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The Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial:
The prostate cancer screening results in context
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Abstract

Background. The Prostate, Lung, Colorectal and Ovarian Cancer Screening Trial (PLCO) was conducted in sites around
USA during a period of marked secular changes in the use of prostate specific antigen (PSA) screening for prostate cancer.
Material and methods. Trends in prostate cancer incidence, stage at presentation and mortality are useful when interpreting
the results from a screening trial that commenced in 1993 and enrolled participants through 2001. The last participants com-
pleted active screening in 2006. Incidence and mortality data published to date on PLCO need to be placed into the context
of the secular trends. Additional data analyses have been conducted on subsets of the participants and these results can also
enhance the interpretation of the trial. Additionally, the accompanying biospecimen repository has served as a rich research
resource yielding informative findings. Results. The PLCO is best viewed as a trial comparing a regimented active annual
screening program of PSA screening for six rounds, four of which had accompanying digital rectal examination (DRE) to
patterns of screening that were occurring in the population in many academic and community settings across the USA.
The epidemiology and molecular genetics of prostate cancer is becoming better understood and analyses of the PLCO
resource have contributed. One approach to risk assessment utilizing genetic markers from selected members of the PLCO
prostate cancer cohort has been developed. A modeling effort with CISNET-ERSPC-PLCO is underway to compare and
contrast findings such as effects of different PSA thresholds and screening intervals. Conclusions. The information emerging
from PLCO is useful to inform the debate around prostate cancer screening. An understanding of the biologic differences
underpinning indolent and aggressive prostate cancer will better guide the future development of screening and treatment
strategies.

Background The Food and Drug Administration approved the
PSA testin 1986 as a way to monitor men after treat-
ment. It was then studied as a means of detection of

prostate cancer [2]. The medical community recog-

Prostate cancer has been the leading cause of cancer
in males in USA for decades [1]. In the late 1970s near
the inception of the Surveillance Epidemiology and End

Results (SEER) Registry (http://seer.cancer.gov/), pros-
tate cancer incidence was similar to lung cancer. The
decline in smoking in males has led to a gradual decline
in incidence in lung cancer. Prostate cancer screen-
ing appears to have contributed to the marked rise
in incidence witnessed in the late 1980s and early 1990s.
Although, prostate cancer incidence has fallen from
its peak, it remains elevated compared to the pre-
prostate specific antigen (PSA) era. Mortality from pros-
tate cancer fell relatively rapidly after the introduction
of PSA testing. Debate has raged as to the extent to
which treatment advances and/or widespread PSA
testing have contributed to this decline.

nized at the time that interest and uptake would be
generated particularly as it was a non-invasive, rela-
tively inexpensive, blood test. Many prominent mem-
bers of the urologic community and the National
Cancer Institute (NCI) met to discuss how best to
assess the effect of the emergence of PSA testing. A
prospective, randomized trial with a prostate cancer
specific mortality endpoint was judged as the most
definitive approach. Other outstanding screening
questions for lung, colorectal and ovarian cancer
screening were identified. A multi-modal screening
trial was thought to have cost-efficiencies. Also,
mature adults when receiving their medical care are
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evaluated for their risk of cancer as it continues to
be the second leading cause of death in the United
States. Their clinicians would benefit from informa-
tion to guide screening choices and a multi-modal
approach to assessment would better reflect the clin-
ical reality [3].

Material and methods

The design of the PLCO focused on developing a
randomized trial in males and females that would be
adequately powered to assess the impact on cancer
specific mortality of screening for lung and colorectal
cancer in males and females, ovarian cancer screen-
ing in females and prostate cancer screening in males
[4]. The trial initially set out to enroll individuals 60
to 75, reasoning that these were ages of high incidence
of cancer. More elderly individuals had and still have
higher rates of competing mortality and therefore it
is more difficult to assess the effect of screening in this
group and they were excluded from the study. As the
trial progressed it became clear that the enrollment that
was occurring, although more rapid in the younger age
groups, was slow and to expand the numbers the age for
entry was lowered to 55.

To reflect the geographic, racial and ethnic diver-
sity of the US population a Request for Proposals was
broadly solicited. The proposals were reviewed for cap-
abilities of the sites to perform the recruitment, screen-
ing, retention and follow-up needed. The resulting
sites were distributed throughout the continental US
and Hawaii (http://prevention.cancer.gov/plco/centers).
One poorly performing site was replaced early in the
trial by the University of Alabama which has a strong
emphasis on recruiting African-Americans from sur-
rounding communities into trials. Efforts at another
site, the University of Colorado Health Systems focused
on Hispanic recruitment. A location at the Pacific
Health Research Institute (now Pacific Health Research
and Education Institute) was aimed at recruiting Asian
and Pacific-Islanders. All sites including the NCI had
the study approved by their local Institutional Review
Boards. The PLCO participants signed an informed
consent detailing the nature and risks from the screen-
ing interventions. The control participants were encour-
aged to continue to receive care from their usual health
care providers. Screening was neither encouraged nor
discouraged for them.

The resulting demographics of the enrolled male
population can be seen in Table I. An analysis of the
characteristics of the participants confirmed that the
PLCO enrollees like many in clinical trials are “healthy
volunteers” [5]. They are of higher socio-economic
and educational attainment than the population at
large and tend to have a better health profile. This needs
to be recognized as one analyzes the results of the
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Table I. Demographics of male enrollees in the PLCO.

percent
Screening Control
Group Group
n=38343 n = 38350

Age

55-59 yr 32.3 32.3

60-64 yr 31.3 31.3

65-69 yr 23.2 23.2

70-74 yr 13.2 13.2
Race or ethnic group; self-reported

Non-Hispanic white 86.2 83.8

Non-Hispanic black 4.5 4.3

Hispanic 2.1 2.1

Asian 4.0 3.9

Other 0.8 0.9

Missing data 2.4 5.0
Family history of prostate cancer 7.1 6.7
PSA test within past 3 years

Once 32.8 31.9

Two or more times 9.4 9.8

trial. Enrollment occurred from 1993 to 2001. Pros-
tate cancer screening was with annual PSA testing
for six years (T0-T5) and digital rectal examination
(DRE) annually for four years (T0-T?3). The thresh-
old for an abnormal serum PSA was set at > 4 nano-
grams per milliliter (ng/ml). A reference laboratory
was established at UCLA where all specimens were
shipped on dry ice after centrifugation and serum sep-
aration. PSA tests were analyzed with the Tandem-R
PSA assay until January 1, 2004 and with the Access
Hybritech PSA after that (both assays were manu-
factured by Beckman Coulter). Additional blood
specimens were drawn from screening arm partici-
pants and buccal cells were collected from control
arm participants to establish a biospecimen repository
[6]. Tissue samples were also collected from participants
in both arms. Tissue microarrays were constructed and
cores obtained from formalin-fixed paraffin embedded
specimens.

Table II. Tumor stage and Gleason score for all prostate cancers
at 10 years.

Screening Group Control Group

n = 3452 n=20974
Stage
1 2 (0.1 %) 15 (0.5 %)
I 1458 (97.2 %) 2790 (93.8 %)
111 22 (1.5%) 56 (1.9 %)
v 15 (1.0 %) 79 (2.7 %)
Unknown 3 (0.2 %) 34 (1.1 %)
Gleason score on biopsy
2-4 94 (6.3 %) 137 (4.6 %)
5-6 963 (64.2 %) 1656 (55.7%)
7 318 (21.2 %) 779 (26.2 %)
8-10 98 (6.5 %) 341 (11.5 %)
Unknown 27 (1.8%) 61 (2.1 %)
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At enrollment, all participants completed a base-
line questionnaire that inquired about screening prac-
tices in the three year period prior to enrollment,
demographic characteristics and potential risk fac-
tors for malignancy. Separate dietary questionnaires
were also administered. The participants were asked
if they had had prior PSA or DRE testing and the
number of tests. After 1995, those participants who
had more than one PSA blood test in the previous
three years were excluded. During the conduct of the
screening portion of the trial, participants in the con-
trol arm were also assessed for screening test uptake.
A randomly selected group was queried every one to
two years. For prostate cancer screening, the par-
ticipants were asked if they had ever had a PSA blood
test for prostate cancer or a digital rectal examination
of the prostate. Those who answered yes were then
asked when the most recent test was. The categories
for response were “within the past year”, “1-2 years
ago”, “2-3 years ago” and “more than three years
ago.” The reasons for the test were also queried to
determine if it was routine or for evaluation of a specific
health problem. Those participants who had repeated
PSA testing prior to entry were assumed to continue
screening annually. This comprised 9.8% of the con-
trol group. A weighted average, of the percent respond-
ing both “within the past year” and routine, and the
100% estimate in the group screened frequently prior
to enrollment, was used to provide an estimate of over-
all contamination. Assessment of compliance in the
screening arm was determined by attendance at the
annually scheduled screening appointments and an
estimate of compliance was calculated by dividing
that by the number expected.

Results

The trial was monitored from inception by an inde-
pendent Data and Safety Monitoring Board. Reviews
of the accumulating data were done every six months
with regular planned interim analyses. Publication of
prostate cancer specific mortality results for up to ten
years from recruitment occurred in March 2009 [7].
Median follow-up was 11.5 years and vital status was
known for 98% of participants at seven years and
67% at ten years. The decision to report was made
as no evidence of difference between arms was
emerging at that point but evidence of harms from
diagnostic evaluations following screening and after
treatment was noticed. Earlier publications had pre-
sented results from the baseline [8] and all screening
rounds [9].

Six annual rounds of screening were conducted and
at seven years, 2 820 prostate cancers and 50 prostate
cancer specific deaths were noted in the screened group.
In the control group, 2 322 cancers and 44 deaths

were noted. The data at ten years (67% complete)
showed 3 452 screened versus 2 974 control group
cancers and 92 compared to 82 deaths. Of note, the
excess number of prostate cancer cases persisted after
completion of screening. Also, although 25% more
prostate cancers were diagnosed in the active screen-
ing arm at seven years, mortality rates through seven
to ten years were the same in each arm. Whether or
not the small differences in stage and Gleason’s score
between arms will result in differential survival in the
future remains to be seen.

The percentage of patients having late stage dis-
ease {AJCC Stages III and IV, [10]} Table II, at diag-
nosis was low in both arms. At ten years, 3.5% of all
screening arm subjects were clinical stage III and IV
compared to 4.6% in the control arm. This compares
with a 25% incidence of presentation of late stage
disease prior to the advent of PSA testing and a rate
of 4% in the population as a whole in 2002. A com-
parison of Gleason’s score on biopsy, revealed aggres-
sive Gleason’s 8 to 10 in 8.4% of screened arm
participants and 11.5% in the control arm partici-
pants. Additional follow-up on the entire cohort is
continuing. Whether these differences in stage at
diagnosis and in Gleason’s grade will translate into
differences in prostate cancer specific mortality will
be seen.

A separate analysis of the effect of the contamina-
tion on rates of prostate cancer has been conducted
[11]. The rates of reported test usage increase if one
includes any testing within the year compared with rou-
tine testing. Rates increased from 33 to 40% at study
year 0 and from 46% at study year 5 to 54-55%. At
year 0, 38% of men reported no history of PSA test-
ing while at year 5, 15% did. Also, at year five, 18%
reported testing one to two years earlier. Compliance
with the screening protocol overall was 85% for PSA
testing and 86% for DRE, lower than the study design
estimate of 90%. Clearly, the men in the control arm
were being screened but at a lower frequency and inten-
sity than men in the screened arm.

To estimate what would have occurred in the
absence of screening, SEER rates from 1985-1987
prior to the onset of the PSA era were utilized. Five
year age groups and race (white, black, other) were
constructed and the SEER rates were applied to the
person-years at risk for control and screened arm
men during the screening period of the trial (the first
six years). A separate calculation was done utilizing
SEER rates contemporaneous to the screening period
of the trial. During the six screening years of the trial,
2 538 prostate cancers were identified in the screened
arm and 1 958 in the control arm. In the screened
arm there were an excess of 1 589 and in the control
arm, 1 024 compared to the pre-PSA screening era.
When one compares with the contemporaneous



SEER rates, 927 and 354 (screening: control) excess
cancers were diagnosed. For the control arm, this
reflects a 22% excess over the expected number if
screening had been conducted in the control arm as
in the populations covered by SEER.

Ancillary data analyses

The information available from the PLLCO prostate
cancer screening trial can be analyzed to improve the
understanding of the role of other factors that influ-
ence the conduct of screening and evaluation for
prostate cancer. A large fraction of screened men,
initially have low PSA levels (= 2 ng/ml). In the
PLCO, in men with baseline PSAs less than 1 ng/ml,
1.5% were found to have a PSA of more than 4 ng/ml
by year 5, while in those with PSAs between 1.0
and 1.99 ng/ml the rate of progression was somewhat
higher with 7.4% progressing by year five [12]. A
total of 33.5% and 79% of men with initial PSA of
2.0 to 2.99 and 3.0 to 4.0 converted by year 5. This
information could help to inform thresholds for pos-
itivity and screening frequency. Information on PSA
velocity (PSAV) may also help to inform decisions as
to when to biopsy. In 1 441 men enrolled in the
PLCO who received = 2 PSA screens, and were
diagnosed with prostate cancer within one year of the
last screen, PSAV was calculated using all available
PSA levels [13]. Both PSA and PSAV were related
to biopsy Gleason score. The median PSAV was
0.60 ng/ml per year for men with Gleason scores
from 2 to 6 versus 0.84 ng/ml for men with Gleason
scores from 7 to 10 (p < 0.0001). Information such
as this can inform watchful waiting and active sur-
veillance approaches as well. Another issue is what
happens after an initial negative prostate biopsy. The
probability of having a repeat biopsy within three
years of initial biopsy was 43% for 1 736 men with
suspicious PSA levels after an additional round of
screening [14]. An analysis of men who had an initial
false positive result was done to assess the impact of
this result on subsequent screening behavior. Given
the subsequent high risk of repeat biopsy it was wor-
risome to note that in a multi-variable model being
African American (p = 0.016 and having a high school
education or less p = 0.007) were predictive of not
returning for prostate cancer screening within the fol-
lowing year [15]. Additional effort may be warranted
to facilitate compliance with screening in this group.
The impact of associated diseases and conditions
can also be assessed in the PLCO cohort. Analysis
within the PLCO has confirmed an inverse relation-
ship between PSA concentration and body mass index
[16]. Dietary factors and supplement use have been
analyzed within the cohort. There was no overall asso-
ciation between dietary or supplemental intake of
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vitamin E, beta-carotene or vitamin C and prostate
cancer risk [17, 18]. Also, no evidence was found sub-
stantiating the hypothesis that lycopene and tomato
product intake affected risk of prostate cancer [19].

The PLCO biospecimen repository with high qual-
ity DNA specimens has contributed to our under-
standing of the molecular genetic factors that are
associated with increased risk of prostate cancer. A
locus within the 8q24 chromosome, rs6983267, was
identified separate from the initially reported locus
at rs1447295 [20]. Additional SNP analyses done in
second stage replication scans confirmed three previ-
ously reported loci, two in 8924 and one in HNF1B
[21] and loci on chromosomes 7, 10 (2 loci) and 11
were highly significant. The loci on chromosome 10
include MSMB which encodes -microseminoprotein,
a primary constituent of semen and CTBP2, a gene
with antiapoptotic activity. Additional fine mapping
and functional analysis confirmed the strong associa-
tion with prostate cancer risk of the rs10993994 locus
in MSMB and gene expression was higher in cell lines
with a CC or a CT genotype than with a TT geno-
type. [22].

Utilizing knowledge of SNPs to assess risk of
malignancy is a developing endeavor. A project utiliz-
ing a population-based case-control study in Sweden
and a nested case-control study from the PLCO
developed a risk-prediction model utilizing SNPs and
family history [23]. Men with 11 risk alleles (mode)
and negative family history were considered at base-
line risk and those who had = 14 risk alleles and a
positive family history had an odds ratio of 4.92 (95%
CIL: 3.64-6.64) for prostate cancer in the Swedish
study and this was confirmed in the PLCO. This could
be utilized to calculate a man’s absolute risk of pros-
tate cancer. For example, a 65-year-old man in the US
with a family history and = 14 risk alleles, has a 41%
risk of being diagnosed with prostate cancer compared
with a population average of 13%. The utility of these
types of assessments for screening and consideration
of chemoprevention still need to be determined.

Discussion

The PLCO trial was conceived at the beginning of
utilization of the PSA test for screening for prostate
cancer. Rapid dissemination and widespread initial use
of PSA testing for prostate cancer screening occurred
in the years leading up to the launch of the trial. Sub-
sequent to launch, regular PSA screening remained
common in the community. The peak in prostate
cancer incidence in males in the US coincided with
the launch of the trial in the early 1990s [1]. Also, with
the increasing incidence in the disease, a decrease in
advanced stage disease was noted. Subsequent modeling
was consistent with much of this decline in late stage
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disease being a consequence of screening [24]. Several
years after the trial launch, prostate cancer mortality
in the US fell, going below pre-PSA rates by 2003. The
results of the trial must be placed into this context.

When one looks at the incidence rates in the
PLCO the control group actually has higher rates
than compared with contemporaneous results from
the SEER registry. This can be explained by the char-
acteristics of the enrollees. As mentioned earlier, they
represent a “healthy volunteer” who is of higher
socio-economic status and better educated than aver-
age. This demographic undergoes screening more
frequently. The prostate cancer specific mortality in
both arms of the study is low.

A limitation of the PLCO could be the cut-off of
> 4 ng/ml chosen as the threshold for referral for fur-
ther evaluation. This was the commonly accepted
threshold at the time of trial initiation. Subsequently,
a trial of finasteride in prostate cancer prevention had
as part of the design an exit biopsy in all men in the
placebo arm regardless of PSA level. This demon-
strated that overall, men with PSAs of less than 4 ng/ml
had a 15% incidence of prostate cancer of which
14.9% was Gleason’s 7 + [25].The prevalence of pro-
state cancer in men with PSAs of = 0.5 ng/ml was
6% of which 12.5% were high grade. If PSA screening
were to be implemented as an organized program,
the ideal threshold value is unclear. Also, the PLCO
investigators did not prescribe evaluations or therapy.
Participants and their physicians decided on a course
of evaluation of an elevated PSA and if prostate can-
cer were diagnosed the treatments were also determined
in the same manner. It should be noted that these same
diagnostic and treatment approaches were the ones
employed during the period of rapid increase in pros-
tate cancer incidence in SEER and also in the decrease
in mortality seen in the US.

An analysis under the auspices of the Cancer Inter-
vention and Surveillance Modeling Network {(CIS-
NET) http://cisnet.cancer.gov/} will compare results
across ERSPC and PLCO. Differences in the screen-
ing approaches such as PSA threshold and screening
interval, and populations will have to be noted when
these comparisons are presented.

Conclusion and next steps

Continued collection of endpoint data in the
PLCO is critical. An impact of the differential in
Gleason’s grade between arms and the very small
difference in stage may emerge. The analyses of
CISNET-ERSPC-PLCO will be revealing. The
molecular genetics of prostate cancer risk are better
understood through contributions of the PLCO.
Much more remains to be accomplished and the
prostate tumor cores and TMAs from the PLCO

and the matched pre-diagnostic biospecimens are
available to the research community. Interesting
understandings of the behaviors of indolent and
aggressive disease may emerge.

The goal of all is to minimize the adverse impact of
prostate cancer in our ageing society. Clearly, the mor-
tality reductions achieved to date are to be applauded.
However, they do come with a high rate of overdiagno-
sis. Treatment side effects are also substantial. Knowl-
edge gained from watchful waiting and active surveillance
approaches will be important. As discussed elsewhere
in this monograph advances in the chemoprevention of
prostate cancer have also been made.

The PLCO trial has contributed to this emerging
database. However, it is important when analyzing this
trial to place the results in the context of the times.
When designing screening trials for the future these
issues need to be considered.
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