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H I G H L I G H T S
• Using menopausal hormone therapy prior to diagnosis extends ovarian cancer survival.
• Estrogen alone and estrogen+progestin are associated with better survival.
• Women who used hormone therapy have less residual disease after surgery.
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a b s t r a c t
Purpose. Prior studies of menopausal hormone therapy (MHT) and ovarian cancer survival have been limited
by lack of hormone regimen detail and insufﬁcient sample sizes. To address these limitations, a comprehensive
analysis of 6419 post-menopausal women with pathologically conﬁrmed ovarian carcinoma was conducted to
examine the association between MHT use prior to diagnosis and survival.
Methods. Data from 15 studies in the Ovarian Cancer Association Consortium were included. MHT use was examined by type (estrogen-only (ET) or estrogen+progestin (EPT)), duration, and recency of use relative to diagnosis. Cox proportional hazards models were used to estimate the association between hormone therapy use and
survival. Logistic regression and mediation analysis was used to explore the relationship between MHT use and
residual disease following debulking surgery.
Results. Use of ET or EPT for at least ﬁve years prior to diagnosis was associated with better ovarian cancer survival (hazard ratio, 0.80; 95% CI, 0.74 to 0.87). Among women with advanced stage, high-grade serous carcinoma,
those who used MHT were less likely to have any macroscopic residual disease at the time of primary debulking
surgery (p for trend b0.01 for duration of MHT use). Residual disease mediated some (17%) of the relationship
between MHT and survival.
Conclusions. Pre-diagnosis MHT use for 5+ years was a favorable prognostic factor for women with ovarian
cancer. This large study is consistent with prior smaller studies, and further work is needed to understand the underlying mechanism.
© 2020 Elsevier Inc. All rights reserved.

1. Introduction
Invasive epithelial ovarian cancers including ovarian, fallopian tube
and primary peritoneal cancer (hereafter referred to as ovarian cancer)
collectively account for more deaths than any other cancer of the female
reproductive system in the United States, with a ﬁve-year survival rate
of less than 50% [1]. There is clear evidence that menopausal
estrogen-alone hormone therapy (ET) is associated with an increased
risk of developing ovarian cancer [2–4], but the relationship between
menopausal estrogen plus progestin therapy (EPT) and risk of ovarian
cancer is less clear [3]. Further, the relationship between menopausal
hormone therapy (MHT) use and survival may not be the same as the
relationship with risk.
Pre-diagnosis MHT use and ovarian cancer survival has been examined in nine population-based studies [5–13]. Most observed a
modestly inverse association, with hazard ratios ranging from 0.23
[11] to 1.1 [12] (Table S1), but protection was statistically signiﬁcant
in only one study (MHT use N5 years: HR, 0.79; 95% CI, 0.55 to 0.90)
[5]. These studies were subject to one or more of the following important limitations: they (1) lacked information about duration of
use; (2) did not distinguish between types of MHT use before diagnosis (i.e., ET and/or EPT); (3) had follow-up times of only a few
years; (4) had an insufﬁcient sample size to stratify by ovarian

cancer histotype; and (5) lacked information about residual disease
after debulking surgery. Many women use MHT for only a short period of time, thus missing duration information is an important
weakness that may have masked effects in prior studies [14]. Rigorously evaluating the association between pre-diagnosis MHT use
and ovarian cancer survival by hormone type, duration, survival
time, residual disease and cancer histotype is essential to advance
our understanding of disease prognosis.
In the present analysis from the Ovarian Cancer Association Consortium (OCAC), we followed 6419 women with ovarian cancer for
up to 26 years and investigated the association between prediagnosis MHT use and survival. We investigated duration, type and
timing of MHT use in each of the main histological subtypes. A particularly important prognostic factor in ovarian cancer survival is residual disease after initial debulking surgery. Therefore, we also
considered the potential relationship of MHT use with residual disease after surgery.

2. Methods
Institutional Review Board or comparable ethics approval was received by each study and informed consent was provided by all women.
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2.1. Study populations and exclusion criteria
OCAC is an international, multidisciplinary collaboration of ovarian
cancer research teams (http://ocac.ccge.medschl.cam.ac.uk/). Postmenopausal women (as deﬁned in each study) with pathologically conﬁrmed ovarian carcinoma and survival time available (n = 10,120)
were considered for our analyses. We were interested a priori in the potential of a duration effect of MHT use and thus three studies (n = 2121)
were excluded. Therefore, this analysis used pooled ovarian cancer survival data from population-based (n = 14) and clinic-based (n = 1)
OCAC studies (Table S2) conducted in the United States (n = 9),
Europe (n = 4), and Australia (n = 2). Women from these studies missing MHT duration were excluded. Only those with invasive tumors,
high-grade serous, low-grade serous, mucinous, endometrioid, or clear
cell carcinomas, were eligible (i.e. mixed cell, undifferentiated, and
non-epithelial cancers were excluded; n = 1260). Women missing
data for stage at diagnosis (n = 282), race/ethnicity (n = 25), or time
from diagnosis to interview/study enrolment (n = 13) were also excluded. There was no upper or lower age limit exclusion beyond the impact of excluding women who were pre-menopausal at diagnosis. Our
ﬁnal analytic sample was 6419 ovarian cancer patients. (Fig. 1). Survival
times and proportion of deaths were comparable between women excluded and those included.

2.2. Exposure and covariate assessment
Participants provided information on their history of MHT use prior
to diagnosis via phone or in-person interviews (n = 10 study sites) or
self-completed questionnaires (n = 5 study sites) (Table S2) at the
time of study enrollment. MHT use was categorized as exclusive use of
ET, exclusive use of EPT, use of both therapies, or use of unknown
type. First, exclusive ET use was examined based on (1) total duration
of ET use (never (reference category), N0 to b5, 5 to b10, 10+ years)
and (2) recency of ET use (within the year prior to diagnosis, 1 to b5,
5+ years prior to diagnosis). There was no additional duration effect observed after 5 years and so the categories 5 to b10 and 10+ years were
combined into one. Exclusive EPT use was examined in the same manner. The reference group for both the ET and EPT analyses was never
use of any type of MHT. Next, total duration of any type of MHT use
prior to diagnosis was examined (ET, EPT, both, or unknown type)
with the same approach. BMI (kg/m2) categories were assigned according to World Health Organization [15] deﬁnitions (underweight,

BMI b 18.5; normal weight, 18.5 ≤ BMI b 25.0; overweight, 25 ≤ BMI b 30;
obese, BMI ≥ 30), using the values reported for adult BMI one to ﬁve
years prior to diagnosis. Duration of combined oral contraceptive use
was coded as never, b1, 1 to b5, 5 to b10, or 10+ years. Parity was
coded as 0, 1, or 2+ pregnancies. Education level was coded as less
than high school, high school graduate, some college, college graduate,
or graduate school. Stage was recorded as local (with no lymph node involvement), regional (direct extension and/or local lymph node involvement), and advanced (distant sites and/or distant lymph nodes
involved) [16]. For all patients, the standard of care is assumed to
have been a platinum-based regimen.
2.3. Outcome assessment
Overall survival was recorded as either length of time (in days) from
diagnosis to death or to date of last follow-up (for censored patients).
Follow-up is largely done via linkage with national death databases All
survival models incorporated left truncation time, accounting for the
difference between date of diagnosis and date of patient interview,
though there was little variability in delay to patient interview and so
accounting for left truncation did not affect results. Women were typically enrolled within the ﬁrst sixth months following diagnosis (median
152 days). For a subset of women there was information on duration of
progression-free survival (n = 2239) and presence/absence and size of
residual disease after debulking surgery (n = 2056) (Table S2).
2.4. Statistical analysis
2.4.1. Overall survival models
Cox proportional hazards models with left truncation and right censoring were used to estimate the association (hazard ratio; HR, and associated Wald-type conﬁdence intervals) of each hormone therapy
exposure on ovarian cancer survival. The exposures were modeled as
categories of duration of use and recency of use, as detailed above. Exclusive use of ET or exclusive use of EPT were ﬁrst examined separately
to determine their association with survival. Because the hazards for the
two types of hormone therapies were not statistically different and
showed a similar magnitude, we combined types as an “any HT use”
variable including unknown types of MHT, as these would have been either ET or EPT.
Important a priori variables included in all models were age at diagnosis (continuous), race/ethnicity, surgical stage at diagnosis, and OCAC

Fig. 1. Overall survival stratiﬁed by years of menopausal hormone therapy use. Adjusted survival curves among all women with ovarian cancer (n = 6419) and among women with
advanced stage, high-grade serous cancer (n = 4393). The adjusted survival curves are generated from the hazard ratios estimated from a cox proportional hazards model of
menopausal hormone therapy use and are adjusted for age at diagnosis, race/ethnicity, histotype (left panel only), stage at diagnosis, and OCAC site.
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study site. Sensitivity analyses adjusting for age in ﬁve- and ten-year
categories did not materially alter the HR estimates for MHT. Education
level adjustment in sensitivity analyses also did not inﬂuence HR estimates. The possible confounding effects of additional exposures prior
to diagnosis were examined, but none affected the association between
MHT duration and survival (Table S5).
Separate models for each histotype were also ﬁtted to estimate HRs
for MHT duration. The adjusted survival curves presented (overall, and
high-grade serous) allow for visualization of survival curves based on
the Cox proportional hazard results.
2.4.2. Discrete windows of clinical interest and progression-free survival
We tested discrete windows of clinical interest following diagnosis.
Although the proportional hazards assumptions were not violated for
MHT use prior to diagnosis in the Cox proportional hazards models, an
additional model was ﬁt allowing the data to be split into time intervals
after diagnosis. This allowed us to assess subtle variation in HR estimates at all time points after diagnosis. To assess the speciﬁcity of the
protective effect of MHT, Cox proportional hazards model was ﬁt for
time to progression, treating progression of disease as the event of interest. Although ovarian cancer-speciﬁc mortality was not assessed, nearly
all deaths within the ﬁrst ﬁve years following diagnosis are related to
ovarian cancer thus our time interval analysis provides insight into
this question.
2.4.3. Residual disease in women with advanced stage, high-grade serous
cancer
Among women with advanced stage (stage III or IV), high-grade serous carcinoma (HGSC, n = 903), we examined possible mechanisms
underlying the MHT-survival association, namely the association of
MHT use with residual disease. We used logistic regression, investigating MHT use in those with and without macroscopic residual disease
following primary debulking surgery. Mediation analysis was used to
examine whether the relationship between MHT use and survival was
mediated by residual disease. In this analysis, the ﬁrst step (mediator)
model was residual disease regressed on MHT use and the covariates
age, stage, histotype, education level, and race. The second step (outcome) model was modeled as survival regression on residual disease,
MHT use, and the same set of covariates. Finally, mediation was assessed
using 2000 simulations to estimate the average causal mediated effect,
the average causal direct effect, the total effect, and the proportion mediated, using the generalizable approach to causal mediation outlined
by Imai et al. [17]. All statistical analysis was performed in R [18].
3. Results
The analytic sample included 6419 post-menopausal women from
15 sites in the OCAC (Fig. S1; Table S2). A majority of the women had
HGSC (68.4%) and most had advanced stage disease at diagnosis
(67.7%, Table 1). Exclusive EPT use (18.5%) was more common than exclusive ET use (14.2%). Most women (58.9%) did not use either type and
212 (3.3%) used both ET and EPT (Table 1).
The median survival time was 5.4 years after diagnosis. ET and EPT
use for at least ﬁve years were both associated with longer survival
(Table 2). For exclusive ET users, lower mortality was observed for use
of 5+ years (HR, 0.85; 95% CI, 0.75 to 0.96). For exclusive EPT users,
the HR for use for 5+ years was similar (HR, 0.79; 95% CI, 0.70 to
0.89). Because the magnitudes of effect for ET and EPT were similar,
all MHT types were combined for subsequent analyses. Signiﬁcantly
better survival was observed for those who had used any type of MHT
for at least 5 years (HR, 0.80; 95% CI, 0.74 to 0.87) (Table 2). This corresponds to a median survival of 5.75 years among women who had used
MHT for 5+ years and 4.6 years for those who has not used any.
An adjusted survival curve illustrates the apparent protective beneﬁt
of MHT use was restricted to women with 5+ years use compared to
those who did not use MHT and that no beneﬁt was observed for
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Table 1
Demographic and clinical characteristics of women with ovarian cancer from the Ovarian
Cancer Association Consortium (OCAC) included in the survival analysis.
Overalla

Pre-diagnosis MHT use duration
Never

b5 years

5+ years

N
Hormone therapy use
(%)
None

6419

3784

1183

1452

3784 (58.9)

0 (0.0)

0 (0.0)

ET only
EPT only
ET and EPT
Unknown +/−
ET/EPT
Age at diagnosis
(mean (SD))
Education (%)
Less than high school
High school graduate
Some college
College graduate
Graduate school
Race / ethnicity (%)
Non-Hispanic white
Hispanic white
Black
Asian
Other
Histotype (%)
Low-grade serous
High-grade serous
Mucinous
Endometrioid
Clear cell
Stage (%)
Local (FIGO I)
Regional (FIGO II)
Advanced (FIGO
III/IV)
BMI category (%)
Underweight
Normal weight
Overweight
Obese
Familyb cancer history
(%)
Breast cancer
Ovarian cancer
Combined oral
contraceptive use (%)
Never
b1 year
1 to b5 years
5 to b10 years
10+ years
Parity (%)
0 births
1 birth
2+ births
Smoking (%)
Never
Current
Former

909 (14.2)
1188 (18.5)
212 (3.3)
326 (5.1)

3784
(100.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)

379 (32.0)
561 (47.4)
62 (5.2)
181 (15.3)

530 (36.5)
627 (43.2)
150 (10.3)
145 (10.0)

62.67 (8.71) 62.36 (9.33) 60.78 (8.16) 65.00 (6.75)

1135 (20.7)
1567 (28.6)
1325 (24.2)
799 (14.6)
646 (11.8)

760 (23.7)
948 (29.6)
745 (23.2)
400 (12.5)
353 (11.0)

177 (17.4)
272 (26.7)
265 (26.0)
174 (17.1)
132 (12.9)

198 (15.9)
347 (27.8)
315 (25.3)
225 (18.1)
161 (12.9)

5679 (88.5)
198 (3.1)
101 (1.6)
249 (3.9)
192 (3.0)

3308 (87.4)
126 (3.3)
72 (1.9)
146 (3.9)
132 (3.5)

1042 (88.1)
45 (3.8)
15 (1.3)
51 (4.3)
30 (2.5)

1329 (91.5)
27 (1.9)
14 (1.0)
52 (3.6)
30 (2.1)

245 (3.8)
4393 (68.4)
373 (5.8)
925 (14.4)
483 (7.5)

134 (3.5)
2504 (66.2)
255 (6.7)
552 (14.6)
339 (9.0)

47 (4.0)
820 (69.3)
65 (5.5)
168 (14.2)
83 (7.0)

64 (4.4)
1069 (73.6)
53 (3.7)
205 (14.1)
61 (4.2)

947 (14.8)
1126 (17.5)
4346 (67.7)

616 (16.3)
684 (18.1)
2484 (65.6)

173 (14.6)
211 (17.8)
799 (67.5)

158 (10.9)
231 (15.9)
1063 (73.2)

117 (2.0)
2684 (45.7)
1754 (29.9)
1320 (22.5)

71 (2.1)
1424 (42.0)
1026 (30.3)
866 (25.6)

18 (1.6)
515 (45.9)
339 (30.2)
249 (22.2)

28 (2.0)
745 (54.5)
389 (28.5)
205 (15.0)

1098 (17.6)
329 (5.3)

690 (18.9)
203 (5.6)

195 (16.8)
61 (5.3)

213 (15.0)
65 (4.6)

3127 (49.2)
590 (9.3)
1209 (19.0)
773 (12.2)
656 (10.3)

2030 (54.2)
313 (8.4)
659 (17.6)
390 (10.4)
356 (9.5)

451 (38.6)
142 (12.1)
265 (22.7)
176 (15.1)
135 (11.5)

646 (44.9)
135 (9.4)
285 (19.8)
207 (14.4)
165 (11.5)

1223 (19.1)
858 (13.4)
4324 (67.5)

738 (19.6)
525 (13.9)
2508 (66.5)

232 (19.6)
157 (13.3)
794 (67.1)

253 (17.4)
176 (12.1)
1022 (70.4)

2910 (52.9)
700 (12.7)
1891 (34.4)

1803 (55.5)
445 (13.7)
998 (30.7)

495 (48.8)
126 (12.4)
394 (38.8)

612 (49.4)
129 (10.4)
499 (40.2)

a
The total N for certain variables reported does not total to 6419 because of missing
data. These included variables that were not confounders and thus not needed for covariate adjustment in ﬁnal models, such as family history of cancer, education, and smoking.
b
First-degree family members, i.e. sister or mother.

b5 years of use (Fig. 1). Recency of MHT use did not affect the hazard
ratio estimates. The association observed for all histotypes combined
was also similar for individual histotypes, with the exception of
endometrioid carcinomas, but was only statistically signiﬁcant for
HGSC (HR, 0.78; 95% CI, 0.71 to 0.86) (Table S3a). Progression-free survival (time from diagnosis to ﬁrst recurrence, documented by clinical,
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Table 2
Hazards ratios for menopausal hormone therapy (MHT) use before diagnosis of ovarian cancer among women with invasive epithelial ovarian cancer in the Ovarian Cancer Association
Consortium (OCAC).
MHT use

None (ref)
b5 years
5+ years

Estrogen alone therapy (ET)

Estrogen-progestin combined therapy
(EPT)

Any menopausal hormone therapy

Na

HR (95% CI)b

N

HR (95% CI)

N

HR (95% CI)

3784
379
530

1.0
0.99 (0.86, 1.15)
0.85 (0.75, 0.96)

3784
561
627

1.0
1.01 (0.89, 1.14)
0.79 (0.70, 0.89)

3784
1183
1452

1.0
0.97 (0.88, 1.06)
0.80 (0.74, 0.87)

a
The three analyses have different total N's because the exclusive ET analysis excluded women who had ever used EPT, and the exclusive EPT analysis excluded women who had ever
used ET. Users of unknown type were also excluded from this analysis.
b
Hazard ratios (HRs) are adjusted for age at diagnosis and race/ethnicity, and stratiﬁed by histotype, stage at diagnosis, and OCAC site.

biochemical (e.g. serum CA125 levels) or radiological disease progression) was also better in those who had used MHT (Table S4).
Time-varying HRs were also estimated. Although the proportional
hazards assumptions were not violated for the survival model of MHT
use, the additional analyses allowed for ﬁner estimation of the protective association during particular windows of interest after diagnosis.
The estimated effect was protective in all time intervals. MHT use was
associated with reduced risk of death signiﬁcantly in the ﬁrst two
years after diagnosis (HR, 0.72; 95% CI, 0.62 to 0.84) and in years 2
through 5 after diagnosis (HR, 0.86; 95% CI, 0.76 to 0.97) (Fig. 2).
Stratiﬁcation by stage at diagnosis for HGSC showed a positive association with prognosis at advanced stages (III/IV) (Table S3b). Among
women with advanced stage HGSC, MHT use was associated with improved survival both in the women with and those without residual disease (Fig. S2 and Table S6). MHT use prior to diagnosis was associated
with lower likelihood of residual disease at the time of debulking surgery among women with advanced stage HGSC. Of women with local

Table 3
Odds ratios for macroscopic residual disease based on use of menopausal hormone therapy (MHT) use before diagnosis of ovarian cancer, among women with advanced, highgrade serous carcinoma in the Ovarian Cancer Association Consortium (OCAC).

MHT use
None (ref)
b5 years
5+ years

N
859
239
290

Residual disease

ORa (95% CI)

p for trend

574 (66%)
146 (61%)
171 (59%)

1.0
0.79 (0.58, 1.06)
0.71 (0.54, 0.93)

0.009

a

ORs are adjusted for age at diagnosis. Adjusting for OCAC site and race/ethnicity did
not alter the trend for inverse association.

(stage I, n = 180) and regional (stage II, n = 343) disease, only 2
women (2%) and 18 women (5.2%) respectively had residual disease
after surgery, thus we cannot estimate ORs for MHT use in these strata.
Among those with advanced disease (stage III/IV), MHT use was
associated with signiﬁcantly lower odds of having macroscopic residual

Fig. 2. Estimated time-varying hazard ratio (HR) and 95% conﬁdence intervals (CIs) for use of menopausal hormone therapy (5+ years) relative to no use. In a Cox proportional hazard
model allowing for interaction of the effect of menopausal hormone therapy use with time since diagnosis, the estimated effect is protective at all time points. Menopausal hormone
therapy use is signiﬁcantly protective in the ﬁrst two years after diagnosis (HR = 0.72; 95% CI = 0.62, 0.84) and in years 2 through 5 after diagnosis (HR = 0.86; 95% CI = 0.76, 0.97).
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disease relative to no macroscopic disease in an MHT durationdependent manner (p for trend = 0.009), adjusted for age at diagnosis
(Table 3). Adjusting for OCAC site and race/ethnicity did not alter the
trend. Residual disease partially mediated the relationship between
long-term (5+ years) MHT use and survival. Among women with advanced HGSC, the proportion mediated was 0.17 (p = 0.04).
4. Discussion
In this study, pre-diagnosis MHT use for at least ﬁve years was associated with better ovarian cancer survival, regardless of MHT type (ET or
EPT) and recency of use relative to diagnosis. Other studies reported
ever use of MHT to be associated with improved survival (Table S1),
but this is the ﬁrst study to report on the effect of duration and recency
of MHT use, type of MHT use, histotype, and residual disease after
debulking surgery on survival outcomes.
Women with advanced HGSC who had used MHT prior to diagnosis
were less likely to have macroscopic disease following primary
debulking surgery. We estimated that about 17% of the survival improvement associated with MHT use could be due to the higher proportion of MHT users with no residual disease. The mechanism of the effect
of MHT on residual disease is unclear. At least one previous study has
noted that MHT use was associated with optimal debulking status
[19]. One possibility is that MHT use prior to diagnosis alters the pattern
of metastatic spread, such that the disease is easier to access or less adhesive to surrounding tissues. It has been reported that tumor tissue
from sub-optimally debulked patients expressed molecular signatures
consistent with increased stromal activation and lymphovascular invasion [20]. A predictive gene expression signature, developed for likelihood of optimal debulking, suggested that there may be a subset of
tumors for which the TGF-ß activated pathway stimulates epithelial to
mesenchymal transition and activation of tumor associated ﬁbroblasts
[21], both of which would contribute to spread of tumor and difﬁculty
in debulking.
Prior studies have established a complex relationship between hormonal exposures, including hormone therapy [22,23], and inﬂammation that depends on multiple factors including the formula, dose,
route of delivery, and other immune stimuli. MHT use may result in
an anti-inﬂammatory milieu that is beneﬁcial for resection. Particularly
at high concentrations, estrogen has anti-inﬂammatory properties
[24,25] in some tissues. Furthermore, evidence supports a mutually dependent relationship between inﬂammation and angiogenesis [26]. Immune cells stimulated during inﬂammatory reactions secrete cytokines
such as IL-6, TNF-α and CXCR2 that promote neovascularization and
thus potentially contribute to tumor establishment and growth. On
the other hand, an anti-inﬂammatory environment would prevent this
sequence. Mechanistic studies are needed to understand the relationship between MHT use and ease of debulking. Mechanistic studies are
also needed to investigate whether it is primarily women with
estrogen-receptor negative cancers who are driving the protective association with MHT use; indeed, the current literature suggests avoiding
MHT in women with estrogen-sensitive histologic subtypes [27]. This
may explain why the endometrioid subtype ﬁndings deviated from
the other histotypes.
Pre-diagnosis use, as previously discussed and as demonstrated by
this current study, appears to offer a survival beneﬁt to women with
ovarian cancer [5,7–9,11,13,19] (Table S1). The existing literature on
post-diagnosis MHT use and ovarian cancer survival includes several
population-based cohort studies [6,8,28–30] and two small randomized
controlled trials [31,32]. The population-based studies were largely inconclusive, but they all suggest reduced mortality in post-diagnosis
MHT users [6,8,28–30,33,34].
Two randomized trials have indicated survival beneﬁts of hormone
therapy use [31,32] after surgical debulking of the ovarian tumor. A clinical trial in 1999 [32] randomized women with ovarian cancer of any
histotype to either conjugated estrogen or to no supplementation after
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debulking surgery. The women who received estrogen therapy had
non-signiﬁcantly longer disease-free intervals and better overall survival. In a second study, Eeles et al. [31] randomized women who had
been diagnosed with ovarian cancer within the previous 9 months to receive hormone therapy or none. The study observed a statistically signiﬁcant beneﬁcial effect of hormone therapy on overall survival (HR,
0.63; 95% CI, 0.44 to 0.90), but this likely reﬂects some of the general
beneﬁts of MHT on survival as this is not an ovarian cancer-speciﬁc survival estimate. However, no speciﬁc hormonal regimen was used, as individual clinicians had control over type, dose and duration.
Limitations of our results include the self-reported exposure measures. However, prior studies have documented good correlation between self-report of hormone use and prescription records [35].
Although our analysis was restricted to women who were classiﬁed as
post-menopausal at diagnosis, some may have used MHT before menopause occurred. To address this issue, we conducted a sensitivity analysis restricting the exposure to MHT use after the age of 50, as a proxy for
post-menopausal use, and the results did not change. An additional limitation was the lack of information on MHT use post-diagnosis. We cannot exclude the possibility that pre-diagnosis use predicts postdiagnosis use, conferring part of the survival beneﬁt. Likewise, there
was not a large enough sample of women with chemotherapy information to conduct analyses on any differential effects of MHT based on chemotherapy treatment. However, regardless of prior exposures and
medical history, the standard of care for the vast majority of women is
a platinum-based regimen. Additionally, we assumed that the chemotherapy ordered for women who had been on MHT was comparable
to that for women who were never on MHT; however, because treatment data were not available, we cannot rule out that women who
were previously on MHT were better able to tolerate the full dose of
chemotherapy. Finally, use of MHT could serve as a proxy for overall adherence to medical recommendations and treatment and access to specialist surgical practices. However, controlling for education, which was
expected to correlate with these characteristics, did not affect results.
We observed that the association of MHT use for ﬁve or more years
prior to diagnosis was protective against death at all points after diagnosis. Since the cause of death during the ﬁrst ﬁve years is most commonly
ovarian cancer-speciﬁc and not from other causes, this suggests that the
association of survival with MHT use is at least in part due to
cancer-speciﬁc protection. We also offer evidence that the relationship
is partially mediated by the relationship between MHT use and optimal
surgical cytoreduction.
The ﬁndings presented here, taken in context with the other literature on the topic (Table S1), suggest that MHT is beneﬁcial with respect
to ovarian cancer survival, particularly among women with HGSC. These
ﬁndings are helpful to understand the biology of the disease, and ultimately our goal is to help women diagnosed with ovarian cancer to
live both longer and with a higher quality of life. Post-menopausal
symptoms, including severe vasomotor symptoms for some women,
can negatively impact quality of life. It is well known that an early
onset of menopause increases risks for overall mortality, particularly
cardiovascular mortality, and thus ovarian cancer patients who undergo
surgical menopause prior to natural menopause would likely beneﬁt
from MHT [36]. Whether MHT is cardioprotective in women who are
postmenopausal depends on timing of initiation in relation to onset of
menopause, with women initiating MHT within 4–6 years of onset of
menopause showing decreased risk for CVD. Thus, there are many ovarian cancer patients who would receive cardioprotective effects from
MHT [37,38]. There are also important beneﬁts of MHT use in postmenopausal women in terms of reduced risk of hip fracture [39] and reduced
risk for colorectal cancer [40]. Therefore, clinician and patient conﬁdence in using MHT offers great potential beneﬁt to women with ovarian cancer. A large randomized clinical trial would help determine the
impact of MHT on survival and quality of life for women living with
ovarian cancer. Such a future trial could incorporate detailed mechanistic studies to better understand how MHT inﬂuences survival. Despite
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remaining questions, the current evidence should allow providers to at
least discuss MHT use with ovarian cancer patients, with shared decision making regarding the beneﬁts and limitations of therapy.
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