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Introduction

Prostate cancer is the most common malignancy other
than superficial skin cancer, and it is the second leading
cause of cancer-related death in American men. The
incidence of the disease is increasing in the United
States where 1 in 6 American men will develop pros-
tate cancer over his lifespan.1 Its incidence has also
been increasing worldwide with a marked peak inci-
dence in the 1990s following the introduction of the
prostate-specific antigen (PSA) test. However, there are
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wide international variations in the incidence rates of
prostate cancer. Although these differences have been
attributed to the variations in medical care and screen-
ing policies, the importance of environmental and
genetic factors may also play an important role in the
natural history of the disease and may help explain
these differences.

The true prevalence of prostate cancer is difficult
to determine. A large number of cancers are latent and
undetected by currently available screening tests.
These cases are not taken into account by most epi-
demiologic studies. However, these data are needed
for an improved understanding of prostatic carcino-
genesis. Recent improvement in early detection tech-
niques enables the diagnosis of some of these cases
and has led to a downward stage migration.2 Some
authors have also suggested that the overdetection
related to systematic screening might lead to an over-
treatment for a large number of patients with small and
well-differentiated tumors.3

This review reports the current epidemiologic
and prevalence data on prostate cancer throughout
the world.

Epidemiologic Studies

Incidence and Mortality
The American Cancer Society predictions placed
prostate cancer as the most common cancer in Ameri-
can men, with 234,460 new cases expected in 2006.4

This is nearly 3 times higher than the number of new
cases that occurred in 1985. Mortality from prostate
cancer increased by 20% between 1976 and 1994 and
showed stabilization and then a downward trend since
2000.5,6 An estimated 27,350 deaths due to prostate
cancer are expected in 2006.4

Many studies have shown the increased incidence
of prostate cancer.7,8 Suggestions for possible causes
include a longer life expectancy, increased disease
prevalence resulting from environmental carcinogens,
and the availability of novel diagnostic modalities. Fur-
thermore, the advancement in the disease detection
using PSA testing and systematic biopsy procedures
may also partially explain this increase.

The reasons for the decrease in prostate cancer
mortality are not clear. The relationship between the
decrease in mortality and the increase in early detec-
tion has not been proven, but the impact of early
detection is highly suggested by the decreasing rate 
of advanced prostate cancer at diagnosis.9,10 While
increasing mortality trends are observed in some coun-
tries like Australia where PSA screening is high, mor-
tality rates have declined in other countries like the
United Kingdom where screening rates are relatively
low.11,12 Nevertheless, there is now evidence that PSA

screening and extended biopsy sampling of the
prostate has led to a downward stage migration and a
decrease in postoperative PSA failure.13,14 Decreased
mortality may also be explained by other factors such
as improvement of treatment of advanced disease,
standardization of radical prostatectomy technique,and
improvements in radiotherapy.

The prostate arm of the Prostate, Lung, Colon and
Ovary Cancer Screening Trial, together with the Euro-
pean Randomized Study of Screening for Prostate 
Cancer, is expected to establish whether screening has
an effect on prostate cancer mortality.15,16 In this trial,
38,350 men were randomly assigned to the screening
arm from November 1993 through June 2001. Diag-
nostic follow-up was obtained from their primary care
provider. Screening was based on digital rectal exami-
nation (DRE) and serum PSA level, using a threshold of
4 ng/mL. Of the men with positive screening tests,
74.2% underwent additional diagnostic testing, and
31.5% underwent prostate biopsies within 1 year. Over-
all, 1.4% of the men in the screening arm were diag-
nosed with prostate cancer, the majority of whom had
clinically localized cancer. The European Randomized
Study of Screening for Prostate Cancer, a large random-
ized, controlled trial of screening vs control, is being
conducted in eight European countries (Belgium,
Finland, France, Italy, The Netherlands, Spain, Sweden,
and Switzerland). Definitive endpoint-related data from
these two studies are expected between 2006 and
2010 depending on the differences in prostate cancer
mortality that may be shown between the screening
and control arms. Whether such screening will result in
a reduction of prostate cancer mortality cannot be
answered until these studies have been completed and
results are available for review.

Worldwide Epidemiology
Global cancer incidence rates show that prostate can-
cer has become the third most common cancer in men.
Half a million new cases occur each year, representing
almost 10% of all cancers in men (Fig 1).17,18 In most
industrial countries,prostate cancer incidence rates are
increasing,whereas mortality rates are declining. In 2004,
Baade et al19 reported significant reductions in prostate
cancer mortality in the United Kingdom, Austria, Canada,
Italy, France, Germany, Australia, and Spain, and down-
ward trends in The Netherlands, Ireland, and Sweden.
However, the recorded incidence of prostate cancer
varies enormously around the world. Obvious reasons
for these disparities are access to medical care and
prostate cancer screening policies. In countries where
no screening is available, information is sparse regard-
ing the incidence and management of the disease.
Moreover, because of economic and social factors,
some populations have limited access to health care. In
China, for example, the reported incidence rate of
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prostate cancer in 1991 was 26-fold lower than in the
United States.20 A retrospective analysis of 431 consec-
utive patients treated for prostate cancer at six Chinese
institutions showed that median patient age at diagno-
sis was 72 years and the median PSA was 46.1 ng/mL.21

Most prostate cancer cases were symptomatic with uri-
nary symptoms (76%) or bone pain (13%). Surgical cas-
tration was the standard treatment,and only 24 patients
underwent radical prostatectomy. Among the patients
treated by medical or surgical castration, nearly two
thirds had experienced biological recurrence at a medi-
an follow-up of 16.8 months.21 Despite the relatively
low incidence of prostate cancer in China, screening
probably could help detect earlier-stage tumors and
improve outcomes. Recently, the prostate cancer inci-
dence has been reported to be increasing rapidly in
China and other Asian countries.22 This evolution can-
not simply be attributed to screening practices. There-
fore, some authors have suggested that environmental
and/or genetic changes also may be responsible of the
increasing incidence of prostate cancer. Cook et al23

analyzed the incidences of prostate cancer in Chinese,
Japanese and Filipino immigrants and their descendants

in the United States. They found that prostate cancer
incidences in the native immigrants were approximately
half that of US-born Chinese, Japanese, and Filipino
men. These findings corroborate results of similar stud-
ies by Shimizu et al24 and Tsugane et al,25 who studied
prostate cancer incidence rates in Japanese men relo-
cated to the United States or other countries. It appears
that when individuals from a low-incidence region
move to a high-incidence region, the disease becomes
more common within their own generation. These find-
ings highlight the significance of environmental and
genetic risk factors.

Risk Factors
Many factors have been suggested to take part in the
development of prostate cancer, but epidemiologic
studies show that those most significantly associated
with an increased incidence rate of the disease are
race, age, and family history of prostate cancer.26-28

Family History: Prostate cancer has long been
recognized as an important risk factor, yet the com-
plex genetic influence on the disease has not been 
well characterized. Hereditary prostate cancer was ini-

tially defined as a prostate
cancer diagnosed in a family
that met at least one of the fol-
lowing three criteria: three or
more relatives affected with
the disease, prostate cancer in
each of three successive gen-
erations, or two relatives
affected with prostate cancer
at 55 years of age or younger.28

Although this definition has
been operational and used in
a large number of studies,
some authors suggested that
it was likely to miss some fam-
ilies with autosomal recessive
or X-linked transmission.29

The hereditary form of pros-
tate cancer has been reported
to comprise only 5% to 6% of
all prostate cancer cases and
usually occurs 10 years earlier
than sporadic prostate can-
cer.28 One third of prostate
cancer cases diagnosed be-
fore 60 years of age are hered-
itary30 and half of those are
diagnosed before 55 years of
age.28 As a consequence of
the earlier onset, prostate can-
cer is the cause of death for a
greater proportion of men
with hereditary than sporadic

Fig 1. — Worldwide incidence and mortality of prostate cancer.  From Parkin DM, Bray F, Ferlay J, et al.  Global
cancer statistics, 2002.  CA Cancer J Clin.  2005;55:74-108.  Reprinted with permission by Lippincott Williams &
Wilkens.  www.lww.com
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prostate cancer. However, family history has not been
reported to be a prognostic factor by itself. Gronberg
et al31 found similar cause-specific and overall survival
in patients with sporadic and familial prostate cancer.
Screening of cohorts with positive family history
should therefore be initiated at the age of 40 to 50
years, commencing at least 5 years earlier than the time
of diagnosis for prostate cancer and at least 10 years
before the age at which metastatic disease appeared in
the familial cases.

There is now evidence that prostate cancer is
genetically heterogeneous, with several genes having
different frequencies and penetrance. Significant link-
age to chromosome 1q23–25 was first reported in 1996
with the discovery of a susceptibility locus for prostate
cancer on chromosome 1,called HPC1 (Human Prostate
Cancer 1).32 Several candidate genes were then studied
in this region, including the gene RNASEL, which
appears to play a role in hereditary prostate cancer car-
cinogenesis.29 Other chromosome regions, including
chromosome X, have also been implicated in the hered-
itary prostate cancer. Also, environmental factors may
have a role in inducing different genetic processes and
molecular pathways. Heterogeneity of both environ-
ment factors and susceptibility genes could explain par-
tially the discrepancies of prostate cancer incidence
between populations and in different geographic areas.
However, further research is needed in localizing and
identifying the susceptibility genes.29,30

Age: Prostate cancer has been known as a disease
of elderly men. Diagnosis is rare before age 50,but after
this age incidence increases exponentially, and the rate
of increase is faster than that seen in other malignan-
cies. The exact role of age in development of prostate
cancer is controversial. As sclerotic atrophy is a char-
acteristic age-dependent alteration in the prostate
gland, it has been suggested that sclerotic atrophy
could be a precancerous change.33 However, histolog-
ic studies have subsequently provided evidence that
prostate cancer arises from the active glandular epithe-
lium rather than the atrophic glands. Additionally, Kovi
et al34 studied the age-related changes of vessels,glands,
and stroma in 795 unselected and consecutive autopsy
prostates of black men from the Washington, DC, area
and from several African countries. They did not find
any correlation between histologic changes related to
aging and the presence of carcinoma. Other reports
suggested that the role of aging was probably more to
provide the time necessary for the cumulative effects of
environmental insults and accumulation of the cellular
events leading to neoplasia.35 This hypothesis, associat-
ed with increased life expectancy, also could partially
explain the increasing prostate cancer incidence.

Race: African American men develop the disease
50% more frequently than their white counterparts of
the same age.36,37 Compared with white Americans,

they are younger at the time of diagnosis and their
tumors are higher in stage and grade. Furthermore,their
5-year survival rate has been reported to be less than
that of their white counterparts.38 Fowler et al39 com-
pared the outcomes of 396 white and 524 black Ameri-
can men with prostate cancer between 1982 and 1992.
They reported that local-stage prostate cancer was more
lethal in black men than in white men, particularly for
men under 70 years old. However, there was a dispro-
portionate incidence of high-grade localized tumors
(Gleason 7 to 10) in black men, and the differences in
cause-specific survival between the two groups were
not significant when adjusted for Gleason score.

The reasons for the higher prostate cancer inci-
dence in black Americans are not known and are prob-
ably multifactorial, combining environmental and
genetic factors. It has been reported that black men
have higher levels of androgen metabolites compared
to white men.40 Although these differences have not
been proven to explain these racial discrepancies, these
interesting data warrant further investigation. Vitamin
D also could play a role. Compared to whites, black
individuals have a reduced production of ultraviolet-
induced vitamin D3. Several studies have suggested the
role of vitamin D3 in cellular differentiation, growth,
and oncogene regulation (notably c-myc).41,42 The role
of nutritional factors have also been suggested since
black Americans tend to have an alimentation richer in
animal fat.43

Similarly, several theories have been suggested to
explain the low survival rate in black men with prostate
cancer, particularly socioeconomic status or health care
access. In a recent report,Tewari et al44 compared the
survival rates among black and white American men with
prostate cancer using a multivariate model that included
socioeconomic status and treatment method. They
reported that socioeconomic status was related to 50% of
the differences in survival rates between the two groups.
The lower surgical treatment rate in African Americans
explained 34% of the difference in survival.

Other Factors: There is an association between
bladder and prostate cancer.45-47 According to Chun,45 the
rate of prostate cancer in patients with bladder cancer is
19-fold higher than in those without bladder cancer. They
also report that the rate of bladder cancer in patients with
prostate cancer is 18-fold higher than in a control popu-
lation. The common association of these two malignan-
cies may be explained by some genetic factors. Singh et
al46 reported that tumor suppressor genes such as p53 and
Rb may play a major role in the development of both
prostate and bladder cancers. Furthermore, the prostate
stem cell antigen is often overexpressed in human transi-
tional cell carcinomas.47

Vasectomy may be associated with an increased
risk of prostate cancer, by either increasing serum
androgen level or inducing an immunologic reaction.
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However, the relationship between vasectomy and
prostate cancer remains unclear.48-50

Another path of investigation is the possible rela-
tionship between sexual behavior and the development
of prostate cancer. Indeed, some authors suggested that
prostate cancer was related to early intercourse, number
of sexual partners, or venereal disease.51 However, an
equal number of studies have shown conflicting results.52

Finally, some studies link prostate cancer to known
carcinogens in tobacco smoke, but the results of ciga-
rette smoking on the epidemiology of prostate cancer
are inconclusive and difficult to interpret.53

Prevalence Statistics in Prostate Cancer

Statistics for incidence and prevalence do not provide
the same information. Incidence statistics show the
number of new cases diagnosed in a population during a
specific period, while prevalence statistics provide infor-
mation about the number or proportion of people who
have that disease in a specified period. Traditional epi-
demiologic studies are based on diagnosed cases. How-
ever, the specificity of prostate cancer is that many cases
are latent, asymptomatic, and undetected through diag-
nostic tests. Therefore, the true prevalence of the disease
is unknown. This observation came first from autopsy
studies that showed the importance of latent cancers
inside the prostate gland in deceased men.54,55 These
missing epidemiologic data could be useful to develop a
better understanding of the natural history of the dis-
ease, to plan early detection studies, to organize cancer
prevention trials, and therefore to improve prostate can-
cer management. However, constant advances in
prostate cancer detection allow continually more accu-
rate assessments of the disease’s true prevalence.

Latent Prostate Cancer
Several indirect means have been used to estimate
prostate cancer prevalence in a given population. In
the past, unsuspected carcinoma was found in approx-
imately 20% to 25% of specimens after transurethral
surgery for what was thought to be benign prostatic
hyperplasia.56 These data have shown decline with the
widespread use of PSA testing. The prevalence of
prostate cancer can also be estimated by the frequency
of incidental prostate cancer in cystoprostatectomy
specimens.57-59 Most of the recent data, however,
comes from autopsy studies from around the world.60-67

Montironi et al59 reviewed the pathologic findings
of incidentally detected prostate cancer in cystoprosta-
tectomy specimens from patients treated for bladder
cancer and compared those findings with radical
prostatectomy specimens from patients treated for
prostate cancer. They found that incidentally detected
cancer was less aggressive than clinically detected can-

cer. These incidentally detected cancers are likely to be
similar to latent cancers diagnosed on autopsy speci-
mens. The term latent cancer is used in the pathology
literature to characterize malignancies that are discov-
ered only on postmortem examination. Although the
term may imply low virulence, the malignant potential
for individual cancers discovered after death cannot be
ascertained. The length of time from the first histolog-
ically recognizable form of prostate cancer to clinically
evident cancer is not known and probably varies wide-
ly. For the small subset of all histologic cancers that
come to clinical discovery during the lifetime of the
individual, studies68 of tumor doubling time indicate
that this process may take more than 10 to 15 years. In
addition, the initiating events leading to clinically rele-
vant prostate cancers likely occur at a remarkably
young age. Indeed, histologic cancers are surprisingly
common in young men (Fig 2).54 In an autopsy study
of 249 prostates from men 20 to 69 years of age, Sakr et
al54 encountered latent prostate cancer in 2% and 29%
of men in the third and the fourth decades, respectively.
The latent tumors are usually classified as either non-
infiltrative (LNT) or infiltrative (LIT).60 LNT is approxi-
mately equivalent to well-differentiated adenocarcinoma
(Gleason grade 1 or 2), and LIT is equivalent to moder-
ately to poorly differentiated adenocarcinoma (Gleason
grade 3 to 5). It is assumed that LNT and LIT are two 
different steps in the evolution of latent carcinoma
before being detected clinically.60,66 These hypotheses
are interesting when comparing the characteristics of
latent carcinomas in different autopsy series and at dif-
ferent periods of the 1980s, when the prostate cancer
incidence rate was increasing. In Japan, Yatani et al66

compared two sets of autopsy prostates analyzed in two 
different periods: 1965 to 1979 and 1982 to 1986. They

Fig 2. — Prevalence of prostate cancer with age:  comparison of clinically
detected cases with cases diagnosed at autopsy. Data from Sakr WA,
Grignon DJ, Crissman JD, et al.  High grade prostatic intraepithelial neo-
plasia (HGPIN) and prostatic adenocarcinoma between the ages of 20-69:
an autopsy study of 249 cases.  In Vivo.  1994;8:439-444.
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found that the frequency of latent
prostate carcinoma had increased
from 1965 to 1986. Moreover, the
ratio of LITs to LNTs had increased,
which was consistent with the
trends of the disease in Japanese
population. Surprisingly, the speci-
mens collected in 1982 to 1986
contained smaller tumors than did
those of the 1965 to 1979 series.
However, this decline in average
volume of LITs was not due to
reduction in the size of individual
tumors but rather was due to the relative increase in
the number of smaller carcinomas. Therefore, the authors
suggested that progression from LNT to LIT was ongo-
ing when the tumors were still small. The same authors
compared the prevalence of latent prostate cancer in
autopsy series from indigenous Japanese and Japanese
migrants in Hawaii.69 Given the higher incidence of
prostate cancer among Japanese migrants compared
with indigenous Japanese, a higher rate of latent carci-
nomas would have been expected in the migrant popu-
lation; however, the rates were similar. The authors con-
cluded that differences in the frequency of clinical
prostate cancer are probably the result of genetic or
environment factors that promote progression from its
latent form.

More autopsy data are now available from around
the world (Table).53,60,63-65,70 Comparisons of Western
and Oriental prevalence studies showed a similar preva-
lence of prostate cancer.55,66 However, other autopsy
studies carried out in non-Japanese populations in
Southeast Asia showed significantly lower prostate can-
cer prevalence rates in China, Hong-Kong, and Singa-
pore.62,63 A report was recently published on the
prevalence of prostate cancer in an autopsy study from
Hungary, where prostate cancer is the third most com-
mon cause of cancer-related death in men.65 In this
autopsy series illustrating a central European Cau-
casian population, the rate of prostate cancer was as
high as 39%. Data are also available in the Greek male
population,where the rate of latent carcinoma is lower
(19%) but similar to the Spanish population.61,64 These
findings raised the discussion that Mediterranean Cau-
casians, regardless of the geographic locations, were
likely to have a lower risk of prostate cancer than
other European white populations, including Hungari-
ans. Some authors have suggested that the traditional
Mediterranean dietary habits in Spain and Greece
could be factors that lower the prostate cancer risk.
However, it is difficult to compare detection rates of
autopsy studies because the detection of small tumors
is strongly correlated to the pathologic processing
method, particularly the thickness of the whole-mount
step sections analyzed.

The “end of study” biopsies of the Prostate Cancer
Prevention Trial (PCPT) recently provided the first clin-
ical confirmation of the high rate of prostate cancer
detected in men with a normal PSA and DRE. The trial
suggested that many of the “prevalent” cancers would
be diagnosed if biopsies were performed for “no cause.”
However, it also suggested that cancer detection is
reduced at lower PSA levels.71 Gosselaar et al72 com-
pared prostate autopsy and cystoprostatectomy find-
ings with those of the PCPT. The prevalence of prostate
cancer in cystoprostatectomy series (23% to 46%) and
autopsy series (18.5% to 38.8%) was higher than in the
PCPT (15.2%). This can be explained by the underde-
tection rate of biopsies compared with whole-mount
prostate analysis. Moreover, the authors reported simi-
lar tumor features between autopsy and cystoprosta-
tectomy series compared to men with low PSA values
from the PCPT, even if comparison was difficult due to
variability in execution of studies. They concluded that
prostate cancer in men with low PSA levels (<3 ng/mL)
was comparable to latent autopsy cancer.

Improvements in prostate cancer detection have
led to a downward stage migration of diagnosed can-
cers.13,14 The hypothesis emerged that a substantial
amount of autopsy-diagnosed latent cancers were cur-
rently detected clinically through screening. Konety et
al73 reported a decreasing prevalence of latent prostate
cancer in their autopsy series, and they interpreted that
as a result of screening. These findings, if they are con-
firmed by further studies, could explain the increasing
incidence of prostate cancer while mortality remains
unaffected. The concern, however, is to identify specif-
ically those latent cancers among all prostate cancers
diagnosed. Stamey et al74 proposed a pathologic defin-
ition of clinically diagnosed latent cancers, defined as
clinically insignificant. Although not decisive in dis-
criminating the malignant potential of a tumor, patho-
logic features such as volume and grade indicate which
carcinomas are likely to be aggressive.

Improvements in Prostate Cancer Detection
As described previously, the introduction of PSA as a
screening test has been followed by a strong increase in

Autopsy Prevalence Rates of Prostate Cancer Worldwide (%)

Age (Yrs) US White53,69 US Black53,69 Spain60 Japan65 Greece63 Hungary64

21–30 8 8 4 0 0 0

31–40 31 31 9 20 0 27

41–50 37 43 14 13 2.6 20

51–60 44 46 24 22 5.2 28

61–70 65 70 32 35 13.8 44

71–80 83 81 33 41 30.9 58

81–90 0 0 0 48 40 73

Total 34.6 36.9 18.5 20.5 18.8 38.8
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prostate cancer incidence rates. Although screening
alone does not explain this increase, measured preva-
lence in the population is probably closer now to the
true prevalence than it was before. Since the introduc-
tion of PSA in current practice,many efforts have focused
on improving its accuracy as a screening test, and similar
improvements were achieved for diagnostic tests.

PSA: PSA was isolated in 1970 and was character-
ized 9 years later as a serine protease involved in semi-
nal liquid synthesis. Detected in 1980 in serum, the
conviction of its clinical usefulness as a screening test
took 10 years. However, PSA is not a specific marker of
prostate cancer since its serum level increases with
prostatic hyperplasia and is affected by many factors
such as medication (finasteride), urologic manipula-
tions, inflammation, or even ejaculation.75,76

The first evaluations of PSA as a screening test
concluded that the cutoff of 4 ng/mL had the best pre-
dictive value.77 This cutoff was supposed to allow the
best detection rate for curable prostate cancers while
reducing the number of unnecessary biopsies in
patients without cancer. This cutoff benchmark has
been recently reconsidered. Smith et al78 showed that
among 10,248 patients, 48% of those with an initial
PSA level of <4 ng/mL were upgraded to a PSA level
>4 ng/mL within 4 years and that 13% had cancer
detected during this interval. Another report noted
that the positive predictive value of sextant biopsy for
a PSA level between 2.6 and 4 ng/mL was 26%.79 They
also studied 94 radical prostatectomy specimens to
compare the pathologic characteristics of tumors
detected with a PSA level between 2.6 and 4 ng/mL
with those detected with a PSA level between 4.1 and
10 ng/mL. The tumors detected with a PSA level <4
ng/mL were smaller and more often localized to the
gland (88% vs 63%).79 Additionally, the “end of study”
biopsies of the PCPT, as explained earlier, provided
some data from 2,950 men having a PSA level <4
ng/mL and normal DRE (control group). Prostate can-
cer was diagnosed in 449 (15.2%) of the 2,950 men.
At the time of diagnosis, these 449 patients had a PSA
between 0.6 and 1 ng/mL in 10.1% of cases, between
1.1 and 2 ng/mL in 17% of cases, between 2.1 and 3
ng/mL in 23.9% of cases, and between 3.1 and 4 ng/
mL in 23.9% of cases.71 These findings question the
traditional diagnostic approach of prostate cancer, and
the very notion of PSA cutoff is debatable. Thus, sever-
al authors recommend prostate biopsy at a PSA cutoff
of 2.6 ng/mL.78

Since serum PSA values increase with prostate vol-
ume and age, the specificity and sensitivity of PSA in
screening is lower for older and younger men, respec-
tively. Therefore, some advocate age-adjusted PSA cut-
offs in screening practices. Using age-ponderation
tables, Partin et al80 detected significantly more cancers
in men less than 60 years of age. However, controver-

sies remain on the use of these tables in black men
because the prostate volume does not progress the
same way in all ethnic populations.81

Another way to improve the accuracy of PSA
screening is to compare different PSA measurements
at different periods. It appeared clearly that the kinetic
of PSA level was more informative than an isolated
measurement. Moreover, the elevation kinetic of PSA
level is faster in cancer than in benign hyperplasia.
This notion was introduced in 1992 by Carter et al.82

They showed that a PSA velocity of more than 0.75
ng/mL per year was strongly correlated with cancer
(sensitivity 72%, specificity 95%). This method pre-
sents some practical inconvenience as a minimum of
three PSA level measurements in a 2-year period are
required to calculate an accurate PSA velocity. In addi-
tion, all the measurements have to be done with the
same test for reproducibility reasons. Nevertheless,
PSA velocity is useful in making the decision to per-
form a biopsy on patients with low PSA levels or on
those with persistent elevation of PSA following an
initial negative biopsy.

Also in 1992, Benson et al83 suggested that PSA
level would be more informative if prostate volume
was taken into account. The PSA density, calculated by
dividing PSA level by the ultrasound measurement of
prostate volume, would better distinguish benign
hyperplasia from cancer in men with intermediate PSA
values (4 to 10 ng/mL) and normal DRE. However,
Catalona et al84 reported subsequently that the use of a
biopsy cutoff of 0.15 ng/mL/cm3 in men with a PSA
level of 4.1 to 9.9 ng/mL and normal DRE findings was
likely to miss prostate cancer in half of patients. Other
authors85 proposed to sharpen PSA density to transition
zone (TZ) and showed that TZ-PSA density enhanced
the specificity of serum PSA for prostate cancer detec-
tion in patients with a PSA of 4 to 10 ng/mL.

In blood circulation, the majority of PSA is bound
to protease inhibitors. Only a low fraction of PSA
remains free. This free fraction of PSA (fPSA) is lower
in patients with cancer and is less affected by benign
hyperplasia than is total PSA. For patients with inter-
mediate PSA values (4 to 10 ng/mL), fPSA increases
screening specificity and thus decreases the number of
unnecessary biopsies.86 The risk of cancer is high for
those who have a free/total PSA (f/tPSA) of less than
15%, whereas benign hyperplasia is more likely when
f/tPSA is more than 25%.87 However, for most patients,
f/tPSA falls between these two values. For patients
with intermediate PSA values, f/tPSA is mainly used to
evaluate the need for repeat biopsies when negative.
Since almost 20% of patients with low PSA values (2.6
to 4 ng/mL) will be diagnosed with prostate cancer
within next 5 years, f/tPSA would identify those
patients earlier and would avoid unnecessary biopsies
for the others.86
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Other studies evaluating different forms of PSA
(combined PSA, pro-PSA) or new biological markers
(human glandular kallikrein, prostate-specific membrane
antigen [PSMA]) are ongoing to improve PSA accuracy by
detecting  prostate cancer earlier and more efficiently.

Transrectal Ultrasound-Guided Biopsy (TRUS):
Ultrasound images of prostate cancer are not specific;
only 40% of hypoechoic images correspond to a pros-
tate cancer.88 Furthermore, 20% of normal glands on
ultrasound images are positive for cancer on biopsies.89

The value of ultrasound is in guiding systematic biopsies.
The systematic sextant biopsy technique as described
by Hodge et al90 has been the gold standard for many
years. However, the false-negative rate of standard sex-
tant biopsy has been reported to be as high as 15% to
31%,91 and several studies have shown that additional
biopsy cores, particularly in the far lateral zone, would
increase the detection rate by 30% to 35%.92,93 Bauer et
al94 recently reported that among patients diagnosed
with prostate cancer, 54% were diagnosed by the sex-
tant biopsy only. The 10-core pattern resulted in an
additional 46% being diagnosed solely with the lateral-
ly placed biopsies. Others showed that the initial use
of a biopsy protocol of 10 cores (including the far lat-
eral zone) was likely to detect more tumors than in
repeated sextant biopsies when negative.95 Additional
transition zone biopsies were also evaluated. In a
recent study,96 493 consecutive men with elevated
serum PSA levels and/or abnormal DRE underwent
TRUS with a 12-core protocol. In addition to sextant
biopsies, six further biopsies were obtained, two from
the transition zone (mid-gland) and four from the later-
al peripheral zone (base and mid-gland). Prostate can-
cer was diagnosed in one third of the patients. Nearly
20% of the prostate cancers were missed by the first 6
cores. The lateral peripheral-zone biopsy cores alone
detected one third of the prostate cancers missed by
sextant biopsies, and the transition-zone biopsy cores
alone detected more than the half of them. The
authors concluded that this 12-core biopsy protocol
markedly improved the detection rate for prostate can-
cer when compared with the standard sextant biopsy
protocol alone.96 However, it is difficult to evaluate
the number of prostate cancers that are missed by
additional biopsies since patients with additional neg-
ative biopsies do not undergo surgery. Another
methodology was used to evaluate the number of
missed tumors in prostates showing 1 or more positive
biopsy cores. In their study, Bak et al97 reviewed 71
radical prostatectomy specimens and located every
tumor foci. They compared on each specimen the
tumors location with the location of the positive biop-
sy cores. They found additional lesions missed by sex-
tant biopsy in 54% of cases. The majority of them were
located in the peripheral zone. However, two thirds of
them were well differentiated (Gleason score <7) and

small (<0.5 cc). These findings highlight the major
concern that increasing sampling may increase the
detection rate of insignificant tumors.

Staging Improvement

Since the beginning of the PSA era, an increasing num-
ber of cases of prostate cancer have been diagnosed
solely on the basis of elevated PSA level (T1c disease).
Moreover, most screening protocols have decreased
their PSA cutoff. Clinicians therefore feared that wide-
spread PSA screening was leading to the detection of an
unreasonable number of so-called clinically insignificant
tumors and, in turn, to a marked increase in potentially
unnecessary treatment.3,98 Indeed, among T1c diseases,
low-grade (Gleason grade <7) and small, confined
tumors are considered either as “clinically insignificant”
(volume <0.2 cm3), or “clinically unimportant” (volume
<0.5 cm3). In the latest series of patients with T1c
prostate cancers, 11.5% to 12% of the tumors were
insignificant and 24% to 27% were clinically unimpor-
tant.79,91 These findings are raising the concern of over-
treatment for those patients.

Adverse pathologic features on biopsy, such as high
Gleason grade, multiple positive cores, or high percent-
age of prostate cancer on biopsy, predict advanced 
disease in the corresponding prostate.99,100 However,
difficulties arise when using prostate biopsy to predict
limited adenocarcinoma at radical prostatectomy.101 In
1994, the term microfocal prostate cancer was intro-
duced by Epstein et al102 when they developed PSA-
and needle biopsy-related criteria to predict tumor 
significance on prostate specimen. These criteria were
defined by a PSA density <0.15 ng/mL/cm3 and the
presence of low-grade prostate cancer on sextant biop-
sy (no Gleason grade 4 or 5) in fewer than 3 cores and
of no more than 50% prostate cancer involvement in
any of these cores. These criteria were subsequently
evaluated prospectively in 240 men with T1c prostate
cancer who underwent radical prostatectomy. Correla-
tion analysis showed poor predictive values (positive
and negative predictive value of 75%).100 In another
study,Allan et al101 used more restrictive criteria to pre-
dict insignificant tumor. Among a retrospective series
of patients with prostate cancer, they selected only
those who had a single microfocal prostate cancer on
sextant biopsy, defined as a single focus less than or
equal to a 40× microscopic field. They found that one
third of them had clinically significant tumors on radi-
cal prostatectomy specimen. Finally, other authors
reported that only 18% of patients with microfocal
prostate cancer on biopsies presented insignificant
prostate cancer on radical prostatectomy specimens.103

The variability of the results reported in literature
may be partially due to the different biopsy protocols



July 2006, Vol. 13, No. 3166 Cancer Control

used, and especially to the low number of biopsy cores
taken. Prostate cancer is known to be multifocal; one
single microfocal cancer detected in 6 to 10 cores does
not exclude other overlooked contiguous or distant
tumors that would be detected by a more extensive
biopsy protocol.104

Conclusions

Prostate cancer incidence rates are increasing all
around the world. This increase in incidence affects 
all age groups and is more pronounced in younger
men. Based on the additional effect of increased life
expectancy, epidemiologic estimates show that
prostate cancer is on the verge of becoming one of the
world’s leading health issues. This trend has generated
worldwide epidemiologic studies, providing important
data and contributing to the better understanding of
prostate cancer natural history.

Recent advances in detection efficiency in prostate
cancer are narrowing the gap between the measured
incidence of prostate cancer and its true prevalence.
The endpoint is to better define the biological signifi-
cances of newly diagnosed prostate cancer and there-
fore optimize prostate cancer management.

Many studies, including the prostate arm of the
Prostate, Lung, Colon and Ovary Cancer Screening Trial
and the European Randomized Study of Screening for
Prostate Cancer, will soon provide information about
the effect of prostate cancer screening on mortality.
Ongoing studies are comparing different sets of biopsy
protocols with disparate methodologies including
human autopsy studies. Additionally, saturation
prostate biopsy techniques as staging procedures or as
repeat biopsy regimens for prior negative biopsies are
being evaluated.105,106 New prostate cancer markers are
also being developed with the goal of improving
screening and staging of prostate cancer. Last, but not
least, as prevalence data for particular cohorts of men
become available (focusing on age, race, geographic
location), specific detection scenarios will be devel-
oped to identify cancer.
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