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

INTRODUCTION

Prostate cancer is perhaps the only cancer type in which biomarkers have changed the clini-
cal course of the disease. As recently as 20 years ago, more than half of the men presenting 
with prostate cancer did so with metastatic disease. Today, this is a rarity. Despite this appar-
ent success, we still are developing better markers for the disease. Prostate cancer is the sec-
ond leading cause of cancer death in men in the USA. In 2007, the American Cancer Society 
estimates that there will be 218 890 new cases and 27 050 related deaths [1]. A study by Sakr et 
al. revealed that by the age of 30–39 years, about 29% of men will have microscopic evidence 
of prostate cancer, which increases to about 65% by the age of 70 [2]. Prostate cancer arises as 
a multistep process that includes chromosomal and gene expression modifications. This can 
lead to overgrowth of cells surrounding the prostate gland, inhibition of apoptosis of these 
cells, invasion and angiogenesis. 

The specific cause of prostate cancer is still unidentified. Factors such as age, genetics, 
race, diet and lifestyle may contribute to a man’s risk of developing prostate cancer [3]. The 
main risk factor for the disease is age. Prostate cancer is diagnosed typically after the age 
of 50 and the average age at diagnosis is 70 years [3]. There is, however, a trend towards 
increasing diagnosis in younger men [3]. Prostate cancer in its early stages presents without 
symptoms, usually through screening, but the diagnosis may also be made in men present-
ing with pain, difficulty in urinating, haematuria, painful urination and erectile dysfunction. 
It is often diagnosed incidentally following a routine medical assessment that identifies ele-
vated serum prostate-specific antigen (PSA) and/or an abnormality on digital rectal examina-
tion (DRE). The patient presenting with an elevated PSA or abnormal DRE usually requires 
further investigation with a biopsy of the prostate to establish a histological diagnosis of 
cancer where malignancy is present.

Despite the widespread use of PSA testing, PSA is not considered an ideal tumour marker. 
It is estimated that about 25–35 million PSA tests will be performed in the USA every year 
[4]. Approximately 1.6–1.8 million men proceed to prostate biopsy. Only about one in seven 
or one in eight of these men is diagnosed with prostate cancer. As a result, the number of 
men with elevated PSA levels and at least one set of negative biopsies is growing, with more 
than 25 million men now in this situation in the USA. The availability of PSA has certainly 
not adequately served all those men tested throughout the world.

Eddy S. Leman, PhD, The Brady Urological Institute, Johns Hopkins Hospital, Baltimore, Maryland, USA
Robert H. Getzenberg, PhD, Director of Urology Research, Professor, Urology and Oncology, The Brady Urological 
Institute, Johns Hopkins Hospital, Baltimore, Maryland, USA
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Initially, a cut-off point of 4.0 ng/ml was established as the upper limit of normal for serum 
PSA [5]. Using this cut-off, PSA testing was combined with DRE for prostate cancer detec-
tion. Nevertheless, over the last 20 years, the choice of 4.0 ng/ml as the optimal PSA threshold 
for prostate cancer biopsy has been called into question. Recently, a PSA level of 2.5 ng/ml 
was proposed as the upper limit for the normal range [6–8], although as discussed in the next 
section, even this cut-off may not be ideal.

Considerable amounts of both clinical and basic science research efforts continue to be 
devoted to defining the precise factors that will maximize the sensitivity and specificity of 
PSA for prostate cancer detection. Parallel with ongoing research to optimize the utilization 
of PSA, there have been increasing efforts to identify novel biomarkers for prostate cancer. 
Advancements in both genomic and proteomic technologies have resulted in biomarker dis-
covery as a focus in prostate cancer research. Many potential biomarkers are currently being 
tested for either detection or as prognostic markers for prostate cancer. The primary goal of 
biomarker research is the development of highly specific markers that can reduce the rate of 
false positive tests and unnecessary biopsies for prostate cancer, while providing additional 
information about clinical and pathological characteristics of the disease.

In this chapter, the utilization of PSA as a serum marker in prostate cancer screening, 
ways to improve the outcome of PSA tests, and the discovery of other blood- and urine-
based markers for prostate cancer will be highlighted.

PROSTATE-SPECIFIC ANTIGEN

Prostate-specific antigen (PSA), a member of the kallikrein family of proteases, is an andro-
gen-regulated serine protease produced by the columnar epithelium of the prostate gland 
[9]. PSA is located on chromosome 19q13.4 and has a molecular weight of 34 kDa [10]. PSA 
is secreted directly into the lumen of prostatic acini and has a crucial role in the physiology 
of prostatic fluid. The main function of PSA is to cleave semenogelin I and II in the seminal 
coagulum; thus, it is responsible for the rapid clotting of seminal fluid, resulting in a gelati-
nous fluid for secretion [9]. Liquefication of the seminal fluid by PSA contributes to success-
ful sperm motility. PSA is synthesized from an inactive propeptide called preproPSA, which 
is converted by human kallikrein 2 (hk2) to another precursor called proPSA. ProPSA is then 
cleaved by proteases such as hk2 and hk4 into active PSA [9].

Active PSA is secreted into the lumen of prostatic gland and can be further cleaved into 
various inactive forms of PSA [9]. The PSA level in the prostatic fluid is significantly higher 
than that in the bloodstream, and typically only a small amount of PSA enters the circulation. 
The small amount of PSA that enters the blood is principally (70–90%) bound to the protease 
inhibitor α1-antichymotrypsin [11, 12], whereas the remaining 10–30% circulates as unbound/
free PSA [9]. Circulating PSA is also bound to other proteins such as α2-macroglobulin and 
α1-antitrypsin [9]. Total PSA comprises bound and free PSA fractions in the bloodstream, 
both of which are recognized by antibodies used in a standard PSA test.

One of the characteristics of prostate cancer is the loss of basal epithelium and basement 
membrane. Disruption of this architecture has been proposed to increase ‘direct access’ of 
PSA into the bloodstream [9]. As PSA is almost exclusively produced by the prostate, it is 
perhaps better classified as an organ-marker rather than a tumour-marker. That is why it 
was named ‘prostate-specific antigen’ and not ‘prostate cancer-specific antigen’. The use 
of tumour markers in prostate cancer began with the identification of prostate acid phos-
phatase. However, owing to false-negative results it was replaced by PSA. PSA was first 
introduced and purified in 1979 by Wang et al. as a protein with different properties to 
prostate acid phosphatase [13]. In 1986, PSA testing was introduced after a reported increase 
in the incidence of prostate cancer in the USA [14]. The PSA test was originally approved by 
the US Food and Drug Administration (FDA) to aid in the care of patients who had already 
been diagnosed with prostate cancer. Since then, the PSA test has also been used for prostate 
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cancer detection, and in 1994 the FDA approved the use of PSA as the first blood test for 
prostate cancer screening [4]. It is estimated that over 25 million PSA tests are performed in 
the USA every year [4].

In 1990, an upper threshold of normal PSA level was established at 4.0 ng/ml [5]. 
Utilizing this cut-off along with DRE increased the reliability of prostate cancer detection. 
Nevertheless, this cut-off point has continuously been re-evaluated. There is a growing con-
cern that a number of men with prostate cancer actually have PSA values lower than 4.0 ng/
ml. Similarly, a PSA level above 4.0 ng/ml does not always indicate the presence of prostate 
cancer but can be associated with other prostate conditions such as benign prostatic hyper-
plasia (BPH), inflammation and prostatitis. With no available means other than by prostate 
biopsy to discriminate which men with ‘elevated’ PSA levels have prostate cancer, a large 
number of apparently unnecessary biopsies have been performed. A study by Potter and 
Partin reported that, in 1998, 15% of the 15 million men screened by the PSA test had PSA 
levels higher than the established cut-off and therefore underwent biopsies [15].

An important study performed by Thompson et al. on 2950 men enrolled in the Prostate 
Cancer Prevention Trial (PCPT) revealed that 26.9% of men with PSA levels between 3.1 
and 4.0 ng/ml had prostate cancer [16]. Furthermore, 17% of men with PSA levels between 
1.1 and 2.0 ng/ml also had the disease. This trial has raised further questions regarding any 
cut-offs that might be used. Most contemporary studies have suggested that a PSA level of 
2.5 ng/ml should be the upper threshold for the normal range [6–8, 16]. Table 2.1 summarizes 
the probability of prostate cancer detection by DRE at different PSA cut-offs.

In over two decades since the introduction of PSA testing, the major limitation of PSA 
has been its specificity in detecting men without prostate cancer. More than 75% of men 
who undergo biopsies as a result of PSA levels in the 4.0–10.0 ng/ml range turn out to be 
cancer free [17]. Another challenge for PSA is its inability to distinguish prostate cancer from 
other prostatic diseases such as BPH and prostatitis. Several concepts have been proposed 
to improve the use of PSA as a tumour marker. Age-adjusted PSA, analyses of PSA isoforms 
(free and bound/complex PSA), PSA kinetics (doubling time and velocity) and PSA density 
have been recommended to improve the performance of PSA as both a diagnostic and prog-
nostic marker.

Oesterling et al. first reported age-specific reference ranges for PSA with the expectation 
that the use of this concept would increase PSA sensitivity in younger men and improve 
its specificity in older men [18]. The concept of age-adjusted cut-offs remains controversial 
and unfavourable because it is likely to lead to a higher number of unnecessary biopsies in 
younger men and may miss some cancers in older men [19]. Age, however, is certainly a 
determinant of BPH as well as PSA level.

As stated earlier, PSA in the bloodstream exists as both free and bound PSA isoforms. 
Another approach utilized to discriminate BPH from cancer is the free/total PSA ratio. A 
study by Stenman et al. demonstrated that circulating bound PSA was higher in men with 
prostate cancer than in men with BPH [12]. Furthermore, measurement of free PSA or bound 
PSA can stratify the risk of prostate cancer for men with total PSA ranging from 4.0 or 2.5 to 

Table 2.1 Anticipated probability of prostate cancer detection by PSA and DRE1

Psa level (ng/ml) Prostate cancer probability (%)

1.1–2.0 17
2.5–4.0 10–25
4.1–10.00 25
Above 10.00 50 and above

1Adapted from refs 16, 17 and 19.
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10.0 ng/ml [12]. In an extensively referenced multicentre trial, prostate cancer was detected 
in 56% of men with free/total PSA ratio of 0.1, whereas 8% of men with free/total PSA ratio 
greater than 0.25 were found to have the disease [20]. A separate study using banked plasma 
samples from the Physicians’ Health study of 430 men with prostate cancer and 1642 control 
patients showed that when the free/total PSA ratio cut-off was lowered from 0.25 to 0.20, 
unnecessary biopsies were decreased by 12.5%, while cancer detection was increased by 
10–11% [21]. The authors from this study suggest that free PSA can maintain prostate can-
cer detection as well as decrease negative biopsies. Used together, the combination of free/
total PSA ratio with total PSA level appears to provide a more reliable indication of clinically 
pertinent prostate cancer.

Another refinement of PSA that has been used is PSA density. PSA density takes into 
account the ratio of the total PSA level to the size/volume of the prostate gland as meas-
ured by transrectal ultrasonography (TRUS) [22–24]. Prostate cancer cells may secrete higher 
levels of PSA per volume of the prostate gland into the serum. Theoretically, PSA density 
should correct for higher PSA levels associated with larger volume (i.e. BPH). However, 
PSA density may not be ideal since determination of prostate volume by TRUS can often be 
subjective and variable. In addition, PSA density can be influenced by enlargement of the 
prostate by BPH or prostatitis.

PSA kinetics, including PSA velocity and PSA doubling time, have also been evaluated 
as a means of improving PSA specificity. A number of studies suggest that PSA kinetics 
may offer additional information about cancer progression. PSA velocity is defined as an 
absolute change in PSA level annually (ng/ml/year) [19]. A study by D’Amico et al. showed 
that men who have an increase in PSA level greater than 2.0 ng/ml/year prior to diagnosis 
of the disease are more likely to die regardless of undergoing prostatectomy [25]. This study 
shows that there is an association between the PSA velocity and time to death from prostate 
cancer after surgery. Thus, PSA velocity may serve as an indicator of mortality after radical 
prostatectomy.

PSA doubling time is defined as the exponential change in PSA level over time, and there-
fore it represents a relative change. Pound et al. demonstrated that there was a significantly 
higher rate of distant metastases in men with short intervals to PSA failure and quick PSA 
doubling time after surgery [26]. Another study by Zagars and Pollack demonstrated that 
men with PSA doubling times of less than 8 months had a 54% incidence of subsequent 
distant metastasis in comparison with 7% of the same incidence in men with PSA doubling 
time greater than 8 months [27]. In addition, men whose rapid PSA doubling time and esca-
lating PSA levels occurred within the first year after radiation therapy had a 50% chance of 
developing metastases by 3 years [27]. A recent study at the Brady Urological Institute of 
the Johns Hopkins Hospital showed that PSA doubling time (less than 3 months vs. 3.0–8.9 
months vs. 9.0–14.9 months vs. greater than or equal to 15 months), pathological Gleason 
scores (less than or equal to 7 vs. 8–10) and time from surgery to biochemical recurrence 
(less than or equal to 3 years vs. greater than 3 years) were all significant risk factors that can 
help risk-stratify men for prostate-specific mortality following biochemical recurrence after 
radical prostatectomy [28]. These findings may serve as a useful guide to patients and their 
physicians to identify patients at high risk for prostate cancer-specific mortality following 
biochemical recurrence after surgery to enrol them in early aggressive treatment trials [28]. 
The concepts of both PSA velocity and PSA doubling time seem to be promising in terms of 
improving the standard PSA test and are in the process of being applied clinically.

The discovery of PSA more than 25 years ago represented a key development in the 
early detection of prostate cancer. Widespread use of PSA screening has resulted in stage 
migration, early intervention with effective treatments and decreased morbidity. However, 
its advantage for men’s health continues to be disputed. Basic science and clinical research 
efforts are ongoing to improve PSA specificity (Table 2.2) for prostate cancer detection. Of 
the various refinements that improve the specificity of PSA testing, free/total PSA ratio and 
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PSA doubling time seem to be the most promising. Today, the use of PSA as an early marker 
for prostate cancer detection is still unfortunately a subject of debate.

BIOMARKERS FOR PROSTATE CANCER DETECTION

Although the utilization of PSA as a serum marker in clinical practice has improved the 
management of men with prostate cancer, the most documented limitation of PSA is its lack 
of specificity. Clearly, there is a need to identify and characterize additional biomarkers for 
prostate cancer detection and prognosis. Advances in biotechnology have allowed many 
researchers to identify additional prostate cancer biomarkers to improve the diagnosis and 
treatment of this disease. These markers can then be categorized, according to their applica-
tions, as either diagnostic or prognostic markers. Emerging technologies such as genomics 
and proteomics have been used extensively to characterize novel biomarkers for prostate 
cancer. 

Genomics, broadly stated here as the study of nucleic-acid based technologies, repre-
sents a new methodological avenue for investigating disease biology. Since prostate cancer 
behaves according to complex/multiple genetic pathways and networks, genomic analysis 
has provided a valuable insight into this disease. Molecular signatures of prostate cancer 
and other prostatic diseases have been explored and defined by genomic analysis. Genomic 
approaches are leading to identification of gene regulations or ‘fingerprints’ that can dif-
ferentiate normal prostate from BPH and prostate cancer. The use of these nucleic acid sig-
natures has resulted in disease-specific fingerprints. These methods need to be validated 
in multicentre studies and, although promising, they may be difficult to standardize and 
expensive to run.

Since proteins typically represent the state of biological activity responsible for most cel-
lular function, analysis of protein expression is another complementary approach to define 
cellular dysfunction underlying development of the disease. Advances in proteomics can 
detect protein modifications with cellular trafficking, including altered expression through 
translational as well as post-translational mechanisms. Today, a majority of the diagnostic 
tests approved by the US FDA are protein based [29]; therefore, proteomics has been utilized 
extensively in identifying novel markers for prostate cancer. Collectively, both genomic and 
proteomic techniques have resulted in discovery of several prostate cancer biomarkers that 
may have potential clinical application (Table 2.3).

Table 2.2 Refinements for PSA testing

theory Purpose current state/usefulness

Age-adjusted PSA To directly correlate PSA levels and 
age

Still debated

Free/total PSA ratio To discriminate BPH from cancer 
and to stratify risk of prostate 
cancer for men with PSA levels 
2.5–10.00 ng/ml

Reduce unnecessary biopsies

PSA density To adjust PSA level to prostate 
volume

Prostate volume can be influenced 
by BPH and prostatitis

PSA velocity To measure absolute change in PSA 
levels annually (ng/ml/year)

Being applied clinically  
(prognostic)

PSA doubling time To measure exponential change 
in PSA levels over time (relative 
change)

Being applied clinically  
(prognostic)
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alPHa-metHylacyl coenZyme a racemace (amacr)

A number of genes that appear to be involved in prostate cancer have been reported using 
genomic analyses. Alpha-methylacyl coenzyme A racemace (AMACR) is one of the genes 
identified via subtractive hybridization and microarray studies [30]. This protein is an 
enzyme that is involved in peroximal beta-oxidation of branched fatty acids [30]. AMACR 
has been shown to be up-regulated in prostate cancer tissues by approximately ninefold 
in comparison with normal tissues [31]. A study by Rubin et al. using tissue microarrays 
containing 342 samples with different stages of prostate cancer demonstrated that tissue 
AMACR protein expression is 97% sensitive and 100% specific in detecting prostate cancer 
[32]. Using serum samples from 109 patients, the same group further demonstrated that 
AMACR is more sensitive and specific than PSA (sensitivity and specificity of 78% and 81% 
versus 46% and 50% respectively) in differentiating prostate cancer from the control sub-
jects [33]. Additional studies have also shown that AMACR mRNAs were detected in urine 
samples following prostatic massage or biopsies. When this transcript was normalized to 
PSA mRNA, this combination resulted in differentiation of low from high risk prostate can-
cer patients [34]. Immunohistochemical analysis using samples from 204 men treated by 
radical prostatectomy and 188 men followed expectantly showed that AMACR tissue expres-
sion was lower in patients with poorer outcome, independent of the clinical variables [35]. 
Among those with low AMACR expression and high Gleason score, the risk of prostate 
cancer death was 18-fold higher. This study suggests that AMACR can be used as a marker 
to identify aggressive prostate cancer, and is currently being used clinically.

enHancer oF Zeste Homolog 2 (EZH2)

Another gene that was identified from microarray analysis was the polycomb group pro-
tein enhancer of zeste homolog (EZH2). EZH2 has been reported to function as a histone 
methyltransferase for gene silencing and it is regulated by the pRB/E2F pathway, which is 
critical for cell proliferation [30]. Varambally et al. showed that EZH2 was overexpressed in 
hormone-refractory metastatic prostate cancer at the mRNA and protein levels [36]. In addi-
tion, clinically localized prostate cancer that expresses higher levels of EZH2 is associated 
with a poorer prognosis. Other profiling studies have shown that EZH2 is overexpressed 
in metastatic prostate cancer in comparison with localized disease [37, 38]. When EZH2 is 
used in conjunction with the cell adhesion marker E-cadherin, the combination (high EZH2 
and low E-cadherin) was found to be associated with PSA recurrence in localized prostate 
cancer [39]. In addition, this combination remains significant even after adjusting for clini-
cal parameters, such as tumour stage, Gleason score, and PSA level. Taken together, these 
results suggest that EZH2 may be utilized as a candidate biomarker to identify metastatic 
and aggressive prostate cancer.

HePsin

Hepsin is a transmembrane serine protease that is found to be overexpressed in prostate can-
cer when compared with normal and benign hyperplastic prostate tissues [30]. An analysis of 
tissue microarrays from over 700 clinically stratified prostate cancer specimens demonstrated 
correlation between hepsin expression and measures of clinical outcome [40]. Other studies 
using 90 matched prostate tissue samples from the tumour and non-tumour sections of the 
same tissue samples show that hepsin was overexpressed in 90% of the samples [41]. In addi-
tion, 53% of the samples show 10-fold higher expression of hepsin in the tumour section.
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Proteomics serum ProFiling

Using the surface-enhanced laser desorption/ionization time-of-flight (SELDI TOF) mass 
spectrometry and a genetic algorithm with cluster analysis, Petricoin et al. analysed the 
serum proteomic patterns from a training set of 56 samples and a validation set of 266 sam-
ples that consisted of men with cancer and benign diseases [42]. They demonstrated that the 
proteomic pattern correctly predicted 36 of 38 men (95%) with prostate cancer, whereas 177 
of 288 men (78%) were correctly classified as having benign conditions. In addition, their 
analysis also showed that those with benign conditions (PSA levels ranging from 4 to 10 ng/
ml) were correctly classified in 97 of 137 men (71%). A separate serum proteomic pattern 
analysis was performed by Wright et al. using a training set of 326 samples (167 prostate 
cancer, 77 BPH and 82 normal prostate tissue) and a validation set of 60 samples (30 prostate 
cancer, 15 BPH and 15 normal prostate tissue) [43]. The results from this study showed that 
the proteomic pattern correctly identified 96% of the men in the training cohorts and also 
demonstrated 83% sensitivity and 97% specificity from the validation set. Despite the appar-
ent success of these approaches, the SELDI-based techniques have not held up in further 
validation studies. Novel mass spectrometry approaches are being utilized now to develop 
more robust assays that may need to be performed in reference laboratories.

early Prostate cancer antigen (ePca) anD ePca-2

Utilizing a focused proteomics approach, our laboratory has identified novel prostate can-
cer biomarkers. Our proteomics efforts have concentrated on determining a molecular cor-
relation with histopathological findings. Alterations in nuclear structure and architecture 
are defining characteristics of cancer. During neoplastic transformation, modifications in 
nuclear protein compositions arise in concordance with changes in the nuclear structure. 
Assessment of the protein components that comprise nuclear structure/architecture have 
resulted in the discovery of biomarkers that are specifically altered in cancer. Alterations in 
the protein structure of the nucleus are associated with various neoplasms such as breast, 
prostate, colon, bladder, lung, ovarian, renal and squamous cell carcinoma of the head and 
neck (reviewed in ref. 44). Our laboratory has identified several biomarkers that are specific 
for different prostatic diseases. Differences in the protein components of the nuclear struc-
ture have been demonstrated in cancer and normal rat prostate [45], a transgenic mouse 
model for prostate cancer [46], and in BPH and prostate cancer [47–49]. Our group recently 
identified two prostate cancer biomarkers that are associated with the nuclear structure: 
early prostate cancer antigen (EPCA) and early prostate cancer antigen 2 (EPCA-2). Both 
EPCA and EPCA-2 are the human counterparts of proteins that were originally identified 
from the Dunning rat prostate tumour and are prostate cancer specific [50].

Our previous work demonstrated that EPCA is a plasma-based marker for prostate can-
cer with sensitivity and specificity of 92% and 94% respectively [51]. EPCA was also dem-
onstrated to be expressed in prostate cancer tissues. Immunohistochemical analyses reveal 
that EPCA is expressed throughout the prostate and represents a ‘field effect’ associated 
with prostate cancer [52, 53]. Using tissues from negative biopsies, subsequent biopsies and 
prostatectomy specimens, sensitivity of the EPCA immunohistochemical analysis is 84%, 
with a specificity of 85% [52]. The expression of EPCA in the ‘negative biopsies’ of men can 
help reveal if prostate cancer is localized or a non-confined disease. This study was further 
validated by a separate group [53]. In this study, EPCA staining was positive in 94% of pros-
tate cancer tissues and it was negative in bladder cancer tissues. There was no correlation of 
EPCA staining intensity with Gleason scores or stage [53]. In non-cancerous tissues adjacent 
to major cancer foci, EPCA staining was positive in 86% of prostate cancer [53]. These studies 
suggest that EPCA may reflect alterations in the nuclear structure that occur in the earlier 
stage of prostate cancer.
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Another biomarker, EPCA-2, is not associated with a field effect and appears only in the 
prostate cancer tissue. We are currently studying EPCA-2 for its potential to serve as a highly 
specific and sensitive serum-based marker for prostate cancer. Using over 300 serum samples 
from normal men, men with BPH or prostate cancer, and men with other benign diseases 
and cancers, our preliminary studies show that EPCA-2 has a sensitivity and specificity of 
97% and 94%, respectively, in separating men with prostate cancer from normal men, men 
with BPH, and those with other types of benign disease and cancer [54]. In addition, EPCA-2 
is also able to differentiate men with organ-confined prostate cancer from those with non-
organ-confined disease [54]. Despite the fact that EPCA-2 is a nuclear protein, we speculate 
that it is released into the blood by cellular breakdown or apoptosis and is quite stable once 
it gets there [55]. Taken together, our current findings demonstrate that EPCA-2, a pros-
tate cancer-associated nuclear protein, can be utilized as a potential serum-based biomarker 
for prostate cancer. Further validations using larger sample sizes in multicentre studies are 
clearly warranted, but it appears that EPCA-2 may indeed serve as a desperately needed 
highly specific marker of prostate cancer.

autoantiboDy ProFiles

A number of studies have demonstrated that cancer patients develop immune responses to 
cancer-related antigens. These responses can be detected by the immune system in the forms 
of detectable autoantibodies or ‘molecular fingerprints’ that may be used as both diagnostic 
and prognostic markers. A recent study by Chinnaiyan’s group demonstrated that autoan-
tibody signature biomarkers may be used to improve prostate cancer detection [56]. Using 
a technique that combines phage-display technology with protein microarrays, they were 
able to identify and characterize new autoantibody-binding peptides derived from prostate 
cancer tissues. A panel of 22 peptides was used to analyse sera from 119 patients with pros-
tate cancer and 138 control subjects. This panel had 88.2% specificity and 81.6% sensitivity 
in differentiating men with prostate cancer from the control group. In addition, this panel 
of peptides also showed better performance than PSA in separating the two groups, in par-
ticular among men with PSA between 4 and 10 ng/ml. Although this study shows promising 
results, the roles of autoantibody profiles still have to be validated in much larger multicen-
tre studies.

urine-baseD markers

In an effort to develop biomarkers that are more specific than PSA, considerable research has 
been geared towards development of urine-based tests for prostate cancer. The urine-based 
test is an alternative non-invasive and easily performed assay. The purpose of these tests 
is to detect modified forms of proteins or nucleic acids that may be shed into the urine by 
cancer cells. DD3PCA3 is a non-coding RNA-based urine marker currently being studied exten-
sively [57, 58]. DD3PCA3 is a prostate cancer-specific gene that is overexpressed in more than 
95% of primary prostate cancer specimens and prostate cancer metastasis [58]. In addition, 
DD3PCA3 expression appears to be prostate specific. Schalken’s laboratory has extensively 
analysed DD3PCA3 transcripts in three separate studies using 238 urine specimens collected 
after prostate massage. DD3PCA3 had specificity that ranged from 76% to 89%, and sensitivity 
that ranged from 66% to 82% [58]. It is important to note that in these studies, only speci-
mens that expressed PSA greater than 3 ng/ml were included. Therefore, it was possible that 
only men with higher risk of prostate cancer were evaluated. At this point, DD3PCA3 shows 
great potential as a tool for molecular urine test, nevertheless, a large multicentre clinical trial 
needs to be performed in order to validate the performance of this marker.

A molecular test to evaluate DD3PCA3 (uPM3) was developed by Fradet et al. to detect pros-
tate cancer cells in urine [59]. The uPM3 test is based on the amplification of specific target 
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RNA using nucleic acid sequence-based amplification (NASBA) technology. This test utilizes 
the ratio of the relative expression of PSA mRNA and DD3PCA3 mRNA. Using urine sam-
ples from 517 men, the overall uPM3 sensitivity was 66% and the specificity was 89%. The 
positive predictive values for the uPM3 test were 75% compared with 38% for serum PSA at 
4.0 ng/ml. The negative predictive value for uPM3 was 84% compared with 89% and 80% for 
PSA at cut-offs of 2.5 and 4.0 ng/ml respectively [59]. However, owing to the higher positive 
predictive values for uPM3, the accuracy of uPM3 was almost twofold higher than that of 
PSA (81% for uPM3 versus 43% and 47% for PSA cut-offs of 2.5 and 4.0 ng/ml respectively). 
These results suggest that the uPM3 molecular urine test may be an important supplement 
to current methods for the detection of early prostate cancer. Although uPM3 bears great 
promise as a novel diagnostic tool, the results of this study will need to be validated in other 
clinical trials that should aim at elucidating the relationship of the test results with the extent 
of cancer, as well as the possible causes of false-positive and false-negative results.

Telomerase activity is often associated with the ability of cells to escape senescence and 
subsequently proliferate. A study by Crocitto et al. using urine specimens from 14 men with 
prostate cancer and 35 men with negative biopsies for the disease showed that telomerase 
reverse transcriptase activity had a specificity of 66% and sensitivity of 36% [60]. Studies 
utilizing telomeric repeat amplification protocol (TRAP) assay to measure telomerase activity 
in urine specimens have reported specificity that ranged from 87% to 100%, and sensitivity 
that ranged from 58% to 90% [61, 62]. In addition, a significant association between Gleason 
scores and telomerase activities was observed.

Other proteins that have been used as urine-based markers for prostate cancer include 
prostatic inhibin-like peptide and minichromosome maintenance 5 (MCM-5). Prostatic 
inhibin-like peptide has been reported in the suppression of follicle-stimulating hormone. 
In two separate studies, Teni et al. used urines that were collected for 24 h and stored at 4 °C 
prior to testing [63, 64]. They reported that this protein had a specificity of 100% and sensi-
tivity greater than 80%[63, 64]. MCM-5 is one of the minichromosome maintenance proteins 
that are involved in DNA replication and thus may have a critical regulatory role in cancer 
cell growth. In a study with urine specimens collected from 213 men, Stoeber et al. reported 
that MCM-5 had a specificity of 82% and sensitivity of 92% [65]. Although the specificity of 
this protein was obtained from over 200 specimens (BPH and non-BPH), the sensitivity was 
obtained from a small number of specimens (12 men with prostate cancer). Therefore, this 
marker still needs to be evaluated on a larger number of samples.

Advances in cellular and molecular biology have provided opportunities for both clinical 
and basic science researchers to identify and characterize urinary markers with high specifi-
city and sensitivity (Table 2.3). However, development of urinary biomarkers for prostate 
cancer is still in an early phase. A number of markers outlined above appear to show promis-
ing results and bear potential usefulness for detection of the disease. One pitfall of the urine-
based markers that are currently being tested is the number of specimens analysed. All of 
these urine-based markers need to be validated using larger samples in multicentre clinical 
trials. In addition, many of the urine specimens used for these tests are often handled and 
stored differently, and do not take into account differences in urine protein or nucleic acid 
content, thus creating another potential pitfall for reproducibility. Future studies for these 
markers should address these issues in order to potentially apply these urine-based tests on 
a mass screening basis.

BIOMARKERS FOR PROSTATE CANCER PROGNOSIS

Prostate cancer development and progression involve a series of molecular changes within 
the prostate cell and its environment. These molecular changes can be influenced by altera-
tions of genetic and epigenetic pathways that will determine the outcome of the disease. 
Alterations in genetic and epigenetic pathways may involve diverse processes such as cell 
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cycle regulation, androgen receptor signalling, cellular adhesion and angiogenesis. Variations 
of DNA, RNA or protein levels of molecules involved in these processes may be used as 
potential candidate markers of prognosis or therapeutic response. These prognostic mark-
ers are typically used to provide additional or independent information to the conventional 
predictors of prostate cancer recurrence and death (Gleason scores, PSA levels at the time of 
diagnosis, surgical margin involvement and clinical/pathological disease stage). One of the 
major questions that still exists in prostate cancer is an ability to differentiate the bad ones 
(aggressive) from the good ones (non-aggressive). We clearly need better tools to allow us to 
understand which men may die from their disease and who will die with it.

P53 anD bcl-2 as key Players in cell cycle regulation

Apoptosis is one of the cellular events involved in cell cycle regulation. The predominant 
apoptotic regulators such as p53 and Bcl-2 have been demonstrated to have abnormal func-
tion and expression as prostate cancer progresses. Both p53 and Bcl-2 have also been shown 
to be mechanistically involved in hormone resistance. p53 functions by regulating transcrip-
tion of genes involved in G1 phase growth arrest of cells in response to DNA damage, as 
well as regulating spindle checkpoint, centrosome homeostasis and G2–M phase transition. 
Nuclear accumulation of p53 as a prognostic indicator has been reported in several types 
of cancer including prostate, breast, lung and colorectal [66]. The importance of nuclear 
accumulation of p53 in localized cancer has been debated. Immunohistochemical analysis 
showing p53 nuclear accumulation is prognostic at different dichotomizing cut-off points 
based on the number of p53-positive nuclei. These studies either describe a poor prognosis 
group of men with greater than 20% p53-positive nuclei [67–70] or a group of men with 
lower percentages of positive cells in a heterogeneous focal staining pattern where either 
the presence of any nuclear accumulation or the presence of cluster of cells showing nuclear 
staining is negatively prognostic [71–73]. Other studies have demonstrated that p53 nuclear 
accumulation expression is higher in metastatic, recurrent and androgen-insensitive prostate 
cancer in comparison with localized prostate cancer [66]. Borre et al. showed that p53 nuclear 
accumulation appeared to be predictive of prostate cancer-related death on a population of 
men who did not receive treatment after diagnosis of the disease [74]. Quinn et al. showed 
the negative prognostic effect of an increased percentage of cells with p53 nuclear accumula-
tion that was independent of PSA, Gleason score and pathological grade [75]. There are over 
100 studies reporting increased p53 nuclear accumulation with increasing grade and stage 
[66]. This indicates that p53 expression may serve as a prognostic marker that may or may 
not be independent of tumour grade and/or stage. Clearly, the clinical usefulness of p53 as a 
prognostic marker needs further evaluation.

Bcl-2 is a member of the apoptosis regulatory proteins that act as death antagonists. 
Studies have shown that increased Bcl-2 expression contributes to androgen resistance in 
advanced prostate cancer and that it can facilitate progression to androgen independence. 
A study by Stattin et al. showed that Bcl-2 expression was increased regardless of castration 
therapy in men with localized prostate cancer [76]. However, Bcl-2 expression was higher in 
men who responded to castration therapy [76]. Bcl-2 overexpression was also proposed to 
play a role in resistance to radiotherapy in prostate cancer [77]. A number of studies reveal 
that Bcl-2 expression is a poor prognostic market for localized prostate cancer that requires 
radical prostatectomy [66]. However, Bcl-2 increases with tumour grade and stage, which 
suggests that Bcl-2 overexpression may be used as a prognostic factor in more advanced 
cancer that requires either hormonal therapy or radiotherapy [66].
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anDrogen recePtor

Many prostate cancers become androgen-independent and refractory to hormone therapy 
as the disease progresses. Transition of prostate cancer from androgen-dependent to andro-
gen-independent represents a significant problem in the treatment of the disease. It remains 
unclear how prostate cancer cells acquire the ability to become androgen independent. 
The expression of androgen receptor (AR) can often be used as an indicator for hormonal 
responsiveness in the disease. Nevertheless, numerous studies on AR expression in prostate 
cancer have provided conflicting results. Many studies have shown that heterogeneity of 
AR expression increases significantly with progression through prostatic intraepithelial neo-
plasia (PIN) and localized prostate cancer to metastatic disease [78–82]. Other studies have 
demonstrated that AR overexpression is a characteristic of progression, recurrence, lymph 
node metastases and antiandrogen resistance in prostate cancer [83–88]. However, others 
showed no association between AR expression and primary prostate cancer, but revealed 
that AR overexpression in over 70% of lymph node metastases predicted a poorer cancer-
specific survival in a subset of patients with lymph node involvement [88, 89].

Several studies have suggested that AR overexpression may correlate with mutation and/
or amplification and with androgen resistance. AR gene amplification has been demonstrated 
in over 30% of prostate cancer recurring after androgen ablation therapy [90, 91]. The clinical 
significance of AR mutations remains to be elucidated. Frequency of AR mutation in prostate 
cancer varies from 6% to 44%, before and after hormonal therapy [92]. AR mutation has 
been shown to be associated with stimulation by different hormones (progesterone, adrenal 
androgens, oestrogen) or by antiandrogen such as hydroxyl-flutamide [66]. A series of AR 
point mutations have been identified in 44% of 25 hormonally naive men with the incidence 
of mutation increasing with tumour stage [66]. These AR mutants have differential binding 
affinity for different hormones and different downstream effects. Taken together, selected 
prostate cancer cells may have amplified and/or overexpressed AR that arises to mutations 
of these receptors. Consequently, this allows for stimulation by different types of hormones 
and antiandrogens. It is therefore particularly important to examine which mechanisms are 
active at various stages of prostate cancer progression in order to achieve successful outcome 
for prostate cancer treatment.

cellular aDHesion anD angiogenesis

Cellular adhesion plays an important role in cancer cell metastasis. Detachment from the 
primary tumour and attachment to the endothelium lining are regulated by cell–cell adhe-
sion molecules. E-cadherin is one of the adhesion molecules involved in the regulation of 
homotypic cell adhesion and cell morphology. E-cadherin has been reported to be down-
regulated in localized prostate cancer, but it is up-regulated in metastases [66]. It is suggested 
that E-cadherin expression is transiently turned off during invasion into the blood vessels 
and reactivated again at the sites of metastasis [66]. Overall, studies evaluating E-cadherin 
and prostate cancer outcome suggest a significant prognostic effect. Since clinical application 
of E-cadherin is limited by heterogeneous expression in prostate cancer, biopsy results may 
not be predictive. Further studies in large cohorts are necessary to evaluate the potential use-
fulness of E-cadherin as an independent prognostic marker or whether it could be associated 
with other predictors such as Gleason scores or PSA.

Tumour angiogenesis is regulated in part by adhesion molecules and vascular endothelial 
growth factor (VEGF). VEGF is overexpressed in most prostate cancers [93–95]. Higher VEGF 
tissue expression has been shown to predict biochemical PSA relapse after prostatectomy 
and death from prostate cancer in a group that underwent observation for clinically localized 
disease and two other groups of men with hormone-refractory prostate cancer [96–98]. In 
men undergoing radical prostatectomy, elevated VEGF levels in serum or urine are predic-
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tive of earlier disease progression, whereas serum VEGF drops after prostatectomy [99–101]. 
Recent studies showed that VEGF and one of its receptors, VEGFR2, may have a role in the 
development of osteoblastic bone metastasis, which is indicative of advanced prostate cancer 
[102]. Overall, VEGF expression and its receptors (in particular VEGFR2) seem to bear great 
promise as prognostic markers in prostate cancer and metastasis respectively.

CONCLUDING REMARKS

The discovery of PSA more than 25 years ago represents an important development in the 
early detection of prostate cancer. Serum PSA measurement along with DRE continues to be 
the most performed test recommended by most physicians for prostate cancer detection. The 
cut-off value for PSA has been lowered from 4.0 ng/ml to 2.5 ng/ml in many major healthcare 
practices. Various concepts have been implemented in order to improve PSA specificity. Of 
these concepts, the PSA doubling time and free/total PSA ratio seem to be the most promis-
ing. The free/total PSA ratio appears to be able to be applied in conjunction with total PSA 
level to provide an additional indication of the existence of prostate cancer. In addition, 
PSA doubling time may serve as an indicator of mortality after radical prostatectomy. Both 
concepts seem to be promising in terms of improving the standard PSA test and are in the 
process of being applied clinically.

In recent years, biomarker discovery has become a major focus in prostate cancer research. 
New technologies in both genomics and proteomics play significant parts in the field of 
biomarker discovery. Ongoing innovative efforts defining new prostate cancer biomarkers 
will without doubt contribute to future diagnosis, prognosis and prediction of the disease. 
Those markers that best detect cancer, predict the outcome of disease and influence therapy 
options will have a most influential role in determining the future of prostate cancer oncol-
ogy. With PSA being the only ‘reliable’ prostate cancer marker at the present time, new 
biomarkers will more than likely be combined with serum PSA to refine both the molecular 
and clinical evaluation of prostate cancer.

While individual technologies and biomarkers have been presented in this review, their 
clinical applications will most likely utilize combinations of markers with other clinical data. 
Current algorithms with large clinical utility are the Partin tables and the Kattan nomograms. 
The Partin tables, using a combination of serum PSA, biopsy Gleason score and clinical stage, 
were initially constructed in 1993 to assist urologists in the preoperative prediction of final 
pathological stage for patients with clinically localized prostate cancer [103]. Since then, the 
Partin tables have been validated in a multi-institutional study [104], as well as by other 
investigators [105]. Similarly, the Kattan nomogram was developed in 1998 using a combina-
tion of serum PSA, clinical stage and biopsy Gleason score [106]. The Kattan nomogram cal-
culates the 5-year freedom from PSA-defined progression after radical prostatectomy [106]. 
This nomogram has also been validated in diverse patient populations [107, 108], and it has 
been widely used as a disease-specific prediction tool in oncology [109]. Both the Partin 
tables and Kattan nomograms are continuously being updated. As mentioned previously, 
all of the other biomarkers discussed in this review also need further validation. By incorpo-
rating these updated algorithms with new validated biomarkers, management of localized 
prostate cancer as well as predictions of disease recurrence will be significantly improved.
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PRECURSOR LESIONS IN PROSTATE CANCER

High-grade prostatic intraepithelial neoplasia (PIN) is known to have a high predictive value 
for prostate cancer. In addition, about 2% of contemporary needle biopsies contain collec-
tions of small acini that are suspicious for cancer but which fall below the diagnostic thresh-
old and are reported as atypical small acinar proliferation suspicious for but not diagnostic of 
malignancy (ASAP). Identification of PIN, ASAP or both in a needle biopsy warrants repeat 
biopsy for concurrent or subsequent cancer. Prostate cancer has been identified in about 
50% of subsequent biopsies for PIN and up to 60% for ASAP, but most early reports were 
based on quadrant or sextant biopsies. Recent studies with octant or more biopsies have 
shown that the predictive accuracy for cancer is lower for PIN and ASAP, particularly in 
highly screened patient populations when compared with previously reported unscreened 
populations. However, both PIN and ASAP are still significant predictors of cancer com-
pared with historic controls, and their identification warrants repeat biopsy for concurrent 
or subsequent invasive carcinoma.

PIN and ASAP can occur together in the same biopsy set without concomitant cancer. 
We refer to the coexistence of the two lesions in the same high-power microscopic field as 
‘PIN + ASAP’. Androgen deprivation therapy decreases the prevalence and extent of PIN, 
suggesting that this form of treatment may play a role in chemoprevention. 

HIGH-GRADE PIN

High-grade PIN is the earliest accepted stage in carcinogenesis, possessing most of the phe-
notypic, biochemical and genetic changes of cancer without invasion into the fibromuscular 
stroma [1–6]. PIN is defined as an abnormal epithelial proliferation within pre-existing ducts 
and ductules, with nucleolomegaly involving at least 10% of the cells [7–9]. The term ‘PIN’ is 
usually used today as a synonym for high-grade PIN (formerly PIN 2 and 3 on a 1–3 scale). 
The high level of interobserver variability and apparent lack of predictive value with low-
grade PIN limits its clinical utility [10], and most pathologists do not routinely report this 
finding except in research studies. Thus, PIN is now used interchangeably with high-grade 
PIN by most investigators. Interobserver agreement for high-grade PIN is ‘good to excellent’ 
[10–12]. Terms such as dysplasia, malignant transformation, carcinoma in situ and intraduc-
tal carcinoma are discouraged [13].

Isabelle Meiers, MD, Bostwick Laboratories, Regents Park, London, UK
David G. Bostwick, MD MBA FCAP, CEO, President, Medical Director, Bostwick Laboratories, Glen Allen, Virginia, USA
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ePiDemiology oF Pin

In the USA, an estimated 1 300 000 prostate biopsies are performed annually. Annually, 
around 27 350 Americans die of prostate cancer and 234 460 new cases are diagnosed [14]. 
The mean incidence of isolated high-grade PIN is 9% (range 4–16%) of prostate biopsies [15, 
16]. This is similar to our personal experience in Richmond, Virginia, where, in 2005, 115 000 
new cases of high-grade PIN without cancer were diagnosed.

The incidence and extent of PIN increases with patient age [17–20]. An autopsy study of 
step-sectioned whole mount prostates from older men showed that the prevalence of PIN 
in prostates with cancer increased with age, predating the onset of carcinoma by more than 
5 years [19]. A similar study of young men revealed that PIN is first seen in men in their 
twenties and thirties (9% and 22% frequency respectively), and preceded the onset of carci-
noma by more than 10 years [19, 21]. Most foci of PIN in young men were low-grade, with 
increasing frequency of high-grade PIN with advancing age. The volume of high-grade PIN 
also increased with patient age [17].

Race and geographic location also appear to influence the incidence of high-grade PIN 
[3]. When specific age groups were compared between races, there were notable differences 
in the frequency of high-grade PIN. For example, African-American men had a greater prev-
alence of high-grade PIN than Caucasians in the 50- to 60-year-old age group, the decade 
preceding the manifestation of most clinically detected prostate cancers. African-American 
men also had the highest incidence of prostate cancer (about 50% more than Caucasians) [22, 
23]. In contrast, Japanese men living in Osaka, Japan, had a significantly lower incidence of 
high-grade PIN than men residing in the USA, and Asians have the lowest clinically detected 
rate of prostate cancer [24]. Interestingly, Japanese men diagnosed with high-grade PIN 
also had an increased likelihood of developing prostate cancer, indicating that high-grade 
PIN is also a precursor of clinical prostate cancer in Asian men [25]. The differences in the 
frequency of high-grade PIN in the 50–60 years age group across races essentially mirror the 
rates of clinical prostate cancer observed in the 60- to 70-year-old age group [24].

The likely causal association of high-grade PIN with prostatic adenocarcinoma is sup-
ported by the observation that the prevalence of both high-grade PIN and cancer increases 
with patient age and that high-grade PIN precedes the onset of prostate cancer by less than 
one decade [19, 26]. The severity and frequency of high-grade PIN in prostates with cancer is 
greatly increased (73% of 731 specimens) when compared to prostates without cancer (32% 
of 876 specimens) [17, 27–29]. When high-grade PIN is found on sextant needle biopsy, there 
is a 50% risk of finding carcinoma on subsequent biopsies within 3 years [30], although this 
risk is lower when more than six cores are obtained [31–33]. This decline in predictive value 
is expected given the increased sampling for cancer with a greater number of core biopsies.

inciDence oF Pin

The incidence of PIN varies according to the population of men under study (Table 3.1). The 
lowest likelihood is in men participating in prostate-specific antigen (PSA) screening and 
early detection studies, with an incidence of PIN in biopsies ranging from 0.7% to 20%. 

Men seen by urologists in practice have PIN in 4.4–25% of contemporary needle biopsies. 
In those undergoing transurethral resection, the rate of PIN may be higher, varying from 
2.8% to 33% [34–36]. In such cases, all tissue should be examined, but serial sections of sus-
picious foci are usually not necessary. Unfortunately, needle biopsy specimens fail to show 
the suspicious focus on deeper levels in about half of cases, often precluding assessment by 
immunohistochemistry and compounding the diagnostic dilemma.
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Table 3.1 Incidence of isolated high-grade PIN in prostatic needle biopsies

reference Patient population no. of men
incidence of 
Pin (%)

Screening programmes
Mettlin et al., 1991 
[161] 

American Cancer Society National Prostate 
Cancer Detection Project

327 5.2

Feneley et al., 1997 
[162]

Screening population in Gwent, UK, 
1991–1993

212 19.8

Hoedemaeker et al., 
1999 [43]

PSA screening study in Rotterdam, Nether-
lands

1824 0.7

Postma et al., 2004 
[103]

Screening population in Rotterdam, Nether-
lands (primary round) 

4117 0.8

Postma et al., 2004 
[103]

Screening population in Rotterdam, Neth-
erlands (secondary round, performed at a 
4-year interval from the primary round)

1840 2.5

Urology practice
Lee et al., 1989 [18] Consecutive biopsies of hypoechoic lesions at 

St Joseph Mercy Hospital
256 11

Bostwick et al., 1995 
[163]

Consecutive biopsies at Mayo Clinic 200 16.5

Bostwick et al., 1995 
[163]

Consecutive biopsies at Glendale Hospital 
(CA)

200 10.5

Langer et al., 1996 
[44]

Consecutive biopsies at University of 
Pennsylvania Medical Center

1275 4.4

Wills et al., 1997 [45] Consecutive biopsies at Johns Hopkins 
Hospital

439 2.7

Feneley et al., 1997 
[162]

Consecutive biopsies at University College 
London Hospitals, 1988–1994

1205 10.9

Feneley et al., 1997 
[162]

Consecutive biopsies of symptomatic men 
at St Bartholomew’s Hospital, London, 
1993–1994

118 24.6

Skjorten et al., 1997 
[34]

Consecutive biopsies from 1974–1975 at 
Ullevaal and Lovisenberg Hospitals, Oslo, 
Norway

79 7.6

Perachino et al., 1997 
[46]

Consecutive biopsies 148 14.1

O’Dowd et al., 2000 
[47]

Consecutive biopsies at UroCor Inc., 
Oklahoma City, 1994–1998

132 426 3.7

Borboroglu et al., 
2001 [97]

Consecutive biopsies 1391 5.5

Lefkowitz et al., 2001 
[101]

Consecutive biopsies at the Manhattan 
Veterans Administration Medical Center

619 16.6

San Francisco et al., 
2003 [96]

Consecutive biopsies 1996–1997 387 12.6

Roscigno et al., 2004 
[95]

Consecutive biopsies at San Raffaele 
Hospital, Milan, Italy

2314 3.9

Abdel-Khalek et al., 
2004 [110]

Consecutive biopsies at Urology and Nephrol-
ogy Center, Mansoura University, Mansoura, 
Egypt, 1997–2002

3081 2.7

Alsikafi et al., 2001 
[108]

Consecutive biopsies at Section of Urology, 
University of Chicago, 1998–1999

485 4.3

Gupta et al., 2004 
[164] 

Consecutive biopsies at St John Hospital and 
Medical Center, Detroit, 2001–2002

933 12.3

Continued overleaf
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Diagnostic criteria oF Pin

There are four main patterns of high-grade PIN: tufting, micropapillary, cribriform and 
flat [37]. The tufting pattern is the most common and is present in 97% of cases (Figure 
3.1), although most cases have multiple patterns. There are no known clinically important 
differences between the architectural patterns, and their recognition appears to be only of 
diagnostic utility. Sporadic retrospective reports have suggested that the cribriform or micro-

reference Patient population no. of men
incidence of 
Pin (%)

Gupta et al., 2004 
[164]

Consecutive biopsies at St. John Hospital and 
Medical Center, Detroit, 1998–2000

515 13.5

Kobayashi et al., 
2004 [165]

Consecutive biopsies at Hamamatsu Rosai 
Hospital, Hamamatsu, Japan

104 20.2

Naya et al., 2004 [98] Consecutive biopsies at University of Texas 
M. D. Anderson Cancer Center, Houston, 
1997–2003

1086 8.7

Moore et al., 2005 
[102]

Consecutive biopsies at Albany Medical 
College and Stratton Veterans Administration 
Med. Center 1998–2003

1188 2.5

Tunc et al., 2005 
[166]

Consecutive biopsies at University of 
Istanbul, Turkey

505 12.8

Girasole et al., 2006 
[106]

Consecutive biopsies at OUR LabTM 1998–2004 40 966 3

Figure 3.1 High-grade PIN, tufting pattern (H&E, 200×).
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papillary patterns may indicate higher risk of coexistent cancer, but this has been repeat-
edly refuted. Other unusual patterns of PIN include the signet ring-cell pattern, small cell 
neuroendocrine (oat cell) pattern, mucinous pattern, microvacuolated (foamy gland) pattern 
and inverted (hobnail) pattern [38]. The presence of extensive PIN appears to be more pre-
dictive of cancer than the more common isolated single acinus with PIN.

There is inversion of the normal orientation of epithelial proliferation with PIN; prolifera-
tion in the benign epithelium normally occurs in the basal cell compartment, whereas in PIN 
the greatest proliferation occurs on the luminal surface, similar to preinvasive lesions in the 
colon (tubular adenoma) and other sites.

PIN spreads through prostatic ducts in multiple different patterns, similar to prostatic car-
cinoma. In the first pattern, neoplastic cells replace the normal luminal secretory epithelium, 
with preservation of the basal cell layer and basement membrane. This pattern often has a 
cribriform or near-solid appearance. Foci of high-grade PIN are usually indistinguishable 
from intraductal/intra-acinar spread of carcinoma by routine light microscopy [39]. In the 
second pattern, there is direct invasion through the ductal or acinar wall, with disruption of 
the basement membrane and basal cell layer. In the third pattern, neoplastic cells invaginate 
between the basal cell layer and columnar secretory cell layer (‘pagetoid spread’), a very rare 
finding.

Early stromal invasion, the earliest evidence of carcinoma, occurs at sites of acinar out-
pouching and basal cell disruption in acini with high-grade PIN. Such microinvasion is 
present in about 2% of high-power microscopic fields of PIN, and is seen with equal fre-
quency in all architectural patterns [37].

The mean volume of PIN in prostates with cancer is 1.2–1.32 cm3, and the volume increases 
with increasing pathological stage, Gleason grade, positive surgical margins and perineural 
invasion [17, 40]. These findings emphasize the close spatial and biological relationship of 
PIN and cancer, and may result from an increase in PIN with increasing cancer volume. 

PIN and cancer are usually multicentric [6, 17, 37]. PIN is multicentric in 72% of radical 
prostatectomy specimens with cancer, including 63% of those involving the non-transition 
zone and 7% of those involving the transition zone. In addition 2% of cases have concomi-
tant single foci in all zones [17]. The peripheral zone of the prostate, the area in which the 
majority (70% or more) of prostatic carcinomas occur is also the most common location for 
PIN [17, 19, 22–29, 34–37, 41–47]. Cancer and PIN are frequently multicentric in the periph-
eral zone, indicating a ‘field effect’ similar to the multicentricity of urothelial carcinoma of 
the bladder.

High-grade PIN and prostate cancer are morphometrically and phenotypically similar. 
High-grade PIN occurs primarily in the peripheral zone and is seen in areas that are in con-
tinuity with prostate cancer [4, 17, 29, 48]. High-grade PIN and prostate cancer are multifo-
cal and heterogeneous [17, 49, 50]. Increasing rates of aneuploidy and angiogenesis as the 
grade of PIN progresses are further evidence that high-grade PIN is a precancerous [1, 51, 
52]. Prostate cancer and high-grade PIN also have similar proliferative and apoptotic indices 
[1, 24, 53–55].

It is often difficult with small foci in needle biopsies to separate cancer from suspicious foci 
[atypical small acinar proliferation suspicious for but not diagnostic of malignancy (ASAP)] 
when there is coexistent high-grade PIN. This difficulty is based on the inability to separate 
tangential cutting of the larger preexisting acini of PIN (that may appear as small separate 
adjacent acini) from the smaller discrete acini of cancer. In such cases, we prefer the term 
‘PIN + ASAP’ (referring to the coexistence of the two lesions, high-grade PIN and ASAP in 
the same high-power microscopic field) to avoid overdiagnosis of tangential cutting of PIN 
and cancer.

Recent renewed efforts to introduce the term ‘intraductal carcinoma’ rely on the aban-
doned concept that dysplasia (defined here as malignancy arising at that specific site within 
the epithelium) can be separated reliably from intraductal/intra-acinar spread of cancer 
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(defined here as extension of malignant cells through the pre-existing lumens of the pros-
tate). However, this concept has been rejected by consensus on multiple occasions owing to 
lack of reproducible criteria for making this distinction. The non-committal term ‘intraepi-
thelial neoplasia’ was internationally adopted and repeatedly reconfirmed since it begs the 
question of site of origin of the process. Those who persist with the belief that ‘intraductal 
carcinoma’ can be diagnosed, rely on proximity of the epithelial abnormality to invasive can-
cer, but this criterion is arbitrary and not based on valid objective confirmatory data. More 
importantly, there is no clinical utility at present that requires separation of dysplasia and 
intraductal/intra-acinar spread of cancer as the clinical response is the same. It is conceivable 
that future studies may allow diagnostic separation of dysplasia and intraductal/intra-acinar 
spread of cancer. If this is so, it may be shown that these steps in the biologic progression 
of prostate cancer may have differential predictive value for prostate cancer. We agree that 
identification of subsets of high-grade PIN that indicate greater risk of cancer is a clinically 
important area of investigation, but attempts at separation to date have been fruitless.

useFul immunoHistocHemical markers For tHe Diagnosis oF Pin

Select antibodies such as antikeratin 34βE12 (high-molecular-weight keratin) or p63 may be 
used to stain tissue sections for the presence of basal cells [56], recognizing that PIN retains 
an intact or fragmented basal cell layer whereas cancer does not.

Monoclonal basal cell-specific antikeratin 34βE12 stains virtually all the normal basal cells 
of the prostate, with continuous intact circumferential staining in many instances. There 
is no staining in the secretory and stromal cells. This marker is the most commonly used 
immunostain for prostatic basal cells [57, 58], and methods of use with paraffin-embedded 
sections have been optimized [59].

Figure 3.2 High-grade PIN, micropapillary pattern. Immunostain for 34βE12 reveals basal cell layer disrup-
tion in high-grade PIN (stained slide, 400 ×).
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Increasing grades of PIN are associated with progressive disruption of the basal cell layer, 
according to studies utilizing antikeratin 34βE12. Basal cell layer disruption is present in 56% 
of cases of high-grade PIN, and is more frequent in acini adjacent to invasive carcinoma than 
in distant acini (Figure 3.2). The amount of disruption increases with increasing grades of 
PIN. Early invasive carcinoma occurs at sites of glandular outpouching and basal cell dis-
continuity in association with PIN [9]. The cribriform pattern of PIN may be mistaken for 
the cribriform pattern of adenocarcinoma, and the use of antikeratin staining is often use-
ful in making this distinction [60]. Cancer cells consistently fail to react with this antibody, 
although admixed benign acini may be misinterpreted as cancerous staining. Thus, immu-
nohistochemical stains for antikeratin 34βE12 may show the presence or absence of basal 
cells in a small focus of atypical glands, helping to establish a benign or malignant diagnosis 
respectively. We believe that this antibody can be employed successfully if one judiciously 
interprets the results in combination with the light microscopic findings. Relying solely on 
the absence of immunoreactivity (absence of basal cell staining) to render the diagnosis of 
cancer is without precedent in diagnostic immunohistochemistry and is discouraged [61]. 
Nonetheless, some studies have noted that the rate of equivocal cases can be reduced consid-
erably [62], by 68% [57] or from 5.1% to 1.0% [63], by addition of this immunohistochemical 
marker. Evaluation of prostate biopsies following therapy such as radiation therapy may be 
one of the most useful roles for antikeratin 34βE12 (see below) [64].

In addition to PIN and cancer, basal cell layer disruption or loss also occurs in inflamed 
acini, atypical adenomatous hyperplasia and postatrophic hyperplasia, and may be misin-
terpreted as cancer if one relies exclusively on the immunohistochemical profile of a suspi-
cious focus. Furthermore, basal cells of Cowper’s glands may not express keratin 34βE12 
[65], although this has been disputed [66]. Rare (0.2%) cases of adenocarcinoma have been 
reported that express keratin 34βE12, including foci of metastatic high-grade adenocarci-
noma. These cases did not appear phenotypically to be basal cell/adenoid cystic carcinoma 
[67]. 

Basal cell hyperplasia is a histological mimic of cancer, and use of antikeratin 34βE12 is 
recommended in any equivocal cases that include this lesion in the differential considera-
tions as it is invariably positive in that lesion [68, 69].

We routinely generate unstained intervening sections of all prostate biopsies for possible 
future immunohistochemical staining, recognizing that small foci of concern are often lost 
when the tissue block is re-cut. One study reported loss of the suspicious focus in 31 of 52 
cases [70].

Other markers of basal cells include proliferation markers, differentiation markers and 
genetic markers. The preferential localization of many of these markers in basal cells but 
not in secretory cells suggests that they play a role in growth regulation. P63 is a recently 
introduced nuclear marker that may be useful for separating PIN and cancer from a benign 
mimic. Basal cells display immunoreactivity at least focally for keratins 5, 10, 11, 13, 14, 16 
and 19 and, of these, only keratin 19 is also found in secretory cells [71–73]. Keratins found 
exclusively in the secretory cells include 7, 8 and 18. Basal cells usually do not display immu-
noreactivity for PSA, prostate acid phosphatase (PAP) and S-100 protein, and only rare single 
cells stain with chromogranin and neuron-specific enolase. Conversely, the normal secretory 
luminal cells invariably stain with PSA and PAP. Prostatic basal cells do not usually display 
myoepithelial differentiation [72, 74], in contrast to basal cells in the breast, salivary glands, 
pancreas and other sites.

A new molecular marker, racemase (alpha-methylacyl-CoA racemase, P504S), was intro-
duced for separating benign and neoplastic acini [75]. This marker has proven useful for 
evaluation of ASAP and separation of cancer from hormonally treated benign acini. Its 
advantage over antikeratin 34βE12 is its positive granular cytoplasmic staining in cancer 
cells, with little or no staining in benign acini. In PIN, monoclonal and polyclonal antibodies 
to alpha-methylacyl-CoA racemase, P504S, were positive in 77% and 91%, respectively [76], 
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consistent with previously published studies [77–81]. Helpap suggested that moderate to 
strong racemase expression in PIN of biopsy specimens is indicative of an associated adeno-
carcinoma and may be helpful in the choice of therapy [82]. Since racemase is not specific for 
prostate cancer and is present in high-grade PIN (> 90%), this staining must be interpreted 
with caution and the diagnosis of PIN or prostate cancer should be rendered only with con-
vincing histological evidence [83].

DiFFerential Diagnosis oF Pin

The histological differential diagnosis of PIN includes lobular atrophy, post-atrophic hyper-
plasia, atypical basal cell hyperplasia, cribriform hyperplasia and metaplastic changes asso-
ciated with radiation, infarction and prostatitis. Many of these display architectural and 
cytologic atypia, including enlarged nucleoli, and consist of small specimens, and cauterized 
or distorted specimens. Cribriform adenocarcinoma, ductal (endometrioid) carcinoma, and 
urothelial carcinoma involving prostatic ducts and acini may also be confused with PIN. 
Biopsies submitted with incomplete patient history should be interpreted with caution. In 
one study, the authors reported that the proliferative activity, defined as Ki-67 labelling 
index, was higher in ductal carcinoma than in PIN (33% vs. 6%) [84]. Stratified epithelium in 
non-cribriform glands of prostate cancer can also resemble high-grade PIN. Recognition of 
this fact and immunohistochemical evaluation of stratified glands may be indicated to cor-
rectly diagnose those glands as prostate cancer [85].

PIN may be overdiagnosed as adenocarcinoma. Our retrospective review of transurethral 
resections from the Mayo Clinic files between 1960 and 1970 revealed that PIN was often 
diagnosed as adenocarcinoma [86]. Similarly, fine needle aspiration of the prostate may yield 
cell clusters of PIN that are overdiagnosed as cancer; this issue is critically important to 
consider in evaluating studies from Sweden and other countries that have, perhaps errone-
ously, relied on fine-needle aspiration diagnoses for patients treated with watchful waiting 
(expectant management).

clinical signiFicance oF Pin

Pin Does not elevate Psa
Biopsy remains the definitive method for detecting PIN and early invasive cancer. Serum 
PSA concentration may be elevated in patients with PIN [87], although these results have 
been refuted [88, 89]. There is also a poor correlation between PIN and PSA density accord-
ing to studies of radical prostatectomy specimens and preoperative serum [89]. Mean PSA 
increased from 8.4 to 11.6 ng/ml in patients with PIN who developed cancer within 2 years. 
Those patients with PIN who did not develop cancer during this interval had an increase 
in PSA from 4.8 to 5.9 ng/ml or decrease from 5.1 to 4.6 ng/ml. These findings have not been 
confirmed.

The ratio of free to total PSA is the same for patients with high-grade PIN and cancer, 
distinct from low-grade PIN and hyperplasia, although this has also been refuted. Many 
patients in these studies were later found to have cancer, so the elevation in serum PSA 
concentration and its derivatives may have resulted from the undetected cancer. 

transrectal ultrasound cannot Detect Pin
The appearance of PIN at transrectal ultrasound may be hypoechoic like carcinoma, although 
these findings have not been confirmed [18, 90]. Today, most urologists and radiologists do 
not believe that PIN is detectable by transrectal ultrasound because PIN is a microscopic 
finding that is below the detection threshold for this form of imaging.
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men with Pin Develop Prostate cancer
As a risk factor, the presence of isolated PIN in a set of sextant needle biopsies connotes a risk 
ratio of 14.9. PIN is a far stronger predictor for subsequent cancer than the independent pre-
dictors of patient age (> 65 years old vs. ≤ 65 years old) and serum PSA (> 4 ng/ml vs. ≤ 4 ng/
ml); for these, the respective risk ratios are 3.5 and 3.64 [91]. PIN coexists with cancer in more 
than 85% of cases, according to studies employing whole-mounted totally embedded pros-
tates. In one report, the likelihood of finding cancer increased with the biopsy time interval. 
The investigators reported a 32% incidence of cancer if repeat biopsy was performed within 
1 year, compared with a 38% incidence in biopsies obtained after 1 year [91]. Other series 
have also found a high predictive value of PIN for cancer, although recent reports based 
on obtaining a greater number of cores shows a lower predictive value (Table 3.2) [32, 44, 
47, 91–115]. These data emphasize the strong association of PIN and adenocarcinoma and 
indicate that vigorous diagnostic follow-up is needed. 

Multiple factors account for the decline in the predictive accuracy of high-grade PIN for 
cancer. The main factor is use of extended biopsy techniques that result in more thorough 

Table 3.2 Cancer detection in patients with high-grade PIN

Publication 
date study dates cores reference

no. of subjects 
with repeat 
biopsy(ies)

Pin cases with 
Pca at follow-up 
(%)

1995 1987–1993 1–8 Davidson [91] 100 35
1996 1990–1994 NS Raviv [93] 48 48
1996 1991–1993 F Langer [44] 53 27
1996 Not stated 4 Shepherd [94] 66 47
2000 1995–1998 Mixed Kamoi [107] 45 22
2000 1994–1998 Mixed O’Dowd [47] 1306 23
2001 1991–1998 NS Kronz [92] 245 32
2001 1998–1999 NS Alsikafi [108] 21 14
2001 Not stated 6 Maatman [109] 86 16
2001 1995–2000 6 Borboroglu [97] 45 44
2001 1999–2001 12 Lefkowitz [101] 43 2
2002 1995–2002 10–12 Roscigno [95] 47 45
2003 1996–1997 EXT San Francisco [96] 47 24
2003 2001–2003 6 Goeman [99] 63 27
2004 1997–2003 EXT Naya [98] 47 11
2004 1999–2002 4–15 Bishara [100] 132 29
2004 Not stated 20 Rabets [115] 38 18
2004 1997–2002 11 Abdel-Khalek [110] 83 36
2004 2000–2003 6 Postma [103] 101 13
2005 1998–2003 EXT Moore [102] 22 5
2005 2000–2002 6–18 Schlesinger [104] 204 23
2005 1996–2000 6 Gokden [105] 190 30
2005 1998–2003 6 or EXT El-Fakharany [111] 585 25
2005 2001–2003 NS Leite [112] 142 13
2006 1997–2001 Mixed Herawi [32] 332 21
2006 1997–2001 Mixed Herawi [32] 323 13
2006 1998–2004 2–4 Girasole [106] 358 22
2006 1999–2004 6 Hussein [113] 17 41
2006 1999–2005 12 Keith [114] 48 31

EXT, extended in all cases (>8); F, fewer than sextant; NS, not specified; PCa, prostate cancer.
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prostate sampling and in higher cancer detection rates. As a result, there is a smaller group of 
patients with an isolated diagnosis of PIN. Another factor is the lower detection rate for, and 
difficulty in the detection of, the remaining small cancers. Larger significant tumours may 
also escape detection. These factors lead to a higher frequency of negative repeat biopsies. 
These results may reflect a new steady state and a newly reached low plateau in the predic-
tive accuracy of these markers. In a recent report, the investigators demonstrated that with 
six core biopsies for both the initial and re-biopsy, the risk of cancer was 14.1%, compared 
with 31.9% in a group that had eight or more core biopsies on follow-up. They also observed 
that the risk of cancer on biopsy within 1 year following a diagnosis of PIN (13.3%) is rela-
tively low if good sampling (eight or more cores) is initially performed [32].

Another plausible explanation for these observations may relate to the fact that back-
ward probability is usually based on retrospective evidence, whereas forward probability is 
usually based on prospective evidence. Consequently, backward probability is often easier 
to determine. Many researchers do not distinguish between these two probabilities, falsely 
concluding that the probability of a risk factor in patients with the disease is the probability 
of the disease occurring in people with the risk factor. The use of backward probability as a 
substitute for forward probability is a common fallacy in medical practice and may result in 
false attribution of causation [116].

High-grade PIN in transurethral resection specimens is also an important predictive 
factor for prostate cancer [35, 117, 118]. Among 14 patients with PIN and benign prostatic 
hyperplasia (BPH) followed for up to 7 years (mean 5.9 years), three (21.4%) developed 
prostatic cancer [118]. Mean serum PSA concentration was higher than in those who did not 
develop cancer (8.1 vs. 4.6 ng/ml respectively). All subsequent cancers apparently arose in the 
peripheral zone and were detected by needle biopsy. Thus, all tissue should be submitted 
by the pathologist for examination when high-grade PIN is found in transurethral resection 
of the prostate (TURP) specimens. The high predictive value of PIN for the development of 
subsequent cancer warrants reporting the presence of PIN in TURP specimens, according to 
the Cancer Committee of the College of American Pathologists. Conversely, a study showed 
that PIN in the transition zone and central zone from Norwegian men is not predictive of 
subsequent cancer development [117].

The significance of PIN in initial biopsies as a marker of prostate cancer in repeat biopsies 
has been extensively investigated (see Table 3.2) but little is known of the actual rate of can-
cer in the whole prostate in this setting because repeat biopsies may miss the area of cancer. 
Some investigators aimed to define a more precise, positive predictive value of isolated PIN 
in initial biopsies in predicting cancer in the prostate gland and found that clinically signifi-
cant prostate cancer was associated with 4 out of 11 biopsies positive for PIN compared with 
3 out of 21 biopsies negative for PIN. The positive predictive value of PIN was 64%, with a 
sensitivity of 28% and a specificity of 81% [119].

androgen Deprivation therapy eliminates Pin
There is a marked decrease in the prevalence and extent of high-grade PIN in cases after 
androgen deprivation therapy when compared with untreated cases [120–122]. This decrease 
is accompanied by epithelial hyperplasia, cytoplasmic clearing and prominent glandular 
atrophy, with decreased ratio of glands to stroma. These findings indicate that the dysplas-
tic prostatic epithelium is hormone-dependent. In the normal prostatic epithelium, luminal 
secretory cells are more sensitive to the absence of androgen than basal cells, and these 
results indicate that the cells of high-grade PIN share this androgen sensitivity. The loss of 
some normal, hyperplastic and dysplastic epithelial cells with androgen deprivation is prob-
ably due to acceleration of programmed single-cell death. One report suggested that PIN is 
not substantially decreased after hormonal therapy, but those authors failed to use current 
criteria for PIN, so the results are not comparable [123]. 
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Neoadjuvant hormone deprivation with monthly leuprolide and flutamide 250 mg p.o. 
t.i.d. for 3 months resulted in a 50% reduction in high-grade PIN. Longer therapy with 6 
months of neoadjuvant androgen deprivation therapy prior to radical prostatectomy in the 
European Randomized Study of Screening for Prostate Cancer (ERSPC) study reduced high-
grade PIN even more [30]. Flutamide has been shown to decrease the prevalence and extent 
of high-grade PIN and to induce epithelial atrophy [124]. There is also evidence that cessa-
tion of flutamide results in return of high-grade PIN [125, 126].

The effects of a 5α-reductase inhibitor for treatment of high-grade PIN are controversial 
and the cumulative number of cases that have been studied is probably too small for any 
firm conclusions [127]. Two reports found no apparent effect on the histological appearance 
or extent of high-grade PIN [128, 129], whereas a third study of three cases described atrophy 
and involution with decreased prevalence [130].

radiation therapy eliminates Pin
The prevalence and extent of PIN are decreased after radiation therapy [131–133]. However, 
one study paradoxically noted a higher than expected incidence (70%) of PIN after radia-
tion therapy [132]. The authors failed to employ accepted diagnostic criteria for PIN, so their 
results are not comparable with others. A report from Memorial Sloan-Kettering found PIN 
in 8.8% of biopsies following a course of three-dimensional (3-D) external beam conformal 
radiation therapy [133].

Following radiation therapy, PIN retains the features characteristic of untreated PIN, 
and is readily recognized in tissue specimens. The key pathological features include nuclear 
crowding, nuclear overlapping and stratification, nuclear hyperchromasia and prominent 
nucleoli. The basal cell layer is present, but often fragmented; racemase shows strong api-
cal to diffuse cytoplasmic staining [134]. The most common patterns of PIN are tufting and 
micropapillary, similar to those reported in untreated PIN.

The long-term efficacy of radiation treatment may depend on eradication of cancer as well 
as precancerous lesions that may otherwise lead to evolution of secondary metachronous 
invasive cancers. Identification of residual or recurrent cancer portends a worse prognosis. 
The questions remain whether recurrent cancer after irradiation is due to regrowth of incom-
pletely eradicated tumour or progression from incompletely eradicated PIN. Further studies 
of salvage prostatectomy specimens and post-radiation needle biopsies are justified in an 
attempt to establish the significance of high-grade PIN as a source of long-term treatment 
failure among these patients. If PIN is associated with treatment failure, adjuvant chemopre-
vention strategies that ablate this lesion may reduce the risk of late cancer recurrence.

should men with High-grade Pin be treated?
The clinical importance of recognizing PIN is based on its strong association with prostatic 
carcinoma. PIN has a high predictive value as a marker for adenocarcinoma, so its identifi-
cation in biopsy specimens warrants further search for concurrent invasive carcinoma. If all 
procedures fail to identify coexistent carcinoma, close surveillance and follow-up are indi-
cated. As high-grade PIN progresses, the likelihood of basal cell layer disruption increases, 
in a similar way to that observed for carcinoma in situ (CIS) of the urinary bladder. CIS of 
the urinary bladder, like PIN, may become invasive and is treated aggressively. The standard 
of care for management of CIS of the bladder is intravesical instillation of chemotherapy or 
BCG, and, in some cases, radical cystectomy.

Follow-up biopsy is suggested for patients with PIN at 3- to 6-month intervals for 2 years, 
and thereafter at 12-month intervals for life [91, 135]. Some urologists perform ‘saturation’ 
biopsies, consisting of more than 12–15 biopsies in one session, often with brief general 
anaesthesia in the operating theatre, in an effort to definitively exclude cancer. Most authors 
agree that the identification of PIN in the prostate should not influence or dictate therapeu-
tic decisions [135]. We are aware of 21 radical prostatectomies that were purposely (three 
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cases) or inadvertently performed (18 cases) in patients whose biopsies contained only high-
grade PIN; all but two of the cases contained adenocarcinoma in the surgical specimen (DG 
Bostwick, personal communication, 2003).

Currently, routine treatment is not available for patients who have high-grade PIN. 
Prophylactic radical prostatectomy or radiation is not an acceptable treatment for patients 
who have high-grade PIN only [136]. The development and identification of acceptable 
agents to treat high-grade PIN would fill a therapeutic void. As noted above, androgen dep-
rivation therapy and radiation therapy induce acinar atrophy and apoptosis that result in 
regression of high-grade PIN [120–122, 130, 136–139].

Chronic therapy, however, would most probably be required to prevent new high-grade 
PIN lesions from invading and becoming clinical prostate cancer. Although more toxicity 
may be acceptable for patients wishing to have treatment for PIN, compared with can-
cer preventatives in healthy men, androgen deprivation therapy would have too many 
adverse effects to be appropriate in this setting. New agents with a low side effect profile are 
greatly needed if they are to be taken until the age of 70 years or greater [136]. Toremifene 
(AcapodeneTM) is a selective oestrogen receptor modulator that eliminates high-grade PIN 
and reduces the incidence of prostate cancer. After 4 months of toremifene (60 mg/day orally 
for 4 months), 72% of men treated (vs. 17.9% of controls) had no high-grade PIN on sub-
sequent prostate biopsies [140]. In another study, cumulative risk of prostate cancer was 
reduced in patients taking toremifene 20 mg compared with placebo (24.4% vs. 31.2%) with 
an annualized rate of prevention of 6.8 cancers per 100 men treated [141]. Among patients 
with no biopsy evidence of cancer at baseline and 6 months, the 12-month incidence of 
prostate cancer was reduced by 48.2% with toremifene 20 mg compared with placebo (9.1% 
vs. 17.4%). The 20-mg dose was most effective, but the cumulative and 12-month incidence 
of prostate cancer was reduced at each toremifene dose compared with placebo (cumulative 
risk: 29.2% for 40 mg, 28.1% for 60 mg; 12-month incidence: 14.3% for 40 mg, 13.0% for 60 mg) 
[141].

Green tea catechins (GTCs) may also reduce the incidence of prostate cancer. Catechins 
are antioxidants in the class of polyphenols called flavonols. After 6 months of GTCs (600 mg/
day orally), 3.3% of the men with PIN had cancer compared with 30% of those who took 
placebo. Selenium and vitamin E are also under investigation as putative chemopreventive 
agents.

PIN offers promise as an intermediate endpoint in studies of chemoprevention of pros-
tatic carcinoma. Recognizing the slow growth rate of prostate cancer and the considerable 
amount of time needed in animal and human studies for adequate follow-up, the non-inva-
sive precursor lesion PIN is a suitable intermediate histological marker to indicate subse-
quent likelihood of cancer. 

Pin Does not Predict cancer recurrence after radical Prostatectomy
PIN was not predictive of PSA (biochemical) failure at 32 months in patients undergoing 
radical prostatectomy and androgen deprivation therapy [120].

ATYPICAL SMALL ACINAR PROLIFERATION SUSPICIOUS FOR BUT NOT 
DIAGNOSTIC OF MALIGNANCY (ASAP)

WHat are tHe Diagnostic criteria For asaP?

ASAP represents our inability to render an incontrovertible diagnosis of cancer in a needle 
biopsy. The focus of concern is invariably no larger than two dozen acini, less than the size of 
the head of a pin, and so the major concern is overdiagnosis of cancer based on insufficient 
evidence. The quandary in cases in which ASAP is diagnosed usually results from one or a 
combination of the reasons listed in Table 3.3 [142]. All of these may hinder a definitive diag-
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Table 3.3 Reasons for the diagnosis of ASAP

Small size of focus
Small number of acini in the focus of concern (invariably less than two dozen acini)
Small focus size, average 0.4 mm in diameter
Focus present at core tip or biopsy edge, indicating that the focus is incompletely sampled
Loss of focus of concern in deeper levels

Conflicting morphological findings
Distortion of acini raising concern for atrophy
Lack of convincing features of cancer (insufficient nucleomegaly or nucleolomegaly)
Clustered growth pattern mimicking a benign process such as atypical adenomatous hyperplasia
Foamy cytoplasm raising concern for foamy gland carcinoma

Conflicting immunohistochemical findings
Focally positive high-molecular-weight cytokeratin
Focally positive p63 staining
Negative racemase immunostain

Confounding findings
Histological artefacts such as thick sections or overstained nuclei
Tangential cutting of adjacent high-grade PIN
Architectural or cytological changes (nucleomegaly and nucleolomegaly) owing to inflammation or 
other lesions

Figure 3.3 Atypical small acinar proliferation suspicious for but not diagnostic of malignancy (ASAP). Small 
focus has acini with microvacuolated cytoplasm and prominent nucleoli (H&E, 200×).
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nosis of carcinoma but, in such cases, the possibility cannot be definitively excluded (Figures 
3.3 and 3.4). The need for this category is based on our ‘absolute uncertainty’ regarding the 
diagnosis. That this need exists is manifested by the variety of terms or synonyms currently 
in use that include the word ‘atypical’ to describe this diagnosis, although ASAP is now the 
preferred term that is most widely used clinically around the world. The diagnosis of ASAP 
indicates to the clinician that the biopsy in question exhibits histological features that are 
neither clearly malignant nor clearly benign and that follow-up of the patient is warranted.

For pathologists, three questions need to be answered prior to the diagnosis of ASAP or 
cancer in a small lesion: ‘Would you be absolutely confident of this biopsy diagnosis if it 
were followed by a negative radical prostatectomy?’; ‘Would another colleague pathologist 
agree with the diagnosis of cancer?’; and, finally, ‘Can you confidently support the diagnosis 
of adenocarcinoma based solely on this biopsy?’. If the answer to any of these questions is 
‘No’, then we recommend use of the more conservative diagnosis of ASAP. In this setting, 
we believe that ASAP is a valid diagnostic category as long as it is employed judiciously and 
maximum information has been obtained from the available tissue. Other evidence useful in 
supporting a cancer diagnosis, including patient age, serum PSA concentration and keratin 
34βE12, p63, and racemase expression, cannot substitute for convincing haematoxylin and 
eosin (H&E) microscopic findings. To avoid bias, the above information should be consid-
ered only in combination with routine microscopic examination.

Iczkowski and colleagues found that the histological features that most often preclude 
a definitive diagnosis of malignancy are the small size of the focus (70% of cases), disap-
pearance on step levels (61%), lack of significant cytological atypia such as nucleolomegaly 
(55%) and associated inflammation (9%), raising the possibility of one of many mimics of 
adenocarcinoma [143]. Other causes include negative high-molecular-weight cytokeratin or 
p63 immunostain in the focus, atrophic or inflamed glands lacking a basal cell layer and the 
presence of associated PIN.

Figure 3.4 Atypical small acinar proliferation highly suspicious for but not diagnostic of malignancy (ASAP). 
Small focus has one single acinus (inset) with nuclear enlargement, prominent and double nucleoli, and 
luminal eosinophilic secretions. Small size of focus precludes a definite diagnosis of cancer (H&E, 200 ×; inset 
400×).
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Do subsets oF asaP exist?

Stratification of ASAP is not differentially predictive of cancer on repeat biopsy despite mul-
tiple attempts. We stratified suspicion in each ASAP case into three levels: ASAPB (atypical 
small acinar proliferation suspicious for but not diagnostic of malignancy, favour benign); 
ASAPS (atypical small acinar proliferation suspicious for but not diagnostic of malignancy); 
and ASAPH (atypical small acinar proliferation highly suspicious for but not diagnostic of 
malignancy). ASAPB was employed for cases in which we deemed the focus of concern 
unlikely to be cancer but could not with absolute certainty exclude the possibility. Conversely, 
ASAPH was employed for cases in which the focus was almost certainly carcinoma, but a 
confident diagnosis of cancer could not be rendered. ASAPS was employed for cases with 
intermediate suspicion.

Multiple studies [143, 144] revealed non-significant trends for increasing risk of subse-
quent cancer with increasing suspicion. Stratification of ASAP also did not predict the nor-
malized per cent of involvement by cancer on positive repeat biopsy [145]. Thus, at present, 
the level of suspicion should not alter follow-up recommendations.

Does asaP PreDict cancer on rePeat bioPsy?

In studies published between 1997 and 2001, the reported incidence of prostate cancer in 
repeat biopsies following a diagnosis of ASAP ranged from 34% to 60% (Table 3.4) [97, 102, 
104, 143–150]. We recently reported the results of needle biopsies in patients with long-term 
follow-up who were biopsied after 2000 in order to accurately reflect the current state of 
clinical practice. Subsequent cancer was detected at a rate comparable to earlier reported 
cohorts of patients, in whom longitudinal repetitive PSA screening had been more recently 
introduced (37% vs. 34–60%; see Table 3.4) [104].

WHat is tHe clinical signiFicance oF asaP?

Similar to high-grade PIN, ASAP holds a significant predictive value for cancer on repeat 
biopsy [143–145]. ASAP represents undersampled cancer in at least 40% of cases [145, 149, 
151]. Iczkowski et al. observed that some men with ASAP in the first set of biopsies and 
benign findings or high-grade PIN in the second biopsy may still have cancer that was not 
detected [145, 149].

False-negative results on repeat sextant biopsy in untreated men with documented ade-
nocarcinoma occurred in 23% of repeat sextant biopsies [152]. These results suggest that the 

Table 3.4 Cancer detection in patients with ASAP

Date of 
publication study dates references

no.of subjects 
with repeat 
biopsy(ies)

Frequency of 
diagnosis (%) asaP ca (%)

1997 1993–1995 Cheville et al. [144] 25   4.8 60
1997 1993–1996 Iczkowski et al. [143] 33 100 45
1998 1991–1995 Iczkowski et al. [145] 295 100 42
1998 1989–1996 Renshaw et al. [147] 59  18 34
1999 1992–1993 Chan et al. [146] 92 100 49
2001 1991–1998 Park et al. [148] 45 100 51
2001 1995–2000 Borboroglu et al. [97] 48   3.8 48
2002 1990–2001 Iczkowski et al. [149] 129   3.2 45
2004 2001–2003 Fadare et al. [150] 24   2.8 38
2005 1998–2003 Moore et al. [102] 53 100 36
2005 2000–2002 Schlesinger et al. [104] 78  23 37
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current practice of performing 6–12 biopsies per prostate does not lower the frequency of 
ASAP. A declining volume of cancer at prostatectomy was noted 5 years ago [153], and is 
probably reflective of increased screening and multiple sampling. Thus, as smaller volume 
cancers are detected through increased sampling, many will be undersampled and their 
diagnosis will not be resolvable by immunostaining: an irreducible rate of ASAP diagnosis 
may therefore be anticipated.

What prostatic sites should be sampled at repeat biopsy? In one report, the investigators 
found that that sampling only the side or sextant site initially diagnosed as ASAP missed 
cancer in 39% of patients whose cancer was later detected exclusively at other sites, suggest-
ing that the entire prostate should be rebiopsied [145].

In a recent provocative report, the investigators recommended immediate radical pros-
tatectomy in patients with a biopsy diagnosis of ASAP. They suggested that the risk of 
subsequent cancer is 100% in radical prostatectomy specimens [154]. We urge caution in rec-
ommending expansion of the indications for prostatectomy to include patients with ASAP. 
ASAP is best considered as a diagnostic risk category and not a true entity.

The recent development of immunohistochemical stains for alpha-methylacyl coenzyme 
A racemase (P504S) has greatly facilitated the diagnostic support provided by basal cell spe-
cific antikeratin and p63, particularly in equivocal biopsies such as ASAP. We routinely use 
these important techniques in the diagnostic work-up of atypical prostate lesions on needle 
biopsies, thereby decreasing the incidence of ASAP and reducing the risk of false-negatives 
and the need for additional biopsies, similar to other reports [155–158]; a technical limitation 
is preservation of the focus of concern on the levels used for immunostaining [159].

WHat is tHe signiFicance oF asaP in combination WitH Pin?

We recently reported that the combination of high-grade PIN and ASAP lesions (Figures 
3.5 and 3.6), found in up to 16% of biopsy sets, had an intermediate predictive value of 33% 
for cancer [104]. Thus, it is slightly lower than isolated ASAP (37%), but higher than isolated 
PIN (23%), and the predictive value of the diagnosis of PIN/ASAP combined is similar to that 
of ASAP alone. In previous reports, associated PIN occurred in 23% (n = 56) [142] and 31% 
(n = 54) [144] of cases. We found that the frequency of associated PIN was higher, occurring 
in 41% of total cases with ASAP (n = 132) [104] but most foci were not adjacent or contigu-
ous.

In a similar investigation, a lesion containing both PIN and ASAP (n = 51) was reported 
to have cancer in 46% of follow-up biopsies. This lesion was carefully defined, and cor-
responded to our definition of contiguous PIN + ASAP lesions [92]. Three reasons might 
account for the difference in predictive values, 33% vs. 46%, seen in our recent report and 
this study. First, the latter study was restricted to contiguous cases; this type of lesion might 
have an intrinsically higher predictive value for cancer than in our series, in which the fre-
quency of contiguous lesions was about half. The selection bias present in cases referred for 
consultation also may have influenced the study results compared with unselected primary 
cases in another study cohort. Finally, only a modest number of patients were reported in 
each study so that skewing of data may have occurred. The best available evidence today 
indicates that the presence of either or both lesions in needle biopsies is still a predictor for 
concurrent/subsequent cancer compared with patients lacking these lesions.

A novel finding was that high-grade PIN was more than twice as frequent in association 
with minimal cancer (57%) as ASAP (23%). High-grade PIN accompanied 14% [143] to 31% 
[144] of ASAP foci, but only 13% of cancers in biopsies [160]. About half of cases of ASAP are 
probably undersampled cancer [143–145], and the smaller mean size of the foci in contempo-
rary specimens decreases the likelihood of sampling accompanying high-grade PIN.
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Figure 3.6 PIN + ASAP. Immunostain for keratin 34βΕ12 reveals lack of basal cell staining in the small acini 
suspicious but not diagnostic of malignancy (stained slide, 200×).

Figure 3.5 PIN + ASAP. Small acini with architectural distortion and prominent nuclei and nucleoli in 
association with high-grade prostatic intraepithelial neoplasia (PIN). An unequivocal diagnosis cannot be 
rendered due to the small size of this focus and full complement of architectural and cytological abnormalities 
(H&E, 400×).
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CONCLUSION

High-grade PIN is the most likely precursor of prostatic adenocarcinoma, according to 
virtually all available evidence. The clinical importance of recognizing PIN is based on its 
strong association with prostatic carcinoma. PIN has a high predictive value as a marker for 
adenocarcinoma, and its identification in biopsy specimens of the prostate warrants further 
search for concurrent invasive carcinoma. Studies to date have not determined whether PIN 
remains stable, regresses or progresses, although the implication is that it can progress.

The predictive accuracy for cancer is lower for both PIN and for ASAP in a highly screened 
patient population compared with previously reported populations. However, the presence 
of either or both histological markers in a biopsy set is still a significant predictor for con-
current/subsequent cancer compared to the cohorts of patients lacking these lesions. Thus, 
even though the predictive value of these lesions has decreased, they remain significant risk 
factors for prostate cancer.
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Prostate cancer screening
Sarah Marietti, Peter C. Albertsen

When planning a screening programme for any disease, five key questions should be 
addressed [1]. Is the test screening for a significant, serious disease? Are the tests used to 
screen for the condition accurate? Is the outcome of the disease changed or improved by the 
use of the screening test? Does screening cause the patient harm? Does the screening pro-
duce more good than harm? This chapter will review each of these questions in an attempt 
to address the appropriateness of prostate cancer screening in contemporary medical prac-
tice.

IS THE TEST SCREENING FOR A SIGNIFICANT, SERIOUS DISEASE?

After lung cancer, prostate cancer is the second leading cause of cancer death in men in 
both the USA and Canada [2]. By the age of 79, men have a 1 in 8 chance of being diagnosed 
with prostate cancer, but a much lower chance of dying from the disease. African-American 
men are at a particularly high risk of developing prostate cancer. Between 1998 and 2002 the 
estimated prostate cancer incidence among African-American men was 272 per 100 000 men, 
one of the highest rates in the world [2, 3].

In the USA, prostate cancer incidence rates rose steadily from 1969 through the 1980s and 
then much more rapidly during the late 1980s and early 1990s, peaking in 1992 (Figure 4.1). 
Epidemiologists attribute the widespread use of transurethral resection of the prostate dur-
ing the 1970s and 80s and the subsequent rise in testing for prostate-specific antigen (PSA) as 
the primary explanation for these trends [4]. Since 1992, US prostate cancer incidence rates 
have fallen by more than 11%, but now appear to be rising again. Contemporary incidence 
rates are considerably higher than previously recorded during the 1970s. From 1998 through 
to 2002, the US prostate cancer incidence rate was estimated to be 164 per 100 000 men, age-
adjusted to the 2000 US standard population [3].

In the USA, mortality from prostate cancer has risen slowly for many decades, peak-
ing in 1998 at a rate of 42 per 100 000 men, age adjusted to the 2000 US standard popula-
tion [2] (Figure 4.2). Since then mortality rates have fallen by more than 25%. In 2006, the 
prostate cancer mortality rate was estimated to be 30.3 per 100 000 men, age adjusted to the 
2000 US standard population [3]. When death rates are age-adjusted to the World Health 
Organization world standard population, the rates of prostate cancer seen in the USA are 
similar to rates seen in countries such as France, Germany and the UK, and somewhat lower 
than rates seen in Scandinavia. In contrast, the mortality rates from prostate cancer are much 
lower in Asia. Recently, rates have been rising in the more industrialized countries in Asia 
such as Japan. In 2002 the mortality rate from prostate cancer in Japan was 5.7 per 100 000, 
age adjusted to the World Health Organization world standard population [5].

Sarah Marietti, MD, Division of Urology, University of Connecticut Health Center, Farmington, Connecticut, USA
Peter C. Albertsen, MD, Division of Urology, University of Connecticut Health Center, Farmington, Connecticut, USA



68 Therapeutic Strategies in Prostate Cancer

Year of diagnosis

100

0
1975

1977
1979

1981
1983

1985
1987

Male

Prostate

Lung and bronchus

Colon and rectum

Urinary bladder

Non-Hodgkin lymphoma

Melanoma of the skin

1989
1991

1993
1995

1997
1999

2001

R
at

e 
p

er
 1

00
 0

00
 p

op
ul

at
io

n

120

60

80

20

40

140

160

180

200

220

240

260

Figure 4.2 Mortality from prostate cancer in the USA 1975–2001 [5].

Figure 4.1 Incidence of prostate cancer in the USA 1975–2001 [5].

Prostate cancer poses an epidemiological conundrum. Recent studies have shown that 
the lifetime risk of prostate cancer diagnosis is about 16%, but the lifetime risk of dying from 
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ily high incidence of prostate cancer among 2950 healthy men participating in a prostate 
cancer chemoprevention study comparing finasteride and placebo. All of these men had PSA 
below 4.0 ng/ml at the start of the study, and in most men PSA remained below 4.0 during 
the 7 years of follow-up. Remarkably, 6.6% of the men with PSA less than 0.5 ng/ml had pros-
tate cancer and 26.9% of the men with PSA between 3.1 and 4.0 ng/ml had prostate cancer. 
Clearly most of these men are not destined to die from prostate cancer.

These findings highlight a difficult paradox. Many prostate cancers are significant, seri-
ous problems resulting in the deaths of many otherwise healthy men. In addition, however, 
there are a significant number of indolent prostate cancers that are not destined to cause 
any harm. Does widespread PSA testing identify clinically significant disease or are a high 
percentage of screen-detected cancers likely to be indolent tumours that do not require diag-
nosis or treatment?

ARE THE TESTS USED TO SCREEN FOR THE CONDITION ACCURATE?

Screening for prostate cancer in contemporary practice usually consists of a digital rectal 
examination (DRE) and a serum PSA test. DRE alone has a very low positive predictive value 
in men with a PSA less than 3.0 ng/ml. However, when the DRE is used in combination with 
PSA, prostate cancer detection rates almost double [8]. PSA is a glycoprotein that is produced 
within normal prostate gland epithelium. PSA is not specific for prostate cancer. Serum PSA 
levels can increase either because of increased production or secondary to disruption of 
the epithelial barrier separating blood from prostate tissue. Prostate cancer, benign prostate 
hypertrophy (BPH), inflammation or manipulation can all raise serum PSA levels [9].

In 1991, Catalona et al. [10] first proposed using PSA testing as a screening tool and sug-
gested 4.0 ng/ml as the upper limit of normal. In an effort to improve the sensitivity of PSA 
testing, many urologists have suggested lowering the cut point to 2.6 ng/ml in all men, but 
in particular for African-Americans [11]. While additional prostate cancers will be identified, 
lowering the cut point will also increase the number of false-positive tests and will increase 
the number of men without cancer who will be advised to undergo prostate ultrasound and 
biopsy.

To evaluate the accuracy of PSA testing, Gann et al. [12] performed a case–control study 
using data collected as part of the Physicians’ Health Study. During this 10-year study 
designed to determine the effect of beta-carotene, 366 men developed clinical evidence of 
prostate cancer and 48 men died of their disease. By comparing PSA levels in stored sera 
from these men with sera from three matched controls from the study, they found that men 
with prostate cancer had a much higher probability of having an elevated PSA. Using the 
cut-off point of 4.0 ng/ml, they estimated that PSA testing had a 46% sensitivity of identifying 
clinically significant prostate cancer within the following 10 years and a 73% sensitivity of 
finding prostate cancer within the next 4 years. The overall specificity was 91% and changed 
little by year of follow-up. 

To improve the utility of PSA testing, some researchers have proposed measuring the 
percentage of PSA that is bound to the enzyme α-chymotrypsin and the percentage that is 
free. Men with a very low ratio of free to bound PSA have a higher probability of having 
prostate cancer [13]. Unfortunately, in most instances this ratio is not helpful in distinguish-
ing clinically significant from clinically insignificant prostate cancer.

PSA testing is often confounded by the presence of BPH. As prostates enlarge with age 
they produce greater quantities of PSA. This increases serum PSA values and leads to a 
large number of false-positive screening tests. To increase both the sensitivity and specifi-
city of PSA testing, Benson et al. [14] proposed measuring PSA density. This is calculated by 
dividing the PSA value by the prostate volume as measured by transrectal ultrasonography 
(TRUS). Oesterling et al. [15] recognized that PSA values rise with age because of the increas-
ing prevalence of BPH. They proposed age-specific reference ranges as a method to decrease 
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the number of false-positive tests. They determined, for example, that the cut point for men 
aged 70–79 years should be 6.5 ng/ml rather than 4.0 ng/ml. Unfortunately, neither adjust-
ment is widely accepted because many physicians are concerned about potentially missing a 
clinically significant cancer and are willing to tolerate a high rate of false-positive tests.

IS THE OUTCOME OF THE DISEASE CHANGED OR IMPROVED BY THE USE 
OF THE SCREENING TEST?

In order to determine whether the outcome of prostate cancer has been improved by PSA 
testing, it is imperative to know the natural history of screen-detected disease. Several stud-
ies have increased our understanding of the natural history of prostate cancer. In a series 
of four articles published between 1989 and 2004, Johanssen et al. [16–19] reported the long-
term outcome of a cohort of 648 men diagnosed with prostate cancer between 1977 and 
1984 in the Orebro Medical Center in Sweden. Five hundred and forty-two men were diag-
nosed with prostate cancer following aspiration biopsy and 106 were diagnosed following 
transurethral resection of the prostate (TRUP). Of the 648 men diagnosed with cancer, 300 
had localized disease and of these 223 received no treatment for their disease. Initial reports 
revealed very low 5 and 10-year mortality rates. However, after a longer follow-up period 
of 15–20 years, Johanssen et al. noted an increase in prostate cancer mortality rates. After 20 
years, 90% of the men had died, but only 16% appeared to have died from prostate cancer. 
They noted that the majority of prostate cancer deaths were among men with poorly dif-
ferentiated tumours. Based on these studies, Johanssen et al. concluded that men with low-
grade tumours and a life experience of less than 20 years are unlikely to die from prostate 
cancer. These findings are based on a cohort of men diagnosed with prostate cancer before 
the advent of PSA testing. Therefore, contemporary patients may require an even longer 
follow-up to benefit from aggressive screening and treatment.

Albertsen et al. [20] have documented the long-term outcomes of 767 Connecticut men 
diagnosed with clinically localized prostate cancer between 1971 and 1984, who were man-
aged conservatively (Figure 4.3). All men were aged 55–74 at the time of diagnosis and were 
followed for over 20 years. Original pathology slides were re-examined to obtain accurate 
Gleason grading. Cause of death was determined from the death certificates on file with the 
Connecticut Vital Statistics Bureau. Older men with Gleason 2–4 tumours were much more 
likely to die of causes other than prostate cancer. Younger men, especially those men with 
high-grade cancers had a very high probability of dying from prostate cancer. Men with 
intermediate-grade cancers had an outcome in between. Men with Gleason 6 tumours had 
a 27% 20-year risk of dying from prostate cancer, while men with Gleason 7 tumours had 
a 45% 20-year risk of dying from prostate cancer. The age at diagnosis did not impact the 
prostate cancer-specific mortality rate, but did impact the risk of dying from other causes.

While these studies have advanced our understanding of the natural history of prostate 
cancer, there is still much we do not know about this disease. PSA testing has identified a 
large cohort of men with relatively low-grade tumours. Do these tumours progress in the 
same manner as described by the studies above? Are most low-grade prostate cancers identi-
fied by PSA testing truly indolent, or do they progress to clinically significant disease as men 
age? Do clinically significant tumours metastasize early in their course, or do they remain 
localized in the prostate for many years? PSA is only valuable as a screening tool if it is able 
to identify clinically significant disease while it is confined to the prostate.

DOES SCREENING CAUSE THE PATIENT HARM?

Although screening for PSA only involves obtaining a single blood test, several subsequent 
events must be considered before the test can be deemed innocuous. A positive test result 
affects the patient not only mentally but also physically, as it often leads to a transrectal 
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ultrasound and prostate biopsy [21]. Although the procedure is uncomfortable it is well tol-
erated by most men and usually is performed as an office procedure under local anaesthesia. 
The risks of a biopsy are small but not insignificant. Haemorrhage and/or infection occurs 
in 1–4% of cases.

Most of the morbidity associated with PSA testing is related to the treatment procedures 
that are currently available. In men with clinically significant prostate cancers, complications 
associated with treatment are considered acceptable if the treatments cure the disease or 
prolong life. In men who harbour indolent disease, however, any morbidity from treatment 
lowers overall quality of life.

Options currently available to treat prostate cancer include surgical prostatectomy, exter-
nal beam radiation, internal radioactive seed placement and cryotherapy. Unfortunately, 
no data are available that document the relative efficacy of these treatments to cure screen-
detected prostate cancer. To date, only one large randomized trial has reported a survival 
advantage among men undergoing surgery to treat localized prostate cancer. In 2005, Bill-
Axelson et al. [22] reported the 10-year outcomes of a randomized trial involving 695 men 
with localized prostate cancer who were randomized to receive radical prostatectomy versus 
conservative management. After 10 years, the prostate cancer-specific mortality rate was 
14% for the group treated conservatively versus 8% for the group undergoing radical pros-

Figure 4.3 Survival and cumulative mortality from prostate cancer and other causes up to 20 years after 
diagnosis stratified by age at diagnosis and Gleason score ©2007 American Medical Association. All rights 
reserved [20].
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tatectomy. Overall survival between the two groups favoured those men undergoing radical 
prostatectomy, but the difference was relatively small. Among men undergoing radical pros-
tatectomy 76% were alive after 10 years compared with only 69% of the men undergoing 
conservative management. Comparable data supporting the efficacy of radiation therapy or 
cryotherapy are not available. Large case series suggest that results may be similar, but this 
remains to be determined. Furthermore, it is unclear whether similar results can be achieved 
in a population of screen-detected men. 

The Prostate Cancer Outcomes Study was developed to obtain information concerning 
the impact of treatment on quality of life. Patients participating in the study were identified 
by five sites participating in the Surveillance Epidemiology and End Results (SEER) pro-
gramme sponsored by the National Cancer Institute [23]. The study was a large, prospective 
population-based study that followed men with localized prostate cancer diagnosed in 1994 
and 1995. Men enrolled in the study completed surveys shortly after diagnosis and again 12, 
24 and 60 months later. The questions were designed to evaluate sexual, bowel and bladder 
function over time following treatment for prostate cancer. The questions also evaluated 
the overall impact on quality of life. Of the 1291 men undergoing radical prostatectomy, 
59.9% were impotent and 8.4% were incontinent 18 months after surgery. Forty-one per 
cent answered that sexual performance was a moderate to large problem after treatment. 
Of the 497 patients who received external beam radiation, 43% of the previously potent 
men were impotent within 2 years and 5.4% had significant bowel dysfunction [24]. Similar 
findings have been noted in the large Swedish randomized trial comparing radical prostate-
ctomy with conservative management. In 2002, Steineck et al. [25] reported that 80% of men 
undergoing surgery had erectile dysfunction compared with only 45% of those managed by 
observation alone. Incontinence in the surgical group was as high as 49% compared with 
only 21% in the observation group. Several case series have also reported serious side-effects 
associated with radioactive seed implants and with cryosurgery.

DOES THE SCREENING PRODUCE MORE GOOD THAN HARM?

The primary purpose of screening for prostate cancer is to decrease the morbidity and mor-
tality associated with this disease. Since 1998, prostate cancer mortality rates in the USA 
have been falling, but epidemiologists are uncertain what is driving these changes. Some 
researchers speculate that the decline is a direct result of intensive PSA testing and aggres-
sive treatment of the disease [26]. Others argue that the declines in prostate cancer mor-
tality have occurred much earlier than would be expected from screening and treatment 
and suggest other hypotheses such as the early widespread use of antiandrogen therapy or 
other environmental factors [27]. Cooperberg et al. [28] have reported an increase in the use 
of hormonal therapy for the treatment of prostate cancer during the same time period as 
the decline in mortality rates. These and other data suggest that the early use of hormonal 
therapy may yield a survival benefit.

Why do some epidemiologists express doubt that PSA testing has produced a decline in 
prostate cancer mortality? One issue is lead time. Screening identifies disease earlier in its 
natural course. Patients diagnosed with prostate cancer often appear to survive longer than 
patients who are diagnosed with prostate cancer when it presents clinically. Once lead time 
is accounted for, the presumed survival advantage associated with screening may disap-
pear.

The widespread use of PSA testing has caused many men to be diagnosed with prostate 
cancer much earlier in their lives when compared with the pre-PSA era. Gann et al. [12] origi-
nally estimated that the lead time associated with PSA testing was 3–5 years. More recently 
Draisma et al. [29] estimated the potential lead time associated with PSA testing as part of the 
large European Randomized Study of Screening for Prostate Cancer. In 2003, they published 
a model that suggested that prostate cancer diagnosis was advanced by as much as 10 years 
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among men aged 55 years at the time of diagnosis and 5 years for men aged 75. Since men 
undergoing conservative management for localized prostate cancer can survive on average 
at least 10 years, it would take 15–20 years to demonstrate a significant decline in prostate 
cancer mortality based on a programme of PSA testing and treatment.

Widespread PSA screening appears to have raised another significant concern: the over-
detection of indolent disease. Overdetection refers to the ability of a screening test to identify 
a condition that would have remained silent and caused a patient no morbidity during his 
lifetime. Epidemiologists have long known that repeated use of a screening test will, over 
time, more frequently identify relatively asymptomatic, slow-growing tumours compared 
with aggressive tumours. They often refer to this concept as ‘length time bias’. Several stud-
ies have clearly shown that there is a high prevalence of indolent prostate cancer. Draisma 
et al. [29] estimated that at age 55, the lead time associated with PSA testing is approximately 
12.3 years and results in an overdetection rate of 27%. By age 75, lead time decreases to 6.0 
years, while the rate of overdetection increases to 56%. They concluded that while lead 
time decreases with age, screening all men aged 55–67 years annually would overdetect this 
disease by as much as 50%. Therefore, widespread testing for PSA could possibly result in 
identifying indolent cancers in approximately half of all new diagnoses.

Changes in the application of Gleason scoring have also contributed to the prostate can-
cer screening conundrum. The previously reported studies describing the natural history 
of prostate cancer stratified patients according to Gleason score, one of the most powerful 
predictors of prostate cancer mortality. Most researchers and clinicians agree that Gleason 
2–5 tumours pose little threat of prostate cancer mortality over 20 years. Unfortunately, 
these tumours are rarely reported in contemporary practice. In an analysis of changes in 
the application of Gleason scoring, Albertsen et al. [30] analysed 1858 men who were diag-
nosed between 1990 and 1992 with localized prostate cancer. Original pathology slides were 
identified and re-read using contemporary Gleason grading criteria. A comparison of the 
contemporary readings with the historical readings demonstrated a significant shift towards 
higher grades in the contemporary cohort (Figure 4.4). As a consequence, men with contem-
porary Gleason 6 and 7 tumours on biopsy have a superior prognosis when compared with 
historical controls.

Most researchers agree that the patients most likely to benefit from PSA testing are those 
who are destined to harbour higher grade tumours. Unfortunately, the shift in the applica-

Figure 4.4 Distribution of original and contemporary readings of 1850 prostate biopsies performed between 
1990 and 1992 [30].
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tion of Gleason scoring has moved many men with indolent disease into higher categories 
thereby altering our understanding of the risk posed by this disease. From an epidemiologi-
cal standpoint, this further amplifies length time bias and will make it even more difficult to 
determine whether PSA testing has yielded a positive net effect in contemporary practice.

Enthusiastic supporters of PSA screening frequently cite improvements in 5- and 10-year 
survival rates as proof of the effectiveness of PSA screening. Unfortunately, this is an inap-
propriate metric to evaluate the effectiveness of a screening programme because it is sig-
nificantly affected by the lead time associated with screening. In 2000, Welch and Black 
[31] discussed the impact of lead time on cancer mortality rates. They found that both the 
prevalence of disease and the consequences of its treatment modalities depend on the level 
of screening for that disease in the population. Improvements in 5- and 10-year survival rates 
do not always correlate with mortality rate decreases. From 1950 to 1966, the 5-year survival 
rates for prostate cancer in the USA increased by 50%. During this same time period the 
prostate cancer mortality rates also increased by 10%. Thus, the increased survival rates did 
not proportionally affect the mortality rates.

Two large randomized trials are currently in progress to test whether PSA screening 
reduces prostate cancer mortality rates. They include the European Randomized Study of 
Prostate Cancer sponsored by the European Organisation for Research and Treatment of 
Cancer (EORTC) and the Prostate, Lung, Colon and Ovary (PLCO) trial sponsored by the 
National Cancer Institute. The former study is expected to report findings in 2–3 years and 
the latter shortly thereafter. Both studies have been in progress for approximately 12 years 
and have yet to demonstrate a clinically significant survival advantage for those men in the 
screening arm.

The US Preventative Task Force recently readdressed the issue of PSA testing. Again, 
the study deemed the evidence supporting PSA screening insufficient to support its use 
[32]. They did not believe that the benefit of using PSA as a screening test in asymptomatic 
men was appropriate given the possible treatment complications and false-positive results 
with negative biopsies. Those who support PSA screening believe that the results of screen-
ing have already been demonstrated because disease has been identified at an earlier stage 
and 5- and 10-year survival rates have improved. PSA screening detractors worry that too 
many indolent cancers are being identified and treated resulting in unnecessary morbidity 
to patients. Hopefully, this debate will be resolved during the next several years.

Education and informed consent must play an active role in an individual’s decision to 
undergo screening or not. A thorough discussion between patient and doctor should take 
place to educate the patient on both the possible risks and benefits of screening, including 
the possibility of false-positive or false-negative results and the lack of evidence demonstrat-
ing that screening actually decreases mortality from prostate cancer. Natural history studies 
suggest that younger men between the ages of 50 and 70 years with a life expectancy greater 
than 10 years are most likely to gain from screening. Similarly, men with a family history of 
prostate cancer and African-American men are at a higher risk of developing prostate cancer. 
They also may benefit from prostate cancer screening.

SUMMARY

Prostate cancer is a serious disease affecting one in eight men by the age of 79. As recently 
demonstrated by Thompson et al., subclinical disease is far more prevalent than previously 
thought. PSA testing is capable of detecting prostate cancer at an early stage, however, it is 
unclear whether the majority of cancers identified are clinically significant or not.

Studies have clearly shown that high-grade prostate cancers (Gleason scores 7–10) are 
often lethal if left untreated. Unfortunately, screening with PSA often detects lower grade 
tumours (Gleason score 2–6). It is unclear how many of these tumours are likely to progress 
to metastatic disease during a patient’s lifetime. Many men are being treated for PSA-
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detected cancers and a significant percentage will become impotent. Other complications 
include bowel and bladder dysfunction including incontinence. These outcomes would 
often be accepted by patients and clinicians if treatment resulted in a significant decline in 
prostate cancer mortality. This may or may not be the case. The challenge to urologists is no 
longer whether they can find early prostate cancer, but whether they can differentiate clini-
cally significant cancer from indolent disease. With the increasing prevalence of PSA testing, 
overdetection has become a more pressing problem.

Some may argue that the benefits of screening have already been proven because mortal-
ity rates are falling and there has been a dramatic shift from advanced to early stage disease. 
Unfortunately, diagnostic lead time may account for these findings. Results from two large 
randomized trials concerning prostate cancer screening should become available during the 
next 2–3 years. Until then clinicians and patients should understand that the efficacy of 
prostate cancer testing remains in doubt. Some men will surely benefit, but when the test 
is applied to an entire population of patients, the benefits may not balance or exceed the 
potential harms. Therefore, the decision to undergo PSA testing for prostate cancer remains 
a personal decision between the patient and his physician.
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Assessment of treatment strategies in prostate 
cancer using risk stratification and prediction of 
clinical outcomes
Denise C. Babineau, Michael W. Kattan

Prostate cancer is a slowly progressing disease that has a variety of treatment options. The 
choice of treatment for a particular patient is influenced by several factors. Each patient must 
consider his own tolerance level regarding treatment-specific clinical outcomes. One patient 
may choose a treatment that has a high risk of some adverse side effect if there is a low risk 
of disease progression. A similar patient may elect to forgo such treatment due to the lower 
quality of life that they may develop once the treatment is given. Prediction tools that esti-
mate the risk of a clinical outcome are an invaluable resource to the patient in this context.

This chapter reviews statistical methods that are used to develop prediction tools for 
risk stratification and prediction of clinical outcomes. Using these sophisticated techniques, 
many prediction tools have been developed that provide patient-specific risk assessment 
with respect to clinical outcomes that can occur throughout the course of prostate cancer. 
This chapter will provide a review of some of these models in an attempt to provide both 
the treating physician and patient the most current prediction models available to decide an 
optimal strategy for prostate cancer management.

CLINICAL OUTCOMES AND SIDE-EFFECTS

Prior to prostate cancer diagnosis, it is of most interest in determining the likelihood that a 
patient has prostate cancer and if prostate cancer is present, if it is of an indolent or aggres-
sive nature. The treating physician and patient must then decide which treatment options 
are available and which will provide the best possible set of health outcomes for the patient. 
Each treatment must be assessed with regard to its effect on the time to biochemical progres-
sion (sometimes used as a surrogate measure for disease progression), the time to metastatic 
disease or the time to disease-specific death. Due to the indolent nature of some prostate 
cancers, these health outcomes may take several years to develop and treatment side-effects 
must also be considered. Side-effects, such as urinary incontinence, bowel dysfunction, erec-
tile dysfunction and irritative bladder symptoms, may significantly lower a patient’s quality 
of life after treatment and his risk of side-effects must also be considered in conjunction with 
the risk of developing other clinical outcomes. This chapter will review prediction models 
that have been developed for some of these outcomes.

Denise C. Babineau, PhD, Assistant Staff, Department of Quantitative Health Sciences, Cleveland Clinic Foundation, 
Cleveland, Ohio, USA
Michael W. Kattan, PhD, Chairman, Department of Quantitative Health Sciences, Cleveland Clinic Foundation, 
Cleveland, Ohio, USA
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RISK FACTORS

Patients are inherently different with regard to their medical history. Predicting a patient’s 
risk of developing some health outcome must take account of patient heterogeneity to obtain 
reliable estimates of risk. Factors that are strongly associated with the development of an 
outcome are called ‘risk factors’. However, even strong risk factors may not be useful for 
risk assessment if their prevalence is extremely low [1] or if they are not routinely collected. 
These limitations must be considered in the development of any prediction tool.

METHODS USED TO DEVELOP TOOLS FOR RISK STRATIFICATION AND 
PREDICTION

Several methods are used to predict health outcomes for treatment strategies in prostate 
cancer. The most basic and easily accessible method is clinical judgement. In this case, the 
treating physician uses personal experience and knowledge to predict a patient’s outcome. 
This method is highly biased because the physician can only offer his/her opinion based on 
previous experience, which may or may not include all treatment options. In addition, the 
physician cannot tailor his opinion to a particular patient due to the inability to simultane-
ously account for the presence or absence of a wide range of risk factors.

An approach that improves upon clinical judgement is risk grouping, where similar 
patients are placed into a specific risk category. Although this method is commonly used to 
predict risk, it is based on some strong assumptions. Risk grouping often reduces continuous 
factors, such as age, into categorical factors thereby decreasing the precision of risk estimates. 
In addition, patients placed in the same category may differ substantially with regard to 
other important risk factors. Both assumptions fail to tailor risk according to a patient’s spe-
cific set of risk factors. For example, Figure 5.1 illustrates the distribution of nomogram pre-
dicted probabilities within risk groups using the CaPSURE (Cancer of the Prostate Strategic 
Urologic Research Endeavor) database.

In an attempt to develop a tool that predicts risk for each patient separately, predictive 
tools have been developed that are based on the number of risk factors a patient has. Risk 
factors are chosen that have a significant association with the outcome based on univariable 
statistical analyses. The total number of risk factors a patient has is the patient’s score. The 
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higher the score, the higher the patient’s risk. Although this method is simple to use, it has 
several disadvantages. Univariable analyses do not consider the effect that one factor may 
have on another with regard to risk. Continuous risk factors must still be categorized as well. 
The strongest assumption that is made, and by far the worst, is that all factors provide the 
same amount of risk. 

To develop tools that can easily account for patient heterogeneity yet still provide easy 
translation from bench to bedside, sophisticated statistical modelling techniques are required. 
Three commonly used methods are multivariable models expressed through nomograms, 
tree-based methods and artificial neural networks (ANNs). These methods do not require 
categorization of continuous variables and provide a measure of risk that is specifically tai-
lored to each patient based on any set of risk factors. A brief description of each technique 
follows.

•	 Nomograms. Depending on the outcome of interest, specific statistical methods are 
needed to predict risk. Typically, continuous outcomes are modelled using regression 
techniques, categorical outcomes are modelled using logistic regression or proportional 
odds models, and survival outcomes are modelled using Cox proportional hazards 
methods. Prediction of risk varies with each of these statistical techniques. A tool that 
depicts risk, regardless of the method used, is a nomogram. A nomogram provides a 
graphical depiction of the risk of an outcome based on a multivariable model and can 
easily be used by physicians and patients alike. Kattan [2] gives a thorough discussion 
comparing nomograms to staging and risk grouping methods. Figure 5.2 illustrates a 
nomogram.

•	 Tree-based methods. Tree-based methods are often built using recursive partitioning, 
an iterative process that splits the data into partitions that are then used to maximize 
predictive accuracy with regard to risk of an outcome. There are several types of 
tree-based methods: binary recursive partitioning, tree-structured survival analysis, 
classification and regression trees (CARTs) and multiple adaptive regression splines 
(MARS).

•	 ANNs. This method classifies a patient’s risk through a learning process. It is based on 
the assumption of a network made up of computational neurons that are connected 

Figure 5.2 Preoperative nomogram based on 983 patients treated at Baylor College of Medicine, Houston, 
TX, for predicting freedom from recurrence after radical prostatectomy, adapted from Kattan et al. [23]. ©1997 
Michael W. Kattan and Peter T. Scardino.
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to one or more layers of other neurons through weighted signal pathways. Prior to 
analysis, the weights on all signal pathways are set to small random numbers. The data 
are then randomly divided into three parts: the training set, the validation (or testing) 
set and the verification set. The network is then presented with the training set that 
provides inputs (e.g. one or many factors of interest) and desired outputs (e.g. the 
outcome of interest) to these inputs. The weights on all signal pathways are adjusted 
to increase the likelihood that the network will compute the desired output. The 
validation set is used to decide when to stop training the network and the verification 
set is used to report the performance of the ANN. A thorough discussion of ANNs is 
given in Dayhoff and DeLeo [3].

The predictive value of any of these tools must also be assessed objectively. Three areas 
that are typically evaluated when assessing the accuracy and precision of a predictive 
model are discrimination, calibration and validation. Discrimination is the ability to separate 
patients into those that are likely and unlikely to experience the clinical outcome of interest 
and is measured using the area under the curve (AUC) or concordance index. This index 
measures the probability that, given two randomly selected patients, the patient who first 
experiences the outcome was at higher risk of developing the outcome. The concordance 
index ranges between 0.5 and 1.0, where 0.5 indicates no predictive value and 1.0 indicates 
a perfect ability to predict outcome. Calibration measures how close the predicted prob-
ability is to the actual probability of the outcome and is typically depicted using graphical 
techniques. Validation refers to consistent performance across different study populations 
and consists of two types: internal and external. Internal validation uses data drawn from 
the same population to develop the predictive model. Methods of internal validation include 
data-splitting, cross-validation, bootstrapping and jackknife techniques. External validation 
uses data obtained from an external data source.

As will be shown, one or all of these methods may be used to predict risk for a particular 
outcome. Choosing among them is somewhat difficult and there is some controversy regard-
ing which method of developing prediction models is more accurate. A thorough discussion 
of this issue is given in Karakiewicz et al. [4] and Kattan [5].

CURRENT PREDICTION MODELS IN PROSTATE CANCER

A variety of prediction tools have been developed to predict the risk of prostate cancer 
detection and the risk of various health outcomes in response to prostate cancer treatment 
strategies. The remainder of this chapter reviews recently developed and frequently used 
predictive models in this area.

Prostate cancer Detection Prior to initial Prostate bioPsy

Prostate-specific antigen (PSA) screening and digital rectal examinations (DRE) are used to 
detect prostate cancer. If either test is abnormal, a patient may receive a recommendation 
for a prostate biopsy. To reduce the number of unnecessary biopsies, tools that accurately 
predict the outcome of initial prostate biopsy are useful. Garzotto et al. [6] analysed data on 
1433 men with serum PSA levels ≤ 10 ng/ml using classification and regression tree analysis. 
Serum PSA, PSA density, ultrasound data, age and prostate volume were used to develop 
a model with an AUC of 0.74. Alternatively, Karakiewicz et al. [7] developed a nomogram 
based on a multivariate logistic regression analysis of data obtained from 1762 German 
men with PSA ≤ 50 ng/ml. This model predicted the outcome of initial prostate biopsy using 
patient age, DRE, serum PSA and per cent free PSA, and achieved an AUC of 0.77 on external 
validation of 514 men from Montreal, Canada. Both models can be easily applied to patients 
with abnormal PSA or DRE to determine the likelihood of prostate cancer prior to initial 
prostate biopsy.
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Prostate cancer Detection aFter a negatiVe result on initial bioPsy

If a patient is at high risk of a positive initial prostate biopsy and they are then given a biopsy 
only to find a negative result, the patient cannot be certain that he is cancer free due to the 
biopsy’s false-negative error rate. In this case, prediction tools that can aid in the decision to 
perform subsequent prostate biopsies are needed. Several tools are available.

Thompson et al. [8] developed a logistic regression model based on data obtained from 
5519 men from the Prostate Cancer Prevention Trial to predict the risk of prostate cancer and 
high-grade disease. Risk factors included in the model were PSA, a family history of prostate 
cancer, DRE result and a prior negative biopsy result. This model achieved an AUC of 0.70.

Alternatively, it may also be of interest to patients with a previous negative biopsy to 
determine the time to a positive biopsy. This issue was addressed in Lopez-Corona et al. [9] 
who developed a nomogram based on a Cox regression analysis of data obtained from 343 
men with at least one initial negative biopsy. Risk factors included in the model were age, 
family history of prostate cancer, serum PSA, PSA slope, DRE findings, cumulative number 
of negatives cores previously obtained and history of high-grade prostatic intraepithelial 
neoplasia (PIN) or atypical small acinar proliferation. The nomogram had a concordance 
index of 0.70. This model was externally validated by Yanke et al. [10] using data obtained 
from 230 men from the Brooklyn Veterans Administration Medical Center.

PreDicting PatHological stage using PreoPeratiVe clinical Data

Once a patient has been diagnosed with prostate cancer based on biopsy findings, the clini-
cal stage of the tumour, as well as its size and how far it has spread, must be determined to 
choose an optimal treatment strategy. Clinical stage is mainly determined using the DRE. 
Other examinations may also be used for clinical staging, such as transrectal ultrasound of 
the prostate (TRUSP), prostate biopsy and imaging studies. 

Alternatively, pathological stage is based on surgical removal and examination of the 
entire prostate gland and possibly other surrounding tissue. Although pathological stage is 
more accurate than clinical stage, its assessment involves invasive procedures that may affect 
the patient’s clinical outcomes. To avoid these procedures but still accurately stage a tumour 
so that the appropriate treatment is chosen, prediction tools have been developed to predict 
pathological stage based on preoperative clinical data.

Simple models that predict organ-confined disease have been developed. Veltri [11] 
developed a logistic regression model using data on 386 men with clinical stage T1c disease. 
Predictors included in the model were quantitative nuclear grade, complexed PSA density 
and Gleason score, and an AUC of 82.4% was achieved.

Recently, it has been of interest to develop models that predict the presence and side of 
extracapsular extension. This would be useful information to decide if the patient should 
undergo nerve-sparing surgery. Ohori et al. [12] developed a logistic regression model that 
predicted side-specific extraprostatic extension based on data from 763 patients with clinical 
stage T1c–T3 prostate cancer. PSA, clinical T stage on each side and biopsy Gleason sum on 
each side were independent predictors of extracapsular extension, yielding an accuracy of 
0.788. Accuracy was increased to 0.806 if the results of systemic biopsy were incorporated 
into the model. The resulting nomograms were internally validated and had excellent cali-
bration and discrimination. This same cohort of men was used to develop and internally 
validate a nomogram to predict seminal vesicle invasion [13]. In this case, the presence and 
amount of cancer in systematic needle biopsy cores from the base of the prostate strongly 
predicted the presence of seminal vesicle invasion to within ± 10% in 68% of the cases.

Pathological staging also involves determination of pelvic lymph node invasion (LNI). 
Several algorithms have been developed to predict LNI using preoperative variables. Briganti 
et al. [14] developed and internally validated a nomogram using data from 602 patients with 
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localized disease undergoing pelvic lymphadenectomy. The logistic regression model pre-
dicted LNI based on PSA, clinical stage and biopsy Gleason sums, and achieved a predictive 
accuracy of 76%. The same level of accuracy was also achieved by a similar nomogram based 
on data from 5510 patients from six separate institutions treated with radical prostatectomy 
[15].

Rather than predicting organ-confined disease, extracapsular extension, seminal vesicle 
invasion or LNI separately, prediction models have also been developed that predict the out-
comes simultaneously. Perhaps the most commonly used prediction model of this kind was 
developed by Partin et al. in 1997 [16] and updated in 2001 [17]. The current model was based 
on data from 5079 men treated with prostatectomy (without neoadjuvant therapy) between 
1994 and 2000 at Johns Hopkins Hospital. A multinomial log-linear regression analysis was 
used to predict the likelihood of organ-confined disease, extraprostatic extension, seminal 
vesical or lymph node status based on preoperative PSA, clinical stage and biopsy Gleason 
score. External validation of this nomogram was done in other academic settings [18], com-
munity-based settings [19] and in Europe [20] with comparable accuracy. However, there 
is some evidence to suggest that this nomogram is less accurate for transition zone cancers 
compared with peripheral zone cancers [21].

SELECTING A TREATMENT STRATEGY

exPectant management

Owing to the indolent nature of prostate cancer, watchful waiting is a good alternative to 
surgical treatment or radiation therapy if a patient has a non-aggressive tumour. However, 
it is not easy to determine a tumour’s aggressiveness based on clinical data alone. Kattan et 
al. [22] developed three separate nomograms predicting indolent cancer based on logistic 
regression analyses of data obtained from 409 patients. Risk factors included in the nomo-
grams were clinical stage, Gleason grade, PSA and the amount of cancer in a systematic 
biopsy specimen (either absent from the nomogram or included as per cent of positive cores, 
ultrasound prostate volume or millimetres of non-cancerous and cancerous tissue). All mod-
els achieved an AUC between 0.64 and 0.79 and had good calibration. These nomograms can 
be used to select patients who are likely to have indolent disease and are well suited to an 
expectant management treatment strategy for prostate cancer.

PreDiction moDels Prior to Prostatectomy

Owing to the risks and side-effects of prostatectomy, prediction of these clinical outcomes 
prior to surgery would provide information that could affect a patient’s treatment strat-
egy. Several prediction tools have been developed that estimate the likelihood of disease 
recurrence after prostatectomy. Kattan et al. [23] developed a nomogram based on a Cox 
proportional hazards model applied to data from 983 men with clinically localized pros-
tate cancer who were treated with radical prostatectomy. Disease recurrence at 5 years after 
prostatectomy was defined as clinical evidence of recurrence, a rising serum PSA level (two 
measurements of 0.4 ng/ml or greater and rising) or initiation of adjuvant therapy. Risk fac-
tors included in the model were preoperative serum PSA, biopsy Gleason scores and clini-
cal stage. The model achieved an AUC of 0.79 and appeared accurate and discriminating. 
This nomogram was externally validated in several settings [24, 25]. Improvements to this 
nomogram have been explored by including information provided by systematic biopsy [26] 
and adding biological markers of prostate cancer [27] to the existing nomogram. An updated 
version was subsequently developed in 2006 [28] that predicted the likelihood of disease 
recurrence 10 years after surgery with a concordance index of 0.79.

Other risk factors have also been explored to examine their predictive ability with respect 
to biochemical recurrence or disease progression after prostatectomy. Strom et al. [29] 
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showed that obesity and weight gain were independent predictors of biochemical recur-
rence. Poulakis et al. [30] developed a neural network for predicting biochemical recur-
rence using results from pelvic magnetic resonance imaging (MRI), PSA and biopsy Gleason 
score. Percentage of positive scores from the dominant side of the prostate, PSA and biopsy 
Gleason score were also assessed for the predictive value in estimating the risk of biochemi-
cal recurrence after prostatectomy [31]. Note that PSA density has been shown to have very 
little predictive value for disease progression after prostatectomy [32].

Another clinical outcome of interest that may occur after prostatectomy is death. D’Amico 
et al. [33] developed a Cox proportional hazards model based on PSA velocity 1 year prior 
to diagnosis, PSA level, Gleason score and clinical stage to predict time to death after pros-
tatectomy. They showed that men whose PSA level increases by more than 2.0 ng/ml during 
the year before prostate cancer diagnosis have a relatively high risk of death from prostate 
cancer.

Prediction models have also explored the likelihood of complications after prostatectomy. 
Preoperative International Index of Erectile Function score, surgical technique and age were 
found to be independent predictors of postoperative sexual function [34]. An ANN was 
developed by Poulakis et al. [35] to predict positive surgical margins based on MRI results, 
PSA and Gleason score; this model yielded an AUC of 0.872. Prediction of homologous blood 
transfusion showed that larger prostate size, use of general anaesthesia, use of neoadjuvant 
hormonal therapy and annual surgeon case volume were independently associated with an 
increased likelihood of a blood transfusion after prostatectomy [36].

PreDiction moDels aFter Prostatectomy

If a patient undergoes a prostatectomy, surgical results may improve the predictive value of 
the previous algorithms that are based solely on preoperative information. This information 
could be used to decide if patients may benefit from adjuvant treatment. Kattan et al. [37] 
did just this and developed a postoperative nomogram that predicted disease recurrence 5 
and 7 years after prostatectomy using data obtained from 996 men with clinical stage T1a–
T3c NXM0 prostate cancer. A Cox proportional hazards model that included pretreatment 
serum PSA, pathological Gleason sum, prostatic capsular invasion, surgical margin status, 
seminal vesicle invasion and lymph node status yielded an AUC of 0.89. This nomogram has 
been updated to predict disease recurrence 10 years after prostatectomy by Stephenson et 
al. [38], who have included treatment year as an additional predictor. In this case, the model 
achieved a concordance index of 0.81 and 0.79 in two external cohorts of patients. Han et al. 
[39] developed a simpler nomogram to predict biochemical recurrence at 3, 5, 7 and 10 years 
after prostatectomy using pathological Gleason score and organ confinement status as well 
as PSA. Alternatively, Khan et al. [40] used pathological Gleason score, stage and surgical 
margin status to estimate the probability of biochemical recurrence in 1955 men who were 
treated with prostatectomy and pelvic lymph node dissection between 1989 and 2001. This 
model was externally validated in a cohort of 2417 patients [41].

PreDiction moDels Prior to raDiation tHeraPy

Preoperative prognostic models have also been developed to examine clinical outcomes after 
radiation therapy. Using Cox regression and recursive partitioning techniques based on data 
from 1765 men with stage T1b, T1c and T2 tumours treated between 1988 and 1995 with 
external beam radiation, Shipley et al. [42] developed four prognostic groups to stratify a 
patient’s risk of biochemical recurrence at 5 years after therapy. The groups were based on 
categorized PSA levels and Gleason scores. Zelefsky et al. [43] also developed risk groups 
based on PSA, clinical stage and Gleason score using clinical data on 772 patients treated 
with intensity modulated radiation therapy between 1996 and 2001. Both strategies failed 
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to take into consideration patient heterogeneity within individual risk groups. Kattan et al. 
[44] improved upon these earlier attempts at risk stratification by developing a nomogram 
that predicted the likelihood of biochemical recurrence 5 years after three-dimensional (3-D) 
conformal radiotherapy using stage, biopsy Gleason score, clinical serum PSA, presence or 
absence of neoadjuvant androgen deprivation therapy and radiation dose as prognostic fac-
tors. The accuracy of this nomogram was superior to that of existing algorithms.

PreDiction moDels aFter raDiation tHeraPy

Once patients have undergone radiation therapy, the previous preoperative prediction 
models can be improved using data acquired after therapy. Two post-treatment models that 
focus on PSA nadir levels as a potential prognostic factor of PSA recurrence are given by 
Ray et al. [45] and Kamat et al. [46]. Ray et al. obtained data on 4839 patients with external 
beam radiotherapy between 1986 and 1995. The time to PSA failure and the time to clini-
cally apparent distant failure were modelled as separate clinical outcomes. Prognostic factors 
included in the model were initial PSA, clinical stage, Gleason score, radiation dose, nadir 
PSA and time to nadir PSA. Alternatively, Kamat et al. found that a PSA increase of 1.5 ng/ml 
or more above the 24-month PSA nadir was an independent predictor of biochemical failure 
based on data from 745 patients. Both algorithms show that PSA nadir levels are useful when 
predicting biochemical recurrence after external beam radiotherapy.

PreDiction moDels For bracHytHeraPy

A model that can be used to evaluate brachytherapy as a potential therapy was developed in 
2001 by Kattan et al. [47]. Data was obtained from 920 patients who received brachytherapy 
between 1992 and 2000. Prognostic factors included pretreatment serum PSA, clinical stage 
and biopsy Gleason sum, while recurrence was defined as any post-treatment administration 
of androgen deprivation, clinical relapse or biochemical failure (defined as three consecutive 
PSA rises). Using this information, a pretreatment nomogram was developed based on a Cox 
proportional hazards model. External validation based on data from two other institutions 
yielded a concordance index between 0.61 and 0.64.

PreDiction moDels For otHer treatment strategies

Other treatment strategies for the management of prostate cancer are hormone therapy, 
cryosurgery, cryotherapy and chemotherapy. Cryosurgery and cryotherapy are relatively 
new procedures, and prognostic models have not been developed due to limited data. 
Chemotherapy is usually used for salvage treatment after other treatments have failed and 
the patient has advanced prostate cancer. As such, prediction models are of limited use and 
have not been developed.
This chapter has provided a review of existing prognostic models that can be used to predict 
clinical outcomes for various treatment strategies of prostate cancer. Application of these 
models can provide both the treating physician and patient valuable information that can be 
used to select an optimal treatment strategy.
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6
Conservative treatment strategies for localized 
favourable-risk prostate cancer
Laurence Klotz

INTRODUCTION

Prostate cancer screening based on prostate biopsy for men with levels of serum prostate-
specific antigen (PSA) above an empirical level, or abnormal digital rectal examination (DRE), 
results in diagnosing many men with prostate cancer for whom the disease does not pose 
a threat to their life. Welch has recently calculated that there are 2.74 million US men aged 
50–70 with a PSA > 2.5. If all American men in this age group had a PSA blood test, and a 
PSA > 2.5 is used as an indication for biopsy, this means that in the USA alone 775 000 cases 
will be diagnosed. This is 543 000 more than the 232 000 cases diagnosed in 2005, and 25 times 
more than the 30 350 men expected to die of prostate cancer per year in the USA [1].

Several autopsy studies of men dying of other causes have documented the high preva-
lence of histological prostate cancer [2]. A large proportion of this histological, or ‘latent’, 
prostate cancer is never destined to progress or affect the lifespan of the patient. Since the 
introduction of PSA screening, the lifetime risk of being diagnosed with prostate cancer has 
almost doubled from around 10%, in the pre-PSA era, to 17% [3]. This means that many cases 
of localized prostate cancer are overtreated, in that some patients not destined to experience 
prostate cancer death or morbidity are subject to radical therapy [4].

Cancer aggressiveness can be predicted to some degree using existing clinical parameters. 
The ones mostly widely used are tumour grade, or Gleason score, PSA and tumour stage. 
Favourable risk prostate cancer is characterized as Gleason 6 or less, PSA 10 or less and 
T1c–T2a disease [5]. As a result of stage migration due to PSA screening, the proportion of 
newly diagnosed patients who fall into the ‘favourable risk’ category has increased, and now 
constitutes 50–60% of patients. While patients with these characteristics have a much more 
favourable natural history and progression rate than those with higher Gleason grade or 
PSA, some of them still progress to advanced, incurable prostate cancer and death.

An update of a large group of patients in Connecticut who were treated with watchful 
waiting has recently reported 20-year follow-up [6]. These data confirm the powerful predic-
tive value of Gleason score. In that pre-PSA screening cohort, 23% of untreated Gleason 6 
patients died of prostate cancer by 20 years. For Gleason 7 prostate cancer, about 65% died 
of prostate cancer. In addition, the author recently subjected the original slides to r-analy-
sis using contemporary Gleason scoring [7]. This demonstrated clearly that there has been 
a shift in grade interpretation over the last 20 years. Many Gleason 6 cancers diagnosed 
20 years ago would be called Gleason 7 today. Thus, the Connecticut results are likely to 
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represent a ‘worse case’ scenario for the expected mortality from untreated Gleason 6 pros-
tate cancer. This means that the natural prostate cancer mortality of untreated non-screen-
detected contemporary Gleason 6 cancer may be as low as 10% at 20 years.

Autopsy studies have demonstrated that prostate cancer typically begins in the third or 
fourth decade of life [1]. This means that, in most patients, there can be a period of slow 
subclinical tumour progression that lasts approximately 30 years, followed by a period of 
clinical progression (potentially to metastatic disease and death) lasting about 15 years. The 
implication is that most patients have a long window of curability. This is particularly true 
for patients with favourable-risk, low-volume disease.

One approach to achieving a prediction of tumour aggressiveness is to use this window of 
curability to identify patients at higher risk for progression based on a rapid prostate-specific 
antigen doubling time (PSADT) or histological progression over time.

The results of a watchful waiting approach, meaning no treatment until progression to 
metastatic or locally advanced disease, at which point androgen ablation therapy is imple-
mented, have been described in numerous cohorts [8–17]. These studies consistently describe 
non-progression in many patients. However, the results are difficult to apply in the cur-
rent era for two reasons: (a) the cohorts described are from the pre-PSA era, and constitute 
patients with more extensive disease at the time of diagnosis, and (b) because they do not 
offer patients the opportunity for selective definitive therapy where required. In the era of 
PSA monitoring, patients who are treated conservatively are followed with periodic PSA 
tests. This raises the tantalizing prospect that treatment of favourable prostate cancer could 
be deferred indefinitely in the majority, while effective delayed therapy was offered to the 
subset in whom PSA progresses rapidly or the tumour grade increases [18, 19].

The Prostate Cancer Prevention Trial (PCPT) incorporated a strategy of routine system-
atic biopsies of the prostate, regardless of PSA level. Twenty-four per cent of patients in the 
placebo arm were diagnosed with prostate cancer over a 7-year period, a surprisingly high 
proportion [20]. This means, in sharp contrast to accepted wisdom, that routine prostate 
biopsy, regardless of PSA, results in the detection of latent microfoci of disease in many men. 
The lifetime risk of dying from prostate cancer remains less than 3% [3]. As the lifetime risk 
of being diagnosed approaches the known rate of histological (mostly insignificant) prostate 
cancer, there is a greater risk of overtreatment. At least two studies have attempted to model 
the rate of diagnosing clinically insignificant disease, suggesting that it ranges from 30% 
to 84% [4–5]. The current incidence to mortality ratio of about 7:1 suggests that the higher 
figure is more likely. Factors contributing to this are the increasing use of PSA screening 
and more extensive biopsy strategies employing 8–13 cores [21]. Additionally, biopsies are 
often repeated until a cancer diagnosis is made. More biopsies means more prostate cancer 
diagnosed, and more clinically insignificant disease (as well as more clinically important 
disease).

A large series of patients from Johns Hopkins treated with radical prostatectomy [22] 
showed that a median of 16 years elapses from surgery until death in patients who die of 
prostate cancer following disease recurrence. Many watchful waiting studies, most of which 
accrued patients from the pre-PSA era, also demonstrate that disease-related mortality in 
populations of prostate cancer patients only becomes substantial after 10 years. The lead 
time afforded by PSA screening probably increases this interval to 15–20 years in screened 
populations. Low-grade prostate cancer in particular is associated with low progression 
rates and high survival rates in the intermediate to long term. This is also supported by the 
Albertson data [6].

The estimated lead time between diagnosis based on PSA, and diagnosis based on clinical 
factors like the Connecticut series has been estimated to be around 10 years by many authors 
[23, 24]. Thus, many patients currently diagnosed by PSA screening, with favourable prog-
nostic factors, are diagnosed considerably earlier in disease development than the average 
patient in this unscreened population. They are likely to have prostate cancer with an even 
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longer and more benign natural history. Add to this the opportunity for radical intervention 
for patients who become reclassified as higher risk over time, and it seems obvious that the 
expected prostate cancer mortality in this group is likely to be exceptionally low.

IDENTIFYING INSIGNIFICANT DISEASE

Epstein et al. [25] utilized the data from Stamey et al. [26] with historical radical prostate-
ctomy cohorts from Johns Hopkins School of Medicine [25, 27–29] to define insignificant 
cancers as those having clinical stage T1c, tumour volume < 0.2 ml, no Gleason pattern of 
4 or 5, organ-confined disease and no evidence of seminal vesicle or lymph node invasion. 
Tumours between 0.2 and 0.5 ml were identified as having a minimal risk of progression. 
Since this classification was developed, other authors have merged these two categories into 
one, despite the propensity of some of the 0.2–0.5 ml tumours to display capsular invasion 
(Table 6.1) [30–36]. Clinical parameters predicting for minimal disease include Gleason 6 
or less, < 50% of any one core involved, and a maximum of one to three cores involved 
(see Table 6.1). Crucially, the designation of ‘insignificant’ disease is based on histological 
volume, not natural history. The definition of insignificant cancer as < 0.5 cm3 of low-grade 
disease has never been validated in a trial with a clinical endpoint. Based on substantial data, 
including the PCPT trial, and the incontrovertible ratio of 7:1 between the current lifetime 
likelihood of diagnosis (about 1 in 6) and death (1 in 40), it understates the proportion of 
patients who have prostate cancer that is not destined to pose a threat to their life (about 6 
out of 7).

WHO BENEFITS FROM TREATMENT?

A landmark trial from Sweden recently demonstrated, for the first time, that radical prosta-
tectomy improves survival [37]. In that study, about 600 patients were randomized between 
radical prostatectomy and watchful waiting. The study showed a 5% absolute survival ben-
efit at 10 years, and a 50% reduction in prostate cancer mortality with surgery.

However, this cohort was a group with many patients who had intermediate to high-risk 
disease. Only 5% were diagnosed based on PSA screening, and the median PSA was 12.8. 
The volume of disease in these patients represented a pre-stage migration cohort. (Even in 
this group, however, the number needed to treat to prevent one prostate cancer death was 
19.) The distribution of disease volume and grade is higher than the expected distribution 
in a contemporary screened population, where a substantial proportion of newly diagnosed 
patients have small volume low-grade disease. The Swedish study should not be interpreted 
to mean that all patients with localized prostate cancer should be treated radically. Many 
studies emphasize that the patients with Gleason 4–5 pattern disease are at the greatest risk 

Table 6.1 Clinical parameters to predict ‘insignificant’ prostate cancer

author Psa density
no. of 
positive cores 

maximum % of 
cores positive grade

% tissue 
positive extent (mm)

Epstein [27] < 0.10 < 3 < 50% ≤ 6
Epstein [28] < 0.15 1 ≤ 6 < 3
Irwin [34] 1 ≤ 6 < 3
Cupp [35] 1 ≤ 6 < 3
Goto [30] < 0.10 1 ≤ 6 < 2
Epstein [29] F/T > 0.15 < 3 < 50% ≤ 6
Noguchi [33] < 0.15 1 ≤ 6 < 3
Augustin [32] < 0.10 < 1
Anast [36] < 10% ≤ 6
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for death from prostate cancer. In the Swedish study, the mortality improvement began 
to appear at 5 years. It would be most unusual for a patient with low-grade, low-volume 
disease to die within 5–7 years of diagnosis. (In the Toronto surveillance cohort, this is 1% 
of patients.) This means that the majority of the benefit seen in the Swedish trial probably 
represented mortality reduction in the high-risk group.

We have used these data and the Connecticut watchful waiting data to estimate the 
number of patients with favourable-risk prostate cancer that would have to be treated at 
the time of diagnosis for each prostate cancer death averted at 20 years. This is summarized 
in Table 6.2. The number needed to treat for each cancer death avoided at 10 years in the 
Swedish trial was 20. It is likely that with additional (i.e. 20-year) follow-up, the survival 
benefit in the Swedish trial, now 10 years, will increase. This is likely to be balanced by the 
lead time inherent in PSA screening. Thus, in a screened patient with intermediate grade 
and PSA similar to the Swedish cohort, the number needed to treat (NNT) at 20 years is esti-
mated to also be 20. The Albertsen data [6] indicate that the mortality for intermediate risk 
disease was about 2.5 times greater at 20 years than for favourable-risk disease. This number 
may be an underestimate if the shift in contemporary Gleason scoring is factored in. Thus, 
at least 50 favourable-risk patients need to be treated for each death prevented by surgery 
compared with no treatment. However, if one offers selective delayed intervention to those 
patients who progress, it is likely that at least 50% can be salvaged. (This is a very conserva-
tive estimate.) The conclusion is that about 100 radical prostatectomies would be required 
for each prostate cancer death averted in favourable-risk disease. Correcting the Connecticut 
data for grade migration, as referred to above, would increase this even further. The Pound 
data suggest that the prostate cancer deaths averted would have occurred on average 16 
years after diagnosis, meaning that the number of life years saved in each of these 1 in 100 
averted deaths is modest. For the average 60-year-old, life would be prolonged an average 
of 5 years by having prostate cancer death averted [7]. If each prostate cancer death averted 
adds 5 years to that individual’s life, each radical prostatectomy would add 0.6 months of life 
(60 months per 100 operations). This is of dubious merit.

IDENTIFYING AGGRESSIVE DISEASE IN FAVOURABLE-RISK PATIENTS

Egawa et al. examined PSADT before radical prostatectomy and found that a doubling time 
of ≤ 3 years was more common with pT3 disease at radical prostatectomy [38]. McLaren and 
coauthors also examined PSADT in a watchful waiting cohort and found that a PSADT of 
< 3 years was associated with clinical progression (defined as palpable enlargement in the 
tumour nodule or increase in T stage) in over 80% of patients by 18 months from diagnosis 
[39]. D’Amico and colleagues reported that a rise in PSA of > 2 ng/ml/year prior to surgery 
identified a group of patients who had a 15% prostate cancer mortality rate at 7 years [40]. 
No patients with a PSA rise of < 2.0 ng/ml/year prior to surgery died of the disease. Clearly, 
therefore, a rise in PSA of > 2.0 ng/ml/year, which corresponds to a PSADT of about 3 years 
or less in a patient with a PSA of 6 ng/ml, identifies a group at risk. The primary concern 
with using PSADT as a trigger for curative intervention is that it may act as a marker of 
aggressive disease that has already progressed and is no longer localized. Importantly, 20% 
of the favourable-risk patients had a PSA velocity > 2.0 ng/ml/year. Seven per cent of these 
died at 10 years. Thus only 1.4% of the favourable-risk cohort died of prostate cancer. If 
one assumes that the 50% reduction in prostate cancer mortality in the Swedish trial also 
applies to this group, this means that had these patients been managed with watchful wait-
ing, instead of surgery, 2.8% would have died of prostate cancer. Thus, the benefit of surgery 
in favourable-risk patients can be estimated at 2.8–1.4 = 1.4%, remarkably close to the NNT 
analysis above.
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ACTIVE SURVEILLANCE

Because the prediction of clinically insignificant disease is problematic and inaccurate, an 
alternative strategy has been developed that allows patient entry into an expectant manage-
ment protocol with rigorous monitoring and the option of curative salvage therapy, should 
signs of progression develop. This is referred to as ‘active surveillance’ [18, 19].

Choo and Klotz were the first to report on a prospective active surveillance protocol incor-
porating selective delayed intervention for the subset with rapid PSA progression or grade 
progression on repeat biopsy [41, 42]. The eligibility criteria for this included patients with 
T1c or T2a prostate cancer, who had Gleason ≤ 6 and PSA ≤ 10. For patients over age 70, the 
criteria were relaxed to include Gleason ≤ 7 (3 + 4) and/or PSA ≤ 15. The current cohort com-
prises 299 patients. The median age was 70 years with an age range of 49 to 84 years. Eighty 
per cent of patients had a Gleason score of 6 or less, and the same proportion had a PSA 
< 10 ng/ml (median 6.5 ng/ml). Patients were followed with PSA every 3 months for 2 years, 
then every 6 months (assuming PSA was stable), with repeat biopsy at year 1 and then every 
4–5 years until age 80. With a median follow-up of 72 months, 101 patients (34%) came off 
active surveillance, while 198 have remained on surveillance. Of patients discontinuing sur-
veillance, the reason was rapid biochemical progression in 15%, clinical progression in 3%, 
histological progression in 4% and patient preference in only 12%. With a median follow-up 
of 7 years (range 2–11 years), overall survival was 85% and disease-specific survival was 99% 
(Figures 6.1 and 6.2) [43]. Only 3 out of 299 patients had died of prostate cancer at the time of 
writing this chapter. All of these patients had a PSADT of < 2 years and death occurred 3.0, 
5.1 and 5.2 years after diagnosis. All three patients exhibited the same pattern of clinical pro-
gression: initial favourable prognostic factors, a rapid rise in PSA which led to treatment at 6, 
9 and 11 months after the initial diagnosis and progressive rise in PSA and clinically apparent 
bone metastases within 1 year of treatment leading to androgen deprivation therapy. Death 
occurred within 3 years of initiating hormonal therapy in all three patients. This very rapid 
progression after diagnosis suggests that these patients had occult metastases at the time of 
initial disease presentation, and their outcome would not have been altered by earlier treat-
ment. Even in the Swedish trial, there were almost no ‘saves’ before 5 years.
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Figure 6.1 Overall survival in 331 patients on active surveillance.
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The median PSADT, calculated by logarithmic regression, was 7 years. Twenty-two per 
cent of patients had a PSADT of < 3 years; 42% had a PSADT of over 10 years, suggesting an 
indolent course of disease in these patients.

Gleason score remained stable in 92% of patients; 8% demonstrated a significant rise in 
Gleason score, classed as in increase of ≥ 2. It is not known whether this represents true grade 
progression or initial undersampling; however, it is consistent with other similar series, dem-
onstrating a 4% rate of grade progression over 2–3 years [44].

From this group, 29 patients (10% of the cohort) had a radical prostatectomy as a result of 
a short PSADT or grade progression. Of these patients, all had an initial Gleason score of 5–6, 
PSA < 10 ng/ml, and tumour stage pT1–2 at study entry. The final pathology was stage pT2 
in 18 patients (64%%), pT3a in 11, T3c in 1 and N+ in 1. Amongst the patients with a PSADT 
< 3 years (18 patients), 7/18 only had positive margins. This suggests that even amongst 
the worst subset of the cohort, i.e. those reclassified as higher risk over time, the majority 
remained curable by delayed therapy.

DISCUSSION

The advent of widespread PSA screening has the positive effect of identifying patients with 
life-threatening prostate cancer at a time when they are more curable, and the negative 
effect of identifying many patients with non-life-threatening cancer who are susceptible 
to overtreatment. In a population subjected to regular screening, the latter group is more 
prevalent. A rational approach to therapy is to offer aggressive treatment to the intermediate 
and high-risk groups, and little or no treatment to the low-risk group. Since some apparently 
low-risk patients may reclassify as high risk over time, patients should be followed carefully 
and treated if they show evidence of rapid PSA progression or grade progression on repeat 
biopsy. 

In young, healthy patients on surveillance, we believe that the optimal PSADT threshold 
for radical intervention should be around 3 years. In our series patients with a PSADT of 3 
years or less constituted 22% of the cohort. This cutpoint for intervention remains empiri-
cal and speculative. However, the 20–25% of patients that a 3-year doubling time identifies 
represent a rough approximation of the proportion of good-risk patients ‘at risk’ for disease 
progression. For patients with a PSA in the 6–10 range, this also approximates an annual rise 
of 2 ng/ml, an adverse predictor of outcome as described by D’Amico.

Figure 6.2 Prostate cancer specific survival in 331 patients on active surveillance.
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The psychological effects of living for many years with untreated cancer are a potential 
concern. Does the cumulative effect, year after year, of knowing one is living with untreated 
cancer, a time bomb, sword of Damocles, etc., lead to depression or other adverse effects? 
The best data on this come from a companion study to the Holmberg randomized trial of 
surgery versus watchful waiting in Sweden. It found absolutely no significant psychologi-
cal difference after 5 years in any domain. Worry, anxiety and depression were all equal 
between the two arms [45]. While surveillance is clearly stressful for some men, the reality 
is that most patients with prostate cancer, whether treated or not, are concerned about the 
risk of progression. Anxiety about PSA recurrence is common amongst both treated and 
untreated patients. Patients who are educated to appreciate the very indolent natural history 
of most good-risk prostate cancers may avoid much of this anxiety.

A follow-up strategy for managing patients with active surveillance and selective delayed 
intervention is described in Table 6.3.

CONCLUSION

There is good evidence that PSA testing detects prostate cancer at a more curable stage, 
and that patients with intermediate and high-risk cancer benefit from this earlier detec-
tion. However, treating all prostate cancer patients identified with PSA testing will result 
in hundreds of thousands of patients needlessly subjected to the side-effects of therapy. 
Conservative management has been adopted with reluctance in many constituencies due to 
concern about the inaccuracies of clinical staging and grading. This could result in rendering 
a curable patient incurable because of the delay in intervention.

Some apparently favourable-risk patients harbour more aggressive disease. In these 
patients there are benefits of curative treatment. A policy of close monitoring with selec-
tive intervention for those whose cancers exhibit characteristics of higher risk disease over 
time is appealing. Intervention is offered for a PSA doubling time < 3 years (depending on 
patient age, comorbidity, etc.), or grade progression to predominant Gleason 4 pattern. This 
approach is currently the focus of several clinical trials, and preliminary analysis of these has 
demonstrated that it is feasible. Most patients who understand the basis for this approach 
will remain on long-term surveillance. If patients are selected properly (i.e. good-risk and 
low-volume disease) and followed carefully, with early intervention for evidence of progres-
sion, it is likely that the majority of men with indolent disease will not suffer from clinical 
disease progression or prostate cancer death, and the minority with aggressive disease will 

Table 6.3 Active surveillance: suggested algorithm for eligibility and follow-up

Eligibility
Gleason ≤ 6
T1c–T2a
Depending on age and comorbidity: < 3 cores involved, < 50% of any one core

Follow-up schedule
PSA, DRE every 3 months for 2 years, then every 6 months assuming PSA is stable
10–12 core biopsy at 1 year, and then every 3 years until age 80
Optional: TRUS on alternate visits

Intervention
For PSA doubling time < 3 years (in most cases, based on at least eight determinations) (about 20% 
of patients)
For grade progression to Gleason 7 (4 + 3) or higher (about 5% of patients)

These are guidelines, and should be modified according to patient age and comorbidity
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still be amenable to cure. Using two different approaches, we estimate that the NNT, if 
all such patients were offered radical prostatectomy compared with the strategy described 
above, is approximately 100 for each patient who avoids a prostate cancer death. Thus, the 
proportion of patients who die of disease is not likely to be significantly different from the 
proportion dying in spite of aggressive treatment of all good-risk patients at the time of diag-
nosis. This approach is currently being evaluated in a large-scale phase III study.
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Mr John Smith is a 59-year-old man referred for evaluation with recently diagnosed clinical stage T1c 
prostate cancer. On a routine insurance examination his prostate-specific antigen (PSA) was noted to 
be 6.3 ng/ml. This prompted a referral to a urologist, who examined the patient and suggested that he 
undergo a prostate biopsy. His digital rectal examination (DRE) demonstrated a 30-g soft prostate with-
out any discrete nodules. A 12-core transrectal ultrasound (TRUS) biopsy demonstrated Gleason 3 + 3 
prostate cancer in 2 out of 12 cores (both right-sided) with a total cancer volume of 20% in each of the 
cores. He is an otherwise healthy and active businessman. He has mild lower urinary tract symptoms 
(AUASS 7) and no complaints of erectile dysfunction (SHIM 22). He now presents with his wife for a 
second opinion regarding treatment options.

Counselling the newly diagnosed prostate cancer patient is one of the more formidable tasks 
in urology. Patients often desire an active or collaborative role in treatment decision-making 
[1]. As a result, the healthcare provider is expected to translate and individualize the seem-
ingly endless and often contradictory clinical data that have emerged about this disease over 
the last 25 years. Uncertainty related to the variable natural history of prostate cancer, the 
high prevalence of autopsy prostate cancer and the lack of any clear-cut advantage of one 
treatment modality over another are recurring themes that characterize these data and cre-
ate a sense of frustration for clinicians. More importantly, the diagnosis of prostate cancer 
may create distress for as many as 50% of patients, who are faced with complex and contro-
versial decisions that may dramatically alter their quality of life (QOL) [2]. Moreover, men 
often initially believe that their sexual function will be terminated and are distressed over 
their partner’s reaction, whereas the partner is often initially less concerned with the quality 
of life outcomes and more interested in curing the disease [3].

Risk stratification of patients with prostate cancer assists in the selection of patients who 
are candidates for treatment with curative intent. In addition to providing prognostic infor-
mation for the individual, it also may provide insight into the urgency with which treatment 
is instituted. Traditionally, urologists have relied upon serum prostate-specific antigen (PSA), 
biopsy Gleason score and DRE to predict the final pathological stage at the time of radical 
prostatectomy. More recently, nomograms have been developed and validated using large 
cohorts of patients that attempt to predict the biochemical recurrence 5 and 10 years after 
radical prostatectomy in those patients with clinically localized disease. Despite this, the 
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accuracy of these nomograms falls short of perfect, with concordance indices between 0.68 
and 0.84 [4–8]. Moreover, there is evidence that they are even less accurate for that group of 
low-risk patients based upon favourable PSA, Gleason score and clinical stage [7].

Recently, the utilization of the triad of the serum PSA, Gleason score and T stage has 
categorized patients into broader prognostic categories as defined by the low, intermediate 
and high risk of biochemical (PSA) failure following treatment. The delineation of low-risk 
patients as those patients with a pretreatment serum PSA ≤ 10, a Gleason score of 6 or less 
and clinical T1c or T2a disease has been embraced by several authors [9–12] and will serve as 
the definition of low risk for the remainder of this chapter, unless otherwise annotated. Also, 
low cancer volume on biopsy (e.g. few cores and a small amount of cancer on each core) typi-
cally helps define low-risk patients. Driven by the widespread use of PSA testing, as well as 
the heightened public awareness of prostate cancer, it is this low-risk group of patients that 
now accounts for close to 50% of patients being diagnosed with prostate cancer [7]. The sub-
stantial growth of this risk group is demonstrated in an analysis of the CaPSURE (Cancer of 
the Prostate Strategic Urologic Research Endeavor) data, which demonstrated that between 
1989–1992 and 2001–2002 the percentage of patients with low-risk disease increased from 
29.5% to 46.8% [13].

TO TREAT OR NOT TO TREAT?

During Mr Smith’s initial consultation a significant component of our discussion revolved around his 
favourable-risk prostate cancer. We told him that his low moderate Gleason score, PSA of 6 and low vol-
ume on biopsy placed him into a low-risk category for disease progression, with a high likelihood of cure 
with any of the treatment modalities.

Pre-Psa era Data on conserVatiVe management oF Prostate cancer

Several studies of untreated prostate cancer patients have identified the importance of 
tumour grade as a powerful determinant of prostate cancer progression. In a pooled analy-
sis of 828 patients from six non-randomized studies of men with localized prostate cancer, 
Chodak et al. found that the 10-year cancer specific-survival of untreated prostate cancer 
patients with well and moderately differentiated tumours was 87% [14].

Twenty-year follow-up of two ongoing observational cohorts of untreated prostate can-
cer patients has also recently confirmed that tumours with a low histological grade may 
progress very slowly. Johansson provided follow-up for 223 of 306 patients that had been 
diagnosed with prostate cancer between 1979 and 1984 [15]. Although more than 90% of the 
patients died during follow-up, only 16% of these deaths were attributed to prostate cancer. 
For those patients with low-grade tumours, the 20-year cause-specific mortality rate was 
only 9%. Albertsen et al. recently provided 20-year follow-up of 767 men with localized pros-
tate cancer that were treated with observation or androgen deprivation therapy alone [16]. 
All men were diagnosed between 1971 and 1984, and were prospectively followed by the 
Connecticut Tumor Registry. Although PSA values were not initially available to stage the 
patients, the Gleason grading system was utilized, transrectal biopsy was used to make the 
diagnosis and modern record-keeping was used to obtain follow-up in these patients. Using 
a regression model that was used to construct a competing risk analysis, they found that 
men with Gleason scores of 2–4 have a minimal risk of dying from prostate cancer (6 deaths 
per 1000 person-years) 20 years following diagnosis. These patients are rarely found today, 
as most patients have higher Gleason scores. For patients with Gleason scores of 5, 6 and 7, 
there is an intermediate risk of 12, 30 and 65 deaths per 1000 person-years respectively.

Extrapolating these data to the contemporary prostate cancer patient is difficult because 
the majority of the patients were diagnosed prior to the widespread use of PSA testing. In 
addition, a large number of patients in the Scandinavian study were diagnosed based upon 
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the results of aspiration cytology, which has a high false-positive rate [17]. Despite these 
limitations, it has become clear that many, if not most, individuals with low-grade tumours 
will not die from prostate cancer, regardless of whether treatment is instituted or not.

contemPorary stuDies eValuating conserVatiVe management oF loW-risk 
Prostate cancer

While these observational studies have provided us with important information regarding 
the prostate cancer patient in the pre-PSA era, a recent randomized study has questioned 
the role of conservative management of patients with clinically localized prostate cancer. 
Between 1988 and 1999 the Scandinavian Prostatic Cancer Study group randomized patients 
with localized prostate cancer to treatment with either radical prostatectomy (n = 347) or 
watchful waiting (n = 348) [18]. With a mean follow-up of 8.2 years, patients undergoing rad-
ical prostatectomy demonstrated significant advantages in terms of cancer-specific survival, 
development of distant metastases, local progression, the need for initiation of hormonal 
therapy, palliative radiation therapy and the requirement for laminectomy. Despite these 
compelling data, there is still no difference in overall survival between the two arms of the 
study. In addition, it is noteworthy that only 5% of the cancers in this study were screen-
detected, more than 75% were palpable, stage T2 or greater tumours, and approximately 
50% had a PSA > 10.0 ng/ml. As a result, these data cannot be extrapolated to determine the 
need for treatment for our low-risk prostate cancer patient.

Active surveillance with delayed intervention has only recently emerged as a very appeal-
ing treatment option for many men with low-risk prostate cancer. Several contemporary 
series have added to the growing body of evidence that confirms the feasibility and at least 
short-term low-risk for disease progression and mortality from this approach. Table 7.1 sum-
marizes some of these studies. While follow-up is short, there are several concerns that have 
been raised within these studies. In two, repeat prostate biopsies were performed, which 
yielded a higher Gleason score than the one that had been performed prior to patient entry 
(Klotz and Carter) [19, 20]. In fact, prostate biopsies may undergrade the histology of pros-
tate cancer when compared to the final radical prostatectomy histology in up to 43% of 
cases [21–25]. This undergrading raises concerns about the accuracy of risk assignment at 
the outset. A second concern raised within these series is that in the data presented by Klotz, 
24 of the patients have undergone radical prostatectomy, all because of a prostate-specific 
antigen doubling time (PSADT) of less than 2 years [20]. The final histology demonstrated 
an unexpectedly high prevalence of pT3N0 and N1 prostate cancer (16 patients, 66%) for a 
group that was thought to be low risk. Whether a rapid PSADT is a marker for more aggres-
sive phenotype warrants further study.

There remains a considerable amount of scepticism about active surveillance with delayed 
intervention on the part of medical providers. In a recent evaluation of 24 405 low-risk pros-
tate cancer patients from 13 Surveillance, Epidemiology and End Results registries, Miller et 
al. reported that 45% of patients opted for initial expectant management [26]. Comparison 
with historical and comparable SEER (Surveillance Epidemiology and End Results)-based 
data from 1988 to 1990 demonstrates that this is a smaller percentage of patients opting for 
initial expectant management. Interestingly, data from CaPSURE have also confirmed this 
downward trend in the utilization of active surveillance for low-risk prostate cancer patients 
[27]. In this analysis of 5365 patients diagnosed with localized prostate cancer, there was a 
progressive decline in the utilization of expectant management from 9.5% of men diagnosed 
between 1992 and 1994, to 5.5% of men diagnosed between 1998 and 2000. Of note, the 
most profound decline was seen in those patients with low-risk prostate cancer. Even more 
interesting is that, during those years, the percentage of patients within academic centres in 
the CaPSURE database increased their enrolment of patients on expectant therapy from 5% 
to 15%. Reasons for the profound decline within the community can only be attributed to 
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medicolegal issues, financial incentives and concerns regarding a lack of a uniform strategy 
to monitor and potentially salvage patients on watchful waiting.

IMPACT OF DELAY IN TREATMENT OF LOW-RISK PROSTATE CANCER

A variety of factors may contribute to a delay between the time of diagnosis and the ini-
tiation of therapy in the prostate cancer patient. In some cases the patient requires time to 
familiarize himself with the various treatment options. Other delays may occur as a result of 
an already overburdened healthcare system. Finally, given the sentiment that prostate can-
cer has a very prolonged natural history, there is occasionally what appears to be no urgency 
in initiation of therapy by either the healthcare provider or the patient.

Several studies have addressed the impact of delay in radical prostatectomy. Nam et al. 
followed 645 patients who underwent radical prostatectomy between 1987 and 1998 [28]. 
With a median follow-up of 4 years (range 0.4–11.7 years), they found that the 10-year bio-
chemical recurrence-free survival (BRFS) was greater in patients who underwent surgery 
within 3 months of diagnosis, compared with those that waited for longer than 3 months 
(74.6% versus 61.3%, P = 0.05). Two other studies, however, fail to confirm any effect of delay 
in surgery for up to 150 days, particularly for those patients with low-risk prostate cancer. 
In the first study, Khan et al. [29], evaluating 926 men with predominantly low-risk cancer 
undergoing radical prostatectomy, no negative impact was associated with delays of up to 
150 days in either the final pathology or in the 5- and 10-year BRFS. In the second study, 
150 patients were evaluated. There was no correlation between biochemical recurrence and 
the interval from biopsy to surgery, either as a continuous or a categorical variable. There 
were only 16 patients, however, that delayed surgery for more than 180 days. More recently, 
however, Freedland et al. retrospectively evaluated 895 patients with low-risk prostate can-
cer and found that, while there was no adverse association between the time from biopsy to 
radical prostatectomy pathological features, delays of more than 180 days were associated 
with a higher risk of biochemical progression [30].

CANCER CONTROL FOLLOWING PRIMARY TREATMENT OF LOW-RISK 
PROSTATE CANCER

Mr Smith and his wife were obviously most concerned about his diagnosis and his need for emergent 
treatment. They had previously been counselled that he needed to undergo treatment rapidly to prevent 
disease progression.

After an extensive discussion regarding the different treatment modalities and the risks and benefits of 
active surveillance, the patient decided that he wanted to undergo treatment for his cancer. We specifically 
discussed the BRFS rates following surgery and radiation.

Because of the lack of prospective, head-to-head, randomized studies comparing surgery 
with the different forms of radiation it has been historically difficult to give patients precise 
data on the optimal treatment for them. Also, because of the variability of the disease and the 
need to personalize and individualize each patient’s treatment, the urologist is rarely able 
to give an answer – supported by randomized clinical trials – when the patient asks ‘what 
should I do?’.

Prostate cancer, unlike most other cancers, has the benefit of a very accurate serum tumour 
marker, PSA, to follow patients postoperatively. PSA, a serine protease, is an exquisitely 
sensitive marker of prostate cancer recurrence following radical prostatectomy. Typically, a 
PSA cut-off of either 0.2 ng/ml or 0.4 ng/ml defines biochemical recurrence, and thus allows 
for computation of the BRFS. Following radiotherapy, either external beam (EBRT) or inter-
stitial seed placement, the PSA may not nadir to undetectable or below 0.2 ng/ml. For this 
reason, different authors have utilized different PSA cut-offs to analyse post-radiotherapy 
recurrences. The most often used criteria is the ASTRO (American Society for Therapeutic 
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Radiology and Oncology) criteria, which acknowledges a cancer recurrence following radio-
therapy as three successive rises of PSA, and backdates the time of recurrence to the mid-
point between the nadir and the first rise of the PSA. Because of this different method of 
calculating and evaluating prostate cancer recurrence, it is often difficult to directly compare 
surgical and radiation series for recurrence.

The decision ultimately becomes personalized to each patient’s pathological stratification 
based upon their risk category. Decisions regarding different treatment modalities tend to 
also consider the patient’s comorbidity, such as whether the patient is a good surgical can-
didate or not based upon their body habitus and risk of cardiac disease [31]. Dillioglugil et 
al. retrospectively reviewed a single surgeon database of 472 patients who underwent radi-
cal retropubic prostatectomy (RRP) and specifically evaluated the complications [32]. The 
authors stratified complications by ASA category, age, operative time and year of surgery. 
They found that ASA class III patients had a threefold increased risk of major complications 
(21%), a greater length of stay and an increased need for intensive care unit (ICU) care, and 
included both patient mortalities. Importantly, the risk of complications was related to the 
presence of comorbidities and not to age or operative time. Recent studies have confirmed 
minimal perioperative morbidity and mortality in well-selected patients. The overall periop-
erative mortality rate is less than 0.5% [11, 32, 33]. Similarly, the risk of wound complications 
and rectal injuries is also less than 1%. In our own centre, with the use of venous intermittent 
compression devices and early ambulation following surgery, the risk of deep vein throm-
bosis (DVT) is less than 1% [34].

Also factored into the decision regarding surgery versus radiation therapy is an assess-
ment of the patient’s baseline lower urinary tract voiding symptoms, sexual function and 
interest in maintaining it, and general lifestyle. These QOL issues will be discussed in the 
next section.

Contemporary prostate cancer series have stratified prostate cancer risk based upon the 
pretreatment serum PSA, clinical stage and Gleason score. In a retrospective analysis of 1872 
men treated with surgery or radiation therapy at two centres, D’Amico et al. validated the 
significant differences in PSA-based outcome between low-, intermediate- and high-risk 
patients regardless of whether patients received surgery or radiation [12]. For those men 
with low-risk features (defined by a PSA of <10, T1c or T2a and Gleason score of 6 or less), 
patients derived equal 5-year PSA-free survival benefit from treatment with radical pros-
tatectomy, radiation therapy or brachytherapy. Furthermore, the addition of neoadjuvant 
androgen deprivation to brachytherapy did not contribute any advantage in terms of bio-
chemical recurrence.

There have been many single surgeon and single radiation therapy series describing good 
outcomes for low-risk prostate cancer (Table 7.2). It has historically been difficult to compare 
them precisely because the definition of low-risk prostate cancer has varied, the criteria for 
BRFS has not been uniform, the follow-up has varied and the treatments may not have been 
uniform (e.g. lack of lymph node dissection in surgery, lack of a centralized pathological 
analysis, lack of standard dosimetry). Nevertheless, multiple surgical series on low-risk pros-
tate cancer have demonstrated BRFS rates of greater than 85%. Multiple radiation therapy 
series have also demonstrated excellent BRFS rates for low-risk prostate cancer in patients 
treated with either XRT or brachytherapy. There have been no standard patient stratifica-
tions as in the surgical series; however, when extrapolating data regarding low-risk patients, 
BRFS rates have also approached 85%. Importantly, radiation therapy efficacy is also dose 
dependent.

Several features of radiation in the low-risk prostate cancer patient warrant mention. In 
a retrospective study by Zelefsky et al., patients treated with doses above 75 Gy had higher 
biochemical-free survival (BFS) than levels below 70 Gy [35]. Other studies have demon-
strated similar findings. Zietman et al. performed a randomized trial evaluating the use of 
high-dose EBRT [36]. In this study that assessed 393 patients from two academic centres, 
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eligibility included patients with T1b to T2b prostate cancer with PSA levels less than 15 ng/
ml and no evidence of metastatic disease. There were 227 patients with T1c and T2a prostate 
cancer, PSA < 10 and a Gleason score of 6 or less who were randomized between the two 
arms and received conformal radiation to the prostate alone. These patients were independ-
ently analysed and found to have a 60.1% BFS at 5 years when receiving 70.2 Gy versus 
80.5% BFS when 79.2 Gy was delivered.

One additional factor, pretreatment PSADT, has recently been found to be associated with 
BFS, prostate cancer-free survival and all cause-specific survival. In a retrospective study by 
D’Amico et al., 125 of the 358 patients studied had low-risk disease and were followed after 
EBRT [37]. PSA recurrence occurred in 16 of the 29 (%) patients with a pretreatment PSADT 
of > 2 compared with 31/96 patients with a PSADT < 2. This translated into a 10% risk of 
prostate cancer-specific mortality for the men with a PSADT > 2 compared with 0 in the 
other group.

HEALTH-RELATED QUALITY OF LIFE FOLLOWING PRIMARY TREATMENT 
OF LOW-RISK PROSTATE CANCER

Assuring Mr Smith that whichever treatment he chooses he will have a good chance of achieving a long-
term BRFS, after the oncological efficacy of the treatment options was discussed the patient expressed 
concern regarding urinary incontinence and erectile dysfunction.

The assessment of health-related quality of life (HRQOL) following radical prostatectomy 
requires an evaluation of both general and disease-specific issues facing the patient with 
prostate cancer. Urinary function, sexual function and bowel function are prostate cancer-
specific aspects of HRQOL. In addition, general HRQOL domains include one’s sense of 
overall well-being and function in the physical, emotional and social domains. Assessment 
of HRQOL issues is best performed with self-administered, validated questionnaires.

Utilizing validated instruments for assessing general HRQOL following radical prostatec-
tomy, several studies have noted relatively few alterations in general HRQOL compared with 
age-matched control subjects [38–40]. However, while the overall general HRQOL scores 
may initially decline immediately following surgery, one study demonstrated that there was 
a significant improvement back to baseline after the first year [41, 42]. More recently, studies 
have observed some subtle differences in overall HRQOL in patients with localized prostate 
cancer, possibly reflecting the effects of stage migration and younger patients detected in 
screened populations. In a comparison of 783 untreated men with incidental prostate cancer 
with 1928 age-matched healthy control subjects, men with prostate cancer had significantly 
better physical function and less bodily pain, but had worse general health, vitality, social 
function and role limitations as a result of physical and emotional problems [43]. This sug-
gests that the disease itself, and not just the treatment, may affect HRQOL.

The initial impact of altered sexual and urinary function on overall HRQOL has been well 
documented. Prior to the advent of the anatomical nerve-sparing radical prostatectomy, vir-
tually all patients undergoing surgery had erectile dysfunction. Early published radical pros-
tatectomy series found that age, preoperative potency, the number of neurovascular bundles 
preserved and final pathological stage all influenced the preservation of erectile function in 
men undergoing prostate cancer [44, 45]. Studies that have utilized self-administered instru-
ments have found that 21–50% of patients can have erections firm enough for intercourse 
following radical prostatectomy [46–48]. In addition, the return of potency following radical 
prostatectomy has been found to be a time-dependent process, in which there is a gradual 
return of potency in many individuals during the first 24 months [42, 47].

A few studies have compared HRQOL outcomes in men undergoing radical prostatec-
tomy or radiation therapy. Litwin et al. evaluated urinary function and bother in 564 men 
undergoing either radical prostatectomy or radiation therapy using a validated questionnaire, 
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the UCLA Prostate Cancer Index [49]. As expected, urinary function scores were significantly 
better immediately after treatment in men who underwent radiation therapy compared with 
surgery. However, after 12 months men in both groups had nearly identical urinary func-
tion scores and these scores remained relatively stable for up to 2 years. Conversely, uri-
nary bother was significantly greater immediately after treatment in men receiving radiation 
therapy compared with men undergoing surgery. After 1 year, the radiation therapy groups’ 
urinary bother scores improved; however, they always remained slightly lower than the 
surgery groups’ scores. Interestingly, non-married men experienced more urinary bother 
and reported decreased urinary function than married men. The authors comment that their 
UCLA Prostate Cancer Index was designed to measure urinary leakage symptoms following 
surgery and not necessarily the irritative symptoms that men typically experience following 
radiation therapy.

Potosky et al. similarly compared HRQOL outcomes in men who underwent surgery or 
radiation therapy. At 5-year follow-up, the men who underwent surgery were more likely to 
have incontinence and erectile dysfunction, but had less bowel dysfunction [50]. McCammon 
et al. also compared men who underwent surgery with those who received radiation therapy 
[51]. Importantly, these authors studied men who were operated on between 1984 and 1994, 
and received radiation therapy between 1974 and 1994. Thus, the patient population and the 
surgical and radiation therapy outcomes may not be representative of what is currently seen 
or achieved. Nevertheless, while men who underwent surgery had a greater risk of incon-
tinence, there was no difference in the two groups when comparing urinary bother. The 
risks of erectile dysfunction were similar in the two groups. As expected, those who received 
radiation therapy experienced a significantly greater amount of bowel dysfunction.

Wei et al. compared HRQOL outcomes in over 1000 men who had undergone surgery 
or received EBRT or brachytherapy at one centre between 1995 and 1999 [40]. The authors 
reported that, while each group demonstrated decreased sexual function, the cohort of men 
who received brachytherapy demonstrated the worst bowel, urinary and sexual HRQOL 
outcomes. Brandeis et al. compared men who underwent brachytherapy (with or without 
pretreatment EBRT) with those who underwent surgery, and with age-matched healthy 
control subjects [52]. While general HRQOL outcomes did not differ greatly between the 
groups, it was noted that patients who receive combined EBRT and brachytherapy demon-
strated the worst HRQOL outcomes.

The advent of phosphodiesterase type-5 (PDE-5) agents has significantly benefited many 
men with post-prostatectomy erectile dysfunction. PDE-5 inhibitors are the first line of ther-
apy in the management of erectile dysfunction in men who have undergone nerve-sparing 
radical prostatectomy. Improvements in frequency of penetration, the ability to maintain an 
erection, and both patient and spousal satisfaction are seen in up to 70% of cases [53]. For 
those men who fail PDE-5 inhibitors, intracavernous injection therapy, transurethral phar-
macological therapy, vacuum erection devices and implantation of a penile prosthesis are 
additional options. The use of these adjunctive therapies is discussed in a recent review of 
management strategies when PDE-5 inhibitors fail [54].

Two large series have demonstrated continence rates of between 91% and 95% between 
18 and 24 months following radical prostatectomy [55, 56]. Catalona et al. reported that conti-
nence (defined as no need of any pad for protection) was only found to be higher in younger 
men, and was independent of nerve preservation, clinical stage, pathological stage, postop-
erative radiation therapy or the number of prior prostatectomies performed by the surgeon 
[55]. 

Penson et al. utilized the SEER database and demonstrated minimal significant long-
term urinary dysfunction following radical prostatectomy [57]. In this study, 25% of men 
reported frequent urination or lack of urinary control at 6 months. By 24 months, the propor-
tion of men reporting this much leakage had decreased to 10.4% and by 5 years, to 13.9%. 
Interestingly, 40% of men at 6 months and 22% of men at 5 years still reported using one or 
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two pads per day. Yet only 11% and 13% of men at 2 and 5 years, respectively, considered 
urinary incontinence a moderate or great problem. Haffner et al. prospectively evaluated 
342 patients undergoing radical prostatectomy with the UCLA Prostate Cancer Index [58]. 
At 24 months, the likelihood of returning to baseline urinary function and bother was 92% 
or greater, irrespective of the nerve-sparing status. In another study of a large managed care 
population in California, 40% of patients had daily leakage of urine, 90% of patients used 
two or fewer pads per day, 30% claimed total urinary control and 45% considered their 
problem to be occasional [38].

Following radiation therapy, HRQOL assessments typically demonstrate increased uri-
nary bother scores, mostly related in irritative voiding symptoms. Bowel dysfunction, not 
typically seen following surgery, is also often identified. The degree of bowel dysfunction is 
probably related to the type of radiation, the radiation fields and the total dose of radiation. 
Widmark et al. noted that after external radiation therapy nearly 60% of men experience 
bowel problems, though 90% of these were considered minor [59]. However, in another 
study, 25% and 11% of men reported moderate and severe bowel dysfunction [60]. 

BENEFITS OF RADICAL PROSTATECTOMY

While the data are relatively equivalent for long-term cancer-specific survival for men with 
low-risk prostate cancer undergoing radical prostatectomy or radiation therapy, we do 
believe that there are some benefits to surgery, especially for men who are healthy and can 
easily tolerate surgery. While no prospective study has ever demonstrated an increased risk 
of secondary pelvic malignancies in men receiving EBRT, multiple retrospective studies have 
raised concerns. Moon et al. recently retrospectively reviewed the SEER database to deter-
mine the risk of secondary malignancy in men treated with either radiation therapy or radi-
cal prostatectomy [61]. The authors demonstrated the men who received EBRT compared 
with men who under went surgery had a significantly increased odds ratio of developing a 
secondary malignancy in the bladder and rectum, 1.63 and 1.60 respectively. Furthermore, 
those who received EBRT had a statistically increased risk of secondary malignancies in 
other areas of the body. Interestingly, those men who received interstitial seed therapy did 
not have an increased risk of secondary malignancies. Other authors have also reported 
similar results: Baxter et al. demonstrated a significantly increased odds ratio (1.7) for rectal 
cancer for men who received EBRT [62].

Another benefit of surgery over radiation is the easier availability of salvage treatments for 
men who progress. While salvage prostatectomy is indeed a viable option for post-radiation 
failures, the operation does have a high risk of complications, and is often performed only in 
high-volume centres [63]. Conversely, it is much easier to treat a local prostatectomy failure 
with EBRT, and most radiation therapists are able to provide this treatment. Also, signifi-
cant complications following surgery, such as global incontinence, can usually be corrected 
with surgical options such as an artificial urinary sphincter. Conversely, significant grade IV 
complications following radiotherapy, such as a contracted bladder or severe and chronic 
radiation cystitis and proctitis, are much more difficult to treat and do not lend themselves 
to a simple outpatient procedure.

Following contemporary radical prostatectomy for the treatment of low-risk prostate can-
cer most men are able to return to work and their baseline level of function in a very short 
while. A full course of EBRT encompasses 6 to 8 weeks and, while men can continue to work, 
there is a significant increase in fatigue and other side-effects. Moreover, the actual time to 
complete each daily radiation fraction dose may be considerable when considering the drive 
to and from the radiation centre, the waiting and the actual treatment itself. Alternatively, 
we have demonstrated that most men who undergo radical prostatectomy are back to their 
baseline level of functioning within 3 weeks [64]. Specifically, in a prospective study, we 
demonstrated that it takes a mean of 19 days for men to return to their baseline level of 
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activity following prostatectomy. This can be accomplished for a number of reasons, includ-
ing: short hospital stay (1–2 days), minimal risk of major bleeding, prostatectomy performed 
under spinal anaesthesia, a small pfannenstiel incision to decrease post-operative pain, and 
only a 1-week post-operative catheterization [65]. Furthermore, we do not routinely leave a 
drain post-operatively, which allows the patient easier and earlier ambulation [66].

CONCLUSIONS

After his extensive consultation, Mr Smith and his wife decided to defer a treatment decision for 1 week to 
allow them time to review options and consult the internet. At his return visit Mr Smith elected to undergo 
radical prostatectomy. While he was a good candidate for either surgery or radiation he felt strongly that 
he wanted to have the tumour ‘cut out’. He was also significantly concerned with potential future irritative 
symptoms that he felt that surgery was the best option for him.

The decision on how to treat low-risk prostate cancer is a difficult one for both patients 
and physicians alike. A detailed discussion with the patient is required firstly to assess the 
patient’s risk of disease and secondly to assess what is the best treatment option for him. 
As there have been no prospective, randomized, multicentre trials comparing outcomes for 
low-risk prostate cancer, the physician is forced to extrapolate from the best available data. 
Not only must the patient’s other comorbidities and lifestyle factor into the decision-making 
analysis, but a conversation with the patient’s partner often is necessary as well.
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Treatment strategies for high-risk prostate cancer
Mark R. Feneley, Heather A. Payne

INTRODUCTION

The clinical management of prostate cancer has become increasingly complex, owing to a 
growing armamentarium of treatments from different medical specialties becoming avail-
able. In spite of prostate-specific antigen (PSA) testing, the presentation of prostate cancer 
at a locally advanced stage remains common in the UK, accounting for one-third of all new 
cases. The term ‘locally advanced prostate cancer’, however, is loosely used to encompass a 
spectrum of disease profiles that may include any of the following:

1 clinical stage T3 or T4, N0 or N1, and M0, at diagnosis;
2 clinical stages T1 and T2 at diagnosis, where so-called ‘high-risk’ features indicate the 

likelihood of extraprostatic invasion or clinically undetectable metastatic disease;
3 clinically localised tumour giving rise to recurrent or persistent local disease, or 

metastatic disease, following definitive treatment with radical prostatectomy or radical 
radiotherapy;

4 pathological stage pT2 or pT3 disease with ‘high-risk’ features, where radiotherapy 
may be offered as adjuvant therapy following radical prostatectomy.

There is little consensus on a definition for locally advanced prostate cancer, and it is 
therefore unsurprising that there is tremendous variation in therapeutic practice. Patients 
may be offered radical radiotherapy, radical prostatectomy or androgen deprivation therapy 
– either alone or in combination. For other patients, a period of watchful waiting, enrol-
ment in a clinical trial or intervention with a novel or experimental therapeutic modality 
may be acceptable. The optimal combination, timing and intensity of treatment continue 
to be strongly debated, and clinical outcomes may vary substantially between patients with 
apparently similar tumour characteristics. Recognizing such evident limitations of a tradi-
tional concept of ‘locally advanced’ disease based upon tumour stage, newer concepts of 
disease risk are beginning to evolve based upon growing experience of clinical outcomes 
following alternative treatments, and refinements in diagnosis, pathological assessment and 
clinical staging.

This chapter will consider the treatment of so-called ‘high-risk’ prostate cancer and con-
cepts of risk categorization. During the past 20 years, the diagnosis and treatment of prostate 
cancer has become increasingly proactive. Concern has arisen that for many men with early-
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stage disease, the adverse effects of early treatment may outweigh the disease-specific risk. 
But, in spite of the potential advantages of this aggressive approach, the continuing high 
mortality from prostate cancer focuses interest in therapeutic strategies that may improve 
survival for men with locally advanced disease, and in diagnostic strategies that may identify 
patients for whom this benefit can be most assured.

HISTORICAL BACKGROUND

The management of prostate cancer, as for any other disease, is guided by the natural history 
of the untreated and treated pathology as well as by the likely impact of the clinical disease 
on the life expectancy or quality of life of the individual patient. Therapeutic approaches 
are traditionally considered in relation to clinical stage as assessed by clinical examination, 
serum PSA levels, radiological and radioscintographic investigation.

Before the effectiveness of hormone therapy was recognized over 60 years ago [1], pros-
tate cancer could only be treated effectively by such surgery as radical prostatectomy or 
radiation therapy. The pioneers of radical prostatectomy recognized that this operation was 
most likely to be effective when the disease was pathologically organ confined, and a form 
of brachytherapy was used for locally advanced disease [2]. In that era, the operation was 
fraught with complications [3], and clinical staging was unreliable against modern standards. 
In contrast, treatment with oestrogen or castration, discovered by Huggins and Hodges, was 
rapidly effective, and clinically evident from the dramatic response of symptomatic metastatic 
disease and the tumour marker serum prostate acid phosphatase (PAP) [4]. These two endo-
crine strategies (oestrogen or castration) were compared in a series of randomized studies 
by the Veterans Administration Cooperative Urological Research Group. It was shown that 
oestrogen was as effective as castration, but associated with cardiovascular side-effects that 
offset survival [5]. Therapeutic advantage therefore related principally to delayed disease 
progression. Over the past 30 years, many studies have attempted to determine whether and 
for whom androgen deprivation may improve survival. Clinical staging investigations have 
been refined and are now used routinely in clinical practice. PSA has been characterized as 
a superior serum tumour marker, and become essential for prostate cancer detection and 
monitoring. Consequently, clinical outcomes following alternative treatments can now be 
examined more critically than previously possible, particularly in relation to disease stage.

The growing number of therapeutic strategies for patients with prostate cancer invites 
their comparison, not least in reaching for therapeutic decisions. A patient’s prospects after 
treatment are not adequately represented and anticipated from observational studies alone 
and reported disease-specific outcomes and treatment related adverse effects may appear 
favourable in an uncontrolled setting. This becomes more evident when outcome assess-
ments are derived from retrospectively collated data based in non-standard, heterogeneous 
(selected) patient populations. The extent of observational bias can never be fully appreci-
ated without appropriate randomized studies that evaluate meaningful outcomes as pri-
mary endpoints, by intention to treat, where the alternative interventions are allocated to 
specified disease characteristics in a study population that is otherwise representative of the 
unselected patient group. Without well-designed studies, clinical comparisons tend to be 
teased by witless desperation, drawing conclusions flawed through invalid deduction.

CONCEPTS IN STAGING AND DISEASE RISK: PROGNOSTIC EVALUATION

The treatment of prostate cancer has traditionally been considered in relation to clinical 
tumour stage. Differing benefit–risk characteristics for alternative interventions at various 
disease stages support this approach. Furthermore, a growing body of evidence (discussed 
later in this chapter) suggests that alternative treatment strategies may alter outcomes, par-
ticularly for tumours that are not pathologically organ-confined. By defining tumour risk 
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categories, supplementary to clinical staging, it may be possible to differentiate outcome 
differences between treatment strategies that would apply more reliably to individual 
patients.

Many clinical and pathological factors have been characterized for their individual prog-
nostic value, where they predict disease progression. Gleason grading is a historical land-
mark example of such achievement [6]. For clinically localized prostate cancer, a conservative 
approach can (still) be justified for most well-differentiated tumours – in contrast to other 
malignant diseases for which deferred treatment would rarely be justified. Although grade 
categories correlate with prognosis, within each grade category individual prognosis is not 
certain. Furthermore, the variable outcomes for each grade category are not discriminated 
by alternative interventions. Although prognostic, clinical stage and PSA have similar limita-
tions. Other established prognostic factors, such as pathological stage and tumour volume, 
require surgical specimens, and categorization is only possible for appropriate patients who 
select surgical treatment.

Careful pathological assessment of radical prostatectomy specimens has established path-
ological stage as the most important predictor of progression. Tumours that appear to be 
organ confined on digital rectal examination (DRE) or imaging are not necessarily organ 
confined by histological criteria, and the extent of pathological upstaging reflects its variable 
dependence on clinical presentation, population exposure to screening practice and patient 
age. The Partin tables, initially developed in 1993, demonstrated how DRE, preoperative 
biopsy grade and serum PSA are important clinical predictors of pathological stage [7], and 
these same factors also relate to biochemical recurrence following treatment [8]. The ‘tables’ 
were updated in 1997 and further validated in 2000 [9, 10]. They have been widely used in 
clinical practice prior to surgery for patients with apparently localized prostate cancer. The 
Kattan nomogram is also commonly used to calculate the 5-year freedom from PSA-defined 
progression after radical prostatectomy and again has been validated in a variety of patient 
groups and updated [8]. Many other nomograms are now published, predicting disease 
behaviour and response to treatment, incorporating preoperative and postoperative factors, 
based on single- as well as multi-institutional experience [11, 12].

In spite of their limitations, clinical stage, serum PSA and Gleason sum score form the 
principal basis for therapeutic recommendations. For the individual patient, the usefulness 
of this approach has gradually become more limited with increasing population exposure 
to PSA screening. As a result of this, there has been a stage-shift towards the diagnosis of 
non-palpable disease and lower PSA levels, as well as less variation in Gleason grade at pres-
entation alongside more rigorous grading criteria. Outcomes for individual patients remain 
uncertain in spite of alternative treatment options, particularly those with non-organ-con-
fined cancer or Gleason grade > 6.

In comparison with the prediction of curable disease (for which any differences in out-
comes between alternative therapies has not yet been demonstrated), therapeutic issues 
relating to treatment of locally advanced cancer are more complex. There is no agreed defi-
nition for ‘locally advanced prostate cancer’. Applied purely according to disease stage, the 
term would be defined in terms of the measurable anatomical extent of the tumour. ‘Locally 
advanced’ cancer would include TNM stage T3 (tumour extending to the periprostatic area 
or into seminal vesicles), T4 (tumour invading the external sphincter, bladder neck, rec-
tum, levator ani muscles or fixed to pelvic side wall) or N1 (regional pelvic lymph node 
involvement associated with any local T stage), but without evidence of distant metastases 
M0 [13]. This classification includes a wide spectrum of prostate cancers with widely dif-
ferent outcomes. In some cases, these differences may reflect the presence of undetectable 
micrometastatic disease. Differing efficacy between treatment modalities may also be pos-
tulated. Variability in outcomes stage for stage also relates to the inherent inaccuracies of 
clinical and radiological staging.
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In a recent survey of over 150 specialist oncologists and urologists in the UK, respondents 
were asked to give their definition of locally advanced prostate cancer [14]. A total of 95 dif-
ferent answers were given, with various combinations of pretreatment PSA, Gleason score, 
TNM staging and other pathological features. These inconsistencies between physicians’ 
responses indicate the need for a clearer definition of locally advanced prostate cancer. They 
also suggest that the current thinking underlying disease management is based principally 
on a combination of patient risk factors.

A categorization that defines three risk groups (high risk, intermediate risk and low risk) 
according to established prognostic factors has been described by D’Amico et al. [15]. High-
risk patients were defined as those men with a greater than 50% chance of failure after 
primary therapy and included any patient with AJCC stage T2c or above, pretreatment PSA 
level of more than 20 ng/ml or a biopsy Gleason score of 8 or more. Other algorithms esti-
mate the risk of recurrence after primary therapy. These risk categories not only indicate the 
diversity of patients with anatomical locally advanced disease but also reflect risks associated 
with clinical understaging or the presence of microscopic metastases either locally in the 
pelvis or at distant sites.

Although physicians are accustomed to assessing individual risk factors as the basis for 
treatment recommendations, the relative significance of any particular categorical factor 
may not be equivalent for all patients throughout the natural history of the disease. Disease 
categorization quantifying the disease-risk status of individual patients appears therefore 
to be a logical basis for alternative treatment recommendations. This practical application 
of the risk concept, however, requires identical definitions for various outcomes across all 
treatment options, and the deficiencies of clinical outcome measures other than survival 
become obvious when attempting to compare combinations of surgical, radiotherapeutic 
and endocrine interventions.

High-risk patients including those with locally advanced disease present two specific 
challenges. There is a need for local control and also a need to treat any microscopic metas-
tases likely to be present but undetectable until disease progression. The optimal treat-
ment approach to high-risk prostate cancer will often therefore necessitate a multimodality 
approach.

PROGNOSTIC EVALUATION: THE IMPACT OF TREATMENT

The current status of curative treatment for biologically significant prostate cancer would be 
refined if it were possible to identify prospectively those patients for whom specific thera-
peutic strategies would be curative (i.e. gaining long-term PSA-free survival) where cure is 
required. This applies particularly to patients with non-organ-confined cancer, as men with 
pathologically organ-confined cancer (stage pT2) detected by PSA in a screening programme 
can generally be cured by definitive treatment (even if this represents overtreatment for 
many). The problem is that for individuals with pathological stage pT3 disease, matched 
for Gleason score and PSA, recurrence cannot be reliably predicted, and for some treatment 
appears to have been too late.

Local treatment for non-metastatic prostate cancer has generally been considered to have 
no survival impact where cure is not achieved. This assumption however is untested, and 
long-term survival may include a prolonged period with biochemical recurrence before 
there is clinically detectable disease [16]. Patients with early biochemical recurrence (< 2 
years from surgery) appear to be more likely to develop metastatic disease, compared with 
patients with later recurrence who may live for many years without clinical disease [16]. 
However, the majority of well-selected surgical patients who develop biochemical recur-
rence will do so at least 2 years after surgery. PSA recurrence by itself, therefore, does not 
preclude long-term survival with good quality of life [17]. Any advantage to be gained after 
definitive treatment in terms of metastatic progression or improved survival may not be real-
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ised for many years. Even outside a screening context, the survival advantage with definitive 
treatment intent may not be apparent for at least 10 years, along with only a very small effect 
on interim prostate cancer mortality [18, 19]. In this study, some patients in the surgical arm 
with (unanticipated) lymph node metastases were treated by androgen deprivation, and 
therefore an effect of earlier antiandrogen therapy cannot be excluded.

ANDROGEN DEPRIVATION

Systemic therapy with androgen deprivation monotherapy, and ‘early’ androgen depriva-
tion alone has not yet been shown to improve overall survival by reducing prostate cancer 
specific mortality, other than in subgroup analysis [20, 21]. (Androgen deprivation in an 
adjuvant or neoadjuvant setting is considered below.) Early intervention with androgen 
deprivation has, however, been shown to offer a cancer-specific survival advantage, par-
ticularly in patients without distant metastases (Figure 8.1) [22]. In studies of early hormone 
therapy, there have been recurring difficulties in assessing survival that relate to case selec-

Figure 8.1 Medical Research Council (MRC) randomized study of immediate versus deferred hormone therapy. 
All-patient survival by immediate versus deferred hormone therapy. (a) Prostate cancer-specific survival 
(statistically significant difference between treatment arms). (b) Overall survival (no statistically significant 
difference between treatment arms) [22].
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tion, statistical power and design. Where comorbidities are a major contributor to overall 
mortality, a clinically important and significant survival benefit from an intervention may 
be masked in an underpowered study where there is a non-significant difference of overall 
survival. Allowing for such considerations and the potential benefit of tumour debulking in 
other fields of oncology, it is necessary to consider that local treatment of prostate cancer 
may add benefit to systemic therapy, either by combination or by synergism.

One randomized study supports benefit from adjuvant androgen deprivation therapy for 
patients found to have lymph node metastasis at the time of radical prostatectomy (Figure 
8.2) [23]. Based on pathological staging provided by this surgical option, these men would be 
considered to be at increased risk for disease progression [24]. This was a small study with 
median follow-up of 7.1 years, and patients had poorer outcomes than would be expected 
for this stage. Based on the rapid disease progression rate in those patients who did not 
receive immediate androgen deprivation therapy – 78% cancer-specific survival at 5 years 
– this study appears to have evaluated a select group of patients with pathological stage 
N1 disease and other (unknown) high-risk factors. Nevertheless, a statistically and clini-
cally significant benefit was observed with early androgen deprivation for the study cohort. 
The benefit of adjuvant androgen deprivation therapy with radiotherapy is now established 
(discussed below).

No effect of neoadjuvant hormone manipulation on biochemical recurrence has been 
seen in patients having radical prostatectomy [25, 26]. It has, however, been important to 
observe that there may be survival benefit from combination radiation and neoadjuvant 

Figure 8.2 Eastern Cooperative Oncology Group (ECOG) Trial 7887. Immediate hormonal therapy compared 
with observation after radical prostatectomy and pelvic lymphadenectomy in men with node-positive prostate 
cancer. Statistically significant improvement in (a) overall survival and (b) prostate cancer-specific survival 
with early androgen deprivation therapy using goserelin or orchiectomy [23].
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hormone manipulation in patients with high-risk prostate cancer [27, 28] (discussed below). 
These observations may reflect the relatively favourable prognosis of disease in most patients 
undergoing radical prostatectomy, with the possibility that longer follow-up may be required 
to observe the effect (if any) of neoadjuvant therapy in this group of patients. The magnitude 
of any outcome advantage, as well as the duration follow-up required to detect this advan-
tage, both appear to relate to ‘disease risk’. Concepts of disease risk are therefore becoming 
increasingly important for clinicians and patients. They relate therapeutic outcome to alter-
native therapeutic strategies.

RADICAL PROSTATECTOMY: SURGICAL MARGINS STATUS AND 
LYMPHADENECTOMY

Radical prostatectomy offers a local definitive treatment for early-stage prostate cancer, eval-
uable in relation to removal of tumour, pathological staging and prognostic assessment. It 
also assures total removal of the primary organ that otherwise may host new or recurrent 
disease. The prognostic significance of the positive surgical margin has to be considered 
both in association with, and independent of, other established prognostic indicators that 
include clinical stage, serum PSA, Gleason grade, seminal vesicle invasion and lymph node 
metastases.

The reported overall positive margin rate and prevalence of stage pT3 tumours at radi-
cal prostatectomy is around 10% and 35% respectively [29]. Variability in these figures in 
published series reflects case determination and the changing presentation and pathological 
stage of disease at diagnosis over the past 20 years [30, 31]. These trends may also influence 
the apparent prognostic significance of positive surgical margins (see below). Aside from 
tumour factors, positive surgical margins have been shown to relate to case selection, surgi-
cal technique and method of histopathological determination [32–35].

The prognostic significance of surgical margin status is dependent on tumour grade, 
with several studies emphasising little discriminatory prognostic value in patients with high 
Gleason grade or adverse prognostic factors [32, 36]. Clinical progression is relatively uncom-
mon after radical prostatectomy for organ-confined tumours compared to tumours of more 
advanced pathological stage, and for organ-confined disease the most significant factor for 
recurrence again relates to tumour grade [37].

The clinical relevance of a positive margin with stage pT2 disease relates principally to 
prognostically independent tumour-related factors. Some studies suggest that surgical inci-
sion into organ-confined tumour has little or no prognostic significance [36, 38]; however, 
definition may be important as other studies suggest the converse, particularly with Gleason 
7 disease [39–41]. An increased risk associated with a particular anatomical site of a posi-
tive margin may reflect technical aspects to the adequacy of prostatic excision. Blute et al. 
showed that in men with pT2 disease surgical margin status at various anatomical sites was 
independently significant for recurrence only at the prostate base and had no significance 
at the apex or urethral margin after adjusting for Gleason grade, PSA and ploidy [42]. For 
a positive apical margin, definition may again contribute to an apparent lack of prognostic 
significance [43, 44].

For stage pT3 disease, surgical margin status as well as the extent of extraprostatic invasion 
may be of considerable relevance for long-term disease outcomes and impact of alternative 
treatment strategies for disease control. Around 25% of men having radical prostatectomy 
for pT3 disease may be expected to have a positive surgical margin [31]. An adverse impact 
of a positive margin independent of Gleason grade and PSA has been shown in stage pT3 
disease [41, 45, 46]. As the surgeon’s usual intent is a negative margin, the importance of 
margin status for outcome cannot be tested prospectively. Consequently, there are inevitable 
difficulties in assessing the overall independent significance of positive margins, and in mak-
ing valid comparisons between studies that attempt to do so.
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Any significant overall impact of surgical margin status determining biochemical recur-
rence and survival would define limitations of surgery and a potential role for alternative or 
additional intervention. A positive surgical margin may increase the risk of PSA progression 
over all patients by 1.5 to 4-fold [30, 36, 46, 47]. Positive margin status is frequently associated 
with established and independent adverse prognostic factors for biochemical recurrence [42, 
48], but has not been shown in multivariate analysis to confer independent survival disad-
vantage [49]. In patients with Gleason grade < 7, the extent of extracapsular penetration and 
surgical margin status may contribute to the (relatively low) risk of progression [47], whereas 
for Gleason 7 disease, negative margin status may be particularly important for surgical cure 
[41]. Long-term prognosis with Gleason grade 8–10 is relatively poor, although less so with 
organ-confined disease, and otherwise does not seem to be influenced significantly by mar-
gin status [37, 50–53] (Figure 8.3).

In the presence of metastatic disease (or the likelihood of undetectable micrometastatic 
disease), margin status would not be expected to contribute prognostic significance, and this 
has been confirmed [36]. Ohori et al. showed that in patients with seminal vesicle involve-
ment or lymph node metastases, margin status does not have prognostic significance [36]. 
Other studies suggest margin status may be significant even with lymph node invasion, 
indicating the importance of tumour clearance as well as a potential therapeutic effect of 
lymphadenectomy [54]. Even in the absence of positive margins, high-risk features (such as 
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Figure 8.3 Biochemical progression-free survival in patients with biopsy Gleason score 9–10 treated by radi-
cal prostatectomy either at Johns Hopkins Hospital or within the Shared Equal Access Regional Cancer Centre 
Hospital (SEARCH). Database according to (a) all pathological stages and (b) organ-confined pathological 
stage and negative surgical margins [50]. PSA, prostate-specific antigen.
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high Gleason grade tumour) may be present that are not necessarily associated with the size 
of the dominant tumour [55] or elevated PSA [56].

Tumour volume has been clearly correlated with positive surgical margins, and many 
studies indicate that tumour volume is prognostic [37, 51, 52, 57]. The recent study by Nelson 
et al. suggests that the prognostic significance for both tumour volume and margin status 
remains significant after considering other established prognostic indicators, including pre-
operative PSA, Gleason grade, seminal vesicle invasion and nodal metastases [58].

The oncological concern with a positive margin relates to the presence (or otherwise) of 
residual local disease opposite a positive margin, and whether residual local disease repre-
sents a treatable sole nidus for biochemical or clinical recurrence. The primary intent of sur-
gery is total removal of all prostatic tissue and containment of the tumour within the surgical 
specimen. As a secondary aim, the surgeon endeavours to preserve the neurovascular bundle 
where this will not compromise oncological control. These factors must be considered 
together, in relation to surgical technique and tumour pathology. The importance of com-
plete dissection of the prostate base and prostate apex, as well as their careful pathological 
assessment has been previously discussed.

A positive surgical margin at radical prostatectomy does not imply that PSA will remain 
detectable following surgery or that biochemical recurrence is inevitable. It is therefore appar-
ent that a positive surgical margin does not imply residual malignancy. With follow-up, the 
majority of men with positive margins remain free of recurrence [51, 59]. In a recent study 
where a nerve bundle was resected based on positive frozen section findings, only 14% had 
tumour in adjacent resected tissue [60]. The need for adjuvant therapy for patients with 
adverse prognostic factors remains controversial, and an indication based on surgical mar-
gin status alone would not confer benefit for the majority. The effect of prior careful case 
selection in this surgical cohort limits extrapolation to patients presenting with higher risk 
tumours.

Surgical criteria recommended to indicate the need for wide local excision of periprostatic 
tissue have traditionally related to tumour volume and position [61]. There is no doubt that 
extracapsular neurovascular bundle involvement is associated with adverse prognosis [62], 
and that wide excision of the bundle may reduce the likelihood of a positive margin and 
risk of progression [63]. While neurovascular infiltration in preoperative biopsies may have 
some independent adverse prognostic value [64], it may not be a significant independent of 
other prognostic factors after radical prostatectomy [65]. Excision of the neurovascular bun-
dles contributes to surgical morbidity and should be avoided unless it confers therapeutic 
advantage. The indications for excision may include pathology findings (tumour position, 
grade, perineural invasion), preoperative clinical findings (palpable tumour, particularly at 
the apex), and operative findings (induration involving the bundle at operation) [66]. Walsh 
and colleagues have demonstrated that palpable tumour, extracapsular invasion and biopsy 
perineural invasion do not necessarily infer the need for neurovascular bundle excision [67, 
68], and this has been confirmed by others [69]. Furthermore, excision of the bundle does 
not ensure negative margins elsewhere [68, 70]. Predictive models have been proposed for 
predicting presence and side of extracapsular invasion [71], and for nerve sparing [72]. With 
nerve sparing in appropriately selected patients, oncological outcomes do not appear to be 
compromised [73]. Use of frozen section where extracapsular extension is suspected in cases 
of palpable tumour may allow bundle preservation without compromise of surgical margin, 
and confirms that palpable tumour alone does not imply stage pT3 disease [60].

Lymphadenectomy is the most reliable means of assessing the presence of metastatic dis-
ease in the regional and pelvic lymph nodes [74]. In patients with lymph node metastases, an 
obturator fossa dissection may not be sufficient for the detection of lymph node involvement 
and accurate pathological staging, owing to metastases skipping this sentinel node group 
[75]. The presence of nodal metastases may influence further treatment, and the use of adju-
vant hormone therapy following surgery has been discussed elsewhere in this chapter. But 
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even without adjuvant treatment, a significant proportion of patients will remain disease-
free for many years, particularly those with microscopic nodal disease and favourable risk 
features; therefore immediate hormone therapy may not be justified for all patients [11, 76]. 
Based on the extended disease-free survival observed in these patients following radical 
prostatectomy and pelvic node dissection, lymphadenectomy may have some therapeutic 
benefit in some patients [77, 78]. This hope is further supported where a more extensive 
lymph node dissection assures better disease-free survival [79]. Conversely, in those patients 
with regional metastases and therefore potentially adverse prognosis, the extent of lymph 
excision may not relate linearly to the risk of recurrence; but for those without metastases a 
low risk of recurrence can be assured more reliably by a more extensive lymph node dissec-
tion [80]. Lymphadenectomy may not be warranted in all patients having radical prostatec-
tomy for screen detected cancer, owing to the low prevalence of metastatic disease; where it 
is carried out selectively, it should be recommended for patients with intermediate or high-
risk disease. For some patients with high-risk disease, staging lymphadenectomy without 
radical prostatectomy may be undertaken before definitive treatment is recommended.

The value of adjuvant radiotherapy following radical prostatectomy where margins 
are positive is often debated. The overall low risk of progression associated with a posi-
tive surgical margin does not warrant adjuvant therapy and its potential morbidity in all 
patients, particularly in the absence of other adverse prognostic risk factors (as described 
above). Therapeutic concern relates to the presence of undetected micrometastatic disease 
where further local treatment would be unlikely to offer significant prognostic advantage, 
particularly as risk factors for PSA recurrence after adjuvant radiotherapy for positive surgi-
cal margins are the same as those shown by other studies to predict positive margins [81]. 
No survival benefit from adjuvant radiotherapy to the prostate bed after radical prostatec-
tomy has yet been demonstrated. In the EORTC (European Organisation for Research and 
Treatment of Cancer) 22911 study, men with pT3 disease or positive surgical margins were 
randomized to receive either immediate adjuvant radiotherapy or delayed intervention. 
Adjuvant radiotherapy significantly improved biochemical progression-free survival, clini-
cal progression-free survival and reduced locoregional failure at 5 years [82].

Androgen deprivation therapy may be given alongside adjuvant radiotherapy based on 
its advantage with primary radiation therapy. The combination of surgery, radiotherapy and 
hormone therapy is under investigation in current clinical trials. By comparison, the combi-
nation of radiotherapy with adjuvant antiandrogen therapy (without radical prostatectomy) 
for high-risk patients is favourable (discussed below).

Salvage radiotherapy after PSA recurrence may be effective, for controlling local disease 
particularly when given early after biochemical failure, but again no survival benefit has 
been shown. The optimal strategy, dose and timing of radiotherapy and/or systemic thera-
pies following radical prostatectomy, and their long term benefit, have not been sufficiently 
evaluated in clinical trials.

RADIOTHERAPY

Treatment has traditionally included external beam radiotherapy (EBRT) but many patients 
experience disease progression within 5 years of this treatment modality alone [83]. The 
results of EBRT are poorer for patients with locally advanced or high-risk prostate cancer 
than for those with localized, low-risk disease. Gleason score, T stage and pathological 
lymph node status have been described as major independent predictors of death due to 
prostate cancer in men treated with EBRT. Roach et al. used these three prognostic factors to 
analyse the outcomes of 1557 men entered into Radiation Therapy Oncology Group (RTOG) 
clinical trials between 1975 and 1992 who received radiotherapy alone [84]. They identified 
four prognostic subgroups. The 5-, 10- and 15-year disease-specific survival was 96%, 86% 
and 72% for group 1; 94%, 75% and 61% for group 2; 83%, 62% and 39% for group 3; and 
64%, 34% and 27% for group 4.
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Zagars et al. also showed that the risk of progression or relapse after radical radiotherapy 
increases with poor prognostic factors such as initial PSA level ≥ 10 and any single Gleason 
score ≥ 4 on biopsy [85]. These studies demonstrate the fact that conventional radiotherapy 
alone is an inadequate treatment for high-risk prostate cancer.

The radiotherapy treatment fields can include the prostate gland and seminal vesicles. 
There is controversy regarding irradiation of the pelvic lymph nodes; advocates propose 
an advantage in local control, while others believe it just adds to morbidity. Several studies 
have looked to see if whole pelvic radiotherapy with a prostate boost is advantageous com-
pared to prostate gland radiotherapy alone. The results are conflicting with some suggesting 
improved local control/survival and others increased toxicity without benefit. The RTOG 
9413 prospective randomized controlled trial has published preliminary results suggesting a 
significant improvement in progression-free survival in the whole pelvis radiotherapy arm 
without increased toxicity. Further results are awaited. Intensity modulated radiotherapy 
(IMRT) is being assessed as a method of irradiating pelvic nodes in patients with a high risk 
of involvement, with progressive dose escalation while avoiding significant radiation dose 
to the bowel. Results are awaited.

There is evidence that for prostate cancer, increased radiation dose is associated with 
increased cancer cell kill. However, the traditional two-dimensional (2-D) technique of 
treatment planning and delivery is limited by the normal tissue toxicity of the surrounding 
structures (bladder, rectum and bowel), such that the dose that can be safely delivered to 
the prostate by EBRT is around 65 Gy. New technological advances such as three-dimen-
sional conformal radiotherapy (3-D-CRT) have improved the precision of EBRT and have 
permitted the delivery of higher doses by limiting the doses to the surrounding normal tis-
sues. 3-D-CRT at conventional doses reduces side-effects. A study of 225 men randomized 
to conventional vs. conformal techniques for a treatment dose of 64 Gy demonstrated that 
significantly fewer men developed radiation-induced proctitis and bleeding in the confor-
mal group than in the conventional group (37% versus 56% ≥ RTOG grade 1, P = 0.004; 5% 
versus 15% ≥ RTOG grade 2, P = 0.01). There were no differences between groups in bladder 
function after treatment (53% versus 59% ≥ RTOG grade 1, P = 0.34; 20% versus 23% ≥ RTOG 
grade 2, P = 0.61) with historical controls. The 3-D-CRT approach therefore reduces the dose-
limiting late side-effect of proctitis and has allowed for dose escalation to the whole prostate 
to 78 Gy.

More recently a further development has been IMRT. This is an advanced form of 3-D-
CRT, which uses sophisticated computer-assisted technology to modify and shape the inten-
sity of multiple radiotherapy beams during treatment to deliver very precise coverage of the 
target area whilst sparing surrounding sensitive tissues. This has allowed doses of greater 
than 80 Gy to be used in prostate cancer treatment.

The advantages of higher doses of radiotherapy have been shown in clinical studies. 
Pollack et al. [86] demonstrated the benefits of dose escalation for men with T1 to T3 pros-
tate cancer in a phase III randomized study at the MD Anderson Hospital. A total of 305 men 
were randomized between 1993 and 1998 to compare the efficacy of 70 Gy vs. 78 Gy with 
a median follow-up of 60 months. The primary endpoint was freedom from failure (FFF), 
including biochemical failure, which was defined as three rises in PSA. The FFF rates for the 
70 Gy and 78 Gy arms at 6 years were 64% and 70% respectively (P = 0.03). Dose escalation to 
78 Gy preferentially benefited those with a pretreatment PSA > 10. For this higher risk group 
the FFF rate was 62% for the 78 Gy arm vs. 43% for those who received 70 Gy (P = 0.01). For 
patients with a pretreatment PSA ≤ 10, no significant dose response was found, with an aver-
age 6-year FFF rate of about 75%. Although no difference occurred in overall survival, the 
freedom from distant metastasis rate was higher for those with PSA levels > 10 who were 
treated to 78 Gy (98% versus 88% at 6 years, P = 0.056) (Figure 8.4).

In a further study of dose escalation, Zelefsky and colleagues have shown that increasing 
the dose delivered beyond 70 Gy in men with intermediate and high-risk disease improved 
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the 5-year actuarial PSA relapse-free survivals from 50% to 70% and 21% to 47% respectively 
[87]. Furthermore, this group of high-risk patients have shown a progressive reduction in 
positive biopsies at 2 or more years in these patients, with increasing dose.

Dearnaley and colleagues in the UK have looked at results of 5-year actuarial PSA control 
rates in patients who received the standard dose of 64 Gy compared with those escalated to 
74 Gy [88]. Patients receiving the conventional dose had 5-year control rates of 59% vs. 71% 
in the patients who were treated at 74 Gy.

Further developments in radiotherapy for prostate cancer have included studies investi-
gating different fractionation schedules. There is increasing evidence that hypofractionated 
schedules, involving a smaller number of larger doses per fraction of radiation, may be opti-
mal for prostate cancer. This reflects the fact that it has recently been recognized that the 
alpha/beta ratio for prostate cancer is low [89]. The alpha/beta ratio is a radiobiological term 
describing the shape of the cell survival curve for individual tissues. Conventionally, radio-
biology states that the alpha/beta ratios for tumours are higher than those for surrounding 
normal late-reacting tissue. Tissues with a lower alpha/beta ratio will undergo greater cell 
killing by larger doses per fraction of radiotherapy than tissues with a higher ratio. The use 
of a smaller number of larger sized fractions may therefore be a more effective treatment. 
This type of regime is the subject of ongoing clinical studies.

Figure 8.4 Freedom from failure rates following radiation therapy. (a) PSA < 10 ng/ml, (b) PSA > 10 ng/ml. 
Statistically significant difference with dose escalation from 70 to 78 Gy for PSA > 10 ng/ml [86].
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A further method of dose escalation is with a high-dose-rate (HDR) brachytherapy boost 
in combination with external beam irradiation. HDR brachytherapy consists of placing hol-
low needles into the prostate under ultrasound guidance. Dose conformity is enhanced by 
generation of a steep dose gradient between the prostate and normal tissues and by control-
ling the length of time the radioactive iridium-192 source temporarily dwells at each position 
within the hollow needles. This allows large doses of radiation to be delivered within a few 
minutes to the prostate, seminal vesicles and periprostatic tissues. This technique allows for 
the administration of a truly conformal and optimized treatment which also takes account 
of organ movement. The results of a HDR boost in combination with EBRT are encourag-
ing for those high-risk patients who have been shown to benefit from dose escalation. A 
recent study by Martinez et al. reports pooled results from their institutions of 1260 men with 
intermediate to high-risk prostate cancer (PSA > 10 ng/ml, GS > 7 or > cT2b) treated with a 
HDR boost (dose escalated from 5.5 Gy × 3 to 15 Gy × 2) and EBRT (36–50 Gy + 1.8–2 Gy daily, 
five times per week). At 4.4 years median follow-up, the 8-year biochemical no evidence of 
disease (bNED) status was 81% [90].

These studies demonstrate a wide variety of different methods of radiotherapy dose deliv-
ery and clearly demonstrate the advantages of dose escalation, especially for those men with 
high-risk tumours. However, the optimal delivery of therapy, dose and fractionation sched-
ules is yet to be determined and remains the subject of multiple ongoing clinical studies.

raDiotHeraPy in combination WitH Hormone treatment

A further challenge in treating high-risk prostate cancer is the concurrent treatment of micro-
scopic metastases at distant sites. This means that despite improved local treatment many 
men will ultimately progress to metastatic disease, which can cause debilitating morbidity 
including bone pain, fracture, spinal cord compression and urinary dysfunction. There is 
considerable evidence that the addition of systemic treatment in the form of hormone ther-
apy with androgen suppression is superior to radiotherapy alone in patients with high-risk 
disease. This combination therapy has been shown to improve survival and increase time 
to progression.

Neoadjuvant hormone therapy in the form of gonadotrophin hormone-releasing hor-
mone agonists (GnRHa) prior to definitive radiotherapy is commonly used. Neoadjuvant 
hormonal therapy (NHT) is therapy given prior to definitive local treatment with curative 
intent. The aims of NHT are to reduce tumour bulk and to potentially treat microscopic 
metastases together with the primary tumour. The advantages are that this can cause, on 
average, a 25–30% cytoreduction of the prostate [91, 92], and potentially allow smaller fields 
of radiotherapy to be used with sparing of the rectum and bladder. There have also been 
reports that there may be a sensitizing effect between hormone therapy and radiation treat-
ment. There are several theories as to the mechanism of this including that reduction of 
tumour bulk improves oxygenation and therefore increases radiation sensitivity [93, 94]. 
Also, if hormone responsive cells move to a resting phase during neoadjuvant treatment, 
this could reduce repopulation rate and enhance tumour cell death (increased apoptosis). 
There is also clinical evidence to support this treatment approach. The RTOG 86–10 inves-
tigated the addition of hormone therapy (goserelin and flutamide) for 2 months before and 
2 months during radiotherapy compared with radiation treatment alone in 456 men with 
locally advanced prostate cancer [27]. At 6.7 years median follow-up (8.6 years for surviv-
ing patients), the patients in the combined arm had a significantly improved 5-year cause-
specific survival of 90% vs. 85%. A subgroup analysis showed that those with Gleason sum 
6 tumours had an overall survival advantage at 5 years of 70% vs. 52%.

Adjuvant androgen suppression immediately after radical radiotherapy has been shown 
to significantly increase overall survival, progression-free survival, and significantly reduce 
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local progression, distant metastases and biochemical progression in several large rand-
omized studies using goserelin.

The EORTC 22863 trial evaluated the effectiveness of adjuvant therapy with Zoladex 
(goserelin) 3.6 mg initiated at the onset of radiotherapy and continued for 3 years in patients 
with high-risk non-metastatic prostate cancer [95]. Four hundred and fifteen patients were 
randomized to receive either radiotherapy with immediate goserelin 3.6 mg therapy (every 
4 weeks for 3 years, n = 207) or radiotherapy alone (n = 208) with hormonal treatment given 
for disease progression. Results reported after a median follow-up of 5.5 years demonstrated 
a significant improvement in overall survival (78% vs. 62%) and disease-free survival (74% 
vs. 40%) in favour of immediate adjuvant hormone treatment as opposed to radiotherapy 
alone with hormone therapy at relapse (Figure 8.5).

Further data is available from the RTOG 85–10 where a total of 977 patients were rand-
omized to receive either pelvic radiation plus goserelin 3.6 mg (started during the last week 
of radiotherapy to be continued indefinitely every month or until relapse) or radiotherapy 
alone (goserelin started at relapse) [28]. At a median follow-up of 7.6 years, adjuvant goserelin 
significantly improved absolute survival compared with radiation monotherapy (estimated 
10-year survival rate 49 vs. 39%, P = 0.002). The largest benefits were seen in the subgroups 
with high Gleason grades (Gleason 8–10). The RTOG 85–31 is the largest and longest study 
of its kind and confirms data from previous trials with shorter duration of follow-up (Figure 
8.6). The results of this highly significant study demonstrate important overall survival ben-
efits. Patients with high Gleason scores have the greatest risk of disease progression and 
most significant risk of metastases and this group (Gleason 8–10) demonstrated the largest 
benefits from combined modality therapy on subgroup analysis.

There remain uncertainties regarding the optimal timing and duration of hormone ther-
apy. Timing has varied between different trials. Goserelin was added during the final week 
of RTOG 85–31, and the first week of EORTC 22863. There were also differences in the 
duration of adjuvant goserelin therapy between the studies with hormone therapy admin-
istered indefinitely (RTOG 85–31) or for 3 years (EORTC 22863). Patient quality of life is an 
important issue when deciding on the duration of therapy and any long-term side-effects 
must also be considered. We await further results of these and other studies to determine the 
optimal duration of hormone treatment. The introduction of new radiotherapy techniques, 
as described above, have allowed dose escalation beyond that delivered in RTOG 85–31 and 
again this combination may lead to even greater improvement in outcome. 

Figure 8.5 EORTC Trial 22863. Radiotherapy with and without adjuvant gonadotrophin hormone-releasing 
agonist in patients with locally advanced prostate cancer. Statistically significant difference in overall survival 
between treatment arms [95].
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Data from the third analysis of the Early Prostate Cancer (EPC) study have shown that 
bicalutamide 150 mg adjuvant to radiotherapy significantly improved overall survival 
compared with radiotherapy alone [hazard ratio (HR) 0.65, P = 0.03] for men with locally 
advanced prostate cancer at a median follow-up of 7.4 years [96]. The prostate cancer mortal-
ity for this subgroup was 24% for patients treated with radiotherapy alone compared with 
16% for those treated with combined modality therapy. This represents the first evidence of 
a significant overall survival benefit for any non-castration-based hormonal therapy given as 
adjuvant treatment to prostate cancer patients. These results compare favourably with those 
discussed for RTOG 85–31 and now allow clinicians and patients a choice of which adjuvant 
hormone therapy to use without concerns of reducing the efficacy of treatment. This choice 
is very important with regards to side-effects of treatment. Potential quality of life advan-
tages [97] have been demonstrated with bicalutamide 150 mg with regards to potency, libido, 
physical capacity and preservation of bone mineral density [98] at the cost of an increase in 
breast symptoms (gynaecomastia and nipple tenderness). The choice of treatment allows 
men to tailor side-effects of therapy to their own particular needs and lifestyles.

CONCLUSION

There is a growing body of evidence to suggest that combination modality treatment may 
improve disease-specific outcomes and overall survival over single modalities for select 
patient groups. The appropriate timing of combination modality interventions may relate to 
concepts of disease risk rather than stage alone, in contrast to the established importance of 
pathological stage in predicting long-term disease-free survival (cure) after definitive treat-
ment. Interest in synergistic or multimodality treatments is likely to grow with the promise 
of targeted therapies and new chemotherapy regimens supplementing endocrine manipu-
lation for systemic therapy. Randomized studies are essential to assess outcomes following 
therapeutic interventions, and they need to be carefully designed to demonstrate meaning-
ful cancer-specific and overall advantage in patients in whom comorbidities may also signifi-
cantly influence quality of life and survival.
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Treatment strategies for biochemical recurrence 
of prostate cancer
Vincent Khoo, Anita Mitra 

INTRODUCTION 

Widespread use of prostate-specific antigen (PSA) testing has led to an increase in the 
number of men being diagnosed with prostate cancer and stage-shift towards earlier stage 
disease. PSA testing is also used extensively for monitoring of patients during follow-up. 
Within 10 years of radical treatment with either prostatectomy or radiotherapy, 20–40% of 
men are reported have a biochemical recurrence [1]. Identifying biochemical relapse can 
present a clinical dilemma as there remains considerable debate as to what threshold of PSA 
represents true biochemical recurrence in the context of alternative primary treatment regi-
mens. Furthermore, ultrasensitive assays may be used providing measurements to 0.01 ng/
ml or below and giving rise to false-positives [2]. Any rising level of PSA can cause patient 
anxiety even if currently recommended thresholds for biochemical relapse have not been 
exceeded.

There are many factors that need to be taken into consideration when a patient has 
developed biochemical relapse. Performance status and comorbidities influence treatment 
options. Besides total PSA, PSA kinetics may be determined such as time to PSA relapse, 
PSA velocity and PSA doubling time (PSADT). It is important to establish whether or not 
there is clinically detectable local and/or systemic disease, as this will also influence treat-
ment recommendations. Staging investigations may include repeat prostate biopsies, bone 
scan, magnetic resonance imaging (MRI) of the pelvis and computed tomography (CT) of 
the abdomen and pelvis. The range of salvage treatments available and their profile of side-
effects must be considered and discussed with the patient, as the patient’s preference will 
play an important part in the decision-making process.

The management and treatment strategies for biochemical recurrence of prostate cancer 
are complex. This chapter will review the definitions of biochemical relapse, natural history, 
diagnosis and management options available for a variety of different clinical settings of 
biochemical PSA relapse.

DEFINITION OF BIOCHEMICAL RELAPSE

Various definitions of biochemical relapse have been proposed for each definitive treatment. 
Validating a suitable threshold that represents true biochemical relapse is important to per-
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mit timing of appropriate treatment, to avoid undue distress to the patient and to avoid 
overtreatment. Uniformity of definitions would also allow comparisons among different 
institutions and different treatment modalities. Summaries of the key issues are reviewed 
following primary surgical and radiotherapy treatments.

Psa recurrence aFter raDical Prostatectomy

Following successful radical prostatectomy, serum PSA should fall to undetectable levels 
within 1 month [3]. A large number of laboratories currently utilize PSA assays that can 
detect levels as low as 0.01 ng/ml. Any detectable levels of PSA (defined as greater than 
0.01 ng/ml) could be falsely construed as residual malignant prostatic tissue or relapse were it 
not for the large disparity between this finding and the progression to clinical disease. Some 
patients in whom PSA remains detectable after radical prostatectomy do not experience a 
continuing increase in PSA. In this situation, it can be speculated that this represents residual 
benign prostate gland, and expectant management with serial PSA testing is a reasonable 
management option.

Current recommendations for post-prostatectomy thresholds have ranged from 0.2 to 
0.5 ng/ml [1–8]. Amling et al. [5] reported on 2783 men treated by radical prostatectomy in a 
single institution. In this study group, pathological stages were pT2 (68%), pT3a/b (21%) and 
pT3c (11%), and Gleason sum scores were Gleason 5–6 (61%), Gleason 7 (23%) and Gleason 
8–10 (4%). They found that the percentage of men experiencing disease progression was 
dependent on the PSA threshold used. Nearly 50% of patients with PSA ≤ 0.29 ng/ml (773 
men) never experienced disease progression, either clinical or biochemical. A PSA level of 
≥ 0.4 ng/ml (1086 men) was most strongly associated with ongoing progression. In 70% of 
men with this level of PSA, the disease subsequently progressed, and most of these required 
treatment. Although the median follow-up in the study was 6.3 years, it is important to note 
that the cohort follow-up for those men with PSA < 0.4 ng/ml was more limited, at only 3 
years.

Freedland et al. [6] proposed a PSA threshold of 0.2 ng/ml based on their retrospective 
study of 358 post-radical prostatectomy patients. They observed that if PSA exceeded > 0.21–
0.3 ng/ml the chance of further PSA progression at 1 and 3 years was 86% and 100% respec-
tively. In addition, initial PSA levels and Gleason scores were also predictive of biochemical 
recurrence. Unlike the previous study, this one included clinical stage T3 and T4 disease 
cases.

The optimal definition of biochemical relapse after radical surgery is far from resolved 
as some patients with detectable postoperative PSA may not progress beyond 0.4–0.5 ng/
ml. Currently, the data support a PSA threshold level of between 0.2–0.4 ng/ml. It may be 
reasonable to use the lower limit of 0.2 ng/ml, especially in cases where PSADT and veloc-
ity are suggestive of more aggressive disease. One European Consensus statement in 2004 
recommended that a PSA threshold of 0.2 ng/ml with one subsequent rise be used to define 
relapse status, but suggested that salvage treatment only be commenced when the PSA 
reached 1–1.5 ng/ml [9]. Recently, the Working Group on the ‘state of rising PSA’ for clinical 
trials have recommended that a cut-off threshold of 0.4 ng/ml is used as eligibility criteria in 
clinical trials [10]. Issues regarding the interval for PSA testing in a ‘rising state’ are also not 
defined. It is reasonable to consider repeating PSA levels 2- to 4-monthly if the PSA is rising 
and salvage treatment is being considered, but this depends on initial PSA level and clinical 
parameters as well as the PSA dynamics as outlined above.

natural History of biochemical recurrence after radical Prostatectomy
PSA-free survival rates following radical prostatectomy vary substantially and depend on 
several factors such as initial PSA levels, pathological stage, Gleason grade, margin status 
and individual centre experience. Approximately 25–53% of men will suffer biochemical PSA 
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failure within 10 years following radical retropubic prostatectomy [7, 11]. Preliminary data 
from one large laparoscopic radical prostatectomy series suggests that recurrences rates are 
similar to retropubic prostatectomy [12]. 

In a retrospective review of 1997 post-prostatectomy men at the Johns Hopkins Hospital 
in Baltimore, there were 304 cases of biochemical recurrence that were not treated with hor-
mones [7]. Of these patients, 34% developed metastases with a mean time to development 
of 8 years from the time of PSA rise (defined as greater than 0.2 ng/ml). The median actuarial 
time to death from the development of metastases was 5 years (a total of 13 years from the 
time of PSA rise). Time to biochemical progression post-surgery, Gleason score and PSADT 
were predictive of the time to development of metastatic disease. When grouped by tumour 
grade, of those with Gleason combined score 5–7, 79% were free of metastases 5 years after 
prostatectomy and 50% at 10 years. With Gleason combined score of 8–10, metastatic dis-
ease-free survival was 50% post prostatectomy but dropped to 18% at 10 years.

The Mayo Clinic’s review of 3903 radical prostatectomy patients with a mean follow-up 
of 8.8 years reported that 33% of men experienced biochemical recurrence, and one-third of 
these men progressed to clinical disease [8]. In this study, biochemical failure was defined 
as a PSA of 0.4 ng/ml and clinical failure as demonstrable metastatic disease on radionuclide 
bone scan or histological evidence of failure (lymph node biopsy or prostate bed biopsy). The 
majority of relapses (73%) occurred 30 days to 5 years after prostatectomy with 27% occur-
ring ≥ 5 years afterwards. The progression to clinical disease was at a rate similar to that in 
men who experienced biochemical recurrence within 5 years of surgery.

These data demonstrate that clinical progression to metastasis and subsequent death can 
be variable and lengthy. Again the challenge for the oncologist is to select those men who 
have more aggressive disease and warrant earlier management as well as to be aware of 
prognostic factors that predict for poor outcomes. PSA kinetics and other clinical prognostic 
variables as outlined previously can be helpful indicators in this assessment.

Psa recurrence aFter raDical irraDiation

There remains considerable controversy over the optimal definition of biochemical relapse 
following irradiation. In this setting, PSA levels can decline gradually and often do not 
reach undetectable levels with irradiation alone. Decrease in serum PSA following treatment 
depends not only on tumour eradication, but also on the cellular effects of radiation on nor-
mal prostate tissue and its radiosensitivity. Other factors include prostate size and the type 
of irradiation (external beam and/or brachytherapy). The median time to PSA nadir is 18–36 
months following external beam radiotherapy (EBRT) alone and this may be longer after 
brachytherapy [13, 14]. In up to one-third of cases, ‘transient’ and benign elevation of PSA 
levels can occur within 12–18 months post-irradiation although PSA ‘bounces’ can also occur 
at similar rates between 2 and 5 years following radiotherapy [14–16]. In addition, the use 
of hormones in the adjuvant setting in high-risk disease suppresses PSA values to undetect-
able levels and on their withdrawal, the PSA values usually rise. Distinguishing biochemical 
progression from these benign PSA elevations in the early stages can be difficult. Sensible 
caution and serial PSA determinations are needed in this situation.

In 1997, the American Society for Therapeutic Radiology and Oncology (ASTRO) 
Consensus Panel agreed on guidelines (Table 9.1) for the use of PSA following radiotherapy 
[13]. It was also recommended that PSA determinations should be made at 3- to 4-monthly 
intervals for 2 years following radiotherapy and every 6 months thereafter. One European 
Consensus statement in 2004 endorsed the ASTRO definition of biochemical PSA relapse 
[9]. Although the ASTRO definition of biochemical recurrence appears to be a robust end-
point, it has weaknesses. It lacks specificity when androgen deprivation treatment is used, 
causing miscalculation because the PSA level can transiently increase after the completion 
of androgen deprivation therapy (ADT). Kaplan–Meier estimates of biochemical failure are 
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inaccurate when the follow-up period is short because of backdating, as biochemical failure 
is assigned a date earlier than the PSA level used to declare/diagnose it [17, 18]. Reports 
suggest that the ASTRO definition overestimates biochemical disease survival by introduc-
ing lead time bias [19, 20]. In addition, there is no consideration of assay inconsistency, no 
specification of how much of a magnitude of a rise is significant, no account taken of the PSA 
‘bounce’ phenomenon, difficulty in addressing ‘tied or same’ values over a period, the time 
taken to document three consecutive PSA rises and the slope of the PSA rise.

The biochemical failure misclassification rate of the ASTRO definition has been estimated 
in men with extended follow-up after radiotherapy alone and radiotherapy plus ADT to be 
6% and 23% respectively [21]. As a consequence, a modification of the ASTRO definition was 
proposed. This modification requires two additional consecutive rises in PSA when a decline 
has occurred immediately after three consecutive rises and better predicts for a continued 
rise in PSA after radiotherapy plus ADT. The date of failure for the modified definition is 
backdated similar to the original ASTRO definition.

A multi-institutional review from nine centres was undertaken assessing 102 definitions 
of biochemical relapse after radical radiotherapy alone to a minimum dose of 60 Gy in 4839 
men with a median follow-up of 6.3 years [22]. All patients had clinically localized disease 
(stage T1b–T2, N0, M0) and no ADT was used either before or after radiotherapy. Four defi-
nitions were found to be superior to the others in terms of sensitivity, specificity, positive 
and negative predictive values and hazard of clinical failure after biochemical recurrence. 
These are listed in Table 9.2. Whilst this study provides a useful evaluation of the utility of 
the different definitions for biochemical PSA failure, this review is limited by the treatment 
parameters of its study cohort. It is difficult to generalize to current radiotherapeutic prac-
tices that treat men with more advanced disease stages, higher radiation doses ≥ 70 Gy and 
with radiotherapy regimes using neoadjuvant/adjuvant ADT.

A more recent study based on current radiotherapeutic practices was reported from the 
Fox Chase Cancer Centre. This retrospective study assessed 586 men who received radio-
therapy alone and 102 men treated with radiotherapy and ADT [23]. The median radiation 
dose delivered for both groups was > 70 Gy. Three definitions of biochemical recurrence 
were evaluated: ASTRO, modified ASTRO and the PSA nadir plus 2 ng/ml. The PSA nadir 
plus 2 ng/ml definition was found to have the highest sensitivity and specificity, and conse-
quently outperformed the ASTRO and modified ASTRO definitions in terms of the predic-
tive power for clinical failure (Table 9.3).

The optimal definition of biochemical relapse post-irradiation continues to be refined. 
Currently the ‘PSA nadir plus 2 ng/ml’ definition appears to be relatively robust and would 
be a sensible definition to use in the clinical setting in the absence of more conclusive data. 
However, it must be recognized that current radiotherapy trials may apply several other 

Table 9.1 ASTRO consensus agreement for guidelines on PSA use following radiation therapy

Biochemical failure is not justification per se to initiate additional treatment. It is not equivalent 
to clinical failure. It is, however, an appropriate early endpoint for clinical trials
Three consecutive increases in PSA is a reasonable definition of biochemical failure after radio-
therapy. For clinical trials the date of failure should be the midpoint between the post-irradiation 
nadir PSA and the first of the three consecutive rises
No definition of PSA failure has as yet been shown to be a surrogate for clinical progression or 
survival
Nadir PSA is a strong prognostic factor but there is no absolute level that is a valid cut-off point for 
separating successful and unsuccessful treatments. The nadir PSA is similar in prognostic value to 
pretreatment PSA

Ref. 13.
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definitions as described above. In these settings, PSA assessments should be taken 3- to 
4-monthly within the first 2 years and 6-monthly thereafter. For those undergoing ADT, 
3- to 4-monthly PSA should be undertaken during ADT and the above guideline instituted 
following completion of ADT.

natural History of biochemical recurrence after radical irradiation
It has been estimated that up to 59–66% can experience biochemical PSA recurrence at 5 
years following EBRT [24, 25]. One long-term study with a minimum follow-up of 22.9 years 
reported relapses after both 10 and 20 years’ follow-up, with relapses occurring steadily 
throughout the study period [26]. Although the 60 Gy dose used in this study is now con-
sidered suboptimal, it should be appreciated that in prostate cancer, long-term follow-up is 
necessary in order to fully quantify the true probability of biochemical recurrence.

The clinical utility of PSA in the post-irradiation setting relates to the premise that PSA 
is an early surrogate for clinical failure and disease-specific survival. This is supported by 
a multi-institutional, EBRT study of 1159 patients with organ-confined T1–2 disease using 
the ASTRO definition [25]. In those who did not undergo ADT until clinical failure, the 
5-year clinical disease-free survival rate was 78%, 66% and 49% for low-, intermediate- and 
high-risk cases and the 10-year clinical disease-free survival was 58%, 56% and 46% respec-
tively. This patient group was biased by the fact patients pretreated with ADT were excluded 
from the study and it is these patients that have the most aggressive disease. However, the 
authors argue that their estimates are similar to the surgical series reported by Pound et al. 
[7] apart from a better 10-year response in high-grade disease.

SALVAGE TREATMENT APPROACHES

The management approach to a patient with biochemical recurrence is complex and requires 
an understanding that relates the rising PSA levels to the behaviour of local, distant or both 
local and distant disease, as well as other prognostic factors, initial treatment, therapeutic 

Table 9.2 Definitions for biochemical PSA recurrence following radical radiotherapy

Two PSA rises backdated with each rise ≥ 0.5 ng/ml
PSA at or greater than the absolute nadir plus 2
PSA at or greater than the current nadir plus 2
PSA at or greater than the current nadir plus 3

Ref. 22.

Table 9.3 Assessment of PSA biochemical failure definition

ebrt + aDt rt alone

Variable (%) astro
modified
astro nadir + 2 ng/ml astro

modified
astro nadir + 2 ng/ml

Sensitivity 88 88 100 92 92 92
Specificity 56 71  75 74 76 80
PPV 15 19  25 30 31 36
NPV 98 99 100 99 99 99
OA 59 68  77 76 77 81

EBRT, external beam radiotherapy; ADT, androgen deprivation therapy; ASTRO, American Society for Therapeutic Radiology and 
Oncology; PPV, positive predictive value; NPV, negative predictive value; OA, overall accuracy. Modified from ref. 23.
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ratio of the potential salvage therapies, appropriate timing of the treatment and finally the 
preference of the patient. Furthermore, both physician and patient need to appreciate that 
there are currently no data to support the notion that salvage therapies will improve cancer-
specific survival. In general, if subclinical or clinical metastatic disease is suspected, standard 
management involves initiation of (some form of) ADT. This is discussed in more detail in 
Chapter 11. However, if only local disease is anticipated, then potential salvage local thera-
pies may be used such as salvage radiotherapy, salvage prostatectomy, cryotherapy, brachy-
therapy and high intensity focused ultrasound. These latter treatment salvage options will 
now be addressed in this chapter.

salVage raDiotHeraPy

Following radical prostatectomy and biochemical recurrence, salvage radiotherapy may be 
considered if local recurrence only is anticipated. In 1999, the ASTRO Consensus Panel out-
lined that there was no particular subset of patients that had a better prognosis with salvage 
radiotherapy [27]. It was recommended that a minimum dose of radiotherapy of 64–65 Gy 
be delivered to the prostate bed when the PSA is < 1.5 ng/ml. On the assumption that radio-
therapy results in a logarithmic reduction of cell numbers, it is expected that lower PSA 
values should produce better results [28–30]. Some studies have reported better outcomes 
following salvage radiotherapy when patients have PSA < 1.0 ng/ml [28, 31, 32]. However, it 
is more difficult to extrapolate outcomes to PSA levels ≤ 0.2 ng/ml. 

More recently, the European Organisation for Research and Therapeutic Oncology 
(EORTC) reported their randomized results on the issue of immediate postoperative radio-
therapy versus observation in the setting of positive surgical margins or pathological T3 dis-
ease [33]. With a median follow-up of 5 years, both biochemical and clinical progression-free 
survival was significantly improved in the irradiated group treated at 60 Gy compared with 
the observation group (74.0% vs. 52.6% respectively). This study does not address the value 
of ‘true’ adjuvant postoperative or salvage postoperative irradiation in other clinical settings. 
A randomized trial in the UK given the acronym RADICALS (Radiotherapy and Androgen 
Deprivation In Combination After Local Surgery) will soon be open to address this question. 
This study aims to address two questions: (1) the issue of adjuvant radiotherapy versus 
observation with early salvage radiotherapy for rising PSA; and (2) the use of postoperative 
radiotherapy with and without two different durations of ADT.

Unfortunately durable reported response rates after salvage radiotherapy have been dis-
appointing. Although initial lowering of PSA values to undetectable levels may be achieved 
in 60–90% of cases, the 3–5 year actuarial PSA recurrence-free rates only range from 10% to 
50% [28, 30, 32, 34–36]. It is important to note that older radiotherapy series may have used 
radiation doses that may be considered subtherapeutic today and the patient cohort often 
included high-risk disease cases that may have already had occult metastases.

Prognostic Factors in salvage radiotherapy
It is important but difficult to distinguish local from systemically recurrent disease when 
PSA values rise from undetectable levels after radical prostatectomy. There are a variety of 
prognostic factors used in this assessment. Pathology factors have been reported to relate 
to outcomes. Cases with Gleason combined score of > 7 have been reported to be associ-
ated with a higher incidence of systemic disease [37, 38]. Resection margins may also be 
prognostic with post-prostatectomy biochemical recurrence, where complete resection and 
negative margins may reflect systemic disease in contrast to positive surgical margins that 
could indicate local residual disease for which salvage radiotherapy would be effective [38]. 
Palpable prostatic fossa mass, seminal vesicle involvement and radiotherapy doses < 65 Gy 
have also been reported as poor prognostic features with worse freedom from biochemical 
failure [36].
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PSA thresholds for treatment have already been discussed but PSA kinetics remains an 
important consideration. It has been suggested that more than 180 days to first detectable 
PSA value predicts for greater success in the use of salvage radiotherapy [39]. The time to ris-
ing PSA after prostatectomy has also been shown to be an independent predictor of metas-
tases [7]. Men with a delayed rise in PSA are generally thought to be better candidates for 
salvage radiotherapy compared with those with persistently detectable PSA post prostatec-
tomy. There are conflicting reports with others suggesting otherwise [28, 30].

One of the largest multi-institutional analyses of 8669 patients reported that PSA velocity 
> 2 ng/ml/year, an interval to PSA failure < 3 years and a post-radical prostatectomy PSADT 
< 3 months places men at increased risk of metastases, and these individuals are poor can-
didates for local salvage treatment [40]. Based on this, the authors proposed that the optimal 
candidate for local salvage treatment is a man whose PSA velocity was 2 ng/ml/year or less, 
interval to PSA failure exceeds 3 years, post-treatment PSADT is at least 12 months and who 
did not have a Gleason score of 8–10 or seminal vesicle or lymph node involvement.

side-effects of salvage radiotherapy
Since radical prostatectomy tends to pull the bladder neck into the prostatic fossa, salvage 
radiotherapy may expose more of the normal bladder to irradiation. Although one would 
expect genitourinary side-effects to be more severe than seen with primary radiotherapy, the 
incidence of acute urinary toxicity is mild to moderate and not more severe than primary 
radiotherapy. Rectal irritation is common but rarely severe. The incidence of rectal bleeding 
is similar to that of patients treated with an intact prostate, with 10–20% risk of mild inter-
mittent rectal spotting and less than 5% requiring intervention. The incidence of new onset 
post-radiotherapy urinary incontinence requiring a pad and/or dilatation is low and does 
not seem to be increased with adjuvant radiotherapy post-prostatectomy [41]. The absolute 
increase over prostatectomy alone in major incontinence is < 1%, haematuria is < 5%, major 
rectal bleeding is 2–6% and this is usually transient, and bowel urgency and incontinence 
is < 5 % [41–43]. Another important side-effect is erectile dysfunction. The data recorded 
are often limited, but an absolute increase in erectile impotence of approximately 30% for 
salvage radiotherapy over prostatectomy alone is reported [44]. In general, men receiving 
salvage radiotherapy do not seem to experience increase treatment-related morbidity.

aDt in salVage raDiotHeraPy

There is little data on the utility of either neoadjuvant or adjuvant ADT in salvage radiother-
apy. If post-prostatectomy biochemical recurrence is thought to represent a more aggressive 
disease category, then it may be argued from the published data on neoadjuvant or adjuvant 
ADT in high-risk primary prostate cancer that the improvement in disease-free and survival 
benefit seen in this situation [45, 46] may also be translated across to the salvage radio-
therapy situation. One small retrospective, single-centre study reported on 81 patients who 
received salvage radiotherapy (60 Gy) and 3 months of neoadjuvant ADT [47]. The actuarial 
biochemical PSA-free recurrence rate at 3 and 5 years was 75% and 50% respectively, but 
median follow-up remains short at 38 months. Another retrospective case series reported 
a benefit of adjuvant ADT (median duration of 24 months) following salvage radiotherapy 
with 81% of men in this group being free of PSA relapse at 5 years compared with 54% in 
those not receiving ADT [48]. However, other investigators have reported similar control 
rates for men receiving salvage radiotherapy with or without ADT [28]. 

The use of ADT in salvage radiotherapy remains a controversial area but will shortly be 
the subject of a randomized trial (RADICALS). Outside of a study, neoadjuvant ADT would 
generally only be recommended if erectile function were not a concern. The impact of ADT 
on potency may be modified by the use of non-steroidal antiandrogens rather than lutein-
izing hormone-releasing hormone (LHRH) agonists.
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salVage Prostatectomy

Long-term PSA control from salvage prostatectomy can be achieved in 30–43% of patients, 
data which may support the use of salvage therapy after radiation failure [49, 50]. It has been 
reported that stage-specific 5-year progression-free survival rates of salvage prostatectomy 
resemble those of standard prostatectomy, provided patients are referred early, with 5-year 
progression-free survival of 77%, 71% and 24% in patients with organ-confined disease, ext-
racapsular extension and SV invasion and/or LN involvement respectively [51].

Currently a multicentre phase II study is being conducted under the auspices of the 
Cancer and Leukemia Group B (CALGB) Genitourinary Committee to examine the role of 
salvage prostatectomy in T1–2NxM0 prostate cancer cases with PSA ≤ 30 ng/ml prior to radio-
therapy and ≥ 18 months following radiotherapy.

Prognostic Factors for salvage Prostatectomy
Three parameters have been consistently identified as predictors of local failure after primary 
(radiotherapy) treatment: PSA nadir, time to nadir and PSADT. Whilst it is believed that the 
lower the PSA nadir the better the outcome, there is no absolute level of PSA nadir that 
predicts for success or failure. For clinically staged T1–2 disease, it was reported that a PSA 
nadir of ≤ 0.5 ng/ml was associated with a 5-year freedom from biochemical PSA progression 
of 90% and was an independent prognostic factor on multivariate analysis to Gleason score 
or initial presenting PSA [52]. Other investigators have suggested that in addition to the 
PSA nadir, both the rate of PSA decline and rise are predictive of outcomes [53]. Men with 
post-treatment PSA nadirs of 1–4 ng/ml were five times more likely to experience local failure 
compared to PSA nadirs < 1 ng/ml (P = 0.0002). A rapid rate of rise [i.e. > 1.4 log(ng/ml)/year, 
or PSADT < 6 months] was the most significant independent predictor of metastatic failure. 
These factors can be used to assess appropriate surgical salvage candidates.

Value of Prostate biopsy after radiation therapy
Some investigators recommend that salvage treatment after radiotherapy failure should be 
given early before the PSA exceeds 10 ng/ml and when it is rising within 1–2 years of radio-
therapy [51]. These investigators argued that the case is strengthened if a positive biopsy 
is found during this period, particularly if no histological treatment effect is observed in 
the biopsy specimen. However, it is important to note that histological clearance of tumour 
cells after radiotherapy may be prolonged as up to one-third of patients with a positive 
result within 2 years of treatment will later convert to a negative biopsy [54]. This informa-
tion argues against the previous recommendation. Furthermore it has been reported that 
the rate of PSA progression after radiotherapy is only 50% at 7 years in those patients with 
stable PSA levels and a positive prostate biopsy at 2 years [55]. It could be argued that 50% 
of men with radiation failure would therefore not require salvage treatment and could be 
spared any potential attendant complications of salvage surgery. In this study, PSA progres-
sion occurred after 7 years, thus, for an individual patient approaching 75 years or beyond, 
other medical comorbidities may be more clinically relevant. Given the uncertainty, it is not 
surprising that the ASTRO Consensus Panel does not recommend routine biopsy at present 
as they argue that positive biopsy results less than 2 years after treatment correlate poorly 
with disease progression [27].

side-effects of salvage Prostatectomy
In one small early-salvage prostatectomy series of 40 cases, the rate of major complications 
was 33% with incontinence rates of 58% and rectal injury in 15% [56]. A recent series has 
reported a substantially lower major complication rate of 13% and rectal injury in only 
2%, but urinary incontinence and anastomotic stricture rates remained high at 68% and 
32% respectively [57]. The high complication rates in earlier series were observed mainly 
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in patients who had undergone pre-radiotherapy pelvic lymph node dissection and/or ret-
ropubic interstitial radiotherapy, which frequently caused extensive pelvic fibrosis. Now 
that these procedures are infrequently performed, complications of salvage operations may 
approach that of primary radical prostatectomy.

It is important to note that patient selection and operator experience may signifi-
cantly influence the rate of treatment-related morbidity. This issue has been reviewed by 
Stephenson et al. [57] when they compared the complication rates of salvage prostatectomy 
in 100 patients treated from 1993 to the rates published prior to 1993. The major complication 
rate decreased significantly from 33% to 13% (P = 0.02) and the rectal injury rate from 15% 
to 2% (P = 0.01). Up to 39% of patients were dry and 68% required one pad daily or less at 5 
years. The 5-year potency rate was reported to be 28% following unilateral or bilateral nerve-
sparing prostatectomies. This rate varies widely and will largely be dependent on institution 
and operator expertise.

salVage cryotHeraPy

Cryotherapy is an established technique for in situ ablation of tissue by freezing. When intro-
duced in the 1980s as an alternative primary treatment for prostate cancer, high local failure 
rates due to limited techniques and equipment led to its disfavour. More recently, techno-
logical advances of ‘third generation’ probe design, accurate probe placement under direct 
transrectal ultrasound guidance and utilization of multiple freeze-thaw cycles, provide bet-
ter control and more uniform application of the ‘freeze’, leading to its resurgence. It is mainly 
used for post-radiotherapy failures. One of its main limitations is the need to spare the ure-
thra from the full ‘freeze’ effect by a warming device; the degree of warming can be variable 
and sparing of the urethra may underexpose prostatic tissue especially at the apex and limit 
its success [58, 59]. Operative technique and methodology are crucial to successful outcome. 
The MD Anderson group reported incomplete cryoablation in 59% of cases and a positive 
biopsy rate of 23% post-cryosurgery with the number of cryoprobes used and freeze-thaw 
cycles used correlating with inadequate cryotherapy [59].

Overexposure of the prostate–rectal/bladder interfaces to freezing can result in significant 
morbidity. Complication rates can be high with reports of urinary incontinence in 7–73% of 
cases, obstructive urinary symptoms in 55–67%, impotence in up to 72%, severe perineal 
pain in up to 8%, rectourethral fistula in 0–3% and significant altered quality of life in up 
to 40% [58, 60–62]. It is clear that complication rates vary substantially and will depend on 
operator experience and expertise.

Again, there is no clear definition for biochemical failure after salvage cryotherapy and 
so the reported rates of PSA progression vary widely. It may be sensible to use the same 
definition of failure as post-radiotherapy failure. The 2-year biochemical relapse-free rate 
following salvage cryotherapy ranges between 55–74%, using PSA thresholds for failure that 
range from 0.3–4 ng/ml [58, 60, 62]. There have been few longer-term studies. One series of 
131 cases reported a 5-year biochemical relapse-free rate of 40% in which PSA failure was 
defined as 2 ng/ml above nadir [63]. In this series, the 5-year disease specific was 87% in those 
with Gleason combined score ≤ 8 compared to 63% in those with Gleason ≥ 9 and 57% in 
those with pre-salvage PSA of ≤ 10 ng/ml compared to 23% in those with PSA > 10 ng/ml. As 
with other forms of salvage treatment, pre-salvage PSA, Gleason pattern and stage remain 
predictors of a sustained response.

salVage bracHytHeraPy aFter ebrt

Brachytherapy is an interstitial technique of transperineal implantation of either low or high-
dose rate radiation sources under direct ultrasound guidance. Data remain limited, with 
most being from case series. One small retrospective series of 17 salvage low-dose-rate brach-
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ytherapy cases reported a 5-year PSA freedom from second relapse of 53% [64]. In this study, 
patients with ≤ PSA 10 ng/ml at the time of salvage had a freedom from second relapse rate of 
67% compared with 25% for men with PSA > 10 ng/ml. Similarly, low-grade tumours fared 
better than high-grade tumours, with a freedom from second relapse rate of 83% compared 
with 30%. Long-term complications were limited to a 24% risk of incontinence at 5 years.

Another retrospective series of 49 salvage brachytherapy cases with 64-month median 
follow-up reported 3- and 5-year disease-specific survival of 89% and 79% respectively, with 
actuarial biochemical disease-free survival of 48% and 34% respectively [65]. Post-treatment 
PSA nadir was noted to be prognostic and 47% of cases achieved a threshold of < 0.5 ng/ml. 
For post-brachytherapy PSA nadirs of < 0.5 ng/ml, the 3- and 5-year actuarial biochemical 
disease-free survival was 77% and 56% respectively. The incidence of serious complications 
was low, with post-salvage pain in 6%, persistent haematuria in 4% and rectal ulcers in 4%. 
This salvage technique remains investigational and again depends on appropriate selection 
of cases and adequate operator experience.

salVage HigH-intensity FocuseD ultrasonograPHy (HiFu)

This relatively new technique uses an endorectal ultrasound probe that focuses and emits 
high-intensity ultrasound waves, causing local increases in tissue temperature to between 
70°C and 100°C and thereby destroying tissue. A cooling balloon protects the rectal mucosa 
from high temperatures.

There are limited data for salvage HIFU. One salvage HIFU series of 71 cases following 
radical radiotherapy reported encouraging results, with 61% of cases having a PSA nadir of 
< 0.5 ng/ml after a mean follow-up of 14.8 months (range 6–86) [66]. In this series, the 80% 
had negative post-salvage biopsies and 44% had no evidence of disease progression at last 
follow-up. This study is difficult to assess for a number of reasons including the use of ADT 
prior to HIFU in 30% of cases, use of ADT for rising PSA post-HIFU or positive post-salvage 
biopsy. The additional ADT therapy affects PSA nadir results and affects the estimates for 
disease-free survival. Serious complications in this HIFU salvage series were bladder neck 
stenosis in 17%, grade 3 incontinence in 7% and rectourethral fistula in 6%. Nevertheless, the 
preliminary results are encouraging and this form of salvage is currently being investigated 
at a number of centres in Europe.

CONCLUSION 

The treatment of biochemical recurrence is a challenging area and one that both oncologists 
and urologists are likely to be faced with more often in the future. The reflex use of ADT as 
standard therapy is being challenged as it is clear that there are a proportion of men who 
relapse only with localized disease and these patients are candidates for local salvage oppor-
tunities. However, it is important to stage and select potential salvage candidates carefully. 
Recognition of biochemical PSA relapse is important. There are many current definitions for 
biochemical PSA relapse depending on the initial primary therapy, and these will continue 
to be refined. There are a large number of prognostic factors that may be used for patient 
selection including local tumour stage, Gleason grade, PSA levels and PSA kinetics. Finally, 
the potential benefits of salvage need to be carefully balanced with the likely complications 
of the treatment for the individual patient as the profile of side-effects needs to be consid-
ered in the context of his life, hopes and tolerances.

Awareness and comprehensive evaluation of biochemical relapses with better imaging 
techniques such as endorectal MRI and spectroscopy for staging will be helpful advances 
in this situation. Furthermore the developments in robotic surgery, improvements in radio-
therapy such as intensity modulated radiotherapy, image-guided radiotherapy, and other 
salvage techniques such as HIFU, promise exciting future advances for the salvage oppor-
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tunities for isolated non-metastatic biochemical PSA relapse. However, it is important to 
ensure that studies in these areas are conducted carefully and prospectively with attention 
not only to delivery techniques and appropriate local control evaluations but also to assess-
ments of quality of life, progression of clinical disease and survival, to ensure that the results 
do comprehensively reflect outcomes relevant to the individual patient.
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Advanced prostate cancer – distant metastases: 
endpoints for clinical trials
Kim N. Chi, Martin E. Gleave

INTRODUCTION

Patients that develop recurrent metastatic prostate cancer have a poor prognosis. Although 
hormonal therapy in the form of medical or surgical castration can induce significant 
long-term remissions, development of castration-resistant disease, also termed castration-
adapted, androgen-independent, or hormone-refractory prostate cancer (HRPC), is inevi-
table. Systemic therapy for metastatic prostate cancer is remarkable for the relatively few 
options that have been developed. Other than hormonal therapy, most treatments that have 
been approved for use have been for symptomatic benefit, such as mitoxantrone chemo-
therapy [1], the bisphosphonate zoledronic acid [2] and radioactive isotopes [3]. Despite 
multiple trials of cytotoxic chemotherapy in patients with metastatic HRPC, only docetaxel 
has been shown to improve overall survival [4, 5]. Part of the problem of a lack of therapeutic 
options is due to the prolonged natural history of prostate cancer and the patient population 
that it affects: generally older patients with concomitant medical problems and a higher risk 
of death from other causes [6]. This can make accrual to clinical trials more difficult [7] and 
create difficulties with detecting effects of a new therapy on overall survival.

Compounding the difficulties in the development of systemic therapy for prostate cancer 
is the lack of reliable intermediate endpoints in order to assess the activity of a new treat-
ment, and in turn to judge and plan whether or not to proceed with large randomized com-
parative studies. In HRPC, objective disease progression may be lacking, and rising serum 
prostate-specific antigen (PSA) may be the only quantifiable measure of disease progres-
sion. Also, patients generally do not present with measurable tumour masses; when they do 
occur, they tend to be within lymph nodes, of small size and uncertain significance [8]. Bone 
is the predominant site of metastases in HRPC but determining whether a response or pro-
gression has occurred can be difficult. Post-therapy decreases in serum PSA are frequently 
used to assess activity; however, PSA ‘response’ has not been established as a surrogate for a 
clinical benefit [9]. Even defining when progression has occurred is problematic as it can be 
discordant between symptoms, measurable disease criteria, bone scan and PSA changes.

Over the past decade, our understanding of the molecular mechanisms of cancer progres-
sion has greatly expanded and a plethora of new targets based on these mechanisms have 
emerged. Novel therapeutics directed against these targets have closely followed; however, 
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the development of these agents in prostate cancer has been a challenge for the reasons dis-
cussed above and the sheer volume of agents and drug combinations available for testing. 
This emphasizes the importance of clinical trial design and choice of appropriate endpoints 
when testing these agents in order to identify early those most promising to move forward, 
but also to not prematurely discard potentially useful treatments. This chapter will review 
the endpoints that have been utilized in recent clinical trials for men with prostate cancer 
with an emphasis on those with HRPC.

MOLECULAR CORRELATIVE ENDPOINTS

Generally, the primary objective of a phase I trial is to identify a dose for phase II testing. 
In cancer trials, this was traditionally designed around cytotoxic chemotherapy, where the 
intent is to give as much of the cytotoxic agent as possible to identify the ‘maximum toler-
ated dose’ based on the proportion of patients that develop severe ‘dose-limiting toxicity’. 
With the development of novel targeted therapeutics, dose limiting toxicity may not be as 
relevant, as the dose of a drug that induces severe toxicity may far exceed what is actually 
required to suppress the molecular pathway in question [10, 11]. Thus, many early phase I 
and II clinical trial designs are now incorporating some measure of pharmacodynamic effect 
on the molecular pathway being targeted, using either cancer tissue or other surrogate tis-
sues such as skin or peripheral blood mononuclear cells. Clearly, it is also desirable to ensure 
that the molecular pathway being disrupted by the targeted therapy is in fact present or rel-
evant within the patient population included in the study. This latter point is well exempli-
fied in lung cancer, where patients most likely to respond to small molecule tyrosine kinase 
inhibitors are those that have tumours with activating mutations in the epidermal growth 
factor receptor [12], and in breast cancer, where amplification of HER2 is required in order 
to see benefit from trastuzumab therapy [13].

In patients with prostate cancer, obtaining the relevant tissues to evaluate target expres-
sion and pharmacodynamic effect is difficult. Use of the original prostate pathology speci-
mens to evaluate a particular molecular target and then extrapolating the expression to the 
HRPC is perilous because of the shift in gene expression that occurs with changes in disease 
states and androgen-independent progression [14]. In terms of recurrent disease, bone is the 
primary site of disease and bone biopsies are invasive and painful, and when nodal disease 
is present it is most often retroperitoneal and thus difficult to access. Methods to enrich for 
malignant cells in bone marrow or in the circulation have been developed using immu-
nomagnetic techniques [15, 16]; however, the significance of these cells and their usefulness 
to profile molecular changes has not been established as of yet.

One study design that has been used effectively to evaluate pharmacodynamic endpoints 
in patients with prostate cancer is with a presurgery (‘neoadjuvant’) approach. A phase I 
study used a neoadjuvant design to evaluate OGX-011, an antisense inhibitor of the clusterin 
gene which has antiapoptotic function [17]. Patients with localized prostate cancer and high-
risk features were enrolled on the study and treated with OGX-011 for 1 month, which was 
then followed by prostatectomy. The study incorporated a dose escalation, meaning that 
successive cohorts of patients were given higher doses of OGX-011. Prostatectomy speci-
mens were then used to evaluate for clusterin expression for both inter- and intrapatient 
comparisons to baseline. In this way, changes in expression of clusterin could be correlated 
to the dose of drug received and drug levels within the prostate tissue itself could be deter-
mined. Treatment was well tolerated and significant dose-dependent effects of OGX-011 on 
suppressing clusterin expression and increasing apoptosis were observed. With this design 
and the use of a molecular endpoint, an optimal biological dose (OBD) was established for 
OGX-011 not based on its ability to induce severe toxicity, but rather its biological effective-
ness to suppress its target. Several other studies are utilizing a similar approach with agents 
including viral gene therapy [18] and other small molecule inhibitors in order to determine 
their biological effectiveness.



Advanced prostate cancer – distant metastases: endpoints for clinical trials 153

Assessing the effects of treatments on bone metabolism, whether the treatments have 
been specifically bone directed or not, has been of great interest given the predilection of 
prostate cancer to metastasize to bone, as well as the incidence of treatment-induced osteo-
penia and osteoporosis in prostate cancer patients leading to complications [19]. In patients 
with bone metastases, altered bone remodelling activity can be assessed indirectly by analyz-
ing metabolic products released from the bone matrix associated with bone formation, bone 
resorption and osteoclastogenesis. In patients with prostate cancer specifically, several mark-
ers of bone formation have been evaluated including bone-specific alkaline phosphatase 
(BAP), amino-terminal procollagen propeptides of type I collagen and osteocalcin. There 
has been greater interest in the evaluation of bone resorption markers as most solid tumours 
produce a predominantly osteolytic process and therapies for bone metastases are primarily 
anti-resorptive by action (i.e. bisphosphonates). Bone resorption markers that have been 
studied in patients with prostate cancer include bone sialoprotein, the breakdown products 
of type I bone collagen, and tartrate-resistant acid phosphatase (TAP). Type 1 collagen forms 
the basic fabric and tensile strength of bone tissue. Cross-linked C-terminal (CTX) and cross 
linked N-terminal (NTX) telopeptides are produced from type I collagen by cathepsin K and 
matrix metalloproteases, respectively, during bone resorption. Earlier studies have evalu-
ated urine NTX normalized to creatinine, however, serum levels of NTX have been shown 
to correlate well with urine ratios. TAP is highly expressed in osteoclasts which specifically 
secrete the 5b form as an active enzyme that is rapidly cleared from the circulation, and 
reflects the intensity of bone resorption over the preceding 24 h independent of hepatic and 
renal function. Another important factor that has been identified in the pathogenesis of 
bone metastases is osteoclastogenesis, which determines the balance between osteoblastic 
and osteoclastic activity in bone. Osteoclastogenesis is regulated by osteoprotegerin (OPG), 
and receptor activator of NFκB (RANK) and its ligand (RANKL). Acquisition and activation 
of the osteoclast phenotype depends on interaction between RANKL and RANK, which is 
expressed on the cell surface of osteoclast precursors. OPG is a dimeric glycoprotein of the 
tumour necrosis factor (TNF) receptor family that controls excessive bone resorption by act-
ing as a soluble decoy receptor for RANKL, thereby neutralizing its interaction with RANK 
and thus preventing osteoclast activation.

In the control arm of a study that evaluated zoledronic acid in patients with bone-meta-
static hormone-refractory prostate cancer [20], elevated urinary NTX (normalized to urinary 
creatinine levels) and BAP have been found to be predictive for negative clinical outcomes 
(i.e. skeletal-related event, disease progression and death). These associations also held up for 
patients on bisphosphonate therapy [21]. Another study evaluated 10 serum bone turnover 
markers in 187 men [22], including a control group and men with varying stages of prostate 
cancer and treatment. From the 10 markers, logistic regression analysis identified OPG and 
TAP as variables that predicted bone metastases. In addition, BAP, NTX, TAP, and OPG were 
increased in patients with bone metastases and higher levels were associated with shorter 
survival, with OPG remaining significant on a multivariate analysis which included only 
limited clinical factors. Although all of the above markers can be measured in patients, there 
are no clear recommendations for which of the markers that should be used and especially 
which to use in prostate cancer. The inter- and intrapatient variability, stability (especially in 
urine) and differing assays and methods that have been used contribute to this difficulty.

PHASE II TRIAL ENDPOINTS

The objective of phase II trials is to determine whether there is sufficient clinical activity of a 
treatment to justify bringing it forward for further testing such as in a large-scale randomized 
comparative trial. Traditionally, activity has been defined as shrinkage of tumour in measur-
able disease sites. Various criteria have been established as to what constitutes a response 
in progression within clinically detectable disease with the most recently internationally 
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accepted being that of RECIST (Response Evaluation Criteria in Solid Tumors), which is 
based on the unidimensional measurement of lesions [23]. The problems with applying the 
RECIST criteria to patients with prostate cancer are that it was developed without specifi-
cally considering the clinical presentation of patients with prostate cancer (lack of measur-
able disease, predominantly bone involvement) and did not include trials of prostate cancer 
in its inception. Methods to quantify response to therapy in bone metastases using magnetic 
resonance imaging are promising, but have not been validated [24].

Decreases in serum PSA have been associated with improved survival in retrospective 
studies [25, 26] and thus the majority of phase II trials have used post-therapy changes in 
PSA for the primary endpoint as a measure of antitumour activity of a new treatment. After 
a consensus conference, recommendations were published in 1999 outlining eligibility and 
response criteria as a means of standardizing methods and reporting of results from prostate 
cancer trials [9] (Table 10.1). For eligibility, it was considered that, in the absence of objective 
disease progression, a rising PSA on two separate occasions taken at last 1 week apart would 
be acceptable. For post-therapy PSA decline, the emphasis for reporting was on a 50% or 
greater decrease from baseline, which had to be confirmed by a second value at least 4 weeks 
later. Progression, as defined on PSA alone, was considered as a rise of 50% from nadir in 
those achieving a PSA ‘response’ and a 25% increase in those that had not.

Questions continue as to whether a PSA response is a surrogate for a clinical benefit. To 
evaluate this question, post-therapy PSA data were analysed from the Southwest Oncology 
Group Protocol (SWOG) 99–16, which was a randomized study of mitoxantrone vs. docetax-
el-estramustine that demonstrated a survival benefit in favour of the docetaxel arm [5]. 
Various post-therapy PSA declines were evaluated for surrogacy for survival using three 
statistical tests [27]: Prentice’s criteria, the proportion of treatment effect explained and the 
proportion of variation explained. The optimal post-therapy PSA decline parameter surro-
gate for survival was found to be a 30% PSA decline at 3 months after treatment initiation. 
Although promising, this data-driven result remains to be prospectively validated in future 
trials. Interestingly, the commonly reported 50% decrease in PSA did not meet the criteria for 
surrogacy (although just barely). This finding is similar to PSA data from a randomized study 
that evaluated docetaxel chemotherapy vs. mitoxantrone [4], which demonstrated superior 
overall survival benefit for those patients treated with docetaxel (often referred to as the 
TAX-327 study). In a further analysis, only approximately half the treatment effect on overall 
survival could be accounted for by the PSA ‘response’, which was defined as a 50% decrease 
from baseline [28]. Additionally, it was found that in this trial, PSA ‘response’ was associated 

Table 10.1 PSA eligibility and response and reporting recommendations from the Prostate-Specific 
Antigen Working Group

criteria Definition

Eligibility Two consecutive rises in PSA over a reference value. The first rising 
PSA must be taken at least 1 week after the reference value. A third 
PSA is required to show further increase; if not, a subsequent PSA 
must show further increase. PSA must be ≥ 5 µg/l

Post-therapy change PSA decline of ≥ 50%, which must be confirmed by a second PSA 
value ≥ 4 weeks later

Duration of post-therapy 
change

Commences on the date of the first ≥ 50% decline in PSA
Ends when the PSA value increases by 50% above the nadir (minimum 
rise of 5 µg/l or back to the baseline) confirmed by a second value

Progression In patients whose PSA has not decreased, progressive disease is a 
≥ 25% increase over the baseline or nadir (minimum rise of 5 µg/l) 
confirmed by a second value

Adapted from ref. 9.
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with pain and quality of life improvements [29], suggesting post-therapy PSA declines may 
be potential surrogates for important clinical benefits other than survival.

Another problem with interpretation of PSA responses is the heterogeneity of the patient 
population and the effect on response in single-arm phase II trials. As an example, in a sin-
gle-arm, single-centre phase II trial of high-dose calcitriol plus docetaxel, the PSA response 
rate (defined as a 50% or more post-therapy decrease) was 81% [30], notably higher than in 
reported phase II and III studies of single agent docetaxel which consistently reported PSA 
response rates of 40–50%. However, when this regimen was taken into a multi-institutional 
setting in a randomized phase II study against placebo plus docetaxel, the PSA response 
rate was lower at 58% and not statistically different from the placebo control [31]. What was 
observed was a difference in overall survival, a secondary endpoint of the trial and this result 
has led to a randomized phase III trial which is currently in progress. This further empha-
sizes that intermediate response endpoints such as PSA are currently insufficient surrogates 
of clinical benefit and the need to exercise caution in prematurely discarding drugs based on 
this measure of activity alone.

Indeed, many of the new targeted therapies (and some of the currently approved agents) 
may not be expected to induce responses, either in measurable disease or in PSA, but still 
may improve other aspects of the disease such as time to disease progression, incidence of 
skeletal-related events, pain and other disease-related symptoms, and overall survival. An 
example of a new agent with a low response rate but significant clinical benefit is sorafenib, 
a small molecule tyrosine kinase inhibitor of the vascular endothelial growth factor receptor. 
In phase II and III trials in patients with kidney cancer, RECIST-defined response rates were 
less than 5%; however, treatment with sorafenib was associated with a significant lengthen-
ing of the time to disease progression and improved overall survival leading to the drug 
being approved for use [32, 33]. Intermediate endpoints, however, are subject to extensive 
variability in single-arm phase II trials which makes cross-trial comparison difficult. This 
variability is due to issues such as differing patient eligibility criteria, patient selection, end-
point definitions and interobserver variability in assessments. Although an overall survival 
endpoint is most appropriately left for study in large comparative randomized phase III tri-
als, smaller randomized phase II studies may be useful for assessing these other endpoints. 
Traditionally, the randomized phase II design does not incorporate a formal rigorous com-
parison of the treatment arms but does provide an internal control to reduce the variability 
in the study population and investigator actions.

An intermediate endpoint that has been assessed in several trials is time to disease pro-
gression. Yet defining when progression has occurred for patients with HRPC can be as 
challenging as defining response for all the same reasons already discussed: bone disease is 
not measurable and nuclear bone scan imaging may be equivocal with many different defi-
nitions of what constitutes progression having been used and may even falsely show pro-
gression [34]. Although rising PSA is associated with poor outcome in HRPC [35, 36], what 
has not been established is what degree of rise is really clinically significant in the context of 
a post-therapy change. Furthermore, asymptomatic progression on imaging and rising PSA 
may not be of any particular clinical consequence or relevance in patients with HRPC. When 
considering progression then, disease-related symptoms should also be factored into the cri-
teria as often symptoms can worsen in the absence of definitive evidence of objective or PSA 
progression. Although a subjective variable, pain and quality of life can be made qualitative 
through use of validated scales [1]. The need for use of increasing analgesics, radiation, sur-
gery and/or chemotherapy to treat symptomatic disease has also been included as part of the 
definition of progression as these are clinically relevant and readily identifiable endpoints. 
In addition to problems with defining progression, using time to progression as a surrogate 
for overall survival is also problematic. Even if a lengthening of time to progression is seen, 
if relatively small then the impact on overall survival is likely to be negligible. Furthermore, 
therapy after progression may also have a substantial impact negating any benefit of prior 
interventions.
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An example of the challenge of assessing progression endpoints comes from the TAX-
327 study [4] where progression was defined on objective disease criteria, PSA increase and 
increase in pain as assessed by a validated scoring system. Progression was a composite end-
point and a patient was mandated to stop protocol therapy for any one of the criteria. As a 
result many patients came off the trial for one progression criteria but not the others. Because 
of this, a high level of censoring occurred and a time to progression analyses could not be 
performed. In the SWOG 99–16 study [5], progression was defined on objective disease or 
PSA criteria [9] and the median time to progression was 6.3 months for the docetaxel-estra-
mustine-treated patients. What was not reported was the type of progression that occurred 
and at what rate (i.e. objective disease progression vs. PSA rise only) and disease-related 
worsening of symptoms was not considered.

Another example of the difficulty with defining and interpreting progression, especially 
when used as a primary endpoint, is in the clinical development of atrasentan, an endothelin 
receptor-A antagonist. In a randomized phase II study of atrasentan, patients with HRPC 
were randomized to three arms: low dose, high dose and placebo [37]. The primary endpoint 
was time to progression, with progression defined as the development of new lesions in the 
bone or soft tissue; the requirement of palliative treatment with an opioid analgesic for new 
disease-related pain; the occurrence of new disease-related symptoms that required inter-
vention such as treatment with chemotherapy, radiation or surgery; the occurrence of a clini-
cal event determined by the investigator to represent disease progression; or death occurring 
while the patient was receiving the study drug. The intention-to-treat analyses did not reveal 
a statistical difference between the arms, although in ‘assessable’ patients a statistical differ-
ence was found (excluding patients who did not meet study-defined PSA or antiandrogen 
withdrawal inclusion criteria, who were taking excluded medications, or received less than 

50% of scheduled doses or fewer than 20 total doses). When atrasentan was tested in a phase 
III study, progression on bone scan defined as two or more new lesions resulted in proto-
col-mandated withdrawal from therapy in over half the patients at the first 3 month assess-
ment, despite stable or improved symptoms or PSA in many patients. This large withdrawal 
reduced study power and resulted in a negative trial. Although potentially a true negative 
result, because of the way progression was defined and acted upon, a potential problem 
is that the bone scan changes at 3 months may not have taken into account the lag time 
between baseline investigations, start of treatment and the treatment effect, especially given 
the mechanism of the drug and the expectations of it to delay progression only.

Another trial which used progression as the primary endpoint was a study of sipuleu-
cel-T (APC8015), an investigational immunotherapy product designed to stimulate T-cell 
immunity against prostate acid phosphatase [38]. Progression was defined as progressive 
disease on serial radiographic imaging tests; new cancer-related pain associated with a radio-
graphic anatomical correlation; or other clinical events consistent with progression, such as 
spinal cord compression, nerve root compression or pathological fracture. No difference was 
detected between the experimental and placebo-treated arms (median time to progression 
11.7 vs. 10.0 weeks). However, patients were followed for overall survival and a statistically 
significant difference favouring the experimental arm emerged. As in the atrasentan study, 
the results of this trial demonstrate the difficulties in using a time to progression endpoint 
with a therapy that is supposed to slow progression as some patients may have developed 
progressive disease before the treatment achieved its biological effects. Further, it raises the 
question of whether progression, which in this study used very practical definitions, has any 
real clinical relevance and bearing on overall survival in HRPC.

To summarize, when considering progression, all aspects of the disease should be 
accounted for including objective measurable and non-measurable disease, PSA parameters 
and disease-related symptoms. These must also be carefully defined within a protocol taking 
into account the nature of the disease, the expectations of the desired effect of the particular 
treatment, and the consequence on protocol-directed treatment decisions and analysis of 
outcomes.
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PHASE III ENDPOINTS

The major purpose of a comparative phase III trial is the detection and quantitation of a clini-
cally significant difference between two treatments. In trials of HRPC, the primary endpoint 
generally should be overall survival, given the importance of this endpoint for patients, that 
the median survival for patients with metastatic HRPC is only in the 1.5–2 year range mak-
ing adequately powered phase III studies feasible, and the problems with using intermediate 
endpoints as discussed previously.

Of course, it should be recognized that from the patient perspective the other important 
clinical benefit to achieve is the management of symptoms and maintenance of quality of 
life, especially so in patients with HRPC who are generally of advanced age and faced with 
a disease that is uniformly fatal. Recognizing this, there have been two important phase III 
studies that used non-survival endpoints successfully.

The first was a study in patients with symptomatic HRPC who were randomized to mitox-
antrone chemotherapy and prednisone vs. prednisone alone [1]. The primary study end-
point was pain response, defined as a 2-point reduction in the 6-point present pain intensity 
of the McGill Melzack Pain Questionnaire [39], maintained on two separate occasions at 
least 3 weeks apart and without an increase in analgesic score. The primary pain response 
was observed in 29% of patients in the mitoxantrone–prednisone arm and 12% in the pred-
nisone alone arm. Duration of pain response was also longer in the mitoxantrone arm (43 vs. 
18 weeks). The effects of treatment on health-related quality of life were assessed using the 
European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire 
C30 (EORTC QLQ-C30) [40]. After 6 weeks, patients taking prednisone showed no improve-
ment in quality of life scores, whereas those taking mitoxantrone plus prednisone showed 
significant improvements in global quality of life, four functioning domains and nine symp-
toms, and the improvement (> 10 unit improvement on a scale of 0 to 100) lasted longer 
than in the prednisone-alone group [41]. On the basis of these findings, mitoxantrone was 
approved for the palliative treatment of patients with metastatic HRPC despite the absence 
of any significant difference in overall survival. As a secondary endpoint, the TAX-327 study 
also incorporated a similar assessment of pain and evaluated health-related quality of life 
with the Functional Assessment of Cancer Therapy–Prostate (FACT–P) Questionnaire [42]. 
Improvements in both pain and quality of life scores were observed with docetaxel therapy 
[4]. Data such as this showing improvements in symptoms and quality of life parameters can 
potentially assist both patients and physicians with treatment decision-making for therapies 
that, although considered effective, may have relatively modest benefits on overall survival 
and the potential to induce serious toxicity.

The other trial that has used a non-survival primary endpoint was a randomized trial 
of zoledronic acid vs. placebo for patients with bone metastases [2]. For this trial the pri-
mary endpoint was the occurrence of a skeletal-related event. Skeletal-related events were 
defined as pathological bone fractures (vertebral or non-vertebral), spinal cord compression, 
surgery to bone, radiation therapy to bone (including the use of radioisotopes) or a change 
of antineoplastic therapy to treat bone pain. A greater proportion of patients who received 
placebo had skeletal-related events than those who received zoledronic acid at 4 mg (44.2% 
vs. 33.2%). On the basis of this finding, zoledronic acid was approved for use in patients with 
HRPC metastatic to bone. There was no general improvement in pain scores, analgesic use, 
quality of life scores or overall survival, although the design of the trial did not lend itself to 
an assessment of a response in these parameters.

ENDPOINTS IN TRIALS IN HORMONE-NAIVE METASTATIC OR RISING PSA 
ONLY DISEASE

The challenges with conducting studies in patients with hormone-naïve or earlier stages of 
prostate cancer relate to the long natural history of the disease, the older age of the patient 
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population and the risk of death from competing causes. Despite these difficulties and the 
logistics required to complete trials in early prostate cancer with survival endpoints, over-
all survival determination has been critical for establishing the effectiveness of the current 
standard of therapies, including adjuvant hormone therapy after radiotherapy [43] and the 
benefits of radical prostatectomy [44]. Studies in earlier disease using survival endpoints can 
also be accomplished more readily by ensuring enrolment of high-risk patients through the 
use of risk models and nomograms in study eligibility criteria. Not only is it clinically appro-
priate to focus our attention on the high-risk patient, but doing so also allows for a smaller 
sample size to detect the same relative benefit.

Clearly, determining the effect on overall survival of an intervention early in the disease 
is important especially when subsequent therapy can still have enough impact to negate 
improvement in a time to progression endpoint (e.g. hormone therapy [45]) or when the 
intervention itself can have a potentially negative impact. This latter point is emphasized 
by results from the Early Prostate Cancer Trial Programme, in which patients with local-
ized non-metastatic prostate cancer were randomized to receive bicalutamide 150 mg daily 
or placebo. In this study, there was a trend for worse overall survival for those patients 
with low-risk localized prostate cancer who received treatment with bicalutamide, but a 
reverse trend towards prolonged survival in men with high-risk localized disease treated 
with bicalutamide [46].

As we bring novel therapies into earlier stages of disease and try to build upon our cur-
rent treatments of local therapy and hormone therapy, use of intermediate endpoints is 
required for activity screening purposes given that designing trials powered to detect clini-
cally meaningful overall survival differences for every new agent or combination therapy is 
not realistically feasible or accomplished in reasonable timeframes. Although intermediate 
endpoints may not necessarily be established surrogates for overall survival, criteria such as 
PSA recurrence after local therapy have implications for patients as they often lead to further 
therapy such as hormones or salvage radiation and, thus, can be clinically meaningful end-
points for phase III trials. PSA recurrence as an endpoint can also be refined by incorporating 
the rate of rise as a factor, as rapid PSA doubling times have been associated with a higher 
risk of metastases and death [47].

With the widespread use of frequent PSA monitoring after definitive local therapy, 
the vast majority of identification of recurrence in patients is based on a rising PSA alone. 
Furthermore, these patients are often receiving castration therapy in the absence of clinically 
detectable metastases and, thus, an increasing proportion of patients are also now present-
ing with castration-resistant disease also based on a rising PSA alone. The natural history 
can be prolonged in both these groups of patients (i.e. non-castrate-resistant and castrate-
resistant), however, subsets of patients have a poor prognosis especially those with a rapid 
PSA doubling time [35, 37]. For trials involving these patients, incorporating time to develop-
ment of clinical metastases as an endpoint would be an appropriate, readily definable and 
clinically relevant endpoint.

SUMMARY

Designing clinical trials for patients with prostate cancer can be a challenge because of both 
patient and disease factors. For these reasons and with the move towards molecularly tar-
geted therapeutics, the simple study paradigms of maximum tolerated dose in phase I trials, 
measurable disease activity in phase II trials and overall survival in phase III trials are not 
necessarily appropriate or easily applied. Instead, a multifaceted approach needs to be taken, 
with the inclusion of biochemical, measurable tumour and disease-related symptom assess-
ments (Table 10.2). Study endpoints need to be carefully considered and defined according 
to the agent being tested and its understood mechanism of action, and be relevant to the 
needs and clinical considerations of the patient population being studied.
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11
Hormonal therapy
David Gillatt

The androgen dependence of prostatic adenocarcinoma was first established more than 60 
years ago by Huggins and Hodges [1]. The authors described both the effect of castration 
and oestrogens on advanced carcinoma of the prostate and on serum levels of acid phos-
phatase. Oral oestrogens and surgical castration subsequently became the standard primary 
treatments for advanced prostate cancer. It later became apparent that oestrogens may be 
associated with an increase in cardiovascular morbidity and mortality [2, 3]. As a result bilat-
eral orchidectomy became the ‘gold standard’ against which other therapies were judged. 
Surgical castration results in a rapid reduction in circulating testosterone to < 2 nmol/l within 
12 h. This defines the necessary reduction in circulating androgens to achieve therapeutic 
castration. Thus, achieving castrate levels of testosterone became the prime and only thera-
peutic strategy for advanced prostate cancer for several decades (Figure 11.1).

These early insights into the hormonal control of prostate cells, both benign and malig-
nant, led to further developments in the understanding of the mechanisms by which endog-
enous androgens stimulate cellular metabolism. Circulating androgens, either testosterone 
or adrenal androgens, are converted to dihydrotestosterone (DHT) in the cytoplasm by the 
enzyme 5-alpha-reductase. DHT binds to the androgen receptor which, under the influence 
of a number of cytoplasmic and nuclear factors, results in protein production and cell prolif-
eration. Prostatic growth, and therefore prostate cancer growth, is mediated by this process 
and can be slowed or reversed by blocking the pathway at one of several points. As a result, 
a number of strategies for the hormonal control of prostate cancer have been developed.

The aim of this chapter is to examine contemporary approaches to the hormonal manipu-
lation of prostate cancer. Developments of primary hormonal therapies and the evidence 
for antiandrogen monotherapy, luteinizing hormone-releasing hormone agonists (LHRHa) 
and maximal androgen blockade (MAB) will be addressed. The chapter will examine the 
timing of therapy and its value used as an adjunct to local ‘curative’ treatments. The length 
of therapy and the evidence for continual versus intermittent treatment will be examined. 
When hormonal therapy appears to be failing, there may still be androgen dependence and 
therefore an argument for second- and third-line hormonal manoeuvres.

THE TIMING OF HORMONAL THERAPY

The perceived wisdom until a decade or so ago was that the timing of hormonal intervention 
was irrelevant in influencing survival. This led to hormonal manoeuvres often being delayed 
until the disease was either metastatic and/or symptomatic. Evidence emerged during the 
last decade in favour of the earlier use of hormonal therapy. This evidence was twofold; the 
Medical Research Council (MRC) study of immediate versus delayed hormonal therapy for 
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advanced prostate cancer and a group of studies investigating the use of hormones as an 
adjunct to local radiation or surgery [4].

The MRC (PRO3) study randomized 934 men with either locally advanced (M0) or meta-
static (M1) prostate cancer to either surgical castration or LHRHa at diagnosis, or when clini-
cal progression occurred. Its findings are set out in Tables 11.1–11.3. There was evidence in 
the M0 group of a small overall survival in favour of the immediate treatment arm. What 
was more striking was the significant difference in tumour-associated morbidity (Table 
11.3) between the groups with those men having delay in therapy being at higher risk of 
pathological fracture, spinal cord compression, ureteric obstruction and the development of 
extraskeletal metastases. These findings give backing to instituting hormonal therapy prior 
to symptomatic or metastatic progression.

There have been criticisms of this series because of perceived flaws in the definition and 
documentation of disease progression. This may have resulted in bias in the survival data; 
however, the marked difference in tumour morbidity in favour of early therapy is still strik-
ing.
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Figure 11.1 Androgen receptor signalling in the prostate. 5α-R, 5α-reductase; DHT, dihydrotestosterone; 
AR, androgen receptor; hsp, heat shock protein; IL-6, interleukin 6; GFs, growth factors; PKA, protein kinase 
A; STAT 3, signal transducers and activators of transcription 3; ARE, androgen response element.

Table 11.1 MRC study of immediate versus delayed hormone therapy: number of patients by stage and 
treatment arm [4]

immediate Deferred total

M0 256 244 500
MX 83 90 173
M1 130 131 261

Total 469 465 934

Table 11.2 MRC study of immediate versus delayed hormone therapy: summary findings [4]

The MRC trial favours immediate hormonal therapy
Of the 469 patients in the immediate treatment group, significantly fewer patients:

•	 died	from	prostate	cancer	(2P < 0.001)
•	 died	of	any	cause	(2P = 0.02)

Significantly fewer M0 patients in the immediate treatment group developed metastases or died 
from prostate cancer (2P < 0.001)
5% of treatment-deferred patients (n = 465) died from prostate cancer prior to starting therapy
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Two European trials appear to confirm the MRC findings. Studer et al. [5] randomized 197 
men with prostate cancer unsuitable for local therapy to immediate orchidectomy or to be 
deferred until symptomatic progression. The study showed longer time to progression (2.8 
years increase) and better disease-specific survival in the immediate group with no impact 
on overall survival. The EORTC 30846 study randomized 234 N+ patients to immediate or 
deferred therapy [6]. There was a 23% trend towards improved survival in the immediate 
therapy group, although this did not reach significance.

A variety of studies [7–11] have investigated the role of adjuvant hormonal therapy in 
men with T1–4–N0/1–M0 prostate cancer treated with radical radiation or prostatectomy. 
In many studies the addition of a period of hormonal therapy improved progression-free, 
cancer-specific and, in some overall, survival. Of most significance are studies by Bolla et al. 
[7], Pilepich et al. [8, 9] and Messing et al. [11]. All these studies were randomized and used 
prolonged hormonal therapy. Each one confirms a survival advantage in favour of adjuvant 
hormonal therapy at up to 10 years.

In addition a randomized trial of the antiandrogen bicalutamide 150 mg versus placebo as 
adjunct to standard therapy (the Early Prostate Cancer, EPC, trial) showed a progression-free 
survival advantage in locally advanced cancers treated with radiation, surgery or watchful 
waiting in favour of the hormonally treated group [12, 13]. This in later analyses translated 
into an overall survival advantage in the radiation group [14].

These studies point to a hormonal effect which is most marked in high-risk non-meta-
static but locally advanced prostate cancers. Hormonal therapy used earlier in the course of 
the disease will delay progression and may indeed prolong survival. This comes with a cost 
both financial and in terms of morbidity. The side-effects of hormonal therapy have been 
discussed already; however, these may in a small group of patients translate into a negative 
effect on mortality. It is well recognized that manipulating a man’s hormones may impact 
upon cardiovascular risk with this being most marked with higher dose oestrogens. The EPC 
trial also found a small, non-statistically significant, increase in mortality in those low-risk 
cancers in the bicalutamide arm. This combined with no clear clinical advantage suggests 
that the use of hormonal manipulation in early or low-risk prostate cancer offers no benefit 
and indeed a small risk of harm. Identifying those at high risk of progression should allow 
us to target those who have most to gain from earlier hormonal therapy.

Many of the published studies showing benefit to immediate hormonal therapy have 
stratified their patient groups. Stratification suggests that high-risk groups benefit most from 
early intervention. High risk is usually based on stage (T3, pT3, LN+) or Gleason score. One 
strategy would be to offer all high-risk patients long-term LHRHa or antiandrogen mono-
therapy. A different approach in some groups would be to watch the serum PSA and treat 
according to its rate of rise. Certainly, in patients undergoing local ‘curative’ therapy, the risk 
of failure, metastatic progression or prostate cancer-specific death (PCSD) is closely related 
to prostate-specific antigen doubling time (PSADT).

Table 11.3 MRC study of immediate versus delayed hormone therapy: number of major prostate can-
cer-related complications in each treatment arm [4]

immediate Deferred

Pathological fractures 11 21
Cord compression1  9 23
Ureteric obstruction1 33 55
Extraskeletal metastases1 37 55

12P < 0.05, immediate vs. deferred treatment
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In conclusion, any hormonal therapeutic strategy should include an assessment of opti-
mum timing for the intervention. In patients with advanced metastatic disease, earlier inter-
vention may affect survival but will certainly reduce the risk of unpleasant tumour-related 
morbidity. In non-metastatic disease there is evidence that early hormonal therapy will 
improve survival in high-risk groups. Unless the hormones are to be used in an adjuvant 
setting, it may be appropriate to closely monitor PSA levels and intervene if the individual 
has a rapid PSADT.

THE CHOICE OF PRIMARY HORMONAL THERAPY

lHrH agonists

LHRH agonists (LHRHa) have become the standard method of achieving hormonal control 
by producing medical castration. Endogenous LHRH is produced by the neuroendocrine 
cells of the hypothalamus in a pulsatile fashion. Its structure was first described in 1971 by 
Schally et al. [15]. Various potent synthetic analogues are commercially available, including 
goserelin, leuprolide and triptorelin. LHRH normally causes the anterior pituitary to release 
luteinizing hormone (LH), which in turn acts upon the Leydig cells of the testes to produce 
testosterone. Administration of a potent agonist will cause an initial rise in testosterone [16]. 
Chronic administration results in pituitary depletion of LH and down-regulation of LHRH 
receptors within the pituitary. This insensitivity of the pituitary to LHRH results in a reduc-
tion in LH, and therefore testosterone, to castrate levels.

The initial testosterone surge following the first exposure to LHRHa may theoretically 
result in a tumour flare and could precipitate potentially harmful events such as spinal cord 
compression [17]. Any strategy utilizing LHRHa must allow for the potential of flare, par-
ticularly in those with spinal metastases or impending ureteric obstruction. This flare can be 
dampened by preloading the patient with either a steroidal (cyproterone acetate, CPA) or 
non-steroidal (bicalutamide) antiandrogen commenced prior to the first LHRHa injection 
and continuing to cover the period of flare (maximal at 8–14 days).

LHRHa were initially delivered by nasal spray or daily subcutaneous injection. Depot 
injections are now the standard, with 4- or 12-weekly applications available. Longer-acting 
depots are available lasting for up to 1 year but have, as yet, made little impact.

LHRHa are effective agents for producing medical castration. Initial studies confirmed 
their equivalence to surgical castration in terms of both disease control and testosterone 
suppression [18]. These agents are the most frequently used method of obtaining hormonal 
control in prostate cancer [19].

The morbidity of LHRHa is almost exclusively that of castration and is often underes-
timated (Figure 11.2). Castration will reduce libido and therefore affect sexual function. 
Weight gain can occur and may be difficult to reverse. Hot flushes affect up to 70% of men 
and, whilst usually tolerable, may be disabling in a minority. There is a significant loss of 
bone mineral density which over a year or more may be sufficient to increase the risk of 
pathological fracture (Figure 11.3). 

When using LHRHa, strategies should be developed to minimize morbidity.

1 Hot flushes: explain to the patient that they are common and usually manageable. 
Consider a low dose of CPA (50 mg b.d.) or megestrol acetate. 

2 Sexual function: counsel the patient and his partner. Phosphodiesterase-5 (PDE-5) 
inhibitors may help erections to return and should be considered, although loss of 
libido will mean that most men will not be motivated to pursue therapy.

3 Bone loss: baseline assessment using dual energy X-ray absorptiometry (DEXA) 
scanning is advocated by some, monitoring bone mineral density loss with yearly 
scans. Bisphosphonates may protect some from an increased fracture risk.
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In conclusion, whilst LHRHa remain the main hormonal therapy for all stages of prostate 
cancer, they carry an appreciable morbidity.

antianDrogen monotHeraPy

Antiandrogens (AAs) are compounds that block the effect of androgens. Two forms of AAs 
are available. Steroidal antiandrogens (CPA and megestrol acetate) block both androgen 
receptors of the prostate cells and central androgen receptors. Although CPA was the first 
AA and is widely used as first-line therapy in Europe, it has fallen from favour because of 
its high incidence of cardiovascular and respiratory side-effects. Non-steroidal AAs include 
flutamide, nilutamide and bicalutamide, with the last now standard in many countries.

There is a need for effective hormonal therapies that
maintain quality of life

1EAU guidelines 2005;  2Iversen et al. 2000;  3Sieber et al. 2001

Long-term castration can have a detrimental
effect on quality of life

• Quality of life is an issue of paramount importance when
   considering various hormonal treatment options1

• Adverse events of castration can have a detrimental
   effect on quality of life, especially in young men1

Decreased sexual activity2

    Impotence
    Decreased libido

Reduced physical ability2,3

    Loss of bone mineral density
    Loss of muscle mass
    Decreased vitality

Figure 11.2 Physiological changes and quality of life following castration.
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their effects on bone mineral density with time [20].
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In general, the therapeutic response of AAs as monotherapy is inferior to that of LHRHa. 
However, studies of bicalutamide 150 mg versus LHRHa have shown equivalence in survival 
terms for non-metastatic prostate cancer (Figure 11.4) [21]. For M1 disease there is a survival 
disadvantage for AA monotherapy.

The concerns about AA monotherapy, if therapeutically equivalent, are twofold. The long-
term use of AAs may induce androgen receptor mutations and possible progression of hor-
monally treated cancer. In addition, AAs have a different set of complications to LHRHa. In 
particular, diarrhoea and breast complications may result in treatment withdrawal. Between 
60% and 75% of treated patients will suffer from breast enlargement or breast pain.

Bicalutamide 150 mg monotherapy has been extensively studied, and the EPC trials exam-
ined its value either as an adjunct to standard therapy or as an alternative to watchful wait-
ing. There appear to be significant advantages in terms of progression-free survival in locally 
advanced groups for bicalutamide 150 mg over placebo in patients treated primarily with 
radiation and as an alternative to watchful waiting. An overall survival advantage has been 
shown for men treated in the adjuvant setting after radiotherapy. Progression-free survival 
improved in the surgically treated patients. In the same study, patients in the watchful wait-
ing arm with low-risk cancers in the bicalutamide arm showed a trend towards worse sur-
vival than those on placebo. It appears, therefore, that in non-metastatic high-risk prostate 
cancer the therapeutic effect of bicalutamide 150 mg is beneficial and will improve disease 
control. The trend towards worsening survival in low-risk cancers precludes its use at earlier 
stages of disease progression.

maximal anDrogen blockaDe (combineD anDrogen blockaDe)

Maximal (combined) androgen blockade (MAB) combines removal of testicular androgens 
with blockade at cellular level of adrenal androgens (Figure 11.5). The rationale for MAB 
(Table 11.4) depends upon the belief that the small amounts of circulating androgens pro-
duced by the adrenals (androstenedione and dihydroepiandrosterone) may play a role in 
prostate cancer growth at cellular level disproportionate to their circulating levels.

There are several theories to explain why MAB may increase the longevity of response of 
prostate cancers to hormonal therapy (see above). The addition of an antiandrogen will block 
the effect of adrenal androgens. Although adrenal androgens represent a small percentage 
of available circulating androgens, their effect on the androgen receptor (AR) may be dispro-

Figure 11.4 Comparison of survival with castration and bicalutamide in non-metastatic prostate cancer [21].
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portionate. Studies have shown that in hormone-refractory prostate cancer tissue androgen 
levels are similar to benign prostate tissue (Figure 11.6), thus presenting androgens to the AR 
in sufficient quantities to maintain cellular activity [22]. Antiandrogens may remove some of 
this additional androgen. It is probable that there is amplification both in number and sen-
sitivity of AR following testosterone withdrawal; MAB may prevent amplification. There are 
several other points at which an antiandrogen may modify cellular response to androgens 
including affecting ligand binding, nuclear coactivator and corepressor activity and even 
ligand-independent AR activation.

MAB may be used in three ways: short term, long term and delayed or second line.
An antiandrogen may be added to a LHRHa to prevent flare response. This may last for 

3–4 weeks and then the antiandrogen is discontinued whilst the LHRHa is continued.
MAB as a long-term strategy for improving hormonal control was first advocated by 

Labrie et al. [23]. He showed that a LHRHa plus flutamide increased the rate and dura-
tion of response. However, this series was non-randomized and his controls were historical. 
The first large randomized controlled trial was published by Crawford [24] when a survival 
advantage was reported for leuprolide plus flutamide compared with leuprolide alone (35.6 
vs. 28.3 months) and this reached significance. It appeared that men with low-volume meta-
static disease and good performance status fared better. Further studies seemed to validate 
Crawford’s initial report but were later to be challenged by trials which failed to demonstrate 
any survival advantage for MAB.

In order to address the issue of whether MAB confers any clinical advantage, several 
meta-analyses have been published. The Prostate Cancer Trialists Collaborative Group 
(PCTCG) included data from 22 randomized controlled trials and more than 5000 patients 
[25]. Trends in favour of MAB were identified with a 5-year survival advantage of 3.4%; 
however, this did not reach statistical significance. A follow-up included five more studies 

Combined androgen blockage (CAB)

+

Suppression of
serum testosterone

Bilateral
orchiectomy or
LHRH agonist

Anti-androgen

Blockade of
androgen action

Figure 11.5 Combined androgen blockade describes suppression of serum testosterone levels in combination 
with androgen receptor blockade.

Table 11.4 Rationale for MAB

1 Inhibition of adrenal androgens
2 Tissue androgen level remains elevated despite castration levels of androgen in circulation
3 Prevention of androgen receptor (AR) amplification
4 Inhibition of ligand binding to AR
5 Direct effect on AR function inhibiting dissociation of heat shock protein
6 Inhibition of ligand-independent activation of AR
7 Alteration of coactivator and corepressor
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with a total of 8275 patients [26]. Again, a non-significant survival advantage of 1.8% was 
demonstrated. Other studies appear to confirm only a small survival advantage for MAB 
over LHRHa monotherapy and this may well be outweighed by the added costs and with-
drawals due to treatment toxicity.

Other authors, however, have interpreted the historical data on MAB in a different way. 
Klotz, in a review of the PCTCG meta-analyses, differentially explored the influence of AA 
type on response [27]. If the series are analysed according to whether the AA was steroi-
dal (CPA) or non-steroidal (flutamide, nilutamide in these series), then the survival advan-
tages for MAB become more significant. MAB with non-steroidal AA results in an overall 8% 
improvement in survival. The use of CPA for MAB confers a survival disadvantage of 13% 
over LHRHa monotherapy.

Klotz took this analysis further when comparing MAB with two different non-steroidal 
AAs, flutamide and bicalutamide. An indirect comparison of PCTCG and the Schellhammer 
trial produced a survival advantage for MAB with bicalutamide of 20% compared with 
LHRHa monotherapy.

In conclusion, MAB does show a small survival advantage for men with prostate cancer 
over LHRHa monotherapy. This is more marked when a non-steroidal AA is part of the 
regime.

intermittent Hormonal tHeraPy (iHt)

Hormonal therapy has traditionally been ongoing and lifelong. This was inevitable when 
surgical castration was the mainstay of such therapy. The advent of LHRHa and antiandro-
gens means there is scope for patients to have periods off therapy. There are theoretical and 
clinical reasons why intermittent therapy may be preferable to continuous treatment. The 
possibility that the pulsatile application of hormonal therapy may delay the development 
of hormonally independent prostate cancer growth has been suggested. This may be by 

Figure 11.6 Prostatic androgen receptor expression and tissue concentrations of androgen and SHBG levels 
in benign prostatic hyperplasia (BPH, closed bars) and recurrent hormone-refactory prostate cancer (PCa, open 
bars). ARMOD, androgen receptor mean optical density; %(+) nuclei, percentage nuclear staining; SHBG, sex-
hormone-binding globulin; DHT, dihydrotestosterone; ASD, androstenedione; DHEAD, dehydroepiandrosterone; 
DHEAD-SO4, dehydropiandrosterone sulphate [22] 
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cyclical reinduction of apoptotic potential by repeatedly withdrawing and reintroducing an 
LHRHa.

In addition, periods off therapy may be advantageous for patients by reducing treatment-
associated morbidity. Several studies have looked at the use of IHT both as primary therapy 
for advanced disease and in patients with PSA relapse after radical therapy.

The Chiba study group [28] showed an improvement in quality of life measures in those 
treated by IHT.

The Canadian Prospective Trial of intermittent androgen suppression followed 109 men 
with failure after local radiation for 132 weeks [29]. In this series hormones were discontin-
ued when PSA fell below 4 ng/l and recommenced after three consecutive rises above 4 ng/l. 
The median on-treatment period was 40 weeks with a non-treatment period of 46 weeks. 
The quality of life was markedly improved when off treatment.

The trials available exploring IHT show that patients may safely remain off therapy for 
between 50% and 70% of the time [29]. However, there are no good randomized controlled 
trials as yet mature to confirm an advantage or disadvantage in terms of survival for IHT 
over continuous therapy.

tHe role oF Hormonal tHeraPies as seconD line anD beyonD

If biochemical or other evidence of disease progression occurs in a patient being treated 
primarily with hormonal therapy the first question to be asked is whether there is still andro-
gen dependence or is the prostate cancer now refractory to androgen withdrawal. There 
are several mechanisms by which further disease control can be achieved by manipulating 
the androgen control of the prostate cancer cell. These can be divided into stepping-up, 
stepping-down and alternatives.

steP-uP tHeraPy

If monotherapy is the primary modality then in a proportion of patients with disease pro-
gression stepping up from LHRHa to MAB or antiandrogen monotherapy to LHRHa or 
MAB will result in PSA response in up to 50%.

If primary antiandrogen monotherapy with bicalutamide 150 mg is used and consecutive 
PSA rises indicate disease progression, it is reasonable to add in a LHRHa in order to achieve 
MAB. There are no published series to inform as to the chance of response, its duration or 
any increase in survival.

If LHRHa was the prime therapy then second-line MAB may be achieved by adding an 
antiandrogen when the PSA rises. Bicalutamide, flutamide and CPA have all been utilized in 
this context. Response rates (a fall in PSA > 50%) have been reported in 20–50% with a mean 
duration of 3–6 months One trial [30] reported higher response rates with a mean duration 
of 14.5 months (Figure 11.7).

It is therefore reasonable practice in a patient treated with monotherapy to step up to 
MAB if there are three consecutive rises in PSA or other signs of progression [36].

steP-DoWn tHeraPy

In patients treated with either primary or secondary MAB progression, a rising PSA may 
occur and there may still be scope for hormonal manipulation. The use of an AA may result 
in AR mutations and these AR changes may allow the AA to become an agonist and stimu-
late prostate cell metabolism. Antiandrogen withdrawal may therefore theoretically produce 
a tumour response with a fall in PSA. PSA response rates of 15–50% have been reported for 
AA withdrawal, although there is no evidence that this translates into an improvement in 
survival [31–35]. Table 11.5 demonstrates that median survival is similar in patients with and 
without an antiandrogen withdrawal response [35].
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In men treated with MAB with evidence of disease progression the antiandrogen should 
be withdrawn before other interventions are considered.

otHer or alternatiVe Hormonal tHeraPies

When MAB has been fully explored and the antiandrogen withdrawn the scope for fur-
ther hormonal manipulations may be limited. Antiandrogen switching may be considered. 
Miyake et al. reported 55 men on MAB with bicalutamide who were switched to flutamide at 
progression [36]. Forty-five per cent showed a decrease in PSA, with 22% classed as respond-
ers for a median period of 6 months.

Oestrogens have been employed following failure of primary therapy. The response to 
oestrogens is presumed to be in part mediated by inhibition of the feedback action of testo-
sterone on pituitary luteinizing hormone production. They may also have a direct effect on 
the testes and a cytotoxic effect on prostate cancer cells. Oestrogens also increase circulating 
sex hormone-binding globulin thus reducing unbound testosterone. In androgen-independ-
ent prostate cancer, objective response rates of 5–19% have been reported for estramus-
tine phosphate. Four trials of oestrogen second-line therapy reviewed by Oh [37] reported 
response rates of 20–65%.

Oh [37] (Figure 11.8) reviewed the reported series of second-line hormonal therapy. High-
dose (150–200 mg) bicalutamide in three trials produced responses in approximately 20%. 
Corticosteroids produced similar response rates. The anti-fungal ketoconazole produced 
higher response rates. A 50% fall in PSA was reported in as many of 55% of cases; however, 
objective response was seen in only 2–20% (Table 11.6). PC SPES has also been shown in 
small series to produce response rates of up to 80%.

Figure 11.7 PSA decline in response to alternative antiandrogens.
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Table 11.5 Relationship between prostate-specific antigen (PSA) response to antiandrogen withdrawal 
and survival [35]

A PSA response (50% reduction) to antiandrogen withdrawal does not translate into prolonged 
survival:
 Median survival after PSA response to withdrawal = 13 months
 Median survival in the absence of a PSA response = 12 months
n = 82
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The problem with all these second-line therapies is a lack of data showing objective 
response. In almost all, series response is defined as a fall in PSA usually of more than 50% 
from baseline. In addition there are no randomized controlled trials to inform as to the 
proven value of any of these manoeuvres.
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Chemotherapeutic strategies for treatment of 
advanced disease
Andrew J. Armstrong, Michael A. Carducci

INTRODUCTION

Hormone-refractory prostate cancer (HRPC) remains an incurable disease. However, thera-
peutic options have improved over the last several years, with the use of docetaxel-based 
chemotherapy, resulting in significant palliation of symptoms, objective and prostate-specific 
antigen (PSA)-based responses, improvements in pain and overall survival benefits [1–2]. A 
vast array of novel agents are currently in clinical trials using this docetaxel platform, as 
well as other novel combinations, with the goal of turning metastatic HRPC into a chronic 
symptom-free disease rather than an inevitably progressive one. New approaches to prog-
nostic markers and resistance to hormonal and chemotherapeutic approaches have led to 
improved clinical stratification and identification of therapeutic targets. As chemotherapeu-
tic options in earlier stage disease remain purely experimental at present, this chapter will 
focus on the clinical approach to treating men with metastatic HRPC, the current state of 
knowledge about the pathophysiology of hormone-refractory growth, and therapeutic strat-
egies in the first-line setting and beyond.

DEFINITION OF HORMONE-REFRACTORY DISEASE

The most widely accepted criterion for the hormone-refractory state has been the demon-
stration of progressive, measurable or evaluable disease in the face of castrate levels of serum 
testosterone (< 50 ng/dl) [3]. Biochemical progression after antiandrogen (bicalutamide, fluta-
mide, nilutamide) withdrawal, as measured consecutively over a 4- to 6-week period, has 
been proposed for eligibility into clinical trials for HRPC. Patients are usually continued on 
gonadotrophin-releasing hormone agonists (GnRHa) during this time if tolerable. There is 
at this time no universally accepted definition of progression of hormone-refractory disease, 
however, and patients may have no measurable or evaluable disease with PSA-only progres-
sion and be termed hormone refractory or castration resistant [4]. These PSA-only hormone-
refractory patients represent a heterogeneous group, and time to metastatic progression and 
death is highly variable, with a median of 1.5–3.5 years depending on PSA and PSA kinetic 
characteristics [5]. Survival in this common subgroup in the clinic is generally better than in 
patients with metastatic hormone-refractory disease but, as of 2006, chemotherapy remains 
unstudied in non-metastatic HRPC. In the TAX327 trial of docetaxel and prednisone com-
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pared with mitoxantrone and prednisone, 10% of patients had a rising PSA as the only 
indicator of progressive disease despite the presence of metastases [1]. In this subgroup, the 
median survival was approximately 21 months, compared with 16.8 months for those with 
progression defined by pain or radiologically measurable disease. This illustrates the need 
for randomization and stratification based on known prognostic factors in clinical trials of 
this heterogeneous patient population.

The demonstration of progressive disease in the face of continuous androgen suppression 
with GnRHa often leads to the introduction of combined androgen blockade with antian-
drogens as second-line hormone manipulation. This can be followed by antiandrogen with-
drawal and trials of third-line hormonal therapy, often with the androgen synthesis inhibitor 
ketoconazole and hydrocortisone or other antiandrogens. The response time to each of these 
manipulations is generally of the order of several months but some responses may be long or 
durable [6]. Eventually, prostate cancer growth becomes refractory to these manipulations. 
The indication for chemotherapy in practical terms has generally been metastatic progres-
sion despite the utilization of several hormonal options, manifested generally by clinically 
evident or radiographically measurable disease rather than biochemical (PSA) progression 
alone. 

BIOLOGICAL BASIS FOR HORMONE-REFRACTORY GROWTH

Like many epithelial malignancies, prostate cancer represents a multistep cascade of events 
that contribute to the malignant phenotype, including evasion of apoptosis, growth factor 
independence, tissue invasion and metastasis, angiogenesis and immortality [7]. Many of 
these features are shared with tissue stem cells, and may be related to genomic instability 
and acquired somatic mutations, possibly as a result of increased susceptibility of prostate 
cancer cells to environmental toxins and oxidative damage. The methylation and subsequent 
loss of expression of glutathione s-transferase pi, a phase II detoxification enzyme probably 
involved in genomic protection from carcinogens, is one of the earliest changes seen dur-
ing prostate cancer progression [8]. Loss of expression of the homeobox gene NKX3.1 may 
also increase the susceptibility to DNA damage early in prostate cancer pathogenesis [9]. 
Increased expression of multidrug resistance protein (MRP), myc, bcl-2, vascular endothelial 
growth factor (VEGF), cyclin-D1 and p53 have all been correlated with progression to the 
androgen-independent state, as have diminished levels of the tumour suppressors PTEN 
and p27-Kip1 [10, 11]. Bcl-2 is a unique antiapoptotic gene expressed in the basal regenerat-
ing compartment of the prostate that extends cell viability in the absence of cell proliferation 
[12]. While the cell of origin in prostate cancer remains unclear, these basal cells are typically 
androgen independent and may contain the putative prostate cancer stem cell responsible 
for relapse following androgen ablation. Destruction of the more differentiated compart-
ment of luminal type cells that are androgen dependent would not be expected to eradicate 
these stem cells. Whether these regenerating cells are present from the beginning of prostate 
cancer development or acquired during progression remains to be determined. Efforts to 
identify phenotypic markers of these stem cells, such as telomerase, CD133, TMPRSS2–ETS 
fusion proteins and hedgehog signalling, are encouraging, and novel trial designs to test the 
hypothesis of the stem cell basis for prostatic malignancy are anticipated [13–17].

Resistance to cytotoxic therapy-induced programmed cell death may also be related to 
the relative inactivation of the phosphatase and tensin homologue deleted on chromosome 
10 (PTEN) tumour-suppressor gene during the progression to the hormone-refractory state 
[18]. Loss of PTEN expression is seen in the majority of prostate metastases compared with 
15% of early localized malignancies [19]. This tumour-suppressor gene restrains the activ-
ity of the Akt/PI3K survival pathway, which contributes to apoptotic resistance to cytotoxic 
agents, cell anchorage-independent growth, angiogenesis, nutrient driven proliferation and 
other stem-cell like phenotypes [20–22]. Inhibition of this pathway may thus be beneficial in 
advanced disease.
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Resistance to cytotoxic therapy may be related to concurrent resistance to androgen 
deprivation and progression to HRPC. Up-regulation of the androgen receptor has been 
observed during progression to the androgen-refractory state [23]. Alterations in coactivators 
and corepressors of the androgen receptor may function as a biological signal amplification 
switch associated with increased androgen receptor expression, and may explain some of 
the lack of benefit and even paradoxical growth seen during treatment with antiandrogens 
[24]. Androgen receptor mutations, about 45% of which are activating mutations, have been 
observed in a minority of patients with HRPC and may lead to increased sensitivity to oes-
trogens, progestins and other non-androgen ligands [25, 26]. Increased sensitivity to local 
autocrine and paracrine stromal growth factors [i.e. epidermal growth factor (EGF), insulin-
like growth factor-1 (IGF-1), interleukin 6 (IL-6)] that act either through traditional signalling 
pathways or cross-talk with androgen receptor signalling have been reported [27]. Transition 
to the hormone-refractory state may thus be accompanied by an amplification of or altera-
tion in androgen receptor signalling, or a transition to dependence on growth factor kinase 
pathways [24]. PSA production may thus also become driven by non-androgen signals and 
may confound the use of PSA declines as a surrogate marker for investigational agents.

PROGNOSTIC MODELS

The predicted survival of men with HRPC is heterogeneous and depends on a number of 
factors, including performance status, baseline haemoglobin, baseline alkaline phosphatase 
and lactate dehydrogenase (LDH), baseline PSA, presence or absence of pain, disease sites 
(i.e. visceral metastases), disease kinetics, comorbidities and competing causes of death, and 
clinical state (type of progression) [28]. Currently, the median survival of men with asympto-
matic non-metastatic HRPC is approximately 2–4 years, for asymptomatic metastatic HRPC 
approximately 20–24 months, and for symptomatic metastatic HRPC approximately 10–15 
months [1, 5, 28]. Tables 12.1 and 12.2 illustrate those factors that contribute to the individu-

Table 12.1 Predicted median survival based on prostate cancer disease state

Disease state median overall survival

Rising PSA only HRPC 2–4 years
Asymptomatic Metastatic HRPC 20–24 months
Symptomatic HRPC 10–15 months
Metastatic HRPC relapsed after docetaxel 12 months

HRPC, hormone-refractory prostate cancer; PSA, prostate-specific antigen.

Table 12.2 Prognostic factors in metastatic HRPC

Performance status
Pain at baseline
Serum LDH (greater than normal)
Visceral metastases
Baseline haemoglobin
Baseline alkaline phosphatase
PSA kinetics (doubling time or velocity)
Gleason sum in primary tumour (> 7) 
Number of metastatic sites
Rising PSA only as progression type
Low albumin

LDH, lactate dehydrogenase; PSA, prostate-specific antigen.
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alization of prognosis. PSA kinetics are emerging as an independent risk factor for mortality, 
including both PSA velocity and PSA doubling time (PSADT), and have been retrospectively 
evaluated in several relatively small studies [29–32]. Regardless of baseline PSA, PSA kinet-
ics seems to be prognostic for mortality, and this marker has been validated now in a large 
independent data set (in press). The Halabi nomogram (Figure 12.1) for metastatic HRPC is 
a useful stratification tool for randomized trials in this population, with PSA kinetics, pres-
ence of pain and number of metastatic sites being likely additional measures of prognosis 
and stratification [28]. Given the multiple prognostic variables and heterogeneity of overall 
survival, randomized trials in this patient population are essential in the evaluation of novel 
therapies.

To date, a surrogate marker for overall survival in metastatic HRPC has yet to be vali-
dated. PSA response seems not to be a strong surrogate for overall survival in the large ran-
domized trials, and recent reviews have shown a low association in other clinical trials [33]. 
Progression-free survival remains to be uniformly described in this disease state, and other 
candidate surrogates include change in PSA kinetics, PSA nadir, duration of response and 
pain response to chemotherapy [34].

HISTORICAL PERSPECTIVE

Controlled chemotherapy trials for HRPC began in the 1960s and 1970s with the United 
States National Prostatic Diseases Project and the systematic evaluation of chemotherapeutic 
agents, including 5-fluorouracil (5FU), cyclophosphamide and others. A full review of the 
background of chemotherapeutic agents is referenced, and Table 12.3 provides a comparison 
of selected single and combination chemotherapeutic agents in terms of response rates, sur-
vival and time to progression observed in phase II trials [35]. The results of the phase II trials 
of docetaxel and combination docetaxel and estramustine essentially led to the phase III 

Figure 12.1 Nomogram for predicting survival in metastatic hormone-refractory prostate cancer. Reproduced 
with permission from the Journal of Clinical Oncology, all rights reserved [28].
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studies discussed below based on the superior response rates as defined by declines in serum 
PSA greater than 50%, the tolerability of docetaxel and market pressures for agent develop-
ment. However, mitoxantrone and prednisone remains an approved combination since 1996 
for the palliation of symptoms in men with metastatic HRPC, and today is most commonly 
used in men who can not tolerate docetaxel-based therapy [36]. It is unclear what the role 
of mitoxantrone is as second-line therapy after docetaxel failure, given its low response rate 
in this setting and potential for cardiotoxicity [37]. Clearly, clinical trials remain an essential 
component of progress towards improved outcomes in this disease.

CHEMOTHERAPY FOR ADVANCED DISEASE, FIRST LINE

In 2004, docetaxel (Taxotere®) with prednisone was approved for use in the USA and Europe 
in metastatic HRPC based on the results of two large, phase III, randomized, multicentre, 
controlled trials: TAX327 and Southwest Oncology Group Protocol (SWOG) 9916 [1, 2]. The 
eligibility for these trials was similar and included progressive disease as defined by PSA 
progression or objective radiological progression in the face of castrate levels of testosterone. 
Despite this, there are some differences in baseline characteristics of the patients and con-
duct of each trial, shown in Table 12.4. Notably, SWOG 9916 subjects had lower PSA values 
at baseline, were less heavily pretreated, had less pain and visceral metastases at baseline, 
and slightly better performance status compared with TAX327 subjects, making cross-trial 
comparisons difficult. In addition, the chemotherapy doses and schedules were different in 
these two trials. In TAX327, patients were randomized to one of three arms: docetaxel 75 mg/
m2 every 3 weeks, docetaxel 30 mg/m2 weekly for 5 of 6 weeks, and mitoxantrone 12 mg/m2 
every 3 weeks up to 10 cycles or 30 weeks of therapy in total. In SWOG 9916, patients were 
randomized into two groups: docetaxel 60 mg/m2 every 3 weeks on day 2, with estramus-
tine 280 mg daily for days 1–5 versus mitoxantrone 12 mg/m2 every 3 weeks with treatment 
continuing until disease progression, adverse events or 12 cycles of docetaxel or 144 mg/m2 

Table 12.3 Selected chemotherapeutic agents with activity in hormone-refractory prostate cancer [35]

agent
number of 
patients

survival 
(months)

time to progression 
(months)

measurable 
rr (%)

Psa rr  
(95% ci)

Docetaxel 810 9–18.9 4.6–5.1 12–28 38–48
Paclitaxel 126 9–13.5 NR 17 4–39
Mitoxantrone 255 12.3–23 3.7–8.1 13 33–48
Epirubicin 260 9–13 NR 31 24–32
Vinorelbine 154 10.2–17 2.9–7  7 4–28
Estramustine 113 NR NR 40 21
Cyclophosphamide 53 8–12.7 NR 14  4
Doxorubicin 135 9–13 NR 22 NR
Gemcitabine 50 14.7 2.7 NR NR
Cisplatin 29 NR NR 10 NR
Paclitaxel, estra-
mustine, etoposide, 
carboplatin (TEEC)

19 14.2 5.5 58 58

Docetaxel/estramustine 619 12–20 6–10 17–42  5–82
Ketoconazole, doxo-
rubicin, vinblastine, 
estramustine (KAVE)

80 19–23.4 NR 61 56–67

NR, not reported; PSA, prostate-specific antigen; RR, response rate (defined for measurable disease by RECIST or WHO criteria, and 
for PSA as a 50% or greater decline from baseline).
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of mitoxantrone. Finally, the doses of steroids were very different in each arm of the trials, 
making it difficult to separate the true antitumour effects of docetaxel. For example, while all 
patients received 5 mg of prednisone twice daily, the every-3-weeks docetaxel arms in both 
trials received 8 mg dexamethasone for three doses prior to chemotherapy while only one 
dose was given in the weekly docetaxel arm, and mitoxantrone arms did not receive sup-
plemental steroids. Thus, some of the efficacy seen in these trials may be due to some of the 
known antitumour effects of high doses of steroids on an intermittent basis [38].

The major results of the TAX327 and SWOG trials are shown in Table 12.4 and Figure 12.2 
[1, 2]. In summary, overall survival in TAX327 was improved by 2.5 months with 3-weekly 
docetaxel (18.9 vs. 16.5 months, HR 0.76) but not statistically significantly prolonged in the 
weekly docetaxel arm (17.4 months). The trial was not designed for a formal comparison of 
the docetaxel schedules, and the confidence intervals around the median survival estimates 
for these groups clearly overlap. However, based on this result, docetaxel received regula-
tory approval in the USA and Europe. Surprisingly, PSA response rates were higher for 
weekly docetaxel, as were duration of pain and PSA responses, despite the lack of survival 
advantage.

Toxicity in the every-3-weeks versus weekly docetaxel arms was notable for more hae-
matological toxicity in the every-3-week arm (3% vs. 0% neutropenic fever), but slightly 
lower rates of nausea and vomiting, fatigue, nail changes, hyperlacrimation and diarrhoea 
[1]. Neuropathy, alopecia and peripheral oedema were slightly more common in the every-
3-week arm. Quality of life as measured by the Functional Assessment of Cancer Therapy–
Prostate (FACT–P) scoring system did not differ significantly among the docetaxel schedules 
but was more favourable than the mitoxantrone arm [34]. In extrapolating the use of docetaxel 
to large populations of men with HRPC, it is also important to point out significant reports 
of interstitial pneumonitis, extravasation injuries, colitis, excess tearing and maculopapular 
rash that may occur with docetaxel but were not seen in TAX327 [39].

Table 12.4 Comparison of baseline and response characteristics in the TAX327 and SWOG 9916 trials 
[1, 2]

trial
tax327 (D3P, D1P, mP)  
(n = 1006)

sWog 9916 (D + e + P vs. mP) 
(n = 674)

Baseline characteristics
Baseline PSA, median 108–123 84–90
Prior estramustine 18–20% None
Age, median (years) 68–69 70
Caucasian (%) >90 82–86
PS (% poor) 12–14 10–12
PSA-only progression (%) 10 18–19
Visceral metastases 22–24 18–19
Pain at baseline 45 36
Prior hormonal manipulations 
(per cent over 2)

21–25 NR

Outcomes (per arm) D3, D1, MP DE, MP
PSA response rate (%) 45, 48, 32 50, 27
Tumour response rate (%) 12, 8, 7 17, 11
Pain response (%) 35, 31, 22 NR
Median survival (months) 18.9, 17.4, 16.5 17.5, 15.6
Time to progression (months) Not defined, reported 6.3, 3.2
Follow-up time (months) 21 32

NR, not reported; PS, performance status; PSA, prostate-specific antigen.
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While a similar survival advantage was seen in SWOG 9916 with docetaxel and estramus-
tine, this came at a cost of increased cardiovascular, gastrointestinal and thromboembolic 
toxicity, despite the use of low-dose anticoagulant prophylaxis (2 mg coumadin and 325 mg 
aspirin) [2]. These rates may be attributable to the oestrogenic properties of estramustine, 
leading to an approximately 7–15% incidence of thromboembolic disorders [40]. Despite a 
50% PSA response rate, enthusiasm for estramustine has significantly diminished as a result 
of roughly similar overall survivals across these two trials for docetaxel-based chemother-
apy.

COMBINATIONS WITH MOLECULARLY TARGETED AGENTS

While a comprehensive discussion of novel therapies for metastatic HRPC is discussed in 
subsequent chapters, a brief mention of therapeutic strategies and ongoing clinical trials is 
warranted here. Table 12.5 lists some of the agents currently in phase II–III development in 
metastatic HRPC.

antiangiogenic agents

Prostate cancer is known to overexpress VEGF and its receptors, and VEGF levels correlate 
with disease stage and perhaps survival in the metastatic setting, with levels falling after 
surgical resection of primary tumours [41, 42]. The mechanism of abnormal VEGF produc-
tion in prostate cancer may be related to aberrant hypoxia-induced signalling (HIF1α) but 
essentially remains unclear, as does the mechanism of action of anti-VEGF therapies in other 
solid tumours. Potential mechanisms include a normalization of vasculature for facilitated 
delivery of chemotherapy, a decrease in oncotic interstitial pressure from leaky capillary 
membranes, improved recruitment of mature dendritic cells and immunostimulation, and 
true anti-neovascularization effects [43–47]. A multicentre phase III study, CALGB 90401, is 
currently randomizing patients to docetaxel or docetaxel and bevacizumab, including pred-
nisone in each arm, and is now open with a goal accrual of 1020 patients over 3 years. This 
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antrone in the TAX327 trial [1]. Copyright 2004, Massachusetts Medical Society. All rights reserved.
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follows the results of a phase II study that demonstrated the safety and PSA response effi-
cacy of docetaxel, estramustine and bevacizumab in HRPC [48].

Additional agents with antiangiogenic properties include thalidomide and its analogues, 
such as lenalidomide, as well as small molecule inhibitors of the VEGF receptor tyrosine 
kinase such as sorafenib and sutent [49, 50]. These agents are in phase II development in 
HRPC. Thalidomide analogues probably have multiple mechanisms of action, including 
inhibition of VEGF, improved T cell costimulatory function, tumour necrosis factor (TNF) 
alpha inhibition and a decrease in interleukin6 (IL-6) levels [50]. A phase II randomized 
study of thalidomide and docetaxel in HRPC demonstrated an impressive 53% PSA response 
rate (> 50% decrease in PSA), and improved time to progression and overall survival; how-
ever, this study was underpowered and complicated by a high rate of thrombosis, sedation 
and neuropathy in the experimental arm, necessitating the introduction of therapeutic low 
molecular weight heparin prophylaxis [51]. Novel thalidomide analogues are in phase II 
development in prostate cancer, and are expected to have a lower incidence of vascular and 
neurotoxic adverse events [52]. The high potency of these agents in terms of T-cell stimu-
lation, antiangiogenic properties and oral availability make them attractive as therapeutic 
agents.

groWtH Factor PatHWays

In metastatic hormone-refractory prostate cancer, several classes of agents that modify 
growth factor signalling pathways hold some promise and are in early-phase trials. These 
include rapamycin analogues that target the Akt/PI3 kinase/mTOR pathway, heat shock 
protein 90 (HSP90) inhibitors, and inhibitors of upstream growth factor receptors in pros-
tate cancer such as human epidermal growth factor receptor (HER)-2/3, IGF-R, IL-6R and 
platelet-derived growth factor receptor (PDGFR). Akt activation and/or PTEN loss have been 
linked to hormonal resistance, chemotherapeutic insensitivity, biologically aggressive behav-
iour, advanced Gleason score and relapse after local therapy [18, 21]. Mouse models of PTEN 
loss or Akt activation have demonstrated growth inhibition, restoration of chemosensitiv-
ity and improved time-to-progression with inhibitors of this pathway, including rapamycin 
analogues [53–57]. Mechanistic dose-finding pre-prostatectomy studies are in progress in 
prostate cancer with three rapamycin analogues: temsirolimus, everolimus and rapamycin 
itself [57–60]. The development of these agents will be dependent on the establishment of 
surrogate markers of biological effect, the identification of subgroups of responders, and 
drug characteristics such as dose, pharmacokinetic variability and tolerability. All agents 
in this class have a well-described pattern of toxicity, including stomatitis, acneform rash, 
glucose intolerance, nausea, fatigue, mild thrombocytopenia, arthralgias, electrolyte abnor-
malities and possibly increased risks of infection [61]. Their long-term immunosuppressive 
safety in prostate cancer patients has yet to be tested, but has been evaluated favourably in 
renal cell carcinoma and other tumour types [62, 63]. The use of these agents in combination 
with docetaxel is under investigation and requires careful monitoring due to metabolic and 
myelosuppressive interactions. As these agents are primarily cytostatic in prostate cancer, 
combination therapy with other biological agents may be necessary.

Epidermal growth factor receptor (EGFR) tyrosine kinase inhibitors such as gefitinib and 
trastuzumab have not been successful in metastatic prostate cancer; and it is possible that 
EGFR and HER2 may not carry the same importance in the majority of prostate cancer cases 
as they do in some lung cancer or breast cancer cases [64, 65]. Indeed, HER2 amplification in 
prostate cancer is rare, unlike the case in subsets of breast cancer [66]. Recent findings sug-
gest that HER-2/HER-3 dimerization and activation led to optimization of androgen receptor 
(AR) signalling in the setting of androgen depletion, pointing to a potential novel thera-
peutic target [67]. The HER1/HER2 intracellular kinase inhibitor lapatinib is the subject of 
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a recently completed Eastern Cooperative Oncology Group (ECOG) phase II study in men 
with a rising PSA after local therapy.

The endothelin axis may be an important mediator of the bone–prostate cancer interface 
and a paracrine signalling target. Endothelin receptors are overexpressed in metastatic HRPC 
and higher levels of endothelin correlate with progressive disease [68]. While endothelin is 
a potent vasoconstrictive agent, it may also regulate cellular mitogenic pathways in prostate 
cancer and osteoblasts, and play a role in the mediation of bone-related pain from meta-
static prostate cancer. Atrasentan has been developed as a highly selective endothelin (ET)-A 
receptor antagonist and is the most clinically developed agent of this class in prostate cancer 
[69]. In the phase III trial, 809 patients with metastatic HRPC were randomized to placebo or 
10 mg of oral atrasentan, with the primary clinical endpoint being time to progression (TTP) 
[70]. Although TTP was not found to be statistically significantly different from placebo in 
the intent-to-treat analysis, several secondary endpoints indicated clinical activity, includ-
ing improvements in quality of life scores, pain scores and reductions in the rise of labora-
tory markers including alkaline phosphatase and PSA. While atrasentan was not approvable 
based on these data and out of concerns for cardiovascular toxicity, these results clearly 
point to biological activity of the endothelin axis in modulating osteoblastic metastases, and 
emphasize the importance of trial design in this population. Further development of this 
agent in combination with docetaxel is under way in SWOG 0421 or in select bone-only 
subgroups of patients. Phase III trial results in non-metastatic prostate cancer are due to be 
reported in late 2006. Another ET-A receptor antagonist, ZD4054, is also in phase II develop-
ment at this time [71].

Prostate cancer cells express high levels of PDGFR, and this signalling pathway utilizes 
the PI3 kinase/Akt pathway which has been implicated in prostate cancer progression [72]. 
While single agent activity of imatinib, an oral PDGFR tyrosine kinase inhibitor, has been 
modest, the combination of imatinib 600 mg and docetaxel 30 mg/m2 weekly for 4 out of 6 
weeks demonstrated a > 50% PSA reduction in 8 out of 21 patients (38%), with several dura-
ble (> 18 month) responses [72]. A second-line randomized trial of this combination spon-
sored by the NCI Prostate Cancer SPORE clinical consortium is under way, with preliminary 
results demonstrating little if any benefit over docetaxel alone [73].

immunological aPProacHes

As the prostate is a non-vital organ, induction of anti-prostate auto- or alloimmunity may 
be clinically beneficial without undue organ toxicity. Several vaccination strategies have 
progressed into phase III testing in prostate cancer, including Provenge, a prostate acid 
phosphatase (PAP)-activated dendritic cell-based vaccine, and Prostate GVAX, a whole-cell 
allogeneic vaccine [74]. Both of these agents are under evaluation in the phase III setting. 
Provenge [Sipuleucel-T] is a proprietary process of antigen-delivery to activated antigen 
presenting cells, collected from patients through leukapheresis, stimulated with fusion PAP-
granulocyte-macrophage colony-stimulating factor (PAP-GMCSF) protein, and reinjected 
intravenously every 2–4 weeks [75]. Initial results from small phase II–III studies (D9901 and 
D9902A) involving a total of 225 patients with asymptomatic metastatic HRPC did not sig-
nificantly demonstrate improved time to disease or pain progression, the primary endpoints 
[76]. While not originally powered to detect a survival benefit, overall survival was improved 
by an average of 4 months in each study. Analyses based on chance imbalances in prognos-
tic factors and use of chemotherapy after vaccination did not reduce this survival finding. 
A confirmatory phase III study of Provenge in minimally symptomatic men with HRPC is 
ongoing and powered to detect a difference in survival.

Prostate GVAX® is a form of active immunotherapy using whole cell allogeneic prostate 
cell lines (PC-3 and LnCaP) virally transduced to express an immune adjuvant granulocyte–
macrophage colony-stimulating factor (GMCSF), lethally irradiated and injected intrader-
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mally [77]. Given that GMCSF probably facilitates the maturation and activation of dendritic 
cells, initial work extrapolated early melanoma studies to mouse models of prostate cancer 
with results showing prolonged survival and tumour regression [77, 78]. A phase II study 
of prostate GVAX was conducted in 34 patients with metastatic HRPC and demonstrated 
a median survival of 26 months in select, asymptomatic patients [79]. A further evaluation 
of 80 patients with metastatic HRPC treated at higher doses demonstrated one partial PSA 
response and improvement in markers of bone turnover, with survival analysis still ongo-
ing [80]. A phase III trial of GVAX® versus docetaxel (VITAL-1) in 600 men with minimally 
symptomatic metastatic HRPC is currently accruing patients, and a second phase III study 
examining docetaxel and prednisone with or without GVAX has been initiated (VITAL-2).

Finally, several other vaccine approaches are in phase II–III testing and include the recom-
binant vaccinia-fowlpox PSA vaccine (TRICOM) and the BLP25 MUC1 liposomal vaccine 
MUC-1 [74, 81]. The use of vaccines alone or in combination with chemotherapy or biological 
agents, such as cytotoxic T lymphocyte-associated protein 4 (CTLA4) blocking antibodies, 
may improve immune responses and overcome tumour tolerance, potentially at the expense 
of autoimmunity [82, 83].

DiFFerentiating agents

In prostate cancer, epidemiological data suggest that the vitamin D receptor is a potential 
therapeutic target, given the link of vitamin D deficiency with prostate cancer incidence [84]. 
In vitro, calcitriol may have growth inhibitory, proapoptotic, and differentiating properties in 
prostate cancer, thus leading to a rationale for clinical trials [85]. Based on favourable phase II 
results of calcitriol and docetaxel in combination, Beer et al. recently reported interim results 
from a phase II randomized trial [AIPC (androgen-independent prostate cancer) Study of 
Calcitriol Enhancing Taxotere (ASCENT)] of docetaxel and prednisone with or without 
DN101 , a proprietary oral calcitriol analogue [86]. In this randomized multi-institutional 
study of 250 men with progressive metastatic HRPC treated with weekly docetaxel with or 
without DN101, the primary endpoint was PSA response rate, a typical phase II endpoint. 
With a median follow-up of 18.3 months, neither PSA nor clinical response endpoints were 
met (6-month PSA response 58% vs. 49%, P = 0.07, and measurable disease response rate 
of 29% vs. 24%, P = 0.58 in the placebo vs. treated subjects respectively). However, despite 
being underpowered to detect a difference in survival, the estimated median survival was 
non-significantly prolonged with DN-101, from 16.4 to 23.5 months (HR 0.70, 95% CI 0.48–
1.03, P = 0.07), and better tolerated than docetaxel alone [87]. This difference became signifi-
cant with a prespecified multivariate adjustment based on chance imbalances in this small 
sample size. A larger study with typical phase III survival endpoints is under way (ASCENT 
II) to confirm these findings.

Other strategies that may induce terminal differentiation of prostate cancer cells include 
inhibitors of histone deacetylase and DNA methyltransferase, enzymes responsible for the 
epigenetic silencing of gene expression. Histones maintain DNA in a closed, coiled configu-
ration, and this activity is mediated by a reversible acetylation process, in which acetylation 
of lysine residues on select histone tails favours transcription. Aberrant hypermethylation 
and gene silencing of specific promoter regions in prostate cancer has been described, such 
as the antioxidant enzyme GST-pi and the tumour suppressor p21 [88]. The rationale behind 
agents that target histone deacetylase or DNA methyltransferase is their ability to induce 
broad gene re-expression in preclinical models of prostate cancer which may induce apop-
tosis, up-regulate p21 signalling and arrest growth [89, 90]. Histone deacetylase (HDAC) 
subtypes may be critical to the tailoring of these agents to disease states. Further confound-
ing mechanistic assumptions are the effects on protein signalling independent of their epi-
genomic effects [91]. Phase II studies using suberoylanilide hydroxamic acid (SAHA), an 
orally bioavailable HDAC inhibitor, in metastatic HRPC are ongoing, and a phase II study 
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is planned of the HDAC inhibitor MS-275 in combination with cis-retinoic acid based on 
promising preclinical and phase I results [92, 93].

As the antiapoptotic Bcl-2 protein is overexpressed in metastatic HRPC, and resistance 
to cell death seems to be dominant over proliferation in these tumours, proapoptotic strate-
gies are attractive therapeutically [94]. The mechanism of Bcl-2 overexpression is unclear, 
however, and could be related to PTEN loss and/or Akt pathway activation, thus providing 
a common mechanism for the observed joint occurrences with tumour progression [95]. 
Agents that target bcl-2 have been tested and current results have demonstrated feasibility 
and safety but unclear efficacy or target validation in prostate cancer, and newer compounds 
are anticipated to explore this strategy [96].

CHEMOTHERAPY FOR ADVANCED DISEASE, SECOND LINE

Given that disease-free survival after initiation of docetaxel-based chemotherapy is of the 
order of 4–6 months, many patients will be eligible for second- or third-line agents, with 
a median expected survival in this subgroup of approximately 12 months [37]. As of 2006, 
there are no approved second-line agents for metastatic HRPC, and the options include 
watchful waiting, radiation to symptomatic sites, clinical trials, or off-protocol chemotherapy 
such as mitoxantrone and prednisone for palliation of symptoms. Select patients do derive 
response benefit from docetaxel retreatment and many patients have undertaken intermit-
tent chemotherapy, with prolonged treatment-free intervals [97]. There is some preliminary 
and preclinical evidence that low-dose metronomic chemotherapy with taxanes or cyclo-
phosphamide may have some clinical benefit in prostate cancer [98, 99].

The dose limitations of docetaxel therapy in metastatic HRPC are predominantly those of 
peripheral neurotoxicity and myelotoxicity, and the search for well-tolerated novel cytotoxic 
compounds continues, both in the front line and in the second-line setting. One agent in 
development for second-line therapy is satraplatin, a novel oral platinum analogue that may 
fulfil a niche in second-line therapy if it is well tolerated and has been shown to improve 
survival over corticosteroids in the maturing SPARC (Satraplatin and Prednisolone Against 
Refractory Cancer) phase III trial [100].

The epothilones are a class of microtubule-targeting cytotoxic agents in development for 
second-line and relapsed HRPC. While sharing a common mechanism of action with the 
taxanes, they are not generally susceptible to P-glycoprotein induced drug efflux [101]. The 
epothilone-B analogue BMS-247550 (Ixabepilone) has been studied in a first-line phase II 

Table 12.6 Agents in phase II–III trials for use in second-line therapy after docetaxel failure in meta-
static hormone-refractory prostate cancer

agent Phase trial, sponsor

Satraplatin III SPARC Trial (Spectrum Pharmaceuticals): 
prednisone ± satraplatin

Epothilone B Analogue BMS-247550 
(Ixabepilone)

II ECOG: BMS vs. mitoxantrone and prednisone

Targeted cytotoxics and radiopharma-
ceuticals: MLN2704 177Lu 90Y J591 

II MLN2704: MSKCC, Millenium Pharmaceuticals 
J591: Cornell University

PDGFR: Imatinib(Gleevec) II ECOG, MD Anderson and Prostate Cancer 
Foundation with docetaxel

Sunitinib II Phase II, Massachusetts General Hospital
SAHA II Phase II, DOD Prostate Cancer Clinical Trials 

Consortium

DOD, Department of Defense; ECOG, Eastern Cooperative Oncology Group; MSKCC, Memorial Sloan Kettering Cancer Center; PDGFR, 
platelet-derived growth factor receptor; SAHA, suberoylanilide hydroxamic acid.
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trial of men with HRPC [102]. Initial results demonstrated comparable PSA declines and 
progression-free survival to that seen with docetaxel-based therapy. Use of these drugs may 
be limited by dose-limiting neurotoxicity similar to that seen with the taxanes, and other 
agents that may target microtubules with reduced neurotoxicity are under evaluation, such 
as E7389, an analogue of the marine compound halichondrin B [103]. The use of BMS 247550 
in taxane-resistant HRPC is being investigated currently in the second-line setting compared 
with mitoxantrone and prednisone and has shown similar PSA declines of about 20% [37].

Finally, monoclonal antibodies targeted to prostate cancer cells with tagged cytotoxic 
agents represent a novel approach to therapy. One agent, MLN2704 is a prostate-specific 
membrane antigen (PSMA) conjugated maytansinoid agent and is in phase I/II trials cur-
rently in HRPC [104]. Radioimmunotherapy with bound radioactive agents to monoclonal 
antibodies has also shown some promise and is also in phase II trials [105–108]. Table 12.6 
provides an overview of second-line clinical trials that are ongoing in metastatic HRPC.

CONCLUSIONS

Today, we are fortunate to have a number of clinical trial options for men with advanced 
metastatic hormone-refractory prostate cancer, including combination approaches with 
antiangiogenic compounds, active immunotherapy and anti-tolerance approaches, novel 
growth factor pathway inhibitors, and differentiation and proapoptotic agents. The rational 
development of these agents against therapeutic targets in prostate cancer is essential, and 
thus continued progress in the understanding of the molecular biology of prostate cancer 
progression and hormone-refractory growth is essential. Novel hormonal agents, prostate 
cancer stem cell-specific therapies and disease-specific mutation selective agents are all in 
early stage development, and appropriately powered clinical trials are encouraged in all 
settings as the principal therapeutic strategy in this unfortunately common and incurable 
disease.
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Molecular strategies and clinical trial design in 
the treatment of advanced prostate cancer
Don Newling

INTRODUCTION

With a heightening awareness of the molecular signalling pathways responsible for the 
development and progression of prostate cancer has come a paradigm shift in the identifi-
cation of targets for new therapeutic endeavours. The use of targeted therapies at different 
stages of the disease is leading to new concepts in how the activity of these agents may be 
measured in terms of the design of clinical trials and the progression of the use of new mol-
ecules from the laboratory setting to the clinic.

In recent years the pivotal role of the androgen receptor in prostate cancer progression 
has been confirmed [1] (Figure 13.1). In the hormone-sensitive disease stages the receptor 
is stimulated by androgens and possibly also by oestrogens and other steroid molecules, 
whereas in the more advanced disease, particularly in the so-called hormone-refractory state, 
the androgen receptor at very low levels of androgen is stimulated by a series of growth fac-
tors and cytokines.

The hope for the future is the identification of specific targets at different stages of the 
disease and in individual patients, which will lead to tailored therapy for prostate cancer, an 

Don Newling, MBBChir. FRCS, Medical Director (Urology), AstraZeneca, Alderley Park, Macclesfield, UK

DHT

T

Prostate cell

membrane

Nuclear

membrane

Phosphorylation

cascade

c-myc, fos, jun

Vit D
VDR

IGF

KGF

FGF

GFR

GFs

HSP 90

HSP 70

HSP90

HSP70

AR

DHT

AR

DHT

AR

DHT

AR

5αR

m
AR

Figure 13.1 The role of the androgen receptor (AR).



196 Therapeutic Strategies in Prostate Cancer

important step on the way to truly personalized medicine [2]. In order to establish the value 
of an individual therapy it is important to be certain that at a given clinical stage of prostate 
cancer or even in a particular cancer that the target for that new therapy is present, that 
the expression of that target is a reflection of the disease process and that therefore a proof 
of principle and proof of concept will undoubtedly be followed by a specific and beneficial 
therapeutic effect for a given treatment [3].

Prostate cancer is a heterogeneous tumour and, because of this, it is likely that identifica-
tion of a single target and therapeutic inhibition of that target will not result in complete 
ablation of a tumour. Rather, targeted therapies will be used in conjunction with other more 
established therapeutic options in combination therapy, a more multidisciplinary approach 
to the management of this disease.

UNDERSTANDING THE BIOLOGY OF PROSTATE CANCER

As the prostate gland is a secondary sexual organ, rather like the breast, proliferating epithe-
lium is largely under the control of hormones produced by the primary sex organ, the testi-
cle. In addition, androgenic hormones are produced by the adrenal gland and converted in 
the periphery to testosterone. The androgens arrive on the prostate cell in the bloodstream 
bound to sex hormone-binding globulin. On reaching the prostate epithelium, testosterone 
diffuses passively into the cytoplasm of the cell where it is converted to dihydrotestosterone 
by 5-alpha-reductase. This more active androgen attaches to the androgen receptor and, by a 
process of dimerization, sheds heat shock proteins and binds to the nucleosome and via acti-
vation of the androgen response element the process of proliferation starts. At the same time, 
in the stroma of the prostate, the arrival of testosterone stimulates the production of peptide 
growth factors, which diffuse out of stromal cells and alight on their own specific receptors 
on the epithelial cell. By this completely independent pathway in every prostate cancer there 
is an element of a hormone-unresponsive, i.e. hormone-refractory, cell line. After androgen 
withdrawal as a therapeutic option by surgical or medical castration, the androgen receptor 
becomes sensitive to the same growth factors as well as to other agents, such as cytokines, 
in order for the proliferation of the epithelial cell to be maintained. A number of cofactors, 
proteins, need to be available and their presence seems to be necessary both in the hormone-
sensitive and hormone-refractory state [4].

Many growth factors have been identified as being of significance in the development 
of prostate cancer. Amongst these are vascular endothelial growth factor (VEGF), platelet-
derived growth factor (PDGF), insulin-like growth factor (IGF) and the endothelin growth 
factor. Even when the appropriate growth factor pathway is inhibited, there are what are 
described as survival pathways within the prostate epithelial cells involving a number of 
kinases and the PTEN, Akt and mTOR pathways; so even when the hormones are removed, 
the androgen receptor is blocked and the growth factor receptors are inhibited in one way 
or another, there is still a mechanism for prostate cancer cells to survive. There is increasing 
evidence that the cells make use of the myc oncogene pathway and the hedgehog transcrip-
tion pathway [5].

TARGETING THE ANDROGEN RECEPTOR

Since the end of the nineteenth century, castration has been used as a treatment for the 
management of an enlarged prostate gland. Here, although the androgen receptor remains 
intact, with the source of androgens removed, it is less active. The androgens from the adre-
nal gland can also be surgically removed by carrying out an adrenalectomy or even hypo-
physectomy [6].

Since the late 1970s, androgen receptor antagonists have been available that inhibit the 
activation of the receptor and, therefore, proliferation of the epithelium by blocking the 
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receptor at the cellular level. The androgen receptor is active in almost all tissues of the body 
and by blocking it, the action of the androgens elsewhere is also inhibited. Because testo-
sterone levels are not diminished by androgen receptor antagonists, the changes associated 
with castration such as loss of body strength, of cognitive facility and of bone mineral density 
do not occur. Unfortunately, because testosterone tends to rise with the use of an androgen 
receptor antagonist, there is a conversion peripherally to oestrogens which gives rise to the 
important side effect of non-steroidal antiandrogen treatment of gynaecomastia [7].

The effects of these traditional methods of androgen suppression leave the androgen 
receptor intact and available for stimulation by non-hormonal sources such as growth fac-
tors and cytokines. Recent studies have shown that, contrary to what was formerly believed, 
progression after androgen ablation is accompanied by up-regulation and increased expres-
sion of the androgen receptor, which makes it more sensitive to stimulation by very small 
amounts of androgens as well as non-androgens as described above. In addition to the 
androgenic ligand or non-androgenic ligand, the androgen receptor requires the presence 
of a number of cofactors such as cofactors A and R and heat shock proteins to activate the 
transcription pathways leading to proliferation, apoptosis inhibition and secretion of pro-
teins such as prostate-specific antigen (PSA).

Comparative microarray analyses have shown an increased expression of enzymes 
involved in steroid precursor synthesis pathways in castration-resistant tumours in compari-
son with castration-sensitive tumours. The genes involved in fatty acid and steroid metabo-
lism are also up-regulated. These findings suggest sources of steroids, albeit small compared 
with the combined production of the testes and adrenals but which, in the presence of an 
up-regulated androgen receptor, may well be adequate to maintain ligand-dependent stim-
ulation of prostate cancer after castration therapy. Furthermore, mechanisms involving the 
sequestration of androgen molecules by the production of steroid hormone-binding globulin 
by prostate epithelial and stromal cells will further support the continued ligand-bound 
androgen receptor stimulation [8].

 The ideal inhibition of the activities of the androgen receptor would be its destruction 
or complete down-regulation. Compounds causing oestrogen receptor down-regulation are 
now in widespread clinical use and work is still ongoing to develop a selective androgen 
receptor down-regulator (SARD). Such a targeted therapy would remove the androgen 
receptor not only from the influence of androgens but also in the so-called hormone-refrac-
tory state from the influence of growth factors and cytokines [9].

Recent work by Bhattacharyya et al. [10] has shown that the oestrogen receptor down-
regulator fulverstrant down-regulates androgen receptor expression and diminishes andro-
genic responses in human prostate cancer cell lines. This may indicate that the androgen 
receptor has mutated in such a way that the oestrogenic moiety in fulverstrant can bind to it 
or that, fortuitously, this molecule has found an alternative binding site to the ligand-bind-
ing domain on the androgen receptor from where it is able to bring about down-regulation. 
Inhibition of the activities of cofactors with antisense oligonucleotides and the antibiotic 
geldanamycin, which suppresses the functional maturation of heat shock protein substrates, 
are other approaches under investigation for the reduction of androgen receptor expression 
[11].

INHIBITING THE GROWTH FACTOR PATHWAYS

Growth factor inhibition may be achieved by producing monoclonal antibodies to the 
growth factor itself and thereby binding it in the blood before it reaches its own receptor, 
the development of antibodies to the receptor itself or by blocking the transcription process, 
the beginning of the phosphorylation cascade following arrival of the growth factor on its 
receptor. Identification of the transcription processes distal to the receptor activation has 
led to the identification of other agents that can block a particular pathway at a more distal 
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level (Figures 13.2 and 13.3). The growth factors particularly involved in hormone-refractory 
prostate cancer (HRPC) proliferation are VEGF, PDGF and the IGF pathway (Table 13.1).

In addition, the endothelin axis seems to be particularly important in prostate cancer. The 
two receptors for endothelin 1 are strongly expressed in prostate cancer. Overall, inhibition 
of these receptors gives rise to inhibition of proliferation of the cells and a proapoptotic 
pathway activation leading to accelerated programmed cell death. In addition, inhibition of 
endothelin receptor A prevents osteoblastosis, a process that occurs in prostate cancer sec-
ondary deposits in bone. It also has a positive and beneficial effect on the appreciation of pain 
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due to bony metastases. Stimulation of the endothelin receptor B, on the other hand, causes 
apoptosis and also reduces pain by increasing the production of endorphins. Considerable 
work is in progress to develop a specific, selective endothelin receptor A antagonist that has 
no effect on the endothelin B axis and would, therefore, have marked beneficial results at all 
stages of prostate cancer (Figure 13.4) [12].

CELL CYCLE INHIBITION

In the past, classical chemotherapy and radiotherapy have been the means of inhibiting 
normal progression of cell cycling and proliferation. Both applications are effective but cause 
widespread damage to normal tissues, adjacent to the irradiated area in the case of radio-
therapy and to regions of necessary high cell turnover, such as the gut and bone marrow, 
in the case of chemotherapy. A deeper knowledge of the different steps in the cell cycle and 
more precise detailing of the mechanics of mitosis have led to the development of more 
accurate targeting of stages in the cell cycle that can be identified in malignant cells but that 
occur less frequently in normal cells. The formation of the mitotic spindle is just such a proc-
ess that occurs at increased frequency in rapidly dividing cells and can be inhibited by cyto-
toxic compounds like the taxanes or estramustine. Both these treatment options have found 

Table 13.1 Major growth factors in prostate cancer proliferation

Family members

IGF IGF I, II and insulin
PDGF PDGF AA, AB and BB
EGF EGF, TGF alpha, pox virus growth factor and amphiregulin
TGF TGF beta 1–5, BMP 2–6, inhibin A and B
FGF FGFa, FGFb, FGF5 and 6, and KGF
VEGF VEGF1, VEGF2 and VEGF3
Endothelins E1, E2 and E3

BMP, bone morphogenic protein; EGF, epidermal growth factor; FGF, fibroblast growth factor; IGF, insulin-like growth factor; KGF, 
keratinocyte growth factor; PDGF, platelet-derived growth factor; TGF, transforming growth factor; VEGF vascular endothelial growth 
factor.

7    Proliferation 7    Proliferation

Osteoblast

Nerve cell

Pain

ZD4054 – a specific endothelin-A receptor antagonist

Autocrine
Potential actions of an ETA antagonist:
• Inhibition of prostate tumour cell proliferation
• Promotion of tumour cell apoptosis
• Inhibition of osteoblast proliferation
• Reduction in pain
ZD4054 is in clinical development 

Prostate tumour
cell

ET1

ETA

ETA

ETA

Figure 13.4 The endothelin axis in prostate cancer and the activity of a specific antagonist.



200 Therapeutic Strategies in Prostate Cancer

a place in the management of advanced prostate cancer, but both compounds do affect 
normally dividing cells, giving rise to less frequent, but similar, side-effects as traditional 
chemotherapy. Recently, more selective cell cycle inhibitors have been identified that inhibit 
the cell cycle kinases responsible for the build-up of DNA and protein synthesis. More selec-
tive than spindle formation inhibitors and traditional chemotherapeutics, these compounds 
have not yet the specificity necessary to only attack the malignant phenotype. The identifica-
tion of another group of nuclear enzymes that play a highly significant role in mitosis and 
are dramatically overexpressed in malignant cells holds promise for more specific cell cycle 
inhibition. The aurora kinases are responsible for the activation of kinetochores – nuclear 
inclusions that direct the pattern of DNA distribution along the mitotic spindle. Inhibition 
of this process leads to overproduction of DNA molecules, which leads to cytostasis and cell 
death, but almost exclusively in malignant cells [13].

DNA instability is a hallmark of the malignant phenotype. Grossly abnormal nuclear aber-
rations are not compatible with cell survival. Less severe aberrations activate various DNA 
repair mechanisms within the cell that allow cell survival, but frequently with a propensity 
for uncontrolled proliferation. Inhibition of the enzymes responsible for these repair proc-
esses such as chK kinases and the PARP enzymes will interrupt the survival pathway and 
the abnormal cells will die [14].

tHe Vitamin D axis

In addition to the androgens and other steroid molecules and their receptors, the secosteroid 
1,25-dihydroxyvitamin D3 and its receptors play a role in the growth and function of the 
normal and neoplastic prostate. Initial studies were of an epidemiological nature, linking 
observations of the high incidence of prostate cancer with low levels of vitamin D in the eld-
erly, in Afro–Caribbeans, in Scandinavians and in migrant Asians who adopt a Western diet 
[15]. Vitamin D appears to exert its antiproliferative effects through a membrane-associated 
receptor and a nuclear receptor. The membrane-associated receptor may be linked to the 
IGF pathway. In the absence of the vitamin D ligand, the nuclear receptor dimerizes with 
a retinoic acid receptor to stimulate proliferation [16]. A number of polymorphisms in the 
gene coding for the nuclear receptor have been associated with varying levels of prostate 
cancer risk [17]. Experimentally, vitamin D has been shown to reduce the invasive potential 
of DU-145 cells in matrigel cultures as well as to reduce the metastatic potential of in vivo 
cultures [18]. Vitamin D analogues are now being developed that will inhibit the vitamin 
D receptor-stimulated proliferation of prostate epithelial cells, while not giving rise to the 
hypercalcaemia that occurred with earlier derivatives. It is presumed that management of 
prostate cancer with vitamin D analogues will probably be most beneficial in early disease 
and they may even be used in the prophylaxis of clinical cancer [19]. At the present time, 
however, the initial search for efficacy is directed against hormone-refractory disease, along-
side taxotere combination therapy.

THE PREVENTION OF METASTASES

If DNA instability and uncontrolled cellular proliferation is one hallmark of malignancy, 
then invasion and metastatic potential is another. For this potential to be optimized, there 
needs to be alterations both within the malignant cell and in its normal relationships with 
neighbouring cells in the tissue. The normal epithelial cell has a well-defined cytoskeleton 
that maintains its rigidity and its close relation and adherence to surrounding structures, 
such as other epithelial cells and the basement membrane of the tissue. These cellular inter-
faces are preserved by the cadherin/catenin axis along with a group of molecules called 
integrins. During the development of the malignant phenotype, the cytoskeleton fails to be 
established, which increases the mobility and fluidity of the cells and disrupts the normal 



Molecular strategies and clinical trial design in advanced prostate cancer 201

cell-to-cell and cell-to-basement membrane adherence. This allows the now malleable cell to 
break away from its surrounding structures and to invade through tissue planes. The next 
step in the metastatic process is entry into the surrounding neovasculature which, under the 
influence of VEGF and other growth factors, is leaky and allows invasion of the malignant 
cells through the endothelium and into the vessel lumen. The process is aided and abetted 
by the matrix metalloproteinases which, in turn, are up-regulated via the endothelin axis 
along with VEGF.

The establishment of the cytoskeleton and the maintenance of the integrity of cell/cell 
and cell/basement membrane relationships are under the control of a number of enzymatic 
pathways. Among the most important of these is the Src/Abl kinase pathway. Inhibitors of 
these non-membrane-bound tyrosine kinases are now entering phase II/III trials [20].

IMMUNOTHERAPY AND GENE THERAPY

The fact that malignant cells with their aberrant behaviour produce peptides and proteins 
not found in normal cells has long been recognized. Why such proteins do not give rise to 
a significant immune response in all cases has long puzzled oncologists. The explanation is 
probably complex and almost certainly varies from tumour to tumour. In some cases, the 
steadily increasing trickle of antigens into the bloodstream may cause immune paralysis, 
such as is seen in certain infectious situations. Alternatively, there may be a shift in the bal-
ance of cytokines as a result of the presence of the malignancy or a masking of the major 
histocompatibility complex molecules that thwarts the antigen presenting cells. However, 
spontaneous remissions of certain tumours do occur and, over the years, it has been repeat-
edly observed that when this happens there is often a significant infiltration of the primary 
tumour with tumour-infiltrating lymphocytes (TILs), suggesting a significant type II immune 
response.

Early attempts at immunotherapy in prostate cancer using antibodies to PSA and pros-
tate-specific membrane antigen (PSMA), even with the addition of cytokine soups, rarely got 
further than small phase II studies and responses were anecdotal rather than of statistical 
significance. Presenting tumour-associated antigens with adjuvants such as BCG with or 
without TILs and cytokines, was only marginally more successful as the ‘foreign’ proteins 
gave rise to such a brisk type I immune response that the antigens did not stay around long 
enough for a type II response to be mounted [21].

Two vaccine therapies that show much more promising results have recently almost com-
pleted phase III studies. The first is an autologous vaccine against prostate acid phosphatase 
(PAP) produced in a recombinant form and administered as an infusion three times over 
a 4-week period. In patients with HRPC, there appear to be survival benefits compared to 
placebo. The other compound is an allogeneic vaccine produced from two prostate cancer 
cell lines, HP3 and LNCaP, that have been engineered to produce granulocyte–macrophage 
colony-stimulating factor (GMCSF). This vaccine is being compared with standard chemo-
therapy, and in combination with chemotherapy against chemotherapy alone [22].

The lack of consistency of abnormal gene expression and the heterogeneity of the major-
ity of clinical prostate cancers has complicated the search for an effective gene therapy for 
this disease. Initial efforts at replacing mutated tumour-suppressor genes, such as p53, Rb 
and p21, with transfected wild types were hampered by immune responses to the viral vec-
tors and low percentages of successful subsequent expression. The introduction of oncolytic 
viruses have, thus far, resulted in their attachment to normal tissues and unacceptable side-
effects. Antisense gene therapy using a transfect with a viral or non-viral vector of genes 
that is highly expressed in aggressive cancers, e.g. transforming growth factor (TGF) beta 
or bcl-2, is an exciting possibility which is being explored in a variety of phase I studies at 
the present time. The above techniques require high rates of efficient transfection to be suc-
cessful and, thus far, this has proved difficult [23]. An alternative methodology has been 
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developed involving the so-called suicide genes which may circumvent these difficulties. 
The underlying principle of this technique is the conversion of a prodrug to a cytotoxic 
agent after transfection of the cancer cell with a transgene. Destruction of the transfected cell 
is accompanied by a significant bystander effect, which means that not all cells have to be 
transfected. The herpes simplex virus thymidine kinase gene is one such gene that phospho-
rylates the prodrug ganciclovir converting it to a false-base and inhibiting DNA polymerase. 
Other genes are under investigation together with PSA promoters and enhancer sequences. 
The majority of these gene therapies require direct injection into the prostate tumour and, 
as yet, remain in phase I or early phase II development [24].

CLINICAL TRIALS – NEW APPROACHES

As was mentioned in the introduction, the new targeted therapies inhibiting growth factor 
pathways and transcription pathways are going to become part of a more holistic approach 
to prostate cancer. Once the molecular identification of an individual tumour has been 
carried out by scrupulous histological examination and immunohistocytochemical evalua-
tion of possible targets, then a cocktail of treatments will be necessary. These may be given 
sequentially or simultaneously, depending on the necessity of urgent therapy. As with all 
approaches to malignancies, the smaller the target the better chance there is that it will be 
eliminated. In localized prostate cancer surgical extirpation of the prostate gland or even of 
the tumour itself will result in cure in a very high proportion of cases. In more advanced 
cases, we know that the combination of radiotherapy and early hormonal therapy can result 
in cure; where cure is not necessarily the complete removal of all vestiges of the tumour 
but may simply be control of the tumour for long enough for the patient to have a normal 
lifespan and die of unrelated causes. Here, cure is synonymous with control of the tumour. 
When tumour presents at a more advanced stage, it may still be beneficial to try and ablate 
the primary tumour in order to debulk the tumour mass and make the residual tumour more 
amenable to simple therapies, i.e. novel targeted therapy.

The use of therapeutic manoeuvres in early stage disease is bedevilled in prostate cancer 
by the fact that the majority of patients will have multiple therapies during the life cycle of 
the disease and, therefore, the influence of a given therapy administered early is unlikely 
to impact on overall survival and unlikely to give rise to a registerable option in early stage 
disease.

PSA is a correlate of prostate cancer activity but not a true surrogate. However, in early 
stage disease after prostatectomy, delay of the reappearance of PSA in comparison with 
placebo therapy would be an indication of tumour treatment efficacy. In more advanced 
disease, PSA doubling time (PSADT) is an indication of tumour activity; again, not so far 
accepted as a registerable endpoint but nevertheless an important clinical endpoint, that 
determines therapeutic options for the clinician. In more advanced disease, the evalua-
tion of compounds is still limited by conflicting comorbidities in this elderly population. 
Progression-free survival, an important clinical endpoint, is now used as an indication of 
treatment efficacy although, once more, it remains a non-registerable endpoint as far the 
regulatory authorities are concerned. One very important clinical step on the road to pros-
tate cancer mortality is the appearance of metastases. This is an important determinate of 
changes in clinical activity such as a change of therapy but, because it is not a true surrogate 
for survival, is not accepted as a registerable endpoint.

With acceptance of the feasibility of using intermittent hormone ablation in the manage-
ment of advanced disease, there comes the option of introducing novel therapies in the 
interval between cycles of hormone treatment; compared with placebo this would also be 
an indication of efficacy of a compound by postponing the subsequent reintroduction of 
hormone therapy and the rise in PSA that precedes it [25].
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CONCLUSIONS

The ‘holy grail’ of management of prostate cancer will be the personalization of treatment 
options based on histological, cytological and biochemical evaluation of primary tumours, 
metastases and the patient as a whole. Such a patient evaluation will enable individual ther-
apy programmes to be designed, which will be maximally effective and minimally intrusive, 
protecting the patient’s quality of life while, hopefully, increasing its length.

There needs to be a radical rethink of the design and performance of clinical trials in this 
disease if we are going to optimize the progress that has been made in our understanding 
of its molecular biology.
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Therapeutic strategies of palliative care and 
quality of life for advanced prostate cancer
Christopher Farnham, Omar Al-Salihi, Faye Lim

INTRODUCTION

Managing patients with advanced prostate cancer is a challenge to all members of the multi-
disciplinary team. These patients often have numerous problems – physical, social and psy-
chological. It is all too easy to lose sight of the bigger picture – that of improving the patient’s 
quality of life and treating symptoms without increasing the patient’s morbidity.

WHY PALLIATIVE CARE?

Palliative care has traditionally been the active total care of patients whose disease is not 
being treated with a curative intent [1]. However, this can now be applied as an approach at 
all stages of the patient’s journey. This approach has been recognized in the UK by National 
Institute for Clinical Excellence (NICE) guidance [2] in urological cancers and in the publica-
tion of Improving Outcomes in Urological Cancers Manual and Improving Supportive and Palliative 
Care for Adults with Cancer Manual.

Palliative care as an approach looks at the individual and uses a multidisciplinary approach 
to providing care either in the person’s home, in hospital or in the hospice. It focuses on 
quality of life as well as symptom control.

This chapter is written from the perspectives of both the oncologist and palliative care 
physician and hopes to put the message across that symptom control should be part of 
the patient’s journey from the point of diagnosis to death. Symptom control should be the 
responsibility of all members of the multidisciplinary team and primary care team. Where 
the treatment occurs should be determined by patient choice.

We aim to give an overview of the treatment strategies available to treat the common 
symptoms of advanced prostate cancer. It is important that they are used appropriately and 
at the right time as the window of opportunity may be narrow.

Carcinoma of the prostate is now the second most common cause of cancer death in the 
UK for men [3], and it is anticipated that this will increase with an aging population. In 
this group, 60% will have advanced disease when they are first seen [4] and this translates 
into symptoms. As with many cancers the disease can take on a chronic pattern with good 
hormonal control but, because of patient age, there are often a multitude of other medical 
problems that also need to be treated actively.

Christopher Farnham, MB BS BSc FRCP, Consultant in Palliative Care, St John’s Hospice, Hospital of St John and St 
Elizabeth, London, UK
Omar Al-Salihi, BSc MBBS MRcP FRCR, Consultant Oncologist, University College London Hospital, London, UK
Faye Lim, MBBS BSc MRCP, Specialist Registrar in Oncology, University College London Hospital, London, UK
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Treatments are changing for prostate carcinoma, but they remain essentially palliative 
in nature and they often cause a raft of side-effects that need to be palliated themselves. 
Data looking at prostate cancer deaths showed that 61% of patients needed palliative inter-
ventions (radiation, urological intervention) before death and that, on average, they spent 
5 weeks in hospital [6]. This shows that the use of acute services is high for this group. 
However, separate data shows that the same group are the third most common being 
referred to hospital-based palliative care services, have the third longest survival and the 
oldest age of death. In addition they have the third highest use of inpatient palliative serv-
ices. Clearly this significant use of health resources should be considered in the planning of 
healthcare strategies [7].

Palliative care has been shown to be effective in this patient group for both continuity 
and cost-effectiveness [8].

PALLIATION FROM DIAGNOSIS TO DEATH

As stated earlier, the treatment of symptoms should start at the point of diagnosis. We have 
roughly divided the symptoms experienced by patients into three categories – generic, pros-
tate-/treatment-specific and end of life symptoms. As physicians, it is important to monitor 
the changes in symptoms with cancer progression and adapt our treatments accordingly.

GENERIC SYMPTOMS

The patient with cancer of the prostate can experience a wide range of symptoms.

general Pain

Pain is a common symptom in all patients with cancer [9] and men with prostatic cancer are 
no different. An approach to pain that divides it up into four domains is helpful. These are: 

Psychological

Mental health
Existential worries
Coping
Fear of death
Sexual dysfunction
Relationships
Body image

Spiritual

Religious needs
Feeding
Ethics
Euthanasia

Physical

Pain
Nausea
Vomiting
Sweating
Constipation
Voiding
symptoms

Social

Money worries
Housing
Employment
Health beliefs

Figure 14.1 The four domains of pain [10].
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physical, psychological, social and spiritual [10] (Figure 14.1). These constitute a concept of 
‘total pain’, where considering one element alone leads to inadequate pain treatment.

An example of this was a man dying of prostate cancer with metastatic back pain that was 
poorly controlled with oral opioids. However, having made his will and seen his newly born 
grandson, his pain scores significantly reduced on the same analgesic regime.

When approaching the management of cancer pain it is important to assess the cause of 
the pain and treat this, if appropriate. Treatment may include radiotherapy, bisphospho-
nates or renal stenting.

The aim of pain relief should be as follows:

1 Take a detailed pain history.
2 Identify what is the cause of the pain.
3 Identify if this is a somatic or a neuropathic pain.
4 Identify if this is likely to be an opioid-responsive pain.

Then apply the WHO analgesic ladder [10] to decide the best analgesic regime (Figure 
14.2).

Pain Due to bone metastasis

the role of radiotherapy
Radiotherapy plays an important role in the palliation of bone pain secondary to bone metas-
tasis [11–13]; it is especially useful in controlling incident pain [11, 12]. Up to 65% of patients 
with bone disease suffer from pain and the average survival after the appearance of bone 
metastases is between 2 and 4 years. The spine, pelvis, proximal thigh and upper arm bone 
tend to be frequently affected [12].

Both retrospective and prospective studies have shown that palliative radiotherapy to 
single sites is very effective in producing partial and total pain relief and reduction in stiff-
ness in up to 80–90% of cases [11]. The use of a single fraction of radiation has been shown 
to provide good pain relief. Sze et al. carried out a systematic review of randomized studies 
investigating the effectiveness of a single fraction versus multiple fractions [11] and found 
no difference between the two fractionations with regards to pain response. For spinal bone 
metastases, often a single 8-Gy fraction treated to depth is used. Pelvic, hip and shoulder 
metastases are treated using a parallel-opposed pair and again a single 8-Gy fraction is used. 
All use megavoltage X-rays.

Figure 14.2 The WHO analgesic ladder.

Mild pain Moderate pain Severe pain

Strong opioid such
as morphine

Weak opioid such
as dihydrocodeine

Paracetamol

Co-analgesics such as amitriptyline for nerve pain or NSAIDs
for bone pain

Prostate cancer-specific treatments such as hormonal
manipulation, chemotherapy.
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Many patients also develop metastases of the ribs. These are often very painful and debili-
tating. These areas can be treated using superficial X-rays (220 kv or 225 kv). This is more 
appropriate due to the preferential bone absorption as a result of the photoelectric process. 
Complete or partial pain relief is achieved in 30–60% and 70–80% of patients. Pain relief 
occurs from a few days to weeks and lasts up to 6 months.

In individuals with multiple painful bone metastases, hemi-body radiotherapy is some-
times undertaken [14, 15]. Usually one half of the body is irradiated with a single 6- or 8-Gy 
fraction [13]. Patients should be given an anti-emetic before and 5 days after treatment of 
the lower body due to irradiation of large parts of the bowel. After the treatment, the blood 
counts must be closely watched as patients may become pancytopaenic due to toxicity of the 
bone marrow. If both halves of the body are to be treated, there should be a gap of 6 weeks to 
allow recovery of the bone marrow. This treatment is not suitable for individuals who have 
been heavily treated with chemotherapy. Most patients report a response at 48–96 h post 
radiotherapy that lasts around 4 months [14, 15].

retreatment with radiotherapy
Often, patients re-present to the clinician with pain in the same area that was previously 
treated with radiation. In most cases this does not pose too much of a problem, the exception 
being if the area is the spinal cord. Rades et al. investigated the feasibility and effectiveness 
of re-irradiation after primary radiotherapy to the spinal cord with a single 8-Gy fraction or 
five fractions each of 4 Gy. The median follow-up was 8 months. The study showed that spi-
nal re-irradiation appears safe and effective provided the cumulative effective dose was not 
greater than a biological effective dose (BED) of 100 Gy. (In simple terms, BED is a measure 
of the effect of a course of fractionated or continuous irradiation.) Beyond this dose, there is 
an increased risk of radiation myelopathy. Retreatment occurs more frequently in patients 
who have previously been treated with a single fraction compared with those who have 
received multiple fractions [16, 17]. It is also important to take into account the time interval 
between treatments as this has an impact on the extent of normal tissue repair and the risk 
of tissue toxicity.

the role of radioisotopes in the Palliation of bone metastases
Focal radiotherapy is less helpful in individuals who have diffuse metastatic bone disease. 
Hemi-body radiotherapy in some cases may not be appropriate and the systemic admin-
istration of radioisotopes may be a viable alternative. Strontium-89 and samarium-153 are 
radioisotopes that are licensed for use in the treatment of metastatic bone cancer. They are 
both beta-emitters, which preferentially accumulate in bones with high osteoblastic activity. 
Radioactive dose tends to be high in metastases but low in the bone marrow hence this is 
a safe treatment to give to previously irradiated patients. Rhenium-186 and rhenium-188 
are currently under investigation. Strontium-89 is given as a single intravenous injection 
of 150 MBq (4 mCi) of strontium-89 chloride. The documented response rates range from 
40% to 95% and usually start 1–4 weeks after the infusion. Pain relief usually lasts up to 18 
months and there is associated decrease in analgesia use [18, 19]. The most common side- 
effect seen is marrow suppression; in particular thrombocytopenia and neutropenia.

Bauman et al. carried out a systemic review of the use of radiopharmaceuticals in palliat-
ing bone pain. Six randomized phase III trials, two randomized phase II and one randomized 
crossover trial were reviewed. They concluded that the use of single agent radioisotopes 
should be considered as a possible option for palliating patients with multiple sites of bone 
pain [18].

the role of chemotherapy
Palliative chemotherapy in prostate cancer may have a beneficial effect at reducing pain. 
Studies report response rates ranging from 40 to 50% of treated patients [20]. Rapidly grow-
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ing tumours may compress nerves and organs leading to pain. In this situation, palliative 
chemotherapy may decrease the tumour volume. This, however, is probably an oversim-
plification of the pain relief mechanism, especially where chemotherapy is also effective in 
patients with stable disease. There is an anti-inflammatory effect of chemotherapy that may 
alleviate metastatic bone pain; possible mechanisms include modulation of local production 
of prostaglandins and cytokines by the tumour.

It is important to make sure that the side-effects are tolerable. Current chemotherapy 
agents include docetaxel, mitoxantrone, vinorelbine and oral cyclophosphamide.

the role of bisphosphonates
Bisphosphonates are composed of a phosphorus–carbon–phosphorus backbone. Their phar-
macological properties are determined by the R1 and R2 carbon side chains. They have a 
high affinity to calcium phosphate because of a hydroxyl group at the R1 position. The R2 
side chain determines the antiresorptive potency.

Of all the bisphosphonates tested zoledronic acid is the most potent, having activity that 
is 100 times that of either pamidronate or clodronate and more than 1000 times that of etid-
ronate [21].

Bisphosphonates act by inhibiting both normal and pathological osteoclast-mediated bone 
resorption. Bisphosphonates affect the attachment, differentiation and survival of osteoclasts 
and hence this affects their activity. They also affect osteoclastic activity via effects on oste-
oblasts.

There have been three randomized trials assessing the effect of bisphosphonates in men 
with androgen-independent prostate cancer and bone metastases (Table 14.1). These are the 
Zometa 039 trial, the Protocol 032/INT 05 trial and the NCIC Pr06 trial [22]. The Zometa 039 
trial looked at the efficacy of zoledronic acid over 15 months. The primary endpoint was 
the proportion of men that experienced one or more skeletal-related events [23]. Protocol 
032/INT 05 investigated the effect of pamidronate on pain, analgesic use and the propor-
tion of patients who developed a skeletal-related event [24]. The NCIC Pr06 study looked 
at the efficacy of clodronate in men with symptomatic prostate cancer. Patients were asked 
to complete a pain index and quality of life questionnaire, as well as document their anal-
gesic use. The primary endpoint in this study was a two-point decrease in the pain index 
or a 50% reduction in analgesic use [25]. The results from the three studies indicated that 
zoledronic acid but not the other bisphosphonates decreased the risk of skeletal complica-
tions in men diagnosed with both prostate cancer that was androgen independent, and bone 
metastases.

Zoledronic acid is usually given at a dose of 4 mg as a 15-min infusion into a peripheral 
vein. This is repeated every 3–4 weeks. The side-effects related to treatment include a tran-
sient flu-like syndrome comprising fever, arthralgia and myalgia starting within 24 h of treat-
ment. Asymptomatic hypocalcaemia and renal toxicity are the other common side-effects. 
There is also an increased risk of osteonecrosis of the jaw but mainly in patients with poor 
oral hygiene or existing dental problems.

Table 14.1 Summary of trials and the effect on skeletal complications in androgen-independent pros-
tate cancer patients

trial bisphosphonate used risk of skeletal complications

Zometa 039 Zoledronic acid Decreased
Protocol 032/INT05 Pamidronate No effect
NCIC Pr06 Sodium clodronate No effect
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Currently, there is an ongoing trial (CALGB/CTSU 90202) defining the role of zoledronic 
acid in hormone-sensitive metastatic prostate cancer. This will provide information about 
the long-term effects and the optimal timing of bisphosphonate usage in patients with bone 
metastasis.

In summary, there is evidence to support the use of zoledronic acid in men with andro-
gen-independent metastatic prostate cancer. There is improvement in pain and a reduc-
tion in skeletal complications. There are, however, limited data on the optimal duration 
of therapy. Current practice guidelines suggest it is continued till the occurrence of either 
treatment-related adverse events or a substantial decline in performance status.

sPinal corD comPression

radiation and spinal cord compression
Unfortunately, a great number of patients still present to clinicians or hospital with symp-
toms and signs of cord compression. In individuals whose spine is riddled with metastases 
or who have a single metastases but are considered to be medically unsuitable for an opera-
tion, or have a lifespan that is less than 3 months, radiation may be used [13, 26]. Often 
the fractionation used is determined by the prognosis and the general medical state of the 
individual.

A longer survival is associated with a higher risk of spinal cord compression recurrence 
[16]. Patients with advanced disease that progresses at a slow rate are treated with longer frac-
tionation courses. By using longer fractionation courses of radiotherapy (5 × 4 Gy, 10 × 3 Gy, 
15 × 2.5 Gy), better local control is obtained. This is explained by the higher total radiation 
dose given. There is also a trend towards better survival [16].

A short course of radiation or a single 8-Gy fraction is given to patients with poor progno-
sis (< 6 months survival or poor chance of neurological recovery). These patients are identi-
fied by their unfavourable histology, neurological dysfunction and poor performance status. 
For neurological dysfunction, these tend to be cases where paraplegia has been present for 
more than 48 h; treatment in established paraplegia will rarely improve neurological func-
tion and is given more for pain relief. Patients who are unwell are distressed by the daily 
visits to the oncology department and the set-up required prior to treatment.

surgery and radiotherapy
In selected patients presenting with spinal cord compression, it is appropriate to use a com-
bined modality treatment – surgery and radiotherapy [13, 27]. These patients tend to be 
those who have a good performance status and are either ambulant or have presented with 
a short history (< 24 h) of immobility. These patients should be treated within 24 h of diag-
nosis.

After laminectomy or anterior fixation, radiotherapy is given. There has been one rand-
omized controlled trial by Patchell et al. that compared surgery and post-operative radio-
therapy to radiotherapy alone in a selected group of good performance patients with a single 
site of cord compression [27]. Their primary endpoint was the ability to walk, while the 
secondary endpoint was urinary continence, muscle strength and functional status, the need 
for corticosteroids and opioid analgesics and survival time. The trial showed that patients 
treated with the combined modality retained the ability to walk for a longer period, those 
who were unable to walk were more likely to regain the ability to do so, and there was a 
decreased need for corticosteroids and opioid analgesics. Hence, combined treatment was 
far more superior. The radiation fractionation used in the trial was 30 Gy in 10 fractions. This 
has not been compared with other dose fractionation regimes and so the current UK practice 
is to deliver 30 Gy in 10 fractions or 20 Gy in five fractions [13].
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Fatigue anD anaemia

Often patients with advanced prostate cancer are anaemic, the pathophysiology of which is 
unclear. This leads to fatigue and patients may require regular transfusions.

Johansson et al. carried out a multicentred study investigating the efficacy of epoetin-beta 
on haemoglobin and quality of life in men with hormone-refractory prostate cancer. The 
study showed that a higher dose of epoetin resulted in a larger rise in the haemoglobin, 
and an improvement in the quality of life and fatigue levels [28]. The drug was very well 
tolerated. This was further confirmed by Bogdanos et al. [29]. These improvements increase 
incrementally up to a haemoglobin level of 12 g/dl.

Epoetin is a recombinant form of the hormone erythropoietin. It binds to and activates the 
erythroid progenitor cells stimulating formation of mature erythrocytes. Epoetin causes an 
increase in the reticulocyte count, haemoglobin concentration and the haematocrit in a dose-
proportional manner. Individuals who are likely to benefit are those who have adequate 
bone marrow reserve (neutrophils > 1.5 × 109/l and platelets > 100 × 109/l) and ferritin stores.

HyPercalcaemia

Patients with hypercalcaemia may present with non-specific symptoms such as fatigue, ano-
rexia, polyuria, nausea, weakness, constipation, lethargy and confusion. With rising levels of 
calcium neurological symptoms may develop such as fits, altered behaviour and coma, and 
impaired renal function may also develop. There is a direct correlation between the symp-
tom severity and the level of ionized calcium.

Treatment of hypercalcemia is aimed at improving the renal function, quality of life and 
the mental status. Any calcium, vitamin D supplements and thiazide diuretics should be 
stopped. The patient should receive isotonic saline infusion to encourage renal excretion of 
calcium as well as bisphosphonates.

Pamidronate restores normocalcemia in 60–100% of patients and is often the bisphospho-
nate of choice. It is usually given at a dose of 60–90 mg as an infusion over 2–4 h. Zoledronic 
acid, which is the most potent bisphosphonate, can also be given and is highly effective. The 
fall in calcium is very rapid and is maintained for several weeks.

Other measures that could be used include calcitonin, which opposes the physiological 
effects of parathyroid hormone (PTH) on bone and calcium resorption at the renal tubules. 
The initial dose given is 5 IU/kg body weight given either subcutaneously or intramuscularly 
every 12 h. This may be dose-escalated to a maximum of 10 IU/kg body weight every 6 h 
according to response. Tachyphylaxis is a common side-effect; otherwise it is well tolerated. 
Because calcitonin is derived from salmon, 40–70% of patients develop antibodies against it, 
which may rarely result in hypersensitivity reactions. 

Dialysis is rarely indicated except in the patient who develops hypercalcemia that is com-
plicated by renal failure.

Fractures anD near Fractures

Pain can be an indicator of a pathological or impending pathological fracture. When deciding 
on the appropriate management, one should take into consideration the life expectancy of 
the patient, whether the fracture is displaced and whether it affects weight-bearing bones. 

For impending fractures, there should be early diagnosis and intervention to decrease 
pain and prevent disability. Radiological signs that may prompt prophylactic surgical inter-
vention include more than 50% cortical bone destruction, a lytic lesion greater than 2.5 cm 
and a pathological avulsion fracture.

Radiotherapy should then be considered following surgical fixation of pathological frac-
ture to provide pain relief, promote bone healing and halt local tumour progression. 
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PROSTATE-SPECIFIC/TREATMENT-RELATED SYMPTOMS

urological Problems

urinary tract infections
Urinary tract infection is a very common problem. Foreign bodies in the urinary tract are 
a frequent cause. These include urinary catheters, nephrostomy tubes and ureteric stents. 
Intermittent self-catheterization can also lead to urinary tract infections. Permanent cath-
eters cause disruption of the normal defence barriers and the normal flora of adjacent skin. 
Bacteria often coat the mucosal and catheter surfaces with a biofilm that protects them from 
the mechanical effects of urine flow, as well as the immune system and antibiotics.

Patients with urinary tract infection present with temperature, suprapubic pain and 
offensive urine. Infection may ascend the urinary tract and cause pyelonephritis – fever, 
flank pain, raised inflammatory markers and positive blood cultures. This can contribute to 
decreased in quality of life as well as increased morbidity and mortality.

By far the most common pathogen is Escherichia coli (E. coli); it is responsible for up to 75% 
of infections. Antibiotic treatment should be according to local clinical guidelines, should be 
as specific as possible and given for the shortest period necessary to eradicate the infection.

Haematuria
Haematuria is another common symptom that can be very distressing for the patient. 
Haematuria can occur after radiotherapy or as a result of local disease progression. It may 
be associated with urinary tract infection or with a catheter or other foreign material in the 
urinary tract.

Radiation to the pelvis can cause telangiectasia of the bladder, which can rupture and 
cause haemorrhage. Often haematuria is self-limiting and requires little intervention pro-
vided the patient is voiding satisfactorily. Haematuria should be investigated fully to rule 
out other sinister pathology.

Bleeding due to progressing local disease can be difficult to manage. Palliative radio-
therapy may be considered provided the maximum tolerance limit has not been reached 
with previous radiation treatment to the pelvis. Other interventions would include laser 
coagulation to the bleeding prostate, which provides good palliation, as well as the use of 
intravesical tranexamic acid in combination with etamsylate [30]. Etamsylate is a haemostatic 
agent that is thought to increase the capillary vascular wall resistance and platelet adhesive-
ness in the presences of a vascular lesion via inhibition of the biosynthesis and actions of 
prostaglandins [31].

urinary obstruction
Bladder outflow or ureteric obstruction can be caused by progressing prostate cancer, or 
gross pelvic lymphadenopathy, or stricture formation in the urethra. Patients often present 
with an insidious rise in the urea and creatinine, and a decrease in the urine output. Often 
pain is absent unless there is acute obstruction. If not diagnosed, patients may present in 
acute renal failure with life-threatening hyperkalaemia.

Management depends on the cause and site of obstruction. If the prostate is the cause of 
obstruction, urethral catheterization may relieve the problem. In bilateral ureteric obstruc-
tion it may be necessary to insert ureteric stents. If the ureters cannot be cannulated cysto-
scopically, unilateral or bilateral nephrostomy tube(s) may be placed percutaneously, with 
the option for antegrade placement of ureteric stent(s) to restore internal urinary drainage. 
Ureteric stents and nephrostomy tubes need to be replaced every 3–6 months in view of 
the risks of encrustation and obstruction. Particularly in the patient with a poor prognosis, 
management must consider the quality of life and wishes of the individual.



Palliative care and quality of life for advanced prostate cancer 213

sexual anD erectile DysFunction

A large portion of men with prostate cancer do not regain normal sexual function after treat-
ment [32]. Men are as troubled by the loss of sexual desire as they are about erectile dysfunc-
tion. Schover et al. carried out a survey to identify factors that were associated with a good 
sexual outcome [32]. The positive factors included younger age, patients with much younger 
partners, and the importance they place on preserving sexual function.

As the prostate cancer progresses, the sexual function is often not considered by the clini-
cian. At this stressful time, patients require support and close emotional contact from their 
spouses and this may include intercourse [33]. Again there is very little documentation of the 
importance of impotence and the effect on intimate relationships between couples, however 
we should consider this and approach it with sensitivity. Many patients and clinicians are 
too embarrassed to bring up the topic and may be grateful if it is discussed.

Provided there are no overriding contraindications, management options should be 
offered. These include oral medications such as sildenafil, inflatable penile prosthesis, penile 
injections and vacuum devices. It should be noted that the most successful treatments tend 
to be the most invasive: penile prosthesis and injections have a response rate of 50–75%, 
compared with 39% for oral medications [34, 35].

Hot FlusHes

Eight per cent of men on gonadotrophin-releasing hormone agonists will experience hot 
flushes, and a survey carried out by Karling et al. revealed that 27% of men found this 
side-effect to be the most bothersome. The treatments available include progestins, these 
have been shown to decrease hot flushes by 85%, and venlaflaxine. A pilot study done at 
the Mayo clinic showed a decrease in the number and severity of hot flushes [36]. This effect 
is not specific to venlaflaxine but seems to be one that is shared by all selective serotonin 
reuptake inhibitors (SSRIs). Care needs to be taken when prescribing the drug to patients 
with epilepsy, ischaemic heart disease or those who are on cytochrome P450 inhibitor drugs. 
Clinicians should also look out for the uncommon but life-threatening long QT syndrome 
that can sometimes occur.

Acupuncture, soya products and vitamin E have also shown some success in decreasing 
the hot flushes. Acupuncture seems to have the highest response rate at 70% [37]. These 
interventions should be offered to men with advanced prostate cancer as they are likely to 
continue with hormone suppression therapy indefinitely.

END OF LIFE SYMPTOMS

PsycHological symPtoms

Much has been written about depression in cancer patients [38] and it is important to screen 
for this. Various burdensome tools have been used, but simply asking the patient ‘Do you 
think that you could be depressed?’ is often adequate. Other simple tools such as the ‘Distress 
thermometer’ [38] have been used in the oncology outpatient setting. NICE guidance recog-
nizes the need for all staff to have the ability to support the psychological needs of patients, 
but it is also important to be able to refer early on to psychological medicine and psychiatry 
when needed.

Throughout treatment it is important to help the patient and their supporters to deal with 
the uncertainty that the disease brings, and to help the patient retain the feeling of being a 
part of the decision-making process [39]. As death approaches it is vital to allow opportu-
nity to explore the patient’s fears about the future and to allow for preparation. This might 
involve alerting family abroad, drawing up a will, decisions about refusing treatment or 
making spiritual preparations.
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Prior to death, 85% of patients with cancer will develop symptoms of delirium [40]. This 
often encompasses ‘terminal agitation’, but can be due to opioid analgesia, renal deteriora-
tion, antimuscarinic drugs, metabolic abnormalities, dehydration or psychoactive drugs [41, 
42]. Simple reversible measures such as choosing a different drug or a trial of subcutaneous 
fluid might be helpful.

continuing care

The patient rarely seeks medical attention alone, and carers also need consideration. Work 
done specifically with caregivers looking after patients with prostate cancer has shown that 
the burden of caring adversely affects their quality of life [43]. Other work compared caregiv-
ers looking after patients with breast or prostate cancer. This has highlighted the levels of 
anxiety experienced as well as an increased level of depression in female caregivers [43].

As death approaches there is good evidence that excellent care is far from ‘the norm’ in 
hospitals [44]. It is all too common for medical entries to dry up in the notes, and most doc-
tors have witnessed deaths that leave them feeling at best frustrated and at worst woefully 
inadequate. Diagnosing dying is difficult at the best of times but the stigma of death and the 
feeling of having failed the patient still lingers [45]. The palliative care approach to caring 
for patients in hospice, hospital and community settings has been shared through clinical 
pathways such as the Liverpool Integrated Care Pathway for the Dying [46]. This pathway 
has helped clinicians deliver care at a difficult time for all, and provides guidance about care 
both for the dying patient and their family. Importantly, it also recognizes the need for good 
bereavement support and practical advice such as ‘parking permits, canteen opening hours 
for relatives, and where and how to register a death’.

The importance of palliative care and the deficiencies in its provision are often underes-
timated. A recent study in the USA evaluated guidelines for life-limiting illnesses and found 
only 10% had a significant palliative care content and 64% had minimal content [47]. In the 
UK, the NHS Cancer Plan 2000 states that ‘the care of all dying patients must improve to 
the level of the best’ [48], but it is only with increasing awareness of the palliative resources 
available and using them appropriately that we will be able to serve the needs of our patients 
well.
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Treatment strategies for spinal cord compression 
and fractures
Alistair J. Stirling, Adrian C. Gardner, Roger M. Tilman

INTRODUCTION

The spine is the commonest site of pain due to instability skeletal metastasis [1] and prostate 
cancer is one of the most common tumours to metastasize to bone. Spinal metastasis causes 
a spectrum of clinical presentations from pain due to instability and fracture to neurologi-
cal compromise [epidural and spinal cord compression (ESCC)]. In prostate cancer, ESCC 
is much more common than pathological fracture. ESCC is in itself not fatal; nevertheless, 
incapacitating pain and subsequent neurological compromise, such as paraplegia and loss of 
sphincter control have major social and clinical implications. Complete loss of neurological 
function is irretrievable and, therefore, prevention of ESCC is desirable whenever possible. 
Although the average survival for prostate cancer patients after a diagnosis of metastatic 
spinal cord compression is only 5 months [2], the morbidity of metastatic spinal disease is 
such that an aggressive approach to management is justified. The aims of this chapter are to 
review the current management of metastatic prostate cancer to the spine.

TREATMENT STRATEGIES FOR SPINAL CORD COMPRESSION

PatHoanatomy

At post mortem the incidence of prostate carcinoma histologically is 24–46% in men over 
50 years of age. Metastatsis most commonly occurs to lymph nodes but bone is the second 
commonest site [3] and is seen in up to 84% of cases at post-mortem [4–7]. The spine is the 
most commonly involved site for bone metastasis. Within the spine the commonest site is 
the vertebral bodies of the thoracic and lumbar regions, which reflects the greater volume 
of bone in the vertebral bodies, their anatomical relationship to the prostate and Batson’s 
valveless vertebral venous plexus, which drains directly from the pelvis to the spine. The 
commonest site of symptomatic neural compression is the thoracic region (67%), with 27% in 
the lumbar spine and 6% in the cervical spine [8, 9], in part reflecting the narrower volume 
of the spinal canal in the thoracic spine.

Ninety per cent of prostatic spinal metastases are osteoblastic [10]. Spinal deformity is 
therefore unusual, although epidural compression is not uncommon, being the initial sign 
of malignancy in 36% of patients with epidural metastasis [11]. By contrast, the majority of 
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spinal metastases from other primary tumours are osteolytic. Osteolytic metastases weaken 
bone resulting in pathological fracture with the potential for neurological compromise as a 
result of bony compression rather than tumour compression. Understanding this fundamen-
tal difference between the modes of presentation for prostate cancer and metastasis from 
other primaries is vital for the recognition of why epidural and spinal cord compression is 
significantly more common in prostate cancer than spinal instability at presentation.

clinical Features

the Patient
The problems of spinal metastases and, in particular, imminent neural compromise in 
patients with prostatic carcinoma should not override an overall appreciation of the indi-
vidual’s social, family and general medical circumstances, as well as previous treatment. An 
informed and realistic discussion between the doctor and the patient and his family regard-
ing the potential benefits, risks and limitations is required before embarking on a treatment 
programme that may impinge significantly upon the time they have available.

An appreciation of biological rather than chronological age as well as appreciation of 
important comorbidity is mandatory before deciding upon the scale of justifiable surgical 
intervention.

the Disease
Definition of the patient’s prognosis in terms of the stage of disease, previous treatment and 
responsiveness to adjuvant modalities is a prerequisite to surgical planning. For example, the 
difference in life expectancy between newly diagnosed hormone-naive prostate cancer and 
hormone resistant disease with visceral involvement would often alter the surgical strategy 
and technique employed.

Presentation
Patients may present to the spinal surgical team by a variety of different routes: as an acute 
admission, as a referral from a clinic with unexplained musculoskeletal pain or as an existing 
patient referred by an oncologist or member of the prostate care team [12]. Osborn et al. [13] 
investigated symptoms at presentation in a retrospective study of four large series of spinal 
metastases from prostate cancer. It was concluded that patients at risk of, or with established, 
ESCC present with four main initial symptoms: back pain, weakness, autonomic and sensory 
loss (Table 15.1).

back Pain
The most frequent symptom reported in up to 100% of adult ESCC patients is back pain 
resulting mainly from the involvement of bone by metastatic tumour [14–17]. The type of 
pain and the relieving and aggravating factors reflect the underlying local pathological proc-
ess. At first, pain may be local in origin due to the periosteum stretching as the metastasis 
enlarges, and this is sometimes accompanied by somatic referred pain. Radicular pain may 
also develop if root compression occurs [13]. Prostate cancer patients suffer pain for a median 
duration of 12 months before the onset of ESCC [18]. Localized pain may be relentless and 
exacerbated by anything that raises cerebrospinal fluid pressure such as straining, coughing 
or sneezing [13, 19]. With increasing occlusion of the spinal canal, pain may be aggravated 
by lying down, in contrast to degenerative spinal disease which is often relieved on lying 
down, leading to the red flag symptom of night pain.

Pain aggravated by standing, and more particularly with spinal movement, is usually 
termed mechanical. In the setting of osteoblastic metastasis this is thought to represent 
‘creaking’ of dense but not necessarily strong metastatic bone (Figure 15.1). Alternatively, 
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in the unusual circumstance of osteolytic prostatic metastasis, this may be due to imminent 
fracture.

Patients often recognize the pain from cancer metastases as different to any previous, 
longstanding, mechanical, low back pain of degenerative origin and it is felt higher up the 
spine. There may be spinal tenderness on examination of the back [20]. Care should be taken 
when attributing pain to degenerative spinal disease in patients with a history of prostate 
cancer who should be carefully evaluated for spinal metastases [19, 21]. Symptomatic neu-
rological compromise in the form of sensory loss, weakness and autonomic dysfunction, 
typically develop after pain, often but not always in this sequence.

The neurological presentation differs with the level of neural compression and the direc-
tion of its impingement on the spinal cord. Cord compression above T12 typically results 
in an upper motor neurone (UMN) picture, whilst at the conus and below, a lower motor 
neurone (LMN) picture is seen. If compression is initially anterior, weakness, loss of pain 
and temperature sensation may precede compromise of light touch and proprioception (dis-
sociated sensory loss) due to the anterior position in the spinal cord of the spinothalamic 
tract (pain and temperature sensation) and corticospinal tract (motor) versus the posterior 
position of the dorsal columns (fine touch and proprioception). Conversely, if compression 
is initially posterior, the reverse may apply.

Weakness
Weakness is usually bilateral and frequently involves the muscle groups below the lesion 
[13]. The degree of weakness and ambulatory ability at diagnosis are important clinical pre-
dictors of outcome [14, 20]. In ESCC complete loss of motor power is usually irreversible 
even after treatment, whereas in 93% of ambulatory patients and 83% of paraparetic patients 
walking ability was maintained after appropriate therapy [16]. Once weakness is present, 
progression to ESCC in prostate cancer patients is relatively swift.

autonomic and sensory Dysfunction
Autonomic dysfunction in a cancer patient with ESCC is thought to be an unfavourable 
prognostic sign [14]. Symptoms of bowel and bladder problems, such as incontinence and 
urinary retention are frequent in these patients at diagnosis (57%) depending on the level of 

Table 15.1 Presenting complaints 

Back pain
Sensory dysfunction
Weakness
Autonomic dysfunction

Figure 15.1 Dense weak bone with end plate fractures.
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the compression [19]. It has been reported that over half of patients (51%) report symptoms 
of numbness and paraesthesiae, whilst on examination a sensory loss is found in 78% [19].

clinical assessment

A complete history and examination with particular attention to neurological status is neces-
sary in a patient presenting with any combination of these symptoms [12].

examination
In addition to a routine general examination with particular attention to excluding visceral 
metastasis, neurological examination should assess mental status, cranial nerves, motor and 
sensory examination, reflexes and cerebellar function [21]. Posture, stance and gait allow 
a rapid functional assessment of this and, thus, it is important to ask the patient to walk if 
possible. This then allows an assessment of the ability to tiptoe walk, heel walk and single 
knee dip, and this will often reveal latent weakness or proprioceptive loss not apparent on 
bed assessment. If there is a significant history of mechanical spinal pain, plain radiographs 
of the painful area to exclude incipient spinal collapse should be obtained prior to standing 
and walking assessment.

OBSERVATION AND PREOPERATIVE MANAGEMENT

Clear and definitive instruction to nursing and junior medical staff is mandatory in patients 
with potential or actual ESCC. This should include the type and frequency of neurological 
observation and action to be taken if deterioration occurs. If instability is suspected, suitable 
measures to minimize spinal movement and loading should be instituted such as the provi-
sion of a collar for the cervical spine, or bed rest for the thoracolumbar spine.

imaging anD Diagnosis (table 15.2)

magnetic resonance imaging
Magnetic resonance imaging (MRI) is considered the gold standard diagnostic test for imag-
ing vertebral and spinal metastases with a risk of ESCC (Figure 15.2) [13]. MRI is non-in-
vasive, gives excellent anatomical detail of the spinal cord and is able to image the desired 
spinal segments irrespective of a cord compression preventing the flow of myelographic 
contrast (Figure 15.3). Several studies [22–24] have demonstrated that spinal MRI is as sensi-
tive as other modalities for detecting spinal epidural metastases. It should be routine practice 
to image the entire spine as there is the potential to miss asymptomatic non-contiguous 
lesions. In line with other guidelines [12], it is recommended that all patients should receive 
an urgent MRI of the entire spine.

radiography
Prior to the availability of MRI, definitive diagnosis of ESCC required myelography, a highly 
invasive test for patients who are already in pain. Consequently, routine investigations such 
as conventional radiography were used to determine those patients at low risk of ESCC in 

Table 15.2 Investigations required

Full neurological examination
Full general examination
Plain radiographs of the entire spine
Urgent MRI of the entire spine
Chest radiograph
CT of chest and abdomen
Bone scan 
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whom myelography would not be required. Conventional radiography has the ability to 
demonstrate vertebral abnormalities in up to 85% of patients with ESCC from both osteob-
lastic and osteolytic lesions or vertebral collapse [14, 18]. Portenoy et al. [25] studied the prob-
ability of epidural metastatic disease based on the presence of symptoms and radiographical 
or bone scan changes. (The study was not controlled with MRI.) Where there was a localized 
sign and the radiograph was abnormal, the probability of epidural disease was 0.9; however, 
where the radiograph was normal it was only 0.1. The risk was increased to 0.95 if both the 
radiograph and bone scan were abnormal, and reduced to 0.02 if the radiograph and bone 
scan were normal.

Figure 15.2 MRI scan showing sclerotic bone.
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For osteolytic metastases, lesions need to be > 1 cm and over 50% of the bone has to be 
destroyed before these are necessarily evident using conventional radiography. In advanced 
hormone resistant cancers, the multiplicity of bony metastases and the fact that the majority 
are osteoblastic rather than osteolytic means that a high number of false-negatives result. It 
is therefore unlikely that radiographs alone have enough predictive value to warrant their 
routine use in predicting prostate cancer patients at risk from ESCC (Figure 15.4).

myelography 
Although MRI has largely replaced myelography there are still some circumstances in which 
myelography is useful. MRI is contraindicated in those with pacemakers, some intracranial 
vascular clips and with intraocular metallic foreign bodies. In addition, MRI images of the 
spine are usually grossly distorted by the presence of ferrous implants from previous spinal 
surgery. For this reason, the majority of implants are now titanium. If a second episode 
of ESCC has developed despite prior surgery with implants, myelography combined with 
computed tomography (CT) will usually provide sufficient information on which to base 
management decisions.

radionuclide bone scans
Radionuclide bone scans are a useful single test for staging prostate cancer and are more 
sensitive than radiographs at detecting vertebral metastases (Figure 15.5) [26, 27]. They do 

Figure 15.3 MRI scan showing cord compression.
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Figure 15.4 Prostatic infiltration of the spine showing sclerosis of the L3 and L4 vertebral bodies: (a) a 
lateral radiograph, (b) an anteroposterior radiograph.

(a) (b)

not, however, provide sufficient detail to be of value for surgical planning as discriminat-
ing which of the often multiple vertebral site(s) is responsible for neural compression and 
the direction of that compression is not possible. In the context of spinal metastatic disease 
in practice, isotope bone scans are used only to define extraspinal osseous disease and its 
extent, and this can usually be delayed until after spinal surgery, if necessary. Beware the 
‘Super Scan’ where there is uptake across the entire skeleton due to widespread disease and 
the lack of uptake differentiation can lead to the scan being reported as normal. In the pres-
ence of deteriorating neurology, appropriate surgical intervention should not be delayed.

computed tomography
MRI has for practical purposes superseded CT where available. This is on the basis of the 
higher sensitivity of MRI and lack of ionizing radiation. However, there are circumstances 
in which MRI is contraindicated or the presence of ferrous implants may render it useless 
as mentioned above.
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Figure 15.5 Radionucleotide scan showing increased uptake in the thoracolumbar spine.

Spinal CT can be a useful test to define a high risk of ESCC if MRI cannot be used and it 
has been shown that cortical disruption at multiple vertebral levels indicates a high chance 
(> 90%) of epidural tumour (Figure 15.6) [28]. It may also assess bony and anatomical details 
prior to surgery, for example bony dimensions for instrumentation or the course of the ver-
tebral artery.

bioPsy oF sPinal lesions

A spinal biopsy is recommended if the lesion is a solitary bony lesion and there is doubt as to 
the underlying pathology. In these cases imaging with a bone scan, an MRI of the lesion and 
spine and percutaneous bone biopsy need to be performed before surgery to prevent inap-
propriate procedures [12]. Experienced surgeons should generally perform percutaneous 
biopsies, under X-ray control [12] to prevent a biopsy compromising future surgical margins 
should the mass prove to be a primary tumour. CT-guided biopsy by specialist radiolo-
gists may be an alternative option. A trephine biopsy is usually required and specialist bone 
pathologists should examine the histology for an accurate interpretation of the sample.

TREATMENT SELECTION

scoring systems

Various prognostic scoring systems for spinal metastases have been developed, to aid selec-
tion of surgical candidates and surgical techniques [29, 30]. Whilst these have been validated 
for spinal metastases in general, there are no published data specific to prostatic spinal meta-
static disease. Given the structural difference from other osteolytic metastases, the applicabil-
ity of such scoring systems to metastatic prostate cancer in the spine remains undefined.
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Figure 15.6 CT images of prostatic infiltration of the spine: (a) axial; (b) sagittal.

TREATMENT OPTIONS

raDiotHeraPy (table 15.3)

The response of epidural metastases to radiotherapy is well documented [31, 32]. Radiotherapy 
has been shown to produce significant pain relief in more than 90% of patients, and in 
two-thirds of patients a significant or complete improvement in neurology is achieved [25]. 
However, in the presence of paraplegia, the success of radiotherapy in combination with both 
steroids and androgen deprivation has proved to be substantially less than in patients who 
were paraparetic [33]. Whether radiotherapy is better in terms of outcome, both in the short 
and long term, when compared to surgery and radiotherapy has recently been addressed in 
a randomized controlled trial by Patchell et al. [34]. This study showed conclusively that the 
ability to walk was maintained for longer with surgery followed by radiotherapy, compared 
with radiotherapy alone. This significant benefit was demonstrated for both those patients 
who were walking and those who were unable to walk prior to intervention. The require-
ments for post-intervention analgesia and corticosteroids were also reduced in the surgi-
cal group. This study analysed all causes of metastatic epidural spinal cord compression, 
not just that secondary to prostate cancer, and concluded that surgery and radiotherapy 

(a) (b)

Table 15.3 Indications for radiotherapy [12]

No spinal instability
Radiosensitive tumour 
Stable or slow neurological progression
Multi-level disease
Surgery precluded by general condition
Poor prognosis
Postoperative adjuvant treatment
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was better than radiotherapy alone, and that, if possible, surgery should be the first choice 
for management [34]. The Radiation Therapy Oncology Group (RTOG) evaluated different 
dose-fractionation irradiation schedules in a randomized controlled trial [35] to determine 
their palliative effectiveness in patients with osseous metastases. The frequency, promptness 
and duration of pain relief were used to indicate the degree of response. Ninety per cent of 
patients experienced some relief of pain and 54% achieved eventual complete pain relief. 
However, the optimal dose-fractionation scheme for treating ESCC is still unknown. Most 
radiation oncologists adhere to standard schedules of 25–36 Gy with an average of 20 Gy 
over five fractions being chosen because it is considered to be a relatively well-tolerated 
dose for the spinal cord. There may be no optimal plan for every metastatic prostate cancer 
patient because each plan constructed will represent a compromise between delivery of the 
highest dose possible to control progression of the local tumour and palliate pain effectively, 
whilst limiting the effect on the spinal cord.

Radiotherapy is efficacious in terms of preventing further local tumour growth and amel-
iorating pain with minimal side-effects. The neurological outcome of radiotherapy depends 
on a number of factors. Firstly, the degree of functional limitation at initiation of radiother-
apy will alter the outcome of therapy. This is important because it has been reported that 
radiotherapy may preserve the ability to walk in 80–100% of patients who start treatment 
when still able to walk [14, 32, 36]. Secondly, the extent of subarachnoid impingement will 
also affect the outcome of treatment. Epidural metastases that produce a minor impression 
on the thecal sac will have a better outcome than a large mass that completely obliterates 
the subarachnoid space. This has been confirmed in clinical studies, but is of weak value [37, 
38].

In the era of MRI, the response of spinal metastases to radiotherapy has not been thor-
oughly investigated. The average life expectancy for patients undergoing radiotherapy for 
ESCC is between 3 and 6 months. Survival rates are higher in patients who were walking 
when treatment was initiated and in radiosensitive tumours, such as prostate with a single 
metastasis. The risk of recurrence increases with the length of survival and 50% of 2-year 
survivors will develop recurrence [14].

Hormone DePriVation tHeraPy

Hormonal manipulation has been successfully employed in hormone-naive patients with 
ESCC from prostate cancer and there is a definite relationship between neurological deficit 
at presentation and response to hormone therapy. However, in patients who have complete 
paraplegia at the time of presentation hormone therapy is of little benefit [39].

surgery (table 15.4)

A variety of surgical strategies can be employed for neoplastic spinal disease. Appropriate 
selection is dependent upon the individual case and requires tailoring accordingly. The 
objectives from a patient perspective (Table 15.5) are to minimize pain and to maximize or 
maintain neurological function with the minimum procedure adequate to the predicted life 
expectancy. As a rough rule of thumb, surgery and the associated recovery time should not 
involve more than 50% of the predicted remaining life expectancy, a minimum of 3 months. 
From a spinal perspective the objectives are to ensure adequate decompression, to ensure 

Table 15.4 Indications for surgery

Spinal instability
Clinically significant neurological compression, in particular by bone
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the maintenance, or restoration, of spinal cord or nerve root function, and to eliminate actual 
or potential spinal instability with preservation of as many normal motion segments as pos-
sible [12].

From a tumour perspective, given that metastatic prostatic carcinoma is almost always 
present at multiple sites by the time ESCC develops, the technical complexity of extrale-
sional excision appropriate to primary spinal tumours is not applicable. Similarly, aggressive 
attempts at radical intralesional procedures are also inappropriate.

In the majority of patients with ESCC from prostatic metastases, the clinical problem is 
local tumour-related pain with accompanying root or cord compression syndromes rather 
than spinal instability. In the absence of symptoms or imaging evidence of instability and 
posterior compression, neural compression symptoms may be adequately managed by 
decompression alone, often in the form of laminectomy with, as necessary, specific root 
decompression in isolation.

If osteolytic metastases are present or if there is significant instability pain and/or there 
is other imaging evidence of potential or actual progressive deformity, techniques of stabi-
lization may be required. They may also be necessary if adequate decompression in itself 
results in iatrogenic destabilization. For example, distal to T10, posterior decompression that 
removes one or both facet joints requires stabilization. Above this in the thoracic spine, the 
presence of the rib cage anteriorly may well provide enough support for surgical stabiliza-
tion to be unnecessary.

Surgery may also be indicated if the tumour is found to be radioresistant or is progress-
ing despite adequate radiotherapy [40]. A variety of surgical strategies and techniques are 
available for treatment of metastatic disease of the spine. Metastatic and hormone-refractory 
prostate cancer (HRPC) patients may benefit from specific techniques of surgical decompres-
sion and stabilization dependent upon the location of their metastases.

TECHNIQUES OF SPINAL SURGICAL RECONSTRUCTION AND 
STABILIZATION

Advances in spinal surgical techniques now permit excision and/or stabilization of any area 
of the spine (provided there are not multiple adjacent levels involved). It is, however, impor-
tant to stress that the scale of the procedure should be proportionate to the prognosis and 
take into account the potential consequences of surgery in relation to other comorbidities. 
For example, in the cervical spine, decompression and reconstruction may often be under-
taken more satisfactorily and over fewer segments from the front of the neck. In the tho-
racolumbar spine, although the same may apply in a fit patient with a prognosis sufficient 
to justify spinal reconstruction through an approach which opens the chest, many patients 
may not be medically fit to undergo this sort of extensive surgery. Indeed, given the prog-
nosis for most patients the benefits of decompression with stabilization from the back of the 
spine will usually outlive the patient.

Posterior stabilization techniques now usually include pedicle screw fixation above and 
below the areas involved together with interconnecting rods with a bony fusion if appropri-
ate (Figure 15.7). Anterior techniques usually include corpectomy (removal of the vertebral 
body) with titanium cage or cement reconstruction and an anterior plate fixed to the levels 
above and below for stability. Combined anterior and posterior reconstruction, except in 

Table 15.5 Objectives of surgery

Maintenance or restoration of spinal cord function
Correction of spinal instability
Preservation of as many normal motion segments as 
possible



230 Therapeutic Strategies in Prostate Cancer

very unusual circumstances, remains difficult to justify. It should, however, be stressed that 
evidence-based comparison is not available in matching cases comparing these approaches.

A paucity of studies evaluating the surgical management of prostatic metastases to the 
spine means that interpretation of results must be measured. Most studies are retrospec-
tive and non-randomized in nature, and patient selection in these cohorts becomes a sig-
nificant issue. The heterogeneous nature of the patient cohorts between studies, as well as 
confounding factors such as inconsistent application of adjuvant radiotherapy and varying 
radiotherapy regimes, additionally reinforces this point. However, the literature does justify 
a surgical approach to metastatic prostate cancer to the spine [40]. It must be noted though 
that, similar to radiotherapy, the results of surgery are superior in the absence of neurologi-
cal compromise, especially paraplegia. The recent study by Flynn et al. [8] is worthy of note 
as it demonstrated that surgery and radiotherapy has a better outcome than radiotherapy 
alone especially in the paraparetic patient.

This concurs with the experience from our own unit, where 36 patients with metastatic 
prostate cancer to the spine were managed between 1993 and 2000. Interestingly, meta-
static disease to the spine was the first indication of the disease in four patients. Most of the 
patients underwent a posterior procedure and most had a course of radiotherapy.

Figure 15.7 Posterior pedicle screw construct with sclerotic vertebra.
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Our results compare favourably with the literature but also highlight the disadvantages 
of surgical management with one case of deep infection. The results of surgery can also be 
compromised by the development of ESCC or vertebral collapse at a site outside the previ-
ous surgery.

It should be noted that surgery after a course of radiotherapy is associated with a higher 
rate of wound breakdown and infection and a window of at least 6 weeks should ideally be 
left between the end of the radiotherapy and subsequent surgery to allow full recovery of 
the soft tissues covering the spine [41].

SUPPORTIVE MEASURES

analgesia

A systematic approach to regular assessment, review and treatment needs to be adopted. It 
is important to elicit the type, nature and intensity of pain together with the impact on the 
patient and quality of life. Treatment should be in line with the World Health Organization 
(WHO) guidance, with medication given regularly (to prevent pain) and selected by the 
‘ladder’, a stepwise progression from non-opioids to ‘weak’ opioids to strong opioids with 
appropriate adjuncts [33].

steroiD treatment

Corticosteroids are an integral part of the therapy of ESCC [13]. Steroids initiated immedi-
ately after diagnosis may benefit the prostate cancer patient by relieving pain and improv-
ing neurological function. Corticosteroids such as dexamethasone perform a principal role 
in supportive treatment and have also been demonstrated to improve outcomes. A rand-
omized trial of dexamethasone in patients undergoing radiotherapy for ESCC from solid 
tumours found that a significantly higher percentage were ambulatory on dexamethasone 
at long-term follow-up [42]. Dexamethasone is the most frequently used agent in the clini-
cal environment; however, no prospective studies have investigated the optimal dose and 
schedule for patients with ESCC and this remains an area for debate. Supportive evidence 
of daily doses ranging from 16 to 96 mg is available [32, 43]. In the absence of data, an initial 
dose within this range is justifiable; however, regardless of the dose used, dexamethasone 
should be tapered as tolerated, since complications can arise rapidly.

external bracing

A reduction in pain and an improvement in ambulation may be seen with the application 
of an external brace even in patients who have not shown evidence of spinal instability [21]. 
Modern braces are more lightweight and less cumbersome than traditional braces allowing 
for enhanced comfort.

CONCLUSIONS

The treatment of metastatic prostate cancer to the spine is uniquely different to that of other 
spinal metastases and in many cases there is no ‘one size fits all’ answer as to the optimal 
management of these patients. It is imperative to involve spinal surgeons with the knowl-
edge, interest and capability to evaluate neural compromise and potential or actual spinal 
instability before deciding on the appropriateness or otherwise of surgical intervention and 
the techniques involved.
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An individual approach based on knowledge and understanding of the current treatment 
options available and the patient’s unique situation and presentation is the best approach to 
this complex clinical problem.

TREATMENT STRATEGIES FOR FRACTURES

The management of a metastatic lesion in a long bone follows a very similar path to that 
already outlined for a spinal metastasis and guidelines for this are well established [12, 44]. 
An isotope bone scan is the ideal ‘skeletal survey’ for looking for lesions throughout the skel-
eton. Plain radiographs can be very misleading about the extent of a lesion and CT scanning 
will give a greater understanding of the osseous anatomy and any skeletal deficiencies. MRI 
may be useful to assess the presence of any associated soft tissue mass.

The treatment of bone pain is multifactorial including hormonal therapy, radiotherapy 
and chemotherapy. The length of radiotherapy course required for the palliation of bone 
pain from metastasis is not yet clear and research in this field continues [45]. There may be a 
role for hemi-body irradiation or systemic isotope therapy [46]. Bisphosphonates have been 
used to reduce bone pain from prostate metastasis with mixed results [47].

Biomechanically, the effect of an osteolytic metastasis on bone strength depends on 
whether the metastasis acts as a stress riser acting to reduce torsional rigidity by approxi-
mately 60% or as an open section defect decreasing torsional rigidity by almost 90%. The 
effects of osteoblastic metastasis on bone strength are not as well known but are thought to 
reduce bone stiffness rather than strength [47, 48].

Second to the vertebral bodies other common areas of metastasis for prostate cancer are 
the sternum, pelvis, ribs and femurs. The presentation of appendicular skeletal metastasis 
is with pain, with or without associated fracture. As previously mentioned, prostate metas-
tases tend to be osteoblastic rather than osteolytic and so pathological fractures in the long 
bones are uncommon [48]. An osteolytic metastasis represents progression of disease and 
an increased potential to fracture. However, these fractures have a high potential for union 
after fixation [48].

Bone pain from metastatic disease is thought to be mediated via stimulation of endosteal 
nerve endings by chemical agents released from destroyed bone such as prostaglandins and 
substance P, stretching of the periosteum due to increasing size of the tumour and inflam-
mation of the soft tissues around the tumour [47].

The operative management of appendicular metastasis is dependent on the location of 
the lesion, the presence of a fracture or an assessment of a future pathological fracture.

Bone destruction alters bone strength, and even osteoblastic lesions can alter the response 
of the bone to load and increase the risk of fracture. Imminent fracture is also painful on 
loading of the pathological bone. The use of prophylactic fixation of long bones in this situ-
ation can stabilize the bone in the face of continuing destruction and allow load bearing 
through the implant despite loss of skeletal support.

The most widely used scoring system to assess the need for prophylactic fixation is that 
of Mirels [49] (Table 15.6). This assesses location, type of metastasis (blastic or lytic), amount 
of pain and the amount of cortex destroyed. A score of eight or more indicates the need 
for fixation. The standard implant for a midshaft lesion is a statically locked intramedullary 
nail. Lesions in the proximal femur may be addressed by an arthroplasty, either a standard 
hip replacement or a modular proximal femoral replacement. Acetabular disease can also 
be reconstructed using joint replacement technology, although the addition of Steinmann 
pins driven through from the iliac crest to the periacetabular region acting to distribute the 
load more widely throughout the pelvis may well be indicated [50]. Any cavitary defects 
can be filled with cement or prosthesis as necessary. If arthroplasty is undertaken, the com-
ponents must be well fixed with cement to allow immediate stability for mobilization and 
greater protection against implant failure as a result of loss of structural support from disease 
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progression. An added benefit is the sterilizing effect to any residual tumour cells in the 
intramedullary canal from the exothermic reaction of the cement as it hardens.

In the presence of a fracture, the reconstructive options are very much the same as for 
the impending fracture, using load-bearing intramedullary nails or cemented arthroplasty 
depending on location.

Adjuvant therapy is indicated for both the impending and subsequently fixed lesion and 
the fixed fracture. This is usually in the form of a course of radiotherapy. It is worth not-
ing that there is an increasing incidence of osteoporotic non-metastatic fractures following 
androgen deprivation therapy [51], and these fractures need to be considered in the context 
of the underlying bone disease. The presentation of a fracture or a patient with bone pain 
who is known to have metastasis must be assumed to be secondary to metastatic disease 
initially; this must also be borne in mind as the management may well alter.
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Treatment strategies for urinary obstruction
Roger S. Kirby

INTRODUCTION

The term ‘obstructive uropathy’ encompasses patients with bladder outflow obstruction and 
those with hydronephrosis, and can be caused by local extension and/or lymphatic spread 
of prostate cancer. Obstructive uropathy is a relatively common occurrence in patients with 
advanced, metastatic prostate cancer; reported incidence rates vary between 3.3% and 16% 
[1–6]. The first step in management is to accurately establish the diagnosis. Treatment strat-
egies depend on whether the underlying cause is from hormone-naive prostate cancer or 
whether it is hormone resistant prostate cancer; the prognosis for the latter is significantly 
worse. Close liaison between urologist, oncologist and radiologist is essential to manage opti-
mally patients with these conditions.

LOWER URINARY TRACT SYMPTOMS AND OBSTRUCTIVE UROPATHY

Lower urinary tract symptoms (LUTS) are common among men suffering from locally 
advanced prostate cancer [7]. Classical symptoms are similar to non-malignant obstruction 
and commonly include poor flow and frequency, as well as the sensation of incomplete blad-
der emptying. Other problems may include haematuria, anorexia and weight loss, which 
may indicate incipient renal failure. The presence of a palpable bladder indicates urinary 
retention, this occurs in approximately 13% of men with locally advanced prostate cancer 
[8].

Presentation/Diagnosis

It is essential to determine whether one is dealing with malignant or non-malignant uropa-
thy. A digital rectal examination (DRE) is essential, and any prostate asymmetry, a palpable 
nodule or an irregular hardening, requires further investigation. On examination of a non-
malignant prostate gland, the median sulcus is usually identifiable and the seminal vesicles 
are impalpable; loss of the sulcus or irregularity in the seminal vesicles indicates malignant 
involvement. If there is any suspicion of malignancy in a patient who does not have a diag-
nosis of prostate cancer, it is necessary to perform a transrectal ultrasound and biopsy. The 
first-line assessment of the urinary tract should be with ultrasound, which should include a 
measurement of residual urine volume, imaging of the kidneys and, in addition, a flow rate 
is often useful. A computed tomography (CT) or magnetic resonance imaging (MRI) scan 
may be indicated if more detail is needed, specifically to determine the extent and location 
of any metastases.

Roger S. Kirby, MA MD FRCS (Urol) The Prostate Centre, London, UK
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management anD treatment oPtions

There are a number of treatment options available for men with LUTS and bladder out-
flow obstruction (BOO). These include long-term bladder catheterization, medical or surgi-
cal therapy and systemic treatment for the underlying cancer including hormone therapy. 
Obviously, the most appropriate treatment for this condition will depend on whether previ-
ous definitive primary treatment has been undertaken as well as past systemic therapies for 
prostate cancer.

In an attempt to predict the likelihood of outflow obstruction after different treatment 
modalities for prostate cancer, Oefelein studied a population of 260 patients with advanced 
metastatic prostate cancer over a median of 12 years [9]. Results showed that disease pro-
gression causing BOO after radical prostatectomy is extremely rare at 2.8% (1/36 patients); 
however, disease progression causing BOO was relatively common for both external beam 
radiotherapy at 17.8% (8/45 patients) and androgen deprivation 18.1% (26/144 patients) [9].

In hormone-naive patients presenting with severe LUTS, hormone treatment is usu-
ally recommended. Bilateral orchidectomy was traditionally undertaken to improve void-
ing function, but luteinizing hormone releasing hormone (LHRH) agonists may be equally 
effective. In patients with urinary retention (acute or chronic), androgen ablation may facili-
tate voiding with temporary bladder catheterization [10]. In an early study by Fleischman 
and Catalona, 35 patients with prostate cancer presenting in acute urinary retention were 
studied: 68% of patients were able to void after orchidectomy alone [11]. Original work by 
Huggins et al. in 1941 suggested that maximum decrease in prostatic volume occurred at 3 
months [12]. In practice, if voiding is unsuccessful after 8 weeks of androgen ablation then 
consideration for transurethral resection of the prostate (TURP) is necessary [13].

PalliatiVe turP (PturP)

Palliative TURP (pTURP) or ‘channel’ TURP is usually performed because of refractory uri-
nary retention, BOO with high post-void residual urinary volume, bladder stones or haema-
turia. It is sometimes suggested that pTURP may have a negative oncological impact with 
tumour dissemination at the time of surgery owing to high irrigation pressures resulting in 
intravascular dissemination through open venous sinuses [14, 15]. Certainly, Moreno et al. 
have detected prostate cancer cells in the peripheral circulating blood in all cases undergo-
ing pTURP [14]. In principle, incision through malignant tumour is generally to be avoided. 
The exact significance of this in the context of pTURP is unclear. A number of studies have 
attempted to define the oncological outcomes of patients undergoing pTURP. In a surgi-
cal series of 490 stage C patients, Nativ et al. reported no unfavourable outcome in those 
who were diagnosed following TURP compared with those who were diagnosed by needle 
biopsy [16]. Some of these concerns are still not completely resolved but they contrast with 
the negative impact of long-term catheterization, acute urinary retention or bladder stones 
on quality of life. pTURP also has a higher perioperative morbidity and mortality (mortality 
can be ~2% [17] with a risk of stress incontinence of 5–10% [17, 18]), and this needs to be 
fully explained to the patient. In one study of 89 palliative TURPs, it was noted that 79% of 
men voided spontaneously after this type of surgery but a repeat TURP was necessary in 
25% of patients [17]. Heavy bleeding following pTURP can sometimes be problematic; how-
ever, preoperative androgen ablation may reduce tumour volume and tumour vascularity. 
Alpha-1-adrenoceptor antagonists are less effective in malignant obstruction than in benign 
prostatic hypertrophy (BPH). External beam radiotherapy to the prostate may be considered 
for local control and may reduce a tendency to haemorrhage.
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Prostatic stenting

Prostatic stents have been inserted in men with BOO for locally advanced prostate cancer for 
many years. The rationale for stent insertion is that it avoids the morbidity and mortality of 
pTURP. Prostatic stenting may also be of use in those patients unfit for general anaesthesia 
as insertion may be performed under local anaesthesia. Anson et al. were some of the first to 
use a temporary urospiral stent, in combination with androgen suppression, to treat acute 
urinary retention. All patients (10/10) voided spontaneously immediately postoperatively, 
with one patient needing early removal of the stent due to irritative voiding symptoms 
[19]. Removal of stents at 3 months reduces the potential long-term complications of stent 
encrustation, urinary tract infection and chronic pain [20]. In patients who are hormone 
resistant, long-term stents are more appropriate. Guazzoni et al. inserted the UroLume® 
stent in 11 patients with advanced prostate cancer who were in urinary retention and had 
a high surgical risk. All patients voided after the procedure and urodynamic follow-up at 1 
year revealed relief of BOO. Another study examined the use of the same stent for refrac-
tory retention following brachytherapy [21]: all patients voided spontaneously immediately 
after insertion, but two patients suffered stent-related symptoms necessitating subsequent 
removal. Preliminary data look promising for the use of prostatic stents, but large-scale trials 
are needed to further evaluate their use. At present, prostatic stents appear to have a role in 
patients unfit for surgery who have BOO or in those patients with refractory retention post 
brachytherapy. In future, there may also be a role for laser vaporization in view of its low 
surgical morbidity.

UPPER URINARY TRACT OBSTRUCTION AND OBSTRUCTIVE UROPATHY

Prostate cancer can cause upper urinary tract obstruction due to local extension of pros-
tatic tissue compressing the vesicoureteric junction, invasion of tumour into the ureteric 
orifice or by metastatic spread to lymph nodes involving the intramural ureter. Urinary tract 
obstruction is a common finding at diagnosis and at the later stages of this disease [3]. If left 
untreated it may lead to renal impairment and subsequent kidney failure. Patients present-
ing with urinary tract obstruction typically have a poor prognosis [22] with troublesome 
complications causing significant morbidity. While lower urinary tract obstruction (BOO), 
does not appear to be of prognostic value in predicting response to androgen blockade, the 
same is not true of upper tract obstruction [3]. Hydronephrosis has been shown to have an 
independent prognostic value for progression after hormonal treatment and correlates also 
with time to death from prostate cancer [3]. Furthermore, persistent or newly developed 
hydronephrosis during treatment also predicts a shorter time to progression.

Presentation/Diagnosis

Presentation is classically insidious with deranged blood biochemistry or the incidental find-
ing of ureteric dilatation or renal cortical atrophy on ultrasound imaging [22]. Occasionally 
patients may present acutely with renal colic [23]. Bilateral ureteric obstruction (acute or 
chronic) is associated with a decreased urine output and uraemia, which progresses to renal 
failure. Urinary retention as a cause for bilateral hydronephrosis must be excluded clinically 
or sonographically and, if found, should be immediately treated with bladder catheteriza-
tion. Indications for emergency decompression of the upper urinary tract by percutaneous 
nephrostomy include deteriorating renal function and renal sepsis.

inVestigation oF obstructiVe uroPatHy

In patients with previously confirmed prostate cancer, possible urinary tract obstruction 
should be anticipated and the patient monitored accordingly [3]. Investigation of the patient 
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with an elevated serum creatinine and suspected obstructive uropathy should include a 
urinary tract ultrasound. Further investigation with a non-contrast CT or MRI scan may 
be necessary to assess the level of obstruction, and the extent of local or nodal disease. In 
patients with adequate renal function, intravenous urography (IVU) and radionucleotide 
renography may be useful.

ultrasound
This is the most common form of imaging for the urinary tract when obstruction is sus-
pected. Ultrasound will diagnose hydronephrosis and hydroureter and will also give an 
assessment of renal cortical thickness and possible level of obstruction. One disadvantage of 
ultrasound is the inability to visualize the mid- and lower-thirds of the ureter. If such infor-
mation is necessary then CT scanning may be more appropriate and this can also assesses 
any concurrent lymphadenopathy.

computed tomography
CT scanning is a useful imaging tool when ultrasound and other modalities have proved 
inconclusive. CT is particularly useful for providing more detailed information on any 
potential obstructing lesion. Ideally, intravenous contrast should be used, but this may not 
be possible in patients with uraemia. A prospective study of 36 patients with hydronephrosis 
secondary to obstructive nephropathy of uncertain aetiology revealed that abdominal CT 
scan proved useful in 92% of cases. In addition extrinsic masses were demonstrated in 20 
patients with metastatic disease [24].

mri
Recent advances in MRI, in particular excretion MR urography, have made this modality a 
useful adjunct in assessing renal tract obstruction. MR urography has the advantage over 
ultrasound and CT in providing a detailed picture of the obstructing lesion while avoiding 
ionizing radiation and nephrotoxic contrast media. In a study of 45 patients with obstructive 
uropathy due to both benign and malignant pathology, it was established that MR urogra-
phy was able to provide high quality images for diagnosing and determining the cause of 
urinary obstruction, defining the position and severity of dilatations and showing localiza-
tion of the pathology [25]. In another study of obstructive uropathy involving groups of 
patients with calculi, strictures of the pelvi-ureteric junction, benign or malignancy-induced 
ureterostenosis, it was noted that MR urography was able to detect the degree and level of 
ureterohydronephrosis in 100% of cases of malignancy-induced ureterostenosis. In fact MR 
urography appears to be more useful in the setting of non-calculus urinary obstruction [26]. 
While MRI may not be the first choice of imaging for obstructive uropathy, it does have a 
role for patients with contrast allergies or those with contraindications to ionizing radiation. 
It also provides high-quality images of the primary prostatic lesion.

radionuclide renography
Dynamic radionuclide renography scanning may be suited to evaluate renal obstruction and 
differential renal function. Radionuclides that may be used include technetium-99m-labelled 
MAG-3 (mercaptoacetyltriglycine) or technetium-99m-DTPA (diethylenetriamine pentaace-
tic acid) [27]. In general, radionuclides evaluate renal function at the time of examination and 
not the potential for renal recovery.

management anD treatment oPtions

Deciding on the optimum treatment for obstructive uropathy is dependent on the level of 
obstruction present and the hormonal status of the patient. Patients with ureteric obstruc-
tion due to hormone-naive locally advanced prostate cancer are suitable for treatment with 
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androgen blockade or orchidectomy [4]. However, the majority of patients are hormone 
insensitive and these patients may need some form of urinary diversion procedure. This usu-
ally takes place by percutaneous nephrostomy followed by antegrade or retrograde stenting. 
In patients with low-grade obstruction or partial chronic obstruction, intervention may be 
delayed [28]. However, bilateral obstruction or unilateral obstruction with progressive renal 
impairment or symptoms of pyonephrosis requires immediate management and drainage to 
prevent irreversible renal damage. Uraemia as a result of malignant ureteric obstruction is a 
recognized event and if left untreated is rapidly terminal.

The treatment of renal obstruction in patients with advanced prostate cancer (particularly 
hormone-resistant prostate cancer, HRPC) may raise an ethical dilemma for the treating 
physicians. While urinary decompression may be technically feasible it does not mean that 
this is always the correct treatment decision where the procedure is subsequently regretted 
or further intervention may be required. Where further treatment is feasible (see Chapter 
12), the temporizing measure of urinary drainage may be worthwhile. However, where end-
stage HRPC exists, it may not be in the patient’s best interest to prolong life, particularly 
when suffering may be prolonged. Needless to say, a full and frank discussion is needed 
with the patient and relatives present. An individually tailored management plan is neces-
sary for each person.

intervention
Historically, patients with malignant obstruction would be treated by open surgical urinary 
diversion or open ureteral stent placement [29, 30]. However, minimally invasive technolo-
gies including percutaneous needle nephrostomy (PCNN), long-term ureteric stenting 
(antegrade or retrograde) and endoscopic ureteroneocystotomy have largely replaced open 
surgical procedures [4, 31]. If conventional ureteric stenting is not possible, extra-anatomical 
stenting may be indicated [32]. The decision on which primary treatment is best is complex 
and may involve discussion between radiology and urology departments. The role of TURP 
is only indicated to achieve improved voiding or LUTS. It does not have a principal role in 
the management of prostate cancer or the management of upper urinary tract obstruction 
[13].

In general, insertion of a retrograde ureteric stent would not be the first choice for patients 
with acute ureteric obstruction secondary to locally advanced prostate cancer. PCNN as a 
primary treatment has a number of benefits over retrograde ureteric stenting. The nephros-
tomy tube may be left as a long-term drainage tube or, alternatively, this can be converted 
to an antegrade stent once serum electrolytes have normalized. This also has the advantage 
of being able to perform a nephrostogram prior to nephrostomy tube removal to confirm 
that the stent is draining.

Percutaneous needle nephrostomy
PCNN is a commonly performed procedure for benign and malignant obstructive uropathy. 
While the indications for PCNN are very similar to those for retrograde ureteric stenting, 
there are a number of clinical indicators which favour one over the other. In most patients 
with ureteric obstruction the collecting system and ureter are dilated allowing for the, rela-
tively, easy insertion of a percutaneous nephrostomy tube. Nephrostomy tubes may be left 
in as a long-term urinary diversion; however, they are not well tolerated causing discom-
fort and urine infection, and they can become dislodged. Therefore, it may be appropriate 
to convert to an antegrade stent at a convenient time when the kidney has decompressed 
and the emergency has been dealt with. Antegrade stenting following nephrostomy can be 
quite complicated when one is dealing with proximal obstructing lesions, particularly those 
involving the renal pelvis. In some cases, insertion of a retrograde ureteric stent may be more 
appropriate.
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PCNN is an extremely well-tolerated procedure with a good chance of renal function 
improvement. In one study of 206 PCNNs [33] for benign (n = 30) and malignant (n = 125) 
obstruction, 66% of patients noted a return to normal renal function, 28% noted an improve-
ment in renal function, therefore avoiding the need for dialysis, and only 6% noted no 
significant improvement. This was achieved with a 99% success rate and no serious com-
plications [33]. PCNN allows the subsequent insertion of antegrade ureteric stenting, which 
approaches 80% success rate. However, this same study noted advanced age and prostate 
cancer to be negative predictive factors for renal improvement. Therefore, whether PCNN 
should be utilized in advanced prostate cancer patients is subject to debate. In a study of 22 
patients with advanced pelvic cancer, 24 nephrostomies were performed (bilateral in two 
patients) for malignant ureteric obstructions. Indications for nephrostomy in this group 
included renal failure, urosepsis or pretreatment before chemotherapy. Sixty-eight per cent 
of patients were able to achieve a useful lifestyle after the procedure, with a survival time 
ranging from 3 months to 2 years [34]. Similarly, in a study of 77 patients with obstructive 
uropathy secondary to pelvic malignant disease, a successful nephrostomy insertion rate 
resulted in an overall median patient survival of over 6 months [35].

Although percutaneous drainage of the kidney provides a reliable method of allowing 
renal recovery, the impact of treatment on patient quality of life remains controversial. While 
the two previous studies [34, 35] show an improvement in survival, these have included 
various primary tumour types: the situation in advanced HRPC is less clear. One study of 22 
HRPC patients studied the impact of PCNN intervention on overall survival [5]. They noted 
that, on average, patients spent 41% of their remaining life in hospital with the vast majority 
(n = 18) not surviving more than 3 months. The conclusions from this study were that PCNN 
did not improve the quality of life for these patients.

In those patients who are hormone naive, urinary tract decompression may be worth-
while. One study of 36 patients with bilateral ureteric obstruction and renal failure showed 
a median survival of 21 months following ureteric decompression and subsequent hormone 
therapy [4]. The same study also examined those patients with HRPC and noted a signifi-
cantly worse prognosis with median survival of 2.7 months. The authors concluded that 
in patients with bilateral ureteric obstruction secondary to prostate cancer who have not 
undergone hormone manipulation, there should be little hesitation in the use of upper tract 
decompression in either short- or long-term disease management. In another study of 15 
hormone-naive prostate cancer patients, including unilateral and bilateral ureteric obstruc-
tion, survival rates were reported as even longer. Chiou et al. noted a 73% and 47% 1-year 
and 2-year survival rate respectively [6]. In those patients who had undergone hormone 
therapy the figures fell to 48% and 19%. The authors did not advocate withholding PCNN 
in HRPC patients due to the high number of patients who survive longer than 1 year.

ureteric stenting
Endoscopic procedures for treating malignant strictures tend to be less successful with 
endoureterotomy having a dismal outcome for treating this condition [36]. Byun et al. per-
formed balloon dilatation on malignant strictures with a similarly disappointing result: suc-
cess rates at 12 and 36 months were 18% and 14% respectively [37]. Therefore, the use of 
long-term ureteric stents changed periodically may be the best option.

Retrograde ureteric stenting is a recognized technique in the case of obstructive uropathy; 
however, it may not be technically feasible in all circumstances. Locally advanced prostate 
cancers often invade the trigone and occlude or distort the ureteric orifices (UOs). This makes 
cannulation of the UOs a difficult, if not impossible, task at times. Secondly, the requirement 
for formal anaesthesia in persons with deranged renal function may make this a high-risk 
procedure. Finally, urinary drainage via stenting occurs through the stent lumen in malig-
nant disease, therefore any blockage of the lumen results in stent failure; as reflected by the 
high failure rates for ureteric stents [38].
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In an attempt to decrease the chance of single stents becoming obstructed due to tumour 
progression, a number of groups have suggested the placement of two ipsilateral ureteral 
stents [39, 40]. Two stents theoretically create a potential space along the ureter between 
the grooves of the stent. In a small group of seven patients with malignant obstruction, 
who had previously failed single-stent management, two double-J stents were inserted in all 
patients and proved to be safe and well tolerated [39]. Other groups have investigated the 
role of metallic stents as a more viable solution to malignant occlusion [41, 42]. Pauer and 
Lugmayr report a 55% primary patency rate in 58 malignant ureteric strictures treated by 
self-expanding endoluminal stents [42]. Others have attempted to coat stents in non-reactive 
Dacron [43] or Nitinol [44] in order to try and reduce the degree of tissue ingrowth, which 
compromises ureteral patency. However, these studies have met with very mixed results: 
Barbalias et al. reported a 81% failure rate using a Nitinol stent with stent migration into the 
bladder [44]. Clearly, malignant ureteric obstruction is a difficult problem.

endoscopic ureteroneocystostomy
Endoscopic ureteroneocystostomy can restore ureterovesical continuity through the resec-
tion of the ureteric meatus following either PCNN or ureteric stent placement. Chefchaouni 
et al. performed endoscopic ureteroneocystostomy in 31 patients with renal failure from 
advanced unilateral (n = 12) or bilateral (n = 18) obstructive uropathy secondary to prostate 
cancer, in an attempt to restore continuity of the ureteric orifice [45]. Eleven patients were 
hormone naive, whilst 18 had HRPC. All patients underwent PCNN prior to ureteroneocys-
tostomy. Under fluoroscopic guidance, the position of the obstruction was then determined, 
and deep resection of the lateral part of the trigone was performed, enabling the reopening 
of the ureteric lumen. The nephrostomy tube was removed after normalization or stabiliza-
tion of renal function. Continuity of the ureteric orifice was achieved in 76% of patients, and 
a median survival after surgery of 8 months was achieved. Additionally, the average time 
in hospital was reduced from 27.5 days to 6.8 days following ureteroneocystostomy. The 
hormonal status of patients had no effect on survival. The authors concluded that uretero-
neocystostomy provided an attractive option for patients with obstructive uropathy, due to 
the short hospital stay and high success rate of this treatment.

CONCLUSIONS

Malignant obstruction to the urinary tract encompasses a broad range of clinical conditions, 
for which the correct management differs for each individual patient. A number of impor-
tant factors need to be addressed in deciding on the best course of action and these must 
include an assessment of the tumour itself, its hormone responsiveness, potential for further 
therapies and overall prognosis. Treatment decisions are best made with involvement of the 
individual patient, his family, and a multidisciplinary medical team including urologists, 
radiologists, oncologists and palliative care specialists.
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Treatment strategies for erectile dysfunction
Arthur L. Burnett

INTRODUCTION

In recent years, prostate cancer has emerged from an often trivialized medical condition, 
relegated to older men and thought to exert little lifetime consequence, to a disease state 
of major importance. The significance of the disease has increased in large part because of 
its dramatic stage migration in the modern prostate-specific antigen (PSA) era, and this is 
typified by increasingly early clinical stage diagnoses and diagnoses made increasingly in 
young men. As a result, the need exists for improved disease control via effective oncological 
control while maximally preserving functional outcomes. This matter is most noteworthy in 
the area of erectile function, particularly as it is viewed that other historical complications 
of treatment, such as urinary incontinence following radical prostatectomy, have greatly 
been reduced [1]. Indeed, as patients currently consider the impact of various treatment 
approaches for prostate cancer on their quality of life, many place paramount importance 
on the opportunity for retaining natural erectile function [2].

This chapter provides an assessment of the current literature on the subject of erectile dys-
function following treatment for prostate cancer. It includes a review of the significance and 
impact of the problem, its causes and associations, and both current and future approaches 
in its clinical management. Emphasis is appropriately given to the consequences of radi-
cal prostatectomy, in which this matter has been most intensively studied. However, it is 
recognized that all interventions for prostate cancer, including external beam radiotherapy, 
brachytherapy and hormonal ablation, have the potential to affect penile erections.

SIGNIFICANCE OF THE PROBLEM

Erectile dysfunction has long been known to be a potential consequence of treating prostate 
cancer, perhaps best associated with radical prostatectomy. Historically, erectile dysfunction 
was a universal outcome of undergoing this surgery. However, in the past 20 years, with the 
advent of cavernous nerve-sparing modifications of the surgery, postoperative erectile func-
tion rates have improved [3]. The initial descriptions of the course of the cavernous nerves 
surrounding the prostate and supplying the penis represented a major historical advance [4]. 
As it is currently understood, anatomic radical prostatectomy refers to an improved under-
standing of the surgical anatomy of the prostate and its surrounding surgical structures in 
the deep pelvis, and the implementation of a rational plan for surgical dissection based on 
circumstances of the oncological presentation [3]. In the current era of nerve-sparing radi-
cal prostatectomy, the rates of erectile function recovery satisfactory for sexual intercourse 
following the surgery as reported at major academic centres staffed by highly experienced 
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surgeons range between 60% and 85%, a dramatic improvement over historical rates [5–7]. 
Contemporary results generated elsewhere may differ. However, in support of these figures, 
a subset analysis from the cohort study of Cancer of the Prostate Strategic Urologic Research 
Endeavor (CaPSURE), representing 29 academic and community-based sites across the USA, 
recently found a 75% potency rate in men younger than 65 years after radical prostatectomy 
[8].

Notwithstanding these developments, the recovery of erectile function following radical 
prostatectomy remains problematic for many men undergoing the surgery. Recovery delay 
remains profound for this functional outcome after surgery, and erections suitable for inter-
course may not be achieved in many men for as much as 2 years postoperatively, even when 
nerve-sparing technique is performed [5, 6]. In addition, current clinical surveys show that 
among patients eventually recovering erectile function, the quality of erections is frequently 
inferior to that of those achieved preoperatively [6]. Thus, for many men, delayed or incom-
plete recovery of erectile function after surgery is common, even with current refinements 
in surgical technique.

It is reasonable to wonder whether erectile function status following radical prostatectomy 
differs from that of other interventions for clinically localized prostate cancer. A growing 
interest in pelvic radiation including brachytherapy is supported by the conjecture that erec-
tions are better preserved with this treatment modality than with surgery. Clearly, surgery is 
associated with an immediately precipitous and extensive loss of erectile function although 
recovery is frequently observed given sufficient follow-up [5, 6]. Radiation therapy yields a 
distinct pattern of erectile function loss, which indeed can be fairly significant over time fol-
lowing treatment. This intervention definitely is associated with a steady decline in erectile 
function after some delay [9–11]. According to the Prostate Cancer Outcomes Study, a ret-
rospective survey of community-based men diagnosed and treated without randomization 
to treatment options for prostate cancer in the mid-1990s, substantial erectile dysfunction 
rates in radical prostatectomy and external beam radiation therapy groups were similarly 
observed (79% and 63% respectively) at 5 years postintervention [11]. However, considera-
tions as to whether and how well nerve-sparing surgery was performed remain unclear in 
this analysis, and the results may not be representative of the highest level performance 
of this technique. In another community-based study, which did specify performance of 
nerve-sparing technique at radical prostatectomy, sexual function score was equivalent in 
men receiving this modification of the surgery and men having undergone pelvic radiation 
by 2-year follow-up [12].

Brachytherapy also carries a significant rate of erectile dysfunction, and this problem is 
compounded with adjuvant therapies. In one study, 5-year actuarial potency rates were 76% 
for men treated with brachytherapy as monotherapy, 56% for those treated with a combina-
tion of brachytherapy and external beam radiotherapy, 52% for those treated with neoadju-
vant androgen deprivation and brachytherapy and 29% for those treated with neoadjuvant 
androgen deprivation in combination with brachytherapy and external beam radiotherapy 
[13].

Conceivably, the loss of erectile function only seems much more significant for men 
undergoing surgery given the precipitousness and extent of the loss as well as its immediacy 
following treatment. For pelvic radiation, patients may perceive the erection loss to occur 
with a lesser likelihood of life-changing circumstances while they may gradually adapt to 
the loss over time.

ERECTILE DYSFUNCTION RISK ASSESSMENT

Factors confounding precise determinations of erectile function status following surgery 
include failure to document preoperative erection ability in patients undergoing the sur-
gery, widely disparate definitions of erectile function used by many investigators, biases in 
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the ascertainment of this functional outcome following the surgery and failure to stratify 
functional outcome results based on comorbid risk factors associated with erectile dysfunc-
tion [14]. Similar issues predictably apply to assessments of this functional outcome in the 
face of other prostate cancer treatments. A trend towards applying rigorous clinical investi-
gation methodology may lead to improved knowledge of erectile function recovery follow-
ing treatment. Basic principles for studying and reporting this outcome include prospective 
study design, which includes the assessment of preoperative erectile function and serial 
monitoring over a sufficient duration of time (at least 18 months). This approach would then 
provide a determination consistent with function that has achieved a constant level, either 
maximal recovery in the context of radical prostatectomy or maximal preservation in the 
context of pelvic radiation. The application of standardized definitions of erectile function, 
e.g. erectile ability sufficient to perform satisfactory sexual intercourse, and standardized 
tools for erection assessment would also assist greatly in assessing this outcome. In the latter 
regard, objective tests or subjectively based instruments, e.g. erectile function questionnaires 
or inventories of sexual activity, may be used alternatively, although subjective instruments 
are perceived to be advantageous since they are generally less expensive and invasive and 
are more easily administered, particularly for repeated assessments.

Efforts to identify and correlate clinical risk factors for erectile dysfunction in the setting 
of prostate cancer treatment have taken central importance in evaluating post-treatment 
erectile function outcomes. For radical prostatectomy, surgeon experience and the volume 
of surgeries performed are conceivably dominant factors influencing this outcome [15, 16]. 
However, other relevant risk factors may also govern this outcome following surgery (Table 
17.1). Walsh and colleagues originally described the relevance of patient age, clinical and 
pathological disease stage, and surgical technique as primary prognostic variables [17]. 
Recent analyses have confirmed the importance of patient preoperative erectile function 
status and surgical technique as predominant prognostic factors [18–20]. From the CaPSURE 
database, certain variables such as race/ethnicity, education and relationship status were 
affirmed to exert no influence on erectile function outcome following surgery [8]. This same 
database did affirm, however, that the condition of fewer health comorbidities such as car-
diovascular disease, diabetes and cigarette smoking, which alone constitute risk factors for 
erectile dysfunction, was associated with a higher rate of return to baseline erectile function 
status [8]. This database also produced a less instinctive result that a household income of 
more than US$30 000 is associated with a greater likelihood of returning to baseline sexual 
function [8].

Table 17.1 Factors favouring erectile function 
recovery after radical prostatectomy

Related to the surgeon
Surgical experience
Volume of surgeries
Focus on perfecting techniques

Related to the prostate cancer/surgery
Stage (≤ T2)
Nerve-sparing (bilateral > unilateral > none)

Related to the patient
Preoperatively intact erectile function status
Age (≤ 60 years)
Absence of health comorbidities
Household income (> US $30,000)
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MECHANISMS OF TREATMENT-ASSOCIATED ERECTILE DYSFUNCTION

The loss of erectile function after treatment for prostate cancer would reasonably be evalu-
ated in the context of variables associated with normal erection physiology. Penile erection 
is a neurovascular biological process modulated by hormonal, local biochemical and biome-
chanical/structural factors of the penis. Among these elements, specific factors implicated in 
radical prostatectomy are understood to be neurogenic and to a lesser extent vasculogenic 
[14, 19]. A neurogenic basis is widely accepted when surgery involves deliberately wide exci-
sion of the cavernous nerves. However, it also applies to nerve-sparing surgery. Plausible 
mechanisms in support of this proposal are that nerve injury may nonetheless occur during 
surgery from unintentional direct severance of nerve tissue, mechanically induced nerve 
traction injury, thermal damage to nerve tissue if electrocoagulative instruments are used 
adjacent to the cavernous nerves, ischaemic effects on nerve tissue resulting from attempts 
to control surgical bleeding and local inflammatory effects occurring simply because of the 
surgical trauma [14].

The clinical observation that many preoperatively potent men experience a temporary 
deficit in erectile function but do eventually recover this function suggests a ‘neuropraxia’ 
phenomenon. Erection recovery over time after the surgery then coincides with a biologi-
cal sequence of peripheral nerve regeneration after initial nerve injury. Considerations of 
vascular injury have been proposed as a possible basis for postoperative erectile dysfunction 
[21]. In fact, penile blood flow studies in patients having undergone radical prostatectomy 
document substantial penile blood flow abnormalities, including decreased arterial inflow 
and veno-occlusive dysfunction [22, 23]. One hypothesis proposed to explain these objective 
phenomena is that injury is sustained by accessory pudendal arteries during the surgery [24]. 
It is more than likely that functional or structural damage of the penile nerve supply results 
in subsequent deterioration of cavernosal tissue physiology, consistent with the induction of 
‘penile neuropathy’ [14]. Atrophic and fibrotic changes of the penis have been documented 
in men undergoing radical prostatectomy [25, 26]. These changes are consistent with the 
process of Wallerian degeneration with loss of normal nerve terminations and associated 
neuroregulatory function and homeostasis in the penis. In turn, corporal smooth muscle 
deteriorates and becomes infiltrated with collagen [27, 28]. This tissue destruction alters the 
biophysical compliance required for maintenance of erection and predisposes the develop-
ment of veno-occlusive dysfunction [29]. The pathophysiological basis for these changes is 
believed to be associated with corporal smooth muscle apoptosis, programmed cell death 
[30, 31], as well as hypoxaemic tissue effects and oxidative stress mechanisms [32].

The pathophysiology of erectile dysfunction following pelvic radiation involves derange-
ments of both structural and functional components of the erection response. Even when 
conformal radiation therapy techniques are performed, radiation is dispersed to the proxi-
mal aspect of the penis in the region of the bulb, where the cavernosal vessels and nerves 
are known to enter the penis [33, 34]. Nerve tissue is particularly sensitive to radiation sug-
gesting that a neurogenic aetiology is also a major aetiological factor for erectile dysfunction 
when pelvic radiation is performed [35]. Hormonal ablation for prostate cancer is associated 
with multiple levels of tissue damage including pathophysiological changes of penile vascu-
lature, cavernous nerves and cavernosal tissue [36].

Non-somatic pathogenic factors may also play roles in sexual function impairment after 
treatment for prostate cancer. Psychological factors related to the stress of being diagnosed 
and undergoing treatment, the uncertainty of cancer control, interference with intimacy 
because of physical weakness or impaired urinary or bowel function and other psychody-
namic issues may well affect the readiness of the patient and partner to resume sexual activ-
ity [37].
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CLINICAL MANAGEMENT

It is clear that erectile dysfunction may be a consequence of any intervention used today 
for the treatment of prostate cancer. Indeed, some extent of erection loss is demonstrable 
for all interventions despite techniques applied to optimize their use. As exemplified in 
men undergoing radical prostatectomy, major importance is assigned to the resumption 
of sexual activity postoperatively and interest is strong to use erectile aids to be functional 
[38–40]. One recent population-based study of prostate cancer survivors treated by various 
approaches for clinically localized prostate cancer found that approximately half pursued 
erectile dysfunction treatment [41]. Factors positively associated with erectile dysfunction 
treatment were younger patient age, availability of a sexual partner and baseline sexual 
activity. In another recent report, the investigators explored the extent of erectile dysfunc-
tion management among men treated for prostate cancer who were bothered by their post-
treatment erectile dysfunction, finding that erectile dysfunction treatment was sought by 
77% of those who had undergone radical prostatectomy in contrast with 52% of those who 
had undergone brachytherapy and 39% of those who had undergone three-dimensional 
conformal external beam radiotherapy [42].

A host of conventional treatment approaches are currently available for treating erectile 
dysfunction in prostate cancer survivors (Table 17.2). These range from pharmacotherapeutic 
treatments, e.g. oral pills, intraurethral suppositories and intracavernosal injections, to non-
pharmacotherapeutic treatments, e.g. mechanical vacuum constriction devices and penile 
prosthetic surgery. The treatment algorithm generally adheres to the stepwise process of 
care model, developed by several consensus bodies [43, 44]. Principles of this process include 
application of options initially that are least invasive, easily administered and generally less 
expensive while subsequently escalating management as needed. Additional considerations 
are the reliability, efficacy and safety of different treatment approaches in different clinical 
practices, and the inclinations of both patient and partner to use one or another approach.

oral tHeraPy

Oral medications ordinarily constitute first-line management for erectile dysfunction in the 
prostate cancer survivor. This option refers to phosphodiesterase type-5 (PDE-5) inhibitors, 
e.g. sidenafil (Viagra, Pfizer, New York, New York), tadalafil (Cialis, Eli Lilly, Indianapolis, 
IN, USA) and vardenafil (Levitra, Bayer-GSK, Pittsburgh, PA, USA), which have been dem-
onstrated to be a most effective intervention for erectile dysfunction of any aetiology or 
severity. These medications as a class have shown a success rate of approximately 70% for 
‘on-demand’ use in achieving erections useful for sexual intercourse [45]. In the radical pros-
tatectomy population, it was shown early that approximately 40% of men who had under-
gone radical prostatectomy responded to sildenafil [46]. Further investigation into this area 
revealed that the extent of nerve-sparing affected medication response. Patients who under-
went bilateral cavernous nerve-sparing surgery had a better response (72%) than patients 
who underwent unilateral (50%) or non-nerve-sparing (15%) surgery [47]. Additionally, it 
was shown that a time dependency-governed responsiveness to this therapy with success-
ful outcomes occurred most dramatically at an interval of at least 6 months after surgery 
[48, 49]. These observations are consistent with the concept that success with PDE-5 inhibi-
tor therapy hinges on the functional release of the erection chemical mediator nitric oxide 
from the cavernous nerves, which is reduced if these nerves are damaged or incompletely 
recovered. At this time, additional investigations have been carried out for sildenafil as well 
as for tadalafil and vardenafil in this population, finding comparable statistically significant 
efficacy rates above placebo rates [50–52].

The use of PDE-5 inhibitor therapy has also been studied in patients undergoing radiation 
therapy for localized prostate cancer. An early report documented a 71% erection response 
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rate with erections sufficient for vaginal intercourse in a small group of men at approxi-
mately 2 years after prostate cancer treatment [53]. Efficacy has been confirmed in additional 
studies as well [54, 55]. In another more recent study, patient responses to sildenafil were 
found to decline progressively over time after radiation therapy, and rates were 44% and 
38% for brachytherapy and external beam irradiation, respectively, at an interval 3 years 
following treatment [56]. The addition of androgen deprivation to radiation therapy signifi-
cantly lessens sildenafil response rates from that of radiation therapy alone [13]. These data 
point to the efficacy of PDE-5 inhibitor therapy again relating to integrity of cavernous nerve 
function and conceivably overall cavernosal tissue function.

otHer meDical treatments

In patients who do not respond to, or who are unable to use, PDE-5 inhibitors because of 
contraindications, second- and third-line treatment options may be pursued. Intraurethral 
alprostadil, also known as MUSE (Medicated Urethral System for Erection, Vivus, Mountain 
View, CA, USA), has been successfully used in the treatment of erectile dysfunction [57]. 
The technique relies on the absorption of medication through the urethral mucosal lining 
into the surrounding corpus spongiosum, with passage via small vascular channels into the 
corpora cavernosa. Known overall efficacy rates for MUSE in eliciting responses sufficient 
for sexual intercourse for various aetiologies of erectile dysfunction have been documented 
to be 20–40% [58]. In men having erectile dysfunction after radical prostatectomy, a 55% 
efficacy rate was reported in one series [59]. Equivalent responses were noted independent 
of nerve-sparing performance and irrespective of medication dose. Intraurethral alprostadil 
applied in combination with oral sildenafil has been reported to salvage sildenafil failures 
in the radical prostatectomy population [60, 61]. Long-term treatment is hampered by inef-
ficacy and side-effects such as local urogenital pain and minor urethral bleeding [59].

Intracavernosal injection of vasoactive agents, conventionally consisting of prostaglandin 
E1 [(alprostadil (Prostin VR, Caverject, Edex)], papaverine and phentolamine, has been used 
very successfully for the treatment of a broad range of causes of erectile dysfunction. Efficacy 
rates commonly range between 70% and 90% [58]. In the radical prostatectomy population, 
success rates in achieving erection rigidity were reported to range between 70% and 85% 
[62, 63]. Intracavernous injection therapy may facilitate the switch to oral therapy in men 
following radical prostatectomy [64]. Of note, long-term compliance appears to be a major 
limitation with this treatment [63].

Vacuum constrictive device therapy has long provided a feasible option for diverse causes 
of erectile dysfunction. The fundamental concept underlying this therapy is that an erec-
tion can be induced by placing the penis in a vacuum chamber or cylinder which draws 
blood into the corpora cavernosa; the placement of a constriction ring around the base of 
the penis allows the erection to be maintained. Success rates reported in the literature vary 
from 60% to 80% [65]. Patient reports of dissatisfaction because of unnaturalness and dis-
comfort recognizably contribute to a less than maximal success rate with this therapy [58]. 
In the radical prostatectomy population, up to a 92% rate of success has been reported [66]. 
The combination of sildenafil and vacuum constrictive device therapy in the setting of radi-
cal prostatectomy improved sexual satisfaction with rigidity to 77% of users from the rate of 
58% associated with vacuum constrictive device therapy alone [67].

Penile implants have served to treat erectile dysfunction utilizing a device surgically 
placed within the corporal bodies to replace natural penile rigidity. Successful implanta-
tion rates reported in the literature generally approximate 95%, although patient satisfac-
tion rates are generally somewhat less at about 85% [68]. These rates conceivably apply to 
erectile dysfunction resulting from any cause including treatments for prostate cancer. The 
idea to immediately place a penile prosthesis simultaneous with radical prostatectomy has 
been investigated, with a 96% successful sexual intercourse rate assessed at 3 months post-
operatively [69].
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Psychotherapy is identified to have a role in the management of erectile dysfunction and 
may be a useful adjunct even when a primary somatic basis underlies the presentation of 
erectile dysfunction. The benefits of counselling intervention for prostate cancer survivors 
and their partners were demonstrated in a recent study [37]. At 3 months after initiation of 
therapy, improvements were achieved in male overall distress, male global sexual function 
and female global sexual function.

NEW DIRECTIONS

New directions to manage erectile dysfunction in association with prostate cancer treat-
ment would seemingly aim to surpass the limitations of conventional management options 
(erectile aids), which afford only temporary, repetitive means for an erectile response or are 
unnatural. In keeping with the notion that ideal therapy achieves spontaneous, natural erec-
tions, the ultimate goal in managing erectile dysfunction in the setting of treating prostate 
cancer as for any circumstance of erectile dysfunction is to recover this exact level of func-
tional ability. Proposals for this concept include rehabilitation therapy and tissue regenera-
tive or reconstitutive strategies.

PostoPeratiVe reHabilitation

In the modern era of cavernous nerve-sparing radical prostatectomy, a reality of erection 
recovery is that a timeline of as much as 2 years is often required for the majority of men 
to achieve this functional outcome [1]. The psychological distress of this requirement for 
natural recovery has prompted the application of a host of therapies, including standard 
erectile aids, early penile prosthesis surgery and therapeutic counselling. A relatively recent 
alternative strategy is erection rehabilitation, referring to a concept that early postoperative 
sexual stimulation and induced blood flow in the penis may facilitate the return of natural 
erectile function and resumption of medically unassisted sexual activity. Besides helping 
advance the return of an aspect of quality of life, this strategy has been theorized to afford 
healthful effects on the penis by inhibiting corporal hypoxia and mechanisms associated 
with penile atrophy and fibrosis. In this mode, pharmacological approaches including int-
racavernous injection [70, 71] and oral pharmacotherapy [72–74] have taken centre stage 
in this effort. While early results are promising, more investigations applying controlled 
clinical trial methodology are needed to affirm the validity and efficacy of these approaches. 
Additionally, no current consensus exists with regard to the specific protocol to be used 
in implementing pharmacological rehabilitation programmes, including the initiation time, 
the frequency of application, and the type, dose and delivery of vasoactive agents. Whether 
early and regular vacuum constrictive device use after surgery yields an earlier and better 
erectile functional outcome also remains empirical at this time.

caVernous nerVe reconstitutiVe strategies

Consistent with the knowledge that a neuropathic basis probably accounts for many pres-
entations of erectile dysfunction following radical prostatectomy as well as other treatments 
for prostate cancer, it seems relevant to develop strategies directed towards this concern. A 
therapeutic prospect in this direction is neuromodulatory therapy. This intervention encom-
passes the basic science of neurotrophic growth factors, neural development, neuroprotec-
tion, neural regeneration and the prevention of neuronal cell death referable to the nerve 
supply of the penis. Neurogenic approaches conceivably range from the exogenous supply 
of trophic factors that may improve axonal regeneration and accelerate target reinnervation 
to technologies that protect the penile nerve supply in the face of cavernous nerve injury 
(Table 17.3).



Treatment strategies for erectile dysfunction 255

Neuropharmacotherapeutic prospects have gained great interest for this purpose. One 
such option is the use of corticosteroids, conjectured to have a counteractive effect on the 
inflammatory basis for tissue injury. Two reports have appeared in the literature demon-
strating their investigation at the clinical level in the setting of radical prostatectomy. One 
study involved the administration of corticosteroid methylprednisolone for a short course 
immediately following surgery [75] and the other involved the local application of beta-
methasone cream 0.1% to the cavernous nerves at the time of radical prostatectomy [76]. 
Neither study demonstrated appreciable improvement in erection recovery compared with 
the absence of treatment up to 12 months postoperatively. While there were no complica-
tions associated with either of these treatments, support for this option seems lacking at 
this time. Neurotrophins have also garnered interest because of their perceived involve-
ment in penile neurogenesis and their description in the biology of peripheral nerve injury. 
Preclinical investigation has been carried out for such effectors as nerve growth factor, brain-
derived neurotrophic factor, and vascular endothelial growth factor, all showing impressive 
neuroregenerative effects [77]. Great interest exists to bring these neurotrophins to the clini-
cal arena. However, early investigations for other disease states such as diabetic polyneurop-
athy and HIV-related neuropathy have not demonstrated efficacy, and painful side-effects 
were noted [77]. At the present time, the utility of neurotrophins for facilitating erectile func-
tion recovery after radical prostatectomy or other prostate cancer treatments is uncertain.

Immunophilin ligands have received a great deal of interest lately following significant 
preclinical investigation in support of this therapy for cavernous nerve injury [77]. Such 
agents as the immunosuppressant drug tacrolimus (FK506) and related non-immunosup-
pressant drugs have been shown to decrease the extent of cavernous nerve degeneration and 
promote erectile function recovery in animal models of cavernous nerve injury. Although 
the mechanism of action of immunophilin ligands remains elusive, it is believed that they 
target specific binding proteins for these ligands and target only injured nerves. Alternative 
hypotheses have centred on antioxidant abilities of these drugs and their role in glutath-
ione up-regulation. At this time, clinical trials are under way to evaluate the potential role 
of immunophilin ligands in the setting of radical prostatectomy. Additional neurotrophic 
agents including poly-(ADP-ribose) polymerase-1 inhibitors, atypical neurotrophic factors 
and nerve guides are receiving attention with preclinical work showing their potential appli-
cations for radical prostatectomy [77].

Additionally, concepts of tissue reconstruction have been applied to neural components 
of the erection apparatus with the supposition that tissue engineering or stem cell therapy 
may have roles in the face of cavernous nerve injury [77]. While this application has caused 
enormous excitement, much more scientific investigation is required to establish therapeutic 

Table 17.3 Potential cavernous nerve 
reconstitutive therapies

Neuropharmacotherapy
 Corticosteroids
 Neurotrophins
 Immunophilin ligands
 PARP-1 inhibitors
 Atypical neurotrophic factors
Nerve guides
Tissue engineering/stem cell therapy
Gene therapy
Electrical stimulation
Cavernous nerve interposition grafting
PARP, poly(ADP-ribose) polymerase.
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utility. Similarly, gene therapy, the genetic modification of differentiated target cells, as it is 
applied to the penis for the promotion of penile erection has offered another neuromodula-
tory therapeutic strategy [77]. Early preclinical studies have been carried out with gene con-
structs for neuronal nitric oxide synthase and neurotrophic growth factors suggestive of this 
purpose clinically. However, it is acknowledged that major safety concerns, as well as issues 
regarding the controlled delivery of gene therapies and elicitation of a conditional response, 
must be addressed prior to bringing this application to the clinical level.

Surgical techniques have also been advanced in the realm of cavernous nerve reconstitu-
tion. A recent resurgence in interest has gone towards electrical stimulation of the cavernous 
nerves, beyond applications intra-operatively to assist in cavernous nerve localizations when 
performing nerve-sparing surgery [77]. Based on preliminary work that has shown efficacy 
of electrical current delivered to the penis which causes smooth muscle functional recovery 
after partial cavernous nerve denervation clinically, additional clinical work is under way to 
evaluate the feasibility of an implantable electrical stimulator in patients undergoing radi-
cal prostatectomy. Cavernous nerve interposition grafting has been promoted as an option 
to facilitate the recovery of erectile function in men undergoing radical prostatectomy [78]. 
The rationale is consistent with nerve grafting performed elsewhere for other indications to 
enable the reconnection of nerve tissue with appropriate targets that mediate erectile func-
tion. Studies have been carried out extensively in animal models and then subsequently in 
several clinical studies stimulating this interest. Donor nerve grafts have consisted of the 
sural nerve and genitofemoral nerve predominantly, reportedly retrievable with minimal 
morbidity. Enthusiasm for this intervention has been restrained because of uncertainty as to 
whether it confers benefit [79]. Men with more advanced disease locally who would require 
a non-nerve-sparing procedure would seem to be ideal candidates to receive this interven-
tion, but there is the additional concern that many of these patients will require adjuvant 
local or systemic therapies that will probably devitalize the graft. Further clinical trials will 
be most helpful to establish the optimal role of cavernous nerve grafting after radical pros-
tatectomy.

otHer strategies

The very best performance of nerve-sparing techniques remains critical for the best surgi-
cal approach towards preserving erectile function following radical prostatectomy. In this 
mode, intense focus has been given in recent years to gaining an improved understanding of 
the course of the cavernous nerve fibres surrounding the prostate and supplying the penis, 
from which to perform the surgery with maximal cavernous nerve preservation [80, 81]. 
Recent reports suggest that improved erectile function outcomes may occur with innovative 
techniques for cavernous nerve preservation [82, 83]. Nevertheless, even with these refine-
ments, cavernous nerve trauma to some degree remains a feature of radical prostatectomy, 
and it is probable that some degree of delayed or incomplete erectile function recovery per-
sists in spite of these refinements. Despite their attractiveness, current revisions of cavernous 
nerve-sparing are likely to have finite levels of success consistent with current outcomes 
of erection recovery, and they are unlikely to produce prompt, full erection recovery on a 
regular basis following radical prostatectomy. Considerations should be given to developing 
perioperative interventions adjunctively, such as erection rehabilitation and neuromodula-
tion, to improve functional outcomes even further.

CONCLUSION

Because of the prevalence of prostate cancer, many men will undergo various interventions 
for disease control or cure. In so doing, many will also experience potential complications 
including consequences with regard to erectile function. It is clear that matters of sexual 
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function loss are critical aspects influencing considerations for prostate cancer treatment in 
many men. Major objectives exist today to preserve sexual function outcomes while meeting 
oncological management goals. In moving forward at this time, it is important to understand 
risk factors for erectile dysfunction and pathogenic mechanisms associated with this con-
dition following treatments for prostate cancer. Management consists of current standard 
interventions, typically offered according to a stepwise treatment algorithm, while it is also 
understood that novel treatments currently under study, such as erection rehabilitation and 
neuromodulatory therapies, may best achieve the ideal outcome of rapidly restored or pre-
served natural erectile function. Efforts to employ optimization techniques with treatments 
for prostate cancer, which lessen adverse effects on sexual function, also remain meritori-
ous. Effective erectile dysfunction management in administering prostate cancer treatments 
offers an opportunity for maximally preserving quality of life.
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Therapeutic strategies for pain
Colin Purcell, Joe O’Sullivan

INTRODUCTION

Advanced and metastatic prostate cancer is associated with a number of pain syndromes. 
The principal source of pain in metastatic prostate cancer results from skeletal involvement. 
As many as 50% of men with skeletal metastases from prostate cancer will have uncontrolled 
pain [1]. Pain in advanced disease can also result from local invasion of pelvic structures, in 
particular the rectum, bladder and nerve plexi. This chapter will focus on pain management 
strategies for skeletal metastases. Pain management strategies discussed will include external 
beam radiotherapy, bone-seeking radionuclide therapy and bisphosphonate therapy. The 
use of other systemic therapies including cytotoxic chemotherapy is described elsewhere in 
this book.

EXTERNAL BEAM RADIOTHERAPY

Radiation therapy has been used to control pain from bone metastases for almost 100 years. 
In the initial years of this modality, the dose of radiation delivered to bone was limited 
by the tolerance of the normal structures irradiated in the field. For bone metastases this 
included the overlying skin and soft tissues; however, with the advent of cobalt-60 machines 
and subsequently megavoltage linear accelerators (Figure 18.1), it became feasible to deliver 
larger doses of ionizing radiation to areas deep within the body with skin-sparing effects. 
Irradiation of bony metastatic disease is now one of the most common uses of external beam 
radiotherapy.

inDications anD eFFicacy

External beam radiotherapy (EBRT) is effective in the palliation of painful bone metastases 
from most solid tumours with published response rates of the order of 40–70% [2, 3]. In some 
patients the onset of pain relief can be within 2 days; however, in others it may take up to 6 
weeks for the full benefit of the treatment to be realized [4]. The onset of pain relief and the 
likelihood of a clinically useful response will depend a lot on the aetiology of the pain. Nerve 
or soft tissue compression caused by collapse of a vertebra or pathological fracture of a long 
bone will be unlikely to respond well to external beam radiotherapy, whereas pain second-
ary to soft tissue tumour growth will generally have a better outcome. EBRT also has an 
important role in the treatment of pain caused by pelvic and para-aortic nodal metastases.
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EBRT carries a risk of toxicity. Early or acute toxicity, occurring within 3 months of pal-
liative EBRT depends on the region of the body and the surrounding normal tissues being 
irradiated. The most common side-effects are tiredness, nausea and vomiting and diarrhoea. 
Patients receiving large single fractions of radiotherapy who are at risk of nausea and vomit-
ing should receive prophylactic antiemetics such as a 5-hydroxytryptamine (5HT) antagonist 
prior to radiation. In general the toxicity associated with palliative radiotherapy to bone is 
minimal and most patients will tolerate this treatment very well. Late toxicities can occur 
months or years after radiotherapy and again depend on the surrounding normal tissues 
in the radiation field. The late toxicities associated with the palliative irradiation of bone 
secondaries can include nerve damage and permanent bowel injury. However, in view of 
the relatively short prognosis of men with symptomatic androgen-independent metastatic 
prostate cancer, late toxicity of palliative radiotherapy is generally not a major considera-
tion and must be balanced against the benefits of treatment for each individual patient. 
However, particularly in men who have had previous EBRT treatment, care must be taken 
not to exceed normal tissue tolerance of critical structures such as spinal cord [5].

tecHnique

EBRT is delivered using megavoltage linear accelerators or cobalt machines. Common tech-
niques employed include direct single fields and parallel-opposed radiation fields. The treat-
ment is designed using simple conventional treatment planning. The treatment fields are 
mapped using information from the clinical history, physical examination and radiological 
assessment using isotope bone scans, plain X-rays, or cross-sectional imaging. Treatment 
fields are planned with the help of a simulator (Figure 18.2). This machine has many of the 
same characteristics as the treatment machine (linear accelerator) as well as a diagnostic 
X-ray unit. It is designed to ‘simulate’ a radiotherapy treatment machine and can provide 
live fluoroscopic images of the patient, as well as a record of the treated area for future refer-
ence. Using the simulator, a field encompassing the bone metastases can be designed. It is 

Figure 18.1 A modern linear accelerator.
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also possible to identify any areas of normal tissue within the field that can be shielded using 
lead blocks and this can help reduce toxicity.

There are a wide range of dose-fractionation schedules in use for the palliation of bone 
pain with EBRT for metastatic prostate cancer, and controversy exists with regard to the 
optimum. Single fractions of 8 Gy are most commonly given for palliation of bone pain in 
the UK, while in the USA more prolonged fractionation schedules are often used. Single 
fractionation schedules reduce the number of hospital visits required by patients and help 
free up linear accelerator time, thus allowing more patients to be treated. There have been 
several randomized studies of dose fractionation in the treatment of bone pain secondary 
to metastatic disease, most of which have included large numbers of men with prostate 
cancer.

A Dutch multicentre study published by Steenland et al. reported on 1171 patients (of 
whom 23% had prostate cancer) who were randomized to receive either a single fraction of 
8 Gy, or six fractions of 4 Gy [6] for the treatment of bone pain secondary to skeletal metas-
tases. The primary endpoint was pain response, as judged by a two-point decrease on a 
10-point pain scale. There was no difference in outcome seen, with 71% overall response 
rate. Retreatment was four times more common in the single fraction group; however, it was 
postulated that there may have been a lower threshold for retreatment in this group. Price 
et al. performed a prospective randomized trial of 288 patients with bone metastases (30% of 
whom had prostate cancer) comparing a single fraction of 8 Gy with 30 Gy in 10 daily frac-
tions [7]. There was no statistically significant difference in the speed of onset or duration 

Figure 18.2 A simulator image of a pelvic field in the treatment of symptomatic metastatic prostate cancer.
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of pain relief between the two treatment regimes. In another study, Gaze et al. randomized 
280 patients (54 with prostate cancer) to receive either a single 10 Gy treatment or a course 
of 22.5 Gy in five daily fractions for the relief of metastatic bone pain [8]. There was no sta-
tistically significant difference seen in response rates between the two arms, with complete 
response rates of 38.8% for single treatment and 42.3% for patients receiving five fractions. 
Quality of life parameters were the same for both groups. A further study published by 
Nielsen et al. randomized 241 patients with bone pain secondary to metastatic disease to 
receive either a single fraction of 8 Gy or 20 Gy in five fractions [9]. Prostate cancer was the 
primary site in 34% of patients. No difference in the degree or duration of pain relief, the 
number of new painful sites or the need for re-irradiation was observed between the two 
treatment groups. 

The choice of dose for single fraction schedules has been the subject of a randomized trial 
carried out in the UK. Hoskin and colleagues randomized 270 patients with painful bone 
metastases to receive single fractions of 4 Gy or 8 Gy [10]. Pain was assessed by patients on 
a four-point graded scale using pain charts. Response was defined as an improved rating 
compared with the pretreatment value. There was a statistically significant difference in 
response rates in favour of 8 Gy at 4 weeks (69% vs. 44%). There was no difference in com-
plete response rates at 4 weeks, or duration of response between the two arms. The authors 
conclude that 8 Gy gives a higher probability of pain relief than 4 Gy, but that 4 Gy can be an 
effective alternative in situations of reduced tolerance.

A multicentre trial by the Radiation Therapy Oncology Group (RTOG) studied pain relief 
in 759 patients randomly assigned to a variety of dose-fractionation schedules: 2.7 Gy × 15 
fractions, 3 Gy × 10, 3 Gy × 5, 4 Gy × 5, and 5 Gy × 5 [4]. Initially the low-dose, short-course 
schedules were shown to be as effective as the high-dose protracted programmes. However, 
subsequent reanalysis claimed that the protracted schedules were more effective in terms of 
complete combined relief, i.e. absence of pain and cessation of the use of narcotics [11].

The Trans-Tasman Radiation Oncology Group (TROG) have recently reported the results 
of a randomized trial of two radiotherapy fractionation schemes in patients with neuro-
pathic pain secondary to bone metastases [12]. In total, 272 patients were randomized to 
receive either 20 Gy in five fractions in 1 week or 8 Gy in one fraction. Seventy-nine (29%) 
of the patients had prostate cancer. The trial was powered as an equivalence study with 
primary endpoints of pain response within 2 months and time to treatment failure (TTF). 
The intention-to-treat overall response rates (95% CI) for 8 Gy/one fraction vs. 20 Gy/five 
fractions were 53% (45–62%) vs. 61% (53–70%) (P = 0.18). Complete response rates were 26% 
(18–34%) vs. 27% (19–35%), P = 0.89. There were no statistically significant differences in the 
median TTFs. The authors conclude that there were no statistically significant differences 
in the rates of retreatment, cord compression or pathological fracture by arm. This was the 
first randomized trial to look specifically at the problem of neuropathic pain secondary to 
bone metastases and it appears to suggest a trend towards better outcome for fractionated 
schemes.

The use of multiple fractions for palliation of bone metastases is more common in North 
America and Australia than in Europe [13, 14]. However, within Europe there are wide vari-
ations in practice. Lievens et al. performed a survey of palliative radiotherapy practice for 
bone metastases, covering 565 radiotherapy centres in 19 western European countries [15]. 
Perhaps surprisingly, the most frequently used schedule was 30 Gy in 10 daily fractions 
(50%), and single large fractions were used in just 11% of centres.

Hemi-boDy irraDiation

In patients with large areas of the skeleton involved with prostate cancer, hemi-body irra-
diation (HBI) is a therapeutic option. After steroid premedication, men receive either 6 Gy 
for the upper half of the body, or 8 Gy for the lower half. Potential toxicities include nausea, 
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vomiting, lethargy and myelosuppression. Pain relief is achieved in 71–89% of patients, and 
maintained until death in approximately two-thirds [16–18]. Dearnaley et al. performed a ret-
rospective analysis comparing the results of treatment using HBI with isotope therapy using 
the bone-seeking isotope strontium-89 (89Sr) in patients with prostate cancer metastatic to 
bone [18]. There was no statistically significant difference in pain response between the two 
groups at 3 months. Transfusion requirements were higher for the HBI group than for the 
matched 89Sr group but other bone marrow toxicity was similar. Despite routine anti-emetic 
therapy, 37% of patients treated with HBI had some nausea or vomiting.

In summary, EBRT is a cost-effective and well-tolerated method of improving pain con-
trol for bone metastases in metastatic prostate cancer. Single-fraction treatments appear to 
be as effective as the more prolonged schedules.

BONE-SEEKING RADIONUCLIDES

Bone-seeking radionuclides including 89Sr, rhenium-186-hydroxyethylene diphosphonate 
(186Re-HEDP) and samarium-153 (153Sm) have been used for many years in the palliation of 
bone metastases in prostate cancer [19, 20]. The characteristics of the most commonly used 
radionuclides are shown in Table 18.1. There are two principal ways in which radioisotopes 
can be attracted to areas of osteoblastic reaction in bone. Firstly, the isotope may have an 
inherent chemical affinity for bone, as is the case for the calcium analogue 89SrCl. The sec-
ond mechanism is to chemically bind the radioisotope to another chemical with affinity for 
reactive bone, such as a bisphosphonate hydroxyethylene diphosphonate (e.g. 186Re-HEDP). 
Pain responses in the order of 70% have been reported with the most commonly used iso-
topes, 89SrCl, 153Sm and 186Re-HEDP [21].

Despite level 1 evidence of effectiveness, bone-seeking radionuclides are underutilized in 
the treatment of painful bone metastases. The reasons for the relative underuseage of these 
agents are complex but include a perceived lack of cost effectiveness, limited availability and 
limited clinical experience [19]. The cost-effectiveness of radionuclides in prostate cancer 
has been studied by a number of investigators. McEwan et al. compared the costs of those 
receiving 89Sr with those receiving placebo in a Canadian randomized controlled trial of 89Sr-
chloride as adjunctive therapy in patients with prostate cancer metastatic to bone [22]. The 
study suggested that treatment with 89Sr-chloride could bring about meaningful reductions 
in lifetime management costs in patients with advanced prostate cancer. Malberg et al. used 
data from the same trial to assess the cost effectiveness of 89Sr in a Swedish setting [23]. This 
retrospective analysis used data from the actual care consumption information of 79 con-
secutive patients who received EBRT for skeletal pain due to bone metastases from prostate 
cancer. They estimated the average cost of a relapse treated with EBRT alone. The authors 
concluded that 89Sr, as a supplement to EBRT for palliation of pain in androgen-independent 
metastatic disease was beneficial with regard to lifetime health service costs.

Table 18.1 Characteristics of the commonly used bone-seeking radionuclides

radionuclide Pharmaceutical Half-life (days) βmax energy (meV)
max range in 
tissue (mm) γ -photon (keV)

Rhenium-186 HEDP  3.8 1.07 4.7 137
Samarium-153 EDTMP  1.95 0.8 3.4 103
Strontium-89 Chloride 50.5 1.46 6.7   0

EDTMP, ethylene-diamine-tetra-methylene-phosphonate; HEDP, hydroxyethylene diphosphonate.
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strontium-89

Strontium-89 (89Sr, Metastron™) is an analogue of calcium, which concentrates in osteoblas-
tic bone metastases. The isotope may remain in bone for 100 days and is almost exclusively 
excreted in the urine. Strontium is a pure beta-emitter with a mean range in tissue of 2.4 mm 
and a physical half-life of 50.5 days. Normal bone takes up a very small proportion of admin-
istered activity and bone marrow depression is transient with a nadir occurring at approxi-
mately 4–6 weeks. An administered activity of 150 MBq is the standard regimen. Treatment is 
usually administered in a Nuclear Medicine Department under the supervision of a trained 
radionuclide physicist. An isolation room is not necessary and treatment is given as an out-
patient by intravenous infusion. The major contraindications to treatment with 89Sr are bone 
marrow suppression and uncontrolled urinary incontinence (because the isotope is excreted 
in urine and may cause contamination). Significant side-effects are uncommon apart from 
transient thrombocytopenia. Patients may experience facial flushing or nausea during the 
infusion but this is usually short-lived. A proportion of patients may experience a flare in 
bone pain in the days following treatment with strontium.

The use of 89Sr in the treatment of bone pain secondary to metastatic prostate cancer has 
been investigated in several randomized studies. Lewington et al. performed a double-blind 
crossover study in 32 patients with prostate cancer and painful bone metastases. The men 
were randomized between 89Sr-chloride or non-radioactive strontium which was used as a 
placebo [24]. Only patients receiving the active compound experienced complete pain relief. 
There was a statistically significant improvement in pain control between the two groups. 
Quilty et al. randomized 284 patients with prostate cancer and painful bone metastases to 
receive either EBRT or 200 MBq of 89Sr [25]. There was no significant difference in median 
survival and both treatments provided effective pain relief. However, there were statistically 
significantly fewer patients reporting new pain sites after 89Sr than after local or hemi-body 
radiotherapy. A Canadian phase III trial randomized 126 patients with androgen-indepen-
dent metastatic prostate cancer to receive local field radiotherapy and either 89Sr as a single 
injection or placebo [22, 26]. No significant differences in survival or in relief of pain at the 
index site were observed, although there was a significant benefit for the use of 89Sr in terms 
of analgesic intake, new sites of pain, need for further radiotherapy and physical activity. 
The authors concluded that the addition of 89Sr is an effective adjuvant therapy to local field 
radiotherapy, reducing progression of disease and improving quality of life in this group of 
patients.

samarium-153 eDtmP

Samarium-153-labelled ethylene-diamine-tetra-methylene-phosphonate (153Sm-EDTMP, 
Quadramet™) is the other commonly used bone-seeking radionuclide. It has been licensed 
for the treatment of bone metastases for almost 10 years and is also commonly used to treat 
painful metastases secondary to breast cancer. The distribution of 153Sm mirrors that seen 
with 99mTc-methylene diphosphonate (MDP) when it is injected for bone scintigraphy. Use 
of 153Sm combined with EDTMP was first described in 1987 [27]. The maximum emitted beta 
energy is 0.81 MeV. The isotope also emits a gamma ray with an energy of 103 keV. The 
average beta particle energy is 233 keV with a mean penetration of 3.1 mm in soft tissue and 
1.0 mm in cortical bone. The physical half-life is 46.3 h. 

In a clinical study, Resche et al. randomized 114 patients with painful bone metastases 
to receive varying activities of 153Sm-EDTMP [28]. Fifty-five patients received single doses 
of 18.5 MBq/kg (0.5 mCi/kg) and 59 patients received single doses of 37 MBq/kg (1.0 mCi/kg). 
The physicians judged that approximately half of the patients in each dose group were expe-
riencing some degree of pain relief by week 2. This value increased to 55% for the 18.5 MBq/
kg group and 70% for the 37 MBq/kg group at week 4. The results suggest that the 1.0 mCi/kg 
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dose of 153Sm-EDTMP is safe and effective for the treatment of painful bone metastases. In a 
double-blind, placebo-controlled study, 118 patients with painful bone metastases secondary 
to a variety of primary malignancies were randomized to receive 153Sm-EDTMP 18.5/37 MBq, 
or placebo. Pain relief was observed in 62–72% of those who received the 18.5 MBq/kg dose 
during the first 4 weeks, with marked or complete relief noted in 31% by week 4. A signifi-
cant correlation was observed between reductions in opioid analgesic use and of pain scores 
only for those patients who received 37 MBq/kg153Sm-EDTMP.

rHenium-186 HeDP

Rhenium-186 (ReBone™) is licensed for the treatment of osteoblastic bone metastases in a 
number of European countries and is less well established than 89Sr and 153Sm. Like 153Sm, 
186Re-HEDP emits both gamma and beta rays. The beta rays deliver the therapy while the 
gamma rays allow for scintigraphic imaging of the isotope distribution (Figure 18.3). The 
usual administered activity of 186Re-HEDP is between 1100 and 2500 MBq. The excretion of 
this drug is renal and the dose-limiting toxicity is thrombocytopenia. A benefit over placebo 
has been shown in a randomized trial of 20 patients with prostate cancer metastatic to bone, 
using a double-blind crossover design with 99mTc-MDP as placebo [29]. A single intravenous 
administration of 1110–1295 MBq was associated with prompt pain relief in 80% of patients 
receiving the active isotope. We have conducted a phase I activity-escalation study using 
high activities of 186Re-HEDP with peripheral blood stem cell support in patients with pros-
tate cancer metastatic to bone. In this study, we demonstrated an activity response with 
regard to prostate-specific antigen (PSA) reduction using activities above 3500 MBq [30, 31]. 
Phase III studies are needed to fully evaluate the potential of this radionuclide.

Figure 18.3 Scintigram of patient with metastatic prostate cancer following injection of 99mTc (left) and the 
same patient post-treatment with rhenium-186 HEDP demonstrating almost identical distribution of radio-
isotope.
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otHer raDionucliDes

A number of other radionuclides are currently being assessed in the treatment of metastatic 
prostate cancer. Rhenium-188-HEDP is a generator-produced radionuclide with a physical 
half-life of 17 h. It emits both therapeutic beta rays and imageable gamma rays.

One of the most exciting new radionuclides is the alpha emitting agent radium-223. This 
agent is a calcium analogue which emits powerful alpha rays over a very short distance. One 
of the major advantages of this type of agent is the low bone marrow toxicity thus allowing 
the potential for retreatment. Several clinical trials are currently under way to determine the 
optimum schedule for this agent.

raDionucliDes Plus cHemotHeraPy

Attempts have been made to enhance the effect of 89SrCl by using concomitant chemother-
apy as a putative radiosensitizer. Cisplatin at low doses has been shown to improve pain 
palliation in patients treated with 89SrCl in a randomized trial [32]. Seventy patients with 
metastatic androgen-independent prostate cancer were randomized to 148 MBq 89Sr plus 
either 50 mg/m2 cisplatin or placebo. Overall pain relief occurred in 91% of patients receiving 
89Sr + cisplatin compared to 63% of patients receiving 89Sr + placebo (P < 0.01). Significantly 
less bone disease progression was observed in the experimental arm (27% versus 64%), with 
no clinically significant difference in toxicity between the arms.

Tu et al. have also studied the addition of 89Sr to chemotherapy [33]. Seventy-two patients 
with androgen-independent prostate cancer responding to an induction regimen of keto-
conazole and doxorubicin alternating with estramustine and vinblastine, were randomized 
to receive further doxorubicin with or without 89Sr. There was a statistically significant differ-
ence in median survival for the group receiving 89Sr [27.7 vs. 16.8 months (P = 0.0014)]. While 
this strategy may not be applicable to the majority of men with metastatic prostate cancer, it 
is encouraging to note that this is one of the few randomized trials in this setting to report 
a survival advantage.

A number of ongoing studies are addressing the potential for improved outcomes by com-
bining bone-seeking radionuclides with cytotoxic chemotherapy including the TRAPEZE 
study (Birmingham, UK) and the Rhenium-Taxotere Study (Belfast, UK, and Amersfoort, 
Holland).

In summary, bone-seeking radionuclides are a very useful, if underutilized treatment 
option in the management of symptomatic bone metastases from prostate cancer. Ongoing 
clinical trials may lead to the incorporation of these agents earlier in the history of the dis-
ease.

BISPHOSPHONATES

Healthy bone undergoes a constant controlled regeneration by a process termed ‘remodel-
ling’. This process requires a balanced activity of osteoclasts, which are responsible for bone 
resorption, and osteoblasts, which form new bone tissue, as well as a controlled release of 
growth factors that regulate the process. Although bone metastases in prostate cancer usu-
ally appear osteoblastic or osteosclerotic on radiological imaging, they are characterized at 
a cellular level by increased osteoclast activity as well as increased osteoblast activity [34]. 
This results in disorganized bone remodelling which underlies many of the skeletal symp-
toms associated with this disease. Bisphosphonates are a class of drugs that can inhibit bone 
resorption and influence calcium metabolism. Indications for their use in clinical practice 
include the management of conditions that are associated with increased bone resorption 
such as Paget’s disease, hypercalcaemia of malignancy and osteoporosis. They have also 
become an important treatment for patients with advanced malignancies involving bone 
including multiple myeloma, breast cancer and prostate cancer as well as other solid tumour 
types.
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Bisphosphonates are analogues of pyrophosphate that contain a phosphorus–carbon–
phosphorus (P-C-P) backbone. Many of their pharmacological properties are influenced by 
variation of the R1 and R2 side chains [35]. The P-C-P backbone confers a high affinity for 
hydroxyapetite and this is enhanced by the presence of a hydroxyl group (–OH) at the R1 
position. The structure of the R2 side chain determines the antiresorptive potency of the 
drug. Compounds that contain a primary amino group at the R2 position are more potent 
than non-amino-containing compounds and modification of this amino group can signifi-
cantly increase the potency further. Thus, zoledronate, a heterocyclic imidazole containing 
third-generation bisphosphonate, has potency approximately 10 000 times that of etidronate, 
a non-amino-containing bisphosphonate.

The antiresorptive effects of the bisphosphonates are primarily mediated by their inhibi-
tory effect on osteoclasts; however, the exact mechanisms by which this occurs are not 
well characterized. Due to their high affinity for calcium, bisphosphonates bind to areas of 
exposed bone mineral such as those that occur around resorbing osteoclasts. They are then 
internalized by the osteoclasts and directly inhibit key cellular mechanisms including attach-
ment and differentiation as well as promoting osteoclast apoptosis. This results in inhibition 
of osteoclast activity and reduced bone resorption. It has also been suggested that bisphos-
phonates may inhibit osteoclasts indirectly by an effect on osteoblast function.

A number of the currently available bisphosphonates including etidronate, clodronate, 
pamidronate and ibandronate have been assessed in non-randomized trials in the treat-
ment of men with hormone-refractory prostate cancer (HRPC) and bone metastases [36–40]. 
These small studies have demonstrated that these agents are associated with a reduction in 
bone pain or analgesia requirements in this group of patients; however, the results of these 
studies have failed to be replicated or have not yet been evaluated in larger trials. Recently, 
three reports have presented results of randomized controlled trials of bisphosphonates in 
metastatic HRPC. Studies of pamidronate [41] and clodronate [42] failed to demonstrate 
clear evidence of benefit. However, a large study of zoledronate [43] in this group of patients 
has reported a significant reduction in bone pain when compared with placebo as well as a 
delayed time to skeletal-related morbidity. As a result, zoledronate has received approval for 
use in men with HRPC metastatic to bone.

PamiDronate

The effect of intravenous pamidronate on pain secondary to bone metastases in prostate 
cancer has been evaluated in the combined analysis of two separate randomized placebo-
controlled trials (trials INT-05 and CGP 032), which were conducted concurrently [41].

Patients with progressive HRPC metastatic to bone and associated bone pain were 
enrolled in the studies. They were randomized to receive pamidronate 90 mg by intravenous 
infusion over 2 h every 3 weeks for a total of 27 weeks, or placebo. The primary endpoint 
was to determine if there was a reduction in pain or analgesic use associated with intrave-
nous pamidronate compared with placebo. Pain was assessed using the self-administered 
Brief Pain Inventory (BPI) and daily analgesia use was recorded in a diary and allocated oral 
morphine equivalents (OME). The primary assessment for pain was the difference between 
worst pain score at baseline and at week 9. A secondary analysis was completed at week 
27. In total, 374 patients received study treatment, 180 patients in the pamidronate group 
and 194 in the placebo group. The majority of patients received all planned study infusions. 
There was no significant change from baseline BPI scores between pamidronate and placebo 
groups at week 9 or week 27. BPI scores decreased in both groups but these changes were 
not clinically relevant. Similarly, no significant changes in analgesia requirements were seen 
between the groups.

Secondary endpoints included the proportion of patients experiencing at least one skele-
tal-related event (SRE) at weeks 9 and 27. An SRE was defined as hypercalcaemia, pathologi-
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cal fracture (vertebral or non-vertebral), need for radiotherapy to bone for pain control or 
to prevent fracture or spinal cord compression, surgery to treat or prevent fractures, spinal 
cord compression or, in the case of one of the protocols, the need for a spinal orthotic brace. 
No difference between treatment groups in the proportion of patients with an SRE was 
observed. The skeletal morbidity rate (SMR), defined as the ratio of the number of SREs 
divided by the time on the trial, was also similar between the groups.

cloDronate

A multicentre Canadian study was designed to determine the incidence of palliative response 
in patients with HRPC treated with mitoxantrone and prednisolone (MP) plus clodronate 
compared to that of patients treated with MP alone [42]. A previous study reported a 38% 
palliative response rate in HRPC for the combination of mitoxantrone and prednisolone 
compared to a 21% response rate for prednisolone alone. Patients were eligible for the clodr-
onate study if they had HRPC with symptomatic bone involvement. In this study, pain was 
assessed using the six-point present pain intensity (PPI) scale of the McGill–Melzack Pain 
Questionnaire. Patients required a score of at least 1, indicating mild pain, prior to inclusion. 
A stable analgesic score, based on an analgesic diary was also required prior to inclusion.

All patients in the study received prednisolone 5 mg twice daily and mitoxantrone 12 mg/
m2 every 3 weeks. In addition they were randomly assigned to receive clodronate 1500 mg 
intravenously over 3 h every 3 weeks or placebo. The primary endpoint of palliative response 
was defined as either a 2-point reduction in PPI score (or a fall to 0) without an increase in 
analgesia score or disease progression or a greater than 50% reduction in analgesia score 
without an increase in PPI score. Secondary endpoints included symptomatic progression-
free survival and overall survival.

A total of 227 patients were randomized, 115 to the clodronate arm and 112 to the placebo 
arm. Fifty per cent of the clodronate patients and 44% of the placebo patients received at 
least seven cycles of therapy. A greater palliative response rate was seen in the clodronate 
group than in the placebo group (45% vs. 39%) although this was not statistically significant 
(P = 0.54). No significant difference in symptomatic progression-free survival or overall sur-
vival was seen between the groups.

ZoleDronate

In a randomized phase III study, 643 men with HRPC and bone metastases were randomized 
to receive intravenous infusions of zoledronate 4 mg, zoledronate 8 mg or placebo every 3 
weeks. The primary endpoint of the study was the proportion of patients having at least one 
SRE (pathological fracture, spinal cord compression, surgery or radiation therapy to bone or 
change in antineoplastic therapy to treat bone pain). Secondary endpoints included change 
in pain scores assessed by BPI. Initial reported analysis was at 15 months [43] with a further 
analysis carried out at 24 months [44]. There were some concerns regarding renal toxicity 
and, because of this, protocol amendments were implemented during the study to increase 
the infusion time of zoledronate from 5 min to 15 min and also to reduce the zoledronate 
8 mg dose to 4 mg. Zoledronate 4 mg by 15-min infusion did not have a significant adverse 
effect on renal function when compared with placebo and other toxicity observed in the 
study was mild.

The percentage of patients who had an SRE was significantly reduced in the zoledronate 
4 mg group compared with the placebo group (33.2% vs. 44.2% at 15 months, P = 0.021, and 
38% vs. 49% at 24 months, P = 0.028). The time to first SRE was significantly longer in the 
zoledronate 4 mg group compared with placebo (448 days vs. 321 days, P = 0.009).

Of note, patients who received zoledronate 4 mg reported significantly smaller increases in 
pain scores over the duration of the trial with significant differences in pain scores observed 
at 3 months (P = 0.003), 9 months (P = 0.03), 21 months (P = 0.014) and 24 months (P = 0.024) 
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[44]. This provides the first evidence from a large randomized controlled trial that bisphos-
phonate therapy can provide significant and durable reductions in bone pain associated 
with metastatic prostate cancer.

On the basis of this study zoledronate 4 mg, intravenously over 15 min every 3–4 weeks has 
become a recognized treatment for men with HRPC and bone metastases. Due to observed 
renal toxicity in clinical trials, it is recommended that prior to initiation of treatment, serum 
creatinine and creatinine clearance should be determined. A dose reduction is required for 
patients with a calculated creatinine clearance less than 60 ml/min.

Recently, a connection between bisphosphonate treatment, particularly with zoledronate 
and pamidronate, and osteonecrosis of the jaw has been established. This complication is 
most often seen in patients who have been receiving concurrent treatment with chemother-
apy or corticosteroids or in those who have undergone dental procedures. Characteristically 
it presents as an area of exposed and painful jaw bone often at the site of a previous dental 
extraction. It is recommended that all patients should have a dental examination and any 
required preventative dental procedures carried out prior to starting treatment with either 
of these drugs. 

CONCLUSIONS

Advanced prostate cancer is a devastating illness characterized by deteriorating mobility, 
increasing pain and impaired quality of life. This chapter has outlined the evidence for 
EBRT, bone-seeking radionuclide therapy and bisphosphonates in the management of pain 
from the disease. Importantly, the overall management of such patients needs to involve 
the multidisciplinary team and will include a variety of systemic therapeutic manoeuvres, 
and appropriate palliative care as well as addressing the individual psychosocial needs of 
the patient.
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Abbreviations

2-D two-dimensional
3-D  three-dimensional
3-D-CRT  three-dimensional conformal 

radiotherapy
5HT  5-hydroxytryptamine
5FU  5-fluorouracil
AA  anti-androgen
ADT  androgen deprivation therapy
AIPC  androgen-independent prostate 

cancer
AMACR  Alpha-methylacyl coenzyme A 

racemace 
ANN  artificial neural networks
AR  androgen receptor
ASCENT  AIPC Study of Calcitriol Enhancing 

Taxotere
ASAP  atypical small acinar proliferation 

suspicious for but not diagnostic of 
malignancy

ASAPB atypical small acinar proliferation 
suspicious for but not diagnostic of 
malignancy, favour benign

ASAPH  atypical small acinar proliferation 
highly suspicious for but not 
diagnostic of malignancy

ASAPS  atypical small acinar proliferation 
suspicious for but not diagnostic of 
malignancy

ASTRO American Society for Therapeutic 
Radiology and Oncology

ATBC  Alpha-Tocopherol, Beta-Carotene 
Cancer Prevention Trial

AUC  area under the curve
BAP  bone-specific alkaline phosphatase
BED  biological effective dose
bNED  biochemical no evidence of disease
BMI  body mass index
BPH  benign prostatic hyperplasia
BPI  Brief Pain Inventory
BFS  biochemical free survival
BOO  bladder outflow obstruction
BRFS  biochemical recurrence free survival
CALGB  Cancer and Leukemia Group B
CARET  beta-Carotene and Retinol Efficacy 

Trial
CART  classification and regression trees 

CaPSURE  Cancer of the Prostate Strategic 
Urologic Research Endeavor

CIS  carcinoma in situ
CPA  cyproterone acetate
CT  computed tomography
CTLA4  cytotoxic T lymphocyte-associated 

protein 4
CTX  cross-linked C-terminal 
DEXA  dual energy X-ray absorptiometry
DHA  docosahexaenoic acid
DHT  dihydrotestosterone
DRE  digital rectal examination
DTPA  diethylenetriamine pentaacetic acid
DVT  deep vein thrombosis
EBRT  external beam radiation therapy
EDTMP  ethylene-diamine-tetra-methylene-

phosphonate
EGF  epidermal growth factor
ECOG  Eastern Cooperative Oncology 

Group
EGFR  epidermal growth factor receptor
EORTC  European Organisation for Research 

and Treatment of Cancer
EORTC QLQ  European Organisation for Research 

and Treatment of Cancer Quality-of-
Life Questionnaire 

EPA  eicosapentaenoic acid
EPC  Early Prostate Cancer study
EPCA  Early Prostate Cancer Antigen
ERSPC  European Randomized Study of 

Screening for Prostate Cancer study
ESCC  epidural and spinal cord 

compression
ET  endothelin
EZH2  enhancer of zeste homolog 2
FA  fatty acids
FACT–P  Functional Assessment of Cancer 

Therapy – Prostate
FFF  freedom from failure
GMCSF  granulocyte–macrophage colony-

stimulating factor
GnRHa  gonadotrophin-releasing hormone 

agonists
GTCs  green tea catechins
HBI  hemi-body irradiation
HCAs  heterocyclic amines
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HDAC  histone deacetylase
HDR  high dose rate
H&E  haematoxylin and eosin
HEDP  hydroxyethylene diphosphonate
HER  human epidermal growth factor 

receptor
HIFU  high-intensity focused 

ultrasonography
HR  hazard ratio
HRPC  hormone-refractory prostate cancer
HRQOL  health-related quality of life
ICU  intensive care unit
IGF insulin-like growth factor
IGFBP  insulin-like growth factor-binding 

proteins
IHT  intermittent hormonal therapy
IL  interleukin
IMRT  intensity-modulated radiotherapy
IVU  intravenous urography
LDH  lactate dehydrogenase
LHRH  luteinizing hormone releasing-

hormone
LHRHa  luteinizing hormone-releasing 

hormone agonist
LMN  lower motor neurone
LNI  lymph node invasion
LUTS  lower urinary tract symptoms
MAB maximal androgen blockade
MAG  mercaptoacetyltriglycine
MARS  multiple adaptive regression splines
MCM-5  minichromosome maintenance 5
MDP  methylene diphosphonate
MFA  monounsaturated fatty acids
MP  mitoxantrone and prednisolone
MRC  Medical Research Council
MRI  magnetic resonance imaging
MRP  multidrug-resistant protein
MUSE  Medicated Urethral System for 

Erection
NHT  neoadjuvant hormonal therapy
NICE  National Institute for Clinical 

Excellence 
NNT  number needed to treat
NPC  Nutritional Prevention of Cancer 

trial
NTX  cross-linked N-terminal
OBD  optimal biological dose 
OME  oral morphine equivalents
OPG  osteoprotegerin
OR  odds ratio
PAHs  polycyclic aromatic hydrocarbons
PAP  prostate acid phosphatase
PAP-GMCSF  prostate acid phosphatase–

granulocyte-macrophage colony-
stimulating factor

PCNN  percutaneous needle nephrostomy
PCPT  Prostate Cancer Prevention Trial
PCSD  prostate cancer-specific death
PCTCG  Prostate Cancer Trialists 

Collaborative Group
PDE-5  phosphodiesterase type-5
PDGF  platelet-derived growth factor

PDGFR  platelet-derived growth factor 
receptor

PFA polyunsaturated fatty acids
PIN  prostatic intraepithelial neoplasia
PLCO  Prostate, Lung, Colon and Ovary 

study
PPI  present pain intensity
PSA  prostate-specific antigen
PSADT  prostate specific-antigen doubling 

time
PSMA  prostate-specific membrane antigen
PTH  parathyroid hormone
pTURP  palliative transurethral resection of 

the prostate
QOL  quality of life
RADICALS  Radiotherapy and Androgen 

Deprivation In Combination After 
Local Surgery

RECIST  Response Evaluation Criteria in Solid 
Tumors

RR  relative risk
RRP  radical retropubic prostatectomy 
RTOG  Radiation Therapy Oncology Group
SAHA  suberoylanilide hydroxamic acid
SARD  selective androgen receptor down-

regulator
SEARCH  Shared Equal Access Regional 

Cancer Centre Hospital
SEER  Surveillance Epidemiology and End 

Results study
SELDI TOF  surface-enhanced laser desorption/

ionization time-of-flight
SELECT  Selenium and Vitamin E Cancer 

Prevention Trial
SFA  saturated fatty acids
SHBG  sex hormone-binding globulin
SMR  skeletal morbidity rate
SPARC  Satraplatin and Prednisolone Against 

Refractory Cancer study
SRE  skeletal-related event
SSRIs  selective serotonin re-uptake 

inhibitors
SWOG  Southwest Oncology Group Protocol
TAP  tartrate-resistant acid phosphatase
TGF  transforming growth factor
TIL  tumour-infiltrating lymphocyte
TNF  tumour necrosis factor
TRAP  telomeric repeat amplification 

protocol
TROG  Trans-Tasman Radiation Oncology 

Group
TRUS  transrectal ultrasonography
TRUSP  transrectal ultrasound of the prostate
TTF  time to treatment failure
TTP  time to progression
TURP  transurethral resection of the 

prostate
UMN upper motor neurone
UO  ureteric orifice
VEGF  vascular endothelial growth factor
WHO  World Health Organization
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