1duosnue Joyiny 1duosnuep Joyiny 1duosnuen Joyiny

1duasnuen Joyiny

Author manuscript
Cancer. Author manuscript; available in PMC 2016 April O1.

-, HHS Public Access
«

Published in final edited form as:
Cancer. 2015 October 1; 121(19): 3444-3451. doi:10.1002/cncr.29392.

Clinical Impact of Selective and Non-selective Beta Blockers on
Survival in Ovarian Cancer Patients

Jack L. Watkins!”, Premal H. Thaker?", Alpa M. Nick3, Lois M. Ramondetta3, Sanjeev
Kumar4, Diana L. Urbauer®, Koji Matsuo®, Kathryn Squires?, Susan K. Lutgendorf’, Pedro
T. Ramirez3, and Anil K. Sood38?

1Department of Clinical Effectiveness, The University of Texas MD Anderson Cancer Center,
Houston, Texas 2Division of Gynecologic Oncology, Department of Obstetrics and Gynecology,
Washington University School of Medicine, St. Louis, Missouri 3Department of Gynecologic
Oncology and Reproductive Medicine, The University of Texas MD Anderson Cancer Center,
Houston, Texas “Division of Obstetrics and Gynecology, The Mayo Clinic, Rochester, Minnesota
SDepartment of Biostatistics, The University of Texas MD Anderson Cancer Center, Houston,
Texas %Gynecologic Oncology Center, Department of Obstetrics and Gynecology, Mercy Medical
Center, Baltimore, Maryland “Departments of Psychology, Obstetrics and Gynecology, and
Urology, University of lowa, lowa City, lowa 8Department of Cancer Biology, The University of
Texas MD Anderson Cancer Center, Houston, Texas °Center for RNA Interference and Non-
Coding RNA Program, Department of Experimental Therapeutics, The University of Texas MD
Anderson Cancer Center, Houston, Texas

Abstract

BACKGROUND—Preclinical evidence suggests that sustained adrenergic activation can
promote ovarian cancer growth and metastasis. We examined the impact of beta-adrenergic
blockade on clinical outcome of women with epithelial ovarian, primary peritoneal or fallopian
tube cancers (collectively, EOC).

METHODS—A multicenter review of 1,425 women with histopathologically confirmed EOC
was performed. Comparisons were made between patients with documented beta blocker use
during chemotherapy and those without beta blocker use.

RESULTS—The median age of patients in this study was 63 years (range, 21-93 years). The
sample included 269 patients who received beta blockers. Of those, 193 (71.7%) were receiving
beta-1 adrenergic receptor (ADRB1) selective agents, and the remaining patients were receiving
non-selective beta antagonists. The primary indication for beta blocker use was hypertension but
also included arrhythmia and post-myocardial infarction management. For patients receiving any
beta blocker, the median overall survival (OS) was 47.8 months versus42 months (P = 0.04) for
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non-users. The median OS based on beta blocker receptor selectivity was 94.9 months for those
receiving non-selective beta blockers versus 38 months for those receiving ADRB1 selective
agents (P < 0.001). Hypertension was associated with decreased OS compared to no hypertension
across all groups. However, even in patients with hypertension, users of a non-selective beta
blocker had a longer median OS than non-users observed (38.2 vs 90 months, P < 0.001).

CONCLUSION—Use of non-selective beta blockers in epithelial ovarian cancer patients was
associated with longer OS. These findings may have implications for new therapeutic approaches.
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INTRODUCTION

The role of the adrenergic system in epithelial ovarian cancer carcinogenesis makes it an
attractive target for the treatment of ovarian cancer. Reverse transcriptase-PCR studies have
demonstrated constitutive expression of adrenergic receptors in the cell lines studied?.
Extensive preclinical data have firmly established that the activation of the receptors results
in the growth and progression of ovarian cancer~. In one study, norepinephrine and
isoproterenol (an adrenergic agonist) significantly enhanced the production of vascular
endothelial growth factor, which plays a crucial role in angiogenesis®. Propranolol, a non-
specific beta blocker (NSBB), blocked the production of vascular endothelial growth factor.

In another in vitro study, norepinephrine and epinephrine (beta adrenergic receptor agonists)
were found to increase the invasive potential of ovarian cancer cells, but this effect was
abrogated by propranolol. Norepinephrine also increased tumor cells’ expression of matrix
metalloproteinases (MMP)-2 and -9, and pharmacological blockade of MMPs inhibited the
effects of norepinephrine on tumor cells invasive potential?. In an orthotopic mouse model,
daily restraint stress resulted in higher tissue catecholamine levels, greater tumor burden,
and a more infiltrative pattern of ovarian cancer. These effects were mediated primarily
through adrenergic receptor-f, (ADRB2) activation of the protein kinase A signaling
pathway. Tumors in these stressed animals showed increased vascularization and enhanced
expression of vascular endothelial growth factor, MMP-2, and MMP-9, and these effects
could be reversed by propranolol3.

This extensive preclinical evidence that adrenergic signaling promotes the growth of ovarian
cancer, combined with similar clinical evidence for cancers in other organs such as breast,
pancreas, and colon, suggests that there could be clinical benefit found in evaluating the use
of beta blockers on survival in ovarian cancer patients®. There are a number of studies that
have investigated the impact of beta blocker use. These studies have had conflicting
conclusions, which may be due, in part, to small patient numbers. The lack of attention to
beta blocker selectivity must also be considered as an explanation for varying results®>=’. At
an in vitro level, the positive effects of beta blockade on ovarian cancer rely on ADRB2
inhibition. However, ADRB1-selective beta blockers (SBBs) are more commonly prescribed
than NSBBs, and populations with greater SBB use are unlikely to show a benefit from their
beta blocker use8. To examine the impact of selective versus non-selective ADRB blockade
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on patient survival, we conducted a multi-institutional retrospective cohort study of women
with newly diagnosed epithelial ovarian, fallopian tube or primary peritoneal cancer
(collectively referred to as EOC).

MATERIALS AND METHODS

Study Design

A multi-institution retrospective chart review was conducted on all EOC patients diagnosed
and treated with at least one cycle of platinum based doublet chemotherapy from 2000 to
2010 at four institutions (The University of Texas MD Anderson Cancer Center,
Washington University School of Medicine, Mayo Clinic, and Mercy Medical Center).
Institutional review board approval was obtained at all participating institutions. Patient
charts, both electronic and paper, were reviewed for demographic information, the presence
of hypertension or diabetes mellitus, tumor characteristics, cancer treatments, surgical
outcome (optimal cytoreduction < 1 cm residual disease), usage of beta blockers, and
survival data. Usage of beta blockers was defined as any documentation of beta blocker use
in the medical record during neoadjuvant (NACT) or adjuvant chemotherapy (ACT).
Overall survival (OS) was measured from date of diagnosis to date of death from any cause
which was confirmed by patient chart or social security death index. The OS of patients with
different prognostic factors was determined in addition to the OS effect of beta blocker
usage. Progression free survival calculations were not conducted due.

Statistical Analysis

Patients were first evaluated using descriptive statistics to summarize the demographic and
clinical characteristics of the two groups: those who used beta blockers and those who did
not. Fisher’s exact tests were used to compare groups with respect to distribution of
categorical data, and a two-sample t-test was used to compare groups with respect to the
means for continuous data. If normality assumptions for the t-test were not met, the non-
parametric Mann-Whitney test was used to compare groups. Using the Kaplan-Meier
method, OS was estimated for groups by beta blocker use and type of beta blocker used
(SBB vs NSBB)®. Log-rank tests were conducted to examine differences by beta blocker use
and typel0. P values < 0.05 were considered to be statistically significant; P values were not
adjusted for multiple comparisons.

RESULTS

Demographics and Disease Characteristics

From the four participating institutions, 1,425 EOC patients were identified as eligible for
inclusion in this study. Demographic, disease, and treatment characteristics are shown in
Table 1. Beta blocker users were older, had higher BMIs, and were more likely to have
hypertension compared to non-users. Over 90% of patients received upfront surgery
followed by adjuvant chemotherapy (ACT). Patients receiving NACT were more likely to be
on beta blockers than non-users (P = 0.005).
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Prognostic Factors

Age, stage, sequence of therapy, surgical outcome, histology, BMI, tumor grade, and race
were evaluated for effect on OS for all patients. Older patients (>65 years) had a decreased
OS rate (P < 0.001). Patients with stage 111 or IV disease at presentation had shorter median
OS than those presenting with stage I or Il disease (P < 0.001). Those receiving NACT had
decreased survival when compared to those who had upfront surgery followed by
chemotherapy (28.7 vs 45.6 months, P < 0.001). Optimal interval cytoreduction (<1 cm
residual disease) was associated with an increased median OS for NACT patients when
compared to NACT patients who had a suboptimal surgery (37.4 vs22.6 months, P = 0.002).
Patients who received ACT with serous histology had a shorter median OS (44.5 months)
compared to those with non-serous histology who received ACT (55.9 months, P = 0.035).
However, histology made no difference for those who had NACT (30.5 vs 28.4 months, P =
0.51). BMI had no effect on OS except for NACT patients (P = 0.024). Race and tumor
grade had no effect on OS.

The presence of comorbidities was also evaluated for effect on survival in the overall group.
Hypertension was associated with decreased survival compared to those with normal blood
pressure (40.1 vs 47.4 months, P < 0.001). Diabetes mellitus had no significant effect on OS
(39.8 vs43.4 months, P = 0.503).

Overall Survival by Beta Blocker Use

The influence of beta blocker use on OS in all patients was examined alone and in relation to
the presence of comorbidities, and the results are outlined in Table 2. Beta blocker use of
any kind was associated with a longer median OS than non-use (47.8 vs42 months, P =
0.036). When further classifying patients based upon beta blocker selectivity (SBB vs
NSBB), no difference in median OS was observed between SBB users and non-users (38
vs42 months, P = 0.196). However, patients receiving NSBB had a longer median OS than
non-users (94.9 vs42 months, P < 0.001). Additional comparisons were made based on beta
blocker use and sequence of chemotherapy (NACT vs ACT). Beta blockers users had an
overall survival benefit compared to non-users, regardless of whether they underwent
upfront cytoreductive surgery followed by ACT (49.9 vs 44.5 months, P = 0.042) or they
received NACT (37.9 vs26.3 months, P = 0.048).

Overall Survival by Beta Blocker Use and Comorbidities

Patients without diabetes had a significantly longer median OS if they received a NSBB
compared to beta blocker non-users (94.9 vs42.4 months, P < 0.001) and a non-significant
decrease in median OS if an SBB (38.2 months) was used (Table 2). Among patients with
diabetes, NSBB users had a significant increase in median OS compared to SBB users
(Table 2).

For beta blocker users the presence of hypertension had no significant effect on median OS
compared to those normal blood pressure (49 vs42.8 months, P = 0.54). Among patients
without hypertension, those who received a SBB had a shorter median OS (33.4 months)
than beta blocker non-users (47.9 months, P = 0.003). Normotensive NSBB users’
numerically greater median OS (112 months, P = 0.057) was not statistically significant
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compared to non-users (Table 2), but when compared to SBB users with normal blood
pressure significant improvement was observed (33.4 vs112 months; P = 0.001). The OS
improvement for normotensive NSBB users over non-users represented the largest
numerical difference in median OS (64.1 months).

For hypertensive patients, any beta blocker usage was associated with a longer median OS
compared to non-users (49 vs 34.2 months, P < 0.001). Hypertensive patients receiving
SBBs had a longer OS (38.2 months) than non-users (34.2 months, P = 0.007). NSBB users,
however, were observed to have a longer median OS (90 months; P < 0.001) than either
SBB or non-user patients with elevated blood pressure (Fig. 1). Hypertension had no
statistically significant effect on OS in ACT patients using beta blockers (39.6 vs 50.4
months, P = 0.517). Among NACT patients who did not receive beta blockers, those with
hypertension had a shorter median OS than normotensive patients (19.7 vs30.5 months, P <
0.001). This negative OS effect of hypertension was not seen in the NACT patients taking
beta-blockers (37.9 vs42.8 months, P = 0.80).

DISCUSSION

The prolonged OS of EOC patients receiving beta blockers, especially NSBB, is an
important finding, and to our knowledge, our study is the first to demonstrate an OS benefit
in relation to beta blocker selectivity in these patients. The ability to improve EOC patients’
survival via ADRB2 blockade using beta blockers would be the culmination of years of
research into the biology and pathogenesis of EOC. Particularly interesting is the fact that
beta blocker users in this study presented at a higher stage, had increased average BMI and
were more likely to be hypertensive. All of these factors were associated with decreased
survival, yet those who received beta blockers had either equivalent or improved OS.
Further examination revealed that NSBB users had improved OS regardless of the presence
of prognostic factors or comorbidities shown to decrease OS. This was not true for those
who took SBBs, in some cases decreased OS was observed. While further study is needed
these results highlight the importance of ADRB?2 in ovarian carcinogenesis and the utility of
NSBB.

Our study is limited by the retrospective design and the resulting inability to document the
duration of beta blocker use and dosages used by EOC patients. While it would be ideal to
have better documentation of beta blocker use in our study population, the fact that
improvement was seen in patients that used beta blockers for any duration at any dose
during their chemotherapy is promising. The validity of our findings is improved due to the
study being multi-institutional with a large cohort of EOC patients. Most importantly, the
stratification of patients by beta blocker usage and selectivity makes it unique amongst all
other studies examining the impact of beta blocker use in ovarian cancer patients>7:11,

In contrast to the current study’s findings, Eskander and colleagues found no difference in
progression-free survival or OS for EOC patients who did or did not use beta blockers®.
Similarly, when Johannesdottir and colleagues stratified the Danish Cancer Registry of over
6000 ovarian cancer patients by current (<90 days), past (>90 days), and never use of beta
blockers, the authors found no difference in all-cause mortality based on beta blocker use’.
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None of these studies reported on the selectivity of the beta blockers used. A multi-
institutional European study that evaluated the impact of beta blocker usage in patients with
platinum-sensitive recurrent EOC did report the selectivity of beta blockers used—
approximately 10% of their population were on beta blockers, and of those, only 1.5% were
on an NSBB—but did not stratify survival outcomes by beta blocker selectivity!. Without
stratification for beta blocker selectivity, direct comparison of these conflicting results is
difficult. In vitro studies have shown that it is specifically ADRB2 stimulation that
contributes to ovarian cancer development and metastasis?~412. This is supported by the
improvements in OS seen in patients taking NSBB compared to patients taking any beta
blocker. More telling is the fact that in some cases, those taking SBB had worsened survival.
It is unclear why those taking SBB did worse than those not taking beta blockers but it could
be related to the increased age, higher median BMI and presence of comorbidities in that
group. Whether or not SBB independently result in decreased OS will require further
investigation. These results showcase the importance of ADB-f3, in EOC pathogenesis and
potential for NSBB to improve outcomes in all EOC patients. Thus, it is necessary to stratify
patients based on beta blocker selectivity in future studies so that we may best understand
how to incorporate NSBB into treatment to improve individual patients’ outcomes.

In studies examining the effects of beta blockers on survival in patients with breast, lung,
ovarian cancer or melanoma, patients were taking beta blockers for cardiac or other clinical
indications and not for cancer therapy®>7:11.13.15 However, with the mounting evidence of
the potential impact of beta blockers on cancer outcomes, a prospective clinical trial is
warranted to identify patients who would benefit most from beta blocker use and to identify
the best beta blocker for a specific tumor type based on adrenergic receptor expression.
Tumor cell expression of ADRB could be used as a biomarker for selecting the patients who
would benefit from a specific beta blocker. Beta blockers could then be used as an adjuvant
therapy during surgical recovery and chemotherapy to decrease tumor angiogenesis, tumor
growth, delays in wound healing, and metastasis41°. Beta blockers may also reduce cancer-
related psychological distress in newly diagnosed cancer patientsi6. Therefore, beta blockers
have the potential to impact not only cancer biology and immunology but also the
psychological well-being of cancer patients.

Because the biological effects and recommended dosing schedules of beta blockers for
hypertension are well known, adding these drugs to ACT should be relatively easy.
However, beta blockers are degraded by the enzyme cytochrome P450 2D6, and
understanding the activity of this enzyme may play a key role in identifying doses that are
likely to have maximal clinical benefit. Several genetic polymorphisms in this gene exist,
and variations in drug sensitivity that result from these polymorphisms may determine the
individual pharmacokinetics for each patient to allow for dose optimization®.

Currently, two clinical trials are evaluating the combination of chemotherapy and variable
doses of propranolol on cancer biology as well as the NSBB’s effect on stress modulators in
newly diagnosed EOC patients”:18. The preliminary data from these feasibility trials will
help us to design adequately powered prospective randomized clinical trials to determine
whether NSBBs can improve outcomes for patients with EOC.
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Figure 1. Kaplan-Meier overall survival curves of patientswith hypertension based on beta
blocker use (non-users, selective beta blocker users, and non-selective beta blocker users)

Median overall survival was 34.2 months for non-users, 38.2 months (P = 0.005) for
selective beta blocker users, and 90 months (P < 0.001) for non-selective beta blocker users.

Cancer. Author manuscript; available in PMC 2016 April 01.



Page 9

Watkins et al.

"palyIoads asIMIayl0 ssajun (o) Suaired Jo Jaquinu ale ereq

8IT°0 (%L01) 8 v1T°0 (%z'8) 2z (%b'3) €9 selaqelq
1000 > (%2°06)89 1000 > (%6°26) 0S¢ (%e0€) 0se uolsuanadAH
T 0T 0z

(%¢€°02) ST (%T°0g) 82 (%5°0¢€) Lve [ewndogns

00T'0 (%2'62) 65 0v6'0 (%6'69) T8T (569) 682  (fenpisas wo T>) [ewndo
uonoNPaloifD
€100 (%€€T) 0T 5000 (%1vT) 8¢ (%€'8) 96 Adesayy Juean(peosN

1000 > (69) ¥'62 1000 > (0'2) 62 (r'9) 822 (as) ueay
(zw/Bx) xapui ssew Apog

(%91) 2T (%T°L1) 9% (%v'6T) v2e SnoJas-UoN

€2L0 (%18) €9 LEV'0 (%6'28) €22 (%9°08) z€6 snolas
ABojoisiH

(%88) 99 (%9'68) TvC (%€"06) 70T Al

G50 (%zT) 6 €€L’0 (%t0T) 82 (%L.'6) ¢TT 11
abels

1€ 81T 187 umousjun

(9em) 9 (%9°01) 9T (%9°€T) 26 allym-uoN

1250 (%r98) 8 2SE0 (%v'68) GET (%v98) €85 AUUM
aoey
1000 > (¥8-¢¥) 9 1000 > (9'28-6¢) 89 (0'¢6-6'T2) 9'T9  (aBuel) ueipaw ‘sreak ul 3By
anfenad (G2 =N)sJesn ox0|qeeganops-UON  anfead (692 = N)sJesn sesoojqeeg  (95TT = N)Siesn-uou x0|q erd a1s1810R IeyD

sa1sLIa1oRIRYD AseasIq pue dlydeibowaq

T alqel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer. Author manuscript; available in PMC 2016 April 01.



Page 10

‘uorjewiogul Buissiw 03 Buimo sisAfeue SO WO PAIPNJIXa SM J3sh JaX20]q Blag auQ
M

006 (89 = Uu) s1ax20]q BI3Q dAIII3[3S-UON
7'8e (28T = u) s1820]q ©I8Q 8AN08|S

0’6 (052 = u) s13400q BI3G AUy
7000 > 1000 > 2000 7000 > 7000 > e (0g€ = u) 13540019 BI3G ON uoisuaadAH
21T (2 =u) sIax00]q ©18q 9A1198]9S-UON
¥'ee (TT = u) s18X90|q 18q dAINIB|8S
8Ty (8T = u) siaxjo0]q e1eq Auy
1000 1500 €000 2000 STL0 6Ly (908 = u) s13500]q ©13q ON uoisuapadAy oN
119 Aw = 5 S19X30|Q B1aQ 3AI109|8S-UON
z1e (7T = u) 5435400 BI8q BANOBIBS
VLY (¢z = u) s1>j00q €lq Auy
1000 €810 €81°0 6,00 1860 '8¢ (€9 = u) s18500]q B33 ON sajeqeIq

6’76 pw = :v S19X20|Q B1aq 8AI109|8S-UON
A (LT = u) s13>400]q BIAG BARIRIS
g8y (9vz = u) s1vi001q €19q Auy
7000 > 1000 > 82€°0 7000 > 6200 vey (€60T = U) $125400]q-B13q ON sejoqelp oN
676  (GL =U) sI>400]q €1ag BA13I3]9S-UON
08¢ (£6T = u) S19X20]q ©I12Q dAI103]9S

8Ly (89¢ = u) Jaxj00|q BIB3Q AUy
1000 > 1000 > 96T°0 1000 > 9€0°0 rA7 (9GTT = U) $19>00|q €I8q ON syuaed |1V
g9gSN ‘A gds ggsN ga9s gg9SN  sjo|gerq A Ssyuow abesn lxo0|qeRg  UOIrR|INdod WBINRd
"ASJOM00|q BB ON  "ASJeX00|]eRdON ‘ggs ‘sloo|q  B>oo|q g ON ‘JUsne 018w} URIPB N

B}e(JOoN

sanfen-d yuel-607

Watkins et al.

,O03 YuM s1usied Ul SO J0J S3NIPIGIOWOD pue asn Ja%00|g e1ag JO saskleuy

¢ olgel

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Cancer. Author manuscript; available in PMC 2016 April 01.



