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BACKGROUND: Prospective cohort studies contribute importantly to understanding the role of lifestyle, genetic, and other factors in
chronic disease etiology. METHODS: The American Cancer Society (ACS) recruited a new prospective cohort study, Cancer Preven-
tion Study 3 (CPS-3), between 2006 and 2013 from 35 states and Puerto Rico. Enrollment took place primarily at ACS community
events and at community enrollment “drives.” At enrollment sites, participants completed a brief survey that included an informed
consent, identifying information necessary for follow-up, and key exposure information. They also provided a waist measure and a
nonfasting blood sample. Most participants also completed a more comprehensive baseline survey at home that included extensive
medical, lifestyle, and other information. Participants will be followed for incident cancers through linkage with state cancer registries
and for cause-specific mortality through linkage with the National Death Index. RESULTS: In total, 303,682 participants were enrolled.
Of these, 254,650 completed the baseline survey and are considered “fully” enrolled; they will be sent repeat surveys periodically for
at least the next 20 years to update exposure information. The remaining participants (n=49,032) will not be asked to update
exposure information but will be followed for outcomes. Twenty-three percent of participants were men, 17.3% reported a race or eth-
nicity other than “white,” and the median age at enrollment was 47 years. CONCLUSIONS: CPS-3 will be a valuable resource for stud-
ies of cancer and other outcomes because of its size; its diversity with respect to age, ethnicity, and geography; and the availability
of blood samples and detailed questionnaire information collected over time. Cancer 2017;123:2014-24. © 2017 American Cancer
Society.
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INTRODUCTION
Prospective cohort studies have played an integral role in identifying and elucidating the role of lifestyle, environmental,
genetic, and other factors in the etiology of chronic diseases and in public health efforts to reduce chronic disease morbidi-
ty and mortality. The American Cancer Society (ACS) has a long history of conducting large, prospective cohort studies
dating back to the 1950s."* Findings from ACS studies have contributed significantly to policies to reduce exposure to to-
bacco consumption® and air pollution® as well as evidence and guidelines for obesity, physical activity, and diet.®”

Cancer Prevention Study II (CPS-II), the most recent ACS cohort study, was launched in 1982 and included nearly
1.2 million men and women who completed a lifestyle and medical history survey at enrollment and who continue to be
followed for mortality outcomes, including death from cancer.' CPS-II resources have made seminal contributions, such
as being the first study to comprehensively document associations of obesity with death from specific types of cancer.® A
subset of 184,000 participants from CPS-II were enrolled in the CPS-II Nutrition Cohort in 1992 and 1993 and have
been actively followed for both cancer incidence and mortality.” Since 1997, there have been numerous enhancements to
this cohort, including the collection of new and updated medical and exposure information from biennial questionnaires
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(including a waist circumference measurement [1997]),
blood samples from approximately 40,000 participants
(1998-2001), buccal cell samples from approximately
70,000 participants (2000-2002), and tumor tissues from
participants diagnosed with breast, colorectal, prostate,
and hematopoietic malignancies.'”

In the early 2000s, we began planning for CPS-3 for
2 primary reasons. First, CPS-II participants had a medi-
an age of 77 years in 2006 when CPS-3 pilot testing be-
gan. Enrolling a younger US study population was
considered necessary both to monitor changes in the im-
pact of established risk factors with lifetime exposure data
(eg, smoking, obesity) and to identify new and emerging
risk factors. Second, with the mapping of the human ge-
nome,"" the value of collecting biospecimens on a large
number of participants from epidemiologic cohorts was
quickly appreciated by the scientific community.'? In the
past decade, the value of blood samples has expanded
greatly with multiple “-omics” platforms. Analyses of
banked biospecimens can allow for the integration of nu-
merous biologic measures with traditional risk factors to
better understand disease etiology and improve risk pre-
diction. More recently, numerous large, prospective
cohorts have been established in Asia, Europe, and Latin
America that include more than 100,000 participants
who provided blood samples at enrollment'®'%; however,
there is a paucity of contemporary cohorts of similar size
with biospecimens in the United States.

The ACS has been successful at recruiting large-scale
studies because of its nationwide footprint in communi-
ties of all sizes and an extensive local volunteer and staff
network that can support local enrollment opportunities.
The volunteer relationship also allows for the recruitment
of highly committed individuals. For example, response
rates to biennial follow-up surveys to living CPS-II Nutri-
tion Cohort participants have reached at least 88% for
each survey cycle. These unique ACS attributes allow for
cost-effective recruitment of individuals motivated to par-
ticipate in a long-term cancer study.®

Herein, we describe the design and conduct of the
CPS-3 cohort to date, including enrollment methods, col-
lection of questionnaire data and blood samples, and de-
scriptive cohort characteristics.

MATERIALS AND METHODS

Study Objectives

The primary CPS-3 recruitment goal was to enroll
300,000 cancer-free US men and women ages 30 to 65
years, including collection of questionnaire data, waist
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circumference, and a blood sample from all participants by
December 2013. By design, we enrolled men and women
in their 30s and 40s, although relatively few of them are
expected to develop cancer within 10 years of enrollment.
In the long term, we believe this investment will yield valu-
able returns, because enrolling younger adults allows for re-
peated “real-time” assessments of exposure before most
cancers are diagnosed. We plan to collect updated informa-
tion by questionnaire from most participants approximate-
ly every 3 years and to follow all of them indefinitely for
cause-specific mortality and cancer incidence.

We further aimed to enroll participants from the
majority of states across the country, in both urban and
rural areas. By doing so, we would be well positioned to
broadly examine, for example, environmental exposures
or aspects of built environment. Finally, we aimed to en-
roll at least 25% of participants from minority racial/eth-
nic groups, with a focus on African American and
Hispanic recruitment. Collectively, African Americans
and Hispanics account for approximately 30% of the US
population, yet they are substantially under-represented
in prospective cohort studies.

Enrollment Venues
Consistent with the past CPS cohorts, CPS-3 enrollment
involved a partnership between the ACS Epidemiology
Research Program, ACS leadership, local community
staff, and volunteers nationwide. Participants were
recruited in 35 states, Puerto Rico, and the District of Co-
lumbia, which collectively account for over 93% of the
US population (Fig. 1). Each of the 35 enrollment states
was assigned a percentage of the 300,000 nationwide goal
based on population size. The remaining 15 states were
not included, because their population size was too small
to permit cost-effective linkage with cancer registries (the
primary planned method of identifying new cancers).
Enrollment took place at 2 types of venues: at ACS
community fundraising events and at community enroll-
ment “drives,” which engaged broader segments of the
community. The first type of venue included the ACS
signature fundraising event called Relay for Life® (herein-
after referred to as Relay) and Making Strides Against
Breast Cancer (hereinafter referred to as Strides). Enroll-
ees did not have to participate in the event to be eligible.
Relays are organized by ACS volunteers and staff and last
for 12 to 24 hours. These events occur nationwide in both
small and large communities and offer the potential to ef-
fectively recruit from rural communities. By using regis-
tration data for these events, we were also able to select
events that were large (>1000 participants) or racially/
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Figure 1. Cancer Prevention Study 3 enrollment states and locations of regional processing laboratories are illustrated.

ethnically diverse. Like Relay, Strides events are organized
by ACS staff and volunteers, typically last 3 or 4 hours, in-
volve a 3-mile to 5-mile walk, occur in urban communi-
ties, and tend to be more racially and ethnically diverse
than Relay events. Other ACS event-related enrollments
included a large ACS-sponsored advocacy event and re-
gional volunteer “summits.”

In 2006, we pilot tested the enrollment process at 6
Relay events (2 in each of 3 states). These pilot tests suc-
cessfully demonstrated the feasibility of enrolling partici-
pants in partnership with trained ACS volunteers and of
collecting, transporting, and processing blood samples
collected in the field. Between 2007 and 2009, enrollment
expanded to the remaining states such that, by 2010, en-
rollment was implemented nationwide. In total, enroll-
ment occurred at 769 Relays, 35 Strides events, and 21
other ACS events, resulting in the recruitment of 122,359
participants.

In community-wide enrollment drives, ACS com-
munity, health system, faith-based, and corporate partners
provided space on designated dates and times to host
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enrollment. Collectively, these drives ranged in length
from 1 to 5 days, depending on the size and engagement
of the community. These ACS partners provided enroll-
ment opportunities (eg, at local YMCAs, hospitals, or pla-
ces of employment and in communities ranging from
small towns to large metropolitan areas), which were often
more convenient to community members than event-
based enrollment sites. To enhance minority recruitment,
several “targeted” enrollment sites were selected either as
stand-alone community enrollment sites or as part of a
community-wide drive. These included predominantly
African American or Hispanic “mega” churches (those
with greater than 1000 congregation members), events
sponsored by historically black fraternity or sorority
organizations, and lesbian/gay/bisexual/transgender com-
munity centers. In total, the approximately 2000
community-enrollment sessions (defined as a day of en-
rollment at a specific site) resulted in the recruitment of
174,233 participants. Between event-based and commu-
nity enrollment drives, approximately 25,000 volunteers
supported recruitment efforts.
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We also enrolled a relatively small number of adult
children of female CPS-II Nutrition Cohort participants
who provided their names and addresses. These adult chil-
dren (n = 28,388) were sent a single mailing that included
an invitation to join CPS-3, a consent form, and a baseline
survey. In total, 7028 men and women returned a consent
form and a completed survey. Finally, 62 participants
were enrolled because they signed a consent form and
completed a baseline survey but did not subsequently at-
tend an enrollment event. Of note, the above-mentioned
participants did not complete an on-site enrollment sur-
vey or provide a blood sample.

All aspects of CPS-3 have been approved by the
Emory University Institutional Review Board. In 2014, a
Certificate of Confidentiality was obtained from the Na-
tional Institutes of Health.

Enrollment Process

Each enrollment event required an approximately 6-
month lead time to allow time for 5 Epidemiology Re-
search Program study coordinators to identify and train
staff and volunteers, build logistical infrastructure, and
promote the event. Institutional Review Board-approved
training and promotional materials included self-
administered training modules, training and promotional
videos, promotional template e-mails, brochures, speak-
ing points, press releases, presentations, enrollment pro-
cess worksheets, and on-site signage.

Promotional activities occurred both before and
during each event or enrollment drive. Often, extensive
media coverage through newspaper, radio, or television
aided in broad-scale promotion.

For event-based enrollment, interested individuals
came to the event during the designated time window to
enroll on a “walk-in” basis. For community drives, inter-
ested individuals could use an online system to schedule
an enrollment appointment at the location, date, and
time of their choosing. At enrollment, after verbally con-
firming eligibility (ages 30-65 years, never been diagnosed
with cancer other than nonmelanoma skin cancer, and
willingness to commit to a long-term study), trained vol-
unteers directed enrollees to complete a brief sex-specific
paper survey, referred to hereinafter as the “on-site” sur-
vey. Because participants often had limited time at the
event, the on-site survey included an informed consent
and Health Insurance Portability and Accountability Act
(HIPAA) authorization and focused on the collection of
identifying and key exposure information. More extensive
data were collected on a second, “baseline” questionnaire,
as described below.
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After completing the on-site survey, the trained vol-
unteer witnessed the consent to participate, checked con-
tact information for completeness, and measured waist
circumference. Waist circumference was measured with
the participant standing with their feet together and stom-
ach relaxed over a single layer of clothing. For men, the
tape measure was placed at the navel and, for women, just
above the navel. The measurement was recorded in centi-
meters, rounding down to the nearest centimeter. Each
participant was then assigned a unique identifier using a
sheet of cryogenic barcode labels to barcode survey mate-
rials and that would ultimately match the participant’s
blood-collection tubes. To capture timing of the blood
sample with respect to the menstrual cycle, women who
were still having menstrual periods were provided with a
prepaid, barcoded postcard with instructions to write in
the start date of her first menstrual period after enrollment
and mail the postcard back. The enrollment process ended
with participants directed to contracted phlebotomists
from Quest Diagnostics, Inc., a large, nationwide clinical
laboratory services company, for collection of a nonfasting
blood sample. The full enrollment process, including
blood sample collection, took approximately 20 to 30
minutes. In addition to the on-site enrollment survey, all
participants were asked to complete the aforementioned
baseline survey (on paper or online) at home that included
extensive medical, lifestyle, and other information.

Survey Development

Participants were asked to complete 2 surveys, as de-
scribed above. The on-site survey contained the informed
consent; HIPAA authorization; identifying information
necessary for follow-up, such as full name and Social Secu-
rity number; and information relevant for blood analyses,
such as time of last meal or medication and supplement
use in the past month. We anticipated that some partici-
pants might not return the baseline survey; therefore, we
also included questions about several key risk factors
(medical history; weight; physical activity; smoking; and,
for women, questions about reproductive and menstrual
history) on the on-site survey. Additional questions were
added to the on-site survey beginning in 2008 after pilot
data confirmed that some participants did not complete
the baseline survey.

The baseline survey was created by several working
groups of ACS epidemiologists with feedback from other
external experts. In some instances, questions from other
cohorts’” surveys were used (with or without modifica-
tion), which has the benefit of facilitating future pooled
analyses. For example, the physical activity section
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(adapted from the California Teachers’” Study) 7 included
questions about both current activity and past moderate
and vigorous activity at specific ages. The baseline survey
covered a wide variety of known or potential cancer risk
factors, including anthropometry, medical history, use of
selected medications and dietary supplements, reproduc-
tive history and use of exogenous hormones, cancer
screening, family history of cancer, sun exposure, physical
activity, occupation, tobacco and alcohol use, and demo-
graphic factors. Many of these are established risk factors
for specific cancers, whereas others have not been exten-
sively studied. We also inquired about early life exposures
for several variables of research interest. For example,
there were detailed questions about past and current sun
exposure, including constitutional and behavioral factors,
as well as residendial history to comprehensively examine
the association of sun exposure and vitamin D status with
the risk of various cancers.

The baseline survey did not include a comprehensive
dietary assessment instrument because of space constraints
and to limit participant burden. Instead, the first follow-
up survey cycle questionnaire (2015-2016) is devoted
largely to comprehensive dietary assessment using a Har-
vard food frequency questionnaire'®'” modified for CPS-
3 using data from 24-hour recalls and focus groups in di-
verse subsets of CPS-3 participants. Of note, the on-site
enrollment survey contained 4 diet-related questions to al-
low broad assessment of dietary patterns (usual consump-
tion of red and processed meat, vegetables, fruits, and
whole grains).

Before enrollment, the baseline survey was adminis-
tered to 35 ACS employees who were neither epidemiolo-
gists nor involved in survey development to obtain
feedback on readability of survey questions. After revi-
sions, the survey was administered during the 2006 pilot
year, and responses from the approximately 1400 partici-
pants recruited in 2006 were examined to make additional
modifications for 2007 onward. In 2007, the on-site and
baseline surveys were translated into Spanish, because we
expected that many of our enrollees would be Spanish-
speaking, especially in Puerto Rico. In addition, an online
version of the baseline survey, in English only, was

developed.

Blood Collection and Processing

At each enrollment site, approximately 30 mL of blood
was collected into three 10-mL Vacutainer tubes contain-
ing the anticoagulant ethylene diamine tetraacetic acid
(EDTA), and approximately 6 mL of blood was collected
into a tube containing the anticoagulant heparin. If there
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was difficulty in performing venipuncture (for example,
because of small veins), then a maximum of 2 attempts
were made.

Blood samples were stored in ice-water baths inside
Styrofoam coolers until the end of the enrollment session
to maintain the specimens at or below 4°C. The coolers
were transported by ground (or air in some instances) to 1
of 21 regional Quest Diagnostics laboratories (Fig. 1) for
processing. At the laboratory, the 3 EDTA tubes were cen-
trifuged, and plasma, red blood cells, and buffy coat were
aliquoted into storage cryovials (see Fig. 2) and placed in a
—80°C freezer. Whole blood from the heparin tube was
aliquoted without centrifugation into cryovials containing
10% dimethyl sulfoxide (DMSO) to 90% whole blood,
then gradually frozen to —80°C by placing cryovials in
Styrofoam racks with lids for a minimum of 2 hours in
the freezer before they were transferred to long-term stor-
age boxes. All cryovials were labeled with cryogenic labels
from the same, single-barcode sheet used at enrollment
and were scanned before being placed in the freezer to ob-
tain a date/time of processing. Specimens were expected
to be processed and placed in freezers within 24 hours of
collection.

After a minimum of 2 days in the —80°C freezer,
specimens were shipped overnight with dry ice to our cen-
tral biorepository, Fisher Bioservices Inc. On arrival at the
biorepository, information on each cryovial (such as iden-
tifier and specimen type) was entered into a computerized
tracking system, and specimens were then placed in liquid
nitrogen vapor phase at approximately —150°C for long-
term storage.

We conducted various quality-control pilot tests and
collected quality-control samples from CPS-3 participants
for use in future reliability testing. First, in 2006, we con-
ducted a pilot study to test whether viable lymphocytes
could be successfully recovered and immortalized with
our collection protocol, and we were able to demonstrate
that samples collected according to our protocol yielded
viable transformed Iymphocytes.zo Second, DNA was
extracted from buffy coat aliquots from approximately
3000 CPS-3 participants (recruited during 2006-2010).
The extracted DNA was of high quality and substantial
yield. The range of DNA yield was from 5.04 to 907.6 g
(median, 249.1 pg). Third, because our standard blood-
collection protocol involved several hours of delay be-
tween blood draw and freezing, we collected paired sam-
ples from 19 participants (12 women and 7 men) who
enrolled at 1 of the pilot sites and contributed an extra
tube of blood at that time. One EDTA tube per partici-
pant was transported immediately to the laboratory for
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Figure 2. The Cancer Prevention Study 3 blood-collection and processing scheme is illustrated. EDTA indicates ethylene diamine

tetraacetic acid.

processing, and the remaining sample from each partici-
pant was processed according to the standard protocol
with all other specimens collected at the site. We also col-
lected a repeat sample 19 to 24 months after the original
collection from 15 participants to be able to examine lon-
ger term stability of different analytes. Finally, we had
specimens from the participants who withdrew from the
study (n = 523) immediately after enrollment but allowed
us to retain their de-identified blood sample for general
quality-control use.

Follow-Up Surveys

Participants who completed the baseline survey
(n = 254,650) are considered “fully” enrolled and will be
sent repeat surveys approximately every 3 years for at least
the next 20 years to collect updated information on expo-
sures. Participants will have the opportunity to complete
follow-up surveys on paper or electronically as they did

Cancer  June1, 2017

for the baseline survey. Participants who completed the
on-site survey but did not return a baseline survey, even
after repeated mailings (n = 49,032), are considered only
“partially” enrolled and will not be sent additional sur-
veys, because they are not likely to be returned. All partici-
pants, whether fully or partally enrolled, will be followed
for cancer and mortality outcomes and will receive an an-
nual participant newsletter informing them of ongoing re-
search activities within CPS-3 and to update address
information.

In 2011, we sent a brief follow-up survey to partici-
pants who enrolled between 2006 and 2009 to: 1) evalu-
ate response rates to follow-up surveys; 2) collect self-
reported information on new cancer diagnoses; and 3) up-
date information on key risk factors, such as weight,
smoking status, and physical activity. The follow-up sur-
vey was mailed to 52,633 participants by routine US post-
al nonprofit service. Nonresponders were contacted up to
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4 additional times. At completion, 45,205 had returned
the survey (86% overall response rate).

Follow-Up for Cancer and Mortality Outcomes
Cause-specific mortality in the CPS-3 cohort will be
ascertained through linkage with the computerized Na-
tional Death Index, consistent with our practice for the
CPS-1I cohort.”' Given the younger age distribution of
the CPS-3 cohort, this linkage will initially be performed
every 4 years, with increasing frequency as the cohort ages.
The first National Death Index linkage is planned for
2017.

Cancer incidence in the CPS-3 cohort will be ascer-
tained primarily through linkage with state cancer regis-
tries. The feasibility and validity of linkage with state
cancer registries in CPS-3 has been demonstrated in a vali-
dation study that includes linkage with 23 state cancer
registries.22 Briefly, cancers self-reported by participants
on the 2011 follow-up survey were verified by obtaining
medical records. The sensitivity of registry linkage was
then estimated as the proportion of cancer cases identified
through self-report and verified with medical records that
were independently detected by registry linkage. Overall
sensitivity for cancer incidence was 89%. The majority of
cancers missed by cancer registry linkage were melanoma
or hematopoietic cancers, both sites known to be underre-
ported to cancer registries.23 26 Estimated sensitivity for
cancers other than melanoma and hematopoietic cancers
was 94%.

The first cancer registry linkage of the full CPS-3 co-
hort is planned to start in 2018. CPS-3 participant infor-
mation will be linked to the registries of each of the 35
states (plus the District of Columbia and Puerto Rico)
where CPS-3 enrollment events were held. A small num-
ber of CPS-3 participants (<1%) live outside of the 35
states, the District of Columbia, and Puerto Rico where
recruitment events were held. Because linkage with addi-
tional state cancer registries with few participants is not
currently cost effective, self-reports of cancer by these
CPS-3 participants will be verified by obtaining medical
records, as is currently done in the CPS-II Nutrition
Cohort.?? After 5 years of follow-up, estimated statistical
power to detect a relative risk >1.3 for a common expo-
sure (>30% prevalence) is greater than 95% for breast,
prostate, and colorectal cancer. After 10 years of follow-
up, there should also be sufficient statistical power for in-
formative analyses of less common cancers, such as pan-
creatic or ovarian cancer.

We will collect normal and tumor tissue samples
from individuals diagnosed with cancer at 5 sites (breast,
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colorectal, prostate, ovary, and hematologic) using an ap-
proach similar to that we currently use for the CPS-II Nu-
trition Cohort.'” Briefly, when a participant self-reports 1
of these cancers, we will request their consent to obtain
the medical record and treatment facility information so
that we can collect their tissues from the facility where
they are stored. At the time of consent, participants will
also be asked to complete a brief survey to capture infor-
mation related to their first course of treatment. For most
participants, information on the first course of treatment
will also be obtained from registry linkage.

RESULTS

Recruitment Characteristics

Between 2006 and 2013, 303,682 participants were en-
rolled. Of those, 254,650 completed the baseline survey
and are “fully” enrolled, of whom 61.2% completed the
survey online (English only), 38.1% completed a paper
survey in English, and 0.7% completed a paper survey in
Spanish (the Spanish-language version was available only
as a paper survey). The mean time between on-site and
baseline survey completion was 23 days, and 87% com-
pleted the survey between 3 months before and 3 months
after enrollment.

We obtained blood specimens from 294,137 partici-
pants. The majority of participants for whom no blood
was collected were adult children of CPS-II participants
(n =7028); thus, we had a successful blood draw on
99.2% of participants who had the opportunity to provide
a blood sample. The vast majority of specimens (97.3%)
were processed within the required 24 hours from collec-
tion (median time to processing, 13 hours and 26
minutes). There were no sizeable differences in time to
processing by laboratory or collection year (data not
shown).

Baseline Characteristics

Table 1 provides descriptive characteristics of the fully
and partially enrolled participants; although fully enrolled
participants are slightly more educated and have slighty
healthier lifestyles, the 2 groups are generally similar. The
median age of participants at enrollment was 47 years.
Twenty-three percent of participants were men, compared
with the goal of 35%; 17.3% of participants reported a
race or ethnicity other than “white” (5% African Ameri-
can and 8% Hispanic), which was shy of our 25% goal,
despite several efforts to enhance enrollment of these
groups. CPS-3 recruitment goals for most states were met
(data not shown).
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TABLE 1. Selected Demographic Characteristics of Individuals Recruited in Cancer Prevention Study-3,

2006 to 2013°

All Participants

Fully Enrolled Participants With
Completed Baseline Survey

Women, Men, Women, Men,
N = 233,086 N = 70,590 N = 198,632 N=156,013
Characteristic (76.7%) (23.3%) (78%) (22%)
No. who revoked® 118 22 52 15
No. of active participantsb 232,968 70,568 198,580 55,998
Age: Mean = SD, y 47.4+9.6 47.7+9.8 47.7*9.6 48.4+9.8
Age group, %
<30y 0.8 0.8 0.7 0.6
30-39 y 24 23.4 23.1 21.7
40-49 y 30.4 30 29.7 29
50-59 y 334 32.2 34.5 33.9
60-65 y 11.3 13.3 12 14.8
>65y 0.1 0.1 0.1 0.1
Race/ethnicity, %
Non-Hispanic white 82.9 82.2 85.3 85
Black 4.9 4 41 3.1
Hispanic 7.7 8.3 6.5 6.8
Other 4.6 5.5 41 5
Cigarette smoking status, %
Never 68.2 65.3 69.1 66.6
Former 24.4 27.6 25.8 28
Current 5.7 6.5 4.7 5.1
BMI, %
<18.5kg/m? 1.3 0.4 1.3 0.4
18.5-24.9 kg/m? 39.1 23.2 41 25.2
25.0-29.9 kg/m? 28.5 44 28.4 44.6
>30.0 kg/m? 30.4 31.5 28.9 29.3
Waist circumference: Mean + 92.7+16.9 104.4 £14.6 91.9+16.7 103.8 =14.4
SD, cm
Premenopausal, % 50.5 - 49.9 -
Ever oral contraceptive use, 86.7 - 88.3 -
%
Ever postmenopausal hor- 38 - 38.7 -
mone use, %°
Education, %
<High school graduate 0.9 1.3 0.6 0.9
High school graduate 9.5 10 8.9 8.8
Some college or technical 32.3 26.1 31.5 24.5
degree
College graduate 30.9 31.7 32.3 33.7
Graduate degree 24.3 28.3 26 31.5
Marital status, %
Married 71.4 80.1 73.3 82.7
Divorced/widowed 175 9.6 17 8.9
Never been married 9.7 8.7 9.6 8.3
No moderate/vigorous physi- 2.9 3 2.6 2.5
cal activity, %
Moderate/vigorous physical 15+13 1.7+17 1.5+13 1.7+1.6
activity: Mean = SD h/wk®
Vegetable intake, cups/d, %
<1 16.8 25.8 16.3 24.5
1-2 58.1 54.6 58.6 55.8
>3 17.5 11 17.9 11.2
Fruit intake, cups/d, %
<1 19.2 28.5 18.6 27.2
1-2 57 51 57.6 52
>3 16.3 12 16.5 12.3
Red meat intake, d/wk, %
<1 37 23.8 37.6 24.4
2-4 45.9 49.3 45.8 49.1
>5 9.5 18.5 9.3 18.1
Screening, %°
Breast 94.4 - 96.2 -
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TABLE 1. Continued

All Participants

Fully Enrolled Participants With
Completed Baseline Survey

Women, Men, Women, Men,
N = 233,086 N =70,590 N = 198,632 N =56,013
Characteristic (76.7%) (23.3%) (78%) (22%)
Cervix 90.8 - 95.5 -
Colorectal 74.8 75.8 76.8 78.7
Prostate - 78.2 - 80.4
Alcohol, %
Never 9.6 6.3 9.7 6.6
Past only 11.5 12.4 1.7 12.2
Current
<1 Drink/d 66.8 62.3 68.8 64
>1 Drink/d 7.2 144 7.8 15.8
With blood sample, % 96.9 96.6 96.7 96
Enrollment venue, %
Relay for Life 36.3 42.9 31.2 36.2
Other events 2.6 2 2.2 1.8
Community drive 58.9 52.3 64 58.5
Children of CPS-II 2.2 2.8 2.6 3.5

Abbreviations: BMI, body mass index; CPS-Il, Cancer Prevention Study Il; SD, standard deviation.
2Some categories may not total 100% because of missing data or because some on-site survey versions did not include the specific exposure.
P This was the value as of August 1, 2016. The number may change because participants may revoke participation during follow-up.

°This is measured only in postmenopausal women.

9These are the values among participants who reported engaging in any moderate/vigorous physical activity.
©Screening include: breast screening (mammography) among women aged > 40 years, cervical screening (Papanicolaou test) among all women, prostate
screening (prostate-specific antigen test) among men, and colorectal screening (colorectal endoscopy) only among men and women aged >50 years.

Eighty-seven percent of participants completed at
least some college or a technical degree, and 73% were
married. Relatively few participants were current smokers
(approximately 7% of men and 6% of women), but many
were former smokers (28% of men and 24% of women).
The prevalence of obesity (body mass index > 30 kg/m?)
was approximately 32% for men and 30% for women.
Waist circumference was measured for 98% of partici-
pants, and the average * standard deviation waist circum-
ference was 104 = 14.6cm among men and 93 =*
16.9cm among women. Fifty-one percent of women
reported regular menstrual cycles; among these women,
58% returned their menstrual postcard with a valid start
date for their next menstrual cycle.

DISCUSSION

A major strength of CPS-3 is the ability to ascertain a
wide range of lifestyle, behavioral, occupational, medical,
reproductive, environmental, biologic, and other expo-
sures over time, with the ability to capture new or chang-
ing exposures on follow-up questionnaires. We expect
that CPS-3 will build on findings from CPS-II and other
prospective studies and will help to clarify the evolving
role of factors known to influence health, including smok-
ing, obesity, physical activity, diet, and medications.

2022

In addition, because CPS-3 is 1 of the largest contempo-
rary cohort studies in the United States, it will be used to
address new, emerging, or unanswered questions. For ex-
ample, women in this cohort have had different reproduc-
tive experiences before, during, and after child-bearing
years than women of previous generations, and there has
been a large increase in the number of women using infer-
tility medication and/or in vitro fertilization.”” CPS-3 will
be poised to examine the timing and patterns of use of both
infertility medications and contraceptive use patterns in re-
lation to the incidence of hormonally driven female can-
cers, including premenopausal breast cancer, because of the
detailed information that will be captured over time and
the sizeable number of women recruited.

The CPS-3 biospecimen repository will be valuable
because of the large number of blood samples (including
cryopreserved lymphocytes) collected within a single US
cancer cohort, the younger age of the cohort (compared
with CPS-II and many other cohorts with blood samples),
muldistate recruitment (including both urban and rural
areas), and the ability to link this resource to extensive epi-
demiologic data. In addition, as biomarker discovery
studies identify potentially important epigenetic, metabo-
lomic and other “-omic” markers of cancer risk and their
interactions with lifestyle exposures, CPS-3 can be an
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important resource to investigate these markers in relation
to the risk of cancer and other diseases.

Beyond disease etiology, CPS-3 offers the opportu-
nity to contribute to studies of cancer survival and survi-
vorship, because participants are followed for both cancer
incidence and mortality. With serial collection of expo-
sure information (including quality-of-life metrics) begin-
ning before diagnosis, we will have the opportunity to
address a wide range of important questions related to
long-term survival and survivorship faced by the growing
number (now over 15 million)?® of cancer survivors in the
United States.

One limitation of this study is that the proportion of
men and nonwhite participants is lower than we aimed to
recruit. Male participation was low whether in event-
based or community-wide enrollment venues (which in-
cluded corporate locations with a higher proportion of
men than events). Post-enrollment telephone and on-site
interviews indicated that the blood draw was 1 possible
barrier to participation, but the reasons for lower male
participation rates are not fully understood.

We recognize the importance of studying diverse
populations, despite challenges in recruitment, and thus
set a recruitment target of 25% nonwhite participation,
with an emphasis on African American and Hispanic re-
cruitment (with a goal of 10% each). We ultimately did
not meet this target despite significant efforts to support
enrollment of nonwhite participants (17.3% actual enroll-
ment: 7.8% Hispanic and 4.7% African American). For
Hispanics, recruitment was boosted by conducting enroll-
ment in Puerto Rico. Strategies to target minority enroll-
ment included strategic partnerships with large minority
leadership organizations (eg, African American fraterni-
ties), in which we engaged members to aid in study re-
cruitment and conducted enrollments at regional or
national meetings; the use of targeted promotional mate-
rials that were culturally focused to address issues of re-
search mistrust in many diverse communities; and
enrollment opportunities at places of worship. The most
successful of these efforts was through faith-based out-
reach and recruitment, because individuals trusted infor-
mation that was delivered by church leadership and
shared a willingness to get involved if church leaders sup-
ported the study; however, further efforts are warranted to
better understand how to successfully engage diverse pop-
ulations in large-scale epidemiologic studies. Nonetheless,
the absolute numbers of men and nonwhites are still quite
large; and, both on its own and through pooling with oth-
er prospective cohorts, we expect that CPS-3 will make
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substantial contributions to understanding the etiology of
cancer in diverse populations.

In conclusion, the American Cancer Society success-
fully recruited nearly 304,000 participants into its newest
cohort study. With its large size; diversity with respect to
age, race/ethnicity, and geography; and detailed survey
data from multiple time points, blood samples, and tissue
collection, CPS-3 will be a valuable resource for better un-
derstanding the causes of cancer and premature mortality
in the United States in the 21st Century.
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