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This chapter addresses issues relevant to prostate cancer overdiagnosis. Factors promoting the overdiagnosis of prostate cancer
are reviewed. First is the existence of a relatively large, silent reservoir of this disease, as can be seen by evaluating autopsy stud-
ies and histologic step-sectioning results of prostates removed for other causes. The second main factor responsible for prostate
cancer overdiagnosis is fairly widespread prostate-specific antigen and digital rectal examination-based screening, which has
been fairly widely practiced in the United States for the past 20 years among heterogeneous groups of men. This has resulted in
the identification of many men from this reservoir who otherwise may never have been diagnosed with symptomatic prostate
cancer and is substantially responsible for the current annual incidence to mortality ratio for prostate cancer of approximately 6 to
1. Finally, the relatively indolent natural history and limited cancer-specific mortality as reported in a variety of contemporary ran-
domized screening and treatment trials is reviewed. We attempt to quantitate the proportion of newly diagnosed prostate cancers
that are overdiagnosed using various trial results and models. We explore the impact of prostate cancer overdiagnosis in terms of
patient anxiety and the potential for overtreatment, with its attendant morbidity. We explore strategies to minimize overdiagnosis
by targeting screening and biopsy only to men at high risk for aggressive prostate cancer and by considering the use of agents
such as b-alpha reductase inhibitors. Future prospects to prevent overtreatment, including better biopsy and molecular character-

ization of newly diagnosed cancer and the role of active surveillance, are discussed.
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Intuitively, the early detection of cancer should result in a survival
benefit if 1) earlier detection results in diagnosis of disease at an
earlier, more curable stage, 2) effective treatment for the disease
exists, and 3) the cancer would have ultimately resulted in death. In
the case of prostate cancer, evidence for the first two factors seems
relatively certain: There is stage migration seen in contemporary
screen-detected prostate cancer (1), and radical prostatectomy is
an effective therapy (2). However in this disease, mortality is more
commonly the result of other competing risks (3,4), and many men
both in the pre—prostate-specific antigen (PSA) era and in the con-
temporary PSA era are destined to die with a diagnosis of prostate
cancer rather than from this cancer. This illustrates the concept of
prostate cancer overdiagnosis.

Cancer overdiagnosis can be defined as the detection of can-
cer that would otherwise not become clinically manifest over a
patient’s lifetime or not result in cancer-related death. This is a
phenomenon that has been observed in a number of cancers includ-
ing lung, breast, and prostate cancer (5,6). Three factors promot-
ing the overdiagnosis of prostate cancer have been identified (6):
the existence of a relatively large, silent disease reservoir, activities
leading to the identification of patients within the reservoir, and an
indolent natural history of limited cancer-specific mortality. This
chapter explores these concepts as they relate to prostate cancer.

Silent Disease Reservoir

There are an estimated 240 890 new cases of prostate cancer diag-
nosed in 2011 (7), and over 2 million existing prostate cancer
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survivors in the United States have accumulated, given that annual
incidence has exceeded current mortality by greater than 6 to 1 for
the past decade or so. Further measures of the burden of this dis-
ease come from several series evaluating the incidental diagnosis
of prostate cancer in autopsy studies of individuals who died from
causes other than cancer (Figure 1) (8-10). In a series of 1056 men,
Powell et al. found that the risk of an autopsy diagnosis of prostate
cancer increased with advancing age (9). For men aged 60-79, the
incidence of prostate cancer in step-sectioned autopsy specimens
ranged from 68% to 77 %. Similarly, an autopsy study from Greece
revealed an age-dependent increase in prostate cancer incidence,
with 14%-30% of specimens containing prostate cancer from men
aged 60-79 (10). Remarkably, in these studies, disease was even
found in men in their twenties (incidence 8%—-11%), highlighting
the long latency period from the development of prostate cancer to
the eventual manifestation of symptoms for many men.

Additional estimates of latent disease prevalence come from the
evaluation cystoprostatectomy specimens. Based on multiple series,
27%-60% of prostates were found to harbor clinically unsuspected
prostate cancer (11-14). Notably, 18%—-53% of these prostates had
histologically significant disease based on varying criteria (most
commonly a tumor volume >0.5 cc, Gleason grade >6, positive
surgical margin, or non—-organ-confined disease).

Detection of Silent Prostate Cancer

Enhanced detection of this latent disease reservoir was facilitated
by the introduction of PSA as a screening test in the 1980s (15),
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Figure 1. Prevalence of autopsy diagnosed prostate cancer in men
dying from other causes (9,10).

resulting in increased prostate cancer detection over preexisting
methods (16). This resulted in many asymptomatic men being diag-
nosed with prostate cancer, corresponding to the observed marked
increase in prostate cancer incidence shortly after the widespread
adoption of PSA tests in the early 1990s (7).

Comparing a man’s current lifetime risk of prostate cancer
(7,16) (approximately 17%) with his approximate 3% risk of pros-
tate cancer mortality provides one measure of the magnitude of
overdiagnosis in this disease (an incidence to mortality ratio of 6:1),
as up to 20% of men in screening programs may be diagnosed with
prostate cancer. Other estimates of the degree of overdiagnosis of
prostate cancer have varied depending on the underlying popula-
tion being studied and screening methodology used. Several large
randomized trials of prostate cancer screening (17-19) can shed
additional light on the magnitude of overdiagnosis by comparing
the two trial arms.

In The Prostate, Lung, Colorectal, and Ovarian Cancer
(PLCO) trial, a study evaluating the survival benefit of screen-
ing, a 22% increased incidence of prostate cancer was seen in the
screening group despite considerable contamination in the usual
care group (52% of men in the usual care group received a PSA
test at some point during the study) (17). There was a 58% increase
in the observed incidence of prostate cancer in the screened arm
compared with the incidence expected in a contemporary US
population (based on Surveillance, Epidemiology, and End Results
[SEER] data) and an approximately 200% increase compared with
men in the pre-PSA era (20), thereby demonstrating the potential
for significant overdiagnosis with annual screening for 6 years as
performed in PLCO. Follow-up of PLCO through 13 years shows
a persistent 12% excess in prostate cancer incidence in the inter-
vention arm (21). Continuous annual screening (versus just 6 years
of annual screening as in the PLCO) may result in additional
overdiagnosis.

The European Randomized Study of Screening for Prostate
Cancer (ERSPC) (18), which evaluated PSA testing every 4 years,
found a statistically significant 20% relative risk reduction in pros-
tate cancer mortality at 9 years with screening in a predefined “core
group” of men aged 55-69. However, the absolute risk reduction in
prostate cancer mortality was only 0.071%, thus resulting in both
large numbers needed to screen (n = 1410) and numbers needed
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to treat (n = 48) to prevent 1 prostate cancer death. In ERSPC,
the prostate cancer incidence rate ratio between the screened
arm and the usual care arm was 1.71 (95% confidence interval
[CI] = 1.32-2.33).

Prostate cancer mortality was reduced by 44% in the Géteborg
trial (19) (of which a subset was included in the analysis of the
ERSPC trial). Similar to PLCO and ERSPC, the incidence rate
ratio between the 2 arms of this trial was 1.64 (95% CI = 1.5-1.8).
The numbers needed to screen (n = 293) and the numbers needed
to treat (n = 12) to prevent one prostate cancer death were still
high (19).

The results from these studies prompted concerns of unac-
ceptably high rates of overdiagnosis (22) and potential for over-
treatment with PSA screening with a relatively small impact on
mortality. Based on data from the Goteborg trial (19), screening
1000 men for 14 years would prevent only 5 prostate cancer deaths
(decrease from nine men to four men) and result in the diagnosis of
approximately 120 men (23).

Other measures of the degree of overdiagnosis in prostate can-
cer have been published (6,24-27). Using ERSPC data, Welch and
Black estimated that 60% of such screen-detected cancers were
overdiagnosed (6). Draisma et al. (24) assessed overdiagnosis in US
men aged 54-80 years in 1985-2000 by using three different math-
ematical models applied to incidence data from the SEER program.
Estimates of overdiagnosis ranged from 23 % to 42% for the popu-
lation studied. When these models were applied to estimates from
the Rotterdam section of the ERSPC, 66% of screen-detected can-
cers were felt to be overdiagnosed (24). Previous simulation analy-
sis has shown that the age of diagnosis heavily influences the degree
of overdiagnosis, with estimates ranging from 27% of men aged
55 years to 56% of men aged 75 years (22). These results are par-
ticularly relevant, given the findings of Drazeret et al. (28), which
demonstrate that substantial PSA testing occurs in men in the
United States aged 65-79 years (approximately 45%), and those of
Albertsen et al. (29), which showed that 31% of elderly men with
limited life expectancy are still screened for prostate cancer in a
contemporary population.

Racial differences also influence estimates of overdiagnosis.
Etzioni et al. (25) modeled the effect of racial differences on pros-
tate cancer overdiagnosis using SEER registry data from 1988
through 1998. Overdiagnosis was found to be more common in
black men (44%) than in white men (29%). The authors also esti-
mated that the use of PSA would identify up to 37% of autopsy
cancers in black men and 15% in white men (25). Telesca et al.
(26) also identified racial differences in overdiagnosis, finding that
34.4% and 22.7% of screen-detected cancers are overdiagnosed in
black and white men, respectively.

Based on a more strict definition of clinically significant cancer,
with significant cancers defined as those resulting in cancer-specific
death, McGregor et al. (27) reported an overdiagnosis rate of 84%
due to screening. This estimate is understandably higher than
others, given the limited prostate cancer mortality seen in men
with prostate cancer (3,4) and especially in those men with other
comorbidities (29). The impact of comorbidity on a man’s chance
of dying from prostate cancer has been well described (29). Despite
having aggressive cancer (clinical T1c and Gleason grade 8-10),
men with comorbidities were up to five times as likely to die of
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other causes. As expected, competing causes of mortality were even
more influential in patients with intermediate-to-low-risk disease
(clinical T'1c and Gleason grade 5-7) (29).

Indolent Natural History of Prostate Cancer

The majority of screen-detected prostate cancers are asymptom-
atic and clinically localized, with 94% of newly diagnosed man
having T'1 or T2 disease based on SEER data from 2004 to 2005
(1). These localized tumors have been shown to have favorable,
long-term oncologic outcomes. Lu-Yao et al. (4) evaluated out-
comes of men diagnosed with localized disease, who were initially
managed conservatively. The 10-year prostate cancer—specific mor-
tality was 9.1% and 25.6% for moderately differentiated (Gleason
grade 5-7) and poorly differentiated (Gleason grade 8-10) cancers,
respectively (4). Similar estimates stratified by comorbidity were
seen by Albertsen et al. (29).

The observation arms of two randomized studies (2,30) pro-
vide further insight into the natural history of this disease. The
Scandinavian Prostate Cancer Group 4 Trial randomized 695 men
with clinically detected cancer to watchful waiting or radical pros-
tatectomy in 1998-1999. After a median follow-up of 12.8 years,
81 of the 201 deaths in the watchful waiting group (n = 348) were
due to prostate cancer resulting in a 15-year prostate cancer—
specific mortality of 20.7%, in a population of men who were diag-
nosed prior to the wide acceptance of PSA screening (2). Lower
cancer-specific mortality was also observed in the observation arm
(n = 367) of the Prostate Cancer Intervention Versus Observation
Trial (PIVOT), which enrolled men with screen-detected cancers
in the “early” PSA era, accounting for only 31 out of a total of 183
deaths, at a median 10-year follow-up (30).

Impact of Overdiagnosis

PSA screening itself and a resultant diagnosis of prostate cancer
have been found to have detrimental effects on mental health,
including anxiety and depression (31). The US Preventive Services
Task Force concluded that false positives associated with screen-
ing result in adverse psychological effects; however, the magnitude
of these has not been quantified (32). A measurable impact of the
diagnosis of prostate cancer was seen in a population-based analy-
sis, which revealed a significant increase in cardiovascular events
(relative risk [RR] = 1.3,95% CI = 1.3-1.3) and suicide (RR = 2.6,
95% CI = 2.1-3.0) within the first year following a diagnosis, with
an even more pronounced effect noted in the first week after diag-
nosis (33).

While overdiagnosis per se is detrimental, an additional major
concern is the resultant overtreatment of screen-detected tumors.
In the United States, most men with such cancers receive aggressive
treatment: 91% of men in PLCO (17) and 92.5% of men in The
Cancer of the Prostate Strategic Urological Research Endeavor
(CaPSURE) (34) were treated. Welch and Albertsen estimated that
80% of the 1.3 million extra cancer diagnosed in the first 20 years
of PSA screening were aggressively treated (35). Such treatment is
unlikely to yield a survival benefit in those with indolent disease
(30) or in those men older than 65 years (2), but it can result in
a considerable decrease in quality of life as a result of potentially
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persistent urinary, sexual, and bowel dysfunction (36). Active sur-
veillance of such low-risk disease could potentially mitigate some
of this overtreatment and has shown favorable outcomes in care-
fully selected patients (37,38). However, of all men diagnosed
between 1999 and 2004 who were eligible for active surveillance
in the CaPSURE database, only 9% were managed with active sur-
veillance (39). Following the increased acceptance of active surveil-
lance, the overtreatment of patients with low-risk disease appears
to be improving with time (34).

Opvertreatment largely occurs because physicians cannot defini-
tively distinguish indolent from potentially aggressive disease
(40). Nomograms, models, and various online tools can evaluate
clinical variables and prognosticate risk, but their applicability at
an individual level is unclear. Improved biopsy techniques using
three-dimensional mapping of the prostate (41,42) have increased
the diagnostic yield of biopsy and provide more accurate assess-
ment of tumor volume and grade, both of which have considerable
impact on patient management. Progress is also being made with
molecular markers on biopsy specimens (43). Continued progress
with such strategies should assist with better risk prognostication
and improve selection of more appropriate risk-based therapies for
patients, such as active surveillance.

Efforts have also been made to better identify aggressive dis-
ease preoperatively by using PSA isoforms. Although some groups
have demonstrated the improved diagnostic yield of PSA isoforms,
such as percent free PSA (ie, PSA that is unbound to plasma pro-
teins), intact PSA (a form of free PSA that has not been inter-
nally cleaved), and human kallikrein-related peptidase (hk2) (a
serine protease that shares 80% sequence homology with PSA)
in predicting biopsy outcome (44-46), their utility in predicting
aggressive disease and biochemical recurrence is less clear. Some
series have found that a lower percent free PSA correlates with
aggressive pathology at radical prostatectomy (extracapsular exten-
sion and seminal vesicle invasion) (47,48) and biochemical recur-
rence (48,49) following radical prostatectomy, whereas others have
refuted both of these observations (50,51). Additionally, although
the use of a four kallikrein panel including free, intact, and total
PSA as well as hk2 improves biopsy outcome prediction and thus
can potentially reduce the number of biopsies performed (52), such
a panel does not sufficiently distinguish indolent from aggressive
disease and thus at this time is unlikely to influence treatment deci-
sions at the individual patient level.

Prospects to Reduce Overdiagnosis

One strategy to decrease overdiagnosis is to selectively apply
screening and/or biopsy only to those individuals at highest risk of
prostate cancer mortality. These men can potentially be identified
on the basis of certain specific risk factors (53). Examples of such
risk factors include a family history of prostate cancer (54,55),
which can predict an increased risk of prostate cancer (hazard ratio
[HR] = 23 for men before age 65 years with 3 affected brothers),
and African American race (7,53,56,57), which can predict increased
prostate cancer mortality (mortality rate increased 2.4 times in
African Americans compared with Caucasians).

Numerous groups have evaluated the utility of serum PSA as
predictor of future aggressive disease. Lilja et al. (58) evaluated the
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predictive ability of a baseline PSA in 21 277 men aged 33-50 years
from the Malmé Preventive Project. At a median follow-up of
23 years, a strong association between baseline PSA in these rela-
tively young men, who likely did not have much benign prostatic
hyperplasia to confound their PSA levels, and subsequent advanced
cancer was observed (area under the curve 0.75). The authors con-
cluded that low-risk men (those with a baseline PSA below the
median of 0.65) could be screened less often, which may help to
decrease the diagnosis of indolent cancers. Vickers et al. (52) also
reported on the predictive ability of a PSA value at age 60 using
1167 men from the Malmé Preventive Project. Men with a PSA
of less than or equal to 1ng/ml were unlikely to develop clini-
cally significant prostate cancer over 25 years of follow-up (0.5%
risk of metastasis, 0.2% risk of death from prostate cancer) (52).
Data from the Rotterdam arm of the ERSPC revealed a 0.15%
incidence of prostate cancer mortality at 11.5 years in men aged
55-74 years with an initial PSA of less than or equal to 3 ng/ml (59).
In this group of men, further significantly reduced cancer-specific
mortality was seen in those with an initial PSA of less than or
equal to 1ng/ml (59). Recently Williams et al. developed an Early
Detection Research Network (EDRN)-derived prediction model
and validated it in the Prostate Cancer Prevention Trial placebo
group, which uses clinical factors to selectively detect only aggres-
sive cancers (60).

An alternative approach to decrease overdiagnosis would be to
improve the diagnostic performance of PSA as a screening test. PSA
is not prostate cancer—specific (61,62); because it generally increases
with age, many men undergo prostate biopsy and are discovered to
have incidental cancer merely because of progression of their benign
prostatic hyperplasia. Use of 5-alpha reductase inhibitors can increase
the specificity of PSA for aggressive prostate cancer by limiting the
confounding contributions of PSA produced by benign prostatic
hyperplasia (63—65). Moreover, 5-alpha reductase inhibitors reduce a
man’s chance of being diagnosed with low-grade cancer by 25%-30%
(66,67), as well as potentially reducing biopsy progression of men on
active surveillance (68). However, the exact role of these medications
remains undefined, given concerns that these medications may pre-
dispose men to developing high-grade prostate cancer (69).

Restricting screening to men without comorbidity may also
be of benefit in potentially improving survival outcomes (70)
and decreasing overdiagnosis. Men with comorbidities have been
shown to have, in general, a reduced risk of prostate cancer—specific
mortality and an increased overall mortality (29,71). Daskivichet al.
(71) demonstrated a twofold increase in other-cause mortality with
each point increase in Charlson comorbidity score in men with
nonmetastatic prostate cancer.

Conclusions

The confluence of three previously described factors (6)—a large
latent pool, activities leading to diagnosis (screening), and a long nat-
ural history—results in substantial overdiagnosis of prostate cancer.
Although some degree of overdiagnosis must be accepted in any dis-
ease detected with screening, the overdiagnosis rate currently seems
excessively high. There are some plausible strategies to help reduce
the overdiagnosis of prostate cancer, for example, selectively targeting
“high-risk” groups and young men with limited or no comorbidity.

Journal of the National Cancer Institute Monographs, No. 45, 2012

Ongoing efforts are required to improve prognostication and allow
for appropriate risk-based treatment so that costly overtreatment,
perhaps the most significant sequela of overdiagnosis, can be avoided.
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