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Abstract

Widespread prostate-specific antigen (PSA) screening detects many cancers that would have 

otherwise gone undiagnosed. To estimate the prevalence of unsuspected prostate cancer, we 

reviewed 19 studies of prostate cancer discovered at autopsy among 6024 men. Among men aged 

70-79, tumor was found in 36% of Caucasians and 51% of African-Americans. This enormous 

prevalence, coupled with the high sensitivity of PSA screening, has led to the marked increase in 

the apparent incidence of prostate cancer. The impact of PSA screening on clinical practice is 

well-recognized, but its effect on epidemiologic research is less appreciated. Before screening, a 

larger proportion of incident prostate cancers had lethal potential and were diagnosed at advanced 

stage. However, in the PSA era, overall incident prostate cancer mainly is indolent disease, and 

often reflects the propensity to be screened and biopsied. Studies must therefore focus on cancers 

with lethal potential, and include long follow-up to accommodate the lead time induced by 

screening. Moreover, risk factor patterns differ markedly for potentially lethal and indolent 

disease, suggesting separate etiologies and distinct disease entities. Studies of total incident or 

indolent prostate cancer are of limited clinical utility, and the main focus of research should be on 

prostate cancers of lethal potential.
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Introduction

Prostate-specific antigen (PSA) screening has led to a dramatic increase in the apparent 

incidence of prostate cancer and drastically changed its epidemiologic characterization. By 

2010, over half of U.S. men over age 40 were screened in the previous two years1. The high 

sensitivity of PSA screening, and the long lead time of approximately eleven years2-5 has 

led to widespread overdiagnosis and overtreatment6 of prostate cancer and complicated 

large-scale screening trials, leading some to advocate that routine screening be 

abandoned7-9.

These far-reaching effects of PSA screening are a direct consequence of the large prevalence 

of undiagnosed prostate cancer. In Part I of this review, we present data estimating the 

prevalence of asymptomatic prostate cancer. The high prevalence of prostate cancer at 

autopsy is often cited to indicate widespread presence of clinically insignificant disease7. 

However, no previous study has provided a systematic analysis. By combining data from 19 

studies, encompassing over 6,000 men, we could define the age-related prevalence with 

much greater precision than previous studies, the largest of which only included 1,185 

men10. In Part II, we discuss the implications of the high prevalence of indolent prostate 

cancer for observational studies and clinical trials. We show that risk factor patterns for 

potentially lethal prostate cancer diverge sharply from those for indolent disease, suggesting 

different etiologies and distinct entities. Studies of overall incident prostate cancer mainly 

reflect indolent disease; future research should instead focus on clinically relevant tumors of 

lethal potential.

Part I: Prevalence of asymptomatic prostate cancer at autopsy and random biopsy

Search strategy and selection criteria—To identify studies of prostate cancer found at 

autopsy, we searched Medline (PubMed) using the following search terms: ‘latent prostate 

cancer’, ‘prostate cancer autopsy’ in addition to manual searches of the bibliographies. We 

found 40 studies published in English between 1935 and January 2014; all but two before 

widespread PSA screening became common (1990). In the 19 included studies, prostates 

were fully removed and fixed, and entirely step-sectioned in 3-5mm slices11. We excluded 

studies that included men with a clinical diagnosis of prostate cancer or did not stratify by 

age. When age categories in an individual study did not line up exactly, we assigned those 

data to the upper age range. For example, the data from age category 45-54 was grouped in 

our 50-59 age category. A total of 6024 prostates from 19 studies were included11-30. We 

calculated the age-specific prevalence by dividing the total number of cases within an age 

category by the total number of prostates examined within each age category across all 

studies.

Table 1 provides the details of each study included in this analysis. Ten were from the US, 

and 17 countries were represented. We observed a marked age-related increase in the 

prevalence of incidental prostate cancer discovered at autopsy (Table 2), with a prevalence 

of 47.3% among US White and European men aged 80+. These findings are provided in 

graphical form in Figures 1-3. These data underestimate the true cumulative incidence of 

total prostate cancer because they do not include clinically diagnosed cases. The number of 

diagnosed cancers with low-risk features, though substantial, is therefore small compared to 
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the millions of undiagnosed cases. Projected to the current age and racial distribution, these 

data suggest roughly 45 million cases of potentially detectable prostate cancer in the US. By 

contrast, an estimated 2.9 million US men are living with a prostate cancer diagnosis31.

We observed pronounced ethnic differences: in men 70-79, the prevalence was 50·5% in 

U.S. Blacks, 35·7% of whites, and 21·2% in Asian autopsies. These trends parallel observed 

incidence rates by ethnicity32, suggesting that ethnic discrepancies in prostate cancer 

incidence are not solely due to different PSA screening patterns.

These studies of prostate cancer at autopsy were published over the span of 71 years, but we 

found no strong trends for changes in prevalence over calendar time. The findings are 

limited by sparse data, particularly among US Black men, but the estimates are generally 

consistent within racial groups. These findings do not support the adage33 that the 

prevalence of prostate cancer is equal to the decade of age, e.g. 70% among those aged 

70-79. Nonetheless, based on autopsy findings and diagnosed low-risk tumors we estimate 

that among 70-79 year olds, more than one-third of Caucasian men and half of African 

American men have indolent prostate cancer that would not cause harm if undiagnosed and 

untreated.

The prevalence of undiagnosed prostate cancer at autopsy is consistent with the high 

prevalence found upon routine (i.e., not screen-directed) prostate biopsy, as illustrated by 

findings from the 7-year randomized trial of Finasteride among men (median age 63.2) with 

a normal digital rectal exam and PSA ≤ 3·0 ng/ml. At the end of the trial, all men who had 

not been diagnosed with prostate cancer were offered an end-of-trial biopsy. This was 

performed in 3820 men in the placebo arm, which revealed 576 cases (15·1%) of 

unsuspected prostate cancer34. Overall, 24% of the men in the placebo arm were diagnosed 

with prostate cancer by per-protocol end of trial biopsy or biopsy as indicated by PSA-

screening. In comparison, we observed that 22% of men 50-59 years old and 29% of men 

60-69 years old had undetected prostate cancer on autopsy. The prevalence in that trial likely 

underestimates the true prevalence of indolent prostate cancer in that age group due to the 

low PSA requirement for study selection, the exclusion of men diagnosed with prostate 

cancer during the trial and the imperfect nature of non-targeted sextant biopsy sampling.

The high prevalence of asymptomatic and unsuspected prostate cancer, as demonstrated by 

these autopsy and biopsy studies, underlies the potential for widespread diagnosis of cases 

of prostate cancer that would have caused no clinical harm had they remained undetected. 

The overdetection of prostate cancer has obvious adverse clinical consequences, since most 

treated men experience no direct clinical benefit from treatment35. It has been estimated that 

42-66% of diagnosed prostate cancers would have caused no clinical harm had they 

remained undetected2.

Part II: Implications of PSA screening for population research

Distinct Etiologies of Lethal and Indolent Prostate Cancer—A major question is 

whether the apparently indolent disease merely represents an earlier stage that would 

eventually become lethal, or if the two represent etiologically distinct entities. The high 

prevalence of undetected prostate cancer at young ages – 23% for white men in their 40’s – 
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might argue for different entities. Indeed, if even half those cases became lethal within a 

thirty-year time frame, the death rate from prostate cancer would be much higher than 

observed. Moreover, Giovannucci et al. have pointed out that prostate cancers of lethal 

potential, defined here as prostate cancer that has the potential to cause death or clinical 

metastases, have a different pattern of risk factors as compared with indolent disease36. 

Figure 4 summarizes the marked differences in relative risk estimates for lethal and indolent 

disease for a variety of risk factors in the Health Professionals Follow-Up Study. To reduce 

variability in outcome definitions and avoid publication bias, we only included results from 

this cohort in the figure, but a similar pattern of differences is observed in other cohorts. 

Smoking is related to higher risk of lethal prostate cancer (Hazard Ratio (HR): 1.41; 95% 

Confidence Interval (CI): 1.04-1.91), but not to risk of indolent disease (HR: 0.88; 95% CI: 

0.77-1.01)36. Similarly, height has a robust association with lethal (HR: 2.06; 95% CI: 

1.24-5.44) but not indolent disease (HR: 1.05; 95% CI:0.88-1.27)36; this is unlikely due to 

detection bias and instead supports the biologic distinction between indolent cancers and 

those with lethal potential. Other protective factors including coffee37, lycopene38, fish 

consumption39, vigorous physical activity40, and statin use41, have all been linked to lower 

risk of lethal disease, but the findings are weaker and much less consistent for overall or 

indolent prostate cancer.

In addition to the Health Professionals Follow-Up Study, other studies have observed 

differences in risk factors for lethal and total incident prostate cancer outcomes. For 

example, among men in the screened group of the PLCO, cruciferous vegetable intake was 

inversely associated with extraprostatic cancer (HR: 0.60, 95%CI: 0.36-0.98, p-trend: 0.02), 

but was not significantly related to total prostate cancer (HR: 0.85, 95%CI: 0.64-1.14). That 

study population was PSA-screened annually, thus reducing possible detection bias. Note 

that in these and other studies that compare advanced or lethal disease to overall prostate 

cancer, the advanced cases are included in the total; thus, the contrast between potentially 

lethal disease with indolent is underestimated. Our findings for differences in risk factors for 

lethal versus indolent prostate cancer were replicated in meta-analyses of body mass index, 

smoking, and fish intake42-44.

Differences in findings between studies of prostate cancer epidemiology in the pre-PSA 

versus the PSA era are instructive because a much larger fraction of cases diagnosed before 

PSA screening had lethal potential. Before screening was introduced, potentially lethal cases 

could be identified as those with advanced stage (T3b or higher) at diagnosis, but in the PSA 

era, over 90% of cases present with early stage disease45. Of course, even before PSA 

screening was initiated, some cases were indolent and diagnosed in the course of assessing 

urinary symptoms unrelated to the cancer. The same is true for cases diagnosed in countries 

without systematic PSA screening. Nonetheless, pre-PSA cases were clearly enriched with 

those of lethal potential, as compared with the present distribution in screened populations. 

Hence, epidemiologic studies of overall prostate cancer in the pre-PSA era tended to observe 

relative risk estimates closer to those found for lethal disease in contemporary studies. The 

differing pattern of risk factors for lethal versus indolent disease implies that prostate 

cancers of lethal potential should not be considered simply as a subgroup of total prostate 

cancer, but rather as a distinct entity that should be the main outcome for research. We 

recognize the possibility of a spectrum of aggressiveness, and of course cannot exclude the 
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potential for some apparently indolent disease to eventually become lethal. We also 

recognize that in practice, there is inevitable misclassification between these two categories. 

Any man with metastatic disease or prostate-specific death would be correctly classified as 

“lethal”, but some men with potentially lethal disease die of another cause before clinical 

metastases appear, and some are cured through early treatment, and would be misclassified 

as indolent. However, from both a clinical and research perspective, a dichotomy of indolent 

versus potentially lethal disease serves as a useful approximation to guide study design and 

investigation.

The limited success in identifying genetic variants that preferentially predict lethal prostate 

cancer – in contrast with the many confirmed risk SNPs for overall prostate cancer – 

combined with the more consistent data supporting a role of diet and lifestyle factors for 

development of lethal, but not total, prostate cancer - suggests the possibility that genetic 

factors mainly provide more susceptibility, and environmental factors may play a greater 

role in determining risk of progression to lethal outcomes. This hypothesis is supported by 

the finding that family history is a risk factor of similar magnitude for lethal and indolent 

prostate cancer, in contrast to many of the risk factors showing marked differences between 

those two outcomes.

Surrogate Endpoints for Lethal Prostate Cancer—A common approach to dealing 

with the difficulty of the diminishing number of advanced cases at diagnosis in the PSA-era 

is to use surrogate markers of lethal disease, particularly high grade Gleason disease, or 

biochemical recurrence (i.e., PSA rise) after primary treatment. Certainly both of these are 

predictors of lethal prostate cancer, but they are poor surrogates for lethal disease. Most men 

diagnosed with Gleason 7 die of a cause other than prostate cancer46, 47, and the same is true 

for men with PSA rise after treatment48. Gleason score was not widely reported in the 

studies of prostate cancer at autopsy, and changes in the Gleason scoring criteria over time 

further complicate this review. However, Zlotta and colleagues reported 37% of 320 prostate 

cancers autopsied in Caucasians between 2008 and 2011 were Gleason score 7-10 and 11% 

had extraprostatic extension26. Thus, the presence of Gleason pattern 4 is insufficient to 

identify potentially lethal disease.

The challenges of prostate cancer epidemiology in the PSA era are well illustrated by recent 

studies of marine fatty acids (largely reflecting fish intake). Brasky and colleagues reported 

positive associations of high plasma levels of long-chain ω-3 polyunsaturated fatty acids 

(marine fatty acids) and risk of total and high-grade prostate cancer49. This finding stands in 

stark contrast to the results of several studies focusing on risk of prostate cancer mortality, 

which show significant inverse relations with fish intake (meta-analysis of 4 cohort studies 

HR: 0.37; 95% CI: 0.18-0.74) and a null relationship with total incident prostate cancer 

(meta-analysis of 12 cohort studies HR: 1.01; 95% CI: 0.90-1.14)50. The association 

reported by Brasky et al. with higher grade Gleason score was that of similar magnitude as 

the overall association, and cannot be considered to reflect risk of lethal disease.

These conflicting results might be explained by detection bias (i.e., the probability of being 

diagnosed with prostate cancer was associated with the exposure) in Brasky’s study. That 

study of 834 cases included only one above stage T3. In US populations, fish consumption is 
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a characteristic of health-conscious behavior and is directly correlated with intensity of PSA 

screening51. Thus, the modest apparent increase in risk of overall prostate cancer was likely 

due to more screening in men with higher fish consumption and hence more diagnoses of 

prostate cancer. Indeed, in the Physicians’ Health Study we found an apparent increase in 

overall prostate cancer associated with higher fish consumption. After adjustment for PSA 

screening, this apparent increase disappeared51.

Likewise, because screening and early treatment can reduce prostate cancer specific 

mortality52 researchers must be alert to the possibility that an apparent protective factor for 

lethal disease might simply be a marker of screening propensity. In the studies of fish intake, 

an inverse association with lethal prostate cancer remained strong even after excluding all 

PSA-detected cases. Thus, to avoid simply identifying markers of screening behavior, 

epidemiologic analyses must carefully control for PSA-screening.

Implications for Clinical Trials—Another consequence of PSA screening is that the 

follow-up for studies focused on prostate cancer prevention must be very long to be 

informative for lethal prostate cancer, due to the long lead-time of PSA-detected cases. Lead 

times estimates vary depending upon the methods and definitions, but estimates of 8-12 

years are well founded3. Hence, the follow-up period of trials in the PSA era must be at least 

8-12 years just to get to the median point at which cases would have been diagnosed in the 

pre-PSA era. Even trials of this length will have only modest power to detect any effect of 

the intervention on clinically significant, prostate cancers of lethal potential since men can 

live many years beyond the time of clinical detection. Indeed, in the most recent report from 

the Swedish trial of surgical intervention versus watchful waiting, findings for a marked 

benefit of surgery for prostate-specific and total prostate cancer emerged clearly only after 

15 years of follow-up53. In contrast, shorter-term studies are likely to be uninformative. For 

example, the SELECT trial was conducted among 35,533 men with prior PSA screening to 

test selenium and vitamin E as preventive agents. The trial was terminated, with null results 

reported for both interventions, after a median of 5.5 years. By that time, 1,758 cases of 

prostate cancer were diagnosed, but only 10 (0·6%) were stage T3 or higher and one prostate 

cancer death54. Thus, this trial could not provide an adequate test regarding the effect of 

selenium or vitamin E supplements on risk of lethal prostate cancer.

Trials of PSA Screening on Mortality—Similarly, because of the long lead-time 

created by PSA screening, the full impact of PSA screening on mortality due to prostate 

cancer cannot emerge until 15-20 years have elapsed. The challenge of maintaining an 

adequate contrast between screened and non-screened groups in randomized controlled trials 

over such a long interval is formidable. This is illustrated by the PLCO screening trial, in 

which the “unscreened” group had considerable screening before the trial began, and had 2.7 

PSA tests on average in the 6 years of intervention versus an average of 5 PSA tests in the 

screened group55. Indeed, the PLCO control group had more intensive screening on average 

(only 21% had no PSA test) than the screening arms of the European trials, which showed a 

reduction in fatal prostate cancer56. Thus, the null findings in PLCO are not surprising, 

though the U.S. Preventive Services Task Force missed this critical distinction in their 

summary of the evidence9, as reviewed by Carlsson57. Indeed, the Göteborg PSA screening 
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trial has the longest follow-up, and with adequate distinction of screened versus unscreened 

men, demonstrated a significant reduction in prostate cancer mortality only after a median of 

14 years of follow-up58.

Conclusion

Autopsy studies confirm a high prevalence of asymptomatic and undiagnosed prostate 

cancers in men as young as 30 years of age, and the prevalence increases with age such that 

about half of Caucasian men over 80 years likely have indolent prostate cancer. By 

combining data from 19 studies, encompassing over 6,000 men, we could define the age-

related prevalence with much greater precision than previous studies10. In conjunction with 

the downward stage shift and long lead-time for PSA screening, this has had a major impact 

on the epidemiology of prostate cancer. In the PSA era, studies of total incident prostate 

cancer largely describe men diagnosed through PSA screening who may not otherwise 

experience clinical symptoms. In many instances, the risk factors for total prostate cancer 

merely reflect propensity for screening, and when compared with risk factors for lethal 

disease, suggest distinct etiologies between indolent and lethal prostate cancers. Until better 

surrogates are identified and validated, population and prevention research should focus on 

risk of potentially lethal prostate cancer as the primary outcome.
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Figure 1. 
Prostate cancer diagnosed at autopsy by race: comprehensive summary of all 19 

published studies, including 6024 men.
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Figure 2. Forest plot of autopsy studies of undiagnosed prostate cancer among men age 60-69
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Figure 3. Forest plot of autopsy studies of undiagnosed prostate cancer among men age 70-79
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Figure 4. Differing patterns of risk factors for indolent and lethal prostate cancers
Multivariable relative risks for the highest category versus reference category for selected 

variables from published results separately for total, incident, or organ-confined prostate 

cancer (blue) and lethal/advanced/fatal prostate cancer (red) in the most recent Health 

Professionals Follow-Up Study (HPFS). Data were selected with a preference for indolent or 

organ-confined and lethal or fatal outcomes as indicated. See original publications for 

covariates that were adjusted for in Cox models36, 37, 39, 40, 59.*indicates statistical 

significance.
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Table 1
Included autopsy publications

Author, publication year Collection dates Number of prostates
examined

Population location

US White and European

Moore, 1935 (8) 1931-1932 304 Austria

Andrews, 1949 (9) 142 United Kingdom

Edwards, 1953 (10) 1942-1945 173 Canada

Franks, 1954 (11) 220 U.S.

Halpert*, 1965 (12) 70 U.S. veterans

Lundberg, 1969 (13) 1967 292 Sweden

Breslow*, 1977 (14) 594 Israel, Sweden,
Germany

Guileyardo*, 1980 (15) 293 U.S.

Holund, 1980 (16) 1971-1977 223 Denmark

Stemmermann, 1992 (17) 1970-1990 293 U.S. men of Japanese
descent

Sakr*, 1993 (18) 54 U.S.

Sanchez-Chapado, 2003 (19) 146 Spain

Soos, 2005 (20) 139 Hungary

Stamatiou, 2006 (21) 2002-2004 212 Greece

Powell*, 2010 (22) 1993-2004 426 U.S.

Zlotta*, 2013 (23) 2008-2011 220 Russia

US Black

Halpert*, 1965 (12) 30 U.S. veterans

Guileyardo*, 1980 (15) 207 U.S.

Sakr*, 1993 (18) 98 U.S.

Powell*, 2010 (22) 1993-2004 630 U.S.

Asian

Lee, 1972 (24) 156 Singapore

Akazaki, 1973 (25) 1969-1972 239 Native Japanese in
Japan

Breslow*, 1977 (14) 415 Hong Kong,
Singapore

Yatani, 1988 1965-1979
1982-1986

576
660

Japan

Gu, 1994 (26) 1989-1992 350 China

Zlotta*, 2013 (23) 2008-2011 100 Japan

*
Study includes more than one race. Collection dates were not reported in all studies.
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