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• Prognosis of advanced ovarian cancer is poor.
• Interest lies in identifying medications with anti-cancer properties.
• This study investigates antihypertensive use, a commonly used medication, and ovarian cancer-specific survival.
• Non-selective beta-blockers were found to be associated with a reduction in case-fatality.
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Objective. To examine associations between post-diagnosis use of antihypertensive (AH)medications includ-
ing thiazide diuretics (TDs), angiotensin converting enzyme inhibitors (ACEIs), beta blockers (BBs) [both non-
selective (NSBBs) and selective (SBBs)] and calcium channel blockers (CCBs) and ovarian cancer-specific sur-
vival.

Methods. This cohort study used SEER-Medicare data on 2195women 66+ years of age who were diagnosed
with ovarian cancer during 2007–2012 and who survived for at least 12 months. Use of an AH class was defined
as two or more fills during the year after diagnosis. Ovarian cancer-specific death was assessed starting one year
after diagnosis and continued through the end of 2013. Associations between AH use and ovarian cancer-specific
mortalitywere assessed using Cox proportional hazardmodels, comparing users of a given class of AH to non-AH
users.

Results.Overall, 718 (33%), 690 (31%), 521 (24%), 154 (7%) ofwomenused a TD, ACEI, BB, or CCB, respectively,
with some women (48%) using more than one class of drug. Ovarian cancer-specific mortality was found to be
lower among women who used an ACEI (adjusted hazard ratio [aHR] 0.76, 95% confidence interval [CI]
0.63–0.92), a TD (aHR 0.82, 95%CI 0.68–0.99), or a NSBB (aHR 0.60, 95%CI 0.43–0.83), but no such association
was seen in women who took a SBB or CCB.

Conclusion.We observed that womenwho took certain forms of an AHmedication during the year following
a diagnosis of ovarian cancerwere thereafter at a relatively reduced risk of dying from their disease. However, the
potential for residual confounding by disease severity argues for a cautious interpretation.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

The majority of women who are diagnosed with ovarian cancer die
as a result of this disease [1,2]. While prior studies suggest that use of
some antihypertensive (AH) medications is associated with an
, Department of Epidemiology,
x 357236, Seattle, WA, 98195,
improved likelihood of survival from some forms of cancer [3], informa-
tion is limited on the impact of use amongwomen with ovarian cancer.

Preclinical studies have elucidated mechanisms whereby some AHs
might disrupt tumor progression. The results of molecular and in vivo
studies suggest that angiotensin converting enzyme inhibitors (ACEIs)
could alter the behavior ofmalignancy by inhibitingRAS-related cellular
proliferation, invasion,migration, andmetastasis [1,4]. Use of ACEIsmay
also alter angiogenesis and other mitogenic actions through changes in
vascular endothelial growth factor expression [5]. Administration of
CCBs can target energy metabolism and interrupt mitochondrial respi-
ration in cancer cells, a crucial factor in tumor progression [6,7]. Pre-
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clinical work has shown that multiple types of voltage-activated cal-
cium channels are aberrantly expressed in cancer cells, including ovar-
ian cancer cell lines. As a result, inhibition of these channels by
calcium channel blockers (CCBs) interrupts cell cycle progression, re-
duces proliferative potential and enhances cell death [8–10]. The use
of beta blockers (BBs), antagonists of norepinephrine and epinephrine,
may affect progression of cancer by impeding the harmful effects of
these catecholamines [11], including increased tumor invasive potential
[12], oxidative stress [13], and chemoresistance of tumor cells [14]. BBs
can block signaling in cancer cells that otherwise could directly affect
tumor cell survival, motility, and invasion by way of Src activation
[15]. There are two types of BBs, selective BBs (SBBs) and non-
selective BBs (NSBBs). NSBBswhich block both beta-1 and beta-2 recep-
tors, affect a wider range of tissues than SBBs, which target only beta-1
receptors and mainly act on heart tissue [16]. Research has shown that
tumor growth is mediated predominantly by beta2 or beta 3 adrenergic
receptors, which NSBBs would be able to influence to a greater degree
[17].

Because the prognosis of advanced ovarian cancer is relatively poor,
coupled with recent interest in non-cancer medications that may have
anticancer properties [18], it is worthwhile to study the relationship be-
tween commonly used medications and ovarian cancer survival. The
present study sought to examine the association between post-
diagnosis use of AH medications and ovarian cancer-specific survival.

2. Methods

2.1. Population

This retrospective cohort study included women in the linked Sur-
veillance, Epidemiology, and End Results (SEER)–Medicare database.
This database contains claims data as well as cancer registry data for
Medicare beneficiaries diagnosed with cancer living in the catchment
areas of the 18 United States-based SEER cancer registries [19], which
enumerate incident cancer cases from approximately 28% of the US
population [20]. For individuals 65 years of age and above in the
United States, the Medicare program provides hospital insurance (Part
A), medical insurance (Part B), and prescription drug coverage (Part D,
available 2006-onward).

The SEER data were used to identify all epithelial ovarian cancer
(EOC) cases diagnosed during 2007–2012with histologically confirmed
malignant primary EOC, determined by ICD-oncology 3rd edition codes.
Medicare enrollment information andMedicare Parts A, B, and D claims
data from January 1, 2007, to December 31, 2012 were retrieved for all
EOC patients identified in SEER. For the present analysis, women were
required to be 66 years of age or above at the time of diagnosis and to
have no history of prior cancer. We excluded potential cases whose
EOC diagnosis came solely from an autopsy report or death certificate,
and those who were missing complete information on the date of diag-
nosis. Further exclusionsweremade for those enrolled in a healthmain-
tenance organization (HMO) for 1 or more months during the first year
after baseline and for those not continuously enrolled inMedicare parts
A, B, and D during the first year (Fig. 1). This resulted in an eligible co-
hort of 2195 women.

The study protocol was approved by the Fred Hutchinson Cancer Re-
search Center's Institutional Review Board (IRB File #8607).

2.2. Exposure

The primary exposure of interest was post-diagnosis use of antihy-
pertensive medications, categorized into the following major classes:
(a) angiotensin converting enzyme inhibitors, (b) beta blockers,
(c) calcium channel blockers, and (d) thiazide diuretics.

Women were considered users of a given type of AH medication if
they had two or more fills for a drug in that AH class during the first
year following cancer diagnosis. To avoid immortal time bias [21], we
applied a one year fixed baseline period duringwhich exposure was de-
fined and after which person-time and events were counted. In addi-
tion, because of how reimbursement for part D is done, participants
may fall into a coverage gap. A lack of financial assistance in the cover-
age gap has been associated with the discontinuation of medications
[22]. Also, patients may switch Medicare plans, which may result in
their drug use no longer being covered or available in Medicare data
files [23]. By restricting our analysis to women who were enrolled in
part D for the entirety of the first year following their diagnosis of ovar-
ian cancer, wewere able tomaximize completeness of ascertainment of
AH use [24].

2.3. Outcome

The primary outcome was ovarian cancer-specific death, as deter-
mined using the underlying cause of death found in the SEER files, be-
ginning in the second year after ovarian cancer diagnosis with follow-
up through the end of 2013. Women who died during follow-up from
a non-ovarian cancer-specific cause were censored at the time of death.

2.4. Covariates

Information on potential confounders including demographic,
cancer-specific, and other health-related factors was collected from
SEER and/or Medicare data. Demographic factors, including the year of
diagnosis, age at diagnosis, race and ethnicity, marital status, census
tract poverty level and location of residence were available from SEER.
Census tract poverty level was categorized into 3 groups based on the
percentage of residents living below the poverty level: 0–b10% 10–b
20% or N20% [25] This measure has been consistently associated with
the presence of various diseases using different spatial scales, and has
implications for access to treatment and other health-care related out-
comes [26,27]. Location of residence was defined as either urban or
rural, using Rural Urban Continuum Codes based on the population
size and proximity to metropolitan areas [28]. In addition to demo-
graphic factors available in SEER at the time of diagnosis, information
on cancer-related factors was collected, including tumor histology,
stage and grade at diagnosis, and receipt of surgical treatment.
Women were considered to have undergone surgery only if the opera-
tion was done as part of the first course of therapy (indicated in the
treatment plan and performed prior to disease progression).

WeusedMedicare data to identify chemotherapy use, defined as any
chemotherapy related claims within 180 days after cancer diagnosis.
The Charlson comorbidity index [29] was calculated by compiling infor-
mation fromMedicare utilization records during the 1-year baseline pe-
riod between diagnosis and the beginning of follow-up. Diabetes was
defined using International Classification of Diseases, Ninth Edition (ICD-
9) codes for diabetes found during the year following diagnosis of ovar-
ian cancer inMedicare claims. TheMedicare chronic conditionsflagfiles
[30] were used to determine which women had been diagnosed with
hypertension. The chronic condition variables are developed from algo-
rithms in Medicare data [31–33]. The validity of hypertension defined
from combinations of claims and hospitalization codes in administrative
data is good, with an estimated positive predictive value of 88% (95%CI
85–90%) and specificity of 95% (95%CI 94–96%) [31].

2.5. Statistical analysis

The association between AH use and cancer-specific mortality was
modeled using Cox proportional hazards regression models to produce
hazard ratios (HRs) and associated 95% confidence intervals (CIs). The
time scale in Cox models was time beginning one year after diagnosis
(index date). Person-time that accrued and deaths that occurred
among women who died during the first year following diagnosis
were not considered.



Fig. 1. Flow chart of selection of population for inclusion in study. Eligible womenwere those who had a primary diagnosis of epithelial ovarian cancer during the study years. Exclusions
weremade for thosewith a prior cancer, those b66 years of age, those diagnosed by autopsy or death alone, thosewithmissing information on date of diagnosis, thosewithout 12months
of continuous enrollment in Medicare part A, B or D after diagnosis, or those who were enrolled in an HMO at some point during the year following diagnosis.
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The main analysis compared users of a particular AH drug (ACEI, BB,
CCB or TD) to women who did not use AHmedications during the year
after diagnosis. Women using AH medications in more than one class
were included inmultiple analyses. This approach allowed for the inclu-
sion of women who use combination AH therapies, which is common
among women in this population (48% of AH users). Comparisons
were alsomade based onBB selectivity. In addition, a secondary analysis
was conducted, which restricted to monotherapy AH users, and com-
pared monotherapy users of a particular AH class to non-AH users as
the reference. The primary and secondary analyses adjusted for age at
diagnosis, year of diagnosis, race/ethnicity, marital status, census tract
poverty level, location of residence, tumor histology, stage at diagnosis,
receipt of surgery, receipt of chemotherapy, Charlson comorbidity score,
and diagnosis of diabetes and of hypertension. Complete case analysis
methods were used. (approximately 8% were missing data on baseline
covariates).

Tumor grade was not adjusted for in the main analysis because
a) tumor grade was missing for a sizeable portion of the women in
our study (35% of women), and b) it is unlikely that grade is strongly as-
sociated with antihypertensive use and therefore was unlikely to be a
confounder of the association of interest. However, since grade is an im-
portant prognostic factor, we undertook two sensitivity analyses to in-
vestigate the impacts of adjusting for this variable. In the first, grade
was added to the set of adjustment variables and complete case
methods were used (36% were missing data on baseline covariates
when gradewas included). Then, in a second sensitivity analysis, we ap-
pliedmultiple imputationwith chained equations (MICE) [34] to gener-
ate 10 sets of complete datawith imputed values formissing grade [35].
In order to avoid bias, the imputation model included all variables used
in the primary model [36]. We assumed data were missing at random.
Because grade at diagnosis is an ordered categorical variable, it was
treated as an ordinal variable when imputing values. Quantile-
quantile plots were generated as a diagnostic tool for the imputed
values. The analysis was run on the imputed data and produced pooled
summary results from these 10 complete datasets.

The assumption of proportional hazards was tested with
Schoenfeld residuals. Cohort characteristics were presented stratified
according to AH use during the year following baseline. Data manage-
ment and analyses were completed using SAS version 9.4 and Stata
version 14.0.

3. Results

This study included a total of 2195 women whose median age was
74 years at the time of diagnosis (interquartile range [IQR] 70–80) and
of whom 1302 (59%) had two or more prescription fills for at least
one of the antihypertensive medications of interest during the year fol-
lowing diagnosis. Cohort characteristics are presented in Table 1.



Table 1
Baseline characteristics of women diagnosed with ovarian cancer during 2007–2012 based on antihypertensive use during follow-up (N = 2195).a

Antihypertensive useb Non-AH users
(n = 893)

ACEI usersc

(n = 690)
BB usersc

(n = 521)
CCB usersc

(n = 154)
TD usersc

(n = 718)

n % n % n % n % n %

Year of diagnosis
2007 130 14.6% 85 12.3% 78 15.0% 18 11.7% 99 13.8%
2008 166 18.6% 117 17.0% 94 18.0% 29 18.8% 118 16.4%
2009 152 17.0% 116 16.8% 94 18.0% 42 27.3% 130 18.1%
2010 146 16.3% 127 18.4% 78 15.0% 20 13.0% 124 17.3%
2011 125 14.0% 141 20.4% 87 16.7% 25 16.2% 120 16.7%
2012 174 19.5% 104 15.1% 90 17.3% 20 13.0% 127 17.7%

Age at diagnosis (years)
65–69 250 28.0% 146 21.2% 102 19.6% 28 18.2% 141 19.6%
70–74 256 28.7% 223 32.3% 150 28.8% 39 25.3% 216 30.1%
75–79 184 20.6% 146 21.2% 124 23.8% 33 21.4% 164 22.8%
80–84 203 22.7% 175 25.4% 145 27.8% 54 35.1% 197 27.4%

Marital status
Single 84 9.4% 75 10.9% 58 11.1% 15 9.7% 74 10.3%
Married 406 45.5% 287 41.6% 202 38.8% 53 34.4% 285 39.7%
Separated, divorced or widowed 403 45.1% 328 47.5% 261 50.1% 86 55.8% 359 50.0%

Race/ethnicity
Non-Hispanic White 763 85.4% 544 78.8% 395 75.8% 103 66.9% 561 78.1%
Non-Hispanic Black 24 2.7% 54 7.8% 52 10.0% 26 16.9% 67 9.3%
Hispanic 58 6.5% 60 8.7% 37 7.1% 11 7.1% 56 7.8%
Asian/Pacific Islander 44 4.9% 23 3.3% 33 6.3% 14 9.1% 31 4.3%

Surgery 730 81.7% 537 77.8% 405 77.7% 112 72.7% 570 79.4%
Chemotherapy 467 52.3% 326 47.2% 250 48.0% 61 39.6% 338 47.1%
Tumor histology

Serous 497 55.7% 371 53.8% 272 52.2% 84 54.5% 369 51.4%
Mucinous 18 2.0% 29 4.2% 16 3.1% e e 29 4.0%
Endometrioid 71 8.0% 58 8.4% 41 7.9% e e 54 7.5%
Clear cell 31 3.5% 17 2.5% 14 2.7% e e 22 3.1%
Other 276 30.9% 215 31.2% 178 34.2% 48 31.2% 244 34.0%

Stage at diagnosis
I 146 16.3% 123 17.8% 99 19.0% 32 20.8% 133 18.5%
II 97 10.9% 82 11.9% 54 10.4% 16 10.4% 65 9.1%
III 376 42.1% 266 38.6% 185 35.5% 58 37.7% 266 37.0%
IV 212 23.7% 166 24.1% 121 23.2% 38 24.7% 183 25.5%
Missing 62 6.9% 53 7.7% 62 11.9% 10 6.5% 71 9.9%

Grade
1 36 4.0% 23 3.3% 19 3.6% e e 26 3.6%
2 93 10.4% 67 9.7% 61 11.7% 26 16.9% 76 10.6%
3 307 34.4% 222 32.2% 168 32.2% 49 31.8% 247 34.4%
4 164 18.4% 122 17.7% 94 18.0% e e 121 16.9%
Missing 293 32.8% 256 37.1% 179 34.4% 60 39.0% 248 34.5%

SES Poverty Indicator
b10% poverty 489 54.8% 335 48.6% 233 44.7% 69 44.8% 357 49.7%
10–b20% poverty 246 27.5% 182 26.4% 156 29.9% 39 25.3% 196 27.3%
20–100% poverty 146 16.3% 165 23.9% 122 23.4% 45 29.2% 156 21.7%

Urban/rural
Urban 804 90.0% 593 85.9% 455 87.3% 139 90.3% 620 86.4%
Rural 89 10.0% 97 14.1% 66 12.7% 15 9.7% 98 13.6%

Deyo-Charlson comorbidity scored

0 422 47.3% 241 34.9% 168 32.2% 49 31.8% 254 35.4%
1 230 25.8% 151 21.9% 111 21.3% 33 21.4% 168 23.4%
2+ 241 27.0% 298 43.2% 242 46.4% 72 46.8% 296 41.2%

Diabetes 72 8.1% 102 14.8% 76 14.6% 23 14.9% 93 13.0%
Hypertension 264 29.6% 616 90.1% 478 92.1% 144 94.1% 655 91.9%

Abbreviations: ACEI, angiotensin converting enzyme inhibitors; BB, beta blockers; CCB, calcium channel blockers; TD, thiazide diuretics.
a Includes only women who survived during the first year of follow-up after diagnosis.
b Columns of antihypertensive medication use are not mutually exclusive. Those using combination antihypertensives are included in multiple columns.
c Antihypertensive use during the year following diagnosis. Women considered users if they had 2+ claims for a fill during this year.
d All variables are measured at the time of diagnosis using SEER data except for comorbidity score which was measured during the first year following diagnosis.
e Cannot be displayed due to restrictions regarding the publication of small cells in the data use agreement.
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Compared to women who did not use antihypertensive medications,
those who did were older, less often non-Hispanic White, and had on
average a greater burden of comorbidity (Table 1). Cancer-specific char-
acteristicswere similar between thosewhoused antihypertensivemed-
ications and those who did not. Among women who used different
classes of antihypertensive medications, characteristics were similar,
with slight differences in the distribution of race/ethnicity. Over a
mean follow-up of 2.2 years (beginning one year following diagnosis),
796 (36%) women died as a result of ovarian cancer.
Relative to ovarian cancer-specific mortality in womenwho had not
taken an AH, modest reductions were seen for users of ACEIs (aHR 0.76,
95% CI 0.63–0.92) and users of TDs (aHR 0.82, 95% CI 0.68–0.99). While
the use of BBs overall had little association with cancer-specific mortal-
ity (aHR 0.89, 95%CI 0.72–1.10), NSBB users had a reduction in cancer-
specific mortality (aHR 0.60, 95% CI 0.43–0.83) while SBB users did
not (aHR 1.03, 95% CI 0.82–1.30). No association was found for CCB
use (aHR 0.95, 95% CI 0.70–1.30). (Table 2). Restriction of the analysis
to women who used just one AH gave similar results (Table 3).



Table 2
Risk of ovarian cancer mortality among users of four major classes of antihypertensive medications (n = 2027) with complete covariate information).

Follow-up time (person-years) Number of ovarian cancer deaths Rate (per 100 person-years) Hazard ratio

(95% confidence interval)

Unadjusted Adjusteda

No AH 1730 307 17.7 1.00 (ref) 1.00 (ref)
ACEI 1396 206 14.8 0.83 (0.70–0.99) 0.76 (0.63–0.92)
CCB 319 56 17.6 1.00 (0.75–1.33 0.95 (0.70–1.30)
TD 1470 226 15.4 0.87 (0.74–1.04) 0.82 (0.68–0.99)
BB 1025 172 16.8 0.96 (0.79–1.15) 0.89 (0.72–1.10)

NSBB 406 49 12.1 0.70 (0.51–0.94) 0.60 (0.43–0.83)
SBB 669 126 18.8 1.07 (0.87–1.32) 1.03 (0.82–1.30)

Abbreviations: TD, thiazide diuretics; ACEI, angiotensin converting enzyme inhibitors; BB, beta blockers; CCB, calcium channel blockers; NSBB, non-selective beta blockers; SBB, selective
beta blockers.

a Adjusted for: age at diagnosis, year of diagnosis, race/ethnicity, marital status, census tract poverty level, location of residence, tumor histology, stage at diagnosis, receipt of surgery,
receipt of chemotherapy, Charlson comorbidity score, and diagnosis of diabetes and of hypertension.
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Results from sensitivity analyses including adjustment for grade
produced HRs similar to those from the primary analysis (Supplemental
Table 1).

4. Discussion

There are several important considerations when interpreting the
results of non-randomized, retrospective studies of post-diagnosis AH
use in relation to ovarian cancer mortality. First, we relied on medica-
tion use defined from prescription records, without information on ad-
herence,whichmaynot be an accurate assessment ofmedication used if
patents are prescribed but do not take their medications. Second, al-
though we adjusted for the presence of hypertension, we did not have
information on severity of hypertension. Third, this analysis considers
AH use only after diagnosis and does not take into account whether pa-
tients had used these medications prior to their diagnosis and if so, for
how long. In the present study, we sought to prevent immortal time
bias [21,37] by implementing a fixed exposure assessment period
which occurred prior to the accrual of deaths and follow-up time. Still,
there may have been residual confounding due to one or more reasons.
First, as AH medications are generally prescribed for high blood pres-
sure, a known risk factor ofmany comorbidities, confounding by indica-
tion is of concern. However, AH medications are not indicated for
ovarian cancer-specific reasons [38], prior work has failed to show an
association between hypertension and ovarian cancer [39], and adjust-
ment for this characteristic had no material bearing on any of our re-
sults. Therefore, the likelihood of confounding by indication having a
large impact on our study findings is small.

Of greater concern is the presence of confounding by disease sever-
ity, which may exist if among women with hypertension, those
Table 3
Risk of ovarian cancer mortality among monotherapy users of antihypertensive medications.

Follow-up time (person-years) Number of ovarian cancer deaths

No AH 1730 307
ACEIs 483 64
CCBs 61 9
TDs 489 71
BBs 362 59

NSBB 110 11
SBB 231 46

Abbreviations: TD, thiazide diuretics; ACEI, angiotensin converting enzyme inhibitors; BB, beta
a Adjusted for: age at diagnosis, year of diagnosis, race/ethnicity, marital status, census tract

receipt of chemotherapy, Charlson comorbidity score, and diagnosis of diabetes and of hyperte
expected to have a relativelymore aggressive malignancy are less likely
to continue to use AH medications during the year following diagnosis
[40]. Though our data source allowed for assessment of stage and
grade of disease at the time of diagnosis, stage and grade are broadly de-
fined and do not capture the full extent of disease severity. Also, there
was no update of this information over the course of the year after diag-
nosis during which AH use was ascertained. If such an incomparability
in cancer severity between AH users and non-users had been present,
a spuriously low estimate of the relative mortality among AH users
would have occurred. Conceivably, the modest reductions in case-
fatality associated with use of ACEIs and TDs could be due to confound-
ing from this source.

In contrast, the finding of a favorable impact of NSBB use is sugges-
tive of an association beyond the presence of confounding given the rel-
atively large association seen (a 40% reduction in case-fatality) and the
lack of any such reduction among women who used SBBs. Further sup-
port for this hypothesis comes from the results of a study involving the
administration of an NSBB at the time of ovarian cancer surgery and ex-
tending for one week following surgery, in which (after adjustment for
prognostic characteristics) there was a 32% (95% CI 1–54%) reduction in
mortality compared to that observed among women with ovarian can-
cer treated at another institution in which peri-operative NSBB admin-
istration did not take place [41]. In addition, two clinical trials of NSBB
use among women with ovarian cancer are underway [42,43] to assess
the efficacy of concurrent beta-blocker administration with
chemotherapy.

In conclusion, in our studywe observed a reduced case-fatality asso-
ciated with the use of several anti-hypertensive agents (especially
NSBBs) among women who have been diagnosed with ovarian cancer.
At present, these results should be interpreted cautiously while
Rate (per 100 person-years) Hazard ratio

(95% Confidence Interval)

Unadjusted Adjusteda

17.7 1.00 1.00
13.3 0.73 (0.56–0.96) 0.69 (0.52–0.91)
14.8 0.86 (0.44–1.67) 1.01 (0.51–2.01)
14.5 0.83 (0.64–1.08) 0.78 (0.60–1.03)
16.3 0.96 (0.72–1.27) 0.95 (0.70–1.28)
10.0 0.60 (0.33–1.09) 0.46 (0.24–0.86)
19.9 1.17 (0.86–1.59) 1.30 (0.93–1.81)

blockers; NSBB, non-selective beta blockers; SBB, selective beta blockers.
poverty level, location of residence, tumor histology, stage at diagnosis, receipt of surgery,
nsion.
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awaiting the results of further research inwhich there is a greater ability
to distinguish cause from confounding.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2019.05.030.
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