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Key Features

• The Ovarian Cancer Cohort Consortium (OC3) was established to facilitate prospective studies of ovarian cancer risk

factors, biomarkers, risk prediction and outcomes while accounting for ovarian cancer subtypes.

• The consortium currently includes 1.3 million women, among whom 7314 incident invasive epithelial ovarian cancer

cases have been identified, enrolled across 23 prospective studies based in the USA or Canada (16 studies), Europe

(five studies), Singapore (one study) and Australia (one study).

• The studies’ enrolment periods range from 1976 to currently ongoing and the median age at enrolment ranges from

35 to 62 years. Many of the studies enrolled individuals living in a particular region, and others targeted groups with

specific shared characteristics, such as religion, occupation, education or participation in a screening programme or

randomised trial.

• Data were collected using mailed or online questionnaires or in-person or telephone interviews and laboratory analysis. Of

the 21 studies that collected updated exposure and outcome information from participants after baseline, most collected

data every 2–5 years. Data are available on body size, reproductive and contraceptive history, use of medications

(e.g. postmenopausal hormone therapy, non-steroidal anti-inflammatory drugs) and selected disease diagnoses.

• Collaboration requests are accepted via a contact form on the OC3 website [theoc3.org].
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Why was the consortium set up?

Ovarian cancer is the most common fatal gynaecological

malignancy, but its incidence in the general population is

low.1 Due to the lack of effective prevention or early detec-

tion approaches and the late clinical presentation, most

ovarian cancers are detected at advanced stages with poor

outcomes. Two large ovarian cancer screening trials have

not shown a meaningful survival benefit in women

screened with the cancer antigen 125 (CA-125) blood test

and transvaginal ultrasound.2,3 Known ovarian cancer risk

factors are related to high-penetrance genetic mutations

(e.g. in BRCA1 or BRCA2), incessant ovulation, hormone

exposures and inflammation. With the exception of

BRCA1/2 status, known risk factors poorly predict

individual-level risk of developing ovarian cancer, hinder-

ing prevention efforts.4,5 Epithelial ovarian cancers are

highly heterogeneous, with multiple subtypes that can be

distinguished by morphology and molecular pathways,

risk factor profile, degree of aggressiveness and progno-

sis.6,7 The four main histological subtypes (histotypes) of

ovarian cancer are serous, endometrioid, clear cell and mu-

cinous tumours; the first two types are further distin-

guished by level of differentiation (grade). There is

increasing evidence that ovarian cancer subtypes have dif-

ferent cells of origin, with a subset of high-grade serous

cancers likely originating in the Fallopian tubes and some

endometrioid cancers deriving from orthotopic or ectopic

endometrial cells, and are clearly characterized by different

somatic events (e.g. nearly all high-grade serous tumours

have p53 mutations whereas other subtypes do not).8

Whereas precursors in the ovarian surface epithelium have

been elusive, there are now several candidate precursors

that have been found in the fallopian tubes, such as serous

tubal intraepithelial carcinomas.8,9 Currently there is insuf-

ficient evidence regarding risk factors and risk of progres-

sion of these putative precursors. Since tubal intraepithelial

carcinomas are typically incidental findings in clinical se-

ries of patients undergoing salpingectomy and salpingo-

oophorectomy, these presumptive precursors cannot be

studied in epidemiological cohorts with cancer endpoints.

Much of the understanding about risk factors, genetics

and molecular pathways of ovarian cancer has been de-

rived from case-control studies. Case-control studies can

accrue large numbers of cases and have made important

contributions to establishing risk factor associations and

genetic susceptibility, but risk factors and clinical measures

are ascertained at or after the time of diagnosis. Recall bias

has been shown to affect some risk factor associations for

ovarian cancer.10 Anthropometric measures obtained at

diagnosis, such as weight, can be substantially affected by

disease either due to cancer-related weight loss or due to

extensive ascites which may increase weight in a subset of

cases. Generally, most risk factors established in case-

control studies have also been observed in cohort studies.

However, case-control studies are unsuitable for most

blood- or urine-based biomarker studies of ovarian cancer

incidence, which require samples collected before disease

development. Prospective cohort studies can provide

questionnaire-based exposure data and prospectively col-

lected biospecimens without differential bias by disease

status, but due to the rarity of ovarian cancers in the gen-

eral population, it is challenging to study risk factors and

biomarkers for ovarian cancer prospectively in individual

cohorts. With the increasing recognition of the substantial

heterogeneity of ovarian cancer and the need to study sub-

types, it has become virtually impossible to study risk fac-

tors in individual prospective studies .

To address the need for well-powered prospective stud-

ies with ovarian cancer endpoints, we developed the

Ovarian Cancer Cohort Consortium (OC3), a large

population-based resource of prospective ovarian cancer

cases from a base sample of over 1.3 million women. The

OC3 provides a unique resource to conduct studies of

ovarian cancer risk factors, biomarkers, risk prediction

and outcomes while accounting for ovarian cancer sub-

types. The OC3 protocol was approved by the Institutional

Review Board of Brigham and Women’s Hospital

(Protocol # 2012P000378) and the Advarra Institutional

Review Board (Protocol # 00022137).

Who is in the consortium?

The OC3 was initiated through the National Cancer

Institute (NCI) Cohort Consortium, a global partnership

of more than 55 cohort studies focused on conducting co-

ordinated parallel and pooled analyses to address cancer-

related research questions that would be difficult to ad-

dress in any single cohort.11 NCI Cohort Consortium

members were initially approached in 2010 to participate

in the OC3. Cohorts that prospectively ascertained ovarian

cancer diagnoses and collected basic epidemiological data,

including oral contraceptive use and parity, were eligible

to join. Availability of biospecimens or information on

ovarian histotypes was considered a plus but not a prereq-

uisite and there was no minimum number of participants

or ovarian cancer cases required. Currently, there are 23

studies in the OC3, including 21 full cohort studies and

two case-cohort studies (CSDLH and NLCS; see Table 1
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Table 1 Descriptive information on OC3 cohorts

Study name Abbreviation Institution Country Enrolment

period

OC3

sample

sizea

Median

baseline age,

years

Latest year of

follow-up in

OC3 dataset

Follow-up

questionnaires?

(active or passive

follow-up)

Adventist Health Study II AHS2 Loma Linda University USA, Canada 2001–07 39 059 53 2015 Yes (active)

Black Women’s Health Studyb BWHS Boston University USA 1995 59 000 38 NA Yes (active)

Breast Cancer Detection Demonstration

Project

BCDDP National Cancer Institute USA 180 36 395 61 1999 Yes (passive)

California Teachers Study CTS City of Hope USA 1995–96 44 176 50 2012 Yes (active)

Campaign Against Cancer and Stroke CLUEII Johns Hopkins USA 1989 12 395 46 2012 Yes (passive)

Canadian Study of Diet, Lifestyle, and

Healthc

CSDLH Canadian Study of Diet,

Lifestyle, and Health

Canada 1992–98 3019 (39 618) 58 2011 Yes (passive)

Cancer Prevention Study-II CPSII American Cancer Society USA (incl. Puerto Rico) 1982 82 435 62 2009 Yes (passive)

Cancer Prevention Study-3b CPS3 American Cancer Society USA (incl. Puerto Rico) 2006–13 198 580 47 NA Yes (active)

European Prospective Investigation into

Cancer and Nutrition

EPIC International Agency for

Research on Cancer/German

Cancer Research Center

France, Italy, Spain,

UK, The Netherlands,

Germany, Sweden,

Denmark, Norway

1992–2000 249 489 51 2010 Yes (active)

Generations Study (formerly

Breakthrough Generations Study)

BGS Institute of Cancer Research UK 2003–13 101 894 48 2014 Yes (active)

Iowa Women’s Health Study IWHS University of Minnesota/

University of Iowa

USA 1986 30 671 61 2011 Yes (passive)

Janus Serum Bankb JSB Cancer Registry of Norway Norway 1972–2004 152 491 42 NA No (passive)

Melbourne Collaborative Cohort Study MCCS Cancer Council Victoria Australia 1990–94 20 863 55 2010 Yes (passive)

Multiethnic Cohort Study (White women

only)

MEC University of Hawaii/

University of Southern

California

USA 1993–96 16 510 57 2012 Yes (active)

Netherlands Cohort Studyc NLCS Maastricht University The Netherlands 1986 2883 (62 573) 62 2010 No (passive)

NIH-AARP Diet and Health Study AARP National Cancer Institute at

the National Institutes of

Health

USA 1995–96 201 510 62 2007 Yes (passive)

Nurses’ Health Study NHS Brigham and Women’s

Hospital

USA 1976 98 605 47 2010 Yes (active)

Nurses’ Health Study II NHSII Harvard T.H. Chan School of

Public Health

USA 1989 114 033 35 2011 Yes (active)

NYU Women’s Health Study NYUWHS New York University USA 1985–91 12 439 49 2012 Yes (active)

Prostate, Lung, Colorectal and Ovarian

Cancer Screening Trial

PLCO National Cancer Institute USA 1993–2001 60 846 62 2009 Yes (passive)

(Continued)
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for full study names), and three additional cohorts

(BWHS, CPS3, JSB) are in the process of joining.

Of the 26 studies, 18 are based in the USA or Canada,

six in Europe, one in Asia and one in Australia (Table 1).

The studies’ enrolment periods range from 1972 to cur-

rently ongoing. Many of the studies sought to enrol indi-

viduals in the general population of a particular region and

used a variety of registries to identify potential participants

[e.g. driver’s licence list (IWHS, MEC), electoral roll and

phone directory (MCCS), population registry (NLCS,

WLH) or commercial mailing list (VITAL)]. However, sev-

eral studies targeted groups with specific shared character-

istics, such as religion (AHS2), occupation or education

(CTS, NHS, NHSII, CSDLH), enhanced breast cancer risk

(SIS) or screening programme participation (BCDDP,

NYUWHS, SMC). Two studies are observational exten-

sions of randomized trials (PLCO, WHS).

When considering only participants that are typically el-

igible for OC3 analyses (see Supplementary Methods,

available as Supplementary data at IJE online) and exclud-

ing three studies that have not yet submitted data to the

OC3 (BWHS, CPS3 and JSB), the median study size is 39

059 women (interquartile range¼20 863 to 82 435) and

the total pooled population in the consortium is 1 363 990

women. After the addition of BWHS, CPS3 and JSB, the

total pooled population will be approximately 1.7 million

women. The median age at enrolment was 50 years or

older for 17 of the 23 studies (Table 1).

The current pooled OC3 dataset (median end of follow-

up¼ 2011; Table 1) includes 7314 incident invasive epithe-

lial ovarian cancer cases, of whom 5109 (69.9%) have

data on histotype (Table 2). Of the 7314 cases, 50% are

from four studies (AARP, NHS, EPIC, CPS2) with each

contributing 8–18% of the total number of cases. The ad-

dition of BWHS, CPS3 and JSB is expected to add more

than 2000 invasive ovarian cancer cases to the OC3.

In all the OC3 studies except SCHS, serous cancer was

the histotype in the majority of cases, followed by endome-

trioid and mucinous cancers, which have similar preva-

lence, and clear cell cancer, the least common of the four

major histotypes (Supplementary Figure S1, available as

Supplementary data at IJE online). This distribution is

consistent with observations in previous studies focused on

women of European ancestry.12,13 SCHS, which enrolled

Chinese adults living in Singapore, is unique in that the se-

rous histotype is observed in less than half of the cases, and

mucinous and clear cell tumours are more common than in

the other studies. This distribution is consistent with inter-

national registry data showing a greater prevalence of clear

cell tumours among Asian versus White women.14 Pooled

case numbers are 3794 for serous, 664 for endometrioid,

356 for mucinous and 295 for clear cell. Moreover, caseT
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Table 2 Distribution of the four major ovarian cancer histotypes by study in OC3a

All invasive epithelial

ovarian cancer

cases

All invasive epithelial

ovarian cancer cases

classified as one of

the four major histotypes

Serous or

poorly

differentiated

Endometrioid Mucinous Clear cell

Study abbreviation Median age

at diagnosis

n (%) Median age

at diagnosis

n (%) Median age

at diagnosis

n (%)b Median age

at diagnosis

n (%)b Median age

at diagnosis

n (%)b Median age

at diagnosis

n (%)b

USA and Canada

AARP 69.9 1350 (18.5) 68.0 701 (13.7) 68.4 546 (77.9) 65.3 85 (12.1) 66.8 44 (6.3) 64.8 26 (3.7)

AHS2 67.7 98 (1.3) 65.4 67 (1.3) 66.4 45 (67.2) 61.6 13 (19.4) 79.8 5 (7.5) 65.2 4 (6.0)

BCDDP 68.5 175 (2.4) 68.0 96 (1.9) 69.0 67 (69.8) 66.0 21 (21.9) 74.0 5 (5.2) 58.0 3 (3.1)

CSDLH 62.7 112 (1.5) 60.0 72 (1.4) 65.5 40 (55.6) 53.6 14 (19.4) 57.4 10 (13.9) 46.0 8 (11.1)

CLUEII 66.5 90 (1.2) 64.0 52 (1.0) 64.0 39 (75.0) 62.0 9 (17.3) 54.0 2 (3.8) 69.5 2 (3.8)

CPS2 70.0 578 (7.9) 70.0 455 (8.9) 70.0 358 (78.7) 69.0 51 (11.2) 68.0 26 (5.7) 69.0 20 (4.4)

CTS 66.0 216 (3) 65.0 161 (3.2) 68.0 104 (64.6) 61.0 29 (18.0) 70.0 7 (4.3) 56.0 21 (13.0)

IWHS 74.0 380 (5.2) 73.0 242 (4.7) 73.0 194 (80.2) 71.5 20 (8.3) 69.0 17 (7.0) 73.0 11 (4.5)

MEC 69.4 104 (1.4) 67.6 64 (1.3) 68.7 49 (76.6) 65.8 6 (9.4) 71.0 4 (6.3) 56.5 5 (7.8)

NHS 65.9 910 (12.4) 65.8 818 (16.0) 66.6 626 (76.5) 62.7 110 (13.4) 62.0 42 (5.1) 62.1 40 (4.9)

NHS2 51.2 282 (3.9) 50.8 230 (4.5) 51.3 136 (59.1) 49.6 49 (21.3) 45.7 12 (5.2) 52.3 33 (14.3)

NYUWHS 63.9 136 (1.9) 63.9 104 (2.0) 64.8 81 (77.9) 57.1 7 (6.7) 64.5 8 (7.7) 57.8 8 (7.7)

PLCO 70.0 412 (5.6) 70.0 273 (5.3) 70.0 230 (84.2) 65.0 23 (8.4) 64.0 8 (2.9) 70.0 12 (4.4)

SIS 58.6 47 (0.6) 58.0 36 (0.7) 58.0 28 (77.8) 59.7 4 (11.1) NA NA 56.3 4 (11.1)

VITAL 67.6 142 (1.9) 67.1 106 (2.1) 68.0 89 (84.0) 62.6 8 (7.5) 71.9 3 (2.8) 62.9 6 (5.7)

WHS 63.4 207 (2.8) 63.3 158 (3.1) 63.6 131 (82.9) 60.4 20 (12.7) 65.0 7 (4.4) NA NA

Europe

BGS 62.1 104 (1.4) 62.1 70 (1.4) 62.6 48 (68.6) 53.2 5 (7.1) 67.6 13 (18.6) 54.7 4 (5.7)

EPIC 62.6 837 (11.4) 61.9 602 (11.8) 62.9 435 (72.3) 59.6 81 (13.5) 59.5 49 (8.1) 59.9 37 (6.1)

NLCS 71.0 471 (6.4) 70.0 333 (6.5) 71.0 240 (72.1) 70.0 37 (11.1) 68.0 41 (12.3) 68.0 15 (4.5)

SMC 67.7 213 (2.9) 67.0 161 (3.2) 66.9 116 (72.0) 67.4 30 (18.6) 76.3 10 (6.2) 63.4 5 (3.1)

WLHS 53.8 224 (3.1) 54.2 129 (2.5) 54.3 89 (69.0) 52.8 18 (14.0) 53.3 15 (11.6) 54.3 7 (5.4)

Other regions

MCCS 68.7 107 (1.5) 68.7 88 (1.7) 69.5 61 (69.3) 63.6 9 (10.2) 61.5 10 (11.4) 65.0 8 (9.1)

SCHS 63.2 119 (1.6) 61.2 91 (1.8) 64.3 42 (46.2) 60.9 15 (16.5) 59.3 18 (19.8) 60.8 16 (17.6)

All studies 66.5 7314 (100) 65.4 5109 (100) 67.0 3794 (74.2) 62.9 664 (13.0) 64.1 356 (7.0) 61.2 295 (5.8)

NA, not applicable; OC3, Ovarian Cancer Cohort Consortium.
aSee Table 1 for full study names corresponding to each abbreviation. BWHS, CPS3 and JSB are not included in this table because they have not yet contributed data to the OC3.
bPercentages represent the proportion of cases of each histotype, among cases classified as one of the four major histotypes within each study.
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numbers for serous and endometrioid tumours by grade

are large enough to allow for exploration of potential dif-

ferences in risk factor associations by grade

(Supplementary Table S1, available as Supplementary data

at IJE online).

How often have they been followed up?

Mailed or online questionnaires were the primary mode of

data collection across all the studies, although a few studies

incorporated face-to-face or telephone interviews with partic-

ipants to collect data. Of the 23 studies, 21 sent at least one

follow-up questionnaire to participants (or conducted follow-

up interviews) to collect updated exposure and outcome in-

formation after baseline (Table 1, Figure 1). The interval be-

tween questionnaires ranged from annually to 13 years, with

most studies collecting data every 2–5 years. Currently, 11

studies are actively following participants through periodic

questionnaires or in-person interviews. However, most stud-

ies that are no longer actively contacting participants con-

tinue to passively follow them for cancer diagnosis and death

via linkage with cancer and death registries.

What has been measured?

To initiate the consortium, the OC3 data coordinating cen-

tre requested baseline questionnaire data from each study

as well as information on ovarian cancer diagnoses and

deaths that had been ascertained in the study (see

Supplementary Methods for details about procedures for

requesting data and harmonizing variables). Information

on body mass index, menarche and menopause, parity,

oral contraceptive use, hysterectomy and oophorectomy

status, postmenopausal hormone therapy use, and several

other putative risk factors (e.g. alcohol intake, smoking, di-

abetes, cardiovascular disease, aspirin use) are consistently

available across many of the studies (Table 3). The studies

identify cancer cases and case characteristics (e.g. stage,

histotype, morphology, grade) either through participant

self-reports on questionnaires with subsequent confirma-

tion by review of pathology reports or through linkage

with regional or national cancer registries, or a combina-

tion of the two methods. Histotype was coded by the indi-

vidual studies using International Classification of Diseases

for Oncology codes,15 and the data coordinating centre

created a consensus codebook to classify histotype in

Figure 1 Timing of questionnaires in the Ovarian Cancer Cohort Consortium, by study.

See Table 1 for full study names corresponding to each abbreviation. Triangles indicate a questionnaire mailing or interview. Ovals indicate the study

enrolment period. Solid arrow lines indicate studies that are still actively following participants (i.e., planning to send additional questionnaires or

conduct additional interviews to collect updated exposure and/or disease information). Dotted arrow lines indicate studies that no longer actively fol-

low participants but are passively collecting participant endpoints via linkage with cancer and death registries. The countries within the European

Prospective Investigation into Cancer and Nutrition (EPIC) collect data at different time intervals; data are shown for the country within EPIC with the

shortest interval between questionnaires.
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Table 3 Availability of data on known and suspected ovarian cancer risk factors at baseline, cause of death and ovarian cancer treatment, and biospecimens collected in each OC3 studya

Variable AARP AHS2 BCDDP BGS CLUEII CPS2 CSDLH CTS EPIC IWHS MCCS MEC NHS NHSII NLCS NYUWHS PLCO SCHS SMC SIS VITAL WHS WLH

Anthropometric variables

Height X X X X X X X X X X X X X X X X X X X X X X X

Body mass index in young adulthoodb X X X X X X X X X X X X X X X

Body mass index at baseline X X X X X X X X X X X X X X X X X X X X X X X

Menarche and menopause variables

Age at menarche X X X X X X X X X X X X X X X X X X X X X X X

Menopausal status X X X X X X X X X X X X X X X X X X X X X X X

Age at natural menopause X X X X X X X X X X X X X X X X X X X X X X X

Reason for menopause X X X X X X X X X X X X X X X X X X X X X X

Reproductive history

Parity X X X X X X X X X X X X X X X X X X X X X X X

Age at first birth X X X X X X X X X X X X X X X X X X X X X

Age at latest birth X X X X X X X X X

Duration of breastfeeding X X X X X X X X X X

Contraception history

Tubal ligation X X X X X X X X X X X X X

Ever used oral contraceptives X X X X X X X X X X X X X X X X X X X X X X X

Oral contraceptive use duration X X X X X X X X X X X X X X X X X X X X X X X

Age first used oral contraceptives X X X X X X X X X X X X X X X X X

Age last used oral contraceptives X X X X X X X X X X

Family history of breast or ovarian cancer

1st degree family history of breast cancer X X X X X X X X X X X X X X X X X X X X X

1st degree family history of ovarian

cancer

X X X X X X X X X X X X X X X X X

Hysterectomy/oophorectomy status

Hysterectomy status X X X X X X X X X X X X X X X X X X X X X X X

Oophorectomy status X X X X X X X X X X X X X X X X X X X X X X X

Postmenopausal use of hormone therapy

Postmenopausal HT use X X X X X X X X X X X X X X X X X X X X X X X

Duration of postmenopausal HT use X X X X X X X X X X X X X X X X X X X X X X X

Ever use of oral oestrogen only X X X X X X X X X X X X

Duration of use of oral oestrogen only X X X X X X X X X X X

Ever use of oral oestrogenþprogestin only X X X X X X X X X X X X X X

Duration of use of oral

oestrogenþprogestin

X X X X X X X X X X X X X

Ever use of other postmenopausal HT X X X X X X X

X X X X X X

(Continued)
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Table 3 Continued

Variable AARP AHS2 BCDDP BGS CLUEII CPS2 CSDLH CTS EPIC IWHS MCCS MEC NHS NHSII NLCS NYUWHS PLCO SCHS SMC SIS VITAL WHS WLH

Duration of use of other postmenopausal

HT

Other putative risk factors

Endometriosis X X X X X X X X X

Alcohol intake X X X X X X X X X X X X X X X X X X X X X X

Smoking status X X X X X X X X X X X X X X X X X X X X X X X

Pack-years (among ever smokers) X X X X X X X X X X X X X X X X X X X X X X X

Cardiovascular disease X X X X X X X X X X X X X X X X X X X X X

Diabetes X X X X X X X X X X X X X X X X X X X X X X

Ever diagnosed with autoimmune disease X X X X X X X

Ever diagnosed with PID X X X X X

Regular aspirin or NSAID use X X X X X X X X X X X X X X X X X

Race X X X X X X X X X X X X X X X X X X X X X X

Education X X X X X X X X X X X X X X X X X X X X X X

Dietc X X X X X X X X X X X X X X X X X X X X X X X

Cause of death, ovarian cancer treatment

Treatment data from pathology, surgical

reports, or tumour registry

X X X X X X X X X

Cause of death X X X X X X X X X X X X X X X X X

Biospecimensd

Blood (X) X X X X X X (X) (X) (X) X X X (X) X X

Urine (X) (X) X (X) (X) (X) X (X) X

Buccal cells X (X) (X) X (X) (X) X

Ovarian tumour tissue X X X X X X X X X

HT, hormone therapy; NSAID, non-steroidal anti-inflammatory drug; OC3, Ovarian Cancer Cohort Consortium; PID, pelvic inflammatory disease.
aSee Table 1 for full study names corresponding to each abbreviation. BWHS, CPS3, and JSB are not included in this because they have not yet contributed data to the OC3.
bFor BMI in young adulthood, all studies used recalled weight at age 18 except AHS2, CSDLH and PLCO which used age 20, and CLUEII which used age 21.
cData on diet were collected after baseline in some studies.
d(X) indicates that a subset of the study population was targeted for biospecimen collection; X (without parentheses) indicates that the study attempted to collect the biospecimen in the whole study population.
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alignment with the World Health Organization classifica-

tion (first revision).16 Almost all the studies confirm deaths

through linkage with regional or national death registries.

Details about ovarian cancer treatment and cause of death

are available in a subset of studies (Table 3).

Prospectively collected biospecimens are available in

many of the studies (Table 3). Blood was the most com-

monly collected biospecimen in the studies. Given the pro-

spective blood collection, there is a unique opportunity in

the OC3 to examine whether a biomarker-risk association

varies by timing of blood collection in relation to ovarian

cancer diagnosis. Blood was collected 5 or more years be-

fore ovarian cancer diagnosis for 60% of ovarian cancer

cases, providing an opportunity to study a range of bio-

markers related to aetiology and natural history

(Supplementary Table S2, available as Supplementary data

at IJE online). Blood was collected within 3 years before

diagnosis for 23% of cases, highlighting the potential to

conduct studies of biomarkers for early detection.

Germline DNA is also available in many studies for all or

some participants and several have collected buccal cells

and urine. The subset of participants who provided blood

or buccal cell samples tended to be younger and more

likely to have ever used oral contraceptives, be premeno-

pausal and have shorter duration of postmenopausal hor-

mone therapy use than all participants in the OC3

(Supplementary Table S3, available as Supplementary data

at IJE online). This is largely explained by the influence of

NHSII, which has the youngest participants of all the OC3

studies (median age at enrolment¼ 35 years) and collected

biospecimens from more than 29 600 women.

Measurement of tissue markers by immunohistochemis-

try, or newer approaches such as multiplex immunofluo-

rescence, holds promise for a deeper understanding of the

mechanisms underlying associations between risk factors

and cancer risk. In this regard, some of the OC3 studies

have received, or continue to request, consent from partici-

pants diagnosed with ovarian cancer to obtain ovarian tu-

mour tissue from the hospitals where participants were

treated, or have tissue blocks or tissue microarrays avail-

able for research purposes (Table 3).

The consortium has received funding to request addi-

tional variables from the member studies, including data

from follow-up questionnaires and updated information

on cancer incidence and deaths. The consortium will con-

tinue to expand the pooled dataset as more projects are

funded.

What has been found?

Several pooled analyses of risk factor data and of previ-

ously measured biomarker data have been published by the

OC3 (see Supplementary Methods for the general ap-

proach to statistical analyses in the OC3). Depending on

the availability of exposure and biomarker data, the analy-

ses included different subsets of OC3 cohorts.

Ovarian cancers can be subdivided by various charac-

teristics, including histotype, tumour aggressiveness (based

on survival time) and anatomical location of presentation

(ovary, fallopian tube, peritoneum). The first paper from

the OC3 found substantial heterogeneity of 12 risk factor

associations by histotype, with the weakest associations

observed for most risk factors with serous tumours, the

most common and aggressive subtype of ovarian cancer.7

Unsupervised clustering of selected risk factors highlighted

similar risk factor patterns between endometrioid and clear

cell tumours (Figure 2A). When evaluating risk factors by

tumour aggressiveness, several risk factors, particularly

high body mass index (BMI) and cigarette smoking, were

associated with more aggressive, rapidly fatal ovarian can-

cer, which could reflect a combination of factors such as

tumour biology, access to care and/or treatment response

(Figure 2B).17 The heterogeneity was not fully explained

by histotype, suggesting that both histotype and tumour

aggressiveness contribute independently to ovarian cancer

heterogeneity. A separate analysis found that most risk fac-

tor associations did not vary by anatomical site, except for

age at first pregnancy, tubal ligation and early-adult

BMI.18 Currently, there is not a single classification that by

itself distinguishes aetiologically or clinically meaningful

subgroups of ovarian cancers. In the future, molecular clas-

sifications based on immunohistochemistry and molecular

profiling will be used to further classify ovarian cancers

and study risk factor and biomarker associations.19–21

Several OC3 studies have focused on inflammation-

related exposures or biomarkers. Of these, two examined

sources of inflammation that might influence cancer risk

via direct impact on the ovaries or fallopian tubes [lifetime

ovulatory cycles (LOCs)22 and genital powder use23]. The

LOC analysis precisely quantified the risk associated with

number of ovulatory cycles and showed heterogeneity by

ovarian cancer subtype. Further, LOCs were independently

associated with ovarian cancer risk after adjusting for the

individual contributors to LOC calculations. Regarding

genital powder use, previous findings were primarily based

on case-control studies that are at risk of recall bias, and

the few prospective studies were underpowered to find

weaker risk associations. In the largest prospective study

so far, the OC3 found a very small, positive association be-

tween genital powder use and ovarian cancer risk among

all women [hazard ratio (HR) 1.08, 95% confidence inter-

val (CI) 0.99–1.17] as well as among women with intact

uterus and fallopian tubes (HR 1.13, 95% CI 1.01–

1.26).23 Other potential risk factors examined in the OC3
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reflect systemic exposure to inflammation. For example, in

a pooled evaluation in a subset of OC3 cohorts with previ-

ously measured plasma or serum C-reactive protein (CRP),

CRP concentrations >10 versus <1 mg/L were associated

with more than 3-fold increased risks of endometrioid and

mucinous cancers.24 A study of analgesic use and ovarian

cancer risk from the OC3 confirmed findings from previ-

ous case-control studies showing an inverse association be-

tween frequent use of aspirin, a non-steroidal anti-

inflammatory drug, and risk of ovarian cancer. No subtype

heterogeneity in this association was observed.25 A com-

plete list of OC3 publications can be found at [theoc3.org/

research].

What are the main strengths and
weaknesses?

Major strengths of the consortium are the large prospective

dataset of more than 1.3 million women, including more

than 7300 incident ovarian cancer cases, and extensive

data on histotype which permit conduct of well-powered

studies of risk factors and biomarkers in ovarian cancer

subtypes. The consortium setting enables relatively quick

evaluation of the reproducibility of associations across

many study populations. The cohort studies have a rich set

of risk factor data covering all established ovarian cancer

risk factors and many other exposures that could be rele-

vant for specific ovarian cancer subtypes. A subset of OC3

studies has prospective blood collections, and a few have

repeated blood samples, allowing conduct of well-powered

biomarker studies including research to identify or validate

markers of early detection. Furthermore, several studies in

the OC3 have tissue specimens available that enable molec-

ular studies designed to understand ovarian cancer aetiol-

ogy and to evaluate molecular subtypes. The OC3 is

closely connected to the Ovarian Cancer Association

Consortium (OCAC), the largest consortium of ovarian

cancer studies, which includes primarily case-control stud-

ies and clinical case series focused on genetic association

studies but has also a strong epidemiological component.

Several projects are under way which will pool data from

both consortia, which are particularly suited to study rare

exposures in rare subtypes. Furthermore, the OCAC has

completed several genome-wide association studies

(GWAS) and some cohorts in OC3 contributed case-

control sets for genotyping in OCAC. These data and other

GWAS sources in OC3 studies create opportunities for

studies of risk factor by gene interactions. The OC3 is

Figure 2 Unsupervised hierarchical clustering of ovarian cancer subtypes by their associations with risk factors.

Unsupervised hierarchical clustering of (A) the four major ovarian cancer histotypes and (B) four ovarian tumour aggressiveness categories (highly

aggressive ¼ time between diagnosis and death <1 year; very aggressive ¼ death in 1 to <3 years; moderately aggressive ¼ death in 3 to <5 years;

less aggressive ¼ lived �5 years). Unless otherwise noted, the categories used in the cluster analysis were ever versus never parous, ever versus

never oral contraceptive use, ever versus never tubal ligation, ever versus never endometriosis, age at menarche >15 vs �11 years, age at meno-

pause <40 versus 50 to 55 years, ever versus never menopausal hormone therapy use, ever versus never hysterectomy, family history of breast can-

cer (yes vs no), family history of ovarian cancer (yes vs no), body mass index >35 versus 20 to 25 kg/m2, height (per 5-cm increase), and ever versus

never smoking. The colour scale shows the range of b-values for each exposure.

International Journal of Epidemiology, 2022, Vol. 51, No. 3 e83

D
ow

nloaded from
 https://academ

ic.oup.com
/ije/article/51/3/e73/6398054 by M

aastricht U
niversity user on 25 O

ctober 2022



ideally situated to validate associations of individual risk

factors, genetic susceptibility and integrated risk models

developed in OCAC.

However, some weaknesses of the OC3 need to be

noted. Although the OC3 includes cohorts from around

the world, the racial/ethnic diversity is very limited with

only one cohort from Asia and none from Africa, which

reflects the few cohort studies conducted in these regions.

Most cohorts in the OC3 cover a limited age range at en-

rolment, which limits the exposure windows that can be

studied with biomarkers. Despite the size of the consor-

tium, there is still limited sample size for analyses of rare

histotypes. The OC3 database currently only includes

exposures measured at baseline, but an ongoing effort is

under way to obtain follow-up data in a subset of studies

which will enable analyses accounting for time-varying

exposures. Biospecimens are only available in a subset of

studies, and repeated blood collections are available only

in very few studies. The simultaneous evaluation of differ-

ent exposures and biomarkers may be limited by missing

variables and missing data across the studies, but this

might be addressed by large-scale imputation approaches.

How can I access the data?

Making OC3 data widely available for epidemiological

studies on ovarian cancer is one of the core missions of the

OC3. The OC3 welcomes collaboration requests from

studies wishing to join the consortium as well as from

researchers seeking to use the data for specific research

projects. Researchers do not need to be affiliated with an

OC3 member study to submit a study proposal. Research

proposals from junior scientists are encouraged. Interested

researchers should visit the OC3 website [theoc3.org] to

fill out a contact form, view an up-to-date list of currently

approved projects and read instructions for proposing a

new project. Briefly, to propose a project, the researcher

must submit an analysis proposal form which is then circu-

lated to the OC3 Steering Committee for review. OC3

studies have agreed to an opt-in approach for analyses.

Therefore, the researcher must obtain approval from the

main contact of each study for that study’s data to be in-

cluded in the analysis. Finally, to access data, a data use

agreement is set up between the researcher’s institution

and the data coordinating centre (based at Moffitt Cancer

Center) and appropriate institutional review board appro-

vals may need to be obtained. Researchers involved in ac-

tive analyses participate in bi-weekly analysis calls to

provide updates on progress, present preliminary results

and receive early feedback. The OC3 website [theoc3.org]

contains further details related to OC3 leadership and poli-

cies. Enquiries can also be submitted directly to Dr Shelley

Tworoger [shelley.tworoger@moffitt.org]. The data under-

lying this article were provided by each of the member

OC3 studies under a Data Use Agreement with Moffitt

Cancer Center. Data will be shared following OC3 analysis

proposal guidelines which can be found at [theoc3.org/pol-

icies]. These guidelines include approval of an analysis pro-

posal by the OC3 Steering Committee, written approval

from the main contact of each study, set-up of a data use

agreement between the requestor’s institution and Moffitt

Cancer Center, and approval by the appropriate institu-

tional review board.

Supplementary Data

Supplementary data are available at IJE online.
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