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ABSTRACT: The Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial is 
enrolling 148,000 men and women ages 55-74 at ten screening centers nat ionwide with 
balanced randomizat ion to intervention and control arms. For prostate cancer, men 
receive a digital  rectal examination and a blood test for prostate-specific antigen. For 
lung cancer, men and women receive a posteroanterior view chest X-ray. For colorectal 
cancer, men and women undergo a 60-cm flexible sigmoidoscopy. For ovarian cancer, 
women receive a blood test for the CA125 tumor marker  and transvaginal ultrasound. 
Members of the control arm continue with their usual care. Follow-up in both groups 
will continue for at least 13 years from randomizat ion to assess health status and cause 
of death. The pr imary  endpoint  is mortali ty from the four PLCO cancers, which accounts 
for about 53% of all cancer deaths in men and 41% of cancer deaths in women in the 
United States each year. Blood specimens are collected from screened participants, 
buccal cell DNA from controls, and histology slides from cases; these are maintained 
in a biorepository. Participants complete a baseline questionnaire (covering health status 
and risk factors) and a dietary questionnaire. More than 12,000 participants were enrolled 
in the pilot phase (concluded in September 1994). Changes in the eligibility criteria 
followed. As of Apri l  2000, enrollment exceeded 144,500. Data are scanned into desig- 
nated on-site computers for uploading by  part icipant identification number  to the coordi- 
nating center for quality checks, archival storage, and preparat ion of analysis datasets 
for use by  the National Cancer Institute (NCI). Scientific direction is provided  by  NCI 
scientists, trial investigators, external consultants, and an independent  data safety and 
monitoring board. Performance and data quality are monitored via data edits, site visits, 
random record audits, and teleconferences. The PLCO trial is formally endorsed by the 
American Cancer Society and has been ranked by the American Urological Association 
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as one of the most important prostate cancer studies being conducted. Special efforts 
to enroll black participants are cosponsored by the U.S. Centers for Disease Control 
and Prevention. Control Clin Trials 2000;21:251S-272S © Elsevier Science Inc. 2000 
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HISTORY 

In the 1980s, transrectal ultrasound was advertised by clinics as an effective 
method to detect early prostate cancer, with the implication or assumption that 
the chance of cure would be increased by early detection. The essential elements 
of one such ad are included in Figure 1. Dr. Gerald Chodak, a University of 
Chicago urologist, approached Dr. David P. Byar (deceased), urologist and 
chief of the National Cancer Institute (NCI), Division of Cancer Prevention and 
Control (DCPC) Biometry Branch, with concerns that the data available did 
not support the claims being made in the ads. He argued that the NCI had an 
obligation to determine through scientific investigation both the effectiveness 
and risks of such early detection practices, whether by transrectal ultrasound 
or other technologies. 

Thus began an arduous 2-year period of inquiry, data analysis, and delibera- 
tions that evolved through intensive internal and external critique into a clinical 
trial designed to answer the fundamental question posed by Dr. Chodak. The 
design of the trial evolved from the single focus of assessing the effect of 
prostate (P) cancer early detection technologies in a necessarily large population 
of older men to include lung (L) and colon (C) cancer early detection technolo- 
gies in the same population of men (the PLC Cancer Screening Trial). 

The design concept for the PLC trial began in September 1989 at the NCI 
in the DCPC Biometry and Early Detection Branches [since renamed the Biome- 
try and Early Detection Research Groups of the Division of Cancer Prevention 
(DCP)]. Through the summer of 1989, discussions were held with the DCPC 
Board of Scientific Counselors (BSC) and experts in prostate, lung, and colorectal 
cancers and screening trials. Data on approximately 1800 men who had had 
digital rectal examination (DRE), prostate-specific antigen (PSA) determina- 
tions, and transrectal ultrasound were analyzed, resulting in a decision to delete 
ultrasound as a primary screening modality because it contributed very little 
to cancer detection beyond PSA and DRE. The DCPC BSC approved the PLC 
trial concept on October 12, 1989 [1,2]. 

Procedures to award contracts to perform the trial were initiated, and a 
request for proposals for the data management and coordinating center was 
issued in May 1990. However, in August 1990 the NCI Executive Committee 
stopped the PLC trial until women were added or a parallel trial for women 
was developed because lung and colorectal cancers affect women as well as 
men. Redesign efforts were initiated immediately over a wide range of options, 
including separate trials for men and women for single or multiple cancer sites. 
Because ovarian (O) cancer, though rare, is the most life-threatening urogenital 
cancer in women, commonly being fatal by the time it is clinically evident, 
the option of including ovarian screening in the trial was also considered. A 
workshop of gynecologists convened to deliberate the issue of screening for 
ovarian cancer initially recommended a pretrial investigation to better deter- 
mine the detection properties of ovarian cancer screening modalities before 
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Figure I 

PROSTATE CANCER 
AND 

EARLY DETECTION 
Over 28 ,000 men die annually of Prostate cancer. 

You need not be one of them. 

• The key to curing prostate cancer is early detection 
• Early detection is enhanced by the new Ultrasonic Probe Test 
• This ultrasonic imaging is recommended for men over 50 
• A picture image of the prostate is produced from sound waves 
• The test is short, painless, and inexpensive 
• Most insurance companies cover the test 

HIGHLY QUALIFIED UROLOGISTS & MEDICAL STAFF 
TO ASSIST YOUR EVERY NEED 

Write Or Call For Brochure 

Prostate ultrasound ad. 

launching a screening trial, but further investigation determined that a study 
population nearly as large as that needed for a screening trial would be required 
for the pretrial investigation. The recommended pretrial investigation could 
be conducted more efficiently within a full-scale screening trial. Consequently, 
ovarian cancer screening was added to the PLC trial concept to create the 
Prostate, Lung, Colorectal and Ovarian (PLCO) Cancer Screening Trial, which 
was approved by the DCPC BSC in January 1991 [3, 4]. Contracts were awarded 
competitively for ten screening centers (SCs), a central laboratory (LAB), and 
a coordinating center (CC) in 1992, and the protocol development phase of the 
trial began in October 1992. The concept for a PLCO biorepository to accumulate 
blood products for early detection biomarker and etiology research was ap- 
proved in October 1992 by the DCPC BSC and integrated into the trial [5]. 

The multiyear effort outlined above entailed extensive deliberations regard- 
ing a variety of issues pertinent to the design of the PLCO, including the disease 
burden of the cancers involved, the state of development of the proposed 
screening tests, whether the trial should involve a single or multiple cancer 
sites, compatibility with other proposed trials (including efforts outside the 
United States), and the window of opportunity during which it would still be 
possible to undertake a trial in the face of increasing clinical utilization of the 
unproven cancer screening technologies being evaluated in the PLCO. Also 
considered were the value of negative as well as positive results, implementa- 
tion of the results of the trial should one or more of the tests prove to be of 
benefit, costs of the trial, and costs of the screening process to the medical 
care system. 

TRIAL RATIONALE 

In various forms (see, for example, Kramer et al. [6]), the following qualitative 
criteria are widely appreciated as necessary conditions for engaging in cancer 
screening in asymptomatic individuals: 

1. The disease should be a substantial public health burden. 
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2. An asymptomatic, nonmetastatic phase of disease should be recognizable. 
3. An acceptable screening procedure with adequate accuracy must be 

available. 
4. The treatment of screen-detected disease must reduce disease-specific 

mortality. 

All but the fourth criterion were satisfied, as discussed below, for the four 
cancers under consideration. The PLCO was designed to determine whether 
disease-specific mortality would be reduced by screening for these cancers 
using the most promising screening tests available. Secondary analyses include 
stage, screening test operating characteristics, survival, costs, risks, etiology, 
and disease natural history. 

Lung and colorectal cancers are among the most common cancers in Ameri- 
can males and females. Together they account for about 41% of cancer deaths 
in males and 36% of cancer deaths in females. In males, the prostate is the 
second most common cancer site, accounting for approximately another 11% 
of cancer deaths. In females, ovarian cancer accounts for an additional 5% of 
cancer deaths. It has been estimated that 28,500 deaths in women and 27,800 
in men from colorectal cancer will occur in 2000 and, respectively, 67,600 and 
89,300 deaths from lung cancer. About 14,000 women will die from ovarian 
cancer and 31,900 men from prostate cancer [7]. 

Death rates for prostate and colorectal cancers remained relatively constant 
for many years, while the death rate for lung cancer continued to rise rapidly 
in both sexes, more so in women [7]. The rise in prostate cancer mortality, on 
the tail of the rapid rise in Incidence consequent to widespread introduction 
of PSA screening in the 1990s, and its subsequent decline to (or slightly below) 
its prior temporal trend have been extensively investigated, but the pattern 
cannot adequately be explained, nor can its future trajectory be predicted from 
existing data sources [8-11]. Lung cancer death rates among white American 
men had begun to decline in the 1990s, presumably due to cigarette smoking 
cessation, but concurrent increased initiation of smoking among teenagers could 
in time reestablish the upward trend. The death rate for ovarian cancer contin- 
ues to rise, though slowly. Because over 67% of ovarian cancers present as 
advanced disease with poor prognosis and some reports indicate that early 
disease may have as much as a 90% cure rate [12], successful screening programs 
for these cancers could possibly have a major impact on cancer mortality. 

Uncertainty regarding the relative harms and benefits of screening for these 
cancers has resulted in conflicting positions in the medical community and 
confusion in populations at risk. The PLCO randomized, controlled trial was 
designed to resolve the uncertainties by determining the effects of screening 
on disease-specific mortality and the balance of benefits against diagnostic and 
treatment-related morbidities and costs [13-18]. 

O R G A N I Z A T I O N  A N D  M A N A G E M E N T  

The organization of the PLCO is shown in Figure 2. Overall management 
of the trial is provided by NCI project officers. The principal investigators (PIs) 
of each of the ten SCs direct their respective operations and, with NCI project 
officers, constitute a steering committee for the trial. The senior NCI project 
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I Biorep 
I Central II 

~sitory Laboratory II 
(LAB) | 

/ Processing I 

| Biological III 
--'1 Sample II 

/ Ana,ytic I 

Screening Centers (SCs) 
University of Colorado Health Sciences Center, Denver, CO 
Georgetown University Medical Center, 

Lombardi Cancer Research Center, Washington, DC 
Pacific Health Research Institute, Honolulu, HI 
Henry Ford Health System, Detroit, MI 
University of Minnesota, Minneapolis, MN 
Washington University School of Medicine, St. Louis, MO 
Cancer Institute of Brooklyn at Maimonides, Brooklyn, NY 

(discontinued 1997) 
University of Pittsburgh Cancer Institute, Pittsburgh, PA 

Satellites: Latrobe Area Hospital, Latrobe, PA; Jameson Health System, 
New Castle, PA; Trinity Health System, Steubenville, OH 

University of Utah School of Medicine, Salt Lake City, UT 
Satellite: St. Lukes Meridian Medical Center, Boise, ID 

Marshfield Medical Research and Education Foundation, Marshfield, WI 
University of Alabama at Birmingham, Birmingham, AL (added 1997) 

Figure 2 PLCO organization. 

officer chairs the steering committee. SC PIs chair all working groups and 
subcommittees. The NCI contracting officers have legal authority for the trial 
and work closely with the project officers. A data safety and monitoring board 
of independent organ site experts, statisticians expert in clinical trial design 
and conduct, and consumers provide external oversight. This board is called the 
Monitoring and Advisory Panel (MAP). Data management, quality assurance, 
operations oversight, systems management, and coordination are provided by 
the CC [19]. All reported deaths are reviewed by an independent team of 
experts to establish cause [20]. 

The NCI and the CC routinely monitor all trial activities including recruit- 
ment, screening, diagnostic evaluation, cancer diagnosis, and annual health 
status information by on-site observation and auditing of participant files, as 
well as through computerized data quality assurance analyses. The PLCO 
steering committee meets at least annually to review data and discuss the 
progress of the trial and outstanding protocol issues. The MAP convenes once 
a year to review data and make recommendations regarding conduct and 
continuation of the trial. Subcommittee meetings and working group sessions 
are conducted at steering committee meetings and throughout the year via 
teleconference as issues need to be addressed. The PIs and NCI staff meet twice 
each year, once at the steering committee meeting and once separately, to 
review data and plan scientific manuscripts. A list of key personnel involved 
in the PLCO is given in the appendix. 

DESIGN 

The PLCO is a 23-year, two-armed randomized trial in which 37,000 men 
will be screened for lung, colorectal, and prostate cancers and 37,000 women 
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Table  I Design of the PLCO 

J.K. Gohagan et al. 

Randomization Intervention Arm Control Arm 

148,000 37,000 men 37,000 men 
PSA: annual T0-T5 Usual care 
DRE: annual T0-T3 
XRY: annual T0-T3 
FSG: TO plus T3 or T5 

37,000 women 
CA125: annual T0-T5 
TVU: annual T0-T3 
OVR: annual T0-T3 
XRY: annual T0-T3 
FSG: TO plus T3 or T5 

37,000 women 
Usual care 

TO = the initial baseline screening examination; T3, T5 = the third and fifth annual screening 
re-examinations; PSA = prostate-specific antigen (Hybritech Tandem R); DRE = digital rectal 
examination; XRY = posteroantero chest X-ray (T3 exam discontinued April 1999 for all who 
"never smoked"); FSG = 60-cm flexible sigmoidoscopy (changed from T3 to T5 in April 1999); 
CA125 = cancer antigen 125 modified (Centocor CA125 II); TVU = transvaginal ultrasound; 
OVR = palpation of the ovaries (discontinued in April 1999). 

will be screened for lung, colorectal, and ovarian cancers. The design is summa-  
rized in Table 1. An equal number  of men  and w o m en  participating as controls 
will continue their usual medical care practices. The eligible age range at entry 
is 55-74 years. Both screened and control participants are to be followed for 
at least 13 years f rom randomizat ion for cancer and death ascertainment to 
determine if screening results in reduced disease-specific mortality. 

Screening modalities being investigated include PSA and DRE (for prostate), 
chest X-ray (for lung), 60-cm flexible sigrnoidoscopy (.for colon), and CA125 
blood test and transvaginal u l t rasound (for ovary). Intervention participants 
are screened for all appropriate  cancers at one visit of approximately  2-hours 
durat ion annually. All aspects of the trial are documented  in the PLCO manual  
of operations and procedures  (MOOP). 

Baseline information on demographic  characteristics, known risk factors for 
the cancers under  study, and screening history are collected from all partici- 
pants. Blood samples collected at each screening visit are processed into multi- 
ple products  and stored for future molecular analyses, as are buccal cell DNA 
collections from control participants. Participants in both  the intervention and 
control arms complete a dietary questionnaire. All participants also provide 
annual health status information. Further details of the protocol are provided  
elsewhere in this supplement  [5, 19, 21, 22]. 

Statistically, the trial has approximately  90% power  to detect a 20% reduction 
in mortal i ty f rom prostate cancer and a 10% reduct ion in lung cancer mortality. 
Power is est imated at 99% to detect a 20% reduct ion in colorectal cancer mortal- 
ity. For ovarian cancer, which is much less common than the others, power  is 
est imated at 88% to detect a 35% mortali ty reduction. Power  calculations in- 
c luded adjustments for expected contaminat ion by  participants not adher ing 
to the protocol. 

As par t  of the pilot phase (September 30, 1992 to September 29, 1994), 
enrol lment  began on November  16, 1993. Observations of these "vanguard"  
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participants and subsequent monitoring of main-phase (September 30, 1994 to 
present) participants by the NCI and the MAP led to several modifications of 
protocols. Major changes include the following: 

1. Most data collection forms were changed to an optical-mark format to 
facilitate data entry and thus improve the quality of the data collected. 

2. Following the evaluation of the pilot phase, eligibility criteria were 
changed to exclude all men with more than one PSA test in the past 3 
years and all men and women with any endoscopic or radiologic colorectal 
examination in the past 3 years, resulting in a successful reduction in 
contamination from these sources. 

3. A change in the eligible age range was made in January 1996 on the 
advice of the MAP, which felt that men (and women) in the 55-59 age 
range would be likely to receive treatment for prostate (and ovarian) 
cancer and had the potential for a substantial gain in life years and, 
therefore, should be included along with the original participants ages 
60-74. 

4. Questions related to routine screening were eliminated from the Periodic 
Survey of Health Questionnaire to decrease the risk of encouraging con- 
tamination in the control arm. 

5. A Health Status Questionnaire was developed for annual administration 
to a random sample of 1000 men and women to assess contamination in 
the control arm. 

6. In response to a recommendation from the MAP, women without ovaries 
were made eligible for the trial effective October 1996 to assure that PLCO 
goals are met for lung and colorectal cancers, which have a high mortality 
and incidence in American women. Prior to this change, women were 
disproportionately found to be ineligible for participation due to prior oo- 
phorectomy. 

7. In December 1998, ovarian palpation was discontinued, the interval for 
flexible sigmoidoscopy was modified from baseline (TO) and third annual 
re-examination (T3) to TO and fifth annual re-examination (T5), T3 X-ray 
was discontinued for participants who never smoked, PSA and CA125 
were continued through T5, biorepository blood collections were contin- 
ued through T5, and follow-up was extended for 3 additional years. 

D A T A  M A N A G E M E N T  

The PLCO data entry and editing system (DEES) and study management 
system (SMS) networks were designed and installed by the CC. Initially con- 
ceived as a small, three-computer system for trial management and keyed data 
entry, the concept was revised during the protocol development phase to 
accommodate remote data entry from machine-readable standard forms with 
accompanying edits, reports, uploads to the central data repository on a speci- 
fied schedule, and remote upgrades and maintenance incorporating five to 
seven computers, multiple printers, and a scanning unit at each SC. Interfacing 
systems are maintained at the central LAB and the biorepository. The details 
of the DEES and the SMS are provided elsewhere in this supplement [22]. 
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Table2 PLCOAnalysis Plan 

J.K. Gohagan et al. 

Analyses Project Years 

Population characteristics 2-10 
Coverage and compliance 3-15 
Screening yield 3-15 
Contamination 3-15 
Diagnostic follow-up 4-23 
Etiology 4-23 
Incidence and prevalence 6-23 
Screen test characteristics 6-20 
Cancer characteristics 6-23 
Stage of disease 6-23 
Case survival 7-23 
Lead time 8-20 
Advanced stage rate 7-23 
Mortality rates 7-23 

Uploaded data receive quality assurance checks at the CC and are subjected 
to correction by each contributing SC before being forwarded to the central 
computer. The individual SCs also archive their data. All clinical data are 
maintained only at the SCs in hard copy, and participant identifying informa- 
tion is collected and maintained in secure areas occupied exclusively by PLCO 
staff at the SC to ensure privacy and to facilitate clinical follow-up. SCs ship 
blood serum to the LAB (and blood products to the biorepository) weekly and, 
on a designated day weekly, interrogate their password-protected files on the 
LAB's PLCO server to read out the PSA and CA125 assay results. Reports of 
screening results for all exams are computer generated at the SCs and edited 
as necessary before mailing to participants and their physicians within 4 weeks 
after screening. Annual surveys of health status are computer generated for 
mailing to all participants. Annual on-site record audits are conducted by the 
NCI with the CC and consultants using a standardized process. Results are 
recorded and reviewed with investigators to ensure quality. Cases are selected 
randomly beforehand and revealed to the SC only upon request to pull the 
file for the site visitors. Medical record abstracting of diagnostic and treatment 
follow-up of positive screens and cases diagnosed in the control arm is standard- 
ized and under the direction of certified personnel at the SCs. 

The CC, under the direction of the NCI's senior PLCO statistician, prepares 
summary tables on a periodic basis for monitoring trial progress and quality 
of data archived. A computing support provider under contract to the NCI 
furnishes additional statistical and analytic support. A staged analysis plan 
(Table 2), which tracks with the anticipated accumulation of trial data, guides 
the analytical effort. Quality control measures are taken at many steps in the 
data process. These are described in more detail elsewhere in this supple- 
ment [23]. 

SPECIAL STUDIES 

Important scientific investigations ancillary to the PLCO, but ideally suited 
to the context and enrichment of the screening trial and its associated bioreposi- 
tory, are conducted under contract modifications or in some cases with PLCO 
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PI collaboration under grant support. Mechanisms and committees to review 
ideas ensure that only suitable and scientifically relevant projects that will not 
negatively impact on the operations and mission of the trial are advanced. 
Special projects approved include a collaboration with a manufacturer regard- 
ing a free PSA assay, SC collaborations on cost-effectiveness and quality of life 
assessments, a comparison of virtual colonoscopy with endoscopy, analysis of 
minority recruitment, and studies of molecular markers. 

RECRUITMENT STATUS 

The PLCO trial began project year eight on September 30, 1999. As of April, 
2000, about 144,500 of the targeted 148,000 participants had been randomized 
with one and a half years of scheduled recruitment remaining. The SCs are 
continuing expansion of their direct mail operations, the most effective recruit- 
ment strategy, and there is coordination of local promotion with national pro- 
motion efforts conducted by the NCI's Office of Cancer Communications as 
described in the accompanying recruitment paper [24]. The trial is endorsed 
by the American Cancer Society, and the Prostate Disease Clinical Trials Sub- 
committee of the American Urological Association has ranked it the second 
most clinically and scientifically important ongoing prostate cancer trial in the 
country, second to the randomized Prostatectomy Intervention Versus Observa- 
tion Trial (PWOT) sponsored by the Veterans Administration. The Centers for 
Disease Control and Prevention, as described elsewhere in this supplement 
[25], is sponsoring projects to enhance minority recruiting and is cofunding 
with the NCI the PLCO minority-focused SC at the University of Alabama at 
Birmingham [24]. Recruitment is enhanced because of these positive relations, 
though the numerical impact is impossible to assess. 

INTERNATIONAL COLLABORATIONS 

Clinical trials to determine the effect of periodic screening for prostate, 
colorectal, and ovarian cancers have been launched separately in Europe. The 
European and American teams are formally collaborating in prostate cancer 
trials and have formed the International Prostate Studies Evaluation Group 
(IPSTEG). Investigators conducting prostate trials in the United States, the 
Netherlands, Belgium, Sweden, Finland, Portugal, Italy, and Spain, along with 
scientific representatives from the United Kingdom and Canada who serve on 
IPSTEG committees, meet annually to review data and commission publications 
[26,27]. The formation of a similar collaboration with investigators in the United 
Kingdom conducting ovarian cancer screening trials is anticipated. These col- 
laborations offer many advantages as discussed in a recent paper by Miller for 
IPSTEG [28]. A similar incipient collaboration exists between the PLCO and 
investigators conducting an ovarian cancer screening trial in the United 
Kingdom. 
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