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Abstract
In the United States, prostate cancer will affect 1 man in 6 during his lifetime. Since the mid-1980s, screening with
the prostate–specific antigen (PSA) blood test has more than doubled the risk of a prostate cancer diagnosis. A
decrease in prostate cancer death rates has been observed since that time, but the relative contribution of PSA
testing as opposed to other factors, such as improved treatment, has been uncertain. The recent release of 2 large
randomized trials suggests that if there is a benefit of screening, it is, at best, small. Methods to assess a man’s risk
of prostate cancer, including those tools that integrate multiple risk factors, are now available and should be used in
risk assessment. Men undergoing screening for prostate cancer may reduce their risk of prostate cancer with
finasteride. CA Cancer J Clin 2009;59:000-000. ©2009 American Cancer Society, Inc.

To earn free CME credit or nursing contact hours for successfully completing the online quiz based on this article, go
to http://CME.AmCancerSoc.org.

Introduction
Prostate cancer is the most commonly diagnosed nonskin cancer in American men. It is estimated that 192,280
Americans will be diagnosed with prostate cancer in 2009. More than 27,000 men will die of the disease, making
it the second largest cancer killer in men.1 Americans have the highest incidence of prostate cancer in the world,
partly because the United States is one of the few countries that has widespread prostate cancer screening. To our
knowledge, the American male population is the most thoroughly screened population in the world.

A Brief History of Prostate Cancer Screening in the United States
Prostate cancer has a highly variable natural history, ranging from an indolent and silent entity throughout a
man’s entire life to one that grows rapidly, metastasizing to lymph nodes and bone, with a median life expectancy
of 24 to 36 months after bony metastases are detected.2 It is largely asymptomatic until metastases are present.

The medical community has advocated the early detection and treatment of prostate cancer for nearly a century.
As early as 1905, the noted urologist Hugh H. Young, MD, concluded that careful digital rectal examination
(DRE) could identify prostatic changes that herald the first signs of cancer.3 For the next 75 years, this was the
only screening test available, but an imperfect one. In a study of 2005 men undergoing regular DRE, we found
that greater than two–thirds of those whose disease was detected in this fashion had disease beyond the prostate
at the time of diagnosis.4

A challenge to the concept of early detection is the range of behaviors of prostate cancers. Since the 1980s, it
has been estimated that a man’s lifetime risk of death from prostate cancer is approximately 3% to 4%.5,6
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Conversely, autopsy studies of men who died of
noncancer causes have found a high prevalence of
prostate cancer. Using varying techniques to assess
prostates removed at autopsy, pathologists have re-
ported finding cancer in 3% to 43% of men in their
40s, 14% to 70% of men in their 60s, and 31% to 83%
of men in their 70s.7 With a reported median male
life expectancy in the United States of 78 years, a
crude estimate of a man’s lifetime risk of harboring
prostate cancer may be between 60% to 70%.8 Rec-
ognizing that only 1 in 30 of these men will die from
the disease illustrates the challenge facing us: most
prostate cancers will never cause symptoms or death.

In the early 1980s, clinicians reacted with opti-
mism to initial studies using a blood protein, pros-
tate–specific antigen (PSA), as a screening test for
this disease because of an increasing death rate and
the poor performance of the DRE.9,10 There were
initial concerns regarding its poor specificity in that
many men with “high” PSA values underwent biopsy
and no cancer was found. Indeed, studies indicated
that approximately 25% of men with a PSA level
"4.0 ng/mL had cancer.11 With the publication of
these experiences and the clinical availability of the
assays, PSA testing proliferated.

The impact of screening was dramatic, as illus-
trated in Figure 1. The incidence rate of prostate
cancer in the United States spiked initially and then
settled into a rate approximately 50% higher than
that preceding screening; the lifetime risk of prostate
cancer diagnosis increased from 7.3% in 1977 to
nearly 17% in 2005.6,12

Currently, it is estimated that "55% of all men age
50 years and older are undergoing a PSA screening

examination annually and that approximately 75%
have been tested at some point.13,14

Prostate cancer is largely a disease of the elderly.
Between 2001 and 2005, the median age at diagnosis
for white American men was 68 years and the median
age at death was 80 years. The median age at diag-
nosis for black men was 65 years and the median age
at death was 77 years.15 The age distribution of
patients at the time of diagnosis is shown in Table 1.
The number of both black and white men diagnosed
before the age of 50 years is small; approximately
2.5% of white men diagnosed with prostate cancer
are aged #50 years whereas approximately 5.2% of
black men are aged #50 years at the time of diag-
nosis.

With repeated screening, the majority of prostate
cancers detected are clinically localized and, as a
result, the number of patients undergoing treatment
with radiation and surgery has dramatically in-
creased.16,17 Of interest, approximately 90% of men
with localized prostate cancer opt for treatment;
#10% of men with this disease choose a plan of
active surveillance, in which the tumor is carefully
monitored and treatment initiated only if evidence of
tumor growth is discovered.18 There is some evidence
that poor and minority patients are less likely to
receive aggressive therapy for localized disease.19,20

As radiation therapy technology has evolved and with
higher volumes of surgical activity, the safety of these
treatments has improved since the inception of PSA
screening.21 Nonetheless, sexual, urinary, and bowel
complications do occur with all of these treatments;
on occasion, these complications can be severe.22

FIGURE 1. US Prostate Cancer Incidence and Mortality Rates by Year From
1975 through 2005. Rates are age–adjusted to the Year 2000 standard. Re-
printed with permission from Ries LAG, Melbert D, Krapcho M, et al, eds. SEER
Cancer Statistics Review, 1975–2005. Surveillance, Epidemiology, and End
Results. Bethesda, Md: National Cancer Institute; 2008.

TABLE 1. US Prostate Cancer Age Distribution, 2001-2005

AGE,
YEARS

%
DIAGNOSIS

%
DEATH

35-44 0.6 0.1

45-54 8.6 1.4

55-64 28 6.9

65-74 36.1 20.4

75-84 22 41.5

85$ 4.7 29.7

All 100 100

Reprinted with permission from Ries LAG, Melbert D, Krapcho M, et al, eds.
SEER Cancer Statistics Review, 1975-2005. Surveillance, Epidemiology, and
End Results. Bethesda, Md: National Cancer Institute; 2008.
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What Have Been the Outcomes of This
“Experiment” in Screening?
With an understanding that prostate cancer is virtu-
ally ubiquitous in men as they age, it is clear that a
goal of “finding more cancers” is not acceptable.
Public health principles demand that a minimum of
1 of 3 outcomes must be demonstrated to justify
screening. Screening must:
1) Reduce the risk of death from prostate cancer or
2) Reduce the suffering (morbidity) of prostate can-

cer or
3) Reduce the health care costs when compared with

a nonscreening scenario.
Ideally, the first of these outcomes should be

achieved. To date, there has been a dramatic increase
in the number of cases detected and the number of
men treated for prostate cancer. The evidence re-
garding reductions in death and morbidity is con-
flicting. In addition to benefits accrued from screen-
ing, there must be evidence that any benefits are
greater than the known disadvantages, including
overdetection, cost, and treatment complications.

Evidence suggesting the effectiveness of screening
centers on the clear decrease in mortality rates and
the shift toward a lower stage of disease found at
diagnosis. Evidence suggesting a lack of effectiveness
of screening includes the finding that the mortality
reduction occurred so quickly after the introduction
of screening and at a time when treatments for even
metastatic disease were changing.

Since 1993, there has been a continued decline in
the American age–adjusted prostate cancer death
rate. The age–adjusted rate per 100,000 population
was 39.3 in 1993 and 24.6 in 2005.6 Some have
suggested that screening, which began in 1989, is the
cause of this decline. Others say that the decline was
noted too soon after the initiation of screening and
suggest alternative explanations such as the increas-
ing use of hormonal therapies for regional and met-
astatic disease. Still others suggest the decline in
mortality is a cause of death attribution bias. They
point to changes in the World Health Organization
algorithm for cause of death and an increase in the
number of elderly men dying of pneumonia during
this same period.23 The rise in incidence paralleling
the rise in mortality rates and the subsequent drop in
incidence with the concurrent decline in mortality

also supports the theory that attribution bias may be
a factor.

There clearly has been a decrease in the number
and rate of prostate cancers staged as metastatic at
the time of diagnosis.6 This point is tempered by the
finding that in some studies of men with localized
disease who were treated with radical prostatectomy,
as many as 22% of white men and 33% of black men
developed a PSA recurrence. This suggests that what
was believed to be local disease at diagnosis was
actually a lower burden of metastatic disease, perhaps
a reflection of lead–time bias with screening.24,25

Population studies of men treated in the 1990s sug-
gested recurrence rates as high as 35%.26 This is to
say that many of those believed to have localized
cancer actually had disease extending outside the
prostate (either regional or metastatic). One inter-
pretation of these data is that, in the context of
intensive PSA screening, prostate cancers with me-
tastases are diagnosed prior to the ability to detect
tumor spread. As a result, there may be the appear-
ance of a shift toward a lower stage but ultimately, as
metastases become evident, mortality is unaffected.

Results from models and case–control studies have
been conflicting in terms of the effectiveness of
screening. A simulation model using data from the
National Cancer Institute (NCI)’s Surveillance, Ep-
idemiology, and End Results (SEER) registries sug-
gests that screening may account for 45% to 70% of
the observed decline in mortality. It is not entirely
possible to assess the contribution of screening and
the contribution of advances in treatment in this
model.27 Some case–control studies also have sug-
gested that screening does not save lives. One large
nested case–control study found no evidence that
PSA screening reduces all–cause mortality (odds ra-
tio [OR], 1.08; 95% confidence interval [95% CI],
0.71–1.64).28 Two other case–control studies of
prostate screening found no statistically significant
reduction in prostate–specific mortality (OR, 1.19
[95% CI, 0.76–1.60] and OR, 0.70 [95% CI 0.46–
1.1], respectively).29,30 One case–control study found
that screening was associated with a decreased risk of
metastatic disease at diagnosis.31

The decrease in prostate cancer mortality, occur-
ring just 4 to 5 years after screening began, is difficult
to attribute to screening when dealing with a disease
of such a long natural history and supports alternative
explanations for the decline in mortality. During the
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same period as screening proliferated, significant im-
provements developed in surgery and radiation as
well as in the application of hormonal therapies to
regional and metastatic disease. One such change was
the increased use of gonadotropin–releasing hormone
agonists and the use of oral androgen–blocking
drugs.32 The dramatic increase in the number of
localized prostate cancers detected also simply pro-
vided physicians with a greater opportunity to hone
treatments, increasing their curative nature while fo-
cusing as well on reducing toxicities.

Ecologic studies do provide some information
with which to put the decline in prostate cancer
mortality into perspective. They suggest that screen-
ing certainly is not the only cause for the decline in
prostate cancer mortality over the past 15 years.

Mass screening was introduced in Tyrol, a state in
Austria, in 1993. By 1998, there was a decrease in
prostate–specific mortality in Tyrol when compared
with the rest of Austria.33 It is unclear whether the
Tyrol data were affected by differences in the treat-
ment of metastatic disease that may have existed
between Tyrol and the rest of Austria.

Age–adjusted prostate cancer mortality rates peaked
in 1993 in both the United States and the United
Kingdom and began declining at the same rate. Late in
the 1990s, the rate of decline became steeper in the
United States. Screening is far more common in the
United States compared with the United Kingdom.
The finding that mortality rates have declined in the
United Kingdom, in which screening is not practiced
and is actually discouraged, suggests that some, perhaps
even most, of the decline in the United States cannot be
attributed to screening.34

A study of men in the state of Washington com-
pared with men in the state of Connecticut provided
some interesting clues regarding the effectiveness of
screening.35 Medicare beneficiaries in Seattle re-
ceived far more intensive screening and treatment
from 1987 through 1990 compared with their peers
in Connecticut. Members of the Seattle cohort were
5.2 times more likely to undergo radical prostatec-
tomy (95% CI, 3.22–8.42) and 1.24 times more like
to be treated with radiation (95% CI, 0.98–1.58).
Men in Seattle were less likely to be treated with
hormones (OR, 0.77; 95% CI, 0.67–0.87). Despite
this, the prostate cancer–specific mortality noted over
15 years of follow–up was virtually identical at 1.02
(95% CI, 0.96–1.09).35

The Documented Harms of Screening
Data clearly indicate that screening leads to the di-
agnosis of tumors of no clinical significance. Al-
though there are histologic criteria that are used to
define “significant” and “insignificant” tumors, the
most valid definition of an insignificant tumor is a
neoplasm that causes neither symptoms nor death
during a patient’s lifetime. Overdiagnosis is the de-
tection by screening of disease that would not have
become clinically significant. Overdiagnosis signifi-
cantly affects 5–year survival statistics, making them
uninformative in demonstrating progress in cancer
control.

A computer modeling study using NCI SEER
data estimated that 29% of cancers detected in whites
and 44% of cancers detected in blacks were overdi-
agnosed cancers.36 A similar model using data from
the European Randomized Study of Screening for
Prostate Cancer (ERSPC) estimated a 50% overdi-
agnosis rate.37

Patients diagnosed with clinically insignificant tu-
mors are subjected to unnecessary diagnostic tests
and unneeded treatment and suffer psychosocial
harms. They are also labeled “a cancer patient,”
which can have negative economic consequences.8,38

The lack of data regarding whether screening de-
creases the risk of death makes quality–of–life issues
related to treatment important in the decision–mak-
ing process regarding whether to be screened.

The mortality rate from radical prostatectomy is
reported to be 0.5%.39 The rate approaches 1% in
men aged "75 years.40 Treatment is also associated
with urinary incontinence, sexual dysfunction, and
bowel problems.41,42 There is evidence that these
problems worsen over time.22 For radiation therapy
and brachytherapy, a wide range of rates of erectile
dysfunction (with a median rate between 30%–50%),
urinary incontinence (ranging from 0% to "60%),
and gastrointestinal toxicity (up to 30%) have been
reported.43

The best way to address the issue of whether
prostate cancer screening saves lives is through a
well–designed, well–conducted, prospective ran-
domized clinical trial. Two trials, the Prostate, Lung,
Colorectal and Ovarian (PLCO) Cancer Screening
trial (sample size of 76,693) in the United States and
the ERSPC (sample size of 182,160), were initiated
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in the early 1990s and are currently ongoing. Both
had interim analyses performed this year.

The American study provided 6 years of annual
screening to "38,000 men ages 55 to 70 years and
observed an equivalent number who were managed
according to community standards, ideally with less
intensive screening. Because some men who were in
the nonscreening group were indeed screened, this is
really a comparison of a heavily screened group (85%)
with a less heavily screened group (40%–50%). Men
in the heavily screened group were diagnosed with
22% more prostate cancers. After 7 to 10 years of
follow–up, no evidence of a mortality benefit for
more intensive screening was found (rate ratio, 1.13;
95% CI, 0.75–1.70).44

The European study actually combines 7 studies
and totals 182,000 men. Significant variations in
screening schedule, age at entry, and other factors are
a weakness of this study. Conversely, compared with
the US study, the European study had a lower rate of
screening in the control group and, as a result, men in
the screened arm of the study were diagnosed with
71% more prostate cancers. The composite European
data found a 20% decrease in prostate cancer mor-
tality associated with screening. This study found
that to prevent 1 prostate cancer death, 1,410 men
would need to be screened and 48 additional cases of
prostate cancer would need to be treated. This find-
ing just barely reaches statistical significance (rate
ratio 0.80, 95% CI, 0.65–0.98; adjusted P % .04.).45

However, a complication exists: could the contin-
ued high rate of death from prostate cancer, despite
intensive screening, be due to the screening methods
and not the “failure” of screening?

As discussed earlier, PSA screening proliferated in
the late 1980s after several years of debate as to whether
PSA was a good test for detection. Little was known
regarding the performance characteristics of the PSA
test, such as its rate of detection at varying PSA levels.
In addition, the prostate biopsy was still a test in evo-
lution. For example, articles discussing initial PSA
screening generally used only 4 randomly placed biop-
sies of the prostate to determine whether cancer was
present. Many cancers were missed when 4 or even 6
biopsies were used. Currently, 10 to 12 biopsy cores are
more commonly obtained.9,46

Nonetheless, several “rules” for the use of PSA and
DRE were developed and persist even today, although
we now know that these rules are naı̈ve. The common

PSA threshold for biopsy is 4.0 ng/mL. How a PSA
level of 4.0 ng/mL was reached as a consensus for
determining if a man was “normal” or “abnormal” is
complex.47 Proposed upper limits of normal have
ranged from 2.5 ng/mL to 10.0 ng/mL.48,49

In 2003, the results of the Prostate Cancer Pre-
vention Trial (PCPT) were published. The study
randomized 18,882 men to the oral 5–! reductase
inhibitor finasteride or placebo. The purpose was to
determine whether 7 years of treatment with finas-
teride could reduce the risk of prostate cancer.50

Because finasteride reduces PSA, the study included
a prostate biopsy in all men at the end of their 7 years
of participation, regardless of their PSA and DRE
findings. The study was closed 15 months prior to
study completion due to evidence that the primary
objective had been met: finasteride reduced the risk
of prostate cancer by 24.8%. In 2004, an analysis of
the risk of prostate cancer across all PSA levels was
published.51 As displayed in Figure 2, PSA is not a
“normal” or “abnormal” test but, like many other
screening blood tests (eg, cholesterol), the higher the
level of PSA, the higher the risk of cancer and the
higher the risk of aggressive, high–grade disease.

This observation is important to the issue of
screening. Although the risk of prostate cancer and of
high–grade, aggressive cancer increases even further
beyond a PSA of 4.0 ng/mL, the majority of the US
population ("90%) have a PSA value #4.0 ng/mL.52

As a result, at any point in time, the majority of

FIGURE 2. Risk of Prostate Cancer and Risk of High–grade Disease by
Prostate–specific Antigen (PSA) Level (Based on the Placebo Group of the
Prostate Cancer Prevention Trial). Reprinted with permission from Thompson
IM, Pauler DK, Goodman PJ, et al. Prevalence of prostate cancer among men
with a prostate-specific antigen level # or % 4.0 ng per milliliter. N Engl J Med.
2004;350:2239–2246.
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prostate cancers as well as the majority of the aggres-
sive, most lethal cancers are present in men with a
PSA level #4.0 ng/mL.

A criticism of this observation and its clinical impli-
cation (that consideration should be given to a lower
“normal” level of PSA) is that clinicians can continue to
use a level of "4.0 ng/mL to recommend biopsy and
still detect the tumor in time to cure it. A second
criticism of using lower levels of PSA is that the vast
majority of cancers detected at lower levels tend to be
“insignificant” and of no clinical consequence. If true,
detection would only increase treatment rates, but have
no effect on death rates or morbidity.

A recent analysis of the PCPT suggests this criticism
to be incorrect. Using the most common definition of
“significant” cancer, even at very low PSA levels, the
majority of cancers detected were found to meet the
criteria of “significant disease.”53 More concerning was
the observation that, as PSA increased, even at levels far
below 4.0 ng/mL, the rate of cancers that were no
longer curable increased. Indeed, with PSA levels in the
range of 2.6 to 4.0 ng/mL, 20% were categorized as no
longer curable when detected (Fig. 3). It is important to
understand that these data are based on a histologic
definition of “significant” cancer; given the rates of
significant cancer at low levels of PSA, it would appear
that many “histologically significant” cancers will never
progress to symptoms or death.

The worrisome conclusion of these observations is
that screening with PSA using a single upper limit of

normal of 4.0 ng/mL may carry a risk of detecting
many cancers too late to enable radiation or surgery
to cure the disease. In addition, by increasing the
rates of prostate biopsy in a population of men in
whom prostate cancer was common, rates of cancer
detection may have increased but, because the lethal
cancers were not detected in time, cancer death rates
may not have changed.

Virtually all guidelines regarding screening view
PSA and DRE as dichotomous test results, namely,
either positive or negative. As such, a man with a
PSA level of 4.1 ng/mL is recommended to undergo
a biopsy whereas another man with a PSA level of 3.9
ng/mL is considered normal. Similarly, a man with a
nodule detected on DRE is recommended to un-
dergo a biopsy regardless of whether his PSA is 0.2
ng/mL or 9.8 ng/mL. Other known risk factors are
generally not included in the decision to recommend
a biopsy. Other risk factors that might be helpful
could include whether there is a family history of
prostate cancer (an affected first–degree relative dou-
bles the risk of developing prostate cancer), race/
ethnicity (African American men have a significantly
greater risk of disease and a greater risk of death from
prostate cancer), and age (the risk of prostate cancer
increases with age).54

It is now possible to integrate these other risk factors
into tools that estimate an individual man’s risk of
cancer and his risk of aggressive, high–grade cancer.
Among several tools is the PCPT Risk Calculator
(available at: http://deb.uthscsa.edu/URORiskCalc/
Pages/uroriskcalc.jsp). This tool was based on 5,519
men from the PCPT placebo arm who all underwent a
prostate biopsy, regardless of DRE and PSA findings,
and for whom all data elements were available.55 Vari-
ables found to predict the risk of prostate cancer in-
cluded PSA, family history, history of prior negative
biopsy, and abnormal DRE, whereas variables that were
found to predict the risk of high–grade cancer included
PSA, DRE, age, African American ethnicity, and his-
tory of prior negative biopsy. Given that approximately
two–thirds of prostate cancer deaths occur in men
whose initial biopsy detected high–grade disease, if the
prevention of death due to prostate cancer is a goal of
screening, careful attention should be given to those
variables associated with the risk of developing high–
grade cancer.

To understand how this PCPT analysis demon-
strates that naı̈veté of using PSA and DRE as either

FIGURE 3. Proportion of Cancers Fulfilling Histologic Criteria for Clinical
Significance and Incurability by Prostate–specific Antigen (PSA) Level at Diag-
nosis. Reprinted with permission from Lucia MS, Darke AK, Goodman PJ, et al.
Pathologic characteristics of cancers detected in The Prostate Cancer Preven-
tion Trial: implications for prostate cancer detection and chemoprevention.
Cancer Prev Res (Phila Pa). 2008;1:167–173.
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“positive” or “negative,” several patient examples are
illustrative. Patient A is a 55–year–old white man
with a PSA level of 0.3 ng/mL, no prior prostate
biopsy, a negative family history, and a prostate nod-
ule. Patient B is a 68–year–old African American
man with a PSA level of 2.4 ng/mL, no prior biopsy,
a positive family history, and normal DRE findings.
Using current guidelines, Patient A will receive a
biopsy recommendation, whereas Patient B will be
told “You’re OK.” The PCPT Risk Calculator esti-
mates that Patient A’s risk of prostate cancer is 13%
and his risk of high–grade cancer is 1%. Patient B’s
risk of prostate cancer is 31%, and his risk of high–
grade cancer is 11%. The benefit of using the PCPT
Risk Calculator becomes most evident among men
who have a collection of risk factors that increase
their risk of high–grade disease, especially in African
American and in healthy older men.

Age and Prostate Cancer Risk
It is generally believed that those men most likely to
benefit from the early detection of prostate cancer are
those who are youngest and who would live the
longest to experience harm from their cancers. As a
result of this concern, many guidelines have histori-
cally suggested using lower PSA values to prompt a
biopsy in these men.55 Conversely, it is also believed
that older men with other comorbidities and shorter
life expectancies should be screened less, using higher
PSA values to prompt a biopsy, if at all. For example, a
PSA level of 2.5 ng/mL is often used in men in their
50s to prompt a biopsy, whereas in men in their 70s,
higher levels of 5.5 to 6.5 ng/mL are often used.55

The challenge with this approach is that age is a
strong predictor of the risk of aggressive cancer.56

Using more intensive screening in younger men with
lower PSA levels will result in the detection of pre-
dominantly low–grade, potentially inconsequential
cancers. Conversely, using higher levels of PSA to
prompt a biopsy in older men will result in signifi-
cantly higher rates of aggressive cancer going unde-
tected, especially when applied to African American
men. The 2 risks of using PSA age–related cutoff
values for PSA instead of incorporating all risk vari-
ables is that younger men are increasingly likely to be
diagnosed with inconsequential tumors, whereas
older men may ultimately be found to have aggres-
sive, potentially lethal cancers that are diagnosed too

late to allow curative treatments to be given. Two
sobering statistics attest to this risk in older men.
First, a 78–year–old man in the United States has a
median survival of 10 years; if he is in good health, it
is 15 years.8 Second, the median age at death from
prostate cancer in the United States is 80 years (ap-
proximately half of prostate cancer deaths occur after
age 80 years). Given that death from prostate cancer
is most commonly due to aggressive tumors that
develop, grow, and spread in a shorter period of time,
the current focus on detection in younger men, in
whom slow–growing tumors are more common, may
have missed the mark in our goal to prevent deaths
from cancer.57

Other PSA Tests
There have been several efforts to improve the accuracy
of PSA as a screening test. PSA velocity or an increase
in serum PSA levels over time has been assessed because
velocity appears to be higher in men with prostate
cancer compared with men without the disease. Studies
have suggested that PSA velocity is correlated with
cancer diagnosis, but adds little to the diagnostic accu-
racy of PSA alone.58 A fast–rising PSA does appear to
correlate with more aggressive disease and this is best
demonstrated in men who have been treated for pros-
tate cancer. One study demonstrated that a rise of 2
ng/mL in the year prior to diagnosis increases the risk of
prostate cancer death.59 PSA doubling time is a variant
on PSA velocity.60

Prostate cancers produce more PSA per volume of
tissue than benign prostate tissues. PSA value ad-
justed for prostate volume (PSA density) has been
advocated as a discriminator between cancer and
noncancer causes of PSA elevation. PSA density
requires the placement of a probe into the rectum to
image the prostate and measure prostate volume;
therefore, this more invasive procedure is not rou-
tinely performed.61

PSA is found both circulating free in serum as well
as bound to a macromolecule, !–1–antichymotripsin.
The free–to–total PSA ratio is lower in men with
prostate cancer. It has been proposed as a method to
help determine which men with a PSA level of 4.0 to
10.0 ng/mL should undergo a biopsy. Unfortunately,
the percent free PSA appears to be most useful at
extreme ratios.62 The measurement of complexed
(bound) PSA has also been studied and may provide
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marginally better specificity for cancer than total
PSA.63 Race–specific PSA levels have been proposed
but have not been widely accepted.55,64

The Future of Prostate Cancer
Screening
The future of controlling prostate cancer can be
observed through research efforts that are currently
ongoing. These include the following:

Better Biomarkers
Paraphrasing Willet Whitmore, MD, the “father of
American urologic oncology,” the goal of the early
detection of prostate cancer is to find those tumors
that need to be cured at a point at which cure is
possible.65 The first step in achieving this goal is to
develop tests, often biomarkers, that are not just
reflective of the presence of cancer but the presence
of aggressive, potentially lethal cancer. The best sur-
rogate for these aggressive tumors currently available
is tumor grade, measured by the Gleason score; high–
grade tumors are either Gleason grades 7 to 10 or 8
to 10. As such, biomarkers that help promote detec-
tion efforts in men with high–grade disease, and that
would further identify those tumors that will indeed
progress if left untreated, would be most useful. Of
note, PSA does play a role in that it performs better
as a biomarker for the detection of high–grade dis-
ease.66 A range of other markers have demonstrated
promise in this regard as well.67 These include the
glutathione S-transferase pi gene (GSTP1),68 prostate
cancer antigen 3 (PCA3),69 and sarcosine.70

Ultimately, an important step in improving the
detection of potentially lethal prostate cancer will be
through merging these markers into a collective mea-
sure of the risk of high–grade disease. Unfortunately,
Gleason score is an imperfect measure of risk and
does not always predict outcome of the disease. A
concurrent effort is necessary to discover and validate
biomarkers for their association with the primary
outcome of interest: mortality or morbidity. To that
end, several studies are currently ongoing. One is a
collaboration between the Canary Foundation and
the Early Detection Research Network of the NCI.71

In this study, a large group of men who have opted
for active surveillance of their prostate cancers are
being extensively characterized using a range of bio-
logic and clinical measures. With prolonged fol-

low–up of these men, it will be possible to discover
and possibly validate biomarkers that predict the
presence of not just prostate cancer, but potentially
lethal disease.

Risk Assessment
Very few men will develop complications or die from
prostate cancer. The screening of these men is not
just unnecessary but costly, and leads to the overde-
tection of cancer and treatment–related complica-
tions, as well as a lifelong status of being a cancer
survivor, with the psychologic consequences. A su-
perior approach would be to identify those men who
are at risk of lethal cancer early in life and potentially
apply those cancer biomarkers early and regularly to
detect the disease early.

Prevention
It should be clear from this discussion that the early
detection and treatment of prostate cancer is not a
simple strategy for controlling this disease, especially
because a majority of men will develop the disease
during their lifetime yet few will suffer complica-
tions, even without detection and treatment. An ap-
proach that is attractive to many men is prevention.
Although the recent publication of the results of the
Selenium and Vitamin E Cancer Prevention Trial
indicated that neither selenium nor vitamin E re-
duced the risk of prostate cancer, there is 1 proven
method to reduce a man’s risk of this disease: finas-
teride.72 The PCPT demonstrated that a daily 5–mg
dose, which is the dose used clinically for the treat-
ment of urinary symptoms related to prostate en-
largement, reduces a man’s risk of developing pros-
tate cancer by approximately 25%.50 Initial results
found a higher risk of aggressive (high–grade) can-
cer, but subsequent analyses proved that this was due
to finasteride’s effect on PSA, DRE, and prostate
biopsy to improve the detection of high–grade dis-
ease. Multiple analyses have now demonstrated that
the cumulative impact of finasteride is to reduce the
risk of cancer overall as well as most likely reduce the
risk of high–grade disease.73,74 Whether finasteride
reduces death from prostate cancer to our knowledge
is unknown. As noted in a recent editorial, finasteride
is safe and effective and should be offered as a pre-
vention option to men at risk of developing prostate
cancer.75 A recent American Society of Clinical On-
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cology/American Urological Association Clinical Prac-
tice Guideline recommends that men who are under-
going PSA screening should be informed of this
opportunity for the prevention of prostate cancer.76

As a part of an overall strategy to reduce death and
suffering from prostate cancer, the prevention of the
disease with finasteride may be selected by some men
as an integral component of their approach to this
disease, especially with the complexity and unclear
advantages of early detection and treatment.

What Should a Physician Do?
For patients potentially interested in prostate cancer
screening, physicians should engage them in shared
decision-making; this is of even greater importance
given the outcomes of the recent reports from the US
and European screening studies. It is difficult for
physicians to provide comprehensive and balanced
information concerning prostate cancer screening de-
cisions during a brief clinic visit. The American Col-

lege of Physicians has published a useful summary of
discussion points to consider when counseling pa-
tients about prostate cancer screening41:
" Prostate cancer is an important health problem.
" The benefits of 1–time or repeated screening and

aggressive treatment of prostate cancer have not
yet been proven.

" DRE and PSA measurements can have both false–
positive and false–negative results.

" The probability that further invasive evaluation
will be required as a result of testing is relatively
high.

" Aggressive therapy is necessary to realize any ben-
efit from the discovery of a tumor.

" A small but finite risk for early death and a sig-
nificant risk for chronic illness, particularly with
regard to sexual and urinary function, are associ-
ated with these treatments.

" Early detection may save lives.
" Early detection and treatment may avert future

cancer–related illness.
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