


Therapeutic Strategies

PROSTATE CANCER

Edited by

Mark R. Feneley
Heather A. Payne

CLINICAL PUBLISHING

OXFORD





Contents

Editors vii

Contributors vii

Section I: Prevention and diagnosis 1

1 Nutrition, lifestyle interventions and prevention 3
Steven L. Chang, James D. Brooks

2 The current state of biomarkers for prostate cancer 25
Eddy S. Leman, Robert H. Getzenberg

3 Histopathological markers and precursor lesions 43
Isabelle Meiers, David G. Bostwick

4 Prostate cancer screening 67
Sarah Marietti, Peter C. Albertsen

Section II: Regional prostate cancer – localized and locally advanced cancer  77

5 Assessment of treatment strategies in prostate cancer using risk stratification  
and prediction of clinical outcomes 79
Denise C. Babineau, Michael W. Kattan

6 Conservative treatment strategies for localized favourable-risk  
prostate cancer 89
Laurence Klotz

7 Treatment of low-risk prostate cancer 99
Bruce R. Kava, Alan M. Nieder, Mark S. Soloway

8 Treatment strategies for high-risk prostate cancer 115
Mark R. Feneley, Heather A. Payne

9 Treatment strategies for biochemical recurrence of prostate cancer 135
Vincent Khoo, Anita Mitra 



vi Contents

Section III: Advanced prostate cancer – distant metastases 149

10 Advanced prostate cancer – distant metastases: endpoints for  
clinical trials 151
Kim N. Chi, Martin E. Gleave

11 Hormonal therapy 163
David Gillatt

12 Chemotherapeutic strategies for treatment of advanced disease 177
Andrew J. Armstrong, Michael A. Carducci

13 Molecular strategies and clinical trial design in the treatment of  
advanced prostate cancer 195
Don Newling

14 Therapeutic strategies of palliative care and quality of life for  
advanced prostate cancer 205
Christopher Farnham, Omar Al-Salihi, Faye Lim

Section IV: Management of complications 217

15 Treatment strategies for spinal cord compression and fractures 219
Alistair J. Stirling, Adrian C. Gardner, Roger M. Tilman

16 Treatment strategies for urinary obstruction 237
Roger S. Kirby

17 Treatment strategies for erectile dysfunction 247
Arthur L. Burnett

18 Therapeutic strategies for pain 261
Colin Purcell, Joe O’Sullivan

Abbreviations 275

Index 277



Editors
Mark R. Feneley, MD MA FRCS FRCSUrol, Consultant Urologist, Institute of Urology, 
University College London, London, UK

HeatHer a. Payne, MBBS FRCP RRCR, Consultant Oncologist, Meyestein, Institute of 
Urology, University College London, London, UK

Contributors
Peter C. albertsen, MD, Division of Urology, University of Connecticut Health Center, 
Farmington, Connecticut, USA

Omar al-saliHi, BSc MBBS MRCP FRCR, Consultant Oncologist, University College 
London Hospital, London, UK

andrew J. armstrOng, MDScM, Duke Comprehensive Cancer Center, Department of 
Medicine, Division of Medical Oncology, Duke University Medical Center, Durham, North 
Carolina, USA

denise C. babineau, PhD, Assistant Staff, Department of Quantitative Health Sciences, 
Cleveland Clinic Foundation, Cleveland, Ohio, USA

david g. bOstwiCk, MD MBA FCAP, CEO, President, Medical Director, Bostwick 
Laboratories, Glen Allen, Virginia, USA

James d. brOOks, MD, Associate Professor, Department of Urology, Stanford University 
School of Medicine, Stanford, California, USA

artHur l. burnett, MD, Department of Urology, Johns Hopkins Hospital, Baltimore, 
Maryland, USA

miCHael a. CarduCCi, MD ScM, Associate Professor of Oncology and Urology, Sidney 
Kimmel Comprehensive Cancer Center, Johns Hopkins School of Medicine, Baltimore, 
Maryland, USA

steven l. CHang, MD, Department of Urology, Stanford University School of Medicine, 
Stanford, California, USA

kim n. CHi, MD FRCP[C], Assistant Professor, Department of Medicine, Division of Medical 
Oncology, University of British Columbia, Medical Director-Vancouver Centre Clinical Trials 
Unit, BC Cancer Agency, Vancouver, British Columbia, Canada

CHristOPHer FarnHam, MB BS BSc FRCP, Consultant in Palliative Care, St John’s Hospice, 
Hospital of St John and St Elizabeth, London, UK



viii Contributors

mark r. Feneley, MD(Cantab) FRCS(Eng) FRCS(Urol), Senior Lecturer in Urological 
Oncological Surgery, University College London, London, UK

adrian C. gardner, FRCS, Specialist Registrar in Orthopaedics and Trauma, Royal 
Orthopaedic Hospital NHS Trust, Birmingham, UK

rObert H. getzenberg, PhD, Director of Urology Research, Professor, Urology and 
Oncology, The Brady Urological Institute, Johns Hopkins Hospital, Baltimore, Maryland, 
USA

david gillat, ChM FRCS, Consultant Urologist, The Cotswold Centre, Southmead, Bristol, 
UK

martin e. gleave, MD FRCS[C], Professor, Department of Urological Sciences, University of 
British Columbia, Director of Research, The Prostate Centre, Vancouver General Hospital, 
Vancouver, British Columbia, Canada

miCHael w. kattan, PhD, Chairman, Department of Quantitative Health Sciences, 
Cleveland Clinic Foundation, Cleveland, Ohio, USA

bruCe r. kava, MD, Department of Urology, University of Miami Miller School of Medicine, 
Miami, Florida, USA

vinCent kHOO, MBBS FRACR FRCR MD, Consultant and Honorary Senior Lecturer in 
Clinical Oncology, Department of Radiotherapy and Oncology, Royal Marsden Hospital & 
Institute of Cancer Research, London, UK

rOger s. kirby, MA MD FRCS (Urol), The Prostate Centre, London, UK

laurenCe klOtz, MD FRCSC, Chief, Division of Urology, Sunnybrook and Women’s College 
Health Sciences Centre, Toronto, Ontario, Canada

eddy s. leman, PhD, The Brady Urological Institute, Johns Hopkins Hospital, Baltimore, 
Maryland, USA

Faye lim, MB BS BSc MRCP, Specialist Registrar in Oncology, University College London 
Hospital, London, UK

saraH marietti, MD, Division of Urology, University of Connecticut Health Center, 
Farmington, Connecticut, USA

isabelle meiers, MD, Bostwick Laboratories, Regents Park, London, UK

anita mitra, MBBS MRCP FRCR, Clinical Research Fellow, Institute of Cancer Research, 
Sutton, UK

dOn newling, MBBChir. FRCS, Medical Director (Oncology), AstraZeneca, Alderley Park, 
Macclesfield, UK

alan m. nieder, MD, Department of Urology, University of Miami Miller School of 
Medicine, Miami, Florida, USA

JOe O’sullivan, MD FRCPI FFRRCSI, Consultant/Senior Lecturer in Oncology, The 
Northern Ireland Cancer Centre, Centre for Cancer Research and Cell Biology, Queen’s 
University Belfast, Belfast City Hospital, Belfast, UK



Contributors ix

HeatHer a. Payne, MB BS FRCP RRCR, Consultant Oncologist, Meyerstein, Institute of 
Urology, University College London, London, UK

COlin PurCell, MB MRCP, Specialist Registrar in Medical Oncology, The Northern Ireland 
Cancer Centre, Centre for Cancer Research and Cell Biology, Queen’s University Belfast, 
Belfast City Hospital, Belfast, UK

mark s. sOlOway, MD, Professor and Chairman, Department of Urology, University of 
Miami Miller School of Medicine, Miami, Florida, USA

alistair J. stirling, FRCS, Consultant Spinal Surgeon, Royal Orthopaedic Hospital NHS 
Trust, Birmingham, UK

rOger m. tilman, FRCS, Consultant Orthopaedic Oncologist, Royal Orthopaedic Hospital 
NHS Trust, Birmingham, UK



Section I
Prevention and diagnosis



1
Nutrition, lifestyle interventions and prevention
Steven L. Chang, James D. Brooks

INTRODUCTION

Over the past 50 years, the perception of prostate cancer in the USA has undergone radi-
cal change in the medical community. In the 1950s, the diagnosis of prostate cancer carried 
with it a high association with morbidity and mortality; patients commonly presented with 
metastatic disease and 75% of all treated patients died within 3 years [1]. In contrast, the past 
25 years have seen the advent of widespread prostate cancer screening with prostate-specific 
antigen (PSA) as well as optimized surgical, radiotherapeutic and pharmacological treat-
ments. Since the mid-1990s, the overall 5-year survival rate for men in the USA diagnosed 
with prostate cancer has exceeded 98% [2]. As a result, prostate cancer is currently viewed as 
an eminently treatable disease given proper screening and management.

Despite the significant improvement in the diagnosis and treatment of patients with 
prostate cancer, there has been relatively little success in the prevention of this malignancy. 
Consequently, prostate cancer stands as the most common non-cutaneous malignancy in the 
USA with an estimated 234 460 new cases in 2006 [3]. The slow progress in preventing pros-
tate cancer results from, for the most part, the ongoing struggle by researchers to identify the 
factors that affect the development of prostate cancer.

While the details of prostate carcinogenesis remain elusive, studies on the epidemiology 
of prostate cancer have yielded the greatest amount of information regarding potential risk 
factors as well as preventative agents. To date, the most well-established prostate cancer risk 
factors include age, family history and race. While such endogenous risk factors are immu-
table, recent epidemiological studies have strongly suggested that exogenous risk factors, 
including environmental exposure as well as lifestyle, may also significantly influence the 
development of prostate cancer [4, 5]. Therefore, while genetic factors predispose an indi-
vidual to prostate cancer, environmental triggers are also probably necessary for the mani-
festation of this malignancy. Furthermore, prostate cancer develops slowly, taking years or 
decades to become clinically manifest, leaving abundant time for preventative intervention 
strategies. This chapter summarizes the available data on nutrition and lifestyle interven-
tions in the prevention of prostate cancer.

NUTRITION

Over the past several decades, there has been dramatic progress in the understanding of the 
molecular processes underlying carcinogenesis (Figure 1.1). More recently, it has become 
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4 Therapeutic Strategies in Prostate Cancer

clear that dietary factors are able to modulate the events preceding tumorigenesis. As a 
result, there is considerable interest in determining what nutritional components might 
modify the risk of prostate cancer. Migratory and epidemiological studies have implicated 
a ‘Western diet’, characterized by a high intake of red meat, dairy produce and animal fat, 
in the development of prostate malignancy (Figure 1.2) [4, 6, 7]. As helpful as these studies 
have been in elucidating the relationship between diet and prostate cancer, they must be 
interpreted with caution. Even a statistically significant correlation between an exposure and 
prostate carcinogenesis does not prove causation; contributing or confounding factors may 
also be present but not taken into account. As a result, the influence of nutrition on prostate 
cancer development is currently an area of intense investigation with ongoing epidemiologi-
cal studies, randomized prospective controlled clinical trials and molecular research in the 
laboratory.

POTENTIAL PROSTATE CANCER RISK FACTORS

Dairy ProDuce

The Dietary Guidelines for Americans 2005 recommend increasing intake of dairy produce 
to reduce the risk of colon cancer, insulin resistance and osteoporosis [8]. The consumption 
of dairy produce, however, has been frequently associated with an elevated risk of develop-
ing prostate cancer. In 9 of 11 prospective case–control studies, there was a positive associa-
tion between high dairy produce intake and development of prostate malignancy, although 
the reported increased risk was relatively modest [9–17]. Moreover, Chan et al. have reported 
a particularly strong correlation in advanced or metastatic prostate cancers, suggesting a 
role for dairy products not only in the development of prostate malignancy but also in the 
progression of disease [18]. The underlying mechanism linking dairy produce to prostate 
cancer remains unclear at this time, although there is growing evidence that fat, calcium and 
vitamin D may play important roles.

Fat

The high fat content in dairy produce has been proposed as a potential causative agent 
in developing prostate cancer. The implication of dietary fat as a modifiable risk factor, in 
both dairy as well as meat products, initially grew out of early epidemiological studies that 
observed a positive association between per capita intake of fat and prostate cancer mortality 
[19, 20]. More recently, animal studies have demonstrated a reduced growth rate of LNCaP 
cells in animals fed a diet low in fat compared with animals fed a high-fat diet [21, 22]. 
One proposed mechanism linking dietary fat and prostate malignancy is the production of 
reactive oxygen species during dietary fat metabolism. The resulting oxidative stress dam-
ages DNA through intercalation, increasing the risk for prostate cancer [23]. Other investiga-

Prostate cancer

Oxidative
stress

TestosteroneHeterocyclic
amines (HCAs)

Polycyclic aromatic
hydrocarbons (PAHs)

Phase 2
enzyme activity

Inflammation

Serum IGF-IAlpha-linolenic
acid

Figure 1.1 Putative mechanisms of prostate carcinogenesis. IGF-1, insulin-like growth factor-1.
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tors have suggested that high dietary fat intake may increase the serum level of insulin-like 
growth factor (IGF)-I and concomitantly decrease the serum level of various insulin-like 
growth factor-binding proteins (IGFBP) [24]. The decrease in IGFBP levels is believed to 
down-regulate the expression of p53 and p21 proteins, leading to an inhibition of apoptosis 
and a proliferation of prostate cancer cell lines [25]. A third hypothesis is that a high-fat diet 
results in an elevation in the level of intraprostatic testosterone, altering the androgen milieu 
and thus predisposing to prostate carcinogenesis [26, 27].

Most epidemiological studies demonstrate an association between high dietary fat con-
sumption and an increased risk of prostate cancer [28, 29]. Nevertheless, some [10, 30] 
have demonstrated no relationship between fat intake and prostate cancer, including the 
Netherlands Cohort Study, which prospectively followed over 58 000 men [11]. Further con-
founding the issue, Tseng and colleagues found that consumption of low-fat milk was signif-
icantly associated with prostate cancer risk, implicating dairy produce as a more important 
risk modifier than fat [16, 31].

In an attempt to clarify the relationship between dietary fat and prostate cancer, research-
ers have investigated the carcinogenic potential of specific types of fats, focusing mainly on 
linolenic acid and alpha-linolenic acid. In three studies, alpha-linolenic acid was shown to 
have a positive association with prostate cancer development [30, 32, 33], while a negative 
correlation was observed with an increased linolenic to alpha-linolenic acid ratio [30, 32]. 
However, two prospective cohort studies were inconclusive regarding the role of alpha-
linolenic acid in prostate cancer development [11, 29]. Therefore, although a comprehen-
sive review of the literature offers compelling evidence that decreasing dietary fat intake 
decreases the risk for developing prostate cancer [34], it is important to note that most of 
these studies are observational, rather than interventional, and the available laboratory data 
are inconsistent. The current evidence strongly suggests that decreasing intake of dietary 
fat may reduce the risk of prostate carcinogenesis although the exact dietary intake quan-
tity remains to be determined. Further evaluation and investigation is still needed to better 
define the relationship between fat intake and prostate cancer.

Figure 1.2 Comparison of Western and Asian dietary patterns. FA, fatty acids; PFA, polyunsaturated fatty 
acids; MFA, monounsaturated fatty acids; SFA, saturated fatty acids. (From Zhou BF, Stamler J, Dennis B et al. 
Nutrient intakes of middle-aged men and women in China, Japan, United Kingdom, and USA in the late 1990s: 
the INTERMAP study. J Hum Hypertens 2003; 17:623–630.)
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calcium/Vitamin D

Calcium, through its interaction with vitamin D, is another component of dairy products 
that has been postulated to promote prostate carcinogenesis. The initial interest in calcium 
and vitamin D followed observations by Schwartz and Hulka of increased prostate cancer 
incidence in populations with vitamin D deficiency: (1) men living in the northern USA with 
less sun exposure [necessary to convert inactive vitamin D to active vitamin D (calcitriol)], 
and (2) men with increased skin pigmentation (e.g. African-Americans) [35]. Calcitriol has 
been associated with inhibited prostate tumour development and progression although the 
underlying mechanisms are unclear [36, 37]. Thus, consumption of calcium has been pro-
posed to increase prostate cancer risk by suppressing vitamin D production via depressed 
parathyroid hormone levels [38].

Two prospective studies have demonstrated an increased risk of developing prostate 
cancer related to high calcium intake [15, 39]. In the Health Professionals Follow-up Study, 
among men who consumed more than 2000 mg of calcium per day the incidence of meta-
static prostate cancer was increased fivefold compared with men who ingested less than 
500 mg of calcium per day [39]. With moderate amounts (< 2000 mg) of calcium consump-
tion, however, two other prospective studies (including a randomized clinical trial) revealed 
no association between calcium intake and prostate malignancy [11, 40]. Moreover, analysis 
of secondary endpoints from a randomized study evaluating the use of calcium supplements 
and colorectal cancer did not show any increased incidence of prostate cancer and actually 
suggested a possible protective effect [40]. As a result, studies linking high intake of dietary 
or supplemental calcium with an increased risk of prostate cancer [15, 38, 41] should be 
interpreted with caution, and additional well-controlled studies are needed to better deline-
ate calcium as a risk factor when consumed in both moderate and high dosages. Based on 
available data, limiting daily calcium intake to less than 2000 mg may be beneficial for the 
prevention of prostate cancer.

meat

Consumption of meat, particularly red meat, has been proposed as a modifiable prostate 
cancer risk factor although findings from epidemiological studies have been mixed [4]. While 
several large cohort studies have shown no association [11, 42, 43], equally large studies 
report a positive association between a large dietary intake of meat and increased risk of 
prostate cancer, including the Physicians Health Study [relative risk (RR) = 2.5, 95% con-
fidence interval 0.9–6.7] [44], the Health Professionals Follow-up Study (RR = 2.64, 95% 
confidence interval 1.21–5.77) [29] and a case–control study conducted in Uruguay [odds 
ratio (OR) = 2.0, 95% confidence interval 1.1–3.8] [45]. The mechanism by which meat may 
increase the risk of developing prostate cancer is currently under active investigation. The 
association might simply be due to the concomitant increase in dietary fat intake, although 
other potential carcinogens are consumed with meat, such as heterocyclic amines and zinc. 
Additionally, diets high in meat are frequently low in plant foods including fruits and veg-
etables, beans and whole grains; thus, these diets may be low in anti-carcinogenic compo-
nents such as micronutrients and phyto-oestrogens (see below).

Heterocyclic amines

One possible reason for the association between dietary meat intake with prostate cancer is 
that well-cooked meat, as a result of grilling and pan-frying above 180°C for long periods, 
contains abundant heterocyclic amines (HCAs) [46]. HCAs have been associated with devel-
opment of gastric, colorectal, pancreatic and breast cancers in humans [47–49]. In animal 
studies, the presence of HCAs increases gene mutation frequency and promotes tumour 
formation in the prostate of rats [50, 51]. In a prospective cohort study Cross et al. found 
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that high consumption (i.e. 10 g per day) of very well-done meat was associated with a 42% 
increased risk of prostate cancer [52]. While these recent data are intriguing, hard evidence 
linking HCAs and prostate cancer is limited, and other studies report no association [53]. 
Well-designed, prospective trials are needed to further define the role of HCAs in prostate 
cancer development.

Zinc

Consumption of meat, particularly red meat, could elevate the risk of prostate cancer by 
concomitantly increasing the intake of zinc, an essential component of testosterone syn-
thesis. Ecological studies have shown higher prostate cancer mortality rates in countries 
with higher per capita zinc intake [54, 55]. Zinc is concentrated in the prostate and, under 
normal physiological states, zinc levels in the prostate are approximately 10-fold higher than 
in other soft tissues [56]. Moreover, zinc plays a role in maintaining the balance of testoster-
one and dihydrotestosterone within prostate cells in vitro [57]. However, the importance of 
zinc in prostate carcinogenesis and the possible mechanisms by which it acts remain poorly 
defined.

Clinical studies on zinc and prostate cancer have thus far been equivocal. A recent study 
by Leitzmann et al. reported that men who consumed high doses of supplemental zinc (i.e. 
over 100 mg/day) had a 2.29-fold increased risk of developing advanced prostate cancer 
and men who took lower dosages of supplemental zinc for long periods of time (i.e. over 
10 years) had a 2.37-fold increased risk [58]. While these data based on supplemental zinc 
appear compelling, zinc obtained from dietary sources has not been shown to confer an 
increased chance of prostate malignancy [59]. To further complicate this issue, well-designed 
case–control studies have demonstrated a possible protective effect of dietary zinc [60] and 
zinc supplements [61] with respect to prostate cancer. Whether or not zinc plays a role in 
the apparent association between meat consumption and prostate carcinogenesis remains 
unclear.

POTENTIAL PROSTATE CANCER PREVENTATIVE AGENTS

The incidence of prostate cancer is highest in Western nations, while the lowest rates are 
found in Asian nations. Based on epidemiological and migratory studies, a wide variety of 
dietary components of the ‘Asian diet’ have been proposed to confer protection against pros-
tate carcinogenesis (Figure 1.2). Considerable basic, epidemiological and clinical research is 
under way to test whether some foods might reduce the risk of developing prostate can-
cer.

PHyto-oestrogens

Phyto-oestrogens are biologically active plant substances that have chemical structures sim-
ilar to physiological oestrogens. These compounds have been identified in grains, herbs, 
fruits and, most notably, in soy products. Following digestion, phyto-oestrogens are able to 
bind to oestrogen receptors and weakly exert both oestrogenic as well as anti-oestrogenic 
effects [62, 63]. As a result, phyto-oestrogens have been thought to affect hormone-respon-
sive carcinomas including breast, ovarian and endometrial cancers [64–67]. Because of the 
well-recognized effects of androgens and oestrogens on prostate cancer, it is possible the 
lower incidence of prostate cancer in Asian populations might be related to the relatively 
higher consumption of phyto-oestrogen-rich soy products [68].

Isoflavones, including genistein and daidzein, are the most well-studied phyto-oestro-
gens. They are found in large quantities in soybeans and soy products and at lower levels in 
kidney beans, chickpeas and lentils. The ‘Asian diet’ consists of approximately 10 times the 
quantity of isoflavonoid phyto-oestrogens compared with the average American diet [69]. 



8 Therapeutic Strategies in Prostate Cancer

In 1989, Severson et al. were the first to report that soy products might protect against the 
development of prostate cancer [10]. This prospective study involving 8000 Hawaiian men 
of Japanese descent demonstrated a decreased risk of prostate cancer in those who con-
sumed tofu at least five times a week compared with those who had lower intakes of tofu 
(RR = 0.35, 95% confidence interval 0.08–1.43); however, the study did not control for other 
dietary differences between the groups. Several subsequent studies have also supported the 
association of consumption of soy products with a lower risk of prostate cancer including a 
large-scale epidemiological study involving 59 countries [70, 71].

Isoflavonoid phyto-oestrogens, including genistein and daidzein, inhibit the growth of 
prostate cancer cell lines, both androgen dependent and independent [72–76]. Animal stud-
ies have also consistently shown a protective effect of phyto-oestrogens in both prostate 
cancer development [77–80] and progression [81]. However, Naik et al. reported that a diet 
rich in genistein failed to inhibit the growth of hormone-refractory cell lines in rats, suggest-
ing that phyto-oestrogens may be protective only in cases of androgen-dependent prostate 
cancer [72]. Based on these studies and others, it has been postulated that the possible pro-
tective effects of phyto-oestrogens are related to inhibition of the 5-alpha-reductase enzyme 
and a consequent alteration in androgen signalling [82, 83], decrease in angiogenesis due to 
lowering of serum levels of IGF-I [84], induction of apoptosis [85, 86] or reduction of oxida-
tive damage through free radical scavenging and anti-oxidation [87–89]. It is most likely 
that phyto-oestrogens exert direct and indirect effects that act through several pathways 
to suppress prostate carcinogenesis. While efforts to investigate the entire family of phyto-
oestrogens are ongoing [90], the available laboratory data at this time appear to support the 
epidemiological findings that increased intake of phyto-oestrogens may prevent prostate 
carcinogenesis.

While there is compelling evidence that strongly suggests that phyto-oestrogens decrease 
the risk of prostate cancer, the excitement surrounding phyto-oestrogens as a protective 
agent has been tempered by some epidemiological studies on soy consumption and prostate 
cancer risk that failed to achieve statistical significance [91–93]. Some studies have showed 
no association [94, 95], and others an inverse association [96]. Therefore, at this time, phyto-
oestrogens, especially soy products, represent excellent candidate prostate cancer preventative 
agents, awaiting large, randomized clinical trials to determine their true clinical efficacy.

lycoPene

Increasing evidence suggests that lycopene, a phytochemical found in tomatoes and other 
red fruits, may reduce the occurrence of prostate cancer. Lycopene is the most common caro-
tenoid found in the human body and a potent antioxidant. Interest in lycopene as a poten-
tial protective agent for prostate carcinogenesis grew from multiple epidemiological studies 
[60, 97–103], particularly a large cohort study that followed 14 000 Seventh Day Adventist 
men [42] and the Health Professionals Follow-up Study [98]. Both studies showed that the 
incidence of prostate cancer was significantly lower in men with a higher consumption of 
tomato products. However, a meta-analysis evaluating 10 cohort and 11 case–control studies 
concluded that the protective effect of lycopene on prostate cancer appears to be relatively 
modest and limited to men who consume large amounts of tomatoes (i.e. 10 servings per 
week) [104].

To overcome the limitations of food intake surveys, several studies have sought to cor-
relate serum lycopene levels with prostate cancer incidence rates. Unfortunately, the find-
ings from these association studies have been inconsistent. Of the nine studies that assessed 
blood lycopene concentrations, five reported a significantly lower plasma concentration of 
lycopene in men with prostate cancer than in matched controls [105–109] while the other 
four found no association [95, 110–113].



Nutrition, lifestyle interventions and prevention 9

Laboratory studies have bolstered evidence that lycopene interferes with prostate car-
cinogenesis. Bowen et al. performed a randomized placebo-controlled study on 32 men with 
localized prostate cancer and found decreased levels of DNA damage in prostate tissue 
among subjects who ingested 30 mg of lycopene per day for 3 weeks prior to prostatectomy 
compared with control subjects [114]. Lycopene will inhibit the growth of prostate cancer 
cells in vitro [115] although only at supraphysiological concentrations [116] or in conjunction 
with vitamin E [117]. Lycopene also protects against oxidative damage [118–121] and reduces 
serum levels of IGF-I [122, 123], both hypothesized to be key features of prostate carcinogen-
esis. While lycopene could act through these and other biological effects, their relevance to 
prostate carcinogenesis in man will require considerable investigation.

cruciFerous Vegetables

Consumption of cruciferous vegetables (Table 1.1) has been linked to a decreased risk of 
prostate cancer in several epidemiological studies [101, 124–126]. The anticarcinogenic prop-
erties of these vegetables have been attributed to isothiocyanates, in particular sulforaphane. 
During the process of mastication, isothiocyanates are generated following the breakdown 
of glucoraphanin, a naturally occurring compound in plant cell walls. Zhang et al. isolated 
sulforaphane from broccoli based on its ability to activate carcinogen detoxification (phase 
2) enzymes [127]. Sulforaphane induces phase 2 enzyme activity in prostate cells in vitro and 
in vivo, which could protect against DNA damage [128–130]. Sulforaphane can also inhibit 
extracellular signal-regulated kinases, suppress NF-κB [131], block cellular proliferation 
through cell cycle inhibition [132] and induce apoptosis [132, 133].

Epidemiological studies, however, have not consistently demonstrated an association 
between cruciferae and the risk of prostate cancer. Several studies have reported no associa-
tion [99, 111, 134, 135], including the Health Professionals Follow-up Study cohort, which 
followed almost 48 000 men for 6 years [98]. The inconsistent findings between studies have 
been attributed to a combination of heterogeneity among the study cohorts, failure to control 
for potential confounders such as fat consumption, and measures of vegetable intake that 
were not comprehensive [136]. Several recent population-based studies have demonstrated 
a statistically significant reduced risk of prostate cancer in men who consume relatively large 
quantities of cruciferous vegetables [101, 102, 137–139]. While additional epidemiological and 
mechanistic studies as well as intervention trials are needed to assess the potential of cruci-

Table 1.1 Cruciferous vegetables

Arugula
Bok choy
Broccoli
Brussels sprouts
Cabbage
Cauliflower
Collard greens
Daikon radish
Kale
Kohlrabi
Mustard greens
Napa (Chinese cabbage)
Rutabaga
Turnips
Watercress
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ferous vegetables to reduce prostate cancer risk, sulforaphane and other isothiocyanates are 
lead compounds for prostate cancer prevention.

Vitamin e

Vitamin E is a family of essential, fat-soluble vitamin compounds that are found in green 
leafy vegetables, nuts, vegetable oils and fortified cereals. The most abundant and active 
form of vitamin E is α-tocopherol. This vitamin has been proposed to be a preventative agent 
in the development of prostate cancer due to its known ability to scavenge free radicals and 
act as a potent antioxidant at the level of membrane phospholipids [140].

In vitro and in vivo studies have shown that vitamin E may alter prostate tumorigen-
esis through several mechanisms. Sigounas et al. showed that α-tocopherol causes a dose-
dependent inhibition of prostate cancer cell proliferation (CRL-1740) through induction of 
apoptosis [141]. Subsequent experiments demonstrated that vitamin E triggered apoptosis 
in LNCaP and PC-3 prostate cancer cell lines [142, 143]. α-Tocopherol will also produce cell 
cycle arrest at G1 [144] and can act as a weak antiandrogen [145].

Interest in vitamin E as a prostate cancer preventative agent arose from analysis of sec-
ondary endpoints in two intervention trials targeting lung cancer. The Alpha-Tocopherol, 
Beta-Carotene Cancer Prevention Trial (ATBC) was a randomized, double-blind, placebo-
controlled trial that followed over 29 000 Finnish men for at least 5 years [146]. Although the 
ATBC was closed early because of a statistically significant increase in lung cancer among 
beta-carotene-treated subjects, a 32% lower incidence of prostate cancer diagnoses was noted 
among men who received 50 mg of α-tocopherol supplementation daily (95% confidence 
interval 0.12–0.47) as well as a 40% reduction in prostate cancer mortality. The Beta-Carotene 
and Retinol Efficacy Trial (CARET) also demonstrated a statistically significant inverse rela-
tionship between serum α-tocopherol levels and the risk of prostate cancer [147]. Based on 
the surprising findings of these two large clinical trials, the preventative value of vitamin 
E in prostate cancer as well as a possible synergistic effect with selenium is currently being 
evaluated in the Selenium and Vitamin E Cancer Prevention Trial (SELECT). This National 
Cancer Institute-sponsored randomized, double-blinded study is now following over 32 000 
men randomized to receive either vitamin E, selenium, both vitamin E and selenium, or a 
placebo, with final results expected in 2013 [148].

However, not all available data support the use of supplemental vitamin E to prevent the 
development of prostate cancer. No association between supplemental vitamin E and pros-
tate cancer was found in the Physicians Health Study [149] or the Prostate, Lung, Colorectal 
and Ovarian Cancer Screening Trial [150]. In addition, the potential protective effects of vita-
min E for prostate cancer might be limited to current or recent smokers [149]. Furthermore, 
recent data have questioned the safety of high doses of vitamin E. A recent meta-analysis 
has found an increase in all-cause mortality in 9 of 11 trials evaluating high-dose vitamin E 
(> 400 IU/day) [151, 152]. Owing to the potential health risks as well as the inconsistent epi-
demiological data, supplemental vitamin E should be used with caution.

selenium

A large body of data implicates selenium, an essential trace element, as a prostate cancer 
preventative agent. Selenium is found in nuts, fruits and vegetables as well as in over-the-
counter supplements and multivitamins. The typical American dietary intake of selenium 
ranges from 80 to 165 µg/day [153]. Once ingested, it is widely distributed throughout the 
body tissues, including the prostate [154], and then incorporated into antioxidant enzyme 
systems [155]. In vitro and in vivo studies suggest that the anticarcinogenic properties of sele-
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nium may be due to several possible mechanisms including cell cycle arrest of prostate can-
cer cells [156, 157], apoptosis [158] or the disruption of androgen receptor signalling [157].

Like vitamin E, interest in selenium as a prostate cancer preventative agent originated from 
an intervention trial evaluating its role in another malignancy. The Nutritional Prevention 
of Cancer (NPC) trial was a randomized clinical trial to determine the effect of selenium 
on non-melanoma skin cancer, and included 974 men [159]. In their initial report in 1996 
and a follow-up study in 2003, investigators reported a statistically significant reduction in 
the incidence of prostate cancer at 7.4 years in men who ingested 200 µg of selenium daily 
compared with control subjects (RR 0.51, 95% confidence interval 0.29–0.87) [160]. Prior to 
the NPC trial, the data relating selenium to prostate cancer had been inconsistent [161, 162]. 
However, because of the encouraging conclusions drawn from the secondary analysis of the 
NPC trial as well as several epidemiological studies, selenium is now being evaluated in the 
SELECT trial alongside vitamin E as possible preventative agents in prostate cancer [163].

FisH

Cross-national comparisons have shown an inverse relationship between per capita con-
sumption of fish and the incidence of prostate cancer [70, 164]. These observations have 
prompted more detailed evaluations of the effect fish intake might have on prostate cancer 
development. A Swedish prospective cohort study with 30-year follow-up found that the 
incidence of prostate cancer was two- to threefold higher in men who seldom consumed 
fish than in men who consumed fish moderately often (RR = 2.3, 95% confidence interval 
1.2–4.5) [165]. In the Health Professionals Follow-up Study, men with a high consumption 
of fish (> 3 times/week) were less likely to develop prostate cancer, and this association was 
strongest for metastatic prostate cancer (RR 0.56, 95% confidence interval 0.37–0.86) [166]. 
Again, the findings of these two large studies have been contradicted by other large epi-
demiological studies that report no association between consumption of fish and prostate 
cancer [11, 44, 167].

Basic investigations have added to the case favouring fish consumption and fish oils 
as protective agents. Omega-3 fatty acids, unique nutritional components of various fish 
including salmon, sardines, mackerel, tuna and anchovies, are thought to be the important 
biologically active agents in prostate cancer prevention. Rose and Connelly demonstrated 
a statistically significant (P < 0.001) inhibition in the growth of the PC-3 prostate cancer cell 
line by docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA), two forms of omega-3 
fatty acids, although the DU-145 prostate cancer cell line was not susceptible [168]. Later 
studies confirmed growth inhibition in other model systems [169, 170]. Interestingly, DU-145 
prostate cancer cells transplanted into nude mice did display inhibition of growth in animals 
fed diets rich in DHA and EPA [171–173]. Omega-3 fatty acids will modulate IGF-1 levels 
[174, 175], alter arachidonic acid metabolism [176, 177], change intraprostatic androgen levels 
[178, 179] and activate peroxisome proliferator-activated receptors [180].

Despite these promising findings, the effectiveness of omega-3 fatty acids remains con-
troversial and much more work needs to be done. Three prospective case–control studies 
found no association between serum levels of omega-3 fatty acids and prostate cancer [30, 
44, 181]. In fact, it remains unclear whether omega-3 fatty acids or some other component 
of fish intake are responsible for the reduction in the risk of prostate cancer seen in some 
epidemiological studies [182]. Until further studies to better define the role of fish intake and 
prostate cancer are available, it is advisable to follow the guidelines of the American Heart 
Association for adults to consume at least two servings of fish weekly for maintenance of 
good cardiovascular health, with the possibility that this diet might also reduce the risk of 
prostate cancer [183].
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liFestyle

Smoking, physical activity and obesity have all been shown to modulate the endocrine sys-
tem. As prostate cancer is endocrine dependent, these potentially modifiable lifestyle risk 
factors have been investigated for connections to prostate cancer.

smoking
While smoking has been established as an important risk factor for other genitourinary malig-
nancies including bladder cancer [184] and renal cell carcinoma [185], the effects of cigarette 
smoking on prostate cancer are unclear. Cigarette smoking has been proposed to increase 
prostate cancer risk by altering circulating steroid hormone levels or through exposure to 
carcinogens. Cigarette smoking is associated with increased serum levels of bioavailable tes-
tosterone and lower levels of bioavailable oestrogen, producing a hormonal milieu favour-
able for prostate cancer development [186, 187]. Additionally, cigarettes contain substantial 
quantities of cadmium [188] and polycyclic aromatic hydrocarbons (PAHs), substances that 
have been implicated in prostate carcinogenesis [189, 190].

Somewhat surprisingly, a relationship between cigarette smoking and prostate cancer has 
been found in only a handful of epidemiological studies. In particular, statistically significant 
positive correlations were documented in large cohort studies involving Swedish construc-
tion workers (RR = 1.3) [191], men in rural Iowa (RR = 2.9, 95% confidence interval 1.3–6.7) 
[192], male members of a health plan in California (RR = 1.9, 95% confidence interval 1.2–3.1) 
[193] and male residents of northwestern Washington state (OR = 1.4, 95% confidence inter-
val 1.0–2.0) [194]. Importantly, a dose–response relationship has also been demonstrated: in 
the Swedish study, former smokers had a relative risk of 1.09 while current smokers of at 
least 15 cigarettes a day for at least 30 years had a relative risk of 1.3 [191]. A similar dose–
response relationship was reported in the Iowa [193] and northwestern Washington state 
cohorts [194]. Furthermore, cigarette smoking has been associated with more aggressive 
prostate cancer. The Health Professionals Follow-up Study found a higher risk of metastatic 
prostate cancers (RR = 1.81, 95% confidence interval 1.05–3.11) as well as prostate cancer 
death (RR = 2.06, 95% confidence interval 1.08–3.9) in men with at least a 15 pack-year his-
tory over the preceding 10-year period [195].

Despite these persuasive findings, the link between cigarette smoking and prostate can-
cer is far from established. Overall, 10 of 16 population-based studies have observed no 
association between current or previous cigarette smoking and an increased incidence of 
prostate cancer [9, 10, 28, 42, 195–200], although some of these studies have been criticized 
for methodological shortcomings. These include inadequate control for confounders as well 
as surveillance and attribution bias [201]. Furthermore, recent studies have suggested that 
the carcinogenic potential of cigarette smoking is largely influenced by the ability of men to 
detoxify carcinogens from cigarettes. There is growing evidence that polymorphisms in the 
genes involved in metabolism of PAHs, cadmium or other substances might significantly 
modify the risk of prostate cancer in men exposed to cigarette smoke [202, 203]. While fur-
ther population-based and laboratory studies are still needed, the emerging data are highly 
suggestive that cigarette smoking may be a modifiable risk factor for prostate carcinogen-
esis.

Physical activity and obesity
Physical activity and avoidance of obesity have long been associated with improved over-
all health. Besides helping to prevent cardiovascular disease and promote psychological 
well-being, exercise and maintenance of normal body weight are becoming increasingly 
recognized as factors in the prevention of carcinoma, particularly colon and breast cancer 
[204–206]. In the case of prostate cancer prevention, however, the roles of exercise and obes-
ity remain unclear.
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Several biological effects of physical activity and obesity have been proposed to influence 
prostate cancer risk. Both physical activity and weight changes have been shown to affect 
endogenous hormone metabolism. Physically inactive and obese patients have increased 
rates of insulin resistance [207, 208], increased IGF-I levels [209], decreased IGFBP-3 levels 
[210] and higher levels of bioavailable androgens due to stimulation of gonadal and adre-
nal androgen synthesis and decreased levels of circulating sex hormone-binding globulin 
(SHBG) [211]. All of these hormonal alterations have been associated with an increased risk 
of prostate carcinogenesis [212–214].

Despite the presumed protective effects of physical activity and avoidance of obesity 
based on the hormonal alterations described above, the epidemiological data have been 
mixed. In fact, a comprehensive review by Freidenreich and Orenstein classified physical 
activity as only a ‘probable’ preventative factor for prostate cancer. To date, at least 16 studies 
have demonstrated a decreased incidence of prostate cancer in men who report increased 
physical activity although the average risk reduction of prostate cancer was moderate at 
best (10–30%) and statistical significance was achieved in only 11 studies [197, 215–229]. No 
association between prostate cancer risk and physical activity has been found in at least 
nine studies [230–237]. Surprisingly, four studies found an increased risk of prostate can-
cer in men with higher levels of physical activity[162, 192, 238, 239]. Methodological differ-
ences between these studies may account, at least in part, for the contradictory findings. For 
instance, several studies focused on ‘recent physical activity’ rather than lifelong physical 
activity. Given the long latency of prostate cancer, exposure to exercise long before diagnosis 
might be critically important.

The relationship between obesity and prostate cancer also remains unclear. Several large 
epidemiological studies have concluded that increasing body size or body mass index (BMI) 
is associated with a greater risk of developing prostate cancer. In a large Norwegian study 
involving over 25 000 men, Veierod et al. showed a statistically significant positive associa-
tion with BMI and prostate cancer development (BMI > 27.6 kg/m2, RR = 2.2, 95% confidence 
interval 1.1–4.7) [28]. Similar positive, albeit modest, findings were reported in a large Swedish 
cohort (> 82 kg, RR = 1.16, 95% confidence interval 1.03–1.31) [240], a second Norwegian 
cohort (BMI ≥ 30 kg/m2, RR = 1.09, 95% confidence interval 1.04–1.15) [241] and an American 
cohort (BMI > 26.6 kg/m2, RR = 2.1, 95% confidence interval 1.1–4.3) [236]. In contrast, other 
large cohort studies have shown no association between body size or BMI and prostate can-
cer [233, 242–246]. An inverse relationship between body size and prostate cancer has also 
been reported [247]. The contradictory data obtained from these studies make it difficult to 
draw even general conclusions regarding the effect of obesity on prostate cancer.

Although the link between obesity and prostate cancer remains unclear, several stud-
ies have reported intriguing subgroup analyses. Recent studies have reported a higher bio-
chemical failure rate following radical prostatectomy in obese men, suggesting that excess 
body weight may be associated with a more aggressive form of prostate cancer [248, 249]. 
Giovannucci et al. have proposed that obesity may be protective for early-onset cases based 
on data from the Health Professionals Follow-up Study [250]. Although this study found no 
overall association between BMI and prostate cancer, subgroup analysis revealed a decreased 
risk of prostate cancer associated with increased BMI only in men with a family history of 
prostate cancer and those under the age of 60 years. Thus, Giovannucci et al. argued that 
the tumours in younger men and those secondary to genetic predisposition might be driven 
preferentially by increased androgens. Because obesity is associated with decreased serum 
testosterone and elevation of serum oestrogen levels, the hormonal alterations secondary to 
excess weight may be protective in this subset of men.

Although the available data are equivocal, increasing physical activity and decreasing 
excess weight remain extremely appealing preventative factors as they potentially reduce 
the risk of not only prostate cancer but also other chronic diseases without any of the adverse 
effects associated with chemopreventative agents. The American Cancer Society currently 
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recommends a minimum of 30 min of moderate to vigorous exercise each day on 5 days or 
more a week and maintenance of BMI between 18.5 kg/m2 and 25.0 kg/m2 [251].

CONCLUSIONS

Prostate cancer is a particularly attractive target for prevention strategies because of the 
long latency between premalignant lesions and clinically evident tumours. Although the evi-
dence for dietary and lifestyle alterations is incomplete, the reported associations between 
nutrition, lifestyle and prostate cancer development are highly encouraging and will fuel 
continued vigorous scientific efforts to develop preventative strategies. Hopefully, progress 
in prostate cancer prevention over the next 50 years will match the successes accumulated 
over the past 50 years in the diagnosis and management of this disease.
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