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Abstract

Prediagnostic use of menopausal hormone therapy (MHT) has been suggested to be
associated with improved survival of epithelial ovarian cancer (EOC). We investigated
the potential long-term survival benefit of prediagnostic MHT use in women
>50 years with nonlocalized EOC using the Extreme study including all women in
Denmark registered with nonlocalized EOC during 2000 to 2014 (N = 3776). We
obtained individual-level information on prediagnostic use of systemic estrogen ther-
apy (ET) and estrogen plus progestin therapy (EPT) from the National Prescription
Registry and estimated absolute and relative 5- and 10-year survival probabilities
with 95% confidence intervals (Cls) using pseudo-values, taking into account histol-
ogy, comorbidity, income and residual disease. Among women not having used pre-
diagnostic MHT, 5- and 10-year absolute survival probabilities were 19% and 11%,
respectively. Compared to MHT nonusers, prediagnostic systemic ET use for 3 to
4 years and 2 5 years was associated with 1.43 (95% Cl: 1.01-2.02) and 1.22 (95%
Cl: 0.96-1.55) times higher 5-year survival probabilities, respectively. Ten-year
survival probabilities were also increased but not statistically significantly. Among
prediagnostic EPT users, increased 5-year (1.14, 95% Cl: 0.85-1.53) and 10-year
(1.38, 95% Cl: 0.91-2.08) survival probabilities were observed after use for 3 to
4 years compared to MHT nonuse, whereas EPT use for 25 years was not associated
with long-term survival of nonlocalized EOC. Our findings may suggest a better long-
term survival of nonlocalized EOC in women having used long-term prediagnostic
ET. However, the statistical precision of our results did not allow firm conclusions

and more studies are needed.

Abbreviations: ATC, anatomic therapeutic chemical; BMI, body mass index; Cl, confidence interval; EOC, epithelial ovarian cancer; EPT, estrogen plus progestin therapy; ER, estrogen receptor;
ET, estrogen therapy; FIGO, International Federation of Gynecology and Obstetrics; HGSC, high-grade serous carcinoma; HR, hazard ratio; ICD-10, 10th revision of the International
Classification of Diseases; ICD-O-3, 3rd revision of the International Classification of Diseases for Oncology; MHT, menopausal hormone therapy; OCAC, Ovarian Cancer Association

Consortium; PR, progesterone receptor.
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1 | INTRODUCTION

Epithelial ovarian cancer (EOC) is the deadliest gynecologic malig-
nancy because it is often detected late; approximately 70% of patients
have advanced stage disease at diagnosis.> Surgery and platinum-
taxane combination therapy is first-line choice of treatment, but the
majority of women with advanced EOC will have relapse and require
additional treatment.? In about 75% of women presenting with
advanced disease, recurrence is incurable.? Despite the overall poor
prognosis, approximately 20% and 10% of women with nonlocalized
EOC survive more than 5 and 10 years after diagnosis, respectively.®
Established prognostic clinicopathologic factors include residual dis-
ease after primary debulking surgery, response to chemotherapy,
tumor histology and molecular signature.?* However, these factors
alone cannot explain the survival gain among the long-term survivors
of advanced EOC.

Use of menopausal hormone therapy (MHT) prior to EOC diagno-
sis has been suggested to be associated with improved survival.>
Even among women diagnosed with the most aggressive subtype of
EOC, advanced high-grade serous carcinoma (HGSC), the Ovarian
Cancer Association Consortium (OCAC) recently reported that MHT
use for at least 5 years prior to diagnosis was associated with signifi-
cantly better survival.> MHT is also regarded as a risk factor particu-
larly for the estrogen sensitive endometrioid and serous types of
EOC,*%12 and it has been suggested that estrogen driven tumors may
be less adhesive to surrounding tissue and thus easier to resect as a
hypothesis explaining the beneficial prognostic effect of MHT use.®

Three previous observational studies reported that the prognos-
tic benefit of prediagnostic MHT use on EOC survival required use
for 5 years or longer,>%® and the OCAC data further showed that
the protective effect of prediagnostic MHT use continued through-
out 15 years of follow-up.> Although two other previous studies pro-

213 none of

vided survival curves with up to 10 years of follow-up,
the previous studies focused specifically on long-term survival of
EOC. Moreover, several previous studies lacked information on

7914 and type”? of MHT use and all of them®>®1315 except

duration
for one’ were limited by self-reported exposure information with

risk of recall bias.
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Prediagnostic use of menopausal hormone therapy has been suggested to improve survival in
epithelial ovarian cancer. However, studies that explore the influence of menopausal hormone
therapy on longer-term survival in women with nonlocalized disease are warranted. In this
cohort study of 3776 women aged 50 years or older with nonlocalized epithelial ovarian cancer
using high-quality register-based exposure information, the 5- and 10-year survival probabilities
among nonusers of prediagnostic menopausal hormone therapy were 19% and 11%, respec-
tively. Compared with nonusers, long-term survival seemed to be better among long-term users

of prediagnostic menopausal hormone therapy, particularly estrogen therapy.

We established the Extreme study comprising a large cohort of
women with EOC with long follow-up periods and with high-quality
individual-level information from nationwide registries.> The overall
aim is to characterize long-term survivors of nonlocalized EOC. In the
present study, we investigated prediagnostic MHT use as a potential
prognostic marker of long-term survival of nonlocalized EOC at time
of diagnosis. Furthermore, we evaluated whether the association var-
ied by type of MHT, duration and recency of use, tumor histology
(serous) and residual disease.

2 | METHODS

21 | Study population

The Extreme study comprises all women in Denmark registered with a
first primary ovarian or fallopian tube cancer during 1978 to 2014 in
the Danish Cancer Registry and/or Pathology Registry. The study
cohort has previously been described in detail® and has since been
updated with seven additional years of cancer registrations
(2008-2014). In Denmark, unambiguous linkage between nationwide
registries is possible due to the unique civil registration number
assigned to all Danish citizens.'® Registration of new cancer cases to
the Danish Cancer Registry®” dates back to 1943 and has been man-
datory since 1987. Cancers are coded and classified according to the
10th revision of the International Classification of Diseases (ICD-10)
and the 3rd revision of the International Classification of Diseases for
Oncology (ICD-O-3). The Pathology Registry'® was established in
1997 but most pathology departments have also transferred informa-
tion prior to 1997 to the registry. Diagnoses in the Pathology Registry
are based on the Systematized Nomenclature of Medicine
(SNOMED).

Women in our cohort were identified by ICD-10 codes C56 and
C57 or SNOMED ovarian and tubal topography codes combined with
SNOMED morphology codes starting with M8 or M9 and with behav-
ior code 3 (Table S1). For the present study, we included women with
epithelial ovarian or fallopian tube cancer (hereafter referred to as
EOC). Based on the ICD-0O-3 and SNOMED morphology codes, EOCs
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were categorized into serous (including papillary adenocarcinoma),
endometrioid, clear cell, mucinous, other adenocarcinomas and others
(classification of cancers is provided in Table S1). Information on
extent of disease at time of diagnosis was primarily retrieved from the
Cancer Registry. Up until 2003, stage was reported according to the
International Federation of Gynecology and Obstetrics (FIGO) classifi-
cation or as localized tumor, tumor with regional spread or tumor with
distant metastases. Since 2004, the TNM classification has been used.
If extent of disease was not reported in the Cancer Registry, we
searched the Pathology Registry and the National Patient Registry.*’

We identified 18 592 women with histologically verified EOC
with no previous cancer (except nonmelanoma skin cancer). For the
present article, we only included women with FIGO stage Ill and IV
disease or at least regional disease. The women had to be 50 years or
older (ie, peri- or postmenopausal) and year of diagnosis had to be
2000 to 2014. The latter criterion meant that women had at least
5 years of potential MHT registration in the Prescription Registry?°
prior to diagnosis as this register was established in 1995. The final
study population comprised 3776 women.

2.2 | Menopausal hormone therapy information

Information on use of MHT prior to EOC diagnosis was retrieved from
the Prescription Registry,2° which holds information on all prescrip-
tion drugs dispensed at pharmacies in Denmark since 1995. As MHT
is not available over-the-counter in Denmark, we thereby captured all
use of MHT from 2005 and onwards. Drugs in this registry are cate-
gorized according to the Anatomic Therapeutic Chemical (ATC) sys-
tem, and information on date of dispensing, dose and route of
administration is available. ATC codes defining MHT are provided in
Table S2. Women in our cohort were classified as ever users (22 pre-
scriptions before diagnosis) or nonusers (<2 prescriptions before diag-
nosis) of MHT. MHT use was categorized as systemic estrogen
therapy (ET), estrogen plus progestin therapy (EPT) and other MHT
including use of exclusively local estrogen or exclusively progestin.
Users of EPT included women who used prefabricated combined
treatment and women who switched between different types of MHT
but had used both estrogen and progestin at some point. Ever use
was further divided into recent use (22 prescriptions within <5 years
from date of diagnosis) and previous use (22 prescriptions but no pre-
scriptions during the recent period). Duration of use was defined by
the number of years with minimum one MHT prescription redeemed

every half-year period and categorized into <2, 3 to 4 and 25 years.

2.3 | Information on covariates

Covariates were selected a priori and included comorbidity,?*
income,® residual disease,* smoking22 and body mass index (BMI).2®
Information on comorbidity was retrieved from the National Patient
Register,'? which holds information on all hospitalizations since 1977

and all outpatient consultations since 1995. A priori selected

comorbid conditions included chronic obstructive pulmonary disease,
diabetes mellitus type | and Il, cerebrovascular disease, congestive
heart disease, atrial fibrillation and ischemic heart disease. Diabetes
mellitus was a composite measure of diagnosis and prescription for
anti-diabetics drugs. The codes are provided in Table S3. In regard to
socioeconomic status, we have previously shown that higher personal
income was the only socioeconomic factor associated with the proba-
bility of long-term survival in this cohort of women with nonlocalized
EOC.2 Income was retrieved from Statistics Denmark?* and divided
into tertiles. Information on smoking, BMI and residual disease was
derived from the clinical Danish Gynecological Cancer Database,?®
which was established in 2005. In the database, registration of resid-
ual disease is categorized into pelvic residual carcinosis, abdominal
residual carcinosis, pelvic residual tumor and abdominal residual
tumor. For residual tumor, size is registered as <1, >1 cm and <2 or
>2 cm. In our analysis, the variable residual disease was dichotomized
into any residual disease (carcinosis and/or tumor) or no residual
disease.

2.4 | Statistical analysis

The women were followed up for (all cause) death and censured at
emigration or December 31, 2019. The probability of survival 5 and
10 years after diagnosis was estimated using pseudo-values,?® which
were calculated using the Kaplan-Meier estimator. The pseudo-
observations were analyzed using generalized estimating equations,
where the absolute survival probabilities and absolute differences
were estimated using the identity link and the relative survival proba-
bilities used the log link. Separate models were fitted for type of
MHT, duration of use and recency of use. Survival probabilities and
relative survival probabilities were computed with 95% confidence
intervals (Cls). Multivariable adjusted models included age and year of
diagnosis, comorbidity, histology and income. All analyses were per-
formed for all EOCs and serous ovarian cancers, separately. For 66%
(1461/2207) of the women diagnosed with EOC during 2005 to
2014, information on residual disease was available. For this subpopu-
lation, we performed 5-year survival analysis as described above but
stratified according to residual disease.

Finally, we carried out four sensitivity analyses. First, we evalu-
ated the impact of potential left truncation of MHT exposure prior to
1995 (establishment of the Prescription Registry) by excluding all
women who redeemed a prescription for MHT during 1995 (new-user
analysis). Second, we restricted EPT use to those women who
redeemed prescription for prefabricated combined treatment exclu-
sively. Third, we performed an analysis stratified by use of MHT dur-
ing the first year after EOC diagnosis restricting to women surviving
at least 1 year. Fourth, we evaluated the influence of smoking and
BMI by adding these variables to the model in an analyses restricted
to the proportion of women diagnosed during 2005 to 2014 and with
both variables registered.

All analyses were performed using the statistical software R ver-

sion 4.1.0, with the pseudo package.?”:?®
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3 | RESULTS

Of the 3776 women with nonlocalized EOC, 1653 (43.8%) had ever
used MHT (22 prescriptions) prior to diagnosis and among these,
889 (53.8%) had used EPT and 649 (39.5%) had used systemic ET
(Table 1). The most frequent histologic tumor type was serous carci-
nomas constituting 67.3% and 61.8% of tumors among women having
used and not having used prediagnostic MHT, respectively. Table S4
displays characteristics for the subpopulation diagnosed 2005 to
2014 who had also clinical and lifestyle factors available. Median
length of follow-up was 13.1 years (Q1-Q3: 8.9-16.6) and 12.1 years

TABLE 1

Ever users of prediagnostic menopausal hormone

therapy (N = 1653)
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(Q1-Q3: 8.0-15.8) among users and nonusers of prediagnostic MHT,
respectively.

For women who were nonusers of MHT prior to diagnosis, the 5-
and 10-year absolute survival probabilities were 19% (95% Cl: 18%-
21%) and 11% (95% Cl: 9%-12%), respectively (Table 2). Compared to
nonusers of MHT, the adjusted model showed no survival benefit
among users of EPT and other MHT. For women having used prediag-
nostic systemic ET, we observed slightly increased 5- and 10-year sur-
vival probabilities (5-year relative survival probability = 1.16, 95% Cl:
0.97-1.38; 10-year relative survival probability = 1.14, 95% CI:
0.88-1.48), but with no adjusted absolute survival differences

Characteristics of the study cohort of women with nonlocalized epithelial ovarian cancer

Nonusers of prediagnostic menopausal hormone
therapy (N = 2123)

N %
Calendar year
2000-2004 618 (37.4)
2005-2009 507 (30.7)
2010-2014 528 (31.9)
Age at diagnosis (years)
50-59 314 (19.0)
60-69 634 (38.4)
70-79 516 (31.2)
>80 189 (11.4)
Histology
Serous 1113 (67.3)
Mucinous 49 (3.0)
Endometrioid 79 (4.8)
Clear cell 37 (2.2)
Other adenocarcinomas 271 (16.4)
Others 104 (6.3)
Type of MHT use prior to diagnosis
Systemic ET 649 (39.5)
EPT 889 (53.8)
Other MHT 115 (7.0)
Comorbidity
COPD 88 (5.3)
Diabetes mellitus type | and Il 93 (5.6)
Cerebrovascular disease 103 (6.2)
Congestive heart disease 54 (3.3)
Atrial fibrillation 86 (5.2)
Ischemic heart disease 160 (9.7)
Income
Low 506 (30.6)
Medium 562 (34.0)
High 585 (35.4)

N %
951 (44.8)
622 (29.3)
550 (25.9)
498 (23.5)
623 (29.3)
637 (30.0)
365 (17.2)

1312 (61.8)

91 (4.3)
112 (5.3)

70 (3.3)
376 (17.7)
162 (7.6)

94 (4.4)
164 (7.7)
137 (6.5)

74 (3.5)
107 (5.0)
151 (7.1)
740 (34.9)
722 (34.0)
661 (31.1)

Abbreviations: COPD, chronic obstructive pulmonary disease; EPT, estrogen plus progestin therapy; ET, estrogen therapy; MHT, menopausal hormone

therapy.
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between nonusers of MHT and users of systemic ET. Similarly, analy-

. sis restricted to serous ovarian cancer showed that systemic ET was
© [ee)
2 S ® ® associated with a 1.18 (95% Cl: 0.97-1.44) times higher 5-year sur-
2 S @ <
g 2 L Oo oo vival probability and a 1.22 (95% Cl: 0.91-1.64) times higher 10-year
=] (o = 1
< g % g Ny survival probability.
= o 5 S . . . .
b i § :‘; c|’ C" Analysis of the prognostic impact of systemic ET use by duration
- O = ~ ~
3 = £ 5 8 S 3 and recency of use is displayed in Table 3. Estimates for the total
o < T x [ > O .
ﬁ © ©° cohort of EOC and for serous cancers separately were broadly similar.
e For women having used systemic ET for 3 to 4 or 25 years prior to
; = diagnosis of nonlocalized EOC, the 5-year survival probabilities were
E g PN 1.43 (95% Cl: 1.01-2.02) and 1.22 (95% CI: 0.96-1.55) times higher,
;; g E. @ i respectively, compared to nonuse of MHT. In absolute terms, the
L]
.'5 2 £ © 0 5-year absolute survival difference between nonusers and users was
0 © = < 0 o
g ® ] e e 9% (95% Cl: 0%-17%) for women having used systemic ET for 3 to
> . 2 . < o ™
ﬁ E g ;“E’ 399 4 years and 5% (95% Cl: 0%-9%) for women with =5 years of use.
Q
= Increased 10-year survival probabilities were also observed for long-
p=
©
£ term use of systemic ET (=5 years: relative survival probability = 1.24,
ot © — —_ = = 95% Cl: 0.88-1.75), but there was virtually no survival difference on
o > I > 9 o
L 2
8 g S S g— S the absolute scale. In analysis of timing of systemic ET use, 5-year sur-
F 7 ? @ G
% el e % 8 S 95 8 vival probabilities were similar for recent and previous use. Ten-year
g | 3 e S 2 c . e . .
TC“ 212 -§ < o @990 survival probabilities were increased with recent use and at or close
.8 T |9 8 i i N
_8' Tg <o S} © o o to unity with previous use, compared to nonuse of MHT.
g % - v o In relation to use of EPT, we found that the 5- and 10-year sur-
o n N o
G == = ok vival probabilities associated with use for 3 to 4 years were 1.14 (95%
c
g Cl: 0.85-1.53) and 1.38 (95% Cl: 0.91-2.08) times higher, respectively,
©
3 _ a5 o compared to nonuse of MHT corresponding to an absolute 3% sur-
—_ [
% % S S 3 vival difference in both 5-year (95% Cl: —5% to 11%) and 10-year
%— 2 f g E (95% Cl: —4% to 11%) survival (Table 4). Survival probabilities associ-
(7]
g % o 3 g S ated with use of EPT for 25 years were similar to those associated
o 1
ﬁ 26 o o with nonuse, and there was no clear variation by recency of EPT use.
G © ®
IS ] . S Q@ o
§ E ﬁ E, ?' ?' c‘i Similar findings were observed for serous cancers.
c o
e Table 5 presents analysis of duration of prediagnostic systemic
E ET use stratified by presence of residual disease. Among MHT nonu-
K = sers, 5-year absolute survival probabilities were 46% (95% Cl. 40%-
[
C .
_&f’ E & T o & 51%) and 11% (95% Cl: 8%-14%) among women without and with
© 2 S O . . . . ] .
e ° o 2 : 2 g residual disease, respectively. The prognostic benefit of systemic ET
— o~ > ! ' ' =} . . .
Ss = ‘_? 229 ¢ use seemed to be present only among women with residual disease.
s T 2 S 8 g
;‘ 8 _d:: % o :‘é g g % ¢ Compared to nonuse of MHT, the 5-year survival probabilities associ-
i § s & c o o = g ated with 3 to 4 and =5 years use of systemic ET were 3.29 (95% Cl:
©
§ 2‘ é '.E 1.67-6.50) and 1.83 (95% CI: 0.96-3.49) times higher, respectively.
o c
= § o The number and distribution of cases did not allow stratifying the
c = — (3]
g,) §. s = T ® T g g analysis of EPT by residual disease.
un wn O un —
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v T (@) — N 0
E *3 § ag % g g 5! g o 5 EPT preparations yielded results roughly similar to the main analyses
= = _ = = = = Q
% I ;; g -§ 2 3 9 9 g = (data not shown). We also performed an analysis stratified by use of
2 3 = . > X X &
& % 2 < s © © o © é S MHT during the first year after EOC diagnosis restricted to women
‘S o R
g ; 5 2 ® 95 ED-E surviving at least 1 year (Table S5). Among prediagnostic users of
B ?ﬁ Z z © o “ﬁ § MHT, 29.8% continued treatment after diagnosis and among post-
S un %) -
a 5 E 5 g diagnostic MHT users, 83.9% also used MHT prior to EOC diagnosis.
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- b S ; - £ % £ é S Compared to nonusers of prediagnostic MHT, the relative long-term
2 Pt K]
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= & <«

crude absolute survival probabilities seemed to be higher among
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postdiagnostic users. Finally, adding smoking and BMI to the model
did not affect 5- and 10-year relative survival probabilities associated
with prediagnostic use of MHT (Table Sé).

4 | DISCUSSION

Our study presents a comprehensive analysis of the association
between MHT use prior to diagnosis of nonlocalized EOC and the
probability of long-term survival. In our reference group of women
not having used MHT, respectively, 19% and 11% were alive after
5 and 10 years. In comparison, women having used systemic ET for at
least 3 years prior to diagnosis tended to have higher long-term sur-
vival probabilities, although with modest benefit on the absolute scale.
In stratified analysis, the survival gain seemed to apply only to women
with residual disease. Use of prediagnostic EPT was also associated
with increased long-term survival probabilities but only after 3 to
4 years of use.

The recent study by Brieger et al based on OCAC data reported
that in 3719 postmenopausal women with advanced HGSC, prediag-
nostic MHT use for at least 5 years was associated with improved sur-
vival (hazard ratio [HR] for death = 0.79; 95% Cl: 0.71-0.86).°
Another multicenter study by Besevic et al including 1025 women
with EOC also reported, that MHT use for 5 years or longer prior to
diagnosis was associated with a survival benefit (HR for death = 0.70;
95% ClI: 0.50-0.99) and with no heterogeneity in associations
between women with early and advanced stage EOC.® Brieger et al
reported that the positive effect of MHT on EOC survival was statisti-
cally significant in the first 2 years after diagnosis (HR for death = 0.72;
95% Cl: 0.62-0.84) and in years two through five after diagnosis
(HR for death = 0.86; 95% Cl: 0.76-0.97). Hereafter, the protective
effect remained but was statistically nonsignificant and with wide
95% Cls.

Brieger et al and Besevic et al reported that the prognostic impact
of MHT use did not seem to differ between ET and EPT. Our data also
showed increased survival probabilities after prediagnostic use of
both types of MHT, but the alternating duration-response pattern for
EPT suggested that the increased survival probability associated with
use for 3 to 4 years may be a random finding. Both of the aforemen-
tioned studies were based on self-reported exposure information and
Besevic et al only had information on type of MHT available for
women who were current users at baseline.® Our study differs by hav-
ing registry-based exposure information, and although the proportion
of MHT users and the distribution of ET and EPT users in our study
were not very different from the previous studies,>® our study popu-
lation may be more homogenous in other regards than the study
populations in the two multicenter studies.

A beneficial prognostic effect of prediagnostic MHT use has also
been observed in regard to other hormone-related cancers including
breast cancer?” and colorectal cancer.>° One explanation is that can-
cers may be detected earlier in MHT users due to more regular
screening of these patients. However, less advanced disease at diag-

nosis among MHT users may only explain our finding to a minor

extent as our study cohort included exclusively women with nonloca-
lized EOC. It has also been suggested that MHT use may influence the
biology of the tumor resulting in the development of less aggressive
types of EOC.” Although the literature is not consistent, some studies
have shown that hormone receptor overexpression in EOC predicts a
more favorable prognosis.®**? A large international-collaboration
study with central immunohistochemical assessment of estrogen
receptor (ER) and progesterone receptor (PR) expression in 2933
EOCs reported that PR and ER expression were associated with
improved survival for endometrioid ovarian cancer.®* PR expression
was also associated with improved survival of HGSC, and the authors
suggested that PR expression could be a marker for improved progno-
sis because it indicates a functionally intact ER pathway.3! Finally,
Brieger et al suggested that ovarian tumors developing in women hav-
ing used MHT are easier to resect because they may be less adhesive
to surrounding tissue and because MHT may contribute to an anti-
inflammatory milieu that is also beneficial for resection.” The authors
estimated that approximately 17% of the observed survival benefit
among MHT users could be conditioned on the larger proportion of
MHT users with no residual disease.’

Residual disease is an important prognostic marker.>* We
observed that even in women with residual disease, long-term pre-
diagnostic systemic ET use was associated with a markedly increased
5-year survival probability suggesting that systemic ET use is a marker
of improved EOC survival by other mechanisms besides improved
resection. In line with our findings, Brieger et al reported that prediag-
nostic MHT use was associated with improved survival of advanced
HGSC in women with residual disease, but contrary to our findings
they also found a survival gain among women with radical surgery.’

We chose to disregard postdiagnostic use of MHT in our main
analyses, as our study aimed to assess the prognostic influence of pre-
diagnostic MHT at time of EOC diagnosis as a prognostic marker with
the potential to inform clinicians and patients at time of diagnosis
about expected 5- and 10-year survival. Our sensitivity analysis
showed that 83.9% of postdiagnostic users were also prediagnostic
users and 29.8% of prediagnostic users continued treatment after
EOC diagnosis. Stopping MHT use at diagnosis of EOC may improve
survival if the tumor is driven by estrogen. On the other hand, a posi-
tive prognostic effect of postdiagnostic MHT use in EOC has also
been suggested by some observational studies®® and clinical trials.>®
Though, it is outside the aim of the current study to address the influ-
ence of postdiagnostic MHT use, we performed an additional analysis
stratified by MHT use during the first year after diagnosis and
observed broadly similar relative survival probabilities associated with
prediagnostic MHT use regardless of postdiagnostic use. Among
nonusers of prediagnostic MHT, we also observed that the crude
absolute 5- and 10-year survival probabilities were higher in women,
who were users of MHT after EOC diagnosis compared to those who
were not. However, causal interpretation of this finding is difficult as
the survival benefit among postdiagnostic users could reflect a healthy
user effect and a sick quitter effect. We observed that median age at
diagnosis of EOC was younger among postdiagnostic users compared

to postdiagnostic nonusers, which reflect that postdiagnostic users
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were premenopausal and needed replacement to alleviate their sud-
den loss of hormone production.

Our study has several strengths. It includes a large, unique cohort
of women with histologically verified, nonlocalized EOC with long and
virtually complete follow-up. Individual-level information of MHT use
was derived from a nationwide registry eliminating recall bias, mini-
mizing misclassification and allowing us to assess type of MHT, timing
and duration of use. The registry-based approach also allowed us to
retrieve reliable information on potential confounders and mediators
including residual disease. Finally, our study cohort represents a
homogeneous study population of women in Denmark, where hospi-
tal care is free of charge and where virtually all Danish patients are
treated in the public health care sector where national guidelines are
followed.

Our study also had limitations. Information on prognostic clinical
factors such as treatment was only available from 2005 and with vary-
ing proportions of women with missing information precluding us
from taking these variables into account. For a large part of our study
cohort, stage was only reported as disease with regional or distant
spread and therefore it was not possible to differentiate between the
individual FIGO stages. All EOC cases were histologically verified, but
we did not perform a central pathology review and cannot rule out
some histological misclassification. Although we went through all the
pathology reports in the Pathology Registry, we could only retrieve
information on grade for 32% of the serous tumors and were there-
fore unable to differentiate between HGSC and low grade serous car-
cinomas. Potential left truncation of prescription data that may have
led to exposure misclassification of MHT users prior to 1995. How-
ever, we evaluated the influence of left truncation in the new-user
analysis yielding results similar to those of the main analysis. Finally,
although our study cohort included nearly 4000 women, analysis
stratified according to histology was possible only for serous ovarian
cancer.

In conclusion, our results suggest that long-term use of prediag-
nostic MHT and primarily systemic ET may improve long-term survival
of nonlocalized EOC, although the benefit on the absolute scale is
modest. Increased surveillance of MHT users and thereby less
advanced disease at diagnosis could only explain our findings to a
minor extent as all women in our cohort had nonlocalized disease.
Although our study cohort included 3776 women with nonlocalized
EOC, Cls were wide and data do not allow us to draw firm conclu-
sions. More research is needed on the prognostic benefit of MHT on
EOC survival including studies focusing on biological mechanisms

explaining the association.
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