1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
Gynecol Oncol. Author manuscript; available in PMC 2016 November 01.

-, HHS Public Access
«

Published in final edited form as:
Gynecol Oncol. 2015 November ; 139(2): 253-260. doi:10.1016/j.ygyno.2015.08.024.

Identifying post-menopausal women at elevated risk for
epithelial ovarian cancer

Nicole Urban, ScD,
Fred Hutchinson Cancer Research Center, Seattle WA

Sarah Hawley, MS,
Fred Hutchinson Cancer Research Center, Seattle WA

Holly Janes, PhD,
Fred Hutchinson Cancer Research Center, Seattle WA

Beth Y. Karlan, MD,
Cedars-Sinai Medical Center, Los Angeles CA

Christine D. Berg, MD,
Johns Hopkins Medicine, Baltimore MD

Charles W. Drescher, MD,
Fred Hutchinson Cancer Research Center, Seattle WA

JoAnn E. Manson, MD, DrPH,
Brigham and Women'’s Hospital, Harvard Medical School, Boston MA

Melanie R. Palomares, MD, MS,
Cancer Prevention, Inc., Las Vegas NV and Keck School of Medicine, University of Southern
California, Los Angeles, CA

Mary B. Daly, MD, PhD,
Fox Chase Cancer Center, Philadelphia PA

Jean Wactawski-Wende, PhD,
University at Buffalo, SUNY, Buffalo NY

Mary J. O’Sullivan, MD,
University of Miami, Miami FL

Jason Thorpe, MS,
Fred Hutchinson Cancer Research Center, Seattle WA

Corresponding Author: Nicole Urban, (nurban@fhcrc.org), Fred Hutchinson Cancer Research Center, 1100 Fairview Ave N. M5-
C800, Seattle WA 98109, 206-667-6774, Fax: 206-667-7264).

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest: None of the authors listed above (Nicole Urban, Sarah Hawley, Holly Janes, Beth Y. Karlan, Christine D. Berg,
Charles W. Drescher, JoAnn E. Manson, Melanie Palomares, Mary B. Daly, Jean Wactawski-Wende, Mary J. O’Sullivan, Jason
Thorpe, Randal D. Robinson, Dorothy Lane, Christopher I. Li, Garnet Anderson) has declared any relevant conflict of interest with the
above manuscript.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Urban et al. Page 2

Randal D. Robinson, MD,
University of Texas Health Science Center, San Antonio TX

Dorothy Lane, MD, MPH,
Stony Brook University, Stony Brook NY

Christopher I. Li, MD, PhD, and
Fred Hutchinson Cancer Research Center, Seattle WA

Garnet L. Anderson, PhD
Fred Hutchinson Cancer Research Center, Seattle WA

Abstract

OBJECTIVE—We developed and validated a hybrid risk classifier combining serum markers and
epidemiologic risk factors to identify post-menopausal women at elevated risk for invasive
fallopian tube, primary peritoneal, and ovarian epithelial carcinoma.

METHODS—To select epidemiologic risk factors for use in the classifier, Cox proportional
hazards analyses were conducted using 74,786 Women’s Health Initiative (WHI) Observational
Study (OS) participants. To construct a combination classifier, 210 WHI OS cases and 536
matched controls with serum marker measurements were analyzed; validation employed 143 cases
and 725 matched controls from the WHI Clinical Trial (CT) with similar data.

RESULTS—Analyses identified a combination risk classifier composed of two elevated-risk
groups: 1) women with CA125 or HE4 exceeding a 98% specificity threshold; and 2) women with
intact fallopian tubes, prior use of menopausal hormone therapy for at least two years, and either a
first degree relative with breast or ovarian cancer or a personal history of breast cancer. In the
WHI OS population, it classified 13% of women as elevated risk, identifying 30% of ovarian
cancers diagnosed up to 7.8 years post-enrollment (Hazard Ratio [HR]=2.6, p<0.001). In the WHI
CT validation population, it classified 8% of women as elevated risk, identifying 31% of cancers
diagnosed within 7 years of enrollment (HR=4.6, p<0.001).

CONCLUSION—CA125 and HE4 contributed significantly to a risk prediction classifier
combining serum markers with epidemiologic risk factors. The hybrid risk classifier may be useful
to identify post-menopausal women who would benefit from timely surgical intervention to
prevent epithelial ovarian cancer.

Keywords
ovarian cancer; risk prediction; CA125; HE4

Introduction

We describe a hybrid risk classifier combining serum markers with epidemiologic risk
factors, designed to identify post-menopausal women at elevated risk for epithelial ovarian
cancer (EOC) independent of the risk associated with known mutations. The classifier could
aid decision-making in post-menopausal women regarding opportunistic bilateral salpingo-
oophorectomy (BSO), follow-up for EOC in symptomatic women (1), and periodic
screening in asymptomatic women. We were interested in defining a clinically accessible
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way to identify subgroups of women for whom these interventions might be considered.
Statistical models were used to help identify important predictors but the actual classifier is
based on a simple assessment of presence or absence of selected risk factors.

In a meta-analysis of 22 studies (3), the average cumulative risks for EOC by age 70 years
were 39% (18%-54%) and 11% (2.4%-19%) for BRCA1 and BRCA2 mutation carriers
respectively. In a meta-analysis of 10 studies, risk-reducing salpingo-oophorectomy (RRSO)
reduced future risk of EOC in these women by >80% (4). Among women with a significant
family history (FH), including those with deleterious mutations in high penetrance cancer
susceptibility genes such as BRCA1 and BRCA2, RRSO reduces risk of EOC by at least
69%, as well as risk of breast cancer by at least 37% (5).

Opportunistic BSO might similarly prevent EOC in women without deleterious mutations;
this is important because over 75% of EOC cases occur in these women. Many women elect
BSO at the time of surgery for benign gynecologic conditions such as hysterectomy, but
many others do not due to a reluctance to lose natural hormonal function. Post-menopausal
women below the age of 65 may avoid BSO because of its potential association with
cardiovascular disease, hip fracture, dementia and Parkinson’s disease (7).

Recent evidence suggests that bilateral salpingectomy with ovarian retention (BSOR) may
be an alternative to BSO for women who wish to retain ovarian function (8). The fallopian
tubes, especially the native serous epithelium at the fimbria, are increasingly recognized as a
site of origin of high grade serous EOC (9, 10), suggesting that bilateral salpingectomy may
be both necessary and sufficient for EOC risk reduction. The addition of BSOR to
hysterectomy in women who do not carry BRCA1/2 mutations was recently reported to show
no negative effects on ovarian function or perioperative complications (8, 11). Efficacy of
this approach remains to be demonstrated (12).

Post-menopausal women having hysterectomy for benign conditions must choose among
prophylactic BSO, prophylactic BSOR, or retention of both ovaries and fallopian tubes.
Recent recommendations state that women at high risk for EOC undergo BSO at
hysterectomy (13), but criteria for identifying high-risk women are not well defined. A
woman with a significant FH suggesting inherited susceptibility may be considered high risk
(13) in the absence of a negative mutation test in the proband from her high-risk family EOC
(14, 15).

A reliable tool to assess EOC risk associated with factors other than deleterious mutations in
cancer susceptibility genes, in addition to FH, is needed to inform a post-menopausal
woman’s decision-making regarding EOC prevention and early detection. Use of serum
markers in a risk classifier is novel but is strongly supported by the literature (16) including
some evidence that CA125 levels signal EOC precursor lesions (17). The serum marker
component of our combination classifier relies on CA125 and human epididymis 4 (HE4)
protein. CA125 is a predictive marker for EOC that becomes increasingly sensitive with
proximity to diagnosis (16). HE4 similarly predicts EOC and is used clinically in women
with a pelvic mass (18); it is more specific than CA125 in women with benign tumors (19).
Both CA125 and HE4 show promise as risk and early detection markers (16, 20-23).
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Material and Methods

Overview

Using data from participants in the Women’s Health Initiative (WHI) Observational Study
(OS) and Clinical Trial (CT), we defined and validated a risk prediction classifier based on a
combination of epidemiologic risk factors and serum markers. Our goal was to achieve the
best sensitivity for acceptable specificity. Traditional epidemiologic risk factors (24) for
which WHI data were available were considered for inclusion in the epidemiologic
component of the classifier, in addition to FH based on its widespread use clinically, and use
of menopausal hormone therapy (HT) based on recent reports of its association with
increased risk of EOC in post-menopausal women (25-27).

We first assessed epidemiologic risk factors in univariate and multivariate Cox proportional
hazards models in the WHI OS population, selecting the risk factors most associated with
risk of EOC for inclusion in candidate classifiers. Serum markers CA125 and HE4 were
selected for inclusion based on predictive performance reported previously (16). For ease of
clinical application, each risk factor was defined as present or absent; candidate classifiers
were defined using simple “and/or” combinations of the risk factors. The performance of
each candidate risk classifier was evaluated in the WHI OS study populations, and
subsequently validated in the WHI CT study populations in terms of (1) the percent of
women later diagnosed with EOC that the classifier correctly identified as elevated risk
(sensitivity); and (2) the percent of the unaffected population it erroneously classified as
elevated risk (specificity). We determined statistical significance for each classifier by
coding it as a yes/no, time-dependent variable and fitting a univariate Cox proportional
hazards model. We report the hazard ratios and p-values from these models.

Study population

The WHI was a national prospective study of post-menopausal women’s health. In total,
over 161,000 women aged 50-79 were enrolled between 1993 and 1998, including 93,676 in
the WHI Observational Study (OS) and 68,132 in the Clinical Trial (CT). After excluding
participants reporting prior BSO at baseline, 74,786 women were eligible for these analyses
from the OS and similarly 55,467 participants were eligible from the CT. Mean (maximum)
follow-up at the time of these analyses was 12.3 (17.5) years for the OS and 13.2 (17.0)
years for the CT; these analyses were based on a mean 12.3 years of follow-up (maximum
17.5 years). Details of the WHI design and implementation have been published (28, 29).
Women in the WHI OS and CT can be assumed to be from the same reference population
because they met very similar eligibility criteria, had similar data collected, and lived in the
same communities; their assays were conducted with the same methods, and their blood
samples were stored for similar periods.

Cancer outcomes—We define EOC as invasive ovarian, fallopian tube and primary
peritoneal cancer. All incident ovarian cancers were documented and centrally reviewed at
the WHI Clinical Coordinating Center according to SEER guidelines (29), including 461
cases of invasive EOC in the OS and 334 cases of invasive EOC in the CT; unconfirmed
cases of EOC (n=68 in the OS, n=31 in the CT) and diagnoses of LMP or non-epithelial
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tumors of the ovary (n=53 in the OS and n=80 in the CT) were censored at time of event.
Due to low mortality rates, LMP tumors are not considered invasive EOC (30-33). We
excluded stromal and germ cell tumors because they also have a different biology and are
seldom diagnosed in post-menopausal women; they are generally excluded in validation
studies of CA125 and HE4 for early detection of EOC (21, 22).

Data collection—Information on epidemiologic risk factors was obtained from baseline
self-administered questionnaires. Most items were collected in parallel in the two cohorts.
Because information was limited regarding age of personal history of breast cancer and FH
of breast cancer, cancer in aunts, Ashkenazi ethnicity, and lineage, significant FH was
defined as any of the following conditions: Personal history of breast cancer diagnosed
before age 55; one or more first-degree relatives (mother, sister, daughter) with breast cancer
diagnosed before or at age 45; two breast cancers in first or second (grandmother) degree
relatives, same lineage, with at least one diagnosed before or at age 45; three or more first or
second degree relatives, same lineage, with breast cancer diagnosed at any age; one or more
ovarian cancers diagnosed at any age in first or second degree relatives; Jewish religion and
either a personal history of breast cancer, or a first or second degree relative also of Jewish
religion, with breast cancer diagnosed at any age. Because EOC risk is elevated in breast
cancer survivors (37), we counted a personal history of breast cancer as equivalent to a first-
degree relative (FDR) with breast cancer in our definition of modest FH of breast or ovarian
cancer.

Nested case-control studies—Serum markers and selected epidemiologic risk factors
were evaluated in nested case-control studies performed within each cohort. In the OS,
serum markers CA125 and HE4 were measured in 210 cases and 536 controls selected in
2003 from the cohort of 74,786 women described above. Cases were included if they had
centrally confirmed diagnoses or locally confirmed death from EOC diagnosed before July
30, 2002, and adequate serum available from at least one blood sample for measurement of
serum markers. Unconfirmed cases and confirmed LMP cases were excluded. Two controls
were selected for each EOC case with matching on age at baseline (£5 years), race/ethnicity,
clinical center, BSO status and minimum length of follow-up (x12 months). Average
follow-up in years at the time of case-control selection was 3.4 (max: 7.8) for cases and 5.3
(max: 8.2) for controls. Serum markers were measured in blood samples obtained at
enrollment and at a clinic visit 3 years later in the WHI OS.

Similarly, a nested case-control validation study was performed in the CT in 143 EOC cases
and 725 controls for which CA125 and HE4 serum marker data were measured. For
consistency with the OS case-control population, only cases diagnosed within 7 years of
enrollment were included. Five controls, rather than two as in the OS study, were selected
for each case to improve precision of specificity estimates. Controls were matched on age at
baseline (&5 years), race/ethnicity, clinical center, BSO status, and trial arm (28). Control
selection was based on risk-set sampling, selecting from eligible controls for each case from
the risk set at the time of the case’s event, resulting in the same number of blood draws for
most case-control pairs. Average follow-up in years at the time of sampling was 3.4 (max:
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7.0) for cases and 12.3 (max: 16.1) for controls. Blood samples were obtained at the time of
enrollment and again 1 year later in the WHI CT.

Laboratory analyses

In both OS and CT samples, CA125 and HE4 were measured on the Abbott Architect™
automated platform in a Clinical Laboratory Improvement Amendments (CLIA)-approved
laboratory using FDA-approved kits. CV’s for these CA125 and HE4 assays are 4% and 6%
respectively.

Statistical analyses

Relevant characteristics of all study participants were reported for the eligible WHI OS and
CT populations and for the WHI OS and CT case-control studies. Cases were further
characterized by histology and grade for study population comparison purposes.

Markers were considered elevated if their levels were above the 98 percentile of the age-
specific parametric empirical Bayes (PEB) distribution in healthy women (34-36). Using the
PEB method, when blood samples were obtained both at enrollment and again at a
subsequent clinic visit, the first measurement was used to tailor each marker threshold to the
individual woman as previously described (36). Unaffected women in the WHI CT case-
control study were used as the reference population for calculating the PEB distribution for
the WHI OS case-control study, and vice versa. Blood samples obtained after diagnosis of
EOC are not included in analyses.

Classifier development

Candidate risk factors were: <1 year of oral contraceptive use, nulliparity, no breastfeeding,
no tubal ligation, talc use (24), prior hysterectomy and use of HT including use of estrogen
alone and estrogen with progestin (25). HT was defined as use of pills or patches. Risk
factors were evaluated in univariate and multivariate Cox proportional hazards models with
time measured in days from enrollment with censoring at the time of death, loss to follow-
up, or last visit, respectively. The multivariate model was adjusted for variables age and
race. These models were not used to obtain weights (coefficients) for a classifier based on
hazard ratios; rather they were used to identify risk factors most associated with EOC risk.

Using the WHI OS cohort, we first evaluated four risk classifiers using only epidemiologic
risk factors, including two using only FH, one using only other epidemiologic risk factors
and one using FH in combination with other epidemiologic risk factors. The first FH-alone
classifier was included as a reference: it classifies as elevated-risk all women with a
significant pedigree suggestive of a BRCA1 or BRCA2 mutation; these women are generally
considered to be at high risk for EOC in the absence of a negative mutation test (13). The
second FH-alone classifier classifies as elevated-risk all women with any first-degree
relative with breast or ovarian cancer or a personal history of breast cancer (38); this is a
simpler and more inclusive approach that is not directly related to risk for carrying a
deleterious mutation. The two other classifiers using epidemiologic risk factors were
developed on the basis of the results of the Cox regression analyses described above.
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We also evaluated three classifiers that included serum markers, one using serum markers
alone and two hybrid classifiers that combined serum markers with epidemiologic risk
factors and/or FH. The three classifiers that include use of serum markers were examined in
the nested case-control population only; the four classifiers based only on epidemiologic risk
factors use the entire cohort.

Characteristics of women at the time of enrollment are reported in Table 1 by study.
Women in the eligible populations and in the nested case-control studies were similar with
respect to age, ethnicity, parity, use of HT, tubal ligation, and hysterectomy. Women on a
low fat diet and women with a personal history of breast cancer were ineligible for the CT,;
accordingly, more WHI OS than CT women had low BMI or reported a significant or
modest relevant FH.

Histology and grade of cases included in each study are reported in Table 2. Serous and not
otherwise specified (NOS) cases that are not well-differentiated are classified as high-grade
serous (bolded). High-grade serous cancers predominate in both the WHI OS and CT
cohorts, consistent with the distribution observed in the US population (39), and are the
higher clinical priority.

Results of univariate Cox regression analyses (Table 3) suggest that in the eligible WHI OS
population, prior use of HT for over 2 years, and no tubal ligation are significant predictors
of EOC. In a multivariate Cox proportional hazards analysis prior use of HT for over two
years was the only statistically significant risk factor, with an estimated hazard ratio (HR) of
1.50 (95% confidence interval: 1.23-1.83; p<0.001). Remaining candidate risk factors
conferred small, non-significant increases in risk. Having a modest FH conferred a 19%
increase in risk (HR=1.19; p=0.13) and intact fallopian tubes (no tubal ligation) had an
estimated HR of 1.24 (p=0.13).

Based on these results, we evaluated an epidemiologic classifier combining use of HT for
over 2 years with no tubal ligation. Tubal ligation was included despite its borderline
statistical significance in recognition of the fact that intact fallopian tubes play a role in EOC
risk, and that in the future, women may undergo BSOR. We also examined the impact of
adding modest FH to the hybrid classifier, in recognition of its borderline statistical
significance, its importance to women and physicians, and its associated improvement in
specificity.

In the OS eligible population, a “significant FH” classifier selected 8.9% of the unaffected
population as elevated risk and identified 8.5% of cases diagnosed during the follow-up
period of up to 17 years; a more modest FH selected 20.4% of the unaffected population as
elevated risk and identified 22.6% of cases diagnosed during follow-up (Figure 1A). The
HR was not statistically significant for either classifier.

The classifier using other epidemiologic risk factors performed better than those using FH
alone. Use of HT for over two years in women with intact fallopian tubes selected 32.5% of
the unaffected population as elevated risk and identified 44.5% of cases diagnosed during
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the follow-up period (HR 1.59, p<0.001), yielding good sensitivity but poor specificity.
Requiring that the woman have a modest FH, in addition to intact fallopian tubes and use of
HT for over two years, improved specificity at substantial cost in sensitivity, classifying
5.8% of the unaffected population as elevated risk and identifying 8.5% of cases diagnosed
during the follow-up period (HR 1.50, p=0.018).

In the OS case-control study, the classifier using serum markers alone performed better than
either the FH or the other epidemiologic risk factor classifiers (Figure 1B). An elevated
marker (CA125 or HE4) without consideration of epidemiologic risk factors selected 7.1%
of the unaffected population as elevated risk and identified 23.3% of cases diagnosed up to
7.8 years post-enrollment (HR 3.19, p<0.001). Marker elevation alone yielded reasonably
good sensitivity in combination with good specificity.

Sensitivity was improved by combining epidemiologic risk factors and serum markers to
select women with an elevated marker or epidemiologic risk factors inclusive or exclusive of
FH. The combination classifier using serum markers or HT use for over 2 years in women
with intact fallopian tubes selected 40.5% of the unaffected population as elevated risk and
identified 58.2% of cases diagnosed during the follow-up period (HR 1.81, p<0.001).
Sensitivity of this classifier was good, but specificity of 60% may be inadequate for many
clinical decisions. Improvement in specificity was achieved as before by restricting selection
based on epidemiologic risk factors to women with modest FH.

The classifier that offered the best sensitivity for acceptable specificity in the WHI OS case-
control study was selected as the “best” classifier. It selected as elevated risk: 1) women
with CA125 or HE4 exceeding a 98% specificity threshold; and 2) women with intact
fallopian tubes, >2 years prior use of menopausal HT, and either a first degree relative with
breast or ovarian cancer or a personal history of breast cancer (modest FH). A hybrid
classifier combining these two groups selected 12.6% of the unaffected population as
elevated risk and identified 30.1% of cases diagnosed during the follow-up period (HR 2.60,
p<0.001).

To validate the best combination classifier, the performance of all classifiers (including the
best combination classifier and the serum markers only classifier) was estimated in the WHI
CT study (Figure 1). In the WHI CT case-control study, the “best” classifier selected 8.0%
of the unaffected population as elevated risk and identified 30.8% of cases diagnosed up to 7
years post-enroliment (HR 4.63, p<0.001), performing at least as well as in the WHI OS
case-control study. Other classifiers performed similarly in the two populations.

The classifiers performed very similarly when the validation population was restricted to a
subset that might be relevant for a specific intended use, such as non-hysterectomized
women regarding decisions about opportunistic BSO. Of women with an intact uterus, 7%
of the unaffected population and 34% of women diagnosed with EOC were classified as
elevated risk. The classifier also performed similarly when outcome was restricted to high-
grade serous disease, identifying 32% of high-grade serous cases as elevated risk. These
results are reported in Supplemental Figures 1 and 2 respectively. We also considered the
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effect of adjustment for matching variables age and race in the WHI OS and CT case-
controls studies. The results were unchanged.

Discussion

Lifetime risk for EOC is 1 in 70 in an unselected population; a BRCA2 mutation carrier
faces a risk of over 1 in 10. The hybrid classifier that selected women based on either 1)
CA125 or HE4 exceeding a 98% specificity threshold, or 2) a family or personal history of
ovarian or breast cancer, intact fallopian tubes, and prior use of menopausal HT for at least
two years is associated with a hazard ratio between 4 and 5 in the validation population.
While the available data do not allow us to estimate lifetime risk, the hazard ratio represents
a significant increase in the instantaneous risk of EOC over the course of the study. The
classifier designated 8% of post-menopausal women in the CT validation study as elevated
risk, correctly predicting 31% of women later diagnosed with EOC. The classifier may be
useful to identify elevated-risk women for clinical intervention when 92% specificity is
tolerable.

The hybrid classifier outperformed FH alone. In the WHI eligible cohorts, neither FH nor
most traditional epidemiologic risk factors were significantly associated with increased risk
of EOC. Significant FH suggestive of a deleterious BRCA1 or BRCA2 mutation, sometimes
used to select women for preventive surgery or screening in the absence of mutation testing
(13, 40, 41), was not highly associated with EOC in either of these post-menopausal WHI
populations. Only serum markers, use of HT for over two years and no tubal ligation were
statistically significant univariate predictors of EOC. Intact fallopian tubes and a modest FH
contributed some risk, but were not statistically significant in the WHI OS population.

Serum markers contributed importantly. The best specificity (96.6%) and largest hazard
ratio (7.2) were obtained in the CT validation study using a classifier that depended only on
serum markers, which identified 25% of cases occurring within 7 years of enrollment.
However, serum markers rise most dramatically in the 3 years prior to clinical diagnosis, as
opposed to germ-line mutations that confer high lifetime risk from birth. Common low
penetrance ovarian cancer genetic risk variants that can be assayed using germline DNA
samples might also contribute to a predictive model that includes serum markers and
epidemiological risk factors (42). Women identified as elevated risk by CA125 or HE4 may
actually have subclinical disease. More research is needed to characterize the fallopian tubes
of women with elevated serum markers. Screening is not recommended because it has not
been shown to reduce mortality (20), but prophylactic surgery in women already scheduled
for abdominal or pelvic surgery is recommended in post-menopausal women. In such
women, suspicious lesions may be found at BSO or BSOR; such lesions are identified in
about 8% of mutation carriers at prophylactic surgery (43).

Strengths of this study include its prospective design as well as its use of two large
independent well-characterized study populations with identical protocols for data collection
as well as for blood sample collection, processing and storage. However, because women
with prior breast cancer were not eligible for the CT, it was necessary to combine personal
with FH of breast cancer; non-significant hazard ratios for these variables in the WHI OS
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were 1.07 and 1.19 respectively. Other limitations include absence of data on BRCA1 and
BRCA2 mutation status and Ashkenazi Jewish heritage as well as nested case-control subsets
that include a modest number of cases for which marker levels were measured. It should be
noted that the sampling for the OS case-control study was performed several years before
the CT case-control study. For both, follow-up time and case-control designation reflect
conditions at the time of sampling. Analyses were also performed in which controls that
went on to develop cancer were censored, using follow up time from latest data release;
results were similar and conclusions were not affected (data not shown). Also note that
marker elevation thresholds are age-specific and tailored to the individual woman; age-
specific thresholds on the original scale have been published (37).

Our observed association between HT and EOC diagnosis suggests that HT exposure may
drive disease progression or otherwise contribute to EOC diagnosis in post-menopausal
women. All WHI participants were post-menopausal and most were over 60 years of age.
Postmenopausal EOC may have a different biology from either pre-menopausal or BRCA
mutation-driven EOC. More research is needed to elucidate the relationship between HT use
and post-menopausal EOC, and prospective validation of the risk classifier is needed to
better understand how it might contribute to better outcomes for women at risk of
developing EOC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

e We define and validate an ovarian cancer risk classifier for post-menopausal
women using data from the Women's Health Initiative study.

»  Serum markers and epidemiologic factors classified 13% of women as elevated
risk and identified 30% of ovarian cancers (HR=2.6, p-value<0.001).
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Characteristics of women included in analyses by study population

Table 1

WHI OS eligible | WHI OS Case-Control | WHI CT eligible | WHI CT Case-Control
population” study population population” study population
N 74786 746 55467 868
Cases 461 (0.62%) 210 (28.2%) 334 (0.6%) 143 (16.5%)
Controls 74325 (99.38%) 536 (71.8%) 55133 (99.4%) 725 (83.5%)
Age at baseline, y
49-59 24238 (32.4%) 182 (24.4%) 19772 (35.6%) 261 (30.1%)
60-69 32611 (43.6%) 370 (49.6%) 25292 (45.6%) 404 (46.5%)
70-81 17937 (24.0%) 194 (26%) 10403 (18.8%) 203 (23.4%)
Race/ethnicity
American Indian 336 (0.4%) 3 (0.4%) 223 (0.4%) 1(0.1%)
Asian/Pac Islander 2147 (2.9%) 14 (1.9%) 1231 (2.2%) 10 (1.2%)
African-American 5942 (7.9%) 32 (4.3%) 5497 (9.9%) 32 (3.7%)
Hispanic 2975 (4%) 20 (2.7%) 2398 (4.3%) 12 (1.4%)
White 62336 (83.4%) 677 (90.8%) 45359 (81.8%) 811 (93.6%)
Other 835 (1.1%) 0 (0%) 636 (1.1%) 0 (0%)
Missing 215 (0.3%) 0 (0%) 123 (0.2%) 0 (0%)
BMI (kg/m2)
<25 30716 (41.6%) 303 (40.9%) 15529 (28.1%) 230 (26.5%)
25-30 24986 (33.8%) 264 (35.6%) 19719 (35.7%) 339 (39.1%)
30+ 18172 (24.6%) 174 (23.5%) 19955 (36.1%) 297 (34.4%)
Jewish Religion
No 68916 (92.2%) 691 (92.7%) N/A N/A
Yes 5812 (7.8%) 54 (7.3%) N/A N/A
Significant Family History suggestive of BRCAL/2 Mutation*™
No 68169 (91.2%) 681 (91.3%) 52764 (95.1%) 819 (94.4%)
Yes 6617 (8.8%) 65 (8.7%) 2703 (4.9%) 49 (5.6%)
Modest Family History of Breast and/or Ovarian Cancer™™*
No 59510 (79.6%) 590 (79.1%) 47348 (85.4%) 720 (82.9%)
Yes 15276 (20.4%) 156 (20.9%) 8119 (14.6%) 148 (17.1%)
Parity
1+ live births 65325 (87.4%) 652 (87.4%) 49690 (89.6%) 778 (89.6%)
Never pregnant/no term pregnancy 9381 (12.6%) 94 (12.6%) 5754 (10.4%) 90 (10.4%)
Breast Feeding
Never breast fed > 28 days 39021 (52.2%) 398 (53.4%) 29525 (53.3%) 464 (53.5%)
Breast fed >28 days 35685 (47.8%) 348 (46.6%) 25919 (46.7%) 404 (46.5%)
OC use
Never 44463 (59.5%) 471 (63.1%) 31095 (56.1%) 502 (57.8%)
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WHI OS eligible | WHI OS Case-Control | WHI CT eligible | WHI CT Case-Control

population” study population population” study population
<1 year 9332 (12.5%) 94 (12.6%) 7334 (13.2%) 130 (15%)
1-5 years 9795 (13.1%) 83 (11.1%) 7696 (13.9%) 112 (12.9%)
5-10 years 6703 (9.0%) 52 (7.0%) 5643 (10.2%) 67 (7.7%)
10+ years 4473 (6.0%) 46 (6.2%) 3682 (6.6%) 57 (6.6%)
Tubal ligation
Yes 13342 (17.9%) 107 (14.3%) 10541 (19%) 137 (15.8%)
No 61364 (82.1%) 639 (85.7%) 44903 (81%) 731 (84.2%)
Talc use
<10 years 57544 (77.0%) 587 (78.8%) N/A N/A
>10 years 17184 (23.0%) 158 (21.2%) N/A N/A

Prior oral hormone therapy (HT) use (any type)

None 34303 (45.9%) 311 (41.7%) 29992 (54.1%) 418 (48.2%)
(0-1] year 6336 (8.5%) 60 (8.0%) 5202 (9.4%) 83 (9.6%)
(1-2] years 3947 (5.3%) 42 (5.6%) 2866 (5.2%) 50 (5.8%)
(2-5] years 8473 (11.3%) 75 (10.1%) 5590 (10.1%) 88 (10.1%)
(5-10] years 9801 (13.1%) 97 (13.0%) 5717 (10.3%) 99 (11.4%)
10+ years 11926 (15.9%) 161 (21.6%) 6100 (11%) 130 (15%)

Prior Hysterectomy

No 54074 (72.4%) 535 (71.8%) 39449 (71.1%) 647 (74.5%)

Yes 20639 (27.6%) 210 (28.2%) 16016 (28.9%) 221 (25.5%)

Elevated CA125 or HE4™ ™™™

No N/A 659 (88.3%) N/A 807 (93%)

Yes N/A 87 (11.7%) N/A 61 (7%)

*

Women reporting BSO at baseline as well as LMP ovarian cancer and non-adjudicated ovarian cancer cases were excluded.

* %

Significant family history defined as: Personal history of breast cancer diagnosed before age 55; One or more first-degree relatives (mother,
sister, daughter) with breast cancer diagnosed before or at age 45; Two breast cancers in first or second degree (grandmother) relatives, same
lineage, with at least one breast cancer diagnosed before or at age 45 (Note that WHI data include only grandmother not aunt); Three or more first
or second degree relatives, same lineage, with breast cancer diagnosed at any age; One or more ovarian cancers diagnosed at any age in first or
second degree relatives; Jewish religion and personal history of breast cancer diagnosed at any age (Note that WHI data do not include information
on Ashkenaz ethnicity); Jewish religion and one first or second degree relative with breast cancer diagnosed at any age in the same lineage (Note
that WHI data do not provide perfect specification of lineage).

*k %k
Any first-degree relative with a history of breast or ovarian cancer or personal history of breast cancer

*kkk
Elevated CA125 or HE4 based on 98% specificity cutoffs estimated using the parametric empirical Bayes method on serum marker data from

the WHI OS/CT.
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Tumor characteristics for 210 WHI OS Case-Control Study EOC cases, 461 WHI OS Cohort Study EOC
cases, 143 WHI CT Case-Control Study EOC cases, and 334 WHI CT Cohort Study EOC cases included in
analyses (High-grade serous cancers shown in bold).

WHI OS Case-Control Study | Clear Cell | Endometrioid | Mucinous Serous NOS Other
Well Differentiated | 0 (0%) 0 (0%) 5 (38.5%) 5 (4.3%) 1 (2.4%) 0 (0%)
Moderately Differentiated 1(7.7%) 3(17.7%) 1(7.7%) 18 (15.5%) 2 (4.9%) 0 (0%)
Poorly Differentiated | 5 (38.5%) 13 (76.5%) 4(30.8%) | 79(68.1%) | 17 (41.5%) 7 (70%)
Unknown | 7 (53.9%) 1 (5.9%) 3(23.1%) | 14(12.1%) | 21(51.2%) | 3 (30%)
WHI OS Cohort Study Clear Cell | Endometrioid | Mucinous Serous NOS Other
Well Differentiated | 0 (0%) 2 (5.7%) 7 (33.3%) 7 (2.5%) 1 (1.2%) 0 (0%)
Moderately Differentiated 1 (5%) 13 (37.1%) 2 (9.5%) 39 (14.1%) 3(3.5%) 1 (4.3%)
Poorly Differentiated | 9 (45%) 19 (54.3%) | 6(23.8%) | 190 (68.8%) | 29 (34.1%) | 15 (65.2%)
Unknown | 11 (50%) 1 (2.9%) 6 (23.8%) | 40 (14.5%) | 52 (61.2%) | 7 (30.4%)
WHI CT Case-Control Study | Clear Cell | Endometrioid | Mucinous Serous NOS Other
Well Differentiated 0 (0%) 3 (17%) 0 (0%) 1 (1%) 0 (0%) 0 (0%)
Moderately Differentiated 0 (0%) 7 (39%) 2 (67%) 13 (16%) 1(3%) 0 (0%)
Poorly Differentiated 4 (57%) 7 (39%) 1 (33%) 49 (60%) 19 (63%) 4 (100%)
Unknown | 3 (43%) 1 (6%) 0 (0%) 18 (22%) 10 (33%) 0 (0%)
WHI CT Cohort Study Clear Cell | Endometrioid | Mucinous Serous NOS Other
Well Differentiated | 0 (0%) 4 (11%) 0 (0%) 2 (1%) 0 (0%) 0 (0%)
Moderately Differentiated 2 (14%) 12 (33%) 4 (44%) 24 (12%) 4 (6%) 1(92%)
Poorly Differentiated | 6 (43%) 16 (44%) 3 (33%) 133 (68%) | 38 (56%) 11 (8%)
Unknown 6 (43%) 4 (11%) 2 (22%) 36 (18%) 26 (38%) 0 (0%)
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Table 3

Hazard ratios, 95% confidence intervals and associated p-values from Cox proportional hazards models
applied to the WHI OS Cohort Study population; 461 EOC cases and 74,325 controls (risk factors measured at
the time of enroliment)

Univariate Analysis Multivariate Analysis***
Risk Factors (WHI OS population) Hazard Ratio 95% ClI P-value | Hazard Ratio 95% ClI P-value
OC use < 1 year 1.19 (0.97,1.46) | 0.101 1.12 (0.89,1.39) | 0.336
Nulliparity 1.10 (0.83,1.44) | 0512 112 (0.82,152) | 0.478
Breast Feeding <28 days 0.99 (0.82,1.19) | 0.883 0.97 (0.79,1.19) | 0.768
No tubal ligation 1.35 (1.04,1.77) 0.027 1.24 (0.94, 1.65) 0.134
Talc use >10 years 0.99 (0.79,1.24) | 0.914 0.97 (0.78,1.22) | 0.822
Prior Hysterectomy 1.16 (0.95, 1.42) 0.157 1.08 (0.87,1.34) 0.487
Prior HT use <1 year (Ref=No HT use) 0.94 (0.63, 1.39) 0.740 N/A N/A N/A
Prior HT use 1-2 years (Ref=No HT use) 0.96 (0.60, 1.55) 0.880 N/A N/A N/A
Prior HT use 2-5 years (Ref=No HT use) 1.37 (1.02, 1.85) 0.039
Prior HT use 5-10 years (Ref=No HT use) 1.37 (1.03,1.82) 0.028 150" (1.23,1.83) | <0.001
Prior HT use >10 years (Ref=No HT use) 1.74 (1.36,2.23) | <0.001
Significant Family Héi@?ﬁggﬂﬁlv.sz 0.93 (0.66,1.30) | 0.665 N/A N/A N/A
Modest Family History of Breast and/or 1.18 (0.95,1.48) | 0.140 1.19 (0.95,1.50) | 0.126
Ovarian Cancer

*

Significant family history defined as: Personal history of breast cancer diagnosed before age 55; One or more first-degree relatives with breast
cancer diagnosed before or at age 45; Two breast cancers in first or second degree (grandmother) relatives, same lineage, with at least one
diagnosed before or at age 45 (Note that WHI data include only grandmother not aunt); Three or more first or second degree relatives, same
lineage, with breast cancer diagnosed at any age; One or more ovarian cancers diagnosed at any age in first or second degree relatives; Jewish
religion and personal history of breast cancer diagnosed at any age (Note that WHI data do not include information on Ashkenaz ethnicity); Jewish
religion and one first or second degree relative with breast cancer diagnosed at any age in the same lineage (Note that WHI data do not provide
perfect specification of lineage).

* %
Any first-degree relative with a history of breast or ovarian cancer or personal history of breast cancer

* %

Adjusted for age at baseline (continuous) and race (white/non-white)

N
In the multivariate model, Prior HT was recoded to > 2 years of exposure (yes/no) for parsimony, due to the similarity of the point estimates for
the corresponding subintervals in the univariate model.
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