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After the widespread adoption of prostate-
specific antigen (PSA) screening in the early
1990s, prostate cancer diagnoses increased rap-
idly while death rates halved over the course of
the next quarter century.! Initial results from
randomized trials and recommendations against
screening from professional societies, which were
recently moderated, probably contributed to
screening’s falling out of favor over the past
decade.”* Decreased screening has been associ-
ated with a sustained fall in prostate cancer di-
agnoses.! Although not necessarily reflective of
a change in the number of men in whom meta-
static disease will ultimately develop, some evi-
dence suggests that the incidence of metastatic
disease at diagnosis, which had been decreasing
until 2010, may now be rising."*® The decline in
PSA screening has a number of contributing fac-
tors but appears to have been precipitated in part
by misinterpretation of existing randomized data
and lack of attention to follow-up time when the
calculus of harms and benefits is evaluated.
Here, we present a reevaluation of the plausible
long-term effects of PSA screening using the
most up-to-date data available.

A prevailing opinion regarding PSA screening
is that “two large, randomized, controlled trials
of PSA screening showed equivocal or no bene-
fit.” This view is problematic. One of these trials
— the Prostate, Lung, Colorectal, and Ovarian
(PLCO) Cancer Screening Trial — was not useful
for evaluating the efficacy of screening relative
to no screening, because nearly 90% of the men in
the control group had undergone PSA testing.'*3
The other widely cited trial of screening is the
European Randomized Study of Screening for
Prostate Cancer (ERSPC), in which the rate of
screening in the control group was substantial-
ly lower than the rate in the control group of
the PLCO trial."* The most recent update of the
ERSPC estimated that 570 men from 55 to 69

years of age would need to be screened to pre-
vent one death from prostate cancer with 16 years
of follow-up.>!¢ This benefit is qualitatively simi-
lar to recommendations supporting breast can-
cer screening, with the need to screen 1250
women from 50 to 59 years of age, 476 women
from 60 to 69 years of age, and 769 women from
70 to 74 years of age to prevent one death from
breast cancer at 10 years."”

Given the natural history of prostate cancer,
16 years of follow-up from randomization may
not provide a sufficient time horizon to examine
the mortality benefit from screening, because
men often begin screening in their 50s and the
median age at death from prostate cancer is 80
years.! Conflation of the long-term benefits of
screening that are needed to inform policy and
patient decisions and the short-term results avail-
able from clinical trials is highly problematic.
Among men with clinically detected prostate
cancer (usually a more advanced form than
screening-detected cancer) who were followed
for 21 years, mortality from prostate cancer tri-
pled from 15 per 1000 person-years during the
first 15 years to 44 per 1000 person-years there-
after.”® Thus, the absolute benefit of screening
over the longer term may be greater than that ob-
served over the 16-year horizon in the ERSPC as
deaths from prostate cancer continue to accrue.

The benefits of screening cannot be measured
only in mortality reduction and should also re-
flect the diminished morbidity from avoidance
of advanced disease. Metastatic prostate cancer
is incurable and, if symptomatic, can be painful
and debilitating. Its treatment (i.e., androgen
deprivation and chemotherapy) is costly and as-
sociated with long-term toxic effects. Relatively
short-term (12-year) data from four centers par-
ticipating in the ERSPC have shown that screen-
ing results in an absolute risk reduction of
metastatic disease of 3.1 per 1000 men who
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Table 1. Estimates of the Number Needed to Screen and the Number
of Excess Prostate Cancer Diagnoses to Prevent One Death from Prostate
Cancer during the Indicated Follow-up Interval.*

No. Needed No. of Excess
to Screen Diagnoses
Variable (95% Cl) (95% Cl)
16 Yr of follow-up: empirical 570 (380-1137) 18 (12-35)
estimate from ERSPC
25 Yr of follow-up: conservative 385 (273-687) 11 (8-20)

model estimate

* Model estimates are based on extrapolation of deaths from prostate cancer
among men who received a diagnosis of prostate cancer during the first
16 years of follow-up of the European Randomized Study of Screening for
Prostate Cancer (ERSPC), under the assumption that the relative mortality
reduction would continue with additional follow-up. Confidence intervals are
based on 95% confidence limits of the 16-year empirical estimates of mortal-
ity. (For model assumptions and details, see the Supplementary Appendix.)
ERSPC protocols varied among sites. Men underwent randomization between
the ages of 55 and 69 years and at most centers were screened every 4 years,
with referral to biopsy when prostate-specific antigen levels were more than
3.0 ng per milliliter. The stopping age varied from 67 to 78 years of age.

underwent randomization.” The Prostate Testing
for Cancer and Treatment (ProtecT) trial, which
compared monitoring, surgery, and radiotherapy
for localized, largely low-risk prostate cancer,
also clearly showed a reduction in prostate can-
cer metastases with definitive treatment at 10
years of follow-up.®

In light of the oncologic benefits of screen-
ing, patients, providers, and policymakers need
to weigh the value of these benefits against the
harms of screening. Perhaps the greatest of these
harms is the detection of cancers that would not
cause deaths or complications in a patient’s life-
time (“overdetection”) and consequent treatment-
related long-term adverse effects. Although
screening is certainly associated with excess
detection, many prostate cancers that would
present clinically may simply be found earlier
with screening. For instance, the cumulative in-
cidence of prostate cancer in the ERSPC was
13.3% among men in the screening group and
10.3% among men in the control group at 16
years, and the relative risk of prostate cancer
diagnosis in the screening group as compared
with the control group diminished with longer
follow-up time.’® Thus, this discrepancy in rates
probably represents the upper limit of excess
detection associated with screening, because the
control group may continue to “catch up” to the
screening group with additional follow-up.

Since many policymakers now advocate for
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“shared decision making” regarding PSA screen-
ing, it is imperative for patients and providers to
have a clear understanding of the harm-benefit
calculus for screening. Available decision aids for
prostate cancer screening, such as those devel-
oped by the U.S. Preventive Services Task Force
and the American Academy of Family Physi-
cians,??! are limited by their reliance on rela-
tively short-term follow-up (i.e., 13 years) in their
calculations of the benefit of screening. This
reliance on short-term follow-up is rooted in an
unsupported presumption that additional bene-
fit will not continue to accrue over a man’s life-
time. The presentation of data in the above deci-
sion aids also implies that only lethal prostate
cancer would be diagnosed in the absence of
PSA screening. The resultant suggestion is that
screening prevents one death from prostate can-
cer per 1000 men screened at the expense of
diagnosing 100 cancers.

Using a formal, transparent model, we pro-
vide alternative estimates of the long-term effects
of PSA screening (Table 1). The model projec-
tions are based on long-term survival of patients
with prostate cancer and competing mortality in
the United States. The projections assume that the
relative mortality reductions observed in clinical
trials continue to hold, as deaths resulting from
cases diagnosed during the first 16 years of
follow-up continue to accrue (see the Supple-
mentary Appendix, available with the full text of
this article at NEJM.org). The model projects
that 11 additional cases need to be diagnosed to
prevent one death from prostate cancer at 25
years in the United States. Although the preser-
vation of the relative reduction in mortality
among men in whom prostate cancer was diag-
nosed over 16 years of screening in the ERSPC is
uncertain, other assumptions that underpin these
projections are conservative (see the Supplemen-
tary Appendix). Even though other screening
programs are likely to have different magnitudes
of harms and benefits,>? limited data on other
programs are available from randomized trials.
We believe that these projections provide a more
complete picture of the plausible long-term ef-
fects of PSA screening.

Important considerations are not reflected in
these estimates. These include the benefit of
preventing advanced prostate cancers, associated
costs of screening and detection, as well as the
ways in which detection and a cancer diagnosis
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affect a man’s quality of life. Perhaps chief
among these quality-of-life concerns is that
screen detection exposes men to the risks of
treatment, which can have long-lasting effects
on urinary and sexual function. Contemporary
data on these treatment-related side effects show
that the burden of erectile dysfunction and uri-
nary incontinence caused by treatment is of some-
what similar magnitude as the modeled pros-
tate cancer—specific mortality benefit presented
here.?*?% For instance, the ProtecT trial showed
that treating 4 men with prostatectomy or 8 with
radiotherapy rather than active monitoring would
cause one additional case of erectile dysfunction
at 2 years. Similarly, treating 5 men with prosta-
tectomy or 143 men with radiotherapy would
cause one additional case of urinary inconti-
nence.” These data also show that, in contrast
to metastatic prostate cancer, these therapies do
not affect overall health-related quality of life,
with no clinically significant declines in physical
functioning or emotional well-being or wors-
ening in energy or fatigue scores.*?"* It must
be acknowledged, though, that these patient-
reported outcomes may not reflect the full effect
of treatment on these men’s lives.

Also not included in our analysis are more
recent changes to prostate cancer diagnosis and
management strategies that have the potential,
albeit as yet unproven, to refine screening for
the better. Previous work has suggested that the
trade-offs of screening can potentially be im-
proved by stopping testing or testing less fre-
quently, and using more conservative biopsy
criteria, in older men and by using longer
screening intervals for men with low PSA lev-
els.”? Magnetic resonance imaging (MRI) contin-
ues to be evaluated as a triage tool before biopsy,
with the PRECISION (Prostate Evaluation for
Clinically Important Disease: Sampling Using
Image Guidance or Not?) trial indicating that
more than a quarter of men with an elevated
PSA level may safely avoid prostate biopsy by
undergoing a prebiopsy MRIL?*** Although the
data are not yet mature, supplemental biomark-
ers and polygenic risk scores also show promise
in further risk stratification of patients.33? The
harms of overdetection have also been attenuat-
ed in the United States in recent years by divorc-
ing radical therapy from detection. Almost 50%
of U.S. men who receive a diagnosis of low-risk
prostate cancer now opt for active surveillance,

in which cancers are closely monitored rather
than immediately treated.®? If U.S. practice pat-
terns follow those observed in the U.K. ProtecT
trial, more than 50% of men on active surveil-
lance will ultimately cross over to definitive
therapy.*® Although surveillance has harms, it
avoids or delays the risk of erectile dysfunction,
which affects many aging men at baseline.”

Evidence from randomized trials shows that
PSA screening reduces prostate cancer mortality
and prevents metastatic disease. Overdetection
and associated treatment-related complications
remain substantial disincentives. Greater accep-
tance and adoption of active surveillance and
newer diagnostic pathways may already be miti-
gating some of these harms. It is nevertheless
true that despite three decades of PSA screening
in the United States, the long-term magnitude of
benefit balanced against the harms of screening
remains uncertain. Here, we integrate relevant
data under transparent assumptions to evaluate
the trade-offs of PSA screening. As clinicians
who screen, diagnose, and treat patients with
prostate cancer and as statisticians who are de-
voted to understanding the effects of cancer
screening, we suggest that the balance of bene-
fits and harms of screening may be more favor-
able than is generally appreciated.
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