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Abstract

Background: We report on the establishment of a web-
based Cancer Epidemiology Descriptive Cohort Database
(CEDCD). The CEDCD's goals are to enhance awareness of
resources, facilitate interdisciplinary research collaborations,
and support existing cohorts for the study of cancer-related
outcomes.

Methods: Comprehensive descriptive data were collected
from large cohorts established to study cancer as primary
outcome using a newly developed questionnaire. These includ-
ed an inventory of baseline and follow-up data, biospecimens,
genomics, policies, and protocols. Additional descriptive data
extracted from publicly available sources were also collected.
This information was entered in a searchable and publicly
accessible database. We summarized the descriptive data across
cohorts and reported the characteristics of this resource.

Results: As of December 2015, the CEDCD includes data from
46 cohorts representing more than 6.5 million individuals (29%

Introduction

Understanding the determinants of cancer and other chronic
diseases requires an in-depth knowledge of the complex inter-
actions of genomic, biological, clinical, lifestyle, and societal
factors (1). Cohort studies have helped researchers to better
understand the complex etiology of cancer, study cancer out-
comes, develop risk prediction analyses and models, and
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ethnic/racial minorities). Overall, 78% of the cohorts have col-
lected blood at least once, 57% at multiple time points, and 46%
collected tissue samples. Genotyping has been performed by 67%
of the cohorts, while 46% have performed whole-genome or
exome sequencing in subsets of enrolled individuals. Information
on medical conditions other than cancer has been collected in
more than 50% of the cohorts. More than 600,000 incident cancer
cases and more than 40,000 prevalent cases are reported, with 24
cancer sites represented.

Conclusions: The CEDCD assembles detailed descriptive infor-
mation on a large number of cancer cohorts in a searchable
database.

Impact: Information from the CEDCD may assist the interdis-
ciplinary research community by facilitating identification of
well-established population resources and large-scale collabora-
tive and integrative research. Cancer Epidemiol Biomarkers Prev; 25(10);
1392-401. ©2016 AACR.

improve guidelines for cancer prevention and control policies
(2). Combining risk factors and molecular data across cohorts
has supported genomic, epigenomic, proteomic, and metabo-
lomics research of unprecedented scope (3-7). It has been
proposed that a "synthetic cohort," achieved through a collab-
orative approach among the major cohorts funded by the NIH
(Bethesda, MD), could expedite an integrative approach by
assembling multilevel data collected through the lifespan, in
health and disease status, and by providing a framework for
interdisciplinary research (8-10). The value of existing and
future cohorts has been greatly enhanced by expanding colla-
borations and studying multiple health outcomes through data
sharing and pooling (10-12). Recently, it has been suggested
that registration of observational studies may help improve the
transparency and quality of epidemiologic research and reduce
the extent of publication biases (10, 13-15). In contrast to
randomized trials where single protocols are registered, for
observational studies, it may be best to register unique cohorts'
infrastructures, so that they can be tapped to produce collabo-
rative studies involving multidisciplinary teams (14, 16). A
dynamic, comprehensive, and publicly accessible inventory of
cohorts is fundamental to facilitate collaborative scientific
efforts and cost-effective assembly and utilization of resources
and will assist the research community and funding agencies in
the planning of new studies and in maximizing the returns on
investments.
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The Epidemiology and Genomics Research Program (EGRP),
of the NCI's Division of Cancer Control and Population
Sciences, fosters cohort-based research and the establishment
of cohorts infrastructures through numerous initiatives and
workshops (17-19). The NCI Cohort Consortium (19) was
formed in 2000 to foster collaborations across cancer epide-
miology cohortts, by initially focusing on the need to assemble
large populations for genome-wide association studies to inves-
tigate genetic risk factors in cancer (20, 21). The Cohort Con-
sortium expanded its reach to address critical research that
could not be addressed by single-research studies (22-24).
Similarly, other consortia in the United States and worldwide
have combined cohort infrastructures to address the etiology
and genomics of complex diseases (25-29).

The NCI Cohort Consortium has had success in stimulating
more than 50 ongoing and completed collaborative projects;
however, many challenges still exist. These include barriers
to systematic data harmonization, especially when consider-
ing the integration of multilevel datasets; lack of a data-
coordinating center (30) to maximize data management and
deployment; and consistent, streamlined, and comprehensive
data sharing policies and processes (31). Paramount is the
overall need for tools facilitating transparency, expediting
scientific collaborations, enhancing the quality of reported
research, and supporting interdisciplinary approaches within
the framework of large epidemiologic studies (10). We report
on the establishment and characteristics of the Cancer Epi-
demiology Descriptive Cohort Database (CEDCD), developed
to address some of these challenges and facilitate interdisci-
plinary research collaborations. We review the descriptive
data currently available in the CEDCD and discuss the scope
and potential of the combined cancer cohorts' infrastructure.

Materials and Methods

Development of the descriptive data collection instruments
To populate the descriptive data included in the online
database, a Data Collection Form and the Biospecimen and
Cancer Count Information Spreadsheet (Supplementary Mate-
rial S1 and S2) were developed. Both tools were assessed for
the time and effort required for completion and received
OMB clearance. These instruments were designed with consid-
eration for study variation in an effort to promote standardized
metrics across cohorts. To maintain participants' privacy given
the publicly accessible nature of CEDCD, only descriptive
data (i.e., no individual-level data) were collected. The principal
investigators from each cohort provided consent to publicly
share the cohorts' descriptive information through the CEDCD.
The Data Collection Form requested descriptive data in the
following categories: basic profile information, such as inves-
tigators, websites, and a brief description of the cohort;
study design and eligibility criteria; enrollment counts by
race/ethnicity/gender; major content domain data collected at
baseline and follow-up; types of cancer and other disease out-
comes; mortality data, incorporation of mobile health technol-
ogies in protocols, and types and counts of biospecimens
collected. If accurate information in any of these domains was
available from public or NCI sources, the form was prefilled and
the cohorts were asked to review the data. The Biospecimen and
Cancer Count Information Spreadsheet was included to provide
incident and prevalent cancer numbers by gender, with cancers
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defined by ICD-9 and ICD-10/O coding, and biospecimen
counts provided by cancer type. Supplementary information
requested included cohorts' policies on data sharing and access,
publication policies, and questionnaires. Review and editing of
these tools as well as a pilot test to assess the time, effort, and
ease in completing the forms were conducted by cohort inves-
tigators and affiliated staff.

Study selection and data collection

The 57 NCI Cohort Consortium members (as of January 2015)
were invited to participate in the CEDCD. These cohorts met the
following criteria: (i) focusing on the study of cancer as their
primary outcome, and (ii) a minimum of 10,000 study partici-
pants currently enrolled, or (iii) cancer patient/survivor cohorts of
at least 5,000 participants across multiple cancer sites or 2,000
participants diagnosed with the same or narrowly related cancer
sites. The latter criteria was determined to support research addres-
sing determinants of cancer progression, recurrence, mortality,
incidence, and other cancer/health-related outcomes (32). The
database will be supported by NCI's EGRP, and cohorts will be
contacted annually to update existing information. Eligible
cohorts can begin the process for inclusion at any time by com-
pleting an online request (https://cedcd.nci.nih.gov/contact.aspx).

Completed questionnaires were reviewed for discrepancies and
missing data to ensure completeness and accuracy before posting
to the web-based database. The website was designed to maximize
users' abilities to search for cohorts by name, find detailed
information about a single cohort, and compare information
across cohorts. On the basis of feedback received from beta-
testing, the website design was maximized for ease of navigation,
and user-friendly help tips were added throughout the site to
highlight different features.

Results

Characteristics of participating cohorts

The CEDCD website was launched in March 2015. As of
December 2015, descriptive data from 46 of the 57 invited cohorts
(81%) are available on the CEDCD website. Of the 11 not listed,
five cohorts did not respond, four requested additional time, and
two submitted partially completed forms. Participating cohorts
were classified according to three categories: risk, survivor, and
hybrid cohorts. Risk epidemiology cohorts, those enrolling
healthy participants to be followed over time to detect cancer
incidence, represented the majority (83%); hybrid cohorts (15%),
which enrolled families including healthy individuals and cancer
survivors for prospective follow-up, and one cohort (2%) enrolled
only cancer survivors and followed them over time to study
cancer-related outcomes and survivorship issues (Table 1).
Review of the basic cohort characteristics, including the year
enrollment began, and the most recent year data that were
collected showed that, overall, this is a group of long-established
cohorts, that began enrollment decades ago, with the average (and
median) year for the start of enrollment being 1993 (Table 1). Six
cohorts (13%) are still actively enrolling participants, while the
most recent year of active follow-up ranged from 1974 to 2015.
Given that the primary outcome of interest was cancer, most
cohorts specifically enrolled adults, with the average minimum
and maximum ages at enrollment being 34 and 79.5 years old,
respectively. However, four cohorts enrolled participants under
the age of 18 (Table 1).

Cancer Epidemiol Biomarkers Prev; 25(10) October 2016

220z ¥snbny Gz uo }senb Aq Jpd-Z6¢1/2850822/26€ L/01/SZ/3pd-a1o1e/dgeo/bio sjeuinolioee//:dpy wolj papeojumoq

1393



Kennedy et al.

Downloaded from http://aacrjournals.org/cebp/article-pdf/25/10/1392/2280582/1392.pdf by guest on 25 August 2022

(abed BuIMOo|o4 843 UO PaNUIIUO0D)

SA 0oL oy lv6'vL V/N ¥10C N L661 Ay SHMS Apn1S YijesH s,usWop leybueys
SOA IZA (014 V/N l6¥'19 ¥10C N L00Z Asiy SHIWS Apn3iS YijesH s,usiy leybueys
SOA VL 1% 78805 V/N ¥10C N £00¢ %Sl SIS Apnis Ja1sIS
SSA g6 0S V/N L68'V¢ ¥10C N L00¢C Ay 12313S [BlIL UOIIUBADIJ JBdURD 3 UIWRYA pue wnius|ds
ON ¥9 Sy V/N yZ8L £10¢ A 9861 Asiy SOS Apnis 1oyo) eybueys
ON VL 14 £0g'se vS6°LC g10¢ A 2661 Asiy SHOS Apnis yjesH asauly) alodebuls
SOA 6L oy 99¢'0S £0Z've jl04 N ¢00¢ Ay SJ0S Apnis Hoyod Ajunwiwo) useynos
(MesefeN pue ewiysoliH) 1oyo) L4 %8 (Moyodans
SOA 09< 0 IPL'0L S/1°0S oLoz N 056l %Sty ERED] [e21ul1D Apnis YiesH 1npy) Apnis ueds o417 4434
|el] Bulusads
SOA VL SS oL'gL les'sL ¥10Z N 2661 Asiy 021d Jadue) uelleAQ pue [e12840]0D) ‘BunT ‘81e)sold
SOA 88 (014 V/N 1£0'6C 4104 N Z86l %Sty 11’81 SHd Il pue | ApniS yijesH ,suedisAyd
SIA 98 SS V/N 0888l [o]or4 N 7661 Ay 1ddd [eliL UOUBABId JdduR) 31e1S0id
SOA 66 8l [ze'Lel 50578 Sloc A oLoe puUAAH SHO Apnis yijesH oueuo
SSA S9 Se LTl V/N 0Loz N G861 Ay SHMNAN Apn1S yijeaH s,uswom NAN
Apnis yijesH
SOA VA 0s [AVAT44 999'62¢ 900¢ N 5661 %Sl ddVvV-HIN pue 191d dYVV YiledH JO saInjiisu| [euoneN ayL
SOA 474 S¢ 0gyall V/N £10¢ N 6861 ASiy IISHN 11 ApniS yY3jesH ,sasinN
SOA SS (0}% 01zl V/N ¥10C N 9.6l ASiH SHN Apn3s yieaH ;sesinN
SOA ¥6 1% 629°LL V/N 900¢ N £00¢ %Sl SHWIW Apnis yijesH Aydesbowiwely ofely
SO SL Sy 2! 01896 j1l04 N 2661 ASiY O3nW Hoyo) duyidiiniA
SOA 9L Lz 6977 SY0'LL £00C N 0661 Asiy SOOW Apnis 10yoD dA13RIOCR||0D BUINOBN BYL
SOA ¥6 8l 8688l ovs's ¥10C A L00Z puUAAH JVIW 10yoD (OUB B OUBY) UBDLIBWIY UBDIXBN
SOA 89 8l L617°ZSL £81'99L ¥00¢ N cL6l Asiy snuer Jueg wnias snuer
SOA 69 SS 9¢8'ly V/N 00T N 9861 Asiy SHMI ApniS Y3jesH s,uswom emo|
SOA SL (014 V/N 6¢5'lS ¥10Z N 9861 %Sty Sd4dH Apnis dn-moj|04 S|euolssajoid YiesH
SOA SL oy 1188 XA [41014 N ¥00C Asiy SO9 Apnis 1oyo) ue3ss|on
SOA (074 Se 125992 LSYeSL Sloc N 2661 %Sty Jld3 UONLIANN pue Jadue) Ul uoijebliseAu| 9A1}d8ds0ld ueadoin]
SOA ¥0lL 44 6L1'esL V/N ¥10C N 5661 Ay S1D Apnis siayoea] ejuiojied
ON +00lL 1z 819'6S 6ZvS 6661 N 2661 Asiy H1ds> YieaH pue ajA3sayi 121@ o Apnis ueipeue)
SOA 26 oy £8L°L6 20v'98 g10¢ N 2661 ASiy uonANN [1-Sdd }oyo) uoinN || Apnis uonusAald Jadue)
SOA SL 8l 869°0C 7989l S10¢ N L661 puUAAH d4D uojod Hoyo) Aisibay Ajlwied Jsdue) uojod
SOA 66 14 gTL8l LLL'PL £00C N 6861 Asiy 113N Il ®n|D -ApniS 1oyod an|)
SOA L6 al 261Gl 2560l VL6l N vL6L Asiy 13N | ®n|D -Apn3is 1oyod an|d
SOA 69 oy 766'7C 0sz'6l jl04 N 800¢ pLUAAH ENEDEIRA 0] EINEDEIR:\ 0]
SOA 174 Sy 6829 520l S00¢ N §861 %Sl 134VvD |eliL Adediy3 jounay pue ausjoe)
ApPN3S Y3eaH S,UsWop Xoelg
SO 69 1z 00065 V/N £10z A S661 Ay SHMd {USWOAA Xoe|g Ul J8dueD Jo sashe) 4oy Apnis dn-mojjo4 v
SOA <ol 9l 000°¢lL V/N S10c edN £00¢ Asiy sSod Apnis suoneiausn ydnoiypies.g
SSA 601 8l zel'9ze't V/N 600¢ N 7661 Ay 2S04 82IN0S9Y 24edsdy WNIJI0SU0D 3JUB||IBAINS J3due) 1sealg
SOA oL Sl ozl'og 7609 ¥10C N 2661 PLAAH Hoyo)d ¥4049 Hoyo) Aisibay Ajiwed Jeoue) isealg
SOA 69 Se 90£°0¢ 8626 Sloc A 600C puaAH suoljessuss Og 108[01d suoljelaus9 eIqUIN|o) Ysiig
SSA 69 0S V/N 2g1'6C 2661 N G861 Ay odlv Apnis uonusAsld J9due) sudlole)-RIRg 043Ydod0o | -eyd|y
SOA LLL (0}% 11£°29 er9'es 1104 N ¢00¢ Asiy C-SHY Z-Apnis HOYo) ISIIUBAPY Aep-yjuanss
SOA 79 (0}% 689 £96'SS ¥10C N 2661 Asiy SHY Apnis yijesH [ean}nduby
AISqIM wnwixep wnwiulW alewdd dlen po129]10d (N/A) uebaq JELTS uoneinaqaqy qoweu 1oyod
ejep Jeak Buijjolud juswijjodud ubisap
sabe juedied juawyjjoiuz FUEREYR A Apuaiin) FLEEYY Moyod

-(GLOZ ‘6L ISNBNY JO se) aseqeiep Ul papn|dul SUOY0D JO Sdiislialoeiey)d °L djgeL

Cancer Epidemiology, Biomarkers & Prevention

1394 Cancer Epidemiol Biomarkers Prev; 25(10) October 2016



Cancer Epidemiology Cohort Database

220z 1snbny Gz uo 3senb Aq ypd-z6¢1/2850822/26€1/01/5Z/4pd-01o1e/dgeo/B10°sjeuinolioee//:dpy wouy pspeojumod

[ ~ T
= g 2 Table 2. Total cohort enrollment numbers?
K-} =
288888 T8E Gender (n = 46)
Sex Female 5,029,889
£83 Male 1,651,840
E g § £ Race/ethnicity (n = 44)"
@ E 88s White (non-Hispanic) 3,874,651
2 ez b % 2 Asian 586,781
E ﬁ 2] Unknown or not reported 506,452
2 § g g Black or African American 385,813
s E = White (unknown ethnicity) 231181
& E § 3 v Hispanic (white) 207,870
-E cggegl 38 Hispanic (other) 86,988
>352Z American Indian/Alaska Native 45,060
S 2 3
_?3 S5 More than one race 33,935
9 n o L o8 Native Hawaiian or Other Pacific Islander 18,444
B[t o R T =G
= g 5’. «® ey go; g. B % ; 2Two cohorts only provided gender enrollment numbers and did not provide
gl wi¥ Lowom < i s g race/ethnicity numbers.
H S 2 2 fRace and ethnicity standards are set by the Office of Management and Budget
£ £%5 32 (OMB).
w ) c2 g
2R caca<| 285
G|~ ~ >~ >~ £ C
EwZzzZzzZzZ T 3z
S 92
[T e} 3
S o= Demographics
NG 2 . . . o .
] D= More than 6.5 million individuals have been enrolled by the 46
9 m g S £ c Y
§ _r;u' k] == g cohorts, with three times as many females enrolled compared
[} = 5 . .
B520InI3| gt with males (Table 2). More than half of the cohorts, 24 in total
[eNeoNeoNeoNe) o) .
£S5 8R]RRSR z £ = (52%), have enrolled both genders, while 15 (33%) enroll only
s % females, and 7 (15%) enroll only males (Table 1). Overall,
© .
Z2 g z5 females outnumber males in 34 cohorts. Most cohorts (44)
S = o a =%t . e . .. .
£352 588 provided data on the race/ethnicities of their participants, with
36Zlzzzz=z| 5388 stratified enrollment numbers listed in Table 2. The majority of
© .. . . . .
gLa enrolled participants classify themselves as non-Hispanic whites
Z g § § (65%), followed by Asian (10%). More than 385,000 participants
£ 5 €&
- s [}
-3 8O c 8o
LRSI 2o Table 3. Cohort's data domains
£5228:88 52
R R =AE= A. Risk factor data collected at baseline
g 2 § Percent of cohorts
o [S ) . . . a
L c S ) L£ T collecting data points
-~ % %"g_ xxZTx _§ 'g g < Cigarette use/smoking status 91%
zloo 2|x @ AE T g9 x Alcohol consumption 84%
o ) . ) o
< .2 E Family history of cancer 80%
o g 297 Dietary supplement use 78%
o 5 s o2 Physical activity 78%
& B %) 2235 ¢ Dietary intake 78%
@ 2l O i 8 E £ Reproductive history 70%
§ 2 é 235 & 8 3 2 Nonprescription medication use 61%
? >==== ZL£250 Prescription medication use 60%
5 g S E 2 Environmental or occupational exposures 39%
2 5288
b o % § 5 B. Non-cancer outcome data
(%] C == 0
-§ IS §§ 8 Diabetes 78%
g % $038 < Heart and vascular diseases 78%
S 5358 E Digestive di 65%
< S ISl igestive diseases b
3 ; b g 58 Lung diseases 59%
S Zz 2 g ‘.fi e Osteoporosis/bone-related conditions 39%
E 5 8_ 2z 2 Autoimmune diseases 37%
4] Lg gws T Neurodegenerative disorders/mental health illnesses 32%
9] o Q05 E
< c cl 2 oo
S 8 Z|g&z3gse C. Treatment data
° 22 £ 5 2 % % C treatl t data ( type) 59%
8 2EE >0l Y8 ancer treatment data (any type b
B %g £ E & :- EgQ2 Surgery 52%
5 L==029(J Q2= it 9
Qo ScccRZ2E2D Radiation 52%
3 2l oo 2luldgc Chemotherapy 52%
ofc 00 o0oLfc >0
2 Elczxc3I|o2F ¢ Hormonal therapy 43%
o BlowwuwulBESo o o
- csl£5555[s 2 5 Bone marrow/stem cell transplant 1%
A= [} o
2 2 E EEEE 8 g 2Cohorts without a response to data collection queries were assumed to be
i SlI=zz=z=z[209P 4 missing these data.
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Table 4. Incident and prevalent cancer counts’

Cancer type Incident cancer counts®

Prevalent cancer counts’

Breast 210,465 Breast 16,034
Prostate 97,727 Colon 7,459
Lung (trachea, bronchus) 62,035 Rectum and anus 3,246
Colon 43,395 Prostate 2,954
Melanoma 25,672 Cervix 2,479
Bladder 22,944 Thyroid 1,219
Lymphoma (HL and NHL) 20,829 Melanoma 1,084
Corpus, body of uterus 18,081 Lymphoma (HL and NHL) 1,066
Rectum and anus 16,638 Corpus, body of uterus 962
Ovary, fallopian tube, broad ligament 15,820 Ovary, fallopian tube, broad ligament 846
Pancreas 14,536 Bladder 668
Kidney (including renal pelvis, 12,730 Lung (trachea, bronchus) 640
ureter, urethra)
Leukemia 12,185 Kidney (including renal pelvis, ureter, urethra) 518
Stomach 10,566 Leukemia 434
Oropharyngeal 8,852 Brain 261
Brain 7,962 Oropharyngeal 201
Thyroid 7,261 Liver and intrahepatic bile ducts 168
Myeloma 6,375 Stomach 134
Liver and intrahepatic bile ducts 6,274 Bone 82
Esophagus 4,985 Pancreas 75
Cervix 3,874 Esophagus 64
Gall bladder and extrahepatic bile duct 3,147 Myeloma 48
Small intestine 1,924 Small intestine 30
Bone 524 Gall bladder and extrahepatic bile duct 4
Total number of cancer cases 634,801 Total number of cancer cases 40,676

Abbreviations: HL, Hodgkin lymphoma; NHL, non-Hodgkin lymphoma.
®Total counts, from all cohorts providing data.

TAn incident cancer was defined as a cancer diagnosed after enrollment into a cohort.
*A prevalent cancer was defined as a cancer diagnosed prior to enroliment into a cohort.

classified themselves as black or African American and 290,000 as
Hispanic. In addition, more than 30,000 individuals reported
belonging to more than one race.

Participants have been enrolled across three continents, from
17 different countries. The highest recruitment was from North
America, with 31 cohorts having catchment areas in the United
States and 8 in Canada. There are 13 cohorts with catchment areas
in Europe, followed by Asia (6) and Australia (Supplementary
Table S1; ref. 3).

Data collection

The database is capable of displaying the types of data
collected by each cohort as well as summarizing descriptive
data across the cohorts selected for comparison. The tables
found under Table 3 show the categories of data collected at
baseline, including risk factors, cancer outcomes, comorbid-
ities, and cancer treatment received. The vast majority of
cohorts reported collecting data on key risk factors including
smoking/cigarette use (91%), alcohol use (84%), physical
activity (78%), and dietary intake (78%) (Table 3A). Data
collection on other major diseases, which is useful to investi-
gators trying to utilize the cohort data across different complex
disease phenotypes, includes diabetes and heart disease in 36
cohorts (78%; Table 3B), representing almost 4 million parti-
cipants. More than 50% of the cohorts (n = 30 and n = 27,
respectively) collected data on digestive and lung disease as
well (Table 3B). The cohorts were not asked to specify whether
the outcomes were collected through self-report of if they were
determined through medical records. Cancer treatment data
were collected by 27 cohorts (59%; Table 3C). The most
common method to obtain treatment information was from

1396 Cancer Epidemiol Biomarkers Prev; 25(10) October 2016

patient-reported questionnaires (55%), followed by medical
chart abstraction (44%), abstraction from electronic medical
records (18%), and from administrative claims (14%; data not
shown).

The majority of cohorts (76%) have utilized multiple data
collection approaches, with most still using mail-in question-
naires (89%), followed by in-person interviews (50%). Inter-
estingly, 41% of cohorts administered questionnaires electron-
ically via the Internet, surpassing the number of studies that
contact participants by telephone (24%). Two cohorts have
adopted cloud-based approaches for the collection, manage-
ment or distribution of their study data on the Internet, and
another seven (15%) are considering using this technology
within their cohort. With the evolution of mobile technologies,
cohorts are moving toward using such novel approaches for
data collection. Three (6.5%) cohorts have adopted data col-
lection through mobile devices, but another 11 cohorts (24%)
are considering the use of mobile devices. Two of the cohorts
using mobile technologies reported using tablets, with one
specifying its use to obtain consent and collect questionnaires,
while the other collected detailed specimen data during in-
person blood collections.

Half (n = 23) of the cohorts link their data to other existing
databases. The majority of the linkages are between state registries,
SEER, Medicare, and other tumor and cancer registries. Almost all
of the cohorts confirmed collecting mortality data (44 cohorts,
96%). The majority of cohorts confirm the death of participants
by using linkage to the National Death Index (27 cohorts, 59%) or
to state death certificates (28 cohorts, 51%) and to other regis-
tration systems, such as SEER, cancer registries, obituaries, and the
Social Security Death Index.

Cancer Epidemiology, Biomarkers & Prevention
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Table 5. Specimen data

Cancer Epidemiology Cohort Database

A. Specimen collection

Specimen type

Percent of cohorts
collecting specimen type

Blood collected (once)

Blood collected (at multiple time points)

Saliva/buccal collected (once)

Saliva/buccal (at multiple time points)

Tumor tissue collected
Able to potentially retrieve samples for future studies
(if not currently collecting tissue)

Normal tissue collected

78%
52%
46%
4%

46%
39%

30%

B. Specimen counts®

Specimen type’

Prevalent and
incident cancer

cases Healthy individuals

Blood 293,859 1,184,636
Buccal® 44,715 246,369
Lymphocytes 17,501 83,120
Tumor tissue: fresh/frozen 485 —

Tumor tissue: FFPE 41,181 —

Sputum 70 3,025
Urine 46,362 344,489
Buffy coat 4,175 49,108
Guthrie card 0 29,378
DNA 249,422 640,707

Abbreviation: FFPE, formalin fixed paraffin embedded.

20f the 46 cohorts included in the database, 5 reported they had no biospecimens and 2 did not respond to this query,

fIndividual specimen type and DNA are not mutually exclusive categories.

PBuccal includes all samples reported as buccal, mouthwash/buccal, and cheek cells.

A total of 634,801 incident cancer cases were reported by the
risk epidemiology cohorts and 40,676 prevalent cancer cases by
the hybrid and survivors cohorts. A breakdown of the cancer
sites reported is listed in Table 4. The top five incident cancers
are breast, prostate, lung, colon, and melanoma, while higher
prevalent cases included breast, colon, rectum and anus, pros-
tate, and cervical cancers. There were considerable numbers for
the less common cancer, as well. For example, there were
almost 8,000 incident cases of brain cancer and 22,944 for
bladder cancer.

Biobanking, genomics, and other -omics

Blood samples were collected at least once on a subset of cohort
participants by 36 cohorts (78%), while 24 cohorts (52%) did so
at multiple time points (Table 5A). Types of biospecimens col-
lected included blood, buccal, sputum, feces, lymphocytes, tumor
tissue, and urine samples. Tumor tissues were collected by 46% of
the cohorts, and normal tissue was available for 30% of the
cohorts. For the studies that do not collect tumor tissue, 39%
had knowledge of where the tumor tissue was stored for future
studies (Table 5B).

Table 6. Molecular data

Percent of cohorts
performing molecular test
Genotyping data (SNP) 67%
Epigenetic or metabolic markers 50%
Exome sequencing data 22%
Whole-genome sequencing data 26%
Other "omics" data 28%

www.aacrjournals.org

The rise in molecular and genomic epidemiology studies is
reflected in the biospecimen and molecular data collection num-
bers (Table 6), with 67% of the cohorts performing genotyping
(SNPs) for genome-wide association studies, 46% implementing
whole-exome or whole genome sequencing either on blood or
tissues, and 50% collecting epigenetic/metabolic marker data.
Although not all cohorts perform a systematic molecular and
genomic characterization of cohort participants through high-
throughput assays, these data reflect the feasibility of compre-
hensive "omic" characterization within large cohorts, which is
currently limited by lack of resources and rapidly changing
technologies.

Cohort-based research

A total of 75% of the cohorts (n = 36) report to have partic-
ipated in cross-cohort data harmonization activities, a fact due at
least in part to their participation in the NCI Cohort Consortium,
and their involvement in many additional consortia and pooling
projects.

CEDCD-based analyses in combination with data linkage to
existing databases providing information related to cancer
research have also been explored. A list of NIH-funded grants
supporting the cohorts' research was obtained by searching the
NIH's Query, View and Report database (conducted in May-June
2015). A text search, using each of the cohort's name and acro-
nym, was used to compile the list of grants for each of the cohorts.
It should be noted that there are limitations to the text search
function when searching grant applications submitted prior to
2008, as a number of applications in the NIH grants database are
scanned image files. Those grants that were funded by the NCI
were further examined using the NCI's Portfolio Management
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Application (PMA) 16.1 database and the cancer activity (CA)
code to determine the type of grant awarded and the research area
addressed.

Thirty-seven cohorts were found to be supported by NIH-
funded grants since 1997. Of the nine cohorts without funding,
all but one, were international. Of the 37 funded cohorts, 29 were
based in the United States, and eight were international. Consid-
ering the primary outcome of interest of the cohorts is cancer, it
was not surprising that the majority (66%) of the NIH grants were
funded by the NCI (n = 407). Other major funding institutes
included the National Heart, Lung, and Blood Institute (50
grants), the National Institute of Diabetes and Digestive and
Kidney Diseases (36 grants), the National Institute of Environ-
mental Health Sciences (30 grants), and the National Institute on
Aging (22 grants).

The PMA 16.1 database was used to categorize grants awarded
by the NCI by type (Supplementary Fig. S1) and by cancer activity
(CA) code (Supplementary Fig. S2). The five most common
activity codes contained more than 60% of all of the NCI-funded
grants and included Genomic Epidemiology (73 grants), Modi-
fiable Risk Factors (Epidemiology; 70 grants), General Epidemi-
ology (51 grants), Training (29 grants), Nutrition (24 grants), and
Early Detection/Biomarkers (21 grants).

Discussion

The CEDCD facilitates collaborative research using data from
cancer epidemiology cohort studies. Participation in the CEDCD
is open to all eligible cohorts meeting the criteria as described
previously. For those investigators interested in having their
cohort be included in the database, an inquiry should be made
through the contact page (https://cedcd.nci.nih.gov/contact.
aspx). When accessing the database, users can select cohorts by
searching via cohort name, selecting from the alphabetized list, or
by choosing advanced criteria of interest. The "Help" icon enables
users to get a step-by-step tutorial on how to explore all of the
databases' functions.

Analysis of the CEDCD descriptive data for the major cohorts
studying cancer and related outcomes shows a powerful popu-
lation infrastructure and identifies areas for possible enhance-
ment (33). Pooling projects that combine individual-level data
across these cohorts to achieve large sample sizes are feasible, and
collaborative studies that no single cohort alone can perform
could be undertaken. These include studies involving population
subgroups, rare cancers, rare genotypes, exposures, and pheno-
types, and evaluating interactions between common genetic and
nongenetic risk factors. Research on rare cancers typically relies on
case-control studies because the sample sizes required exceed
most prospective studies. However, the CEDCD can help inves-
tigators identify studies with the rare exposures and endpoints of
interest to facilitate pooling projects. Furthermore, with the varied
age range of the participants, large-scale research on early-onset
cancers among certain ethnic and racial groups is possible. In
addition, the assessment for other disease endpoints in the
CEDCD cohorts could greatly facilitate the study of comorbid-
ities, especially in elderly populations. Collaboration among
cancer research teams and experts in other common disease
domains (e.g., CVD and aging) is essential for this transdisciplin-
ary work.

The study of cancer health disparities is a current priority for
the NCI and NIH. Population-based research on health dispa-
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rities has been hampered in the past by the lack of sufficient
numbers of study participants reflecting diverse ethnic and
racial composition (34, 35). The combined data from the
CEDCD show that collaborative efforts could greatly help
facilitate research addressing underserved ethnic and racial
groups, given the collective number of cohorts' participants
from the relevant populations, including Hispanics (one of the
fastest growing ethnic groups in the United States), African
Americans, and Asian populations.

The lifestyle data collected by the majority of the CEDCD
cohorts reflect the major risk factors for cancer, as well as for
cardiovascular disease and diabetes, which are among the 10 most
prominent causes of mortality in high-income countries. The
systematic addition of clinical risk factor and treatment data,
particularly electronic medical records, is an important feature
that could enhance and enrich the usefulness of the cohorts' data.
Although the CEDCD data indicate that the process of data
integration is under way and present tremendous resource for
pooled analyses, it is also clear that a comprehensive standardized
effort for multilevel data harmonization, management, and dis-
tribution is necessary (36).

In this initial survey of the use or willingness to use m-health
technologies, we did not request further details on the specific
technologies and approaches that the cohort intended to use to
implement m-health. The use of mobile applications for data
collection (e.g., physical activity, diet, and medication use),
storage, and management will likely increase during the coming
years, due in part to methodologic advances and efforts of the
precision medicine initiative in the United States and others
abroad. Communication across cohorts and a forum to define
the most successful m-health protocols to acquire accurate infor-
mation from each subpopulation and the adoption of cross-
cohort standardization for these rapidly evolving tools and pro-
tocols are key to support more efficient and cost-effective next-
generation collaborative studies. These trends could be moni-
tored in future editions of the CECDC.

Extensive genomic and other “omics characterization has
already been performed on a large subset of the cohorts' biospeci-
mens. A collaborative approach to systematic integration of the
existing genomics data has enabled the development of studies
large enough to address the complex nature of the genetic factors
underlying common diseases. This approach has been adopted by
international OncoArray Network (37), an NCI, Genome Canada,
and Cancer Research UK initiative, which includes as members
many of the CEDCD participating cohorts, enabling the discovery
of additional common and rarer susceptibility variants (37)
Similarly, the integration of “omics, lifestyle, functional and
clinical data derived from cohorts infrastructure has been initiated
by large NCI-sponsored initiatives, such as the Genetic Associa-
tions and Mechanisms in Oncology and by multiple NCI-spon-
sored Consortia (add cohort consortium (17, 19), showing the
feasibility of combining epidemiologic, genomics, functional,
and clinical data to support a new generation of integrative
epidemiology analyses.

The CEDCD cohorts ascertain extremely high numbers of
incident common cancers. More than half of the cohorts have
collected blood at multiple time points, and most have collected
or have the capability to collect tissues, empowering research in
disentangling the heterogeneity of molecular heterogeneity with-
in cancer sites and the validation of predictive biomarkers as well
as the relationship between somatic and germline genomes.
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However, the relative lack of systematic tissue and DNA collection
across cohorts handicaps the ability to pool molecular data
derived from these samples for larger studies.

Given the overall large numbers of incident cancers, the exten-
sive follow-up data, the enrollment of diverse populations and the
rich biospecimen collections, these cohorts could provide the
infrastructure to enable build-in clinical trials seeking individuals
with unique characteristics within a cohort population who may
benefit from precision medicine approaches (38, 39). Moreover,
they can be used to embed dlinical trials of interventions on
asymptomatic individuals (40). These cohorts could also support
studies of late effects of cancer therapy and related comorbidities,
which are not easily explored in the time frame of a clinical trial.
To function, this translational pipeline would require the seam-
less integration of multidisciplinary teams, including epidemiol-
ogists, molecular scientists, behavioral scientists, and clinicians, a
transition already in process in many of the NCI-funded cancer
centers.

In summary, we have created a unique and detailed inventory
of existing cohorts with cancer as a primary outcome. Examina-
tion of the CEDCD initial data show that the combined cancer
cohorts examined could provide access to the broadest range of
genotypes, phenotypes, and exposures, thereby accelerating
efforts to detect and analyze subtle and important signals with
greater accuracy and inform precision medicine. Increasing the
number and variety of cohorts enrolled would provide valuable
data for investigators from multiple disciplinary domains and
facilitate collaborative study of cancer-related endpoints. Con-
tinuing this initial effort by maintaining a current and compre-
hensive descriptive database of large prospective cohorts will
facilitate important epidemiologic research by allowing the iden-
tification of areas of strength and needs for the current overall
cohorts' infrastructure, and by informing the use of resources
through cost-effective planning by both investigators and funding
agencies.
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