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Background: Epithelial ovarian, fallopian tube, and primary
peritoneal cancers have shared developmental pathways. Few stud-
ies have prospectively examined heterogeneity in risk factor asso-
ciations across these three anatomic sites.

Methods: We identified 3,738 ovarian, 337 peritoneal, and 176
fallopian tube incident cancer cases in 891,731 women from 15
prospective cohorts in the Ovarian Cancer Cohort Consortium.
Associations between 18 putative risk factors and risk of ovarian,
peritoneal, and fallopian tube cancer, overall and for serous and
high-grade serous tumors, were evaluated using competing risks
Cox proportional hazards regression. Heterogeneity was assessed by
likelihood ratio tests.

Results: Most associations did not vary by tumor site (Ppe 2
0.05). Associations between first pregnancy (P,e; = 0.04), tubal
ligation (Pher = 0.01), and early-adult (age 18-21 years) body
mass index (BMI; P} = 0.02) and risk differed between ovarian
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and peritoneal cancers. The association between early-adult BMI
and risk further differed between peritoneal and fallopian tube
cancer (Ppe, = 0.03). First pregnancy and tubal ligation were
inversely associated with ovarian, but not peritoneal, cancer.
Higher early-adult BMI was associated with higher risk of
peritoneal, but not ovarian or fallopian tube, cancer. Patterns
were generally similar when restricted to serous and high-grade
serous cases.

Conclusions: Ovarian, fallopian tube, and primary peritoneal
cancers appear to have both shared and distinct etiologic pathways,
although most risk factors appear to have similar associations by
anatomic site.

Impact: Further studies on the mechanisms underlying the
differences in risk profiles may provide insights regarding the
developmental origins of tumors arising in the peritoneal cavity
and inform prevention efforts.
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Introduction

Epithelial ovarian cancer is often investigated as a composite
outcome including ovarian, primary peritoneal, and fallopian tube
cases, given commonalities (e.g., histologic subtypes, pathologic stag-
ing) and potentially shared tissues of origin (e.g., serous tumors
predominantly from the fallopian tube, endometrioid, and clear cell
from endometriosis and endometrioid adenofibromas; ref. 1). Rela-
tively few studies have investigated risk factors by primary anatomic
site (2-10). To date, these studies have suggested potential heteroge-
neity in associations by primary site for pregnancy-related and
anthropometric characteristics, hysterectomy, and family history of
cancer. Prospective studies (3, 7) are sparse given the relative rarity of
cancers diagnosed as fallopian tube or primary peritoneal cancer [e.g.,
incidence of ovarian, fallopian tube, and primary peritoneal cancers
are estimated at 6.6 per 100,000, 0.62 per million, and 6.78 per million
women per year, respectively (5, 11, 12)].

Given the limited evidence to date, the aim of this study was to
evaluate whether the association between risk factors for invasive
epithelial cancers arising in the peritoneal cavity differ by anatomic site
at diagnosis (i.e., ovarian, primary peritoneal, fallopian tube), and, if
differences were observed, to investigate whether these differences
persist after restriction to (high-grade) serous tumors, given recog-
nized heterogeneity in risk factors by histologic subtype (13). This
study was conducted using the Ovarian Cancer Cohort Consortium
(OC3), including 3,738 ovarian, 337 primary peritoneal, and 176
fallopian tube incident cancer cases accrued from approximately
892,000 women in 15 prospective cohorts.

Materials and Methods

Study sample

This analysis included women from 15 of the prospective cohorts
participating in the OC3 (Supplementary Table S1; ref. 13). OC3
cohorts were required to have: (i) prospective follow-up for incident
ovarian cancer diagnoses and deaths and (ii) information on age
at recruitment, oral contraceptive (OC) use, and parity. For this
study, information on incident peritoneal and fallopian tube cancer
cases was also required. All participating studies received institu-
tional approval for cohort data collection and follow-up and the
OC3 data coordinating center and analytic approaches were
approved by the institutional review board of the Brigham and
Women's Hospital.

Risk factors

Data from baseline questionnaires for 14 full cohorts and one
case—cohort study with weights were centrally harmonized. Risk
factors selected for this study were known and putative ovarian
cancer risk factors, with data available and centrally harmonized for
the OC3.

Exposures in this analysis were: age at menarche (continuous, per
2 years), OC use (never, ever; continuous duration, per 5 years for
ever users), parity (nulliparous, one or more pregnancies; contin-
uous for each additional pregnancy), age at first birth (continuous,
per 5 years in parous women), age at last birth (continuous, per
5 years in parous women), duration of breastfeeding (continuous,
per 6 months in parous women), hysterectomy (never, ever),
unilateral oophorectomy (never, ever), tubal ligation (never, ever),
menopausal status (premenopausal, postmenopausal), age at men-
opause (continuous, per 2 years in postmenopausal women), dura-
tion of menopausal hormone therapy (MHT; never, ever; contin-
uous, per 5 years in MHT users), height (continuous, per 5 cm),
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body mass index (BMI) at ages 18-21 (continuous, per 5 kg/m?),
BMI at baseline (continuous, per 5 kg/m?), family history of breast
cancer (no, yes), family history of ovarian cancer (no, yes), and
smoking status (ever, never). If a study did not collect information
on a specific exposure, that study was excluded from the analysis of
that factor (Supplementary Table S2).

Ovarian, primary peritoneal, and fallopian tube cancer

Cases of epithelial ovarian, primary peritoneal, and fallopian
tube cancer were confirmed through medical record review or through
cancer registries (13). When using cancer registry data, cases were
classified by ICD-O-3/ICD-10 (ovary: C56.9; fallopian tube: C57.0,
C57.4; peritoneum: C48.1, C48.2, C48.8, C57.1) or ICD-O-1/ICD-9
(ovary: 183.0; fallopian tube: 183.2, 183.8, 183.9; peritoneum: 158.8,
158.9, 183.3) codes. Cases based on medical record review were
generally classified on the basis of pathologist expert opinion; during
the timeframe of case ascertainment (1980-2015), this was based on
the anatomic site of the dominant mass.

Statistical methods

Women with a personal history of cancer (except nonmelanoma
skin cancer) at baseline or bilateral oophorectomy were excluded. We
used competing-risks Cox proportional hazards regression to estimate
HRs and 95% confidence intervals (CI) for the associations between
the selected exposures and risk of ovarian cancer, peritoneal cancer,
and fallopian tube cancers (14). Participants were censored at the date
of ovarian, peritoneal, or fallopian tube cancer diagnosis, death, or end
of follow-up, whichever came first. A Kolmogorov-type supremum test
indicated no evidence of violation of the proportional hazards
assumption, with the exception for the associations between height
and all fallopian tube cancers and between BMI and serous ovarian
cancer. Data from the 15 cohorts were pooled and all analyses were
stratified by cohort and year of birth to allow for baseline hazards to
vary by these factors; no statistically significant heterogeneity was
observed in random effects meta-analysis. A priori, all models were
adjusted for age at study entry, parity, number of pregnancies
beyond the first, and duration of OC use; hysterectomy analyses
were also adjusted for MHT use duration. To assess heterogeneity of
associations by tumor site, we used likelihood ratio tests to compare
a model that allowed the association for the risk factor of interest to
vary by tumor site with one that did not (14). Missing indicators
were included in the model for any missing data in covariates
(parity, 2.6% missing; duration OC use, 2.0% missing). The Sister
Study was excluded from analyses of family history because all
participants had a family history of breast cancer. We examined the
associations between the risk factors and invasive ovarian, perito-
neal, and fallopian tube cancers overall, and restricted to known
serous or high-grade serous tumors. We used SAS 9.4 software (SAS
Institute) to conduct the analyses and P < 0.05 was considered
statistically significant.

Availability of data and material

For information on how to submit an application for gaining access
to EPIC data and/or biospecimens, please follow the instructions at
http://epic.iarc.fr/access/index.php. For information on data access for
the OC3, please see the instructions at: http://theoc3.org/policies/.

Results

From the 891,731 participants (951,538 with the inclusion of full
cohort for the case-cohort study), we identified 3,738 incident invasive
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cases with the ovary as the primary anatomic site, 337 invasive primary
peritoneal cancer cases, and 176 invasive fallopian tube cancer cases
(Table 1). For tumors with known histology (n = 3,487, 82%), serous
was the most common histotype (ovarian = 56.9%, fallopian tube =
71.8%, primary peritoneal = 50.0%).

Reproductive and hormonal factors

Of the examined reproductive and hormonal risk factors, first
pregnancy (Ppe = 0.04) and tubal ligation (Ppe = 0.01) were differ-
entially associated with risk of ovarian and primary peritoneal cancers
overall (Table 2; all other Py > 0.15). First pregnancy and tubal

Table 1. Selected characteristics of study participants at baseline by case status and primary anatomic site at diagnosis: OC3.

Noncases Ovarian cancer Peritoneal cancer Fallopian tube cancer
(N = 887,480) (N = 3,738) (N = 337) (N =176)

Means (SD)
Age at recruitment (years) 52.3 (12.2) 57.9 (10.0) 59.2 (9.7) 57.5(9.7)
Height (cm) 163.2 (6.7) 163.8 (6.6) 164.6 (6.0) 164.0 (6.2)
BMI at age 18 (kg/m?) VARNER)] 211 (2.9) 215 (3.3) 20.8 (2.3)
Current BMI (kg/m?) 25.6 (5.1) 25.7 (5) 26.5 (6) 26.2 (5)
Age at menarche (years) 12.7 (1.5) 12.8 (1.6) 12.7 (1.6) 12.7 (1.6)
OC use among ever users (years) 5.7 (5.8) 4.8 (5.1) 4.7 (5.2) 5.1(4.5)
Parity® 27 (.4) 2.8 (1.4) 29 (.4) 2.8 (1.6)
Age at first birth (years)? 24.7 (4.3) 24.9 (4.3) 24.7 (4.1) 24.7 (4.4)
Age at last birth (years)? 30 (4.8) 30.4 (4.7) 30.5 (4.7) 30.1(5)
Breastfeeding (months)® 10.1 (12.5) 8.4 (.1 8.5 (12.3) 7.7)
Age at menopause (years)© 49.2 (5.1 495 (4.9) 49.8 (4.7) 50.1(4.1)
Duration MHT use (years)© 2.7 (4.7) 31(5.5) 3.7 (5.7) 4.4 (6)
Year of diagnosis 1999.6 (6.4) 2001.7 (5.5) 2002.2 (4.8)
Percent
Ever OC user 59.5 413 45.6 46.2
Parous 85.4 83.9 88.8 90.2
Family history of breast cancer® 8.1 n.5 9.9 14.7
Family history of ovarian cancer® 2.3 3.2 35 5.0
Hysterectomy 13.1 16.5 18.5 14.9
Unilateral oophorectomy 45 3.5 5.6 45
Tubal ligation 125 8.0 14.6 10.1
Ever smoker 42.3 43.3 425 48.0
Postmenopausal 59.2 79.5 84.7 78.6
Ever MHT use 48.9 48.0 50.2 56.2
Histology

Serous 56.9 71.8 50.0

Endometrioid n5 0.6 5.7

Mucinous 6.0 1.8 11

Clear cell 5.2 0.0 0.6

Poorly differentiated 3.9 1.2 5.7

Unknown 15 24.6 36.9
Stage

1 (Localized) 16.1 3.0 233

2 (Regional) 17.9 9.2 19.3

3 (Distant) 54.4 55.5 42.6

Unknown 1.6 323 14.8
Grade

Well-differentiated 6.0 27 2.3

Moderately differentiated 15.4 7.7 9.7

Poorly differentiated 38.6 27.6 40.3

Undifferentiated 3.6 5.9 51

Unknown 36.4 56.5 42.6
Source of case confirmation®

Medical record 48.9 53.1 58.0

Cancer registry 511 46.9 42.0

2Among parous.

®Among ever breastfed.

“Among postmenopausal.

9dSisters study excluded as all participants have family history of breast cancer.

€Unknown source of case confirmation for 13.8% (ovarian), 19.0% (primary peritoneal), and 14.8% (fallopian tube). Number of missing observations: age at menarche
(N =13,546), height (N = 50,791), BMI at age 18 (N = 427,843), BMI (N = 60,761), oral contraceptive use (N = 18,211), parity (N = 23,099), age at first birth among
parous (N = 44,135), age at last birth (N = 238,242), duration of breastfeeding (N = 374,116), tubal ligation (N = 64,111), hysterectomy (N = 9,982), smoking status
(N = 9,101), family history of breast cancer (N = 60,044), family history of ovarian cancer (N = 370,709), menopausal status (N = 56,450), age at menopause

(N = 90,062), duration of MHT use (N = 24,340).
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Table 2. HRs and 95% Cls between selected reproductive and hormonal factors and ovarian, peritoneal, and fallopian tube cancer: OC3.

Ovarian Peritoneal Fallopian tube Ovarian vs. Ovarian vs. Peritoneal vs.
cancer cancer cancer peritoneal fallopian tube fallopian tube
HR (95% CI) HR (95% CI) HR (95% CI) Phet Phet Phet

Age at menarche (per 2 years)

All (N = 3,662) (N = 334) (N =174) 0.92 0.54 0.65
0.96 (0.92-1.00) 0.96 (0.83-1.11) 1.02 (0.84-1.24)

Serous only (N =2,089) (N = 239) (N =87) 0.95 0.55 0.62
0.97 (0.92-1.03) 0.96 (0.82-114) 0.88 (0.68-1.13)

OC use (ever vs. never)

All (N = 3,665) (N = 331) (N =173) 0.7 0.54 0.76
0.84 (0.77-0.90) 0.96 (0.76-1.26) 0.91(0.65-1.27)

Serous only (N =2,089) (N = 237) (N =87) 0.32 0.90 0.52
0.82 (0.74-0.91) 0.95 (0.70-1.28) 0.76 (0.48-1.21)

OC use among ever users (per 5 years)

All (N =1,488) (N =150) (N = 80) 0.89 0.75 0.73
0.88 (0.84-0.93) 0.86 (0.72-1.03) 0.91(0.75-1.12)

Serous only (N = 844) (N=11) (N =32) 0.93 0.27 0.32
0.87 (0.82-0.93) 0.85 (0.68-1.07) 1.07 (0.82-1.39)

Parity

All (N = 3,629) (N = 329) (N =173)

First pregnancy 0.81(0.73-0.90) 115 (0.78-1.70) 1.43 (0.80-2.55) 0.04 0.08 0.81

Per additional pregnancy 0.93 (0.90-0.95) 0.92 (0.85-1.00) 0.86 (0.73-1.01) 0.42 0.75 0.46

Serous only (N = 2,067) (N = 236) (N = 86)

First pregnancy 0.90 (0.78-1.04) 1.25 (0.78-2.03) 3.52 (1.02-12.1) 0.23 0.02 omn

Per additional pregnancy 0.95 (0.92-0.98) 0.92 (0.84-1.0D) 0.84 (0.66-1.09) 0.93 0.72 0.78

Age at first birth® (per 5 years)

All (N = 2,931) (N = 280) (N =147) 0.84 0.89 0.99
0.99 (0.95-1.04) 1.01 (0.87-1.17) 0.94 (0.76-1.18)

Serous only (N =1,727) (N = 205) (N=177) 0.53 0.77 0.55
0.98 (0.92-1.04) 1.02 (0.86-1.21) 0.84 (0.63-1.13)

Age at last birth® (per 5 years)

All (N =1,565) (N =137) (N =175) 0.80 0.44 0.63
0.98 (0.93-1.04) 0.93 (0.75-1.16) 0.94 (0.72-1.22)

Serous only (N = 960) (N =15) (N =41) 0.94 0.07 0.13
0.98 (0.91-1.05) 0.95 (0.76-119) 0.79 (0.56-1.13)

Breastfeeding® (per 6 months)

All (N =997) (N =99) (N = 51) 0.56 0.19 0.15
0.97 (0.93-1.01) 1.01 (0.90-1.13) 0.86 (0.72-1.02)

Serous only (N = 611) (N = 84) (N =21) 0.29 0.33 0.17
0.96 (0.92-1.01) 1.04 (0.92-1.17) 0.89 (0.71-1.12)

Hysterectomy®?

All (N = 3,689) (N = 335) (N =175) 0.78 0.24 0.42
0.94 (0.86-1.03) 0.91 (0.67-1.23) 0.65 (0.42-0.98)

Serous only (N = 2,105) (N = 240) (N =87) 0.m 0.02 0.20
1.00 (0.89-1.13) 0.77 (0.53-112) 0.46 (0.23-0.90)

Unilateral oophorectomy

All (N = 3,738) (N = 337) (N =176) 0.15 0.49 0.79
0.63 (0.53-0.75) 0.93 (0.58-1.49) 0.83 (0.40-1.70)

Serous only (N =2127) (N =242) (N = 88) 0.34 0.48 0.92
0.52 (0.41-0.67) 0.73 (0.40-1.35) 0.79 (0.28-2.22)

Tubal ligation

All (N = 3,331) (N =302) (N =148) 0.01 0.99 01
0.82 (0.71-0.93) 1.31 (0.93-1.84) 0.78 (0.45-1.37)

Serous only (N =1,884) (N =214) (N =69) 0.02 0.86 0.20
0.85 (0.72-1.0D 1.42 (0.97-2.06) 0.77 (0.33-1.82)

Postmenopausal status

All (N = 3,606) (N = 326) (N =168) 0.84 0.94 0.94
0.96 (0.81-1.15) 1.05 (0.58-1.91) 0.99 (0.55-1.80)

Serous only (N = 2,035) (N = 233) (N = 84) 0.55 0.89 0.79

0.97 (0.77-1.22)

1.26 (0.60-2.67)

1.08 (0.50-2.33)
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Table 2. HRs and 95% Cls between selected reproductive and hormonal factors and ovarian, peritoneal, and fallopian tube cancer:

OC3. (Cont'd)

Ovarian Peritoneal Fallopian tube Ovarian vs. Ovarian vs. Peritoneal vs.
cancer cancer cancer peritoneal fallopian tube fallopian tube
HR (95% Cl) HR (95% Cl) HR (95% CI) Phet Phet Phet
Age at menopause® (per 2 year increase)
All (N =2,371) (N = 236) (N =107) 0.66 0.34 0.58
1.03 (1.01-1.04) 1.04 (0.98-1.09) 1.07 (0.99-1.15)
Serous only (N =1,368) (N =164) (N =63) 0.43 0.33 0.68
1.03 (1.01-1.05) 1.06 (0.99-1.13) 1.09 (0.98-1.20)
MHT use (ever vs. never)©
All (N =2,789) (N = 271) (N =130) 0.21 0.26 0.09
1.29 (1.19-1.39) 1.07 (0.83-1.38) 1.56 (1.07-2.28)
Serous only (N =1,621) (N =190) (N=70) 0.15 0.72 0.66
1.34 (1.21-1.49) 1.05 (0.78-1.43) 1.17 (0.70-1.96)
Duration MHT use® (per 5 years)
All (N =2,679) (N = 259) (N =124) 0.47 0.26 0.7
1.22 (1.17-1.27) 1.16 (1.04-1.30) 1.33 (1.14-1.56)
Serous only (N =1,564) (N =183) (N =68) 0.18 0.30 0.78

1.28 (1.22-1.34) 1.15 (1.01-1.32)

1.08 (0.83-1.40)

Note: Adjusted for age, study, birth year, parity [ever parous (binary) and number of additional pregnancies], oral contraceptive use duration (continuous). Bold type
indicates a statistically significant hazard ratio (HR) or P for heterogeneity (Ppet)-

2Among parous women.
bAdditionally adjusted for duration of MHT use.
Among postmenopausal women.

ligation were inversely associated with risk of tumors with the primary
anatomic site at the ovary [first pregnancy compared with nulliparous,
HR = 0.81 (0.73-0.90); tubal ligation, 0.82 (0.71-0.93)], while
no evidence of an inverse association was observed for primary
peritoneal cancers [first pregnancy, 1.15 (0.78-1.70); tubal ligation,
1.31 (0.93-1.84)]. Results were similar for serous cases. We observed
no statistically significant heterogeneity for any reproductive risk
factor comparing ovarian with fallopian cancers, but in analyses
restricted to serous cancers, heterogeneity of associations was observed
for first pregnancy and hysterectomy (both P = 0.02). First pregnancy
was associated with higher risk of serous fallopian tube cancer [3.52
(1.02-12.1)], but not serous ovarian cancer [0.90 (0.78-1.04)]; in
further analyses, parity of 1 versus nulliparity was suggestively asso-
ciated with serous fallopian tube cancer [1.64 (0.88-3.09)], and
significantly inversely associated with ovarian cancer [0.81 (0.68-
0.97)] (data not tabled). Hysterectomy was inversely associated with
serous fallopian tube [0.46 (0.23-0.90)], but not ovarian [1.00 (0.89-
1.13)], cancers. We observed no heterogeneity in associations com-
paring fallopian tube with primary peritoneal cancers for all cases (Pp.
> 0.08) or in analyses restricted to serous cases; though the sample size
in these subgroups was limited. Other risk factors were similarly
associated with risk of the three endpoints.

When restricting to cases with the high-grade serous histotype,
the patterns of associations were generally similar to those observed
for all histotypes or the serous histotype (Supplementary Table S3).
We further observed significant heterogeneity for OC use with risk
of ovarian and primary peritoneal cancers (P = 0.02) and age at first
and last birth (both P = 0.02) with risk of high-grade serous
fallopian tube and primary peritoneal cancers. Specifically, ever
OC use (relative to never) was significantly inversely associated with
ovarian [0.82 (0.73-0.93)], but not associated with primary peri-
toneal cancers [1.48 (0.92-2.38)]. Older age at first birth was
positively associated with high-grade serous primary peritoneal
cancer [per 5 years, HR = 1.30 (1.04-1.62)], but not high-grade
serous fallopian tube cancer [0.72 (0.49-1.05)]; a similar pattern was
observed for age at last birth.
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Anthropometric, family history, and lifestyle risk factors

The association between early adult (ages 18-21) BMI and, for serous
tumors, baseline BMI differed by anatomic site (Table 3). Higher early-
adult BMI was positively associated with risk of peritoneal cancer
[per 5 kg/m2, HR = 1.29 (1.07-1.57)], but not ovarian [P}, = 0.02;
0.99 (0.92-1.06)] or fallopian tube [Py = 0.03; 0.85 (0.64-1.13)]
cancers; results were similar for (high-grade) serous tumors. The
associations between baseline BMI and serous ovarian and peritoneal
cancer were significantly different (P, = 0.01), with a suggestively
lower risk of serous ovarian and suggestively higher risk of primary
peritoneal cancer [per 5 kg/mz, ovarian, 0.96 (0.92-1.01); primary
peritoneal, 1.14 (0.99-1.30)]. When cases were restricted to high-
grade serous tumors, additional heterogeneity in associations between
height (Pp,e<0.01) and family history of breast cancer (Phe = 0.03)
and ovarian and primary peritoneal cancers was observed (Supple-
mentary Table S4). Taller height was more strongly associated with
high-grade serous primary peritoneal disease [per 5 cm, HR = 1.30
(1.15-1.47)] than ovarian [HR = 1.04 (1.00-1.09)]. Family history of
breast cancer was associated with high-grade serous ovarian cancer [HR
= 1.25 (1.06-1.48)], but not primary peritoneal cancer [HR = 0.58
(0.27-1.26)].

Discussion

In our prospective analysis of >890,000 women, selected reproduc-
tive factors, body size, and family history displayed variability in
associations for ovarian, peritoneal, and fallopian tube cancers; how-
ever, the majority of exposures were similarly associated with risk
regardless of anatomic site within the peritoneal cavity. Understanding
of the tissue(s) of origin of primary ovarian, fallopian, and peritoneal
cancers have evolved rapidly, with hypothesized shared tissue of origin
for cancers at these sites, particularly for high-grade serous disease
arising from the fallopian tube. Overall, our results in which most risk
factors were associated similarly across anatomic sites supports this
hypothesis, although select risk factors may have differential influence
on the primary tissues on which tumors present.
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Table 3. HRs and 95% Cls between selected anthropometric, family history, and lifestyle factors and ovarian, peritoneal, and fallopian

tube cancer: OC3.

Phet Phet Phet
Ovarian cancer Peritoneal cancer Fallopian tube cancer (ovarian vs. (ovarian vs. (peritoneal vs.
HR (95% CI) HR (95% CI) HR (95% CI) peritoneal) fallopian tube) fallopian tube)

Height (per 5 cm)

All (N = 3,616) (N = 334) (N =174) 0.06 0.42 0.65
1.06 (1.04-1.09) 1.15 (1.07-1.24) 112 (1.00-1.25)%

Serous only (N = 2,045) (N = 241) (N = 88) 0.10 0.06 0.43
1.06 (1.03-1.10) 1.16 (1.07-1.27) 1.26 (1.09-1.45)

BMI at ages 18-21 (per 5 kg/m?)

All (N = 2,365) (N = 226) (N=11) 0.02 0.35 0.03
0.99 (0.92-1.06) 1.29 (1.07-1.57) 0.85 (0.64-1.13)

Serous only (N =1,275) (N =177) (N =50) 0.01 0.80 0.33
0.96 (0.88-1.06) 1.33 (1.08-1.64) 1.11 (0.78-1.58)

Current (baseline) BMI (per 5 kg/mz)

All (N = 3,564) (N = 331) (N=173) 0.08 0.66 0.49
1.01 (0.98-1.05) 112 (1.00-1.26) 1.06 (0.92-1.23)

Serous only (N =2,021) (N = 238) (N =87) 0.01 0.25 0.78
0.96 (0.92-1.01)° 1.14 (0.99-1.30) 112 (0.90-1.38)

Family history of breast cancer

All (N = 3,617) (N = 324) (N =163) 0.10 0.55 0.13
1.19 (1.07-1.32) 0.87 (0.60-1.26) 1.36 (0.86-2.16)

Serous only (N = 2,059) (N = 232) (N =381) 0.16 0.78 0.32
1.19 (1.03-1.36) 0.86 (0.56-1.33) 1.28 (0.66-2.50)

Family history of ovarian cancer

All (N =2,704) (N =282) (N =139) 0.94 0.42 0.48
1.67 (1.34-2.07) 1.62 (0.86-3.07) 2.32 (1.07-5.02)

Serous only (N = 1,465) (N =214) (N =64) 0.97 0.81 0.81
1.82 (1.39-2.40) 1.85 (0.94-3.63) 1.49 (0.36-6.10)

Smoking status (ever vs. never)

All (N = 3,696) (N = 334) (N =175) 0.61 0.12 o
1.02 (0.95-1.09) 0.96 (0.77-1.19) 1.31 (0.95-1.80)

Serous only (N = 2,099) (N = 240) (N =187) 0.70 0.15 0.14

1.04 (0.95-1.14)

0.98 (0.76-1.27)

1.44 (0.90-2.30)

Note: Adjusted for age, study, birth year, parity [ever parous (binary) and number of additional pregnancies], oral contraceptive use duration (continuous). Bold type
indicates a statistically significant hazard ratio (HR) or P for heterogeneity (Phet)-
®Proportional hazards assumption violated in model evaluating association between height and fallopian tube cancers (all cases) and BMI and serous ovarian

cancer.

Tubal ligation was inversely associated with ovarian cancer (18%
lower risk) but not with fallopian tube and primary peritoneal cancer.
Previous studies have shown consistent associations to our
study (5-7, 13, 15). Studies have evaluated risk factors by tumor
dominance as a proxy for ovarian or tubal origin (16, 17), including
one in the OC3 [17; i.e., dominant mass corresponding to tumor of
ovarian origin and nondominant mass corresponding to tumor of
tubal origin (18)], and observed significant inverse associations
between tubal ligation and risk only for dominant tumors, in line
with our findings. Mechanistically, tubal ligation is thought to prevent
primarily endometrioid, clear cell, and low-grade serous tumors by
blocking the transit of precursor cells from the endometrium. Con-
sistent with this, we only identified a differential association when
examining all histotypes or serous only, but not when restricting to
high-grade serous disease.

Hysterectomy was inversely associated with serous fallopian tube
cancer (all cases: 35% lower risk; serous cases: 54% lower risk), but not
serous ovarian or peritoneal cancer. Case-control studies have
reported positive associations with risk of ovarian cancer (5, 6), but
not primary peritoneal (5) or fallopian tube (6, 7) cancers for women
reporting hysterectomy, while a case-only study reported no differ-
ential associations by site (3). Fallopian tube cancers are thought to

AACRJournals.org

arise predominantly from serous tubal intraepithelial carcinomas
(STIC), and a proportion of women undergoing hysterectomy would
have had concurrent salpingectomy. Our findings may, at least in part,
be an artifact of concurrent unilateral or bilateral salpingectomy.

In general, the first pregnancy was more inversely associated with
risk of ovarian cancer than the other types. In fact, we observed a
positive association for serous fallopian tube cancer, which is incon-
sistent with the one other study that reported inverse associations with
first pregnancy for both dominant (ovarian) and nondominant (tubal)
tumors (16). This finding with serous fallopian tube cancers is likely
due to chance. However, the generally stronger inverse relationship
of being parous being inversely associated with risk of ovarian
cancer is in line with most previous studies of ovarian (13, 19) and
fallopian tube (4, 6, 7) cancers; a positive association with risk of
primary peritoneal, relative to ovarian, cancer was reported in a
case-only analysis (3). Given that the association for subsequent
pregnancies (after the first) were very similar across anatomic sites,
it seems unlikely that there is a strong differential relationship by
parity.

We observed heterogeneity in associations for early-adult and
baseline BMI (for serous only), and height (for high-grade serous
only). While taller height was positively associated with risk for all
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cancer subtypes (4%-30% increased risk per 5 cm), associations
were stronger for peritoneal and fallopian tube cancers, suggesting a
role for growth factors and earlier life exposures (e.g., energy
restriction) for these tumor types. BMI, either in early adulthood
or in adulthood, was positively associated solely with peritoneal
cancer risk. Few studies have examined early adult BMI and risk by
ovarian tumor subsite, although a recent study observed that BMI
increase from age 10 to 18 years was positively associated with risk
of ovarian/primary peritoneal cancer combined, although the asso-
ciation was suggestively stronger among cases of nonserous dis-
ease (20). Adult BMI is not a strong risk factor for ovarian cancer,
with modest associations observed for the mucinous and endome-
trioid subtypes (13, 21). Previous studies have suggested no asso-
ciation of adult BMI with fallopian tube cancers (4, 16) and positive
associations for primary peritoneal cancers (6, 9). Obesity is a state
of chronic low-grade inflammation (22), both systemically and at
the local tissue level [i.e., in the visceral (omental) adipose tissue],
and inflammation is associated with ovarian cancer risk (23-25).
Furthermore, adipose tissue is the predominant source of estrogens
in obese postmenopausal women (26), and sex steroid hormones are
associated with higher risk of nonserous ovarian cancer (27-29).
Finally, ovarian cancer frequently metastasizes to the adipose
tissue-rich omentum with immune cell aggregates (so-called “milky
clusters”) within this adipose tissue acting in immune modulation
and identified as sites of metastatic colonization (30). Given that
primary peritoneal cancers develop more proximal to the omentum,
relative to ovarian and fallopian tube cancers, an inflammatory and
sex steroid hormone-rich tumor microenvironment, together with
omental adipose tissue-related promotion of metastases, represent
plausible mechanisms linking BMI more strongly with primary
peritoneal cancers.

A limitation of this study is potential misclassification of primary
peritoneal and fallopian tube cancers as primary ovarian cancer
because the classification of these is largely based on a subjective
determination of disease spread at the time of surgery and registry-
based cases were categorized on the basis of the coding rules used by
cancer registries. Nonetheless, despite potential misclassification,
differences in risk associations by anatomic site for selected risk
factors have generally been consistent across studies. Pathology
protocols including detailed pathologic evaluation of the fallopian
tubes (i.e., the SEE-FIM protocol) and greater awareness of and
surveillance for STICs contribute to improved classification of
anatomic site at diagnosis, and likely account for the recent increase
in diagnosed fallopian tube cancers (e.g., 16.2% annual percentage
change from 2002 to 2012 in the United States; ref. 12). These
relatively recent advances will provide improved classification with
respect to site of origin (rather than progression) for future pro-
spective studies. Future studies may also consider risk factors
beyond those included in the present analysis (e.g., antiinflamma-
tory analgesic use).

Overall, our findings suggest that tumors identified as ovarian,
primary peritoneal, and fallopian tube cancers have both shared and
distinct etiologic pathways, although most risk factors appear to
have similar associations by anatomic site. This is in contrast to
previous investigations by histotype (13), which is likely to be more
reflective of the cell of origin than the anatomic location of tumor
presentation. The risk factors that did differ, particularly adiposity
measures, suggest that these exposures may be important for
determining the vulnerability of the anatomic site to tumor growth.
Patterns were generally similar in analyses restricted to (high-grade)
serous cancers, suggesting that the heterogeneity in associations was

2016 Cancer Epidemiol Biomarkers Prev; 29(10) October 2020

not explained by histotype. Enhanced understanding of these
differential risk patterns, and mechanistic studies toward a more
refined understanding of the underlying physiologic processes
leading to this heterogeneity, may inform prevention efforts for
these cancers.
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