG2 cells. The authors 
concluded that PFLE, an Unani medicine, ameliorates diabetes and obesity-associated fatty 
liver, at least in part, by activating hepatic expression of genes responsible for fatty acid 
oxidation. 

There is growing evidence that paraoxnase (PON1) plays an important role in lipid 
metabolism, particularly in protecting LDL and HDL from oxidation in vitro, and thus 
lowering the risk of developing atherosclerosis, and the onset of cardiovascular disease 
(Mackness et al., 2000,2002). PON1 knockout mice exhibit about a two-fold increase in 
atherosclerosis (Rozenberg et al., 2003), whereas PON1 expression and activity can be 
modulated by dietary polyphenols i.e. LDL receptor deficient mice supplemented with 
quercitine (a polyphenol contained in pomegranate) and moderate ethanol inhibited the 
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progression of atherosclerosis by upregulating the hepatic expression with concomitant 
increased serum PON1 activity (Gouédard et al., 2004; Leckey et al., 2010). Similarly, 
pomegranate polyphenols seem to have a specific transcriptional role in hepatocyte PON1 
expression upregulation (Khateeb et al., 2010). Although it is known that diabetes is 
associated with increased oxidative stress and the development of atherosclerosis 
(Mooradian, 2009), no expression studies have been examined in a diabetic model that is fed 
with high fat. Therefore, Betanzos-Cabrera et al. (2011) investigated whether pomengranate 
juice induces PON1 gene expression and activity, especially in conditions known for 
affecting PON1 enzymatic function. The feeding of streptozotocin-induced diabetic mice 
with a high-fat diet supplemented daily with pomegranate juice significantly induced PON1 
gene expression and activity. Interestingly, animals supplemented with pomegranate juice 
showed the lowest bodyweight. In addition, the pomegranate juice significantly reduced 
blood glucose but not triacylglycerols and cholesterol levels, demonstrating that 
pomegranate juice has a hypoglycemic effect.  

4.3.4 Antimicrobial properties  

Due to the increasing interest in natural antimicrobials and antioxidants derived from plant 
sources the investigation of pomegranate has also been an interesting scientific field for 
researchers, since the capacity of preventing infections of pomegranate extracts was well 
documented. Food-borne illnesses are still an important concern for both consumers, the 
food industry and food safety authorities, thus, the ongoing search for natural 
antimicrobials for prevention of food-borne illnesses is a vast exploring area for scientists. 
Antimicrobial activities of pomegranate have been studied by some researchers and the 
extent of inhibitory effect is always attributed to the pomegranate antioxidant activity that 
depends mainly on the phenolic and anthocyanin content of the fruit (Holetz et al., 2002; 
Braga et al., 2005; Mathabe et al., 2006; McCarrell et al., 2008; Al-Zoreky, 2009; Duman et al., 
2009; Gould et al., 2009; Parashar et al., 2009; Panichayupakaranant et al., 2010, Orak et al., 
2011). In a previous study, Opara et al. (2009) reported that the best activity against 
Staphyloccocus aureus and Pseudomonas aeruginosa were found in fruit peel compound 
punicalagin, particularly from Oman, which was coincident with the highest levels of 
vitamin C detected in these samples. Similar findings were reported by Salgado et al. (2009) 
and Dahham et al. (2010) in which antibacterial and antifungal activities of pomegranate 
peel extract (rind), seed extract, juice and whole fruit on the selected bacteria and fungi were 
investigated. The antimicrobial effectiveness of the extracts depends on the species of 
bacteria evaluated, the more sensitive being the Gram-positive species S. aureus and Bacillus 
sp. along with Aspergillus niger. Voravuthikunchai et al. (2006) tested pomegranate and seven 
other Thai medicinal plant extracts for in vitro activity against enterohemorrhagic Escherichia 
coli (E. coli O157:H7). An ethanolic pomegranate peel extract was shown to be both 
bacteriostatic and bacteriocidal, indicating it may be an effective adjunct treatment for E. coli 
O157:H7 infection. 

The only human trials examining the antibacterial properties of pomegranate extracts have 
focused on oral bacteria (Sastravaha et al., 2003; Menezes et al., 2006). However, several in 
vitro assays demonstrate its bacteriocidal activity against several highly pathogenic and 
sometimes antibiotic-resistant organisms. Machado et al. (2002) evaluated the synergistic 
effect of a pomegranate methanolic extract with five antibiotics on 30 clinical isolates of 
methicilin-resistant S. aureus (MRSA) and methicillin-sensitive S. aureus. Antibiotics tested 
were. Although synergistic activity between the pomegranate extract and tested antibiotics 
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(chloramphenicol, gentamicin, ampicillin, tetracycline, and oxacillin) was noted in the S. 
aureus isolates, synergy with ampicillin was the most pronounced. A combination of the two 
increased the lag time to bacterial growth by three hours and was also bacteriocidal as 
evidenced by a 72.5% reduction in methicillin-sensitive organisms and a 99.9% reduction in 
MRSA. Bialonska et al. (2009b) stated that commercial extract of pomegranate by-product 
provided by POM Wonderful (Los Angeles, CA) and punicalagins inhibited the growth of 
pathogenic clostridia and S. aureus. Nevertheless the probiotic lactobacilli and bifidobacteria 
were not affected by ellagitannins. These findings lead to the conclusion that the growth 
inhibition toward pathogenic bacteria could be attributed to the accumulation of 
ellagitannins in the large intestines, where they interact with complex gut microflora, and 
lower media pH due to the presence of punicalagins. 

Su et al. (2010) stated that the combination of pomegranate juice and pomegranate 
polyphenols was also effective against food-borne viral infectivity and appear to be 
promising natural remedies for preventing or reducing human norovirus infections. In 
addition, pomegranate purified polyphenol extract inhibited influenza virus having also a 
synergistic effect with oseltamivir, since influenza continues to be a major cause of mortality 
and morbidity eventhough the applications of the vaccines and antiviral therapies (Haidari 
et al., 2009).  

Johann et al. (2010) studying the activity of extracts of some plants used in Brazilian 
traditional medicine against the pathogenic fungus that causes this Paracoccidioidomycosis, 
Paracoccidioides brasiliensis, reported that the hexane extract of pomegranate stem exhibited 
better antifungal activity against the three clinical isolated than other parts of the plant or 
other fractions of the same plant.  

Candida species, a normal component of the human biota in the gastrointestinal tract and 
oral and vaginal mucosa, can cause superficial infections such as thrush and vaginitis. Endo 
et al. (2010) reported that punicalagin isolated from pomegranate peels possessed strong 
activity against Candida albicans and C. parapsilosis as well as the combination of punicalagin 
and fluconazole showed a synergistic interaction. Tayel & El-Tras (2009) demonstrated that 
methanol, ethanol and water extracts of pomegranate peels were effective against C. albicans 
growth. In addition, they also proved that pomegranate peel extract aerosol was an efficient 
method for complete sanitizing of semi-closed places against C. albicans growth, and thereby 
could contribute for preventing C. albicans contamination and growth in suspected places. 
Ethnobotanical studies performed in Brazil had demonstrated the utilization of 
pomegranate in oral health since denture stomatitis is commonly associated with C. albicans 
and some other Candida species (Santos et al., 2009). 

Dell’Agli et al. (2009) studied the in vitro antiplasmodial and antimalarial activity of 
methanolic extracts of a tannin-enriched fraction and of metabolites to estimate their 
curative efficacy and mechanisms of action. They conclude that methanolic extracts of 
pomegranate inhibited Plasmodium falciparum and P. vivax growth in vitro, and suggested 
that these might be attributed to the low bioavailability as well as the kinetic of conversion 
of ellagic acid to inactive metabolites urolithins. 

5. Adverse effects and reactions/safety 

Pomegranate and its products have a long history of use as food or ethnic medicine 
without adverse effects, and also it has GRAS (generally recognized as safe) status in the 
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USA. The published safety data is limited and no clinical or laboratory adverse events 
were reported. However, there are some publications on occurrence of allergic reactions 
when handling or ingestion of pomegranate fruit/seeds due to eliciting a type I 
hypersensitivity reaction, and thus it is crucial to advise consumers the side effects 
(McCutcheon et al., 2008).  

6. Conclusion  

Nowadays, it is widely accepted that the beneficial health effects of fruits and vegetables in 
the prevention of diseases are due to the bioactive compounds they contain.  

Based on the explosion of interest in the numerous therapeutic properties over the last 
decade and in vitro, animal, and clinical trials pomegranate seems to be a promising food 
with well-defined therapeutic benefits. The epidomiological data suggests that the 
pomegranate fruit and its associated bioactive compounds such as phenolic acids, 
flavonoids, and tannins may possess a strong potential as a chemopreventive and possibly 
as new tools for preventive and possibly therapeutic interventions against various human 
cancers. This could have a direct practical implication to cancer patients if consumption of 
fruits like pomegranate can inhibit the process of carcinogenesis. Further studies should 
focus on the potential clinical usefulness of the agent through issues such as determining the 
optimal period and route of administration, systemic bioavailability, potent anticancer 
activity, optimal dosing and toxicity (if any) of the agent and single or combinatorial 
approach. In addition, the possible use of pomegranate extracts as a therapy or adjunct for 
prevention and treatment of several disease processes, such as diabetes, cardiovascular 
disease, atherosclerosis, inflammation, microbial infection, obesity, male infertility, 
Alzheimer underscores the need for more clinical research. Therefore, ongoing studies 
should focus on developing novel pomegranate derived products such as ready-to-eat 
pomegranate seeds, single-strength juices, juice concentrates, seeds in syrup, frozen seeds, 
and traditional products such as pomegranate pekmez, leather and molasses, to benefit from 
these constituents throughout a healthy life cycle. 
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1. Introduction  

Strategic health communication efforts can help reduce cancer risks, incidence, morbidity 
and mortality, and improve quality of life for at-risk populations. However, providing 
relevant information about cancer prevention and control to vulnerable populations is 
fraught with difficulties. Just the ability to get members of at-risk populations to pay 
attention to information provided about cancer can often be a challenge. Most people do not 
want to hear or think about cancer unless they are forced into it because they or someone 
they care about has been diagnosed with some form of the dreaded disease. Since the term 
“cancer” is surrounded by a significant stigma in modern society that equates cancer with 
death and suffering, communication about cancer makes many people uncomfortable, 
forcing them to think about their potential to suffer and die.1 Strategic cancer prevention 
and control communication campaigns should be designed to overcome the pervasive social 
stigma that influences public attitudes towards cancer education. 

The good news for health communicators is that the extremely negative social stigma 
surrounding cancer as an unavoidably deadly disease does not reflect the reality of cancer 
care in the modern world. Increasingly, those who are diagnosed with cancers are able to 
get helpful treatments and live productive lives as cancer survivors. Some public health 
scholars have suggested that with the advent of viable cancer treatments, cancer is becoming 
a chronic, rather than a terminal, disease due to increases in long-term cancer survivorship.1 
There are also many good evidence-based health promotion strategies available to help 
people reduce their risks for developing cancers, to help them detect cancers early when the 
cancers can be most effectively treated, and to get the best care for living with cancer.2 
However, consumers who have elevated cancer risks need access to the relevant information 
about cancer prevention and control to make their best health promoting decisions. While 
the pervasive negative social stigma surrounding cancers makes communicating about 
cancer prevention very difficult to do well, cancer communication efforts can be strategically 
planned and executed to encourage key audiences to attend to and respond to relevant 
cancer prevention information. Access to relevant and persuasive health information is 
essential for helping vulnerable population members reduce their risks for cancer-related 
morbidity and mortality by guiding evidence-based decision-making about cancer 
prevention and control. 
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In addition to the negative stigma surrounding cancer and the reluctance to communicate 
about cancer, the complex nature of cancer etiology and treatment needs to be attended to 
when disseminating relevant cancer prevention and control information to health care 
consumers. Helping consumers make sense of the complexity of cancer-related information 
can often be a major challenge for consumers. Many consumers perceive cancer as one 
general disease and do not clearly differentiate between the unique forms, stages, and 
responses to different forms of cancer. Yet, cancer is not just one health care problem, but a 
complex set of diseases. The word cancer is an umbrella term that refers to a broad range of 
different forms and stages of cancer. These different forms of cancer typically are caused by 
a range of different factors, affect different parts of the body in unique ways, are displayed 
in distinct ways, produce a variety of symptoms and effects, are detected and treated in very 
different ways, and are likely to result in quite distinct prognoses depending on the kind of 
cancer diagnosed, its stage of detection, the treatments that are available, and the unique 
health histories and other co-morbidities experienced by the specific individuals who are 
confronting the cancer diagnosis.  

The terminology and concepts related to cancer research and care can also be quite 
complicated, making it difficult to communicate relevant cancer information fully and 
clearly. It is not easy for most laypersons to understand the science behind cancer 
prevention and control recommendations. This can be especially problematic when 
communicating with representatives of vulnerable populations, such as many immigrants, 
people with limited education, those with lower socioeconomic status, some minority group 
members, and elderly individuals who may have limited levels of health literacy. 1 The need 
for effective communication about cancer risks, early detection, prevention, care, and 
survivorship is particularly acute for these at-risk populations, yet it is also tremendously 
challenging.2 Effective cancer communicators must develop culturally sensitive 
communication strategies for addressing health literacy challenges, explaining cancer 
information clearly to targeted audiences, and promoting full understanding about how to 
use the relevant information to promote cancer prevention and control. Strategic cancer 
communication efforts can help reduce the many uncertainties concerning cancer for at-risk 
consumers. It can provide vulnerable consumers with a rationale for making informed 
health decisions. It can facilitate participation in cancer prevention and control efforts, 
empowering consumers to engage in relevant health behaviors, such as adopting healthy 
living activities (such as recommendations for exercise, nutrition, and risk avoidance), and 
to seek early detection and screening tests. It can also encourage consumers to seek the best 
treatments for cancer and to cooperate with prescribed therapeutic regimens.2  

However effective cancer communication efforts are further complicated by the sense of 
fatalism about cancer control that is widely held by many members of at-risk populations. 
Data reported from recent administrations of the Health Information National Trends 
Survey (HINTS) conducted by the National Cancer Institute suggest that many members of 
the American public believe there is little that can be done to prevent cancers and even less 
that can be done to treat cancers once they are diagnosed.2 A large numbers of HINTS 
respondents reported that they are confused by all the different recommendations they 
encounter concerning cancer prevention and control and are not sure what to do to reduce 
their risks for contracting cancers. 2 The range of competing recommendations about cancer 
that consumers often encounter gives them the impression that “everything causes cancer.” 
What is worse, consumers report that the recommendations they hear concerning cancer 
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prevention and control seem to change all the time, further confusing them. 2 To counter 
these communication challenges, cancer communicators should develop clear, easy to 
understand, and consistent communication strategies for breaking through the confusion. 
They need to reduce the inertia caused by public fatalism concerning cancer with the use of 
engaging and persuasive messages that motivate adoption of evidence-based cancer 
prevention recommendations. This chapter examines the challenges to communicating 
relevant cancer prevention and control information to vulnerable populations and suggests 
best practices for designing meaningful messages and effectively using relevant media to 
reduce cancer-related health disparities and to promote public health. 

2. Vulnerable populations and health communication 

Communication is the central social process in health promotion and care for informing 
cancer prevention and control for vulnerable populations.1,2 The process of communication 
is the primary social mechanism used to both seek and deliver cancer care. Communication 
is the primary process for delivering cancer education and influencing cancer-related health 
behaviors. Communication is the coordinating process used to manage health care delivery 
systems. It is also the social process used to establish and reinforce health policies and 
practices. Health care consumers and providers depend upon communication to gather 
relevant health information for guiding evidence-based health decision making, 
encouraging participation in health care and health promotion activities, reducing 
uncertainty about cancers and increasing understanding about relevant health issues, as 
well as promoting needed cooperation and collaboration to achieve health goals. 

Vulnerable populations are those groups of health care consumers who are most likely to 
suffer significantly higher levels of morbidity and mortality from cancers than other 
segments of the general population. 3 These vulnerable population members are typically 
the poorest, least well educated, and most disenfranchised members of modern society, 
including members of many immigrant and minority groups, the elderly, the socio-
economically deprived, the disabled, and people suffering from serious chronic diseases. 3 

Many members of these vulnerable populations are likely to experience key health 
communication barriers such as health literacy challenges, limited access to and ability to 
use key channels of communication (such as new information technologies), as well as suffer 
from serious social and economic problems that can limit their ability to get needed care and 
to follow cancer prevention and control recommendations. 4,5 There are a broad range of 
significant health risks confronting members of vulnerable populations today, including 
risks from cancers, heart disease, diabetes, stroke, HIV/AIDS, and other serious health 
threats.6,7 Effective health communication is needed to help those members of the public 
who are at greatest risk (most vulnerable) for suffering from these health threats to 
recognize, minimize, and respond effectively to potential health problems.8,9  

It is particularly important to effectively communicate clear, accurate, and persuasive 
information about cancer prevention and control to audiences who are at greatest risk for 
negative cancer outcomes, those who suffer from cancer health disparities.10,11,12,13 
Unfortunately, current efforts to educate the most vulnerable segments of society about 
cancer prevention and control strategies have been insufficient to significantly reduce cancer 
incidence, morbidity, and mortality for members of these groups by helping them make 
informed decisions about their best health care and health promotion choices. 15,16,17,18 The 
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need for effective communication about cancer risks and responses is particularly acute, yet 
also tremendously challenging, for reaching vulnerable health care consumers.19,20 These 
vulnerable population members are heir to serious disparities in cancer-related health 
outcomes, resulting in alarming levels of cancer-related morbidity and mortality, especially 
in comparison to the rest of the public.19,21,22 The cultural barriers and health literacy 
challenges faced by many members of vulnerable populations, who are often immigrants, as 
well as non-native and substandard English speakers, readers, and writers, creates 
significant barriers to accessing and making sense of relevant cancer-related 
information.23,24,25 These consumers are often confused and misinformed about the causes, 
preventive strategies, early detection procedures, and the treatments for different forms of 
cancer, which serves to exacerbate their poor cancer-related health outcomes.25 

Members of vulnerable populations who are likely to suffer from significant cancer-related 
health disparities are desperately in need of relevant, accurate, and timely health 
information about cancer prevention and control.26,27,28 Some vulnerable group members, 
such as elderly health care consumers, have elevated risks for contracting different forms of 
cancer, while other vulnerable group members, such as African American women, are more 
likely to die from breast cancer than other women.3,16,25,26 Many members of immigrant 
populations in the US are non-native English speakers and encounter serious language and 
health belief barriers that necessitate adaptive, culturally-sensitive communication strategies 
to provide them with needed cancer-related health information.27,28,29,30 Furthermore, 
consumers with serious and chronic medical conditions, as well as individuals who confront 
physical and mental disabilities, are often particularly vulnerable to health risks and have 
unique communication needs that must to be adequately addressed to provide them with 
the relevant health information they need to preserve their health.31 Strategic, adaptive, and 
culturally-sensitive health communication information dissemination programs are needed 
for reducing cancer-related health disparities by providing vulnerable consumers with 
relevant and persuasive health information to help them evaluate health risks, make 
informed health care decisions, and direct their health behaviors. 

3. Focus on cultural issues 

Vulnerable consumers’ unique cultural backgrounds and orientations have powerful 
influences on their communication practices that must be carefully accounted for when 
designing and implementing strategic cancer communication efforts.32 It is critically 
important to identify and examine the relevant cultural issues that are likely to influence the 
ways consumers, particularly members of vulnerable populations, respond to 
communication about cancer prevention and control. 27,29,31 Several of the key cultural 
variables that influence cancer communication outcomes include the unique health beliefs, 
values, norms, and expectations that different consumers bring to health situations that 
influence their cancer-related health decisions and behaviors.26 It is also important to assess 
consumers’ culturally-based language skills and orientations, their health literacy levels 
(both their levels of literacy for language and numbers), their motivations to seek health 
information, their unique media use patterns, and their social network memberships.33,34 
Examination of these key cultural factors can provide relevant information for determining 
how to best design and deliver key messages for effectively communicating complex health 
information to diverse and vulnerable populations.27,20,31 Culturally-sensitive health 
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communication is essential to providing vulnerable consumers with relevant information 
about cancer prevention, screening, and treatment strategies.30,31 

The best cancer communication education efforts begin with careful analysis of the critical 
cultural factors that influence the health beliefs and behaviors of targeted members of at-risk 
groups, since these cultural factors will also influence these consumers’ reception and 
response to cancer prevention messages. It is important to identify the current levels of 
relevant cancer-related knowledge, strongly-held health beliefs, and primary health goals of 
key audience members before composing communication strategies. By determining what 
consumers know and don’t know about cancer, health campaign strategist can guide the 
design of cancer-related health messages to help fill consumers’ cancer information gaps 
and to correct any misconceptions these consumers may have concerning cancer prevention 
and control. Too often health communication efforts are based on very good intentions, but 
extremely limited audience data, so health promotion campaign do not hit the mark, failing 
to provide consumers with the information they most need. Without collecting good 
background information about audience members’ cultural beliefs, attitudes, expectations, 
and behaviors, it is very difficult to develop health promotion messages that will be 
appropriate and influential for targeted audiences. The best health promotion messages are 
carefully designed to speak to audience members’ unique cultural experiences. The 
messages employ familiar language and provide compelling culturally-rich examples to 
illustrate key points.  

It is also important to carefully assess the level of communication skills and the unique 
communication orientations of targeted audience members. By learning about the 
communication skills and orientations of key audiences, campaign planners can design 
messages that will be easily understood by member of these audiences. They can employ 
communication channels for delivering the messages that will be easy to use and 
comfortable for audience members to access. They can also identify and use appropriate 
information sources to deliver cancer prevention and control messages who are likely tol be 
perceived as interesting and credible by members of key target audiences. 

4. Strategic health communication design 

Health education messages must be carefully designed to be effective. The critical factor in 
strategic message design is adapting health education messages to meet the unique needs 
and communication orientations of specific audiences. This means that effective health 
communication efforts should adopt a consumer orientation to health education.35,36 Careful 
audience analysis is essential to identify the salient consumer characteristics that can be 
used for guiding message design.37,38  

Good audience analysis research will help answer a variety of important questions for 
guiding cancer prevention and control efforts. These questions are likely to examine a 
number of relevant communication factors about members of targeted audiences. For 
example, what are the typical message exchange and information sharing processes 
employed by targeted groups of consumers? Who do these consumers typically talk to and 
acquire health related information from? Who do they trust? How do they receive and 
provide social support? What are their predispositions for interpreting cancer prevention 
and control messages? What are most influential factors for persuading members of targeted 
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groups to attend to and respond positively to health messages? Which communication 
channels do members of these targeted groups prefer to use? What are the best ways to 
provide these consumers with feedback about their health behaviors that can promote and 
reinforce health behavior changes? What are the most influential communication strategies 
for developing cooperative and trusted relationships with members of targeted groups? The 
best health communication intervention programs will be designed to be responsive to 
audience communication patterns. They will be relevant to audience needs and interests. 
They will be easily accessible to targeted audience members. The messages will be culturally 
appropriate for key audience members. Messages and communication strategies will be 
adaptive to changing social situation. The messages provided will also be motivational and 
reinforcing, as well as engaging, interesting, and interactive. 

Messages should be designed to appeal to key beliefs, attitudes, and values of targeted 
audience members, using familiar and accepted language, interesting images, and vivid 
examples to illustrate key points.29 It is wise to pre-test sample health education messages 
with representatives of targeted audiences to make sure the messages hit the intended mark 
with these audiences before implementing health communication intervention programs. 
Formative evaluation data gathered through message pre-testing is essential to refining 
health education messages.39 This is a form of user-centered design, where health education 
messages are shaped and refined by actively gathering feedback about campaign design 
from representatives of the actual audiences who are being targeted in health 
communication interventions.39 Pre-testing is also a strategy for helping to increase audience 
participation in health education efforts. This active participation can not only help to 
increase the cultural sensitivity of health communication efforts, but can also enhance 
audience members receptivity to and cooperation with health promotion efforts.39 Involving 
consumers, their family members, key members of their social networks, and community 
representatives can increase support and social encouragement for paying attention to, 
accepting, and utilizing health education messages.40,41,42 

To be effective at presenting cancer prevention and control information it is wise to design 
multiple, reinforcing strategic messages that will be delivered at several points in time over 
different complementary channels of communication for reaching, influencing, and 
reinforcing vulnerable audiences with health education information. This multiple 
complementary message strategy builds from the communication principles of redundancy 
and reinforcement to enhance message exposure and impact.43 Multiple, reinforcing cancer 
prevention and control messages can help to capture audience attention by providing these 
consumers with relevant information at several points of time. This strategy helps to 
reinforce message content by repeating key ideas. This also helps to illustrate key health 
education concepts. The use of vivid imagery in health communication interventions 
through the use of powerful narrative and visual illustrations can also reinforce message 
content, especially for audiences with limited health literacy, as well as audience members 
who have problems with numeracy (understanding numerically presented information) that 
may make it difficult for them to comprehend statistics and numerical risk 
estimates.39,40,44,45,46,47 

Tailored communication is a powerful approach for designing customized health messages 
to meet the unique needs and backgrounds of specific individuals.48 Tailored approaches 
provide specific customized messages to an individual that match the person’s unique 
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background, beliefs, and orientations. Key bits of an individual’s background information, 
such as the person’s name, age, cultural memberships, or health status are gathered and 
included in the specific health messages sent to that person. For example, a tailored message 
might state, “Research has shown that mammograms should be scheduled every other year 
for a woman of your age, race, and family history with breast cancer Helen.” By including 
specific key information about Helen’s background in the message, the information becomes 
much more interesting and relevant for her. Typically, tailored communication systems 
employ interactive computer systems that can be used to gather relevant background 
information from consumers concerning key communication variables (age, race, gender, 
occupation, health history, etc.) through questions posed to these individuals, including 
questions eliciting information about individual demographics, psychographics, and health 
beliefs/behaviors. Once key background information is gathered from the individual, the 
information is used to select specific messages stored in a library of messages that match the 
unique background features of the individuals selected to receive health education 
messages. In this way, information about the individual health risks and orientations of a 
specific consumer, for example an elderly, African-American, male, with a history of 
prostate cancer and diabetes, will automatically be selected and used to provide content-
appropriate health information to the individuals through a tailored health information 
communication system. As the consumer continues to interact with the tailored health 
information system, providing the system with additional background information, a 
tailored communication computer program can store and catalog this information to 
continually refine the content of message sent to this consumer to match his or her unique 
personal characteristics and interests. 

In addition to developing strategic messages that match the cultural orientations of at-risk 
consumers, it is critically important to determine the most effective communication channels 
for reaching targeted populations of consumers. The best communication channels to utilize 
are those that are close, familiar, and easily accessible for targeted audience members.49 For 
example, it is important to employ communication channels that are easy for members of 
the intended audience to use. It would be a serious error to develop an online health 
education website for consumers who do not have access to computers or who are not 
sophisticated computer users. Communication channels that are dramatic and memorable 
can have strong influences on audience attention and interpretation of health messages.49 
Health educators should consider using communication channels that can be accessed over 
time, channels that can retain important information for later review, and even interactive 
channels that can enable consumers to ask questions and receive clarifications about 
complex health information. The best strategic communication designs use interactive 
channels where consumers can provide feedback and ask questions to clarify the 
information provided. Multiple overlapping communication channels can present 
complementary messages that are reinforcing over time and delivered by multiple credible 
sources. 

It is important to decide what the best sources are for delivering key messages about cancer 
prevention and control strategies to different audiences.39 It is crucial to identify the most 
credible sources of health information for members of the intended audiences.49 Decisions 
need to be made about whether it is best to utilize familiar sources of information, expert 
sources, or perhaps peer communication as the most influential ways to provide cancer-
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elated health information to different audiences. Just as with the use of strategic messages, it 
is a good idea to pre-test the use of different information sources and different 
communication channels with targeted audiences.39 Message testing research that examines 
the impact of different communication sources on targeted audience members can help 
strategic communicators make good decisions about the best representatives to employ to 
deliver health information to different audiences.  

5. Evaluating health communication interventions 

Evaluation research should be a basic process that is built in to all cancer prevention and 
control communication efforts.50 Cancer communication efforts should always begin with 
careful needs analysis and audience analysis to identify the best goals, targets, and strategies 
for communication interventions. The messages designed and channels identified for 
delivering cancer prevention and control messages should be carefully tested with 
representatives from targeted groups to make sure they communicate effectively to these 
groups and provide them with the intended information. Message testing can also be used 
to refine and improve message strategies as a form of formative research. Usability testing is 
also a useful formative research strategy for testing consumer access to, comfort with, and 
ability to effectively use communication channels and tools.  

A critical juncture in communicating risk and benefit information to vulnerable audiences is 
evaluating how well different communication strategies work to educate targeted audiences 
about important health issues.50 It is important to assess how well consumers really 
understand the risks and benefits that are being communicated and what differences 
communication programs are making in promoting informed consumer decision-making. A 
first step in evaluating the outcomes of communication efforts is to establish clear baseline 
measures of consumer understanding before introducing new health education programs. 
These baseline measures can be used as a starting point for tracking the influences of 
communication efforts on consumer attitudes, beliefs, and behaviors concerning cancer 
prevention and control.45 Feedback mechanisms, such as consumer surveys, focus groups, 
hotlines, help-desks, and comment cards, can be introduced as integral parts of 
communication interventions for tracking and evaluating consumer understanding of health 
messages, as well as their reaction to campaign strategies. The data gathered through these 
feedback mechanisms can be used to refine health communication programs and track 
progress in health education. Evaluation research can track the influences of communication 
efforts on consumer beliefs, behaviors, and even their physiological outcomes. Furthermore, 
it is important to conduct cost-benefit analyses to determine whether cancer prevention and 
control communication interventions are cost-effective. (See Figure 1 for a summary of the 
different forms of evaluation research that should be used to inform strategic cancer 
communication interventions). 

6. Policy and practice implications for strategic communication 

What policies and best practices are needed to guide effective communication efforts about 
cancer prevention and control to vulnerable populations? First and foremost, communication 
interventions to educate vulnerable populations need to be strategic and evidence-based. 
Cancer communication is too complex a process to be handled without careful planning 
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Needs Analysis Research What is the nature of the health issue, problem or disparity that 
needs to be addressed?  What are the likely causes of the problem?  
What are the negative outcomes of the problem?  What needs to be 
changed to address this problem?  What are the ideal goals to be 
achieved for improving this situation? 

Audience Analysis Research Who are the key target audiences who are affected by this health 
problem?  What are the target group members’ unique beliefs, 
attitudes, values, and experiences related to this issue?  What are 
their communication skill levels and orientations to this issue?  
Can these groups be segmented into homogenous sub-groups?   

Message Testing Research What language level is most effectively understood by members of 
the target audience?  What numerical examples will make sense to 
members of this audience?  Which messages resonate with 
audience members, are interesting, memorable, and persuasive?  
What narrative examples resonate with this audience? 

Channel Testing Research Which channels of communication are most familiar to audience 
members?  How easy are different communication channels for 
audience members to use?  How likely is it for audience members 
to access and pay attention to different communication channels.  
Which channels are likely to work well together? 

Source Credibility Testing Which information sources will be deemed as trustworthy and 
credible to target audience members?  How attractive are different 
potential message sources for audience members?  Which sources 
will audience members pay attention to?  Which sources will be 
most persuasive? 

Usability Testing How easily can target audience members use the different media 
selected for delivering health messages?  Can they navigate 
through the different levels of information presented via these 
different media?  Can they find the most relevant health 
information and the information they are most interested in? 

Formative Evaluation 
Research 

How well are strategic communication strategies working with 
targeted audience members?  How are the audience members 
reacting to key messages and communication strategies?  Are there 
unintended reactions to the health education efforts?  Is there a 
need to change communication strategies to better meet audience 
needs or respond to changing conditions? 

Summative Evaluation 
Research 

How effective was the communication strategy for achieving 
established health goals?  Did the communication effort influence 
health beliefs, values, attitudes, and behaviors?  Did the effort 
influence cancer incidence, early detection, treatment, morbidity, 
quality of life, and survivorship?  Was the communication 
program cost-effective? 

Fig. 1. The Functions of Evaluation Research for Informing Strategic Cancer Communication 
Interventions. 

and data. It is also critical for health educators to adopt culturally sensitive communication 
practices to reach and influence vulnerable populations. Community participative 
communication interventions are a valuable strategy for integrating consumers’ 
perspectives into cancer education efforts and building community commitment to health 
communication interventions.41,42 It is a good idea to consider introduction of relevant 
communication technologies, such as tailored information systems, to support health 
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education efforts.19 It is also a good idea to incorporate health communication training for 
both health care providers (educators) and consumers to enhance the quality of cross-
cultural communication efforts.20,51 

Strategic communication efforts can promote cancer prevention and control for at-risk 
populations. To achieve these goals efforts must be taken to develop evidence-based 
communication campaigns to increase awareness about prevention. These campaigns must 
be designed to persuade members of at-risk groups to adopt prevention recommendations, 
change negative health habits, and adopt healthy lifestyles. Communication campaigns 
should be designed not only to initiate these healthy behavior changes, but to also reinforce 
and sustain behavior changes over time. Campaigns should be designed to increase 
awareness about the importance of developing healthy lifestyles and engaging in regular 
recommended cancer screening and early detection activities. Efforts should be taken to 
implement and promote easily accessible and affordable screening programs. Screening 
practices should be monitored to refine and improve screening programs and promotion 
activities. 

7. Conclusion  

Several lessons have been learned from past efforts to increase the effectiveness of cancer 
communication interventions with vulnerable populations.20,29,26 These lessons include the 
importance of: 

 Gathering full audience and needs information to guide health communication 
efforts. 

 Testing message and channel strategies to refine communication activities. 
 Using close, familiar, and frequently used communication channels. 
 Developing vivid, engaging, and moving messages for interventions. 
 Involving and empowering vulnerable and at-risk consumers in health communication 

efforts;  
 Developing inter-organizational partnerships to support intervention efforts;  
 Providing appropriate training and support for both consumers and providers;  
 Designing culturally appropriate messages and materials for communication 

efforts;  
 Focusing on the family and the community for delivering and reinforcing messages, 

and;  
 Providing consumers with choices and options for promoting their health. 
 Evaluating the influences of communication interventions to refine and improve 

efforts. 

The development and implementation of strategic health communication interventions 
holds great promise for promoting cancer prevention and control for vulnerable 
populations. By investing in the development of strategic cancer communication efforts we 
can develop an infrastructure for disseminating relevant cancer information. We can test 
new strategies, models, and tools for designing effective strategic communication 
interventions to reduce cancer-related health disparities. We can also encourage the 
adoption of best practices for cancer prevention and control.  
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1. Introduction 

Cancer is the second leading disease cause of death in the United States. A group of more 
than 100 different and distinctive diseases, cancer may involve any tissue of the body. 
Estimates are that there were over 1.5 million cases in 2010 in the United States alone. Only a 
small fraction (less than 20%) of cancers are diagnosed at a localized stage where curative 
therapy is effective. Most cancers are diagnosed only after the primary tumor has already 
metastasized so that chemotherapy is required for treatment. Hence, early detection is a 
favored opportunity to reduce cancer mortality. By detecting cancer in its very earliest 
stages when perhaps only a small number of cells are present, it is possible that early 
intervention will be effective in preventing further development of the incipient cancer 
thereby resulting in what might be viewed as curative prevention.  

Despite advances in early detection of major forms of human cancer (prostate, breast, lung, 
colon, leukemia, lymphoma), more often than not, cancers have developed to a sufficiently 
late stage at the time of detection to preclude most opportunities for curative therapy 
(Altekruse et al., 2010). The problem is exacerbated for pancreatic cancer where clinical 
symptoms invariably are delayed until the disease state is well advanced beyond metastatic 
spread. A need for early detection remains as one of the most important challenges at the 
forefront of cancer research, treatment and prevention. 

2. Approach 

2.1 Early detection 

Ecto-Nicotinamide Adenine Dinucleotide Oxidase Disulfide-Thiol Exchanger 2 (ENOX2) 
(GenBank accession no. AF207881; Chueh et al., 2002) also known as Tumor-Associated 
Nicotinamide Adenine Dinucleotide Oxidase (tNOX) is ideally suited as a target for early 
diagnosis of cancer as well as for early preventive intervention (Fig. 1). The proteins are 
expressed on the cell surface of malignancies and detectable in the serum of patients with 
cancer (Cho et al., 2002). ENOX2 proteins are terminal hydroquinone oxidases of plasma 
membrane electron transport. From the standpoint of early intervention, they are important 
in the growth and enlargement of tumor cells (Morré and Morré, 2003a; Tang et al., 2007, 
2008). Our approach using ENOX2, as a target for both early detection and for early 
interventions, is based on these properties (Cho et al., 2002; Morré and Morré, 2003a; 
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reviewed by Davies and Bozzo, 2006). While ENOX2 presence provides a non-invasive 
approach to cancer detection, without methodology to identify cancer site-specific ENOX2 
forms, it offered no indication as to cancer type or location. 

 
Fig. 1. Schematic representation of the utility of the ENOX2 family of cancer-specific, cell 
surface proteins for early diagnosis and early intervention of cancer. Cancer site-specific 
transcript variants of ENOX2 are shed into the serum to permit early detection and 
diagnosis. The ENOX2 proteins of origin at the cell surface act as terminal oxidases of 
plasma membrane electron transport functions essential to the unregulated growth of 
cancer. When the ENOX2 proteins are inhibited, as for example through EGCg/Capsicum 
synergies, the unregulated growth ceases and the cancer cells undergo programmed cell 
death (apoptosis). 

The opportunity to simultaneously determine both cancer presence and cancer site emerged 
as a result of 2-dimensional gel electrophoretic separations where western blots with a pan 
ENOX2 recombinant single chain variable region (ScFv) antibody carrying an S tag (Fig. 2) 
was employed for detection (Hostetler et al., 2009; Hostetler and Kim, 2011). The antibody 
cross reacted with all known ENOX2 forms from hematological and solid tumors of human 
origin but, of itself, did not differentiate among different kinds of cancers. Analyses using 
this antibody, when combined with two-dimensional gel electrophoretic separation, 
revealed specific ENOX2 species possibly as transcript variants, each with a characteristic 
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molecular weight and isoelectric point indicative of a particular form of cancer (Hostetler et 
al., 2009; Table l). 

ENOX transcript variants of specific molecular weights and isoelectric points are produced 
uniquely by patients with cancer. The proteins are shed into the circulation and have the 
potential to serve as definitive, non-invasive and sensitive serum markers for early detection 
of both primary and recurrent cancer in at risk populations with a low incidence of false 
positives, as they are molecular signature molecules produced specifically by cancer cells 
and absent from non-cancer cells. 

 
Fig. 2. 2-Dimensional gel/western blot of ENOX2 transcript variants comparing pooled non-
cancer (A) and pooled cancer representing major carcinomas plus leukemias and 
lymphomas (B) patient sera. The approximate location of unreactive (at background) 
albumin is labeled for comparison. ENOX2 reactive proteins are restricted to quadrants I 
and IV. Detection uses recombinant scFv-S (S-tag peptide: His-Glu-Ala-Ala-Lys-Phe--Gln-
Arg-Glu-His) antibody with alkaline phosphatase linked antiS protein. The approximately 
10 ENOX2 transcript variants of the pooled cancer sera are absent from non-cancer (A) and 
are cancer site-specific as indicated in Fig. 3. From Hostetler et al. (2009). 

A B 
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Cancer Sera analyzed Molecular weight Isoelectric point, pH 
Cervical 18 94 kDa 5.4 
Ovarian 41 80 and 40.5 kDa 4.2 and 4.1 
Prostate 70 75 kDa 6.3 
Breast/Uterine 55 64 to 68 kDa 4.5 
Non-small cell lung 83 54 kDa 5.1 
Small cell lung 22 52 kDa 4.3 
Pancreatic 24 50 and 52 kDa 4.3 and 3.9 
Colon 55 52 and 34 kDa 4.3 and 3.9 
Lymphoma, Leukemia 16 45 kDa 3.9 
Melanoma 12 38 kDa 5.1 

Table 1. Sera from patients with different cancers exhibit distinct patterns of ENOX2 
isoforms with characteristic molecular weights and isoelectric points (pH). Updated from 
Hostetler et al. (2009). 

2.2 Early intervention 

As the 2-D-western blot protocol detects cancer early, well in advance of clinical symptoms, 
the opportunity to combine early detection with early intervention as a potentially curative 
prevention strategy for cancer by eliminating the disease in its very earliest stages is unique. 
The approach to early intervention is based on previous work in cell culture models 
showing that ENOX2 proteins are required to support the unregulated growth that typifies 
cancer cells. If the growth function of ENOX2 is blocked for 48 to 72 h, the cancer cells 
cannot enlarge following division, cannot pass the checkpoint in G1 that monitors cell size 
and eventually undergo programmed cell death (apoptosis) (Morré and Morré, 2003b; De 
Luca et al., 2010) as diagrammed in Figure 1. Among the early intervention strategies under 
investigation are several targeted to ENOX2, production of ENOX2-directed vaccines being 
one promising example. Recombinant ENOX2 peptides that exhibit cancer specificity are 
employed as antigens. Other forms of ENOX2-directed therapeutic interventions under 
study include use of dietary modulators (Morré et al., 2009b). Most advanced are studies 
with herbal mixtures of green tea and powders of ground chili peppers (Capsicum species) 
from efficacious pepper sources (e.g. guajillo or ancho) with levels of capsaicin, the pungent 
principle of chili peppers, sufficiently low so as to not cause discomfort. 

3. Results 

3.1 Early detection 

Analytical 2-D gel electrophoresis and immunoblotting of ENOX proteins from a mixed 
population of cancer patients (cervical, breast, ovarian, lung and colon carcinomas, 
leukemias and lymphomas) revealed multiple species of acidic proteins of molecular 
weights between 34 and 100 kDa in quadrants I and IV (Fig 2B), none of which were present 
in sera of non-cancer patients (Fig. 2A) (Hostetler et al., 2009). Separation in the first 
dimension was by isoelectric focusing over the pH range of 3 to 10 and separation in the 
second dimension was by 10 percent SDS-PAGE. Isoelectric points of the ENOX2 transcript 
variants were in the range of 3.9 to 6.3. The principal reactive proteins other than the ENOX2 
forms were a 53 kDa isoelectric point pH 4.l, mostly phosphorylated 1-antitrypsin inhibitor 
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(2-HS-glycoprotein; fetuin A) (Labeled “R” in Fig. 5) which served as a convenient loading 
control and isoelectric point reference and a 79-85 kDa, isoelectric point pH 6.8 
serotransferrin which served as a second point of reference for loading and  as an isoelectric 
point reference (Table 2). The two cross reactive reference proteins are present in a majority 
of sera and plasma of both cancer and non-cancer subjects. Albumin and other serum 
proteins do not react. On some blots, the recombinant scFv was weakly cross-reactive with 
heavy (ca. 52 kDa) and light (ca. 25 kDa) immunoglobulin chains. 
 

ENOX2 EEMTETK400ETEESA406LVS 
Alpha-1-antitrypsin inhibitor GTDCVAK211EATEAA216KCN 

Serrotransferrin CLDGTRK589PVEEYA595NCH 

Table 2. Protein sequence similarity between ENOX2 and the two reference proteins  
1- anti-trypsin inhibitor and serrotransferrin reactive with the pan ENOX2 scFv 
recombinant antibody. Regions of similarity are restricted to a 7 amino acid sequence 
(underlined) adjacent in ENOX2  to the E394EMTE398 quinone inhibitor-binding site. 

Sera from individual patients with various forms of cancer were analyzed by 2-D gel 
electrophoresis and immunoblotting to assign each of the ENOX2 isoforms of Fig. 2 to a cancer 
of a particular tissue of origin (Table 1). Sera of breast cancer patients contained only the 64 to 
68 kDa ENOX2 (Fig. 3D; Fig. 5 arrow) and the 1-antitrypsin inhibitor reference protein (Fig. 
5). Sera from cervical cancer patients contained the 94 kDa ENOX2 transcript variant (Fig. 3A). 
Sera from ovarian cancer patients contained ENOX1 transcript variants of 80 kDa and 40.5b 
kDa (Fig. 3B). Sera from patients with prostate cancer contained one or more 75 kDa ENOX2 
transcript variants resulting in small variations in isoelectric points (Fig. 3C). Sera from 
patients with non-small cell lung carcinoma contained a 52 kDa ENOX2 transcript variant 
while sera from non-small cell lung carcinoma patients contained a 52 kDa ENOX2 transcript 
variant (Fig 3E;F; Fig 4). Simultaneous presence of ENOX2 transcript variants of both 50 and 52 
kDa characterized sera of pancreatic cancer patients (Fig. 3G) whereas sera of colon cancer 
patients contained ENOX2 transcript variants of 52 kDa and 43 kDa (Fig. 3H). Fig. 3I from sera 
of a patient with non-Hodgkin’s lymphoma illustrates the 45 kDa ENOX2 transcript variant of 
low isoelectric point characteristic of leukemias and lymphomas. Sera of patients with 
malignant melanoma contained an ENOX2 transcript variant of 38 kDa (Fig. 3J). 

Particularly relevant are observations where the 64 to 68 kDa ENOX2 transcript variant (pH 
4.5) of sera correlated with disease presence in both late (Stage IV) (Fig. 5A) and early (Stage 
I) (Fig. 5E) disease and in Stage IV recurrence (Fig. 5C) but was absent from sera of non-
cancer (normal) volunteers (Fig. 5B) or in survivors free of disease for one to five years (Fig. 
5D). Additionally, the 64 to 68 kDa breast cancer-specific transcript variant does not apply to 
a subset of breast cancer patients but appears to be widely present. Analyses of sera of more 
than 55 patients with active disease including 20 Stage I and Stage II breast cancer patients 
all tested positive. 

Unlike most published cancer markers, cancer-specific ENOX2 variants are not simply 
present as elevated levels of a serum constituent present in lesser amounts in the absence of 
cancer. The cancer-specific ENOX2 transcript variants result from cancer-specific expression 
of alternatively spliced mRNAs (Tang et al., 2007; 2008). Neither the splice variant mRNAs 
nor the ENOX2 isoform proteins are present in detectable levels in non-cancer cells or in 
sera of subjects without cancer (Table 1).  
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Fig. 3. Western blots of 2-D gel electrophoresis/western blots of sera from cancer patients 
analyzed individually. Cancer sites are presented in the order of decreasing molecular 
weight of the major transcript variant present. A. Cervical cancer. B. Ovarian cancer C. 
Prostate cancer. D. Breast cancer. E. Non-small cell lung cancer. F. Small cell lung cancer. G. 
Pancreatic cancer. H. Colon cancer. I. Non-Hodgkins lymphoma. J. Melanoma. The 
approximate location of unreactive (at background) albumin (Ab) is labeled for comparison. 
Approximately 180 non-cancer patient sera were analyzed in parallel without evidence of 
proteins indicative of specific transcript variants. From Hostetler et al. (2009). 

 
Fig. 4. Analytical gel electrophoresis and immunoblot of patient sera. A Sera from a patient 
with non-small cell lung cancer contains a 54 kDa ENOX2 transcript variant, pH 5.1 (arrow). 
B. Sera from a patient with small cell lung cancer contains the 52 kDa, isoelectric point pH 
4.3 is transcript variant (arrow). The reference spots to the right, Mr 52 kDa and isoelectric 
point pH 4.l is 1-antitrypsin. Albumin and other serum proteins are unreactive. 

A B 
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Fig. 5. 2-D gel electrophoretic separations and detection of ENOX2 transcript variants 
specific for breast cancer by western blotting of patient sera. Arrow = 66 to 68 kDa breast 
cancer specific transcript variant. R = 52 kDa, isoelectric point pH 4.1 1-antitrypsin 
inhibitor reference spot. 

Findings from a separate study with small cell and non-small cell lung cancer suggest that 
the 2-D-western blot test detects cancer presence as early as 5 to 7 years in advance of the 
appearance of clinical symptoms. This supposition is based mainly on our analysis of two 
special cancer panels of sera obtained through the Early Detection Research Network 
(EDRN) of the National Cancer Institute. One panel consisted of about 20 known lung 
cancer patient sera and 35 control patient sera. Using the 2-D-western blot protocol to 
identify specific ENOX2 isoforms, we successfully identified all 20 of the known lung cancer 
patient sera. However, unexpectedly, a high incidence of ENOX2 presence was encountered 
in sera from the “control” group which were obtained from a community screening study. 
From additional information obtained through the EDRN, 16 of the 17 positive control 
subject samples where our findings specifically indicated lung cancer (the lung cancer 
ENOX2 markers were found) were smokers with smoking histories in the range of 15 to 88 
pack-years. However, the anticipated incidence of undetected lung cancers in such a 
population would be in the order of 10% or less rather than nearly 50%. Since the aberrant 
ENOX2 transcript variants associated with lung cancer are single molecular species 
produced only by lung cancer, the possibility was raised that lung cancer was being 
detected much earlier than was currently possible by other methods. The indications might 
be as early as 5 to 7 years before clinical symptoms, based on the estimated 20 year 
development time for lung cancer expression between carcinogen exposure and a clinically 
evident cancer (Petro et al., 2000) as diagrammed in Figure 6.  

Similar results were obtained with a panel of female subjects at risk for breast and ovarian 
cancer. An analysis of a panel of 127 sera in a Biomarker Reference Set for Cancers in 
Women also provided through the Early Detection Research Network of the National 
Cancer Institute support our indications that the 2-D gel-western blot system is able to 
detect cancer presence 5 to 7 years in advance of clinical symptoms. The panel consisted of 
samples pooled from 441 women in 12 different gynecologic and breast disease categories 
plus 115 sera from age-matched control women. Of the l27 sera samples in the panel, 29 
tested positive for breast cancer and another 16 tested positive for ovarian cancer. Since the 
aberrant transcript variants are single molecular species produced by specific cancers such 
as lung, breast or ovarian, the findings suggest that cancer was being detected in the control 
popuation much earlier than is currently possible by other methods. As estimated for lung 
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cancer, the indications might be as much as 5 to 7 years before clinical symptoms based on 
the development time estimated for breast as well as lung cancer expression between a 
cancer causing event and clinically evident disease (Weinberg, 2007). 

 
Fig. 6. Interpretive diagram to illustrate the various stages of cancer progression (estimated 
to require as long as 20 y) beginning with a cancer-causing event (initiation) through 
development of a clinically defined malignancy. 

4. Discussion 

4.1 Significance 

Cells in tissues and organs are continuously subjected to oxidative stress and free radicals as 
well as other potential cancer initiating events on a daily basis (Kryston et al., 2011). Cells 
normally withstand these attacks but some result in cancer causing events to initiate the 
rather long (est. 20 y) development phase prior to clinical symptoms (Fig. 6). Our hypothesis 
is that ENOX proteins being critical to the unregulated growth of cancer will be shed into 
sera well in advance of clinical symptoms as the rationale for the proposed early detection 
strategy. The essential role of ENOX2 in unregulated cancer growth provides the basis for 
early intervention. 

Early detection coupled with early intervention as diagrammed in Figure 1 raises the 
possibility of an important paradigm shift in cancer management toward early diagnosis 
and treatment options vastly different from those currently employed to deal primarily with 
advanced cancer. Consequently, the treatment of cancer might evolve from a primarily 
acute to a more chronic setting with monitoring and less invasive treatments. Reducing 
surgery, radiation and chemotherapy, as well as shortened hospital stays based on less 
invasive and less costly interventions afforded by very early detection would be expected to 
have a significant impact on reducing health care costs world wide. 
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Applications of the diagnostic methodology to post surgery patients is expected to help 
determine which patients still harbor residual disease following surgery and will require 
chemotherapy and which patients are free of disease where chemotherapy could be delayed 
or averted. The expectation is that the 2-D gel-western blot protocol will indicate that 
chemotherapy might be avoided or delayed in many patients (cancer survivors) where no 
evidence of disease is indicated. Additionally, the assay might be employed in patients with 
no clinical evidence of disease to monitor for recurrence. 

4.2 ENOX2 cloning and tissue distribution 

ENOX2 was expression cloned (Chueh et al., 2002) (Genbank Accession No. AF207881) 
using a monoclonal antibody that recognizes only a common ENOX2 epitope near the 
cancer drug-binding site (Cho et al., 2002) and from which the pan ENOX2 scFv 
recombinant antibody was derived (Kim, 2011). This binding site contains a conserved 5 
amino acid (EMTEE) motif (Table 2). Based on biochemical (drug inhibition of activity) and 
immunological evidence, this EEMTE drug binding motif in Exon 5 appears to be common 
to all ENOX2 forms and absent from the amino acid sequence of the constitutive ENOX1 
proteins characteristic of both cancer and non-cancer cells. 

The presence of ENOX2 proteins in sera of cancer patients represents an origin due to 
shedding from the patient’s cancer (Wilkinson et al., 1996). The presence of the ENOX2 
proteins has been demonstrated in a number of human tumor tissues and xenografts 
(mammary carcinoma, prostate cancer, neuroblastoma, colon carcinoma, and melanoma). 
However, serum analysis indicates a much broader association with cancer. ENOX2 
proteins are ectoproteins reversibly bound at the outer leaflet of the plasma membrane 
(Morré, l995). As is characteristic of other examples of ectoproteins (sialyl and galactosyl 
transferases, dipeptidylamino peptidase IV, etc.), the ENOX2 proteins are shed, appearing 
in soluble form in conditioned media of cultured cells and in patient sera (Wilkinson et al., 
1996; Morré et al., 1997). The ENOX2 transcript variants from sera exhibit the same degree 
of drug responsiveness as do the membrane-associated forms (Morré and Reust, 1997; 
Morré et al., 1997). With sera from more than 200 breast cancer patients, the majority (ca. 
196), were found to exhibit the drug-responsive activity. In contrast, no drug-responsive 
activities were found with sera from healthy volunteers or sera from patients with 
diseases other than cancer (cardiac, arthritis and other inflammatory diseases, gastric 
ulceration, emphysema, various non-malignant blood disorders). As such the antitumor 
drug-responsive ENOX2 activities represent novel cell surface properties potentially 
associated with most, if not all, forms of human cancer to confirm their appropriateness as 
appropriate biomarkers for serum or plasma detection and diagnosis of cancer. ENOX2 
proteins are robust and highly resistant to heat and protein degradation which enhances 
their utility as non-invasive markers for cancer detection and diagnosis (Morré and 
Morré, 2003a). 

ENOX2 proteins are absent or present at levels below the limits of detection (less than 10 
picomoles/ml of serum) from sera of healthy volunteers or patients with diseases other than 
cancer. Circulating ENOX2 has been detected based on drug response of ENOX activity of 
sera of more than 500 cancer patients representing all major forms of human cancer 
including leukemias and lymphomas (Morré and Reust, l997; Morré et al., l997). 
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4.3 Very early detection and diagnosis is unique to ENOX2 transcript variants 

Many cancers are detected only after clinical symptoms present and often after the cancer 
has spread leaving chemotherapy as perhaps the only resource for treatment. Tomographic 
or x-ray methods may detect before clinical symptoms present but only after a tumor mass 
has already formed. There appear to be few, if any, on-going indications of opportunities 
either for early cancer detection or for early intervention. Various genomic, transcriptomic 
and/or proteomic analyses, while of potential utility for tissue analyses of biopsy material, 
have thus far failed to provide new and reliable non-invasive serum indicators of cancer 
occurrence (Goncalves and Bertucci, 2011) despite continued promise offered by circulating 
microRNAs (Wu et al., 2011). A relatively small percentage of all cancers can be attributed to 
predisposing genes such as BRACA1, BRACA2 and less frequently p53 and PTEN (Lee et al., 
2010) for 5 to 10% of all breast cancers. While indicative of cancer risk, predisposing genes 
do not necessarily signal cancer presence. 

4.4 Early intervention strategy based on green tea- Capsicum synergies 

The potential benefits of early detection will not be fully realized without some opportunity 
for early curative or preventive intervention. As an early intervention strategy, findings 
suggest that a decaffeinated green tea extract containing 98% tea catechins of which 40% are 
EGCg and a Capsicum powder in the ratio of 25 parts tea extract plus l part Capsicum 
powder, available on line as Capsol-T (www.Capsol-T.com) and under commercial 
development by Stratum Nutrition, a division of Novus International, St. Charles, Mo under 
the brand name TeaFense may induce apoptosis as a means to eliminate early stage cancer 
when only a small number of cells are present prior to development of clinical symptoms. 
The ENOX proteins are responsible for the increase in cell size following cell division. After 
cell division, a minimum cell size must be reached or cell division stops and after several 
days, the cells undergo programmed cell death (apoptosis). Cancer cells with blocked 
ENOX2 activity are not able to enlarge and are thus directed towards apoptosis. The growth 
inhibition is due mainly to cell cycle arrest in Gl (stage of cell division before DNA is 
replicated). EGCg inhibits growth of cancer cells in culture and in implanted tumors in mice 
(Li et al., 2010). The growth of implanted tumors was inhibited in a dose-dependent manner 
at doses of 0.l%, 0.3% and 0.5% in the diet. 

Morré and Morré (2003b) have described synergy of decaffeinated green tea and a 
commercially available Capsicum preparations containing anti-cancer vanilloids (Capsibiol-
T) at a ratio of 25:l which resulted in a 100-fold increase in killing of cultured cancer cell lines 
compared to green tea alone. The current food grade Capsicum-green tea product (Capsol-
T) gives equivalent results. EGCg, when combined with other catechins also found in green 
tea, is superior to EGCg alone (Morré et al., 2003). 

Evidence from laboratory studies with cancer cells in culture indicate that one 250 mg 
capsule of Capsol-T every 4 h is equivalent to drinking l6 cups of green tea every 4 h. The 
need for l capsule of Capsol-T every 4 h is predicated on pharmacokinetic information 
(Janle et al., 2008) and the knowledge that the inhibition of ENOX2 by Capsol-T is 
reversible (Morré et al., 2000). In order to have therapeutic efficacy in selective killing of 
cancer cells, findings with cultured cancer cells show that the catechins must be present in 
the culture medium at a level of about 100 nM and to inhibit ENOX2 continuously at that 
level for a period of 48 to 72 h (Morré et al., 2000). If EGCg, for example, is removed and 



 
Early Detection: An Opportunity for Cancer Prevention Through Early Intervention 

 

399 

replaced by EGCg-free media, even after 8 h, cancer cells in vivo resume normal rates of 
growth. Similarly, normal rates of growth are resumed as EGCg is cleared from the culture 
medium and/or metabolized. Even in cell culture, the EGCg may not survive in the media 
for more that a few h at nanomolar concentrations. The cancer cells in vitro must be 
inhibited from growing for at least 48 and perhaps up to 72 h in order for apoptosis to be 
induced by EGCg in a majority of the cancer cells present. 

Feasibility of an efficacious dosing schedule is indicated from studies with rats (Janle et al., 
2008). The results from the animal study are consistent with epidemiological studies in 
humans and animal experiments where cancer benefit has been ascribed to drinking at least 
10 cups of green tea per day without adverse effects (Fujiki, l999; Nakachi et al., 2000). Green 
tea polyphenols are absorbed after oral administration and reach their highest plasma levels 
after about l to 2 h after dosing both in rats (Unno and Takeo, l995; Zhu et al., 2000; Janle et 
al., 2008) and in humans (Warden et al., 200l). In the rat, the levels of EGCg reached of 12.3 
nmoles/ml in plasma (12.3 µmolar) 60 min after a single oral administration of 500 mg/kg 
body weight of EGCg (Nakagawa, l997), which is more than l00 times the effective dose to 
stop the growth of tumor cells. The studies by Yang (l997) show that the concentration of 
EGCg in the blood after 2-3 cups of green tea reached a maximum of about 0.6 µM. 

In human studies of ingested catechins, 0.2% of the ingested EGCg and 0.2% to l.3% of 
ingested (-)-epigallocatechin (EGC) were found in plasma 90 min after ingestion (Nakagawa 
et al. 1997). Van het Hof et al. (1999) determined the half life for plasma levels of individuals 
drinking 8 cups of tea per day for 3 days to be 4.8 h for green tea and 6.9 h for black tea. 
After ingestion of green tea by human volunteers, Cmax values were observed 1.4 to 2.4 h 
after injection with a half life of 5 to 5.5 h (Yang et al., 1998). These observations provided 
the rational basis for dosing at regular intervals of 4 h with the Capsol-T product. 
Formulated for sustained release, the expectation is that two 500 mg capsules of 50% 
material per day, one in the morning and one in the evening will prove to be sufficient. 

Tea catechins especially EGCg in combination with Capsicum have been characterized as 
specific ENOX2 inhibitors inducing apoptotic cell death in cancer but not in non-cancer 
cells (Morré et al., 2000; Chueh et al., 2004; Morré et al., 2009a). Safety and efficacy are 
well documented (Cooper et al., 2005). Safety has been the subject of a series of reports 
dealing with genotoxic, acute, dermal, sub-chronic short-term, teratogenic and 
reproductive assays (e.g. Isbrucker et al., 2006a,b,c). Capsol-T is both caffeine- and 
vitamin K-free and free of herbicide, pesticide and/or heavy metal residues. Tea as a food 
form is generally recognized as safe by the U.S. Food and Drug Administration (National 
Cancer Institute Fact Sheet). 

Oral green tea extracts have been studied in human cancer patients. Pisters et al. (2001) did a 
phase 1 study with a commercially available but not decaffeinated green tea source given 1 
or 3 times daily for 4 weeks to 6 months Doses of 0.5 to 5.05 g/m2 per day and l.0-2.2 g/m2 
three times per day were tested in 49 cancer patients. The maximum tolerated dose of 4.22 
g/m2 was limited primarily by caffeine levels easily avoided with decaffeinated green tea.  

In a series of open label sequential trials with Capsol-T summarized by Morré and Morré 
(2006), 36% of participants with advanced cancer reported significant prolongation of life 
and/or remained alive at the time of the analysis. Another 32 reported improvement while 
the remaining 32% experienced a normal course of their disease. Most in the last category 
were diagnosed very late in the development of their disease such that an inability even to 
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comply with six capsule per day taken one every four hours became problematic. 
Preliminary human studies on patients (compassionate intervention) with severe head and 
neck carcinomas who were treated with a commercial preparation of the dietary supplement 
Capsibiol-T containing the mixture of decaffeinated green tea and modified chili peppers 
(Capsicum sp.), generated results that indicated a positive role for herbal mixtures of green 
tea and Capsicum for clinical use to eliminate cancer cells from the body (Fernandez et al., 
2003). 
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1. Introduction  

While the role of culture in addressing health care disparities in general and, cancer health 
disparities specifically is increasingly recognized, a systemic approach aimed at bolstering 
the cultural competence of our nation’s health care workforce is absent. Among the health 
outcomes, the impact of this gap is most pronounced in cancer. Ample scientific evidence 
exists affirming that eliminating cancer health disparities requires a multi-sectorial 
approach. The lack of cultural competence among frontline providers - physicians, nurses, 
pharmacists, health educators – is only compounded by the cancer workforce crisis, a 
national threat to assuring quality cancer care to a growing vulnerable and increasingly 
culturally diverse global population. Traditional solutions to the health care workforce crisis 
in general and that of the cancer workforce specifically have largely failed because of a silo- 
rather than a systems approach, focusing on one specific segment of the workforce or one 
specific aspect of cancer care. Furthermore, much of those efforts were limited to addressing 
the quantitative aspect of the problem – increase the number of cancer care professionals, 
ignoring the equally important qualitative component- assuring a health care workforce, 
competent in providing cancer care across the cancer spectrum to culturally diverse 
populations. (C-Change 2008; Lichtveld 2009) 

The cancer workforce is faced with various obstacles as cancer prevalence and mortality 
rates swell worldwide and cancer patients and survivors are directly affected by the 
shortage in a workforce to provide care. Compounding the shortfall in health prevention 
and clinical care, the disproportionate impact of cancer on minorities and disadvantaged 
populations has been apparent for decades with few innovative cancer care delivery models 
implemented. A growing body of evidence indicates that in addition to race, and geo-socio-
economic parameters, culture is a strong influencing factor on cancer outcomes.(Grouse 
2005; Chin, Walters et al. 2007; Fisher, Burnet et al. 2007)  Converting the role culture plays 
in eliminating cancer health disparities from a barrier to an asset, requires cultural 
competence from those providing care across the entire cancer care continuum – from 
prevention to survivorship. (Lichtveld 2009) 
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2. Racial, cultural and ethnic disparities in cancer care 

Global health disparities is a critical area of concern and intensifies the issue of cancer in 
developed and developing countries.(Jones, Chilton et al. 2006; Kawahara, Masui et al. 2010) 
Cancer is the leading cause of death worldwide with mortality rates spiking in low- and 
middle- income countries.(Linkov, Padilla et al. 2010) Medical care alone cannot adequately 
improve health related quality of life or reduce cancer disparities without also addressing 
where and how people live.(Subban, Terwoord et al. 2008)  As countries become more 
culturally diverse, taking action to train the future cancer workforce to better serve their 
changing communities is a top priority. (Dogra, Reitmanova et al. 2010)  Public & private 
health systems need to move beyond identifying problems to development of novel 
interventions and their implementation. Additionally, genuine efforts need to be made to 
offer culturally & linguistically appropriate services to the world’s most vulnerable 
populations.  

Addressing global cancer health disparities requires a holistic solution to a complex and 
interdependent set of patient, provider, and health system factors. Through educational 
interventions, projects can aim to position the health care system to effectively serve patients 
and communities of color. The state of the cancer workforce displays a grim picture, with 
several shortages including oncologists, pharmacists and nurses. These shortages can be 
characterized as supply and demand determinants; the demand for oncologists – the 
lifetime probability of developing cancer is 1 in every 2 men and 1 in every 3 women - is 
expected to exceed supply by 25%-30% by 2020. Against this backdrop, bolstering the basic 
cancer care competency knowledge and skills of medical, nursing and pharmacy students is 
essential as an evidence-based prevention priority and sustainable capacity for cancer 
care.(C-Change 2008; Smith, Tyus et al. 2009)   

Cancer health disparities in low- and middle- income countries provides a uniquely rich 
platform for educational interventions as reflected by the large number of physicians, nurses 
and pharmacists serving resource-challenged and underserved populations. By 
“mainstreaming” cultural competence-embedded cancer care education into health 
professions curricula, a competent cadre of health care providers produced as a result of 
revised competencies and cancer education curricula has a “ready practice setting” to 
implement those skills in a fashion that is measurable. 

3. A balanced perspective: understanding the social determinants of health  

To elucidate the global perspective of lower-resourced communities, the Social-Ecological 
Model of Health provides an applicable theoretical framework. The model proposes that 
individual health is influenced by biological and genetic functioning, social and familial 
relationships, the built environment, and broader psychosocial and economic factors (Figure 
1). Health is influenced by multiple facets in the physical and social environment; the 
environment itself is multidimensional, incorporating social, physical, actual or perceived 
elements as discrete attributes or constructs. An individual’s environment is influenced by 
the interaction with people who share that environment. Person-environment interactions 
occur in cycles in which people influence their settings; these changes in turn influence 
health behaviors.(Stokols 1996) 
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Fig. 1. Social-ecological model: reversing the social determinants that widen the healthy 
divide. 

Social determinants are inextricably linked with socioeconomic disparities that impact every 
phase of the cancer care spectrum from screening to palliative care. (Smedley, Stith et al. 
2003) Despite the United States nationally acclaimed decreases in breast and cervical cancer 
mortality due in large part to early screening and better therapeutics, African American 
Hispanic and American Indian/Alaska Native (AI/AN) populations have not enjoyed these 
same benefits. African American and Hispanic women have higher breast and cervical 
cancer mortality respectively despite similar screening rates to White women. Colorectal 
cancer screening rates are also lower while advanced stage at diagnosis higher within 
African American and Hispanic people. Treatment disparities are particularly concerning. 
The absolute proportion of African American and Hispanic women receiving radiation 
therapy less than 1 year after breast conserving therapy is 12% lower in African American 
and 19% lower in Hispanic women. There is no stable data for AI/AN women. (Natale 
Pereira, Enard et al. 2011) African American women with breast cancer were less likely to 
receive full course chemotherapy (Griggs, Sorbero et al. 2003)and more likely to receive non-
standard chemotherapy regimens (OR 1.93 [1.11 – 3.36]). (Griggs, Culakova et al. 2007; 
Griggs, Culakova et al. 2007)This correlated with stage of disease  i.e. Stage II and III OR 
2.82 (2.01 – 3.95) and 7.95 (4.06-15.98) respectively,  and lower education levels i.e. less than 
high school OR 3.24 (1.17 – 9.0), high school graduate OR 1.8 (1.08-3.0). These data in part, 
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may explain the lower survival rates in African American and Hispanic women although 
data in Hispanic women is lacking. System factors pose significant problems with lower 
proportions of Hispanic women reporting timely receipt of appointments (35 vs. 49%) and 
higher proportion reporting difficulty in getting care when needed compared to White 
women (66 vs. 55.8%). Higher poverty rates, lower insurance rates and higher 
discontinuously insured rates, decreased English proficiency when compared to White 
populations characterize African American and/or Hispanic populations. (Smith Bindman, 
Miglioretti et al. 2006; Elkin, Ishill et al. 2010; Miranda, Wilkinson et al. 2011)  Effective 
cancer care cannot be delivered without a multi-tiered approach that effectively links and 
integrates the patient with all components of the cancer care delivery system. Patient 
navigation is a promising strategy that can affect this.  

4. Addressing adversity: linking cultural competence to health disparities 

Over the past three decades, efforts to meaningfully address health disparities have largely 
focused on exhaustive characterization and definition of health disparities through multiple 
lenses – community, social, demographic, environmental, economic, race/ethnicity, gender, 
age, disabilities – with significantly less attention, until recently, to outcomes and effective 
interventions to reduce and/or alleviate them. In part this results from the complexity of 
developing and implementing interventions that can effectively and seamlessly leverage 
opportunities and traverse barriers within and between the health care system, provider, 
patient, academic and at large community components. The economic climate is forcing a 
‘lean thinking’ approach to intervention development that focuses on innovative process 
and resource reallocation that will lead to measured and sustainable improvement in health 
outcomes. (Womack and Jones 2003) The Patient Protection and Affordable Care Act 
(PPACA Public Law 111-148), though imperfect and controversial, is an important first step 
in systemic funding to address health disparities. Furthermore, relevant outcome evaluation 
that goes beyond traditional metrics is central to development and assessment of effective 
interventions. Past naïve and archaic approaches focusing on one sector of the health care 
system, trusting that passive diffusion will decrease disparities throughout the entire system 
have failed. The health care crisis will continue to mandate an integrated, non-silo approach 
that meaningfully incorporates traditional (physicians, nurses, pharmacists, health 
educators) and emerging non-traditional (navigators, community health workers) into 
traditional and most importantly, non-traditional highly innovative and meaningfully 
integrate roles within the health care team and care delivery model.  

4.1 Cultural competence: the devil is in the details 

Culture, “the integration of patterns of human behavior that includes language, thoughts, 
communications, actions, customs, beliefs, values and institutions of different racial, ethnic, 
religious or social groups” is a powerful lens through which patients make virtually every 
health care decision. (Matthews-Juarez and Weinberg 2004) Cultural competence, 
“acquiring and integrating knowledge, awareness and skills about culture and cultural 
differences that enables Health Care Professionals to provide optimal care to patients from 
different racial ethnic and cultural backgrounds”, a bidirectional requisite for oncology 
providers and their patients has been largely overlooked within the clinical continuum. 
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Treatment outcome starts with the patient’s first encounter with the health care system. The 
quality of that encounter, distinct from customer service, significantly impacts the 
subsequent patient-provider relationship, ultimate partnership, adherence to treatment 
recommendations, quality of life during treatment and the survivorship continuum. 
Qualitative factors have an equal if not greater role than quantitative information in patient 
decision making. Therefore, the qualitative approach that the provider chooses to 
communicate the quantitative information is paramount. The provider must understand the 
culture through which the patient relates and understands information about medical and 
social aspects of the disease process and treatment.  

Cultural nuances differ ethnically as well as geographically a factor which becomes 
especially important when dealing with populations in various phases of acculturation in a 
country or community. For example, in the United States, all phases of the patient-provider 
interaction center on the implicit understanding that the patient will make the ultimate 
treatment decision. In certain Hispanic cultures, the husband might make the ultimate 
decision while in Asian culture, the eldest son will be the decision maker. In African 
American culture, the children and spouse collectively drive the treatment decisions of the 
patient. Failure to address these decision makers through all phases of the patient encounter 
and decision making process will negatively impact on the overall quality of the provider-
patient relationship and ultimately treatment compliance by creating an environment of 
mistrust and devaluing the patient and their support system.  

Understanding how people from different cultures actually make treatment decisions is 
critical. In western culture, the process is linear- treatment discussion, research treatment 
options via internet/publications, analyze the data and reach a decision within a defined, 
usually short, timeframe. If the provider does not realize that the doctor’s opinion rather 
than the research process may be the deciding factor for Hispanic patients, that the 
American Indian patient may want to discuss their condition with the tribal elders or healer, 
that African American patients may want to discuss their options with the family 
matriarch/patriarch and obtain their treatment decisions before informing the provider of 
the patient’s treatment decision then the delay in treatment decision will not ‘make sense’. 
Furthermore, the questions posed to the provider through the patient may in fact emanate 
from these other individuals. This can result in mismatched patient-provider expectations 
leading to miscommunication and narrow, biased interpretations of how ‘capable’ a given 
patient may be to ‘understand’ their treatment. 

Subtle aspects of the patient encounter engagement process are important. African 
American patients expect direct eye contact as lack thereof conveys the message that the 
provider cannot be trusted. Conversely, Asian patients will avoid eye contact as direct eye 
contact is a sign of disrespect to the provider who is perceived, in that setting to have higher 
status. Conversely, listening to the provider’s treatment discussion with closed eyes does 
not signify disinterest or information/emotional overload for the Japanese patient but 
indicates that the provider has the patient’s full attention. Failing to directly address the 
husband of a Hispanic woman when making treatment recommendations is an insult to her 
husband. The importance of cultural competence in the provider patient partnership cannot 
be overstressed and is critical to effectively address health disparities. 
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4.2 Eliminating disparities and enhancing diversity in clinical trials  

The improvement in health status in a community, region or country can be measured in 
many ways. Sir Michael Marmot, WHO Chair of the Commission on Social Determinants 
of Health, posits that the health care system accounts for about 20% of this.(Wilkinson and 
Marmot 2003) Improved health status is greatly impacted through social policy such as 
controlling access to tobacco or designing communities that provide conditions that 
support walking rather than dependence on mass transit. Such environmental 
interventions do not eliminate the need or benefit of required individual application or 
adoption of preventive behaviors such as smoking cessation, increased exercise, better 
dietary choices, or breast feeding.  

However, when someone is diagnosed with a life threatening disease like cancer, it is no 
longer a question of how to prevent an occurrence; it is time to provide access to the best 
quality of care. For this, the process of informed decision making begins with their 
clinician, and what do they offer? What are they required to offer? Unfortunately, there is 
less participation in clinical trials and often the clinician’s failure to provide information 
as a part of their care options is at the root of the problem. Yet there are many others in 
the cancer workforce that have an equally important role in guiding patients, supporting 
their decision making process, and helping them as participants if they choose to enter a 
clinical trial.  

Clinical trials are a critical resource for developing new lifesaving drugs as well as better 
prevention, diagnostic, and treatment methods. However, numerous demographic groups 
are underrepresented in cancer clinical trials. These include racial and ethnic minorities, the 
elderly, women, children and adolescents, low income and uninsured individuals, rural 
residents, and individuals with disabilities.  

There is no single reason why the evidence consistently demonstrates widespread 
disparities in clinical trial participation. Rather, multiple factors coalesce to produce a 
system that features such disparities. Accordingly, the Eliminating Disparities in Clinical 
Trials (EDICT) Project sought to model an approach that would not merely address 
individual contributing variables, but would instead analyze the problem and proposed 
solutions via a systematic, multi-level approach.(ICC 2009) 

Each of the more than 300 EDICT participants represented one or more of the many 
stakeholders who encountered the multiple factors that produce underrepresentation in 
clinical trials. For example, concerns of scientific validity suggest that protocol design 
include, from the outset, recognition of patterns of disease burden and, where appropriate, 
reflect those patterns in recruitment and retention strategies. In addition, members of 
underrepresented populations consistently report mistrust of medical and research 
professionals, in contrast to local community healthcare workers, who are rarely involved 
with clinical research. Finally, the mistaken belief that appropriate representation in clinical 
trials requires larger expenditures in conducting the trial(s) justifies the unwarranted 
assumption that ameliorating disparities in clinical trials is cost-ineffective. 

These examples demonstrate how the factors contributing to the problem of disparities in 
clinical trials operate at different levels, across different sectors, and involve different 
stakeholders. The primary initial result of the EDICT Project is the 33 Policy 
Recommendations. There are both data and theory strongly suggesting that if relevant 
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stakeholders implemented even a minority of the recommendations, disparities in clinical 
trials could be substantially reduced. Because of this complexity, eliminating disparities in 
clinical trials requires a multi-level systems approach and certainly one that requires the 
creation of a fully engaged and competent workforce. (Wilkinson and Marmot 2003; ICC 
2009) 

The EDICT Credo can serve as a framework for training and sustaining a workforce that 
ensures the appropriate inclusion of under-represented populations are ameliorated in the 
future. The following beliefs guide the work of the EDICT Project: 

 All individuals will have the opportunity and necessary support to participate 
voluntarily in clinical trials for which they are eligible. 

 Participants and researchers will understand and promote the benefits of diversity in 
clinical trials. 

 Results from clinical research will benefit the participants’ communities and society at 
large.(ICC 2009) 

Creating such a workforce will require attention to barriers related to researchers, referring 
physicians, and the recruitment process itself. For example, racial/ethnic minorities are 
underrepresented among researchers. Community physicians are often unaware of clinical 
trial opportunities and experience excessive administrative or financial burden related to 
clinical trials. Additional barriers include lack of institutional interest, infrastructure, staff 
time, sufficiently skilled research coordinators, and training in culturally competent 
communication skills related to clinical trial recruitment. 

A competent workforce should be capable of understanding frequent patient barriers to 
recruitment that are exacerbated for underrepresented groups. These barriers include poor 
understanding of the research and its related risk; transportation difficulties and caregiver 
availability; participant fatigue and inconvenience; general lack of awareness that clinical 
trials are an option; mistrust due to previous unethical research experiences; cultural, 
linguistic, and literacy issues; inadequate paid work leave, childcare, or insurance coverage; 
misidentification of race/ethnicity; and relocations, extended visits, or return to countries of 
origin. 

While helping potential participants to “navigate” their way into, through, and after the 
clinical trial process is critical to improving inclusion of these groups in cancer research. The 
task is complicated by the fact that there are multiple professionals and paraprofessionals 
involved in recruitment and retention of participants in clinical trials at different points of 
contact along the continuum of cancer care. These include, but are not limited to, clinical 
researchers, research administrators, community health workers and promotoras,, nurses, 
patient navigators, physicians who refer patients, physician assistants, and social workers to 
name a few. 

The Department of Health and Human Services (DHHS) Office of Minority Health (OMH) 
developed National Standards for Culturally and Linguistically Appropriate Services 
(CLAS) in 2000. The CLAS-And Clinical Trials (CLAS-ACT) Project helps to assess how well 
CLAS Standards are implemented in a single clinical trial or study as well as across multiple 
trials in an organization. CLAS-ACT materials may also be used to train research staff and 
administrators about CLAS standards. These standards are a straightforward method to 
support taking one significant step in providing a cancer workforce in general but in 
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particular for those involved in clinical research they can be instrumental in bringing the 
research experience into a comparable position with overall access to health care services in 
general.  

“Imagine that you possess an indicator for a disease or illness that has nothing to do with 
your body. It is not a genetic predisposition to acquire cancer or a vice that raises the 
probability of contracting some dread disease, though estimates of its health risks have 
placed it on par with having diabetes. It has nothing to do with the environmental 
pollutants you are exposed to or whether you can afford health care. It is not a physical 
susceptibility that renders you more easily reachable by the clutches of pathology. No, this 
indicator of health hinges on certain learned abilities and skills, and it is a barrier to health 
that is totally within the health field’s power and resources to lift. The condition hinted at 
above is the inability to speak English proficiently in the United States.”(Bustillos 2009) 

Correcting for this will not be easy. Little data exists on issues such as this in the clinical 
research enterprise. What will be important is the ability to recognize that it will be both a 
combination of policy and programs that culminate in a competent corps of health care 
workers. Indeed as an evidence base is developed we must recall that those currently in the 
cancer workforce can make a significant step by striving for cultural competence. The nature 
of funding and conducting randomized clinical trial research is changing to reflect the 
evolution of the science base, the need to increase diversity among study participants, to 
establish trust among certain communities by acknowledging the need for social justice and 
health equity, and of course the globalization of drug development and emerging markets. 
In response, there are significant efforts underway to address the barriers to participation in 
clinical trials, which remain low.(Wilkinson and Marmot 2003) 

The National Cancer Institute recently conducted research with oncology professionals 
that identified unmet accrual needs. As a result they have developed a comprehensive 
platform for accrual resources, AccrualNet.(NCI 2011) Their methodology used a 
variety of techniques including literature and resource searches to identify the content 
for the site. Certainly, as noted throughout EDICT’s recommendations, designing 
interventions to support a broader the workforce must meet different barriers 
AccrualNet represents a unique, centralized comprehensive-solution platform to 
systematically capture accrual knowledge for all stages of a clinical trial. It is designed 
to foster a community of practice by encouraging users to share additional strategies, 
resources, and ideas.(NCI 2011) 

For those who recognize the importance of clinical trials there is an opportunity to 
educate, encourage, and inform others. It is important to learn how to intervene with 
members of the cancer workforce who today have the ability to increase awareness about 
clinical trials and provide patients the opportunity to consider participation in a clinical 
trial. We need to make this part of our education and training of future workforce, if not, 
we are likely to have medicine’s role in improving the quality of life diminish rather than 
flourish. 

The lesson of EDICT is that there are many things that need our attention if we are truly 
to overcome the barriers to increasing participation in clinical trials. However, it is clear 
that if those (our cancer workforce) who can do something will, ultimately we will 
succeed.  
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5. Revitalization of cancer care: cancer competencies framework 

Nearly all of the professional disciplines that play a role in the delivery of comprehensive 
cancer services are experiencing a shortage including physicians, nurses, social workers, 
pharmacists, public health workers, researchers, technologists, and cancer registrars. The 
rising incidence of cancer, an aging population, and an increased rate of cancer survivorship 
all predict an increased demand for health services. These trends threaten our ability to 
provide timely and comprehensive cancer care. Many cancer-focused organizations are 
investing in efforts to expand the number of cancer specialists in anticipation of a worsening 
cancer workforce crisis. 

5.1 Building a cultural bridge through a competency-based approach 

Complementing other national efforts focused on the recruitment and retention of oncology 
health professionals, C-Change pursued the Cancer Core Competency Initiative to develop 
standards and tools for strengthening the cancer knowledge and skills of non-oncology 
health professionals, including generalist and other non-oncology specialists. Defining the 
core competencies needed by all members of the health workforce represents one important 
approach toward expanding the cancer workforce (Figure 2). A multi-disciplinary panel of 
national leaders and experts developed competency standards spanning the continuum of 
cancer care, basic cancer science, and communication and collaboration. Implementation 
tools included a logic model and curriculum validation template.(C-Change 2008; Smith, 
Tyus et al. 2009) 

 
 
 
 

Continuum of Care 
Prevention | Early Detection | Treatment | Survivorship | Palliative Care 

Basic Cancer Science 
Etiology | Epidemiology | Clinical Trials | Cancer Surveillance 

Communications & Collaboration 
Inter-disciplinary Care | Psychosocial Communication 

Cross-Cultural Communication 
 
 

Fig. 2. Scope of competency standards. 

In an effort to test this approach, a grant program invited applicants from any academic, 
healthcare, cancer coalition, or voluntary/advocacy organization to apply the standards and 
tools to address a specific need in the professionals and, ultimately, the patients that they 
serve. Four grant-funded sites implemented the C-Change Cancer Core Competency 
Program in their organization by utilizing this rigorous set of competency standards, 
curriculum design tools, and evaluation methods to create their own programs. Each of the 
grant sites focused on a unique combination of a cancer topic, discipline, 
education/experience level, and practice setting.(C-Change 2008)  
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School of Medicine 

(WV) 

University of 
Pittsburg Medical 

Center (PA) 

California 
University of 

Pennsylvania (PA) 

Cancer Topic 
Skin cancer 

prevention and 
early detection 

Breast cancer 
screening and patient 

communication 
Survivorship 

Cancer-related 
depression and 

anxiety 

Healthcare 
Discipline Nurses Physicians 

Physicians, 
Advanced Practice 

Nurses 
Social Workers 

Level of 
Education & 
Experience 

Practicing 
professionals, 

Nurses, 
AD, BSN, MSN 

Students, 
Year 2 

Medical School 

Practicing 
professionals, 

Masters 

Graduate students, 
Practicing 

professionals/ field 
faculty, BSW, MSW 

Practice 
Setting 

Rural, Public 
health field 

workers 

Academic training 
program 

Urban/Rural, 
Primary care 

clinics 

Rural, Social service 
agencies 

Table 1. Scope of pilot site competency initiatives. 

 

 

Iowa Cancer 
Coalition 

(ICC) 

University of Florida 
(UF) 

Virginia 
Commonwealth 

University 
(VCU) 

South Puget 
Intertribal Planning 

Agency (SPIPA) 

Cancer Topic 

Palliative and 
end-of-life care 
Hospice care 

 

Pain and cancer-
related symptoms and 

management 
resources 

Pain management 
in pediatric 

patients 
 

Culture-specific 
cancer pain 

Healthcare 
discipline 

Nurses, 
Medical 

Assistants 

Physicians, Nurses, 
Social Workers, Office 

Staff 

Medical Students, 
Pediatric Residents 

Native Health 
Workers 

Type / Level of 
education  and 

experience 

Practicing 
professionals 

AD, BSN 
Certificate 

Practicing 
professionals 

MD, RN, MSW, 
Diploma 

Students, 
Pre-Professional 

Variable education 
and training as “lay” 

community health 
worker 

Practice 
Setting 

Rural long 
term care 
facilities 

Rural health, primary 
care clinics (mostly 
Federally Qualified 

Health Centers) 

Pediatric Clinic and 
Medical Center 

Native American 
communities 

Table 2. Scope of pain and palliative care grant site competency. 

The pilot sites reported that the methods were flexible and useful when addressing various 
cancer topics, with a wide variety of disciplines, and within different organizational settings. 
Measureable gains in knowledge, skills, and attitudes were realized by all sites. In addition, 
all four pilot sites experienced benefits beyond those derived by the participant including 
positive effects such as professional development, institutional visibility, and community 
relations. A full description of the standards, tools, and pilot site results can be found at 
www.cancercorecompetency.org. (C-Change 2008) 



 
Creating a Sustainable Cancer Workforce: Focus on Disparities and Cultural Competence 

 

413 

As a continuation of this innovative program, C-Change invited grant applicants for a more 
focused purpose of strengthening the cancer pain and palliative care knowledge, skills, and 
attitudes of non-oncology health professionals. Program activities could focus on any 
relevant organization, discipline, or geographic area. This initiative was guided by a 
multidisciplinary, multi-sector advisory committee and managed by C-Change staff. 
Funding for the grant awards was provided through a generous donation from the Purdue 
Pharma L.P.  

Through a collaborative process, four new grant sites worked with C-Change to plan and 
implement their programs. Again, the sites reported that the methods were flexible and 
useful when addressing various cancer topics, with a wide variety of disciplines, and within 
different organizational settings. Measurable gains in knowledge, skills, and attitudes were 
realized by all sites.  

5.2 Cultural competency focus 

One of the eight grant recipients, the South Puget Intertribal Planning Agency (SPIPA), 
indicated a specific cultural focus in meeting the needs of the population they serve. They 
recognized the need to understand cultural experiences and beliefs in order to equip health 
professionals with the most productive language, tools, and approach to reaching 
individuals at risk for and living with cancer.(C-Change 2010)  The South Puget Intertribal 
Planning Agency (SPIPA), a Tribally-chartered nonprofit organization serves five Tribes, 
Chehalis, Nisqually, Shoalwater Bay, Skokomish, and Squaxin Island near Seattle, 
Washington.  SPIPA’s grant application described their aim to improve pain and palliative 
care management for community members.(C-Change 2010)  They illustrated the existing 
cancer burden to their community in terms familiar to most health professionals:  

“According to the Washington State Cancer Registry, American Indians/Alaska Natives 
(AI/ANs) have the highest incidence and mortality rate of cancer incidence of any racial 
group in our state1. Geographically the SPIPA service population is located in the area of 
Washington that has had higher than expected total cancer deaths for each year individually 
and for all years combined. For 2000-2004 combined, the relative risk (rr) was 1.14, or 14% 
more cancer deaths than expected; this equals about 290 excess deaths per year. Survival is 
poorer in small rural towns compared to urban and large rural cities/towns. 2 The 
reservations served by the Tribal clinics are considered to serve rural populations; the 
majority is considered Health Professional Shortage Areas (HPSA).”(C-Change 2010) 

5.3 Pre-assessment and program planning 

The statistics alone were daunting, but as the planning process unfolded, cultural nuances 
emerged that made achieving their initial program goal more challenging. As part of the 
initial needs assessment process, the project leaders conducted a series of talking circles 
(focus groups) with each tribe. Initially, they gathered feedback that revealed some of the 
prevailing beliefs of the community, “[f]or Native Elders, pain is not discussed until it is 
severe, pain is believed to always accompany cancer, and it is not believed that it can be 
relieved, although traditional healers can help. Many have addiction concerns or concerns 
about being perceived as ‘drug seekers’.”  This feedback was consistent with previous 
observations and reinforced the need to address myths in the competency training.(C-
Change 2010) 
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Feedback that was not expected revealed a culturally-driven difference in basic vocabulary. 
The word “pain“ had a different meaning to tribal members than what is typically 
understood to mean an unpleasant physical or emotional sensation occurring in varying 
degrees of severity as a consequence of injury or disease.  The word “pain” meant historical 
trauma from past injustices experienced by Native Americans. Upon further inquiry, the 
term “discomfort” was a more accurate word for physical symptoms and the term “distress” 
was a more meaningful word for emotional symptoms. (C-Change 2010) 

Initially, the program aimed to strengthen the competency of traditional western medical 
providers who serve the native community, but the need to empower native health workers 
with knowledge, skills, and tools to build a bridge between the patient and the medical 
provider emerged as a more strategic starting point.(C-Change 2010) 

Project leaders refined the program goals and audience accordingly to: 1) Address 
community and patient understanding of cancer pain (distress and discomfort) assessment, 
communication and management of that distress and discomfort for survivors and 
caregivers in Native communities; 2) Improve communication and understanding about 
cancer pain, cancer related distress and discomfort, and palliative care, among Tribal 
members, their caregivers and the Tribal Health system by providing a common language; 
3) Prepare a cadre of community members, targeting caregivers, at the local community 
level who will be community resources for cancer pain and can effectively provide peer 
level education within their communities and clinics; and 4) Empower Native people 
experiencing cancer pain to raise this quality-of-life issue with their health care 
providers.(C-Change 2010)  

The competency goals set for participant included:  

 Manage symptoms of the cancer pain, distress and discomfort / provide culturally 
appropriate tools for describing distress  

 Describe the methods used to identify pain throughout the progression of the disease  
 Differentiate between acute and chronic pain symptoms  
 Perform pain assessment / train “Wellness Workers” (caregivers) on performing 

culturally tailored pain assessment  
 Explain and explore the different treatment options for pain – including culturally 

appropriate as well as medical best practices  
 Perform a pain related history taken during physical examination; teach patients how to 

document/ journal pain 

Using a logic model, the program leaders designed an interactive workshop that would be 
delivered by trusted community members to an audience of community “Wellness 
Workers,” caregivers, peer educators, and advocates as well as cancer patients and 
survivors. The objectives, inputs, outputs, outcomes (short-, medium-, and long-term), and 
impact are illustrated in Table 3.(C-Change 2010)  

5.4 Workshop content and tools 

The workshop content addressed the distinction between cancer discomfort, distress, and 
historical pain; the importance of treating pain as part of the healing process; myths about 
addiction; ways to communicate pain; and obstacles to seeking pain management in the 
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Table 3. SPIPA logic model. 
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health system. In preparation for the workshop, two important tools were developed, video 
segments of cancer survivors discussing their discomfort and distress and a pain journal. 
The videos were an important way to convey the patient experience with familiar 
community members and reinforced the importance of expressing, rather than suppressing, 
pain symptoms.  

The pain journal was specially designed to provide a place for patients to record their 
symptoms and a tool to share their symptoms with their medical providers. The journal 
contains a variety of resources that prompt a patient to record onset, quality, intensity, 
duration, and the effect of relief interventions. The prompts included anatomical diagrams, 
vocabulary lists to describe the pain sensations, functional assessment of activities of daily 
living, and checklists to inventory other symptoms.  In addition to addressing aspects of 
“discomfort,” the journal also explored aspects of “distress” with functional and mood 
assessment tools.(C-Change 2010)   

The CCCP (Comprehensive Cancer Control Program) Advisory Council made a specific 
recommendation to create a customized pain barometer, mirroring the classic Wong-Baker 
faces (Figure 3). They commissioned a local artist, Peter Boome, to create a culturally 
meaningful rendition of this scale using traditional Salish faces. The scale provided a more 
culturally familiar image and more direct connection to their pain experience. In a broader 
sense, the knowledge and tools for expressing pain provided in the workshop gave 
participants “permission” to talk about a subject that was not a cultural norm. (C-Change 
2010) 

 

Fig. 3. Pain Barometer. 

5.5 Evaluation methods and outcomes 

Evaluation methods for the workshop training including a pre- and post-tests for 
participants, which included questions assessing perceptions, knowledge, and skills. The 
perception questions assessed changes in confidence in knowledge, ability to recognize 
distress and discomfort, and ability to communicate symptoms. Knowledge questions 
assessed definitions of types of discomfort and distress and common interventions to 
address these symptoms. Skills questions assessed the ability to report symptoms clearly 
and completely. 

In total, 102 people participated in one of the five workshops held for each of the tribes. This 
represents approximately 3.5% of the combine populations of these communities. 
Confidence scores increased dramatically from pre- to post test, ranging from 129-233% 
change on individual questions. Knowledge and skills questions showed modest 
improvements averaging a 7.4% change. Upon further reflection, the program leaders 
recognized the role that the timing, format, and reading skills of the participants may have 
played in these results. During the workshop, the faculty used interactive verbal true/false 
questions to assess comprehension which anecdotally reflected a much stronger gain in 
knowledge and skills. When asked about the impact of the training experience, 68% of 
respondents were “very” or “extremely likely” to change their caregiving as a result of the 
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training. Eighty-seven percent were “very” or “extremely likely” to recommend the training 
to a friend.(C-Change 2010) 

5.6 Conclusions 

The impact of the workshop series has had a longer lasting and broader impact than 
expected. SPIPA has produced and distributed journals since the training within and 
beyond the SPIPA communities. In addition, they have received inquiries from other 
AI/AN communities interested in hosting a similar workshop. With these initial successes, 
they are turning back to their original goal of providing competency-based training for 
culturally appropriate pain management to western medical providers who serve the SPIPA 
community.  The initial investment in the knowledge and skills of native healthcare workers 
and caregivers should provide an important cultural competency bridge for bringing 
patients and care providers together to improve patient outcomes 

6. A roadmap towards culturally competent community based participatory 
cancer care 

To date, health systems research has focused disproportionately more on health services 
research than community-based public health systems research. Likewise, funding for 
Community Based Participatory Research (CBPR) is orders of magnitude less than 
traditional biomedical research. In both instances failure to make progress is complex and 
advocating for one type of research over the other is counterproductive and may hurt rather 
than help strengthen the science base required to address cancer health disparities. Perhaps 
the most fundamental root cause of health disparities is infrastructure in general and the 
health infrastructure specifically: where you live indeed determines your health.  

The three core components of the health infrastructure- workforce, organizational setting, 
and health system capacity- directly influence a community’s health status. Overlaying this 
already complex relationship is the need to deliver culturally competent care to in our case 
communities with a historic burden of cancer health disparities. Figure 4 presents a 
multidimensional framework depicting the relationship among the three core components 
in the context of delivering culturally competent cancer care. 

The most important perquisite for successful culturally competent care is the collaboration 
and active participation of the community. Rather than focusing on a community’s needs 
only, asset-driven participation fulfills a pivotal role to inform the development of a 
culturally competent cancer care workforce on one hand and to embed community assets as 
an important component of the health system capacity portfolio on the other. Reciprocally, 
neighborhood community health centers can embed culturally competent care and serve as 
an anchor of community sustainability. This enriched portfolio can also form the nurturing 
professional workplace setting of a culturally competent health workforce. In turn, this 
workforce can also stimulate transformation leading to a better functioning culturally 
competent health system. This framework also allows for cultural targeting—focusing on a 
culturally-specific population—as well as culturally tailoring a health intervention or 
program to maximize community benefits. This conceptual framework goes beyond the role 
of cultural leverage in interventions to allow for assessing not only the impact of a health 
action or intervention as a silo effort; rather it operationalizes the three core components as 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

418 

one interconnected health system: the community as health seeking beneficiaries, the health 
workforce as providers of culturally competent care, and the health system as the locus of 
health services within communities.(Fisher, Burnet et al. 2007) This interconnected system 
will facilitate what has eluded many cancer health disparities scientists to date: transforming 
impact ascertainment of health intervention from behavioral outcomes to functional health 
status. This paradigm shift will result in targeting the community rather than the individual 
to benchmark impact. 

Transform
HEALTH 
SYSTEMS

Culturally 
Competent Systems

COMMUNITY 
Asset-Driven 
Participation

HEALTH 
WORKFORCE

Cultural 
Competence 

Training

CCCBPCC

 
Fig. 4. Culturally competent community based participatory cancer care. 

6.1 Creating a culturally competent cancer care workforce: forces of change and 
opportunities 

Among the plethora of challenges are three forces of change directly affecting developing a 
cadre of culturally competent cancer care providers: the new primary care practice, the 
rapidly changing demographics, and cancer as a global chronic disease burden. The “new” 
primary care practice represents a “back to the future” phenomenon in some instances- the 
primary care physician’s role becomes one of a communicator who empowers, informs, and 
engages patients in their care.(Fiscella and Epstein 2008) Team-based care requires skills in 
leadership, management, and coordination and a medical home as a one stop health care 
shop. Among the projected cancer care beneficiaries are two synergistic socio-demographic 
trends: an increase of minority populations, and a widening of the disparities gap, despite 
current, yet insufficient  investments in research.(Hobbs and Stoops 2002)  For over a 
decade, the relationship between cultural competence and health disparities has been well 
documented.(Brach and Fraser 2000; Betancourt, Green et al. 2003; Goode, Dunne et al. 
October 2006)   Increasingly, developing nations are faced with diseases of the “developed 
world” and resource limitations rendering many such governments incapable of caring for 
their people. For example, cancer is the third leading cause of mortality in the Caribbean 
Region surpassed only by cerebro- and cardiovascular disease.(Phillips, Jacobson et al. 2007)  
Approximately 50% of cancer mortality occurs in developing countries and 60 to 70% of new 
cases are projected in those countries by 2020 (Jones et al 2006). In the case of cancer, 
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developing nations lack the resources to provide even the basic components of the cancer 
care continuum including screening mammography and radiation therapy. While there is a 
growing visibility regarding each of these three forces of change no comprehensive effort to 
derive community-based solutions has been undertaken to date.  

From a health workforce perspective, efforts to counteract these forces have largely 
amounted to a number of training courses targeting practicing health care providers, 
“special” courses or lectures on cultural competence for those still in the pipeline, and 
research efforts which often last only until the end of the funding period. Exemplary 
exceptions targeting the practicing health workforce such as the cancer care competency 
case studies from C-Change are included in this chapter. The Interprofessional Education 
Collaborative spearheaded by the Association of American Medical Colleges (AAMC), and 
consisting of the Association of Schools of Public Health, American Association of Colleges 
of Nursing, American Association of Colleges of Osteopathic Medicine, American 
Association of Colleges of Pharmacy, American Dental Education Association has recently 
published a transdisciplinary competency model to guide the education of the represented 
disciplines with the desired outcome of more holistic frontline practice.(IPEC 2011)  This 
signals an increasing realization that discipline-specific graduates may not adequately 
perform on today’s practice frontline. A more persistent demand is coming from the 
increasingly culturally diverse consumers of graduate health education: the “ is there and 
app for this” generation is not only calling for a change in instructional delivery, but is also 
more in tune with its future customers and the global health threats facing them. 

6.2 A core set of cultural competencies for medicine and public health 

AAMC and ASPH are engaged in a collaborative partnership to develop a set of core 
cultural competencies appropriate for medical-, public health students and those in other 
health-related educational institutions to bolster the delivery of health care services 
especially to underserved, diverse populations.(Lichtveld 2010)  The overarching aims of the 
initiative were: to illustrate cultural competence as an effective cross over topic area for 
students in both academic medicine and public health; to demonstrate how cultural 
competence can advance health disparities research in medical and public health education; 
and to provided most needed examples of how to incorporate cultural competencies into 
curricula and practica to graduate more culturally competent practitioners. There are several 
unique features to this joint effort: there is full agreement from both organizations that the 
emphasis should be on embedding cultural knowledge, skills, and attitudes medicine and 
public health education and practice rather than creating separate, standalone courses; The 
explicit anticipated outcome is a patient-centered approach in a community setting 
embracing both the customers of medicine and public health in a holistic fashion; the 
competencies were designed deliberately broad to not only allow for integration and 
tailoring within the scope of practice but also support pedagogical approaches 
accommodating the progressive stages of learning. Therefore, the competency set is not 
intended to be implemented in its entirety giving schools of medicine and public health 
flexibility in application while providing benchmarks of learning performance. 

The competencies are categorized in three domains: knowledge- focusing on educational 
learning outcomes-, skills- representing practice competencies-, and attitudes. Included in 
the competency set are bridging competencies, logically linking one domain to the other,  
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 KNOWLEDGE SKILLS ATTITUDES 
At the completion of the 
program of study, 
(medical and public health) 
students will be able to 

Define the dimensions of culture to 
include language, sexual orientation, 
gender, age, race, ethnicity, disability, 
beliefs, socio‐economic status, and 
educational attainment. 

Identify one’s own assets and 
learning needs related to cultural 
competence. 

Demonstrate willingness to 
apply the principles of cultural 
competence. 

 Differentiate health, health care, health 
care systems, and health disparities, 

Incorporate culture as a key 
component of patient, family, and 
community history. 

Appreciate how cultural 
competence contributes 
to the practice of medicine and 
public health. 

 Identify cultural factors that contribute 
to overall health and wellness. 

Integrate patients/ families/ 
communities cultural perspective(s) 
in developing treatment/ 
interventions. 

Appreciate that becoming 
culturally competent 
involves life‐long learning. 

 Describe the contributions of culture 
and resiliency to positive health 
outcomes. 

Apply (community) constituent/ 
patient ‐centered principles to earn 
trust and credibility. 

Demonstrate willingness to 
assess the impact of 
one’s own culture, 
assumptions, stereotypes, 
and biases on the ability to 
provide culturally competent 
care and service. 

 Examine factors that contribute to 
health disparities, particularly social, 
economic, environmental, health 
systems, and access. 

Conduct culturally appropriate risk 
and asset assessment, management, 
and communication with patients 
and populations. 

Demonstrate willingness to 
explore cultural elements and 
aspects that influence decision 
making by patients, self, and 
colleagues. 

 Identify health disparities that exist at 
the local, state, regional, national and 
global level. 

Contribute to the planning, 
implementation, and evaluation of 
culturally competent interventions. 

Demonstrate willingness to 
collaborate to overcome 
linguistic and literacy 
challenges in the clinical and 
community encounter (note—
this could be an example of a 
bridging comp). 

 Recognize that cultural competence 
alone does not address health care 
disparities. 

Communicate in a culturally 
competent manner with patients, 
families, and communities. 

Appreciate the influence of 
institutional culture on learning 
content, style, and 
opportunities of professional 
training programs. 

 Describe the elements of effective 
communication with patients, families, 
communities, peers and colleagues. 

Employ self‐reflection to evaluate 
the impact of one’s practice. 

 

 Describe strategies to communicate 
with limited English proficient patients 
and communities, such as working 
with trained medical interpreters or 
translated materials. 

Work effectively in a trans-
disciplinary setting/team. 

 

 Describe the role of community 
engagement in healthcare and 
wellness. 

Demonstrate shared decision‐ 
making. 

 

 Assess the impact of acculturation and 
immigration on healthcare and 
wellness. 

Analyze illness conditions and 
health outcomes of concern at the 
patient and community level. 

 

 Articulate cultural humility, cultural 
diversity, and cultural competence and 
their roles in ongoing professional 
development. 

Engage community partners in 
actions which promote a healthy 
environment and healthy behaviors. 

 

 Describe the values and limitations of 
evidence-based literature on 
understanding the health of 
individuals and communities 

Communicate with colleagues, 
patients, families, 
and communities about health 
disparities and health care 
disparities. 

 

 Articulate the roles and functions of 
local health departments, community 
partners and organizations. 

Establish equitable partnerships with 
local health departments, faith and 
community‐based organizations, 
and leaders to develop culturally 
appropriate outreach and 
interventions. 

 

Table 4. Cultural competencies for students in medicine and public health. 
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often incorporating more than one domain. For example, a student’s ability to “describe the 
elements of effective communication with patients, families, communities, peers and 
colleagues” requires both attaining the requisite knowledge as well as demonstrating the 
skill to successfully implement the role of communicator. In the context of cancer diagnosis 
and treatment, patient-physician communication can profoundly influence decision-making 
and consequently health outcome (Smith, Lichtveld, 2007). For example, recognizing 
cultural beliefs and practices guides health care providers to negotiate rather than demand a 
given course of treatment. Successful patient –physician encounters require both 
interpersonal- as well as instrumental communication (Manfredi et al 2010). Therefore, 
while knowledge about aspects of interpersonal communication such as respect will help 
make a patient feel more comfortable with the physician, instrumental communication is the 
dimension which most influences a patient’s decision-making regarding cancer treatment 
for example—emphasizing a demonstration of effective communication skills. 

A series of transdisciplinary case studies currently in development will accompany the 
competencies listed below in Table 4 to demonstrate the translation into learner level-
specific educational modalities.  

7. Applications in the field 

Patient navigation is an emerging component of the cancer care delivery team and system 
that offers an innovative solution to decrease cancer health disparities by bridging the 
chasm between access to and optimal utilization of services through sustainable and 
culturally relevant mechanisms. Embedding cultural competence in medical education has 
been a long-standing objective, reinforced by the painful disparity in outcomes that 
perpetuate excess morbidity and mortality among underserved minority populations 
(Betancourt 2003; Smedley, Stith et al. 2003; Betancourt 2006; Betancourt 2006). This section 
will discuss the role of culturally competent patient navigation and cultural competence 
training in the era of health reform. 

7.1 Navigation 

There is perhaps no other area in health care in which active patient participation through 
screening, diagnosis and treatment phases is as important as in cancer care. Cancer 
treatment is multidisciplinary (radiation, chemotherapy, surgery) and requires the 
patient, in equal partnership with the oncology provider, to make complex treatment 
decisions and participation in clinical trials - decisions that can impact survival. Cancer 
centers are highly specialized and therefore quite distinct from the broadly focused 
community based medicine environment. Primary care practitioners may be reluctant to 
actively engage oncology team physicians due to unfamiliarity with cancer treatment 
approaches, protocols and successful cancer center navigation and therefore unable to 
provide needed support. Navigators can bridge the gap in cultural competence, health 
care access and coordination, insurance coverage and continuity, prevention and early 
detection and treatment. 

For patients, the navigator operates in two environments- health care system and caring 
companion and provides “insider” information about system access and navigation and 
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advocacy while simultaneously building trust that will extend to the larger health care 
system. Navigators who are representative community members who understand the 
culture in the patient and provider communities and function within a biospychosocial 
theoretical framework (Engel 1977; King, Miranda et al. 2010) are critical in facilitating 
effective bidirectional patient provider communication and, most importantly,  treatment 
partnership.(Carroll, Lardiere et al. 2010) 

Patient perception of health care system and services access directly correlate with 
utilization. Navigators who know the local environment can navigate financial/insurance 
issues, cultural beliefs and language barriers, childcare and transportation issues, 
identification of a medical home and provide the necessary patient education and support to 
assure healthcare access and continuity of care. (Dohan and Schrag 2005)  Utilization of 
screening and early detection has improved but remains problematic in rural and minority 
populations. This is the point within the health care delivery system at which the navigator 
can have the highest, sustainable community impact. Patient navigation is critical within the 
Federally Qualified Health Centers which provide services to high needs populations. 
Navigators connect patients with education, outreach, screening, diagnosis and treatment 
resources and provide advice tailored to individual patient needs. Studies to evaluate 
navigation effectiveness are underway. 

7.1.1 Evaluating navigation effectiveness 

Navigation has improved survival via detection of early stage disease, better follow-up of 
abnormal screening and diagnostic tests through reduction in the time interval between 
tests, improved utilization and treatment adherence to multidisciplinary cancer treatment 
regimens and clinical trial participation. Navigation has also resulted in improved patient 
satisfaction with respect to health care delivery, decreased anxiety as well as doctor and 
waiting time concerns. (Guadagnolo, Dohan et al. 2011) Patient outcome evaluation is 
critical for assessing the effectiveness of navigation. Most efforts have targeted screening 
and diagnosis aspects of cancer care i.e. number of people served, screening tests and 
biopsies performed, cancers diagnosed etc. However, identification of successful navigation 
strategies that result in sustained improvements in access, utilization and health behaviors, 
requires the identification and utilization of tailored metrics that better qualitatively and 
quantitatively evaluate quality of care from the system, provider and patient perspectives. 
Candidate treatment tracking metrics include receipt of appropriate radiation and/or 
adjuvant chemotherapy after cancer surgery, guideline concordant treatment rates and 
adherence to treatment regimens, care coordination (provider notification, discussion at 
multidisciplinary tumor conference, receipt and type of ancillary services, medication and 
devices. Patient reported care metrics could include satisfaction with cancer related care and 
navigation, functional health status and symptom burden, coping skills and co-morbidity, 
quality of life during treatment and palliative care.  

7.1.2 Financing navigation  

The Patient Protection and Affordable Care Act (PPACA) addressed 4 key issues: 
prevention and early detection, access and coordination, insurance coverage and continuity 
and diversity and cultural competency. The PPACA provided infrastructure development 
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support through grant funding to establish medical homes for Medicaid patients with 
chronic diseases, community based, interdisciplinary teams to provide support services to 
primary care practices and health care provider consortiums to coordinate and integrate 
health care services for low income under- and uninsured populations which collectively 
will enable comprehensive, multidisciplinary case management. Navigator integration into 
the PPACA infrastructure will create sustainable changes in the health care system and 
promote health behavior modification. Most importantly, it establishes a matrix structured 
platform that will reward innovation in streamlining health care delivery, promote the 
development of fiscally accountable and efficient health care delivery and in the mid and 
long term the resurrecting a “healthy America”.  

7.2 Embedding cultural competence in cancer care education 

Substantive training relevant to culturally competent communication in schools of medicine, 
nursing, dentistry, public health and social work has been an elusive goal, awaiting, 
perhaps, consensus agreement on competencies as a framework upon which to build an 
evidence based curriculum (Beach, Price et al. 2005; Lichtveld, Boulton et al. 2008) Yet, 
health care preparation in all disciplines acknowledges and emphasizes shared decision 
making as the effective method by which patients receive the best care and, long term, the 
best outcomes (O'Connor, Wennberg et al. 2007; King, Eckman et al. 2011)  Why then is there 
a reluctance to launch curricula in cultural competence – a fundamental component of 
communication aimed at shared decision making? 

It is generally acknowledged that the effectiveness of health care provider communication is 
dependent on the health literacy of the patient and the ability of the provider to a.) recognize 
the level of health literacy and b.) tailor the communication  appropriately (Dewalt, 
Berkman et al. 2004; Weiss, May et al. 2005) There are well-established health literacy tools 
to guide providers in tailoring communication. Understanding health literacy and the tools 
available for assessment is a key element to successful training in cultural competency 
(Shaw, Huebner et al. 2009)   Moreover, knowledge of health literacy and its importance in 
achieving the level of communication that results in shared decision making is a 
“prerequisite” for embracing cultural competence. A recent study by Price-Haywood, et al. 
(2010) combined the evaluation of special physician training by a measure of effectiveness – 
cancer screening behavior – in patients stratified by their health literacy score. (Price-
Haywood, Roth et al. 2010). The model was colon cancer screening, a preventive behavior 
that is an excellent paradigm for shared decision making since there are several acceptable 
options for screening. The physician training based on attention to health literacy alone was 
successful measured by surrogate-reported progressive change in physician behavior and 
communication during the study period. An important finding, however, was that the low 
health literacy patients did not feel satisfied with the communication of risk reduction with 
screening, though the “trained” physicians rated their communication as effective (Price-
Haywood, Harden-Barrios et al. 2011)  Moreover, the early results demonstrate that patient 
screening behavior among the low health literacy patients had not changed at 1 year of 
follow-up.  The investigators acknowledge the need to enrich the physician training based 
on the racial, ethnic, and cultural characteristics of the patient population. 

The lack of linkage between training in communication and positive changes in patient 
outcomes seems to plague educators, psychologists, and health service researchers 
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(Betancourt 2010; Lie, Lee-Rey et al. 2011) Ineffective curricula, as measured by positive 
changes in health outcome,  thus far  appear to be common to both health literacy and 
cultural competence training. Despite academic “longing”, there has not been evidence 
based tools that can guide health care workers to influence health behavior in a manner that 
improves outcomes. The literature is rife with “assessments”, but outcome thus far belies 
success. 

Nevertheless, some ongoing efforts are encouraging. Lichtveld and colleagues are 
planning to build a curriculum based on healthcare provider competencies. The 
‘competencies’ will provide the metrics to measure the didactic effectiveness of the 
curriculum. A second order of assessment will determine linkage between health 
outcomes and provider/learner achievement. Price-Haywood proposes a physician 
practice guide and didactic curriculum built on self-expressed needs and expectations of 
the target population obtained through analysis of information obtained from focus 
groups of various health literacy. 

What is most encouraging is the movement from assessment to plans for action and 
measurement of health outcomes. (Chun 2010; Echeverri, Brookover et al. 2010; Kamaka 
2010; Wilkerson, Fung et al. 2010; Crenshaw, Shewchuk et al. 2011) These evolving tools will 
enrich the health care provider and enhance the relationship between diverse patients and 
the health care system.  The next five years should be exciting as these tools, guides, and 
curricula emerge. Today, however, health care providers remain confronted by their 
ineffectiveness in normalizing the disparate outcomes and their impotence in fostering 
better health behaviors among their patients. What can the 2012 graduate from medical 
school, dental school, nursing school, pharmacy school and school of public health do to 
optimize communication and shared decision making? (Kumagai and Lypson 2009)  As we 
enter the era of “team care” the challenge intensifies because responsibility may become 
diffuse. The team leader should be the primary care giver with the appropriate knowledge 
base. The team leader should assess and define the patient’s knowledge base and then – and 
only then – involve the appropriate team members to work with the patient. The team 
leader should begin by asking the patient to ask any questions and to speak his 
understanding of his condition and the advice he has received. Often, the patient is or 
should be accompanied by family or friends who will play an important role in the shared 
decision making. These principles are fundamental to all courses teaching history, physical 
examination, and medical decision making. Our professional schools should reinforce the 
fundamental didactics while preparing for the enhancements which will come from ongoing 
research into more effective, more focused communication and more elegant science that 
will combine to contribute to the elimination of outcome disparity. 
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1. Introduction 

Current controversy exists regarding the role of chemopreventative agents for prostate 
cancer. However, prostate cancer’s role in our society remains prevalent. Prostate cancer 
continues to be the leading cause of newly diagnosed male cancers in the United States. In 
2011, the American Cancer Society estimated 241,740 new cases and 28,170 deaths from 
prostate cancer.1 Only lung cancer has more male cancer deaths. Current treatment 
strategies such as surgery, radiation, chemotherapy and hormone therapies have been 
successful in decreasing prostate cancer related morbidity and mortality. However, the 
physician’s armamentarium is focused on treating existing prostate cancer and not 
preventing it. Despite the prolongation of life for patients with prostate cancer, each therapy 
carries a side effect profile.  

Due to improved early detection, prostate cancer is now often identified at an earlier stage 
and grade. Newly diagnosed tumors are often organ confined and slow growing. However, 
once a patient’s PSA laboratory value is abnormal, he will most likely receive a prostate 
biopsy for diagnosis. Given the fact that less than 10% of Americans select active 
surveillance, screening starts a snowball effect that usually “buys” a treatment. It is well 
known that treatment including radical prostatectomy or radiation has been shown to 
overtreat prostate cancer in as many as 30-50% of patients.2 Morbidity, including 
incontinence and impotence can significantly affect a patient’s quality of life. In addition, the 
knowledge of prostate cancer may cause emotional, financial and physical harm.3,4 Given 
that the US male population faces a 16.7% lifetime risk of prostate cancer, prostate cancer is 
an ideal candidate for prevention strategies.  

Cancer chemoprevention focuses on the use of natural or synthetic agents to suppress, 
delay, or prevent the development of tumors. Natural substances have long been utilized 
with varying results for prostate cancer prevention. More recently in the 2000s, 5-alpha 
reductase inhibitors (5-ARI) have also been used. These substances have focused on both 
primary prevention and secondary prevention. Primary prevention focuses on deferring or 
preventing the presence of cancer prior to cancer formation. Secondary prevention focuses 
on preventing premalignant lesions from progressing to cancer. For prostate cancer, 
secondary prevention focuses on preventing the progression of high grade prostate 
epithelial neoplasia (HGPIN).  
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In December of 2010, the Federal Drug Administration’s (FDA) Oncology Drugs Advisory 
Committee (ODAC) reviewed 5-ARI’s indication for the prevention of prostate cancer in 
men at increased risk for prostate cancer. This committee ruled against the use of 5-ARI’s for 
the use of prostate chemoprevention. Advocacy groups have since issues statements 
disagreeing with the FDA’s ruling, highlighting the fact that controversy continues to exist. 
The goal of this paper is to examine the available agents and the current environment.  

2. Current chemopreventative agents - pharmaceuticals and micronutrients 

The ideal chemopreventative agent should be minimally expensive, nontoxic and effective. 
Having multiple preventative benefits is considered a plus; however it should not potentiate 
other causes of morbidity or mortality. Pharmaceutical agents, most notably 5-ARIs, and 
micronutrients have been studied to better establish their potential role in cancer 
prevention. 

2.1 Pharmaceuticals 

Finasteride and dutasteride are both 5-ARI medications used to successfully inhibit prostate 
growth. These two agents are both currently accepted for treating benign prostatic 
hypertrophy (BPH). The difference between the two medications is minimal, however 
potentially significant. 5-α-Reductase has two isoenzymes. Finasteride inhibits the type 2 
isoenzyme while dutasteride inhibits both the type 1 and type 2 isoenzymes. Dutasteride 
thus has more complete inhibition of DHT, roughly 90% as compared to finasteride’s 70% 
reduction of serum DHT.5,6 It has been proposed that expression of the type 1 isoenzyme is 
increased with prostate cancer while the type 2 isoenzyme is unaffected with prostate 
cancer.7 5-ARI medications focus on inhibiting androgen receptor (AR) activation. Research 
on BPH has shown that consistent use of finasteride or dutasteride decreases prostatic 
volume 30% and reduce PSA levels 50-60%.8 Both 5-ARI medications have been tested for 
chemopreventative benefits with multicenter, randomized, double blind, placebo controlled 
trials. The thrust of this paper will discuss the 5-ARI medications and their current role in 
prostate cancer prevention. 

Other pharmaceutical agents potentially used for prostate cancer prevention include statins, 
nonsteroidal anti-inflammatory drugs (NSAIDS), and toremifene. Statins inhibit HMG-CoA, 
the rate limiting step of cholesterol synthesis. Statin use over 2 years has been associated 
with a decrease in prostate specific antigen.9 By inhibiting prostatic cellular growth and 
promoting apoptosis, statins also decrease cellular growth. No large double blind study has 
evaluated the effect of statin use on prostate cancer but a meta-analysis did find a protective 
effect.10 Further studies are needed to substantiate current evidence.  

NSAIDS inhibit cyclooxygenase-2 (COX-2), which is a key enzyme found in prostate cancer 
which converts arachidonic acid to prostaglandins. Experimental evidence demonstrated a 
regression of PIN after NSAID use, but the planned trial with rofecoxib was withdrawn 
after safety concerns.11,12 

Selective estrogen modulators (SERMs) are best known for their effects on breast cancer. 
Toremifene has decreased prostate cancer in the TRAMP model. A phase 2b study found 
that 20mg doses of toremifene resulted in a 48% decrease in prostate cancer at one year.13 
However, the phase III trial demonstrated no significant risk reduction.14 



The Changing Landscape of Prostate  
Cancer Chemoprevention: Current Strategies and Future Directions 

 

431 

2.2 Micronutrients 

Micronutrients have long been sought after to provide a chemotherapeutic benefit for the 
development or prevention of prostate cancer. Antioxidants in vitro can inhibit cellular 
proliferation, induce apoptosis and modulate genes leading to the suppression of prostatic 
tumor. 15,16 The largest scale trial on micronutrients was for selenium and vitamin E in the 
Selenium and Vitamin E Cancer Prevention Trial (SELECT).  

The interest in selenium began with the Nutritional Prevention of Cancer Trial, which used 
oral selenium for nonmelanoma skin cancer. Men were randomized to selenium versus 
placebo and were found to have a 65% reduction in prostate cancer incidence after a 4.5 year 
follow up. Vitamin E interest developed after a 32% reduction in prostate cancer in the 
Alpha-Tocopherol, Beta-Carotene Cancer Prevention Trial (ATBC) trial, which was a double 
blind randomized placebo controlled trial for lung cancer incidence and mortality.  

These studies paved the way for the SELECT trial, published in 2009, which was a 
randomized, placebo controlled population based primary prevention trial focused on the 
effects of selenium and vitamin E on preventing prostate cancer. SELECT randomized 
35,533 men to four treatment arms: selenium with placebo, selenium with vitamin E, 
Vitamin E with placebo, placebo with placebo. Study supplements included 200 micrograms 
l-selenomethionine, 400mg racemic alpha-tocopherol and an optional multivitamin 
containing no selenium or vitamin E. Eligible men were at least 50 years of age for African-
Americans, at least 55 for Caucasians, negative DRE, PSA less than 4ng/mL, and normal 
blood pressure.  

The primary endpoint was the presence of prostate cancer found on for cause biopsies. The 
indications for biopsy were not indicated in the protocol and were at the discretion of the 
physician.  

During the second interim analysis seven years after initiation of the trial, the independent 
Data and Safety Monitoring Committee recommended discontinuation of the SELECT 
because the data demonstrated no significant differences between groups. No statistically 
significant effects were reported on primary or secondary analyses of the data, suggesting 
no prostate cancer prevention benefits from selenium or vitamin E.17 Unfortunately, 
selenium and vitamin E, which initially demonstrated promise, was eventually found to not 
have a significant effect on preventing prostate cancer. 17-19  

Other chemopreventative micronutrients include lycopene, green tea, soy, DIM and 
curcumin. Molecular targets these agents affect include nuclear factor-KB, AKt, Wnt, 
Hedgehog and Notch.20 

Lycopene is a biologically occurring carotenoid that is a potent antioxidant. It has been 
shown to be associated with lower prostate cancer risk in a number of epidemiologic 
studies.21 Using the preclinical TRAMP mouse model, prostate cancer was significantly 
decreased 60% vs. 95% (P=.01). However, no correlation was found with prostate cancer in a 
PLCO trial examining 29,000 men.  

Green tea contains several catechins believed to inhibit oncogenesis and provide 
antioxidants. Epidemiologic studies between Asian men with a high intake of green tea first 
suggested that green tea may provide a protective benefit against prostate cancer. Three 
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clinical trials suggest a benefit.22 A small clinical trial (n=60) using oral green tea catechins 
(GTC) found that patients with HGPIN randomized to GTC vs. placebo had no change in 
PSA levels, but did have less progression of prostate cancer: 1 patient vs. 9 patients 
progress.23  

Soy, like green tea, was also found to demonstrate lower prostate cancer in epidemiologic 
studies between diets high in soy versus western diets. The benefit is potentially a 70% 
reduction of prostate cancer.24 Soy affects signaling pathways, specifically Wnt and Hh 
signaling. Randomized studies are currently being performed.  

DIM (the dimeric product of indole-3-carbinol) is found in a variety of plants and has been 
shown to inhibit alpha reductase suggesting that it may have an inhibitory role in prostate 
cancer. Curcumin is a bioavailable agent in turmeric and is also an alpha reductase inhibitor. 
Other regulators along the tumor pathway are inhibited by these two substances. Clinical 
trials are required to evaluate their effects.  

Currently no biologically available micronutrients have been proven to provide 
chemoprevention benefits of prostate cancer. As such, current patient recommendations are 
to eat healthy foods and pursue healthy lifestyle changes.25 

3. Review of 5-ARI chemoprevention trials 

We reviewed the multicenter randomized double blind studies focused on 5-ARI usage 
versus placebo for prostate cancer chemoprevention including the Prostate Cancer 
Prevention Trial (PCPT) and the Reduction by Dutasteride of Prostate Cancer Events 
(REDUCE). Table 1 compares their study design.   
 

Trial Population Risk Category Agent Target Reported 

Prostate Cancer 
Prevention Trial (PCPT) n = 18,882 

PSA <3.0 ng/mL 
DRE Normal 

Finasteride  
(Merck) Type 1 5-ARI 2008 

Reduction by 
Dutasteride of Prostate 
Cancer Events Trial 
(REDUCE) n = 8,229 

PSA 2.5-10 
ng/mL DRE 
Normal 

Dutasteride 
(GlaxoSmithKline) Type 1,2 5-ARI 2009 

Table 1. Comparison of PCPT & REDUCE trials. 

3.1 Prostate Cancer Prevention Trial (PCPT) 

The Prostate Cancer Prevention Trial was the first large multicenter randomized double 
blind prostate prevention trial using a 5-ARI. In 2003, 18,882 men, 55 years or older with a 
PSA level less than 3.0ng/mL and a normal digital rectal exam (DRE) were randomized for 
seven years to finasteride 5mg daily or placebo. 

Of the men who participated, 48%, or 9060 men were included in the final analysis. 
Enrollment criteria included men 55 years or older who were free of prostate cancer, no 
other significant co morbidities, and an American Urological Association symptom score 
(AUA-SS) of less than 20. Eligible participants were required to have a PSA less than 
3.0ng/ml, normal DRE, adherent to the study protocol and no side effects during placebo. 
Men were contacted every three months for medical event evaluation and were seen by the 
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study site every six months for side effect evaluation and medication refills. Annual PSA 
and DRE were performed. Biopsy was recommended if the DRE was abnormal or PSA was 
greater than 4.0ng/ml in the placebo arm or 2.0 times PSA (adjusted to 2.3x in year 4) in the 
finasteride arm. At the completion of the trial in year seven, all participants were 
recommended to undergo an end of study prostate biopsy with at least six cores. All 
biopsies were reviewed by a blinded pathologist.  

The primary endpoint of the study was the prevalence of prostate cancer as diagnosed by 
biopsy for cause or end of study biopsies. Prostate cancer was found in 24.4% of the placebo 
group (1,147/4,692) and 18.4% of the finasteride group (803/4,368), representing a 24.8% 
risk reduction (CI 19-31, p<0.001). Finasteride’s relative benefit was found across all groups 
including age, race/ethnicity, family history and entry PSA. In addition, Finasteride also 
reduced the risk of HGPIN compared to placebo. 

Interestingly, tumors with a Gleason grade of 7-10, high grade tumors, were found to be 
more prevalent in the finasteride group (37%), 280 of 757 graded tumors, as compared to the 
placebo group (22%), 237 of 1,068 graded tumors. This was statistically significant (P<.001). 
The increased prevalence of high grade tumors in the treatment group has generated 
tremendous speculation and sub-analysis. Forty of the excess high grade tumors were found 
in the “for cause” biopsies, clinically indicated due to increasing PSA or changes in the DRE.  

Secondary analyses have found a detection bias demonstrating a net reduction in high-
grade cancers and a 53% reduction in low grade cancers.26 However, due disagreement in 
the medical community regarding finasteride’s effect on high-grade cancers, it was not 
given a new indication for prostate cancer prevention. 

3.2 The Reduction by Dutasteride of Prostate Cancer Events (REDUCE) 

Published in the New England Journal of Medicine in April of 2010, the REDUCE trial, was a 4-
year multicenter, randomized, double-blind, placebo-controlled, parallel-group study. 8,231 
men were randomized equally to dutasteride 0.5mg daily versus placebo. This trial was 
begun prior to the completion of the PCPT trial. Eligible patients were randomized to 
receive either Dutasteride or placebo. There has never been a large randomized trial 
comparing finasteride to dutasteride for the prevention of prostate cancer.  

An important distinction between dutasteride and finasteride is the effect on 5-alpha 
reductase. Unlike finasteride, dutasteride affects the expression of both type 1 and type 2 
isoenzymes of 5-alpha reductase inhibitors. Animal studies demonstrate that compared to 
finasteride, dutasteride has an increased reduction in both DHT and tumor growth.27 
Dutasteride, then, theoretically could enhance the anti-tumor effect. 

Eligible participants were required to be 50-75 years old, have a serum PSA between 
2.5ng/mL-10mg/mL for men aged 50-60 years or 3.0-10ng/mL for men aged >60 years, and 
had undergone a prostate biopsy within six months of enrollment. Men were excluded if 
they had more than one biopsy, had prostate cancer of any grade, HGPIN, atypical small 
acinar proliferation, or a prostate volume of more than 80 grams, had previous prostate 
surgery of any kind, or had an international prostate symptom score (IPSS) of 25 or higher.  

During the trial 6726 men (82.6%) underwent at least 1 biopsy and 1516 men (22.5%) were 
diagnosed with prostate cancer. The primary endpoint was the presence of prostate cancer 
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detected on biopsy 2 or 4 years after treatment. Biopsies performed out of the protocol were 
considered protocol independent biopsies. Other important endpoints included Gleason 
score, tumor volume, percent of positive biopsy cores, presence of HGPIN, and presence of 
small acinar proliferation. BPH endpoints were also evaluated.  

The dutasteride arm represented an absolute risk reduction of 5% and a relative risk 
reduction of 23% (857 in the placebo arm versus 659 in the dutasteride arm, P<.001). This 
benefit was across all subgroups including age, family history, PSA level, prostate volume, 
or body mass index. The odds ratio for prostate cancer, detected on biopsy, with dutasteride 
as compared with placebo was 0.60 for all tumors (P<.001) and 0.62 for Gleason scores of 7 
to 10 (P<.001).  

Low grade tumors (Gleason 5, 6) were statistically higher in the placebo group (617 in 
placebo vs. 437 in dutasteride, P<0.001). The evidence of premalignant lesions was also 
decreased. HGPIN had a relative risk reduction of 39% (p<0.001) and small acinar 
proliferation (ASAP) had a relative risk reduction of 21% (p=0.04).  

For high grade tumors, REDUCE demonstrated no significant overall increase in Gleason 
score 7 to 10, high grade, cancers. This was different from the PCPT, which alarmingly 
showed an increase in high grade cancer. Overall, there were 220 tumors with a Gleason 
score of 7 to 10 among 3299 men in the dutasteride group and 233 among 3407 men in the 
placebo group (P=0.81).  

For the Gleason grade 8-10 tumors, there was no overall statistical difference looking at 
biopsies from all four years: 19 in placebo vs. 29 in dutasteride (P = .15). However, focusing 
on the second round of biopsies during years 3 and 4 of the study demonstrated a statistical 
increase in high grade tumors as compared to placebo. There were 12 tumors with a Gleason 
score of 8 to 10 in the dutasteride group, as compared with only 1 in the placebo group 
(P=0.003).28 The authors speculate that this was caused by more frequent early detection of 
low grade tumors in the placebo group that might have progressed if left untreated. As 
expected, dutasteride also demonstrated improved outcomes with BPH. Prostate volume, 
acute urinary retention and BPH related surgery, and urinary tract infections were all 
significantly reduced in the dutasteride group.  

The REDUCE trial, like the PCPT, demonstrated a significant effect on low grade cancers 
(Gleason 5, 6), but did not appear to alter the prevalence of high grade cancers. Overall it 
was well tolerated but did have significant effects on libido, erectile dysfunction, and semen 
volume.  

3.3 Controversy: high grade tumor risk and generalizability  

The effects of 5ARI’s on low grade cancer is consistent across both the PCPT and the 
REDUCE trials. However, each trial demonstrates a trend towards high grade disease. 
Initially, the authors from the PCPT concluded that the risk of finasteride on high grade 
tumors was uncertain. They recommended finasteride not be used as a chemopreventative 
agent.29  

Secondary analyses based on the PCPT data were then performed to better understand the 
conclusions drawn from the data. These authors concluded that biases due to prostate 
specific antigen (PSA), digital rectal exam (DRE), and prostate volume detection were 
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responsible for a trend towards increased detection of higher grade tumors found in the “for 
cause” biopsies for the finasteride arm of the PCPT trial. Consequently, the “end of study” 
biopsies showed no increased risk of high grade tumor.30 The increased sensitivity of digital 
rectal exam performed while a patient is on finasteride has also been shown to increase 
sensitivity for detecting nodules. Detection increased from 16% to 21% (P=.015).31 

Finally, PSA sensitivity for detecting prostate cancer increased with the use of 5-ARIs. Both 
finasteride and dutasteride reduce the PSA laboratory value by approximately half. 
Consequently, PSA performs better (is more sensitive) in detecting high grade tumors.32 For 
the PCPT, for cause biopsies due to a higher PSA level artificially selected for more biopsies 
to be taken from the treatment group. Prostate volume decreases with finasteride use thus 
allowed for a larger percentage of the gland to be sampled due to the ratio of the needle to 
the prostate.  The PCPT did not stratify on prostate volume size and it is unclear if this 
theoretical bias altered the trend towards high grade tumors. 

A reevaluation of the PCPT data adjusted for prostate sampling density and baseline PSA 
levels found that the finasteride group actually had a small net reduction in high grade 
cancers and a 53% decrease in low grade tumors.26 A subsequent analysis of the PCPT data 
using end point prostatectomy instead of prostate biopsy demonstrated a 16% reduction in 
high grade tumor. At the time of prostatectomy, significant upstaging of cancer was 
detected in the placebo group but not in the treatment group. In fact, the misclassification of 
true high-grade disease (to low-grade disease on biopsy) was significantly lower for 
finasteride (34.6%) than for placebo (52.6%).33 Finally, another study looking at 500 patients 
who underwent prostatectomy demonstrated a high-grade cancer rates of 8.2% (placebo) 
versus 6.0% (finasteride), a 27% risk reduction (RR, 0.73; 95% CI, 0.56-0.96; P = 0.02) with 
finasteride.34  The authors concluded that it finasteride probably does not cause high grade 
cancers, and may in fact improve the detection of them.  

The REDUCE trial proved that there was no overall difference for high grade tumors 
between dutasteride and placebo during the entire study. However subgroup analyses 
demonstrated a trend towards Gleason 8-10 tumors in the dutasteride group study (19 in 
placebo vs. 29 in dutasteride, P = .15). In addition the statistically significant increase of high 
grade tumors in years 3 and 4 was alarming (1 in placebo vs. 12 in dutasteride, P = .003). The 
authors of the study concluded that the increased number of high grade tumors was due to 
the increased detection bias in the dutasteride arm as well as removal of low grade cancer in 
years one and two in the placebo arm. Post hoc analyses similar to the ones performed on 
the PCPT are pending.  

3.4 Current political environment of 5-ARI 

In December of 2010, the Federal Drug Administration’s Oncology Drugs Advisory 
Committee (ODAC) reviewed 5-ARI’s indication for the prevention of prostate cancer in 
men at increased risk for prostate cancer. GlaxoSmithKline submitted an application to add 
prostate cancer prevention as an indication for dutasteride, and Merck submitted an 
application to alter the labeling for finasteride to reflect a more favorable safety profile with 
regard to preventing prostate cancer.  

ODAC analyzed the results from the PCPT and REDUCE trials. They concluded that the 
majority of cancers prevented were low risk, thus providing no evidence of prostate cancer 
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mortality reduction. Also, the controversy with the potential increase in high grade cancers 
could not be overlooked. Their conclusion was based on the fact that the risks of high-grade 
cancer were potentially real and could not be explained entirely by volume grade bias, 
increased sensitivity of PSA and DRE or removal of low-grade cancers. Finally, since the 
both REDUCE and the PCPT trials utilized end-of-study biopsies, the trial results were not 
yet generalizable to the US population. ODAC voted against the new indication for 
dutasteride (yes = 2, no = 14, abstain = 2) and against the new labeling for finasteride (yes = 
0, no = 17, abstain = 1).  

Due to ODAC’s ruling, the FDA does not currently support the use of 5-ARIs for prostate 
cancer chemoprevention. After the decision made by ODAC, a publicly funded clinical trials 
cooperative group, SWOG (Southwest Oncology Group), released a statement disagreeing 
with ODAC’s decision to not use 5-ARIs for the prostate cancer prevention.35 

Clearly, disagreement remains after the publication of the two trials. GlaxoSmithKline has 
subsequently announced that it is withdrawing applications for similar approval in other 
countries.36 More long term data is needed to help experts agree on a consensus although 
we doubt that any further trials will be done with these agents to prevent prostate cancer. 
And likely because the other trials mentioned above have been negative, future trials for 
chemoprevention of prostate cancer will be rare.  

3.5 Economic impact of prostate chemoprevention 

Current economic assessments for chemoprevention are based on varying assumptions that 
take into account data from the PCPT, treatment costs, and life expectancy. In addition, 
variations on the model include how the PCPT data is integrated into the model. For 
example, PCPT high grade disease can include projections based on the actual data set or 
based on a data set adjusted for biases.  

To be effective, chemoprevention for cancer should cost roughly $100,000 or less per life 
year (LY) saved due to low adoption rates when cost is greater than $100,000/yr and high 
when cost is less than $20,000/yr .37 Svatek et al used SEER data to estimate real world 
incidence and analyzed the cost-effectiveness of finasteride. Their group concluded that 
finasteride was too expensive at $578,000 to $1,107,000 USD per LY saved.38  

Subsequent studies supported that chemoprevention was too expensive and estimated the  
expense per LY saved at up to $1.6 million.39 However, an analysis on quality adjusted life-
years (QALYs) based on PCPT prevalence rates showed a lower cost per LY due to higher 
PCPT prevalence rates. This analysis demonstrated $122,000 per QALY saved.40 If 
finasteride is assumed to not increase the incidence of high grade cancers, then the analysis 
demonstrated $112,000 per QALY saved. Thus more patients benefit from chemoprevention. 
These analyses were based on the current price of finasteride at $66/month. If finasteride 
becomes less expensive, then the cost per QALY has the potential to drop significantly. 
Similarly, one study evaluated dutasteride based on the REDUCE study data and concluded 
that it too was not cost effective as a general chemopreventative agent.41 

Currently chemoprevention with either finasteride or dutasteride is not cost effective. The 
identification of a high risk subgroup would potentially decrease the cost to benefit ratio 
thus making chemoprevention feasible from an economic standpoint. In addition, 
decreasing the cost of either 5-ARI has the potential to make chemoprevention feasible. 
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4. Discussion  

Currently the only proven chemopreventative agents for prostate cancer are finasteride and 
dutasteride with up to a ~24% reduction in prostate cancer (24% PCPT, 23% REDUCE).  
However, as discussed earlier, the perceived risk of high grade cancers and the unclear long 
term benefit for low grade cancers has caused the ruling against the use of 5-ARI’s for 
chemoprevention. Reanalysis of the Prostate Cancer Prevention Trial (PCPT) does not 
support this ruling and suggests that high-grade cancer is not associated with finasteride 
therapy and that prostatectomy is the only definitive diagnosis for the evaluation for 
prostate cancer.42 In addition, the effects of PSA, DRE and prostate volume bias will 
continue to make interpretation of the data difficult.43 

It is important to note that as many of 30% of clinically insignificant cancers on first biopsy 
are then upstaged on second biopsy to become significant cancers. Consequently, the long 
term benefits of preventing low grade disease are uncertain.44 Also, by reducing the 
incidence of low grade disease, the potential for decreasing the “burden of treatment” is 
uncertain. But in the US environment where greater than 90% of men diagnosed with 
prostate cancer seek treatment, it is clear that individuals who have low grade cancer 
prevented will benefit.45 

Despite evidence from the PCPT and REDUCE trials, there does not appear to be a trend 
towards prescribing 5-ARIs for the prevention of prostate cancer. Approximately 64% of 
Urologists and 80% of primary care providers never prescribe finasteride for prostate cancer 
chemoprevention. Over half of Urologists reported concerns for inducing high grade 
tumors. In addition, half of the primary care physicians were not aware 5-ARIs could be 
used for chemoprevention.46 With the current ruling by ODAC, it is likely that physicians 
will trend away from prescribing 5-ARI medications for chemoprevention.  

Further analyses are required to pinpoint the subgroup population that will benefit most 
and the timing that is required to be effective. The PCPT revealed a high prevalence of 
prostate cancer, but no reliable markers were available to determine who would benefit 
most from biopsy or treatment. REDUCE prospectively collected samples to retrospectively 
analyze potential biomarkers but has not yet identified a subgroup that would yet benefit 
from dutasteride prevention.47 

In the current political environment, the adoption of 5-ARI medications is slim due to the 
uncertainty surrounding finasteride and dutasteride. Further analysis into subgroups of 
patients may reveal that 5-ARIs are clinically significant and economically available for at 
risk individuals. Maybe then, the benefits of 5-ARI medications will outweigh their 
uncertainty regarding high risk disease. In the meantime, investigations into new 
biomarkers, nutritional supplements and other pharmacologic agents may elicit a potential 
solution to the perplexing problem of primary prevention. 

5. References 

[1] Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer J Clin 2012;62:10-29. 
[2] Etzioni R, Penson DF, Legler JM, et al. Overdiagnosis due to prostate-specific antigen 

screening: lessons from U.S. prostate cancer incidence trends. J Natl Cancer Inst 
2002;94:981-90. 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

438 

[3] Vignati G, Giovanelli L. Standardization of PSA measures: a reappraisal and an 
experience with WHO calibration of Beckman Coulter Access Hybritech total and 
free PSA. Int J Biol Markers 2007;22:295-301. 

[4] Dale W, Bilir P, Han M, Meltzer D. The role of anxiety in prostate carcinoma: a structured 
review of the literature. Cancer 2005;104:467-78. 

[5] Titus MA, Gregory CW, Ford OH, 3rd, Schell MJ, Maygarden SJ, Mohler JL. Steroid 
5alpha-reductase isozymes I and II in recurrent prostate cancer. Clin Cancer Res 
2005;11:4365-71. 

[6] Frye SV. Discovery and clinical development of dutasteride, a potent dual 5alpha-
reductase inhibitor. Curr Top Med Chem 2006;6:405-21. 

[7] Thomas LN, Lazier CB, Gupta R, et al. Differential alterations in 5alpha-reductase type 1 
and type 2 levels during development and progression of prostate cancer. Prostate 
2005;63:231-9. 

[8] Marberger M. Drug Insight: 5alpha-reductase inhibitors for the treatment of benign 
prostatic hyperplasia. Nat Clin Pract Urol 2006;3:495-503. 

[9] Mener DJ. Prostate specific antigen reduction following statin therapy: Mechanism of 
action and review of the literature. IUBMB Life;62:584-90. 

[10] Bonovas S, Filioussi K, Sitaras NM. Statin use and the risk of prostate cancer: A 
metaanalysis of 6 randomized clinical trials and 13 observational studies. Int J 
Cancer 2008;123:899-904. 

[11] Smith MR, Manola J, Kaufman DS, Oh WK, Bubley GJ, Kantoff PW. Celecoxib versus 
placebo for men with prostate cancer and a rising serum prostate-specific antigen 
after radical prostatectomy and/or radiation therapy. Journal of clinical oncology : 
official journal of the American Society of Clinical Oncology 2006;24:2723-8. 

[12] Narayanan BA, Narayanan NK, Pittman B, Reddy BS. Regression of mouse prostatic 
intraepithelial neoplasia by nonsteroidal anti-inflammatory drugs in the transgenic 
adenocarcinoma mouse prostate model. Clin Cancer Res 2004;10:7727-37. 

[13] Price D, Stein B, Sieber P, et al. Toremifene for the prevention of prostate cancer in men 
with high grade prostatic intraepithelial neoplasia: results of a double-blind, 
placebo controlled, phase IIB clinical trial. J Urol 2006;176:965-70; discussion 70-1. 

[14] Hamilton RJ, Freedland SJ. 5-alpha reductase inhibitors and prostate cancer prevention: 
where do we turn now? BMC medicine 2011;9:105. 

[15] Dong Y, Zhang H, Hawthorn L, Ganther HE, Ip C. Delineation of the molecular basis 
for selenium-induced growth arrest in human prostate cancer cells by 
oligonucleotide array. Cancer Res 2003;63:52-9. 

[16] Zhao H, Dupont J, Yakar S, Karas M, LeRoith D. PTEN inhibits cell proliferation and 
induces apoptosis by downregulating cell surface IGF-IR expression in prostate 
cancer cells. Oncogene 2004;23:786-94. 

[17] Lippman SM, Klein EA, Goodman PJ, et al. Effect of selenium and vitamin E on risk of 
prostate cancer and other cancers: the Selenium and Vitamin E Cancer Prevention 
Trial (SELECT). JAMA 2009;301:39-51. 

[18] Duffield-Lillico AJ, Dalkin BL, Reid ME, et al. Selenium supplementation, baseline 
plasma selenium status and incidence of prostate cancer: an analysis of the 
complete treatment period of the Nutritional Prevention of Cancer Trial. BJU 
international 2003;91:608-12. 



The Changing Landscape of Prostate  
Cancer Chemoprevention: Current Strategies and Future Directions 

 

439 

[19] Heinonen OP, Albanes D, Virtamo J, et al. Prostate cancer and supplementation with 
alpha-tocopherol and beta-carotene: incidence and mortality in a controlled trial. J 
Natl Cancer Inst 1998;90:440-6. 

[20] Sarkar FH, Li Y, Wang Z, Kong D. Novel targets for prostate cancer chemoprevention. 
Endocr Relat Cancer;17:R195-212. 

[21] Thompson IM. Chemoprevention of prostate cancer: agents and study designs. J Urol 
2007;178:S9-S13. 

[22] Johnson JJ, Bailey HH, Mukhtar H. Green tea polyphenols for prostate cancer 
chemoprevention: a translational perspective. Phytomedicine;17:3-13. 

[23] Bettuzzi S, Brausi M, Rizzi F, Castagnetti G, Peracchia G, Corti A. Chemoprevention of 
human prostate cancer by oral administration of green tea catechins in volunteers 
with high-grade prostate intraepithelial neoplasia: a preliminary report from a one-
year proof-of-principle study. Cancer Res 2006;66:1234-40. 

[24] Jacobsen BK, Knutsen SF, Fraser GE. Does high soy milk intake reduce prostate cancer 
incidence? The Adventist Health Study (United States). Cancer Causes Control 
1998;9:553-7. 

[25] Venkateswaran V, Klotz LH. Diet and prostate cancer: mechanisms of action and 
implications for chemoprevention. Nat Rev Urol;7:442-53. 

[26] Cohen YC, Liu KS, Heyden NL, et al. Detection bias due to the effect of finasteride on 
prostate volume: a modeling approach for analysis of the Prostate Cancer 
Prevention Trial. J Natl Cancer Inst 2007;99:1366-74. 

[27] Xu Y, Dalrymple SL, Becker RE, Denmeade SR, Isaacs JT. Pharmacologic basis for the 
enhanced efficacy of dutasteride against prostatic cancers. Clin Cancer Res 
2006;12:4072-9. 

[28] Andriole GL, Bostwick DG, Brawley OW, et al. Effect of dutasteride on the risk of 
prostate cancer. N Engl J Med;362:1192-202. 

[29] Scardino PT. The prevention of prostate cancer--the dilemma continues. N Engl J Med 
2003;349:297-9. 

[30] Roehrborn CG. Prevention of prostate cancer with finasteride. N Engl J Med 
2003;349:1569-72; author reply -72. 

[31] Thompson IM, Tangen CM, Goodman PJ, et al. Finasteride improves the sensitivity of 
digital rectal examination for prostate cancer detection. J Urol 2007;177:1749-52. 

[32] Thompson IM, Chi C, Ankerst DP, et al. Effect of finasteride on the sensitivity of PSA 
for detecting prostate cancer. J Natl Cancer Inst 2006;98:1128-33. 

[33] Pinsky P, Parnes H, Ford L. Estimating rates of true high-grade disease in the prostate 
cancer prevention trial. Cancer Prev Res (Phila) 2008;1:182-6. 

[34] Redman MW, Tangen CM, Goodman PJ, Lucia MS, Coltman CA, Jr., Thompson IM. 
Finasteride does not increase the risk of high-grade prostate cancer: a bias-adjusted 
modeling approach. Cancer Prev Res (Phila) 2008;1:174-81. 

[35] http://swog.org/visitors/newsletters/2010/12/index.asp?a=spotlight. 
[36] GSK statement on Avodart™ (dutasteride) for prostate cancer risk reduction. 

http://wwwgskcom/media/pressreleases/2011/2011_pressrelease_10043htm. 
[37] Laupacis A, Feeny D, Detsky AS, Tugwell PX. Tentative guidelines for using clinical 

and economic evaluations revisited. CMAJ 1993;148:927-9. 



 
Cancer Prevention – From Mechanisms to Translational Benefits 

 

440 

[38] Svatek RS, Lee JJ, Roehrborn CG, Lippman SM, Lotan Y. The cost of prostate cancer 
chemoprevention: a decision analysis model. Cancer Epidemiol Biomarkers Prev 
2006;15:1485-9. 

[39] Zeliadt SB, Etzioni RD, Penson DF, Thompson IM, Ramsey SD. Lifetime implications 
and cost-effectiveness of using finasteride to prevent prostate cancer. Am J Med 
2005;118:850-7. 

[40] Svatek RS, Lee JJ, Roehrborn CG, Lippman SM, Lotan Y. Cost-effectiveness of prostate 
cancer chemoprevention: a quality of life-years analysis. Cancer 2008;112:1058-65. 

[41] Svatek RS, Lotan Y. Cost utility of prostate cancer chemoprevention with dutasteride in 
men with an elevated prostate specific antigen. Cancer Prev Res (Phila) 2011;4:277-
83. 

[42] Strope SA, Andriole GL. Update on chemoprevention for prostate cancer. Curr Opin 
Urol;20:194-7. 

[43] Crawford ED, Andriole GL, Marberger M, Rittmaster RS. Reduction in the risk of 
prostate cancer: future directions after the Prostate Cancer Prevention Trial. 
Urology;75:502-9. 

[44] Berglund RK, Masterson TA, Vora KC, Eggener SE, Eastham JA, Guillonneau BD. 
Pathological upgrading and up staging with immediate repeat biopsy in patients 
eligible for active surveillance. J Urol 2008;180:1964-7; discussion 7-8. 

[45] Cooperberg MR, Broering JM, Carroll PR. Time trends and local variation in primary 
treatment of localized prostate cancer. Journal of clinical oncology : official journal 
of the American Society of Clinical Oncology 2010;28:1117-23. 

[46] Hamilton RJ, Kahwati LC, Kinsinger LS. Knowledge and use of finasteride for the 
prevention of prostate cancer. Cancer Epidemiol Biomarkers Prev;19:2164-71. 

[47] Andriole G, Bostwick D, Brawley O, et al. Chemoprevention of prostate cancer in men 
at high risk: rationale and design of the reduction by dutasteride of prostate cancer 
events (REDUCE) trial. J Urol 2004;172:1314-7. 



18 

Prevention and Therapeutic Strategies  
in Endometrial Cancer 

Dan Ancuşa1, Gheorghe Furău2, Adrian Carabineanu1,  
Răzvan Ilina1, Octavian Neagoe1 and Marius Craina1 

1University of Medicine and Pharmacy „Victor Babeş” Timişoara, 
2“Vasile Goldiş” Western University of Arad, 

Romania 

1. Introduction 

Endometrial cancer is the most common gynecological cancer in developed countries. 
Endometrial cancer primarily affects postmenopausal women, with a median age at 
diagnosis of 60 years approximately 25% of women are premenopausal at diagnosis and up 
to 5% of these are below the age of 40 years [Orr, 1997]. 

2. Clinico-anatomopathological characteristics 

17 studies covering 10,572 women showed a prevalence of a malignancy within endometrial 
polyps in postmenopausal women about 5.42% compared to 1.70% in premenopausal 
women [Lee, 2010]. Endometrial neoplasia was identified in 214 of 3,946 women with 
endometrial polyps who were postmenopausal compared with 68 of 3,997 premenopausal 
women (relative risk 3.86). There were 4,967 women with symptomatic bleeding and 195 
from them (4.15%) had neoplastic polyps compared with 85 of 3,941 (2.16%) without normal 
bleeding, according to the report (relative risk 1.97). Looking at the increased risks seen with 
postmenopausal status and abnormal bleeding, this did not seem to be additive. Polyp size 
did not appear to be associated with malignancy. Women with hereditary nonpolyposis 
colorectal cancer (HNPCC) syndrome have a markedly increased risk of endometrial cancer 
compared with women in the general population. Among women who are HNPCC 
mutation carriers, the estimated cumulative incidence of endometrial cancer ranges from 
20% to 60% [Morrow, 1991; Goff, 1994]. In terms of histopathology, endometrial cancer can 
be considered as two types: type I, endometrioid, most commonly seen in 80-90% of cases 
and type II, and all other forms nonendometrioide serous. Endometrial carcinoma has three 
architectural degrees, depending on Solid to glandular component rate (for grade 1 is <5% 
and >50% for grade 3). That tipycally will be arised in younger obese women, hyper 
lipidemia, and signs of hyperestrogenism (exogenous or endogenous).  Serous carcinomas 
are high-grade carcinomas. Comprising -1% of endometrial adenocarcinomas, the clear cell 
carcinomas are rare. There is an increasing of them in thinner, older women and show no 
hormonal risk factors. The endometrial carcinomas type I are commonly diagnosed at an 
early stage and have a favorable prognosis, often only surgically treated; recurrences are 
usually local (the most common site is pelvis) and curable very frequently with tumor-
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directed radiotherapy. The carcinomas type II from endometrial are present with metastatic 
disease at diagnosis and carry a poorer prognosis (Soslow 2007). Complex or simple 
hyperplasia could be associated with cellular atypia. We can subdivide them into mild 
atypia (nuclear enlargement and rounding with evenly dispersed chromatin)  or moderate 
atypia (clumped chromatin, larger nuclear size, prominent nucleoli). There is a low 
likelihood of hyperplasia without atypia, either simple or complex (1%, 3%) of progressing 
to carcinoma. In contrast, atypical endometrial hyperplasia is believed to be the direct 
precursor to endometrioid carcinoma [Bokhman, 1983; Soslow, 1997]. An investigation by 
The Gynecologic Oncology Group  found that from19% to 62% of endometrial biopsy. There 
is an association between endometrial hyperplasia and invasive endometrial cancer 
postoperative. (Merisio, 2005) Complex and simple hyperplasia can be treated with only 
progestative therapy, whereas hysterectomy is mandatory for patients with atypical 
hyperplasia. Atypical hyperplasia regresses after treatment with progestational therapy in 
60% to 95% of patients [Randall, 1997]. 

In patients with atypical hyperplasia and the high risk of progression to endometrium 
carcinoma, hysterectomy is the standard treatment. For women who desire a fertility 
preserving therapy should be reserved progestative therapy for six months (Trimble, 2006). 

The risk factors of endometrioid cancer are late menopause, continuous anovulation (e.g., 
polycystic ovarian syndrome), obesity and nulliparity. Additional risk factors may be 
related to estrogenic effects, a high-fat diet, tamoxifen use, early menarche. Endometrioid 
adenocarcinomas frequently show genetic instability, typically found in patients with 
hereditary nonpolyposis colon cancer and mutations (the b-catenin gene is more frequently 
mutated in carcinomas with squamous differentiation).  Serous carcinomas are characterized 
by chromosomal instability and p53 mutations. Clear cell carcinomas have absent reactivity 
for estrogen and progesterone receptors and low immunoreactivity for p53. After an initial 
assessment, necessary treatment of the disease, this depends on its stage of development 
and disease risk (the risk of recurrence and metastasis). 

2.1 Assessment 

Assessment of myometrial invasion is to specify the page, the possible extension to the 
pelvic organs and distance and tumor grade. This evaluation consisted of noninvasive 
preoperative investigations (imaging) and invasive (biopsy curettage). CT scans have poor 
sensitivity and specificity in detecting the depth of myometrial invasion, cervical and 
parametrial involvement, and lymph node metastases [Zerbe, 2000]. MRI appears to be the 
best imaging modality for preoperative assessment of myoinvasion [Kinkel, 2009]. MRI 
presents an overall staging accuracy of 85% [Hricak, 1991]. In addition, whilst more accurate 
than CT, the limitations of MRI in detecting myometrial invasion must be considered 
[Kinkel, 1999]. In one institutional review of endometrial cancer, 30% of tumors were found 
to be at an advanced stage and 24% of women had high-grade tumors [Bandyopadhyay, 
2008]. Another study of 301 women with stage I endometrial cancer reported that the 
negative predictive value of MRI for myometrial invasion was 49.2% [Suh, 2009]. The use of 
PET/ CT is reported in small prospective series to have a high negative predictive value for 
nodal metastases [Frumovitz, 2004; Signorelli, 2009; Picchio, 2010]. Park demonstrated that 
PET/CT had a sensitivity of 69.2%, specificity of 90.3%, positive predictive value of 42.9%, 
and negative predictive value of 96.6 % [Park, 2008]. 
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Endometrial cancer is generally staged according to the International Federation of 
Gynecology and Obstetrics (FIGO) system. Since 1988, the FIGO system has recommended 
surgical staging with systematic pelvic and para-aortic lymphadenectomy. In May 2009, a 
new FIGO staging system was published, but most of studies are based on the old 
classification (Tables 1). Some centers use intraoperative frozen section analysis of the uterus 
based upon histological grade, type and depth of myometrial invasion and appears 
significantly better than MRI scanning in the assessment of myometrial invasion. 
[Furukawa, 2010]. 
 

Stage Involvement 
Stage I Tumor confined to the corpus uteri 
IA No or less than half myometrial invasion 
IB Invasion equal to or more than half of the myometrium 
Stage II Tumor invades cervical stroma, but does not extend beyond the uterus 

Endocervical glandular involvement alone should be considered as stage I 
Stage III Local and/or regional spread of the tumor 
IIIA Tumor invades the serosa of the corpus uteri and/or adnexae†  
IIIB Vaginal and/or parametrial involvement†  
IIIC Metastases to pelvic and/or para-aortic lymph nodes†  
IIIC 1 Positive pelvic nodes 
IIIC 2 Positive para-aortic lymph nodes ± positive pelvic lymph nodes 
Stage IV Tumor invades bladder and/or bowel mucosa, and/or distant metastases 
IVA Tumor invasion of bladder and/or bowel mucosa 
IVB Distant metastases, including intra-abdominal metastases ± inguinal nodes 

*Positive cytology should be reported separately without changing the stage [Pecorelli, 2009]. 

Table 1. FIGO staging of endometrial cancer 

2.2 Risk assessment 

Multiple factors have been identified for relative high risk of recurrence in apparent early-
stage disease: histological subtype, grade 3 histology, myometrial invasion ‡50%, 
lymphovascular space invasion (LVSI), lymph node metastases and tumor diameter >2 cm. 

Stage I can be subdivided into three risk categories [Fiorelli, 2008]: 

Low risk:   stage IA (G1 and G2) with endometrioid type 
Intermediate risk:  stage IA (G3) with endometrioid type 
                                               stage IB (G1 and G2) with endometrioid type 
High risk:   stage IB (G3) with endometrioid type 
                                               all stages with non-endometrioid type 

2.3 Surgical staging 

Full staging endometrial cancer can be performed surgically [Pecorelli, 2009]. In addition to 
data related to uterine tumor, surgical research can provide data about state and pelvic 
lymph lomboaortic by lymphadenectomy. Studies of women undergoing full pelvic 
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lymphadenectomy report rates of occult pelvic lymph node disease ranging from 8 to 28% 
depending on grade and depth of myometrial invasion [Zivanovic, 2009; Lin, 2008]. 
Lymphadenectomy causes significant morbidity in approximately 11% of cases [Nunns, 
2000]. Pelvic MRI and sentinel lymph node evaluation appear equally effective in detecting 
pelvic node metastases although the ability to detect the sentinel node varies significantly 
between studies [Selman, 2008]. Hirahatake reported that para-aortic lymph node 
metastases in 2.5% of stage IA, 8.5% of stage IB, and 15.7% of stage II endometrial cancers 
[Hirahatake, 1997]. Mariani and Tanaka reported a direct correlation between pelvic and 
para-aortic lymph node involvement [Mariani, 2004; Tanaka, 2006]. In a study of 291 
endometrial cancer patients by Goudge 18% were upgraded postoperative [Goudge, 2004]. 
Ben-Shachar reported that tumor was upgraded in 19% of 181 patients with a preoperative 
grade 1 tumor [Ben-Shachar, 2005]. The results of surgical staging also led to adjuvant 
treatment in 12% of patients who were found to have extrauterine disease or other high-risk 
characteristics [Ben-Shachar, 2005]. 

3. Prevention  

Pain was the most common complain in patients with recurrent disease, in the follow-up of 
endometrial cancer patients, followed by vaginal bleeding, general malaise, loss of weight 
and intestinal complaints (Zhang, 2010). The routine use of the Pap smear and systematic 
radiography are not clinically justified in the follow-up of patients with endometrial 
carcinoma (Agboola, 1997; Morice, 2001). In Lynch syndrome, the current gynecologic 
carcinoma screening guidelines include annual endometrial sampling and transvaginal 
ultrasonography beginning at age 30-35 years (178). Primary prevention by using a 
progesterone device in utero, such as the Mirena IUCD is an alternative approach. This 
merits full evaluation (Hitchener, 2006). Prophylactic hysterectomy and bilateral 
salpingoophorectomy should be offered as risk-reducing surgery to women aged 35 years or 
older who do not wish to preserve fertility. Schmeler  et al. reported a retrospective analysis 
with known germ line mutations associated with Lynch syndrome. There were sixty-one 
participants who underwent prophylactic hysterectomy and were compared to over 200 
matched controls with similar mutations that did not have preventive surgery. In 33% of the 
controls was eventually diagnosed the endometrial cancer, with no cases in the prophylactic 
group (Schmeler, 2006). There was detected asymptomatic muscle invasive endometrial 
carcinoma by Pistorius et al, in two of four women who underwent prophylactic 
hysterectomy after requiring surgery for Lynch syndrome related colorectal carcinoma 
(Schmeler, 2006). In 2006, a multiinstitutional, matched case-control study found that 
prophylactic bilateral salpingoophorectomy and hysterectomy preventive strategy in 
women with HNPCC syndrome [Schmeler, 2006]. Most cases of endometrial cancer cannot 
be prevented, but women can take some measures to reduce their risk of developing 
endometrial cancer. Risks might be reduced with using oral contraceptives controlling 
obesity  and controlling diabetes. 

In addition, women who are considering estrogen replacement therapy should talk to their 
doctors to assess their risk of endometrial cancer. Use of combination oral contraceptives 
(birth control pills) decreases the risk of developing endometrial cancer. 

Women who use oral contraceptives at some time have half the risk of developing 
endometrial cancer as women who have never used oral contraceptives. 
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This protection occurs in women who have used oral contraceptives for at least 12 months, 
and continues for at least 10 years after oral contraceptive use. The protection is most 
notable for women who have never been pregnant.  

Edward Giovannucci, M.D., Sc.D., Professor of Nutrition and Epidemiology at the Harvard 
School of Public Health, said coffee is emerging as a protective agent in cancers that are 
linked to obesity, estrogen and insulin. Giovannucci, along with Youjin Je, a doctoral 
candidate in his lab, and colleagues observed cumulative coffee intake in relation to 
endometrial cancer in 67,470 women who enrolled in the Nurses' Health Study. During the 
course of 26 years of follow-up, researchers documented 672 cases of endometrial cancer. 
Drinking more than four cups of coffee per day was linked with a 25 percent reduced risk 
for endometrial cancer. Drinking between two and three cups per day was linked with a 7 
percent reduced risk  [Giovannucci, 2005]. A similar link was seen in decaffeinated coffee, 
where drinking more than two cups per day was linked with a 22 percent reduced risk for 
endometrial cancer. 

Hormone and lifestyle factors explain up to 80% of risk for endometrial cancer. The 
investigators found that women who were normal weight and active had a reduction in risk 
of 73%, compared with inactive women who were overweight (BMI above 25 kg/m2). 
Women who were normal weight but inactive had a 55% lower risk for endometrial cancer 
than inactive women who were overweight. Women who were overweight but active had a 
38% lower risk for endometrial cancer. 

Aspirin has been shown in vitro to inhibit endometrial cancer cell growth through the 
induction of apoptosis in a dose-dependent manner [Arango, 2001].  

Other NSAIDs have also been shown to reduce endometrial cancer cell proliferation and 
induce apoptosis in a dose- and time-dependent manner [Gao, 2004; Li, 2002]. 

African-american women with advanced stage endometrial cancer have lower survival rates 
than white women with the disease even when both groups receive similar treatments, 
according to a study published online September 25, 2006, in the journal Cancer . 

4. Therapeutic strategies  

4.1 Molecularly targeted treatments 

One of the major challenges in endometrial cancer treatment remains the current inability to 
effectively prevent distant metastasis in women with deeply myoinvasive, high-grade or 
biologically aggressive tumors (e.g., serous and clear cell cancers). One potential target in 
serous tumors is HER2 [Konecny, 2009; Villella, 2006; Flemimg, 2003]. The monoclonal 
antibody trastuzumab binds to HER-2 and can reduce growth in cell lines that overexpress 
HER-2. Epidermal growth factor receptor (also known as c-erbB-1). One strategy to tackle 
tumor growth is to target angiogenesis,. The main factor controlling angiogenesis is VEGF. 
The most well known of these is bevacizumab, a monoclonal antibody against VEGF-A. A 
study of single-agent bevacizumab in women with recurrent endometrial cancer 
demonstrated a 15% response rate and a median progression-free survival of 4 months, 
although approximately 36% of women had a progression-free survival of 6 months  
[Konecny, 2009]. 
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A number of other antiangiogenic agents are currently being tested as single agents in Phase 
II trials. These include VEGF–Trap and small-molecule inhibitors of VEGF receptors [Hayes, 
2009; Hayes, 2010]. 

One of the main challenges will be getting the more promising drugs into the clinic. 
Development of these newer drugs is expensive and costs will therefore be high. Whether 
there is a therapeutic role for lymphadenectomy in nonendometrioid tumors remains an 
unanswered. It has been possible to provide clear guidance with respect to the use of 
radiotherapy following the completion and publication of several key trials in this area, and 
treatment is now applied on an individualized patient basis. The investigators found that 
women who were normal weight and active had a reduction in risk of 73%, compared with 
inactive women who were overweight (BMI above 25 kg/m2). Women who were normal 
weight but inactive had a 55% lower risk for endometrial cancer than inactive women who 
were overweight. Women who were overweight but active had a 38% lower risk for 
endometrial cancer. 

4.2 Treatment of localized disease 

In the case of a low-risk disease evolution, with tumor confined to the uterus, non-
aggressive treatment is required, while high-risk disease require evolution untreatment 
multimodal radiochimiotherapy. Treatment of localized disease is mainly surgical and 
consists of a total hysterectomy with bilateral anexectomy as or no lymphadenectomy. The 
problem is the continuing debate and systematic lombo-aortic lymphadenectomy role. 
Lymphadenectomy can be selectively performed in women at highest risk of nodal 
metastases (deeply invasive or high-grade tumors) [Mariani, 2008]. Lymphadenectomy 
causes morbidity in approximately 11% of cases [Nunns, 2000]. In an effort to decrease the 
morbidity that results from lymphadenectomy, the sentinel node approach has been 
successfully employed. If the sentinel node is pathologically negative for metastasis, all 
downstream nodes should also be negative and would not require dissection. This 
technique yielded an overall detection rate of 82%-89% [Niikura, 2004; Delaloye, 2007]. 
Presently the sentinel lymph node biopsy in endometrial cancer is still an investigational 
technique. Studies of women undergoing full pelvic lymphadenectomy report rates of occult 
pelvic lymph node disease ranging from 8 to 28% depending on grade and depth of 
myometrial invasion [Creasman, 1987; Chi, 2008]. At present there is great uncertainty 
regarding what is the optimal adjuvant treatment for localized endometrial cancer. The use 
of adjuvant therapy for endometrial cancer depends on the patient's estimated risk of 
recurrence. Novel techniques for the delivery of radiation, including intensity-modulated 
radiation therapy and tomotherapy are promising technologies to improve the therapeutic 
index for patients receiving combined therapy [Lian, 2008; Salama, 2006; Beriwal, 2006]. A 
number of trials are ongoing to examine novel biologic and target therapies for women with 
endometrial cancer [Konecny, 2008; Kamat, 2007; Wright, 2007; Ozbudak, 2008; Morrison, 
2006]. Systemic treatment for metastatic and relapsed disease may consist of endocrine 
therapy or cytotoxic chemotherapy. 

4.3 Surgical treatment 

The surgical approach for the treatment of endometrial cancer has traditionally been 
laparotomy.  In the last years, the use of minimally invasive techniques is widely accepted 
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by many authors. A recent publication of the GOG LAP2 study has shown similar operative 
outcomes in the minimally invasive surgery group [Walker, 2010]. Authors have reported 
that the economic benefits of laparoscopy [Scribner, 1999]. Laparoscopy seems to provide 
equivalent results in terms of disease-free survival and overall survival compared with 
laparatomy, with further benefit: shorter hospital stay, less use of pain killers, lower rate of 
complications and improved quality of life. An increasing number of studies have shown no 
difference in survival or recurrence between laparoscopy and laparatomy surgery, in early- 
and advanced-stage endometrial cancer [Eltabbakh, 2002; Holub, 2002; Nezhat, 2008]. 
Recent reports have examined robotically assisted hysterectomy in the treatment of 
gynecologic malignancies [Advincula, 2006]. The robotic approach could be a ‘benefit’ in 
obese women. (Boggess, 2008], but access to the high para-aortic area appears to be limited 
compared with the laparoscopic or open surgical approaches [Soliman, 2010]. When surgery 
is not feasible due to medical contraindications (5–10% of patients), external radiation 
therapy with or without intracavitary brachytherapy to the uterus and vagina is suitable for 
individual clinical use [Colombo, 2011]. In three trials women treated with laparoscopic 
hysterectomy were compared with 193 women treated with open surgery and there appears 
to be no significant difference in either disease-free or overall survival [Lin, 2008; Palomba, 
2009]. 

4.4 Surgical treatment in stage I endometrial cancer 

The standard surgical treatment for stage I endometrial cancer is radical hysterectomy and 
bilateral anexectomy with or without lymphadenectomy. In young women with stage IA 
endometrial carcinoma is proposed to preserve fertility, based on the hysteroscopic 
resection of the tumor followed by hormone therapy regimen of megestrol acetate (160 
mg/day) [Mazzon, 2010]. The role of systematic pelvic lymphadenectomy is in current 
debate.  Mariani states that patients with stage I endometrial cancer, excluding stage IA–IB 
G1, systematic lymphadenectomy did not improve disease-free or overall survival [Mariani 
2000]. In the ASTEC randomized trial, women with endometrial cancer confined to the 
uterus and pelvic lymphadenectomy was no evidence of benefit on overall survival or 
recurrence-free survival [Blake, 2009]. The authors recommended that systematic pelvic 
lymphadenectomy cannot be recommended in women with stage I endometrial cancer. 
Lymphadenectomy is highly important for determining a prognosis and in tailoring 
adjuvant therapies. Prognostic factors for para-aortic spread are similar to those for pelvic 
nodal disease and include depth of myometrial invasion and the presence of 
lymphovascular space invasion [Fotopoulou, 2010; Park, 2010; Nomura, 2006]. Many 
authors suggest a lymphadenectomy for intermediate–high risk endometrial cancer (stage 
IA G3 and IB) [Colombo, 2011]. Lymph node sampling did not appear to confer a survival 
benefit in patients with stage IA, grade 1 or 2 tumors, but improved survival in patients 
with grade 3 [Trimble, 1998]. External beam radiation has been shown to reduce the rate of 
locoregional recurrence in intermediate-risk endometrial cancer. The Postoperative 
Radiation Therapy in Endometrial Cancer (PORTEC) trial randomly assigned 715 women 
with endometrial cancer stage IB grade 2-3 tumors or stage IC grade 1-2 tumors who 
underwent surgery treatment to whole pelvic radiotherapy versus no further treatment. 
After 10 years of follow-up there was a reduction in vaginal recurrences from 15 to 4% but 
no difference in survival [Creutzberg, 2000]. Aalders and collaborators published the results 
of 540 women with stage I endometrial cancer that underwent surgical treatment and 
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vaginal brachytherapy and were randomized to whole pelvic radiation versus observation. 
Pelvic control was improved with the addition of radiotherapy, but there were no survival 
differences at 5 years [Aalders, 1980]. Nout publish the results of a randomized clinical trial 
(PORTEC-2) comparing vaginal brachytherapy and external beam radiation in intermediate-
risk patients [Nout, 2010]. This study showed no any difference in overall survival or 
progression-free survival (PFS). The quality of life was better in the vaginal brachytherapy 
treatment. Radiation of patients who underwent hysterectomy with comprehensive 
lymphadenectomy improves local control and disease-free survival, but did not affect 
overall survival. (Keys, 2004) but is associated with appreciable toxicity [Creutzberg, 2000; 
Keys, 2004]. ESMO Guidelines Working Group 2011 recommended in stage IB G1-2 with 
negative prognostic factors pelvic radiotherapy and/or adjunctive chemotherapy could be 
considered [Colombo, 2011]. Endometrial cancer stage I with grade 3 tumors combination 
chemotherapy to pelvic radiotherapy require. Platinum-based chemotherapy can be 
considered in stage I G3 with adverse risk factors (patient age, lymphovascular space 
invasion and high tumor volume) platinum-based adjuvant chemotherapy for early (stage I) 
disease improves PFS and overall survival. Two trials, one Italian and one Japanese in high-
risk patients comparing five courses of cisplatin, doxorubicin and cyclophosphamide with 
external pelvic radiation reported no difference between therapies in terms of PFS or overall 
survival [Maggi, 2006; Susumu, 2008]. Chemotherapy appeared superior to pelvic 
radiotherapy in patients with stage IC, aged >70 years with outer half myometrial invasion, 
with grade 3, or with stage I disease and positive peritoneal cytology [Maggi, 2006]. In a 
Cochrane Collaboration review of adjuvant radiotherapy for stage I, external-beam 
radiotherapy resulted in a 72% reduction in pelvic relapses, a reduction in death in patients 
with multiple high-risk factors (stage IC and grade 3 tumors) did not translate into a 
reduction in distant metastatic [Kong, 2007]. 

4.5 Surgical treatment in stage II endometrial cancer 

Traditionally, the surgical approach consists of radical hysterectomy with bilateral salpingo-
oophorectomy and systematic pelvic lymphadenectomy with or without paraaortic 
lymphadenectomy. In stage II, lymphadenectomy is essential to guide surgical staging and 
adjuvant therapy. Para-aortic dissection should aim to remove the nodes to level of the 
mesenteric artery up to the renal vessels, rather than restricting dissection to the level of the 
inferior mesenteric artery. Large retrospective nonrandomized studies demonstrated that 
women, who have a para-aortic dissection, have improved outcomes, with increased overall 
survival [Chan, 2006; Chan, 2007]. Authors show that women at intermediate or high risk of 
disease recurrence should have pelvic and para-aortic lymphadenectomy and no benefit 
was seen in low-risk patients [Todo, 2010]. ESMO suggests that adjuvant treatment in stage 
II consists of pelvic radiotherapy and vaginal brachytherapy. If prognostic factors (grade 1–2 
tumor, myometrial invasion <50%, LVSI and complete surgical staging) are negative- 
brachytherapy alone. If prognostic factors are negative it is feasible chemotherapy 
with/without radiation [Colombo, 2011]. 

Chemotherapy appeared superior to pelvic radiotherapy in patients with stage II with a 
significantly higher overall survival and progression-free survival and the rate of pelvic 
recurrence was the same (7%). (Susumu, 2008) Platinum-based chemotherapy can be 
considered in this stage. In retrospective series that platinum-based adjuvant chemotherapy 
for stage II disease improves PFS and overall survival [Soliman, 2010]. 
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4.6 Surgical treatment in stage III-IV endometrial cancer 

Maximal surgical debunking is imperative in patients with a good performance status. The 
surgical approach consists of anterior and posterior pelvic exenteration. For distant 
metastatic disease, palliative surgery could be considered in patients with a good 
performance. If positive nodes: radiotherapy. If metastatic disease: chemotherapy–
radiotherapy for palliative treatment [Colombo, 2011]. Traditionally, treatment for women 
with stage III endometrial cancer has relied on radiotherapy while women with stage IV 
disease have been treated with palliative chemotherapy [Ross, 2008; Denschlag, 2007; 
Mariani, 2006].  396 women with stage III or IV disease were randomized to postoperative 
whole abdominal radiation versus chemotherapy with doxorubicin and cisplatin. Patients in 
the chemotherapy group had a statistically significant increased progression-free (42 vs 
38%) and overall survival (53 vs 42%) [Gallion, 2003]. Agents for endometrial cancer appear 
to be doxorubicin and cisplatin. Response rates to single-agent doxorubicin alone are 
generally in the range of 17-25% [Carey, 2006; Gallion, 2003]. Two prospective randomized 
trials have demonstrated a superior response rate to doxorubicin and cisplatin as compared 
with doxorubicin alone, however, with similar survival rates [Thigpen, 1994; Thigpen, 2004, 
Aapro, 2003]. When carboplatin is associated with cisplatin, is reported a response rate of 
greater than 40% [Akram, 2005; Dimopoulos, 2000; Sovak, 2006; Secord, 2007]. Given this 
provocative data, doxorubicin plus paclitaxel was investigated by the GOG (GOG 163) as an 
alternative to doxorubicin and cisplatin for women with advanced or recurrent disease. 
Doxorubicin, cisplatin and paclitaxel demonstrated a significant improvement in response 
rate, progression free and overall survival, but toxicity was much higher with the three drug 
regimen [Fleming, 2004]. The combination with cisplatin and doxorubicin or cisplatin, 
doxorubicin and paclitaxel for women with stage III and IV completely resected endometrial 
cancer appeared equivalent [Alvarez, 2007; Bruzzone, 2004]. Patients with stage IIIC 
underwent adjuvant treatment with paclitaxel and concurrent pelvic radiation therapy. 
Overall survival was 81% at 3 years with a median time to relapse of 19 months [Mangili, 
2006]. In a similar design, Greven and colleagues reported on 46 patients with endometrial 
adenocarcinoma with greater than 50% myometrial invasion, stromal invasion of the cervix, 
or extrauterine disease confined to the pelvis and/or positive peritoneal cytology that 
underwent postoperative adjuvant treatment with pelvic radiation therapy, vaginal 
brachytherapy and concurrent cisplatin and paclitaxel. Survival at 4 years was 85% [Greven, 
2006]. 

4.7 Locoregional recurrence 

Radiation therapy is standard treatment for vaginal recurrence (external beam plus vaginal 
brachytherapy). There is high rates in local control, complete response (CR) and 5-year 
survival is 50%. Surgery is the treatment of choice for pelvic recurrence, or radiation 
therapy, while for regional pelvic recurrences it is radiation therapy, associated if possible 
with chemotherapy. 

The combination of Doxorubicin, Cisplatin, and Paclitaxel was found to produce an 
improvement in progression free survival for patients with recurrent endometrial cancer, 
compared with the two drug combination of Doxorubicin and Cisplatin [Fleming, 2000]. 
When using adjuvant chemotherapy without adjuvant radiation therapy in patients with 
advanced-stage endometrial cancer, 40% of women experienced a pelvic relapse at 3 years 
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[Mundt, 2001]. Five year local control rate of 54%, disease specific survival of 51%, and 
overall survival of 44% has been reported in a group of patients with locoregional 
recurrence who made radiotherapy alone [Sears, 1994]. The tumors tend to become resistant 
to progestational therapy, but may offer a prolonged complete response interval [Fiorica, 
2000]. For first-line chemotherapy combinations regimens are preffered of recurrent 
endometrial cancer. 

4.8 Advanced disease 

There is no agreement on the standard treatment for women with advanced endometrial 
cancer. A combination of optimally debulked, radiotherapy and chemotherapy is 
employed. Metastatic endometrial cancer can be effectively treated with progestational 
agents. Response rates ranged from 40% with grade 1 disease and 0% with Broder's grade 
4 lesions. [Podratz, 1985].  ESMO recommended   hormonal therapy for endometrioid 
histologies only with overall response 25% [Colombo, 2011]. Chemotherapy alone 
determines a response rate of 40%. The most commonly used are compounds, 
antracyclines and taxanes, alone and in combination. Paclitaxel-based combination 
regimens are preffered for first-line chemotherapy of advanced endometrial cancer. The 
consistent response rate was only for paclitaxel>20% [Colombo, 2011]. The paclitaxel-
containing regimens demonstrated a response rate > 60% and a possibly prolonged 
survival. GOG shows that patients with metastatic endometrial carcinoma require pelvic 
irradiation with or without paraaortic irradiation, followed by cisplatin, doxorubicin and 
paclitaxel (Randall, 2006). 

4.9 Papillary serous carcinoma and clear cell carcinoma 

Papillary serous and clear cell carcinoma require total hysterectomy, bilateral 
salpingoophorectomy, pelvic and paraaortic lymphadenectomy, omentectomy, 
appendectomy and peritoneal biopsies. There is more aggressiveness with higher rates of 
metastatic disease and lower 5-year survival rates. The same chemotherapy regimens 
usually used for ovarian cancer could be also used in women with advanced or recurrent 
papillary serous or clear cell uterine cancer. Papillary serous endometrial carcinomas have 
not been considered to be hormone responsive [Colombo, 2011]. 
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1. Introduction

Breast cancer continues to be one of the most usual cancers in the world (Siegel et al.,
2011). The primary signs that indicate the presence of breast cancer are masses and
microcalcifications. Masses can be defined as three-dimensional structures demonstrating
convex outward borders, usually evident on two orthogonal views. Microcalcifications are
relevant radiologic signs of irregular shape, varying size, and located in an inhomogeneous
background of parenchymal tissues. While individual microcalcifications are not, in most
cases, clinically significant, clustered microcalcifications appear in 30%-50% of breast cancers
(Murphy & DeSchryver, 1978). Moreover, the distribution of the calcification should be
specified as grouped, linear, segmental, regional, or diffuse.

It has been demonstrated that an early diagnosis of breast cancer can dramatically reduce
the mortality rates. Mammography continues to be the most effective technique for an early
detection of the disease, and it is recommended every 1-2 year for women aged between 40-50
years old, and every year for women over 50 years of age. Furthermore, mammography
screening should not only be based on age and family history of breast cancer, but also on
breast density, among other factors (Schousboe et al., 2011). In fact, mammographic sensitivity
for breast cancer can significantly decrease with increasing breast density (Mandelson et al.,
2000).

It also deserves comment that radiologists do not detect all the breast cancers present in the
mammograms. In fact, the cancers missed at mammographic screening can be categorized
into different groups, such as screening errors; minimal sign present; radiographically occult;
or radiographically occult at diagnosis (Van Dijck et al., 1993). To minimize the percentage of
missed cancers, an independent double reading of mammograms can be an interesting option
for increasing the number of breast cancers that are detected at screening mammography
(Duijm et al., 2007).
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2 Will-be-set-by-IN-TECH

In the last decades, digital mammography has emerged as a promising technique that offers
the possibility of a second-opinion consultation, or computer-aided detection (CAD) schemes
to assist radiologists in the detection of radiological features that could point to those different
pathologies (Banik et al., 2011; Hupse & Karssemeijer, 2009 ; Lado et al., 2001).

Nowadays, utility of CAD systems has been already demonstrated, and there are several
computerized systems dedicated to detection and diagnosis tasks approved by the Food and
Drug Administration (FDA), such as Second Look (CADx Medical Systems, Inc) (approved
in 2002), MammoReader (Intelligent Systems Software, Inc) (approved in 2002), or the Kodak
Mammography CAD Engine (Eastman Kodak Company) (approved in 2004).

It is clear that, in order to automatically detect lesions, it could be very useful to learn from the
radiologists’ experience, as well as to quantify the different image features employed by the
clinicians to perform their diagnosis. Even although a computer system will never reach the
specialists knowledge level, its ability to detect and classify abnormalities can be improved
analyzing the existing differences between the human observer and the computer (Kuprinski
& Nishikawa, 1997). It becomes necessary to understand both the medical image contents and
the process developed by radiologists for analyzing the information. Given the difficult task of
interpreting mammograms by radiologists, the CAD mammographic systems are addressed
to limited goals, such as the detection and classification of masses and microcalcifications.

It must be indicated that CAD systems, dedicated to detect abnormalities not only in the breast
but also in other medical fields (Doi, 2007), produce suspicious areas that should be identified
as lesions or false detections, in order to avoid confusing the clinicians when analyzing the
areas detected by the computer. Because of this, a significant stage in nearly all the CAD
schemes consists in reducing the number of false positives, by the application of different
algorithms and diverse statistical methods(Lado et al., 2006; Tourassi et al., 2005).

There are several models, usually employed by the CAD systems in any field to reduce false
detections, such as linear discriminant analysis (LDA) (Yoshida et al., 2002), neural networks
(Park et al., 2011), or generalized additive models (GAMs) (Lado et al., 2006). However,
reduction of false positives can be a difficult task if an inadequate method or algorithm is
selected, this leading to incorrect results, by rejecting correct detections while keeping false
positives. Because of this, researchers should pay much attention to the reduction of false
positives step.

One of the most important aspects to be considered when the diagnostic imaging systems
are analyzed is the evaluation of their diagnostic performance. To perform this task, receiver
operating characteristic (ROC) curves are the method usually selected, since they indicate the
trade-off between sensitivity and specificity, available from a diagnostic system describing the
inherent discrimination capability of these systems (Metz, 1986).

The method of ROC curves can be generalized for the diagnostic performance of both the
human observers and the CAD systems. In fact, a large amount of automated systems
dedicated to the early detection and diagnosis cancer are frequently evaluated employing
ROC methodology, not only in the field of breast lesions (Obuchowski, 2005), but also in nearly
any type of cancer or disease (Keotan et al., 2002; Li et al., 2005).

In previous works (Lado et al., 2006; 2008) GAMs were applied to the reduction of false
positives in CAD systems dedicated to the detection of microcalcifications. In the first work
(Lado et al., 2006), the main goal was to overcome the limitations imposed by LDA in the type
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of variable participating in the reduction of false positives. To perform this task, nonlinear
classifiers were used, and the methodology was evaluated employing empirical ROC. Results
yielded an improvement in sensitivity close to 3%, while the average number of false positive
detections was reduced in 0.5 per image.

One of the limitations present in this previous work was that no factors were used in the study.
Factors can be defined as categorical variables, such as, for example, type of breast tissue
(fatty or dense), than can clearly affect the diagnosis of clusters of microcalcifications, as stated
before (Mandelson et al., 2000), and should be taken in consideration, because the response
of a continuous covariate may vary across groups defined by levels of a given factor. This
indicates that the continuous covariates can behave different in absence/presence of several
factors, this producing the corresponding factor-by-curve effects.

To overcome the limitations imposed by the absence of factors in GAMs, the second work
(Lado et al., 2008) introduced in the analysis factors and their interactions with continuous
variables in the reduction step. The results obtained showed an increase in the sensitivity
from more than 2%, while the false positive rate was drastically reduced to the half.

In this work, we propose a new approach to reduce false clustered microcalcifications,
employing GAMs and GLMs, which is based on the extraction of several features from the
detected clusters, corresponding to both fatty and dense mammograms, and the automated
study to discover different behaviours and influences among the covariates (microcalfication
features) present in the analysis.

The software programs employed to perform the analysis were developed using R (http:
//www.r-project.org/), an open source software idiom for statistical computing and
graphics, which is being used by an increasing number of researchers. Moreover, the R
language is distributed under the GNU project, and can run on a wide variety of UNIX,
Windows and MacOSX platforms. It is mainly characterized by its core functionality and
its high extensibility via the packages, which can be easily downloaded and installed from the
CRAN family of Internet sites.

Results show an increase of the sensitivity of the automated system, this leading to a
better diagnosis of the disease, not confusing the radiologists by indicating normal areas as
suspicious regions, thus reducing the number of biopsies to be performed.

The paper is organized as follows: Section 1 gives a detailed introduction about the breast
cancer problem, the automated detection employing CAD systems, and the limitations in
detection derived from the use of several features, as well as several solutions and methods
employed to perform this task; Section 2 gives an overview about the GLMs and GAMs and
the interactions among variables; Section 3 presents the database employed, as well as the
CAD system developed for detecting microcalcifications. The database of selected features
and the study employing GAMS are presented in Section 4. Section 5 shows and discusses the
results obtained. Finally, Section 6 provides the main conclusions of the work. An Appendix
also presents the source code developed in R language for performing the GAM analysis.

2. Generalized additive models

In this work, we are interested in predicting the presence or absence of a lesion, using a
regression model for binary response. Explicitly, let Y be a binary (0/1) response variable,
and X = (X1, . . . , Xq) the q-vector of the associated continuous covariates. In this framework,
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denoting by p(X) = p(Y = 1|X) , the logistic generalized linear models (GLM) (McCullagh &
Nelder, 1989) takes the form:

p(X) = p(Y = 1|X) = exp
(
a0 + a1 · X1 + . . . + aq · Xq

)
1 + exp

(
a + a1 · X1 + . . . + aq · Xq

) (1)

where (a0, a1, . . . , aq) is a vector of coefficients. In some instances, GLMs can be very
restrictive, since they assume linearity in the covariates. This constraint can be avoided by
replacing the linear index η = a0 + a1 · X1 + . . . + aq · Xq with a non-parametric structure.
Accordingly, here we shall concentrate on the generalized additive model (GAM) (Hastie
& Tibshirani, 1990), which is a generalization of the GLM, by introducing one-dimensional,
non-parametric functions instead of linear components. Specifically, GAMs express the
conditional mean

p(X) = p(Y = 1|X) = exp
(
a + f1(X1) + . . . + fp(Xq)

)
1 + exp

(
a + f1(X1) + . . . + fp(Xq)

) (2)

where a is a constant and f j is the unknown smooth partial function or effect curve associated
to each continuous covariate Xj. Note that identification is guaranteed by introducing a
constant a into the model and requiring a zero mean for the partial functions. The GAM is
widely used as an extension of the traditional GLMs (McCullagh & Nelder, 1989) specially
when continuous covariates are present. The GAM is more flexible than the GLM, since the
researcher does not assume a parametric form for the effects of the continuous covariates,
but only assumes that these effects may be represented by arbitrary unknown smooth func-
tions. The GAMs are easy to interpret, because the additive components simply describe
the influence of each covariate separately. Several contributions to GAMs can be found in
the literature. Hastie and Tibshirani discussed various approaches using smoothing splines
(Hastie & Tibshirani, 1990). Wood introduced a numerical procedure based on regression
splines (Wood, 2006). Nowadays, there exists standard software, such as the mgcv package in
R, to fit this model.

A generalization of the “pure" GAM in (2) is the GAM with “factor-by-curve" interactions.
In this type of model, the relationship between Y and each of the continuous covariates Xj
may vary among the subsets defined by the levels 1, . . . , L of a categorical covariate Z (called
factor). Explicitly, in the the factor-by-curve logistic GAM the effect of each covariate Xj can
be expressed as

fj(Z, x) =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

f 1
j (x) if Z = 1

...

f M
j (x) if Z = M

In this way, the effect of each continuous covariate Xj is descomposed in the effects f l
j

associated to each level l (1, . . . , L ) of the factor Z .

3. Database and CAD system

3.1 Mammogram selection

The mammogram database was constituted by 174, mammograms containing 77 clusters of
microcalcifications, proven by biopsy, each mammogram having no more than one cluster.

462 Cancer Prevention – From Mechanisms to Translational Benefits



Reducing False Positives in a Computer-Aided Diagnosis Scheme for Detecting Breast Microcalcificacions: A Cuantitative Study with Generalized Additive Models 5

Fig. 1. Region of a mammogram containing a cluster of microcalcifications, delimited by the
white square, and a zoomed window containing some microcalcifications

The cases were randomly selected from the mammographic screening program, currently
underway, from 1992, at the Galicia Community (Spain). This program is integrated in the
European Network of Reference Centers for Breast Cancer Screening.

The average radiation dose employed for the craniocaudal projections was 1.26 mGy, and
1.49 mGy for mediolateral oblique projection. The radiological classification criteria followed
the guidelines stated by the Breast Imaging Reporting and Data System (BI-RADS), which
establishes the following groups: a) category 0: need additional imaging evaluation; b)
category 1: negative; c) category 2: benign finding, noncancerous; d) category 3: probably
benign finding, short-interval follow-up suggested; e) category 4: suspicious abnormality,
biopsy considered; f) category 5: highly suggestive of malignancy, appropriate action needed.

All the images were digitized at a resolution of 2000x2500 pixels and 4096 gray levels
employing a Lumiscan 85 laser scanner (Lumysis Inc., Sunnyvale, CA).

Two experienced radiologists, by consensus, categorized the mammograms into two groups,
according to the breast tissue, resulting in 118 dense mammograms, the rest (56) being
classified as fatty mammograms. Theses two experts also marked the location of each cluster
of microcalcification in the digital images, being this marks stored on truth data files, in terms
of x and y directions. These data truth archives were used to compare the experimental results,
obtained with the use of the computerized system to detect microcalcifications, with the true
position of the clusters. Figure 1 shows a region of a mammogram containing clustered
microcalcifications.

3.2 CAD system

To detect the clusters of microcalcifications, a CAD system was developed and extensively
described elsewhere (Lado et al., 2001). Briefly, the method is a five-step process that
includes (Figure 2): a) detection of the breast border, employing a tracking algorithm
that computes the gradient of gray levels; b) application of wavelet transform to enhance
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Fig. 2. Scheme of the CAD system for detecting microcalcifications

microcalcifications, by dividing each mammogram into vertical lines, and applying wavelet
transform to each lines. As a result, and after applying a local thresold to the wavelet
image, a binary image containing the possible seed (origin) points of microcalcifications was
obtained; c) gray level thresholding to extract the possible microcalcifications, and application
of contrast-size test and morphologic operators, including a region growing algorithm “to
grow" the microcalcifications from the corresponding seed points; d) clustering procedure
to group the microcalcifications, following the criteria given by Kopans (Kopans, 1989), that
considers a cluster of microcalcifications as five or more signals within a region of 1 cm2 of
area; and 5) reduction of false positives, employing different techniques.

4. Feature extraction and GAM study

When the CAD system previously described was applied over the complete dataset of fatty
and dense mammograms, 72 true positives (TPs) were detected, but the system yielded 740
false detections or positives (FP). This means a sensitivity of 93.5% (72/77) at a false positive
rate of 4.25 FPs/image.

At this moment, even although the sensitivity produced by the automated system is really
promising, it is needed to understand the importante of maintaining a reduced number
of false detections, in order to not confuse the radiologist by suggesting normal areas as
suspicious, and to reduce the number of biopsies to be performed. Our system arosed a high
number (4.25) of false detections per image. Beacuse of this, a FP reduction step becomes
necessary and fundamental.

To reduce false detections, various features of the detected clusters (true and false positives)
were extracted:

1. avglbreast (X1): average gray level value of the breast image containing the detected
region, ranging from 0 to 4095 (mean value of 2765.08±275.97).

2. avglROI (X2): average gray level value of the region of interest (ROI) containing the
detected region, ranging from 0 to 4095 (mean value of 2976.70±359.61).

3. avglcluster (X3): average gray level value of the pixels belonging to the detected
microcalcifications, ranging from 0 to 4095 (mean value of 3080.32±340.91).

4. avgldist (X4): average distance among the detected microcalcifications in each cluster,
measured in pixels (mean value of 74.69±34.63).

5. dimx and dimy (X5 and X6): x and y dimensions of the ROI containing the detected cluster
(mean values of 85.25ś70.76 and 82.91±69.48, respectively).

6. size (X7): size of each detected cluster, in pixels (mean value of 10356.02±24558.54).
7. size/avgldist (X8): relationship between the size and the mean distance among

microcalcifications for a cluster mean value of 99.26±133.51).
8. size/avglcluster (X9): relationship between the size and the distribution of gray level

values of a cluster (mean size of 3.34±7.56).
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9. dif1 (X10): difference in gray level values between the average gray level value of the
cluster, avglcluster, and the average gray level value of the ROI, avglROI (mean size of
103.63±73.16).

10. dif2 (X11): difference in gray level values between the average gray level value of the
cluster, avglcluster, and the average gray level value of the breast image, avglbreast (mean
size of 315.25±300.00).

The response of the model was the binary variable true (0/1): a value of 0 indicates that the
detected cluster is a false positive. If true equals 1, the detected cluster corresponds to a real
cluster, and it is a correct detection.

The analysis of the previous feature values was performed employing GAMs, and considering
as the factor added to the model the breast tissue (BT), corresponding either to dense tissue (d)
or to fatty tissue ( f ), as previously classified by the radiologists. Explicity we have considered
the following GAM:

p(BT, X) = p(true = 1|X) = exp (a + f1(BT, X1) + . . . + f11(BT, X11))

1 + exp (a + f1(BT, X1) + . . . + f11(BT, X11))
(3)

with fj(BT, x) = f d
j (x) for dense tissue and f j(BT, x) = f f

j (x) for fatty tissue.

As stated before, the present work was an attempt to improve the sensitivity of our comput-
erized system by trying the discriminatory capability of different subsets of covariates. A
question that tends to arise in regression models of type (3) is that of determining the best
subset or subsets of q (q < 11) predictors, which will establish the model or models with
the best discrimination capacity. As a general rule, as an increasing number of variables are
added to the model, the “apparent" fit of the observed data will be improved. However, these
estimates are not always satisfied, due to various reasons. On the one hand, inclusion of
irrelevant variables would increase the variance of the estimates, thereby amounting to a loss
of the predictive capacity of the model; and on the other, inclusion of many variables would
mean that the model would be difficult to interpret.

To choose the model, we have used an automatic fordward stepwise selection procedure.
This procedure selects the model containing the best subset of q variables that would provide
the best discrimination capacity, and eliminates the remainder from the model, according to
an optimal criterion based on the use of the ROC curve. The area under the ROC curve
(AUC) is one of the most widely used criteria for comparing the performance of a series of
binary response regression models. The ROC curve relies on false/true-positive/negative
tests, where sensitivity is the proportion of event responses that were predicted to be
events and specificity is the proportion of non- event responses that were predicted to be
non-events. The plot of sensitivity (i.e., hit rate) versus 1-specificity (i.e., false alarm rate)
is the ROC curve; the area under this curve measures the accuracy of the detection system
and does not require any assumptions concerning either the shape or form of the underlying
signal and noise distributions (Saveland & Neuenschwander, 1990). This statistic is a
threshold-independent measure of model discrimination, where 0.5 suggests no discrimina-
tion, 0.7-0.8 suggests acceptable discrimination, and 0.8-0.9 suggests excellent discrimination
(Hosmer & Lemeshow, 2000).

To obtain the corresponding AUCs for various and different covariate subsets, the models
(3) were trained on half of the outputs of the detection scheme, which resulted in 36 true
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positives and 370 false detections, corresponding to 90 mammograms. The cases employed
for training the technique were randomly extracted from the total number of outputs of the
CAD scheme. The models were finally tested on the other half of the cases: 36 true positives
and 370 false positives (84 mammograms) that had not been used at the initial training stage.
The performances of the developed GAMs and GLMs, with the different feature values, were
analyzed employing ROC analysis, and considering as the decision variable the estimated
probabilities obtained with the models.

To obtain the corresponding AUCs for various and different covariate subsets, the models (3)
were trained on half of the outputs of the detection scheme, randomly extracted from the total
number of outputs of the CAD system. The models were finally tested on the other half of the
cases that had not been used at the initial training stage. The performances of the developed
GAMs and GLMs, with the different feature values, were analyzed employing ROC analysis,
and considering as the decision variable the estimated probabilities obtained with the models.

5. Results and discussion

This research work aimed at studying how the different features extracted from true and
false positive clusters of microcalcifications behave in presence of categorical covariates and
factors that can influence and even condition their behaviour. The main goal is, in this way, to
discriminate between true clusters and false detections.

The interactions among the different variables were considered in the study. Previously to the
selection of variables, correlation among the different covariates was calculated in Table (1).

X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

X1 100 56 54 -1 -3 -4 -21 -30 -1 -4 -4

X2 56 100 98 -2 0 -2 -35 60 2 1 -3

X3 54 98 100 1 4 4 -16 64 6 6 2

X4 -1 -2 1 100 74 75 19 3 65 64 66

X5 -3 0 4 74 100 67 20 7 82 88 83

X6 -4 -2 4 75 67 100 25 8 83 86 84

X7 -21 -35 -16 19 20 25 100 1 22 25 23

X8 -30 60 64 3 7 8 1 100 9 10 6

X9 -1 2 6 65 82 83 22 9 100. 93 100

X10 -4 1 6 64 88 86 25 10 93 100 94

X11 -4 -3 2 66 83 84 23 6 100 94 100

Table 1. Matrix correlations(×100) between covariates

A high correlation can be observed for several features, particularly between X2 and X3, or
among X9, X10 and X11. Surely, this is due to the fact that these variables can be very similar.
For example, X2 and X3 represent gray level values for the cluster of microcalcifications
and the ROI containing it, and both regions may nearly contain the same pixel values, this
resulting in a high similarity between them. However, there are other features with a low
correlation, for example the properties based on gray level values and the properties based on
either distances or sizes.

466 Cancer Prevention – From Mechanisms to Translational Benefits



Reducing False Positives in a Computer-Aided Diagnosis Scheme for Detecting Breast Microcalcificacions: A Cuantitative Study with Generalized Additive Models 9

●

●

●

●

●
●

●

●

●

●

●

●

●●●

●

●
●

●

●
●

●●●

●

●

●●●●
●●●●

●
●

●● ●●●●

●
●

● ●●●●

●
●

●●●●

● ●●●●

●●● ●● ●

2 4 6 8 10

0.
60

0.
70

0.
80

0.
90

a) GLM

number of covariates

A
U

C

●

●

●

●

●
●

●

●

●

●

●

●

●●

●

●
●
●
●

●

●

●●●
●

●

●

●
●

●

●●●
●

●

●
●

● ●●
●
●

●

●

●

●
●
●

●

●
●

●
●
●

●

●

●

●

●●

●●●
●● ●

2 4 6 8 10

0.
60

0.
70

0.
80

0.
90

b) GAM

number of covariates

A
U

C

●

●

● ● ● ● ●

●

● ●
●

2 4 6 8 10

0.
78

0.
82

0.
86

0.
90

c) GLM vs. GAM

number of covariates

A
U

C

● GLM
GAM

Fig. 3. Possible subset model. For each subset size, the AUC is shown for a) GLM, b) GAM
and c) GLM vs. GAM.

When the correlations were calculated, the subset selection for the whole set of covariates was
performed, and the corresponding AUCs were obtained for each model. Figure (3) presents
the values for all the possible subset model combinations, employing GLMs and GAMs. This
figure can be interpreted as follows: The x axis gives the number of covariates included in the
statistical model, while the y axis represents the AUC obtained with the model employing the
number of covariates indicated by the x value. For example, for a number of covariates equal
to 1, a line of vertical points corresponding to different AUC values is represented, the first
of them with a value close to 0.60 in both the GLM and the GAM. The last value obtained is
greater than 0.80 in both models. All of them correspond to the AUC values obtained with
one different covariate between X1 and X11. The intermediate values are the AUCs yielded
by the models constructed employing the rest of covariates.
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From Figure (3), it can be observed that, if only one covariate is considered, the best AUC
obtained in the GLM is lower than in the rest of cases; however, the AUC is very similar when
selecting 2 or more covariates.

When applying the GAM the situation is different, providing the best results for the AUC
values when three covariates are considered. Finally, the comparison of the best models for
both GLM and GAM indicates that GAM performs better when a number up to 8 covariates
are considered. If this number increases, best results are provided by GLMs. Table (2) lists the
AUC values obtained for both types of models with different number of covariates.

From Table (2), it can be observed that for both the linear and the additive models, if we
only consider one variable in the model, best results were obtained for X10, that is, for the
difference in gray level values between the average gray level value of the cluster avglcluster,
and the average gray level value of the ROI, avglROI.

GLM GAM

q variables AUC variables AUC

1 10 82.10 10 82.10

2 8 85.10 1 87.80

3 4 86.10 11 89.80

4 2 86.30 8 89.30

5 3 86.30 9 87.90

6 1 86.20 3 86.60

7 5 86.20 4 86.60

8 6 83.00 2 82.80

9 7 85.80 5 79.90

10 9 85.80 6 78.90

11 11 85.40 7 78.30

Table 2. AUC values for the different models and number of covariates in each subset.

As an increasing number of variables are included in the study, that is, as different covariates
were considered in both models, greater values for AUCs were obtained; particularly, better
results were achieved for GAMs when a number up to 8 covariates were included in the
model, and better results were obtained for GLMs for 9 or more variables considered. In the
previous models, no distinction was considered for the type of tissue, and a unique analysis
was performed for both GLM and GAM. However, to study the effect of the previous models
in the breast tissue, different analyses were performed for clusters of microcalcifica- tions
embedded on both fatty and dense tissue. Different subset combinations were again obtained
for both GLMs and GAMs, and the corresponding AUCs were calculated (Tables (3,4). From
these tables, it can be observed that best AUCs are obtained for fatty tissue, while for dense
parenchyma are always lower in the corresponding models. This is consistent with the fact
that, for fatty tissue, the contrast value, that is, the difference between the microcalcification
and the background surrounding it, is greater than for dense tissue. Thus, detection is
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fatty dense

q variables AUC variables AUC

1 10 79.20 8 73.60

2 3 86.40 7 74.50

3 11 86.70 1 74.90

4 4 87.00 2 74.90

5 2 86.40 3 74.90

6 5 86.40 4 74.90

7 6 85.80 11 72.30

8 7 85.70 5 72.10

9 8 85.70 6 69.90

10 1 85.60 9 73.60

11 9 85.60 10 74.90

Table 3. AUC values for the different GLMs and number of covariates in each subset, for both
fatty and dense breast tissue

fatty dense

q variables AUC variables AUC

1 10 79.20 1 79.00

2 3 86.10 11 84.40

3 5 86.90 5 85.10

4 11 85.30 6 86.80

5 1 81.80 7 86.60

6 9 87.90 3 87.00

7 2 81.20 9 87.70

8 4 80.10 10 87.00

9 6 69.10 2 66.70

10 7 87.00 4 64.10

11 8 62.60 8 70.50

Table 4. AUC values for the different GAMs and number of covariates in each subset, for
both fatty and dense breast tissue

improved even for radiologists. The dense parenchyma always presents greater difficulties
to peform a correct diagnosis.

Appart from this, we can also perceive that, when one covariate is included in the model, best
results are obtained by X10 again; however, if more variables are present, selection is not the
same in both GLM and GAMs, and it does not match the selection performed when the tissue
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type was not separately considered. Moreover, for fatty tissue GLM performs better, while, by
contrary, for dense breasts the optimal results are obtained when employing GLMs to select
covariates.

Figure (4) shows the AUC values for the best subset model combinations, employing GLMs
and GAMs, for both fatty and dense tissue. Figure 5 represents the AUCs for the global
analysis, and for both fatty and dense tissue, for the best GLM and GAM.

It can be observed that, for GLM, results obtained for fatty tissue are higher than those
obtained for dense tissue. However, when employing the GAM, differences are lower, and
a more reduced number of covariates have to be included in the study.

Sensitivity and false positive rates were also calculated for the best GLM and the best GAM.
For linear models, results yielded a sensitivity of 88.31%, at a false positive rate of 3.7 FPs
per image. For the same sensitivity, the false positive fraction achieved when reducing false
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Fig. 4. “Optimal" models for both fatty and dense tissue. For each subset size, the AUC is
shown for each model.
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Fig. 5. ROC curves obtained for the GAM and GLM, for the global analysis, and for both
types of breast tissue

positives with additive models was 2.7, this demonstrating the benefits of this type of models
for discriminating tasks, employing factors and interactions.

6. Conclusion

In this work, GLMs and GAMs were applied to the reduction of false positives yielded by
a CAD system devoted to the detection of clusters of microcalcifications. Results indicate
that not all the features extracted from the detected clusters are useful for the discrimination
between true and false detections: Moreover, there are features that are relevant when the
different type of tissue is considered, and their influence is different depending on the breast
parenchyma.

After the reduction of false positives, the system is capable of discriminating and detecting
clustered microcalcifications from digital mammograms, this suggesting that this CAD
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scheme is competent to complement the radiologists’ efforts in their daily clinical practice,
to help them as second readers in the interpretation of mammograms, and also to improve
their diagnostic performance.

Future work will address the issue of reducing the number of false positives, without
decreasing the sensitivity, by applying different statistical models to our dataset. Another way
to improve the results yielded by the CAD system would be to deal with a higher quality of the
digital images, because subtle clusters can be more easily identified in the detection process
if the image is digitized at a greater resolution. Thus, to further improve the sensitivity, high
quality of the digitized images is required.
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8. Appendix. Source code developed in R

The R code developed for calculating probability values for the GLMs and GAMs, as well as
for obtaining the corresponding AUCs and plots is now given and explained. The starting
point of this routines considers data covariates stored on the X covariates, while Y indicates
if the data corresponds either to a true detection (Y = 1) or to a false positive cluster (Y = 0).
The factor considered in the study is F = 0 for fatty tissue, and F = 1 for dense tissue.

The steps followed in the present work were the calculation of the correlation values, and the
study of covariates, initially without taking into consideration the type of tissue, calculating
in this situation the linear and additive models, employing the functions stepGLM2 and
stepGAM2 respectively (described in this Appendix), and obtaining for both cases the
corresponding areas uner the ROC curve, using the empiricROC function. Plots and tables
were also obtained.

The same analysis was next calculated, but separating the data by the type of tissue where
they were embedded in the breast. Graphs, tables and Auc were also obtained. The R code is
listed below.

##################################################################
# Correlations calculation
cor(X)

##################################################################
# Selection of covariates employing the AUC criterion for the GLMs
# and GAMs

##################################################################
GLMresults=stepGAM(X,Y,"glm"); GAMresults=stepGAM(X,Y)

# Particular studies differentiating the type of tissue
ii<-F==0; X0=X[ii,];Y0=Y[ii]
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ii<-F==1; X1=X[ii,];Y1=Y[ii]
GLM0results=stepGAM(X0,Y0,"glm")
GLM1results=stepGAM(X1,Y1,"glm")
GAM0results=stepGAM(X0,Y0)
GAM1results=stepGAM(X1,Y1)

##################################################################
# Output graphs and tables

# GLMs and GAMs comparison in global study
layout(matrix(c(1,2,3,3), 2, 2, byrow=TRUE))
plot(GLMresults$aucs,xlab="number of covariates",ylab="AUC",
main="GLM",ylim=c(0.6,0.9))
lines(GLMresults$aucopt)

plot(GAMresults$aucs,xlab="number of covariates",ylab="AUC",
main="GAM",ylim=c(0.6,0.9))
lines(GAMresults$aucopt)

plot(GLMresults$aucopt,xlab="number of covariates",ylab="AUC",
ylim=c(0.77,0.90),type=’b’,pch=1,main="GLM vs. GAM",cex=1.24)
lines(GAMresults$aucopt,type=’b’,pch=2,cex=1.25)
legend("bottomleft",c("GLM","GAM"),lty=1,pch=c(1,2),
box.lty=0,cex=1.25)

# GLMs and GAMs comparison considering the type of tissue
# GLMs results
par(mfcol=c(2,1))
plot(GLM0results$aucopt,xlab="number of covariates",ylab="AUC",
type=’b’,pch=1,ylim=c(0.6,0.90),cex=1.25,main="GLM")
lines(GLM1results$aucopt,type=’b’,pch=2,cex=1.25)
legend("bottomleft",c("fatty","dense"),lty=1,pch=c(2,1),
box.lty=0,cex=1.25)

plot(GAM0results$aucopt,xlab="number of covariates",ylab="AUC",
type=’b’,pch=1,ylim=c(0.6,0.90),cex=1.25,main="GAM")
lines(GAM1results$aucopt,type=’b’,pch=2,cex=1.25)
legend("bottomleft",c("fatty","dense"),lty=1,pch=c(2,1),
box.lty=0,cex=1.25)

##################################################################
# Calculation of the GAMs
stepGAM<-function(X,Y,option="gam") {
# X: Covariables matrix
# Y: Response vector
n=dim(X)[1]
nvar=dim(X)[2]
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variables=1:nvar
auc0=NULL; formula0=NULL; inside=NULL
nvars=NULL;aucs=NULL;ROCs=NULL

test<-seq(1,n,4)
Wtraining=rep(1,n);Wtraining[test]=0
for (ivar in 1:nvar) {
ii=! (variables %in% inside)
variables=variables[ii]
auc=NULL
for (j in 1:length(variables)) {
if (option=="gam") {formula=paste("+s(X[,",j,"])",sep="")}

else {formula=paste("+(X[,",j,"])",sep="")}
formula=paste(formula0,formula,sep="")
formula=paste("Y~",formula,sep="")
if (option=="gam") {modelo=gam(as.formula(formula),
family="binomial",weights=Wtraining)}

else {modelo=glm(as.formula(formula),family="binomial",
weights=Wtraining)}
muhat=predict(modelo,type="response")
a=EmpiricalROC(Y[Wtraining==0],muhat[Wtraining==0])
aux=a$auc
nvars=c(nvars,ivar);aucs=c(aucs,aux);auc=c(auc,aux)
jj=length(a$t)
ROCs=rbind(ROCs,cbind(rep(ivar,jj),rep(aux,jj),a$t,a$ROC))}
inside=c(inside,variables[which.max(auc)])
auc0=c(auc0,max(auc))
if (option=="gam") {formula0=paste("s(X[,",inside,"])",
sep="",collapse="+")}
else { formula0=paste("(X[,",inside,"])",sep="",collapse="+")}}

return(list(aucs=cbind(nvars,aucs),
aucopt=cbind(1:nvar,auc0),models=inside,roc=ROCs))
}

##################################################################
# Calculation and plotting of the empiric AUCs
EmpiricalROC<-function (group,Y){
YE=Y[ group==1]; YS=Y[ group==0]
t=seq(0,1,0.01); F=quantile(YS,probs=(1-t),type=1)
ROC=1-sapply(F, function(x) mean( YE <= x ))
ROC=as.vector(ROC)

t=c(0,t,1); ROC=c(0,ROC,1)
m<-length(YS);n<-length(YE)
xmat<-matrix(rep(YS,n),nrow=n,byrow=T)
ymat<-matrix(rep(YE,m),nrow=n,byrow=F)
diffmat<-ymat-xmat
auc<-(length(diffmat[diffmat>0])+
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0.5*length(diffmat[diffmat==0]))/(m*n)
auc=round(auc,digits=3)
plot(t,ROC,type=’s’,col=’red’,xlab="1-esp",ylab="sen")
abline(a=0,b=1,col=’grey’)

lines(t,ROC,col=’blue’,type=’s’)
text(0.9,0.1,paste("auc=",auc))
result=list(t=t,ROC=ROC,auc=auc)}
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