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Purpose
We investigated the impact of four types of antihypertensive medications, angiotensin 
receptor blockers (ARBs), beta blockers (BBs; both selective and non-selective), calcium
channel blockers (CCBs), and thiazide diuretics (TDs) on survival outcomes in epithelial ovar-
ian cancer (EOC). 

Materials and Methods
A single-institutional retrospective chart review of 878 patients with EOC was performed.
Survival was compared according to use of the four antihypertensive medications during
primary treatment. Propensity score matching (ratio 1:3) was performed to control possible
associated covariates, such as age, International Federation of Gynecology and Obstetrics
stage, residual status after primary debulking surgery, and co-morbidity. 

Results
Among 878 patients, 56 patients (6.4%) were ARB users, 62 (7.1%) were BB users, 107
(12.2%) were CCBs users and 32 (3.6%) used TDs. Median progression-free survival (PFS)
for ARB, BB, and CCB users was 37.8, 27.2, and 23.6 months compared with 33.6 months
for non-users. ARB was associated with 35% decreased risk of disease progression (hazard
ratio [HR], 0.65; 95% confidence interval [CI], 0.42 to 0.99; p=0.046) in multivariate analy-
sis. After propensity score matching, median PFS for ARB users was 37.8 months and ARB
use remained to be associated with lower recurrence rate in univariate (p=0.035) and mul-
tivariate analysis (HR, 0.60; 95% CI, 0.39 to 0.93; p=0.022). 

Conclusion
In this study, ARBs use during primary treatment is associated with lower recurrence in EOC
patients. However, CCBs, BBs, and TDs did not show beneficial impact.  
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Introduction

Despite the many advances in its treatment and manage-
ment, epithelial ovarian cancer (EOC) is still one of the lead-
ing causes of death in gynecologic malignancies. Being
undoubtedly the most critical among gynecologic cancers,
EOC shows a tendency of higher incidence in developed
countries. The age-standardized incidence of ovarian cancer
in Korea has been rising, reaching as much as 6.3 per 100,000

in 2015 [1]. Even with standardized management of debulk-
ing surgery followed by systemic chemotherapy has impro-
ved survival rates, 5-year survival rate was reported to be
64% in 2016, with the poorest outcome among gynecologic
malignancies [2]. 

Therefore, more clinical treatment options are necessary to
minimize the disease burden of ovarian cancer. While mod-
est advances in chemotherapy have been made in the past
decades, systemic options for EOC patients remain some-
what limited. As such, there is great interest in identifying
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potential combination therapies that may target other aspects
of ovarian tumor biology to increase the effectiveness of sys-
temic therapy.

In this circumstance, several antihypertensive medications,
which are one of the most widely used drugs, are thought to
improve EOC survival rate. Angiotensin II, a biologically 
active peptide of the renin-angiotensin system, has been
shown to be involved in cell proliferation, migration and 
angiogenesis in the molecular etiologies of other neoplasms
[3]. As such, angiotensin II receptor blockers (ARBs) may
have potential therapeutic benefits by blocking the down-
stream effects of angiotensin II not only on cancer cells, but
also on endothelial cells within the tumor and stroma [4,5].
Indeed, several in vitro studies have reported that losartan
(an ARB) can markedly suppress pancreatic cancer cell pro-
liferation by triggering apoptosis and reducing vascular 
endothelial growth factor (VEGF) expression, a critical com-
ponent of angiogenesis [6,7]. Moreover, studies focusing on
drug delivery have shown that losartan enhances drug 
delivery and potentiates chemotherapy by inhibiting stromal
collagen and hyaluronic synthesis, thereby decompressing
tumor blood vessels and reducing solid tumor stress [8,9]. In
fact, ovarian cancer cells have higher concentrations of 
angiotensin II type 1 and 2 receptor compared to borderline
or benign ovarian tumor [10]. Corresponding with patho-
physiologic models, angiotensin II type 1 receptor expression
was correlated with tumor angiogenesis and poor prognosis
in ovarian cancer [11]. Preclinical trials suggest that ARBs,
which are commonly used as antihypertensive and renal pro-
tective medications, have favorable impact on cancer prog-
nosis [12,13]. 

Several retrospective cohort studies showed potency of
beta-blockers (BBs) in reducing ovarian cancer recurrence
and prolonging PFS [14,15]. In some of those studies, only
non-selective beta blockers (NSBB) were proved to be effec-
tive for prolonging EOC survival [14,16]. Meanwhile, data
on the impact of other antihypertensive agents, including cal-
cium channel blockers (CCBs) and thiazide diuretics (TDs),
on EOC survival rate is sparse [17].

We can speculate that primary EOC patients treated with
antihypertensive drugs would have better survival rates.
However, only a few clinical investigations to date have 
investigated the potential effect of ARBs for survival out-
comes of ovarian cancer patients [9]. Also, there are not many
studies for comparison between different types of blood
pressure medications [9,17]. Given the potential role of ARBs
in the treatment of patients with EOC, clinical data on the
impact of ARB use in ovarian cancer is important. Therefore,
the objective of the current study was to evaluate the associ-
ation of ARB use with survival among EOC patients along
with BBs, CCBs, and TDs.

Materials and Methods

1. Patient selection

We reviewed all patients with primary EOC who were
treated at Samsung Medical Center from January 2001 to 
December 2014. We retrospectively obtained data from Sam-
sung Medical Center electronic medical records and enrolled
patients depending on the inclusion criteria as follows: (1)
primary EOC with International Federation of Gynecology
and Obstetrics (FIGO) stage I to IV disease; (2) patients who
were treated with primary debulking surgery (PDS) with 
adjuvant chemotherapy for primary treatment. The exclusion
criteria were as follows: (1) patients who had neo-adjuvant
chemotherapy with interval debulking surgery; (2) histology
with non-EOC. In this study, a total of 878 EOC patients were
investigated. 

The data of patients’ age at diagnosis, tumor stage, histo-
logic type, residual status, use of antihypertensive drug, and
comorbidities were obtained. ‘Comorbidity’ was defined as
having any of hypertension, diabetes, cerebrovascular acci-
dent, dyslipidemia, or cardiovascular disease.

2. Treatment and follow-up

For initial work-up before primary treatment, patients
were routinely examined by imaging studies. The status of
residual disease after PDS was determined by the largest 
diameter of residual disease and categorized as follows: < 1
cm residual disease for optimal and  1 cm residual disease
for suboptimal operation. After PDS, all enrolled patients
had been treated with adjuvant chemotherapy. The combi-
nation chemotherapy, consisted of paclitaxel (175 mg/m2)
and carboplatin (area under the curve5), was initiated rou-
tinely within 2 weeks of surgery. The standard regimen of
continued every 3 weeks for six cycles. The institutional pro-
tocol recommends early start of adjuvant chemotherapy 
unless complications develop, but there may have been vari-
ations of the intervals and the number of cycles depending
on the patient’s situation. After primary treatment, all pati-
ents received follow-up procedures. Physical examination
and tumor markers were performed every 3 months for the
first 2 years and every 6 months for the next 3 years. Imaging
studies were performed every 6-12 months for the first 2
years and every 12 months for the next 3 years. For survival
analysis, progression-free survival (PFS) was evaluated from
the date of primary surgery to the period of recurrence/pro-
gression or the time of the last follow-up visit. The cause of
death of all patients were not known accurately and treat-
ment regimen was different for each person at the time of 
relapse, so, overall survival was not evaluated in this study.
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3. Drug use 

The use of drug was defined as documented prescription
of ARB/BB/CCB/TD for 6 months following diagnosis or
operation of EOC. Both the patients who were taking medi-
cine prior to the diagnosis of EOC and new prescriptions

were included. We defined non-users as those with no pre-
scription records of ARB/BB/CCB/TD before and within 6
months of diagnosis or operation of EOC. Every patient who
may have been taking the medicine previously, but not dur-
ing the 6 months following diagnosis of EOC, were catego-
rized as non-user. 

Min Ae Cho, Impact of Antihypertensive Drugs on EOC Survival

Angiotensin receptor blockers Beta blockers Calcium channel blockers 

Characteristic
(ARBs) (BBs) (CCBs)

Without ARB With ARB Without BB With BB Without CCB With CCB
(n=822) (n=56) (n=816) (n=62) (n=771) (n=107)

Age (yr) 50.5 (44.0-60.0) 61.0 (53.0-67.5) 51.0 (44.0-60.0) 55.0 (47.0-60.0) 50.0 (43.0-59.0) 60.0 (52.0-65.0)
Type

Serous 513 (62.4) 40 (71.4) 514 (63.0) 39 (62.9) 469 (60.8) 84 (78.5)
Non-serous 309 (37.6) 16 (28.6) 302 (37.0) 23 (37.1) 302 (39.2) 23 (21.5)

FIGO stage
I 189 (23.0) 11 (19.6) 187 (22.9) 13 (21.0) 188 (24.4) 12 (11.3)
II 86 (10.5) 5 (8.9) 85 (10.4) 6 (9.7) 78 (10.1) 13 (12.1)
III 461 (56.0) 32 (57.2) 461 (56.5) 32 (51.6) 428 (55.5) 65 (60.7)
IV 86 (10.5) 8 (14.3) 83 (10.2) 11 (17.7) 77 (10.0) 17 (15.9)

Platinum resistance
Sensitive 698 (84.9) 52 (92.9) 695 (85.2) 55 (90.6) 661 (85.7) 89 (83.2)
Resistant 124 (15.1) 4 (7.1) 121 (14.8) 7 (9.4) 110 (14.3) 18 (16.8)

Residual status
No residual 309 (37.6) 16 (28.6) 299 (36.6) 26 (41.9) 297 (38.5) 28 (26.2)
< 1 cm 316 (38.4) 18 (32.1) 311 (38.1) 23 (37.1) 287 (37.2) 47 (43.9)
 1 cm 197 (24.0) 22 (39.3) 206 (25.3) 13 (21.0) 187 (24.3) 32 (29.9)

BRCA 1/2mutation
No 47 (63.5) 3 (100) 47 (65.3) 3 (60.0) 44 (64.7) 6 (66.7)
Yes 27 (36.5) 0 ( 25 (34.7) 2 (40.0) 24 (35.3) 3 (33.3)

Comorbidity
No 702 (85.4) 4 (7.1) 662 (81.1) 44 (71.0) 685 (88.8) 21 (19.6)
Yes 120 (14.6) 52 (92.9) 154 (18.9) 18 (29.0) 86 (11.2) 86 (80.4)

Hypertension
No 718 (87.6) 5 (8.9) 677 (83.2) 46 (74.2) 699 (90.9) 24 (22.4)
Yes 102 (12.4) 51 (91.1) 137 (16.8) 16 (25.8) 70 (9.1) 83 (77.6)

Diabetes
No 573 (94.4) 32 (74.4) 567 (93.7) 38 (84.4) 528 (93.6) 77 (89.5)
Yes 34 (5.6) 11 (25.6) 38 (6.3) 7 (15.6) 36 (6.4) 9 (10.5)

Cerebrovascular accident
No 600 (98.7) 35 (81.4) 592 (97.7) 43 (95.6) 553 (97.9) 82 (95.3)
Yes 8 (1.3) 8 (18.6) 14 (2.3) 2 (4.4) 14 (2.1) 4 (4.7)

Cardiovascular disease
No 593 (97.5) 36 (83.7) 586 (96.7) 43 (95.6) 551 (97.5) 78 (90.7)
Yes 15 (2.5) 7 (16.3) 20 (3.3) 2 (4.4) 14 (2.5) 8 (9.3)

Dyslipidemia
No 586 (96.4) 35 (81.4) 582 (96.0) 39 (86.7) 539 (95.4) 82 (95.3)
Yes 22 (3.6) 8 (18.6) 24 (4.0) 6 (13.3) 26 (4.6) 4 (4.7)

Values are presented as median (range) or number (%).

Table 1. Patient characteristics of study cohorts 
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4. Statistical analysis

We used the summary statistics to describe the data. 
Median range or standard deviations were used for contin-
uous variables. Mann-Whitney test for comparing median
values and Student’s t test for comparing mean values were
used after the Shapiro-Wilks test to confirm normal distribu-
tions. We presented categorical variables as percentages. We
used Fisher exact test or chi-square test for analyzing the dis-
tribution of characteristics according to use of antihyperten-
sives. Analyses for survival curves were performed by the
Kaplan-Meier method and comparison was done by the log-
rank test. We used the Cox proportional hazards model to
perform univariate and multivariate analyses for evaluation
of the prognostic significance of the use of antihypertensives
and other clinicopathological features. All p-values were
two-sided, and we considered p-values of less than 0.05 as
statistically significant. We performed statistical analyses
using R 3.0.3 (Vienna, Austria; http://www.R-project.org).

After the total cohort analyses, propensity score matching
was performed to further investigate the characteristics of
the patients. Drug users were 1:3 matched with the closest
propensity patients without drugs according to age, FIGO
stage, residual disease status after PDS, BRCAmutation sta-
tus, and comorbidity (performed with R using the MatchIt
package). The propensity scores were calculated using a mul-
tivariable logistic regression model based on factors that
demonstrated significant differences between the two groups
in the total cohort.

5. Ethical statement

The study was approved by the Institutional Review Board
of the Samsung Medical Center (IRB No. 2019-05-129). Given
the retrospective nature of the study, direct informed consent
from the women was not necessary as per the ethical guide-
lines.

Results

1. Patient characteristics

The clinical features of the included patients are shown in
Table 1 and S1 Table. Among 878 ovarian cancer patients, 56
patients (6.4%) were ARB users, 62 patients (7.1%) were BB
users, 107 patients (12.2%) were CCB users, 32 patients (3.6%)
were TD users and 687 patients (78.2%) were non-users. 
Median age at diagnosis was 51.9 years for those patients
without any antihypertensive drugs. Median age of diagno-

sis was 61, 55, 60, and 66 years respectively for ARB, BB,
CCB, and TD users. There were no significant difference in
histologic type and FIGO stage between users and non-users
of ARBs and BBs, however, most CCB users had serous type
(60.8% of non-users vs. 78.5% of users) and advanced stage
(65.5% of non-users vs. 76.6% of users). Platinum resistance
between each group of four drugs did not show statistical
difference. Cytoreduction status after PDS revealed more fre-
quent suboptimal operation for ARB users (24.0% of non-

Cancer Res Treat. 2020;52(2):645-654

 D
ise

as
e-

fre
e 

su
rv

iva
l

1.0

0

0.2

0.4

0.6

0
Time (mo)

20 40 60 12080 100

0.8

Non-user (n=822)
User (n=56)

A

p=0.311

 D
ise

as
e-

fre
e 

su
rv

iva
l

1.0

0

0.2

0.4

0.6

0
Time (mo)

20 40 60 12080 100

0.8

Non-user (n=816)
User (n=62)

B

p=0.981
 D

ise
as

e-
fre

e 
su

rv
iva

l

1.0

0

0.2

0.4

0.6

0
Time (mo)

20 40 60 12080 100

0.8

Non-user (n=771)
User (n=107)

C

p=0.020

Fig. 1.  Kaplan-Meier curve for progression-free survival
according to angiotensin receptor blocker (A), beta blocker
(B), and calcium channel blocker (C).
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users vs. 39.3% of users, p =0.036), CCB users (24.3% of non-
users vs. 29.9% of users, p=0.045) and TD users (24.5% of
non-users vs. 37.5% of users, p=0.183). Not many patients
were performed the BRCA test with blood or specimen and
just 77 patients in this study had been done this test. There is
no significant difference of BRCA mutation status between
drug users and non-users. Comorbidities were highly repor-
ted in patients those who take antihypertensive agents; 14.6%
vs. 92.9% for ARBs (p < 0.001), 18.9 vs. 29.0% for BBs (p <
0.001), 11.2 vs. 80.4% for CCBs (p < 0.001), and 16.9% vs.
90.6% for TDs (p < 0.001). 

2. Survival

In total, median PFS was 33.9 months for ovarian cancer
patients in this study. At the time of this analysis, 470 of 878
enrolled patients (53.5%) had experienced relapse and 277
(31.5%) had died after a median observation time. Among
those patients, 37 had died from causes other than EOC. The
median survival of ARB users was the longest with PFS of
37.8 months. The median PFS of TD users was 32.1 months,
which was the shortest among patient groups. 

Kaplan-Meier curves for PFS in each antihypertensive
drug are shown in Fig. 1. The use of ARBs seemed to be 
associated with lower recurrence rate but was not statistically
significant (p=0.311). BBs did not show statistically signifi-
cant impact on PFS of ovarian cancer patients (p=0.981). Sub-
group analysis for BB users to verify difference between
selective and NSBB was done. Both selective beta blockers
(p=0.647) and NSBB (p=0.645) did not show significant rele-
vance with ovarian cancer progression (S2B and S2C Fig.).
The patients who were taking CCBs had higher frequency of
recurrence significantly (p=0.020). In S2A Fig., no association
was found between TD usage and disease recurrence (p=

0.406). 
Multivariate Cox regression analysis was calculated in

order to assess independent prognostic factors for recurrence
outcome (Table 2). Age, stage, and cytoreduction status,
which are widely accepted as critical prognostic factors of
EOC, were included in the analysis to adjust for survival out-
comes. The presence of comorbidities was also evaluated to
assess the effect on survival in the overall group.

Advanced stage and suboptimal PDS were associated with
higher recurrence in this study. ARBs had favorable impact
on recurrence (hazard ratio [HR], 0.65; 95% confidence inter-
val [CI], 0.42 to 0.99; p=0.046). However, usage of BBs, CCBs
was not a prognostic factor in recurrence. The HR for recur-
rence were 0.95 (95% CI, 0.67 to 1.35; p=0.770) for BB users
and 1.20 (95% CI, 0.88 to 1.65; p=0.257) for CCB users.

3. Survival after matching

To reduce the selection bias when comparing two groups
of patients, additional propensity score matching was per-
formed with R using the MatchIt package (S3 Fig. for distri-
bution of propensity scores). With nearest-neighbor 1:3 ratio
according to age, FIGO stage, histologic type, residual dis-
ease status after PDS, platinum resistance, and comorbidity,
each patient group with or without each type of antihyper-
tensive medication were matched. The analysis for ARB 
included a total of 224 patients, 56 users and 168 non-users.
Matching for BBs and CCBs included 248 (with BB, 62; with-
out BB, 186) and 428 (with CCB, 107; without CCB, 321), res-
pectively.

Regarding clinicopathological characteristics, each match-
ing was successful without significant differences between
paired groups for stage, histologic type, residual disease sta-
tus, and platinum resistance except for comorbidity status.
(Table 3 for ARB, BB, and CCB; S4 Table for TD, non-selective
beta blockers [SBB], and NSBB) Because of difference in 
comorbidity status in ARB and CCB groups, we analyzed
multivariate Cox proportional hazard analysis and Kaplan-
Meier curves of only co-morbidity patients.

In Fig. 2, patients with ARB still showed better outcomes
for PFS (median PFS of users vs. non-users, 37.8 months vs.
27.4 months; p=0.035). However, neither BB, CCB nor TD
was found to be associated with EOC recurrence. The median
PFS was 27.2 months for BB users and 28.0 months for non-
users, and there was no significant association between usage
of BBs and progression (p=0.678). The patients with CCBs
had no relationship in recurrence with this matched analysis;
median PFS was 27.5 months for CCB users compared with
27.9 months for non-users (p=0.797). In multivariate Cox 
regression analysis with this matched group (Table 4), ARBs
remained a significant prognostic factor with 40% risk reduc-
tion for recurrence (HR, 0.60; 95% CI, 0.39 to 0.93; p=0.022).

Min Ae Cho, Impact of Antihypertensive Drugs on EOC Survival

Table 2. Multivariate Cox proportional hazards analysis
for progression-free survival (n=878)

HR, hazard ratio; CI, confidence interval; FIGO, Interna-
tional Federation of Gynecology and Obstetrics; ARBs, 
angiotensin-receptor blockers; BBs, beta blockers; CCBs,
calcium channel blockers.

Variable HR (95% CI) p-value
Age (> 50 yr) 1.06 (0.87-1.30) 0.534
FIGO stage (III/IV) 5.32 (3.96-7.13) < 0.001
Residual status (> 1 cm) 1.45 (1.18-1.76) < 0.001
Comorbidity (yes) 1.05 (0.81-1.35) 0.728
ARBs (use) 0.65 (0.42-0.99) 0.046
BBs (use) 0.95 (0.67-1.35) 0.770
CCBs (use) 1.20 (0.87-1.65) 0.257
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Discussion

Due to the poor prognosis, investigators have long strived
to find novel agents to augment systemic therapies of EOC,
as well as identify existing agents that may benefit the effi-
cacy of conventional treatment. While a proposed benefit of
ARB in preclinical models has been accumulated, clinical 
evidence was sparse. This study aimed to disclose difference

in disease course between patient groups with several types
of antihypertensive medications. We conducted a retrospec-
tive cohort study to reveal statistically significant interactions
between ARB, BB, CCB, and TD use on EOC prognosis. 

The survival curves in all enrolled patients did not show
statistical relevance regarding ARB, BB, or TD use. A trend
that ARB usage had better PFS was suggested, but was not
statistically significant. Only CCB users had higher recur-
rence rate. Because of significant deviations in age, stage, 
comorbidities and residual disease, propensity score match-
ing analysis was performed to compensate for disparities in
patient groups. In matched groups, patients with ARBs had
superior PFS while taking CCB had no relationship with pro-
gression. Also, ARB use remained as a significant positive
prognostic factor of recurrence in multivariate analysis. Fifty-
six patients with ARBs had 40% lower risk of disease recur-
rence compared to other patients who did not take ARBs.
However, BBs, CCBs, and TDs were not beneficial in terms
of cancer recurrence. Conclusively, ARBs were associated
with longer disease free duration—even after accounting for
other baseline clinical factors. This result is in concordance
with the outcomes of previous studies. To this date, in vitro
and in vivo studies demonstrated that up-regulation of ACE
and angiotensin II type 1 receptor blockers can facilitate local
tumor angiogenesis. In turn, several investigators have 
argued that ARBs may have a potential clinical benefit to tar-
get the effects of angiogenic pathways, presumably by inhi-
biting tumor group and facilitating drug delivery [3,18]. In
more detail, RAS activation results in enhanced VEGF, which
in turn increases angiogenesis and pro-tumorigenic tran-
scription factors. The local RAS system also engages in inva-
sion, migration and metastasis as well as pro-inflammatory
process [19]. Recently, tumor-inhibitory ability of telmisar-
tan, an ARB, has been demonstrated by in vivo and in vitro

Min Ae Cho, Impact of Antihypertensive Drugs on EOC Survival

Table 4. Multivariate Cox proportional hazards analysis
for progression-free survival in matched groups (n=878)

HR, hazard ratio; CI, confidence interval; FIGO, Interna-
tional Federation of Gynecology and Obstetrics; ARBs, 
angiotensin-receptor blockers; BBs, beta blockers; CCBs,
calcium channel blockers. 

Variable HR (95% CI) p-value
Age (> 50 yr) 0.78 (0.39-0.93) 0.294
FIGO stage (III/IV) 2.32 (1.38-3.89) 0.001
Residual status (> 1 cm) 1.77 (1.19-2.64) 0.005
Comorbidity (yes) 1.18 (0.72-1.94) 0.518
ARBs (use) 0.60 (0.39-0.93) 0.022
BBs (use) 0.89 (0.60-1.31) 0.558
CCBs (use) 1.17 (0.85-1.61) 0.334
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Fig. 2.  Kaplan-Meier curve for progression-free survival
after propensity score matching in angiotensin receptor
blocker group (A), beta blocker group (B), and calcium-
channel blocker group (C). 
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experiments on esophageal squamous cell carcinoma [20]. A
remarkable study has reported that losartan, an ARB, 
enhances drug delivery and efficacy by reducing solid stress
and extracellular matrix in ovarian tumors. Their claim was
supported by preclinical murine models of ovarian cancer
which demonstrated that losartan improved vessel perfu-
sion, which in turn alleviate tumor hypoxia [9]. These find-
ings suggest a physiologic mechanism that explains the
result of our study. 

Some preclinical studies suggested that stress hormone in
the adrenergic system could promote tumor growth by acti-
vation of invasive ability and stimulating VEGF secretion
[21]. With this concept, some retrospective studies with
breast cancer and malignant melanoma experimented if BBs,
blockers of adrenergic system, had association with survival
and showed that BB users had improved PFS [22]. Previous
retrospective cohort studies have also suggested that using
beta blockers in EOC patients is associated with longer sur-
vival [14,15,23]. A pilot study demonstrated the potential role
of perioperative propranolol to suppress tumor growth in
EOC patients [24]. However, there are several studies with
no improved survival in BB users [16,25]. In a prospective
study with recurrent EOC, BB was not associated with sig-
nificant impact on PFS and OS [26]. The reasons for these
contradictory results are ambiguous, so care should be taken
when considering the application of BBs for EOC patients.
Several prospective clinical trials on this subject are under
investigation. There are two phase 1 studies (NCT02013492
sponsored by William Carson and NCT01308944 sponsored
by Washington University School of Medicine) whose main
purpose is to determine the effect of beta blockers in EOC
survival. A feasibility study (NCT01504126 sponsored by
M.D. Anderson Cancer Center) is designed to give propra-
nolol (NSBB) to patients with chemotherapy to treat EOC.
Monitoring the conclusions of these trials would be crucial
to judge tumor-suppressive effect of BBs.

The role of CCBs in treatment of cancer has also been dis-
cussed. Calcium signaling mediates and controls cell cycle
progression, such as proliferation, differentiation, growth,
and apoptosis and several studies analyzed the cytotoxic 
effect of CCBs in EOC cell lines [27,28]. However, in meta-
analysis of role of CCB in several cancers, this drug has been
thought to have no association with general cancer prognosis
[29]. This study also found that CCBs had no impact on the
survival rate of patients with EOC. Like BBs, more clinical
studies should be performed to verify the cytotoxic effect of
CCBs. Several studies on investigating the effect of antihy-
pertensive medications on EOC are summarized on the 
review table (Table 5).

This study is one of the first to examine the efficacy of ARB
in comparison with BB, CCB, and TD in reducing recurrence
rate of ovarian cancer. There has been previous research on

the impact of several types of antihypertensive medications
including ACE inhibitors, BB and CCB on ovarian cancer sur-
vival [30], but the clinical implications of ARB treatment for
EOC patients has been newly suggested as a possible anti-
neoplastic agent. Moreover, while previous studies were
mostly focused on explaining the pathological pathway and
expression of angiotensin II receptor, this study reveals the
potential role of ARB with significant statistical data in clin-
ical setting.

The major limitation of the study is that dosage, duration,
patient adherence of each drug were not included. The 
patient group with BBs was subdivided into SBBs and NSBBs
for more specific verification, but the size of these cohort
groups was relatively small. Therefore, limited statistical
power can possibly account for the different results in this
study compared to previous studies that showed better sur-
vival outcomes in NSBB users [14,15]. In addition, due to its
nonrandomized, retrospective study design, we cannot 
exclude uncontrolled confounding factors. Even though our
sample size allowed adjustment of confounding factors by
multivariable analysis, other variables may have affected the
conclusion. Therefore, causal relationships still need to be
supported by controlled, randomized prospective clinical
studies. The inability to obtain the mechanism of each med-
ication is another limitation of this study. 

Further investigation is recommended to clarify the signif-
icance of ARB use by stratification of dose and duration. We
suggest that multi-center clinical trials with a larger popula-
tion with long-term follow-up should be started.

After controlling for age, stage, comorbidities and cytore-
duction status, use of angiotensin-receptor blocker is associ-
ated with lower recurrence outcomes in EOC patients.
However, CCBs, beta blockers and TDs did not show bene-
ficial impact on progression. Further research is required to
verify the differential effect of ARBs in treatment of EOC. 
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