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1. Abstract

1.1. Objectives: B-blockers are drugs frequently prescribed for
various indications in cardiology and for which anticancer prop-
erties have been suggested. We aimed to evaluate the association
between the use of B-blockers and survival of women with OC.

1.2. Methods: A systematic literature search of relevant data-
bases through September 2020 was conducted to identify studies
assessing the association between B-blockers use and prognostic
in women with OC. The inverse variance weighting method with
random-effects model was used to calculate pooled hazard ratios
(HR) and 95% confidence intervals (95% CI). We assessed the risk
of immortal time bias (ITB) and the quality of the studies with the
Newcastle—Ottawa scale. Subanalyses were performed based on
quality scores and the risk for ITB.

1.3. Results: We identified 23 studies that assessed the impact of
B-blocker use on OC prognosis. There was no evidence of an as-
sociation between the use of B-blockers and the survival (over-
all, OC-specific, progression-free or recurrence-free survival) of
patients with OC. Results of subanalyses excluding studies with
potential ITB or low-quality scores didn’t change results.
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1.4. Conclusion: This meta-analysis did not show an association
between B-blocker use and survival of women with OC.

2. Introduction

Worldwide, the incidence of ovarian cancer (OC) is estimated
around 6/100 000 women per year [1]. In spite of improvements
in cancer treatments, the prognosis of OC remains poor with a sur-
vival rate of about 40% at 5 years [2-4]. In consequence, there
is a need for further research aimed at increasing the survival of
women diagnosed with OC.

B-blockers are the eight most commonly prescribed drugs among
residents of nursing home in Belgium [5]. B-blockers are used for
various indications including hypertension, cardio protection after
myocardial infarction and migraine. The variety of these indica-
tions reflects the abundance of B-adrenoceptors in the body [6,7].

Preclinical studies have shown that OC cells express B-adreno-
ceptors and that B-blockers may impede carcinogenesis [8-10].
Following these encouraging findings, observational studies have
investigated the association between B-blocker use and OC out-
comes and some of their results seemed to be contradictory. Subse-
quently, those findings have been summarized in four meta-analy-
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ses [11-14]. One of these confirming beliefs that f-blockers might
improve ovarian cancer survival [11]. And others, conversely,
showing no effect and suggesting that the observed results in
some studies were influenced by immortal person-time bias (ITB)
[12-14]. This bias occurs when the definition of the exposure is
based on an exposition after the start of the follow-up. By defini-
tion, patients had to survive until this exposition to be classified
as exposed. Therefore, exposed patients could not die during this
period, called the immortal time period. The exposed patients were
not yet exposed during this period but they are already classified
as exposed which may lead to an overestimation of survival in
this group [15]. We have conducted a systematic review with the
latest publications to assess the relationship between the use of
B-blockers and OC survival with particular attention to quality of
the studies and more particularly the risk of ITB.

3. Methods

The present systematic review and meta- analysis is reported ac-
cording to the Meta- analysis of Observational Studies in Epidemi-
ology (MOOSE) guidelines [16].

3.1. Search strategy and selection criteria We performed a sys-
tematic literature search by using the databases of PubMed (Na-
tional Library of Medicine), Scopus, and Embase (Elsevier) from
inception through September 2020. The following search terms
were used: “adrenergic beta-antagonists” and “ovarian neoplasm”
(as Medical Subject Headings terms), and “beta-blocker*” and
“ovar*” and “cancer*”/“tumor*”/“tumour*”/“malignan*” /“neo-
plasm™*” (as text words in the title or abstract). We made no restric-
tions on language and publication type. Moreover, we conducted a
manual screen of the reference lists of the retrieved articles, meta-
analysesandreviews. The population considered for this review
was women diagnosed with invasive OC and the exposure of in-
terest was B-blocker use. Outcomes analysed were overall death,
death due to OC, progression and recurrence of OC. Prospective
and retrospective cohort studies reporting hazard ratios (HR) were
selected. Reviews papers, meta-analyses, editorials, letters, com-
mentaries and preclinical studies were excluded.

3.2. Data extraction and Management

We used Endnote X9 to compile the identified studies and remove
the duplicate records. First, we screened the titles for eligibility
and excluded studies with obviously ineligible subjects. Then, we
retrieved and screened the abstracts and full texts of the remaining
studies for final inclusion. When several studies were based on the
same database, we selected the most recent publication with most
complete data. We extracted the following information from each
included publication: the last name of the first author, the study
design, the country, the year of publication, the sample size, the
number of B-blocker users, the follow- up period, the mean or me-
dian age, the adjustment variables, the outcomes, and the HRs with
corresponding 95% confidence intervals (95% CI).
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3.3. Data synthesis and Analysis

We used the inverse variance weighting method and random-ef-
fects models to calculate the pooled HRs. When the confidence
limits were not indicated, we estimated variance from the p-values
(p) [17]. The primary meta-analysis included all studies classified
according to survival outcomes measures (overall, ovarian can-
cer-specific, progression-free or recurrence-free survival). When
several HRs were reported for different timing of B-blocker use
(perioperative, pre- or post-diagnostic use), we used HRs for post-
diagnostic use. Subgroup analyses were also conducted according
the timing of B-blocker use. Further secondary analyses including
only studies considered to be ITB-free were conducted in order to
assess the effect of ITB on the pooled results. I? statistics was used
as an index of between- study heterogeneity. The risk of bias of the
included studies, was rated using the Newcastle—Ottawa quality
assessment scale for cohort studies [18]. This scale assesses the
quality of the following parameters: selection, comparability, and
exposure/outcome assessment. The presence of potential publica-
tion bias was assessed using Egger's test [19]. All analyses were
conducted in RStudio Team (2021).

4. Results

4.1. Study selection

The selection of studies is shown on Figure 1. Seven hundred nine-
teen citations were identified after database searches. Titles of 541
publications were screened after removing duplicates. Abstracts

or full texts of 95 publications were further reviewed. Finally, 23
studies were included in the pooled analyses.

—
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Figure 1. Flow diagram of study inclusion for the meta-analysis.



Volume 6 Issue 8 -2022

4.2. Characteristics of Included Studies

The characteristics of studies included in the meta-analysis are
shown in Table 1. Among the 23 included studies, there were 4
cohort studies [20]-[23], 7 population-based studies [24-30] and
12 clinical series [31-42]. Fourteen studies were rated as no IT
biased [22], [24-27], [29-31], [34,36], [38,39], [41,42], 8 were rat-
ed as potentially IT biased [20], [21], [28], [32], [33], [35], [37],
[40] and one presented some analyses with low risk of ITB. Others
had a high risk of ITB [8]. All studies were published between
2011 and 2021 and 7 were only published in abstract form [21],

Systematic Review

[23], [26], [31], [33], [34], [39]. Studies included were conducted
in USA [21-23], [30-36], [39], [41], Belgium [29], [42], UK [24],
[27], Germany [20], [38], Korea [28], [40], Ireland [26], Denmark
[25], and Israel [37]. Study quality scores are summarized in Ta-
ble 2. The Newcastle-Ottawa scale values ranged from six to nine
stars: one study was awarded 6 stars [20], 4 study were awarded 7
stars [6], [13], [16], [18], 9 studies were awarded 8 stars [23-25],
[271, [32], [35], [37], [40], and 9 studies were awarded 9 stars [22],
[26], [29], [30], [34], [36], [38], [41], [42]. There was no evidence
of publication bias (Egger's test P=0.06).

Table 1. Characteristics of studies included in the meta-analysis by year.

Author, ref, Desien Participants BB data BB g? osure ;a(t:le::;s Follow-u Outcomes Adjusted|Potential
year, country g characteristics  |source P o P for* ITB
definition users)
subtype
Population Start: dx 1,2, 8d,
Primary SBB, Pre-dx use: >2 rx in )
Shah [24], 2011, UK -based study oc care database NSBB the yr before dx 148 (72) 1;/([)1n 1yr, max | OS 8e, 10e, No
yr
12
;BBS % Post-dx wuse: > 2 1,3,4,
Diaz [32], 2012, USA |Clinical series |Stages III-IV EOC | Medical records * |medical documents|, o 53 g gy oS Yes
min 6 mo apart after
dx
2 5 % 6a
NSBB
Pre-dx use: > 30
Eskander [31], days of
Clinical series | All stages EOC ~ [Medical records |nr 680 (144) |Start: dx oS 1,3 No
2012, USA use before dx
;%}ia;nnesdottlr (23], Population Start: dx 1,2,9d,
Prescription Pre-dx use: 1 rx in|6 6 2 6
Denmark -based study All stages OC database / 90 days before dx |(460) 08 10bcd Ne
Median: 2.55
yr
o, ~ . .
Heitz [20], 2013, Self-disclosure | 4 7| Post-dx user ever Start: 1, 6b, 9,
SBB, use randomization
Cohort study |Recurrent OC 381 (38) OS, PFS Yes
L 1 6 %/ (analyzed before each
Germany and explicit request NSBB chemo cycle) 13
Median:
17 mo
Beeghly-Fadiel [33], Clinical series | Stages I-IV OC [ Medical records SBB, nr 1147 Start: dx oS b3 Yes
2014, USA g NSBB (142) ’
7
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Dickson [34], Perioperative  use:
Clinical series |All stages OC / / use at time of initial | 185 (70) |Start: surgery |OS, PFS 1,3, No
surgery
2014, USA
Brown [26] Population Pre-dx ‘use: use in Start: dx 1,2,3,4
’ P the yr before dx ’ T
Community 1823
Invasive OC prescription|/ 432) OS OCSS No
2015, Ireland _based study records Post-dx: ever use 6a, 8bee,
after dx 12
Median: 5.8 yr
All stages OC
. . with min 2 rx of
Springate [27], Population tihvpertensi 1,2, 8fg,
antihypertenst - Ve Natjonal primary|S B B ,|Pre-dx use: 1 rx in 351(151) Start: dx Max: os No
drugs in the care databases [NSBB  |the yr before dx 10 yr
2015, UK -based study |yr before dx 10e, 12
0,
Watkins [35], ;%3{; 1,3,5,
’ Post-dx use: rx 1425
Clinical series | All stages EOC Medical reports  |28% during neo- adj or (269) Start: dx 0OS, OCSS Yes
2015, USA NSBB  |adj chemo 6ab, 7,
9ab, 11
Table 1. (Continued).
. Participants BB BB exposure | Patients N Follow- Adjusted|Potential
Author, ref, year, country |Design characteristics BB data source definition (nofusers) |up Outcomes for* ITB
subtype
Perioperative Start:
Al-Niaimi [36], use: puse at primary 1,3,4,
Clinical series | All stages EOC |Medical records | SBB tim;: of initial 185 (70) surgery | OS, PFS No
2016, USA surgery Median: 6a, 9, 11
91 mo
Bar [37], 2016, 143 Start: dx 1, 3, 6b,
Healthcare Post-dx — use:
Israel Clinical series | All stages EOC pharmacy records nr min 1 yr of use 25 OS, RFS 9ab, 10abc Yes
following dx
Median:
48.75 mo
Merritt [21], Cohort study |All stages EOC |Questionnaires |nr nr nr nr OCSS nr Yes
2016, USA
Heitz [38], 2017, E:CT.IOPESY:UV; Start: dx. L,3,5,
Clinical series | All stages EOC |Medical records | SBB tim;: of initial 801 (141) Median:|OS, PFS No
surgery 40 mo
Germany 6a, 9cde, 11
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Minlikeeva [22],
Questionnaires,
Cohort study ;tg%es v interviews or IS\ISIIBBBB ’|nr 2294 (318) Start: dx |OS, PFS 1,3 No
2017, USA + medical records
Australia
. 51 %
Baek [28], 2018, Population SBB Start: dx 1,2,9d,
National Health 73 5
Korea -based study |OC Insurance NSBB °|nr 866 (206) 0S, OCSS |10bed Yes
databases
Median:
6.15 yr
(Pre-dx: 899,
Huang [23], post- 1,345,
Cohort study |OC nr nr or Min 4 yr |OCSS Yes/ No
2018, USA dx: 683) 11
Perioperative
Mattappally [39], 2018,| ... . . . S B B ,|use: use at
USA Clinical series [ EOC Medical records NSBB time of initial |2 nr OS, PFS nr No
surgery
3 0 % Start: 6
Couttenier [29], SBB ° 6197 mo after 1,2,3,5,
’ Post.d dx
. ost-dx  use:
) gOP(;llat“don All stages EOC Hhe althe arde 3 2 o4|ever use after 0OS, OCSS No
2019, Belgium ased- study pharmacy records NSBB dx -2373 6ab, 9a
Median:
349 yr
Harding [30], > 66 yr EOC . 12195 Start: 1 yr 1,2,3,5,
Population Healthcare|S B B, Eoztixinu:;' after dx 0CSS N
based- study ) pharmacy records |NSBB ;rafter dx ¢ Mean: 2.2 6ab. 7. Sa °
2019, USA patients -1302 yr 8bd, 9abd
Table 1. (Continued)
. Participants BB BB exposure|Patients N (n|Follow- Adjusted|Potential
Author, ref, year, country |Design characteristics BB data source definition of users) up Outcomes for ITB
subtype
0,
Cho [40], 2020, ‘;BEf 7 Post-dx  use: 1,3, 6a,
Clinical series | All stages EOC |Medical records ' I fqr 6 mo 878 (62) Start: PFS Yes
following dx surgery
or surgery
0,
Korea 55 % 9,14
NSBB
9 0 % Start:
Gonzalez [41], SBB. surgery 1, 3, 6ab,
Perioperative:
2020. USA Clinical series lS:;tS%:es eIV Medical records|1 0 %/|use at time of|534 (105) oS 7 9d No
> NSBB |initial surgery T
Median:
49 mo 10abe
Couttenier [42], S BB Perioperative: Start. 1,2,4,6,
Clinical series | All stages EOC |Medical records *|use at time of|170(35) "|10S No
NSBB o surgery
initial surgery
2021, Belgium 9ef, 11
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Abbreviations: adj, adjuvant; dx, diagnosis; chemo, chemotherapy; CSS, cancer specific survival; ITB, immortal time bias; EOC, epithelial ovarian cancer; fu, follow-up;
mo, month(s); neo-adj, neo-adjuvant; nr, not reported; OC, ovarian cancer; OCSS, ovarian cancer specific survival; OS, overall survival; PFS, progression sur-
vival; RFS, recurrence free survival; rx, prescription; yr, year(s).

*1,Ageatdiagnosis; 2, yearofdiagnosis; 3, stage; 4, grade; 5, tumourhistology; 6 cancer treatment (6a, surgery/ cytoreductive status/residual tumour; 6b, chemother-
apy); 7,race/ethnicity; 8, socio-economic variable (8a, censustract poverty level; 8b, marital status; 8c, urban/rural; 8d, national region/location ofresidence; 8e, area
deprivation; 8f, Regional Health Authority and practice postcode; 8g Index of Multiple Deprivation. ); 9, comorbidities (9a, diabetes mellitus; 9b hypertension; 9c,
American Society of Anesthesiologist (ASA) class; 9d, Charlson score; 9¢, ECOG performance status/ WHO status; 9f, cardiovascular disease); 10, concomitant
druguse (10a, metformin; 10b, statin; 10c, aspirin; 10d, diuretic; 10e, number of medications received in the year before diagnosis); 11, BMI; 12, smoking;
13, study treatment; 14, BRCA mutation.

Table 2. Methodological quality of studies included in the meta-analysis.

Selection Comparability Outcome
. Selection of Outcome of Follow-up long
Author, ref Representativen . . Control for Adequacy of
the Ascertainment ~ of |interest  not| Assessment enough
ess of the important factor follow-up
unexposed exposure present at start . of outcome for outcomes
exposed cohort or additional factor® of cohorts
cohort of study to occur®
Diaz [32] * * * * * * * *
Eskander [31] * * * * *x * *
Johannesdottir [25] | * * * * * * * *
Heitz [20] * * * * * *
Beeghly-Fadiel [33] | * * * * * * *
Dickson [34] * * * * *x * * *
Brown [26] * * * * Kk * * *
Springate [27] * * * * * * * *
Watkins [35] * * * * * * * *
Al-Niaimi [36] * * * * Fx * * *
Bar [37] 3k sk sk sk b 3k %k b
Merritt [21] * * * * * * *
Minlikeeva [22] * * * * wH * * *
Baek [28] * * * * * * *
Huang [23] * * * * * * * *
Mattappally [39] |* * * * * * *
Couttenier [29] * * * * ol * * *
Harding [30] * * * * k% * * *
Cho [40] * * * * * * * *
Gonzalez [41] * * * * * ok * * *
Couttenier [42] * * * * o * * *

Studies could be awarded a maximum of one star for each item except for the item Control for important factor or additional factor. The explanation of each column
ofthe Newcastle-Ottawa Scale is available from [18]. * Studies received one star for controlling each of these factors: immortal time bias and stage. (A maximum of
two stars could be awarded for this item.) ® Studies with a median follow-up time >24 months were assigned one star. © Studies with a follow-up rate > 75% were
assigned one star.
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4.3. Overall Survival

Nineteen studies investigated the association between p-blocker use
and overall survival (OS). Among these, 13 studies (7 clinical series
and 5 population-based studies and 1 cohort study) were rated as
ITB-free and the six remaining were likely to have ITB. The pooled
HR for B-blocker use and OS was 0.85 (95% CI, 0.69-1.03) with be-
tween-study heterogeneity (I%,61.1%; p, <0.01) (Figure 2). The pooled

Systematic Review

estimateofasecondaryanalysis excluding studies with potential risk
for ITB (Figure3)showedno OSbenefit for -blockers users(HR,1.09;
95%CIL,0.96-1.2;12,57.9%). In order to explore between-study het-
erogeneity, we performed subanalyses based on timing of exposure
(FiguresS1,S2and S3), quality scores (Figure S4), and one exclud-
ing the study of Mattappally et al. [39] whichreportsresultsverydiffer-
entfromthose of otherstudies (Figure S5).

Fhady H p-blocker users o5 HR %01 Weight
Likely ITR

Diaz, 2012 {post-dx, NOS=8) 248 23 0.54 j030; 098] 4.5%
Heitz, 2013 (posi-dy, NOS=E) 381 ] 0,74 (048 1,011] S5
Betghly-Fadkil, 2014 (00 tining, NOS=T) 1147 142 = 085 [051; 0.85]  B4%
Waiking, 2015 (post-ts, NOS=8) 1425 269 - 026 [0u1D; 0.38]  6.0%
B, 2006 [post-da, NOS=H) 143 5 : 110 0BT 2.00]  44%
Baek, 2018 (21 yoar user, NOS-T) b6 ar —_ 027 017 0.44] S0%
Heterogensity: 17 = 85.1%, p < 0.01

He ITB

Shah, 2011 (poe-de, NOGT) 148 72 T 114 JOE3; 2.08] 4%
Eskander, 2012 (pre-cle, NOS=T) &80 T4 ———|' 0.53 [0.23; 1.21] 32%
Johannesdottr, 2010 (pre-dx, NOS=8) G626 m AT (102 1.04] 7%
Dickson, 2014 (peri-op, NOS.9) 188 70 068 [oud6; 1.00] BT
Brown, 2015 (post-dx, NOS=8) 1823 412 _1— 160 [0.85 3.04] 4%
Speingate, 2015 (pro-dy, NOS=8) as1 151 = 1,06 (074 1.49] 59%
A-bhaimd, 2018 (pori-op, NOS=D) 185 70 = 068 [0.46; 1.00] 5%
Heltz, 2017 (pati-op, NOS=9) 801 141 = 084 (6% 1.29]  61%
Miriceeva, 2017 {no Sming, NOS=4) 2204 Ja 1.20 [1.03; 1.40] &.9%
Maltappally, 2018 (péri-on, NOS=T) : E | - 582117 28.80]  1.4%
Coutserier, 2019 (post-dx, NOS=5) (8- 2373 120 (142 1.30] %
Gonzalez, 2020 (peri-op, NOS=9) 534 08 |= 157 [104; 2.08] &%
Coutteriar, 2021 (por-op, NOS9) 170 35 . 094 (056 1.57] 48%

Hetorogeenity: I « §1,1%, g < 0.01

Random effects model
Pesdual e Ta85%, p 2001
Toni lex cvorall ofiect: 7 = -1.87 (o = 0.09) ol

O g wih [ bl ey

051

- -

0.85 [0.60; 1.03] 100.6%

2 10

*
AP e ) T DA Ry

Figure 2: Forest plot (random-effects model) of B-blockers use and overall survival. HR, hazard ratio; ITB, immortal time bias; N, number of

patients; OS, overall survival; 95% CI, 95% confidence interval.

Study N p-blocker users [ HR  95%-Cl Weight
Cohort |

Minkkssva, 2017 (no tming. NOS-8) 2204 e 120 [1.03; 1.4) 14.5%
Heterogerty” not appbcabis

Haospital

Eskander, 2012 (pre-d, NOS«T) 680 144 — 053 [0.23; 1.2] 2.1%
Dhckscn, 2014 peri-op. MOS=8) 185 0 = 068 [0.46; 10] 6.5%
Ab-bEaimi, 2016 (peri-op, NOS=5) ] 70 - 0648 [0 0] 6%
Haitz, 2007 (paei-op, NOG=9) 8 141 - 094 (069 13 87%
Matiappally, 2018 (peri-op, NOS«7) i . 582 [1.17,289] 0.6%
Gongalez, 2020 (peri-op. NCS=5) 534 105 - 1.57 [1.04; 2.2) 8.5%
Couttarder, 2021 (pori-op, NOS=9) 17 5 ——— 054 [0.56 16) J46%
Heterogensity: ¥ = T29%. p< 001

Popilation

Shah, 2011 [pre-dx, NOSa7) 148 - — 1,04 [0.83; 21) 3.7%
Joharnasdoiiir, 2013 (pre-dx, NOS=8) 6626 373 A7 [102; 1.3) 15.2%
Brown, 2018 (post-dx, NOS=8) 1823 4az b 161 [0.85 3.0] 33%
Springate, 2015 (pre-ge, NOS=8) as1 151 -+ 105 [0.74; 15 T.6%
Coutierier, 2010 (post-dz, NOS-0) 8167 273 120 [1.42; 18] 174%
Heberogersity: I = 0%, o= NA

Random etfects model i B 1.08 [0.96; 1.2] 100.0%
Resichaal hotevogenity: I = S7.9%. g« 0.01 T T

Tost for cvorall eflect: 7 = 1,27 (p = 0.21) o1 051 2 10

14 v e s e

-
L chraevis st it ko e

Figure 3: Forest plot (random-effects model) of B-blockers use and overall survival, restricted to studies with low risk of immortal time bias.

HR, hazard ratio; ITB, immortal time bias; N, number of patients; OS, overall survival; 95% CI, 95% confidence interval.

Figure S1. Forest plot (random-effects model) of -blockers pre-diagnostic use and overall survival.

Study N p-blocker users 0s HR  95%-Cl Weight
No ITB i
Shah, 2011 (pre-dx, NOS=7) 148 72 —_— 1.14 [0.63;21] 8.5%
Eskander, 2012 (pre-dx, NOS=7) 680 144 —_— 0.53 [0.23;1.2] 4.5%
Johannesdattir, 2013 (pre-dx, NOS=8) 6626 373 —— 1.17 [1.02;1.3] 66.1%
Springate, 2015 (pre-dx, NOS=8) 351 151 e 1.05 [0.74; 1.5] 20.8%
Heterogensity: I° = 17.6%, p = 0.30 :
Random effects model ol 1.10 [0.92; 1.3] 100.0%
= T 1

Residual heterogenaity: [° = 17.6%, p = 0.30
Test for overall effect: z = 1.05 (p = 0.29)

HR, hazard ratio; ITB, immortal time bias; N, number of patients; OS, overall survival; 95% CI, 95% confidence interval.
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Figure S2. Forest plot (random-effects model) of B-blockers perioperative use and overall survival.

Study N p-blocker users Qs HR 95%-Cl Weight
No ITB

Dickson, 2014 (peri-op, NOS=9) 185 70 & 3 0.68 [0.46; 1.0] 19.2%
Al-Miaimi, 2016 (peri-op, NOS=9) 185 70 . 3 0.68 [0.46; 1.0] 19.2%
Heilz, 2017 (peri-op, NOS=9) 801 141 : 3 0.94 [0.69; 1.3] 20.7%
Mattappally, 2018 (peri-op, NOS=7) . i —=— 5.82 [1.17, 28.9] 4.1%
Gonzalez, 2020 (peri-op, NOS=9) 534 105 - 1.57 [1.14; 2.2] 20.6%
Couttenier, 2021 (peri-op, NOS=9) 170 35 —— 0.94 [0.56; 1.6] 16.2%
Heterogeneity: I° = 75.2%, p < 0.01

Random effects model 5'3 0.99 [0.70; 1.4] 100.0%
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Figure S3. Forest plot (random-effects model) of B-blockers post-diagnostic use and overall survival.
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Figure S4. Forest plot (random-effects model) of -blockers use and overall survival, restricted to studies with NOS=>8.
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Figure S5. Forest plot (random-effects model) of B-blockers use and overall survival excluding the study of Mattappally et al [39].
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4.4. Ovarian Cancer Specific Survival

Six studies have investigated the association between B-blocker use
and ovarian cancer specific survival (OCSS). These 6 studies have an-
alysed the post-diagnostic use of B-blockers and among these studies,
3 were rated as havingahighrisk for ITB. The pooled data suggest-
ed a possible improvement of OCSS that didn’t reached the statistical
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Figure 4. Forest plot (random-effects model) of B-blockers use and ovarian cancer-specific survival

significance(HR,0.73;95%CI,0.51- 1.06) with between-study hetero-
geneity (I%, 91.5%; p, <0.001) (Figure 4). Conversely, the subanal-
ysis excluding studies with potential ITB showed no association
between B-blockers use and OCSS (HR, 0.95; 95% CI, 0.74-1.23;
12, 85.5%) (Figure 5) In order to explore between-study heteroge-
neity, we performed a subanalysis based on quality scores (Figure
S6).
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Figure 5. Forest plot (random-effects model) of B-blockers use and ovarian cancer-specific survival, restricted to studies with low risk of im-

mortal time bias. HR, hazard ratio; ITB, immortal time bias; N, number of patients; OCSS, ovarian cancer-specific survival; 95% CI, 95% confidence interval.
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Figure S6. Forest plot (random-effects model) of B-blockers use and ovarian cancer-specific survival, restricted to studies with NOS>8.
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Figure S7. Forest plot (random-effects model) of B-blockers perioperative use and progression-free survival.
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Figure S8. Forest plot (random-effects model) of B-blockers post-diagnostic use and progression-free survival.
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Figure S9. Forest plot (random-effects model) of B-blockers perioperative use and progression-free survival, restricted to studies with NOS>8.
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5. Discussion

In this systematic review and meta-analysis of twenty-three non-ran-
domized studies, there was no significant association between [3-
blocker use and OC prognosis. The pooled estimates were essentially
similar for OS, OCSS, PFS and for all secondary analysis based on
time of exposure, risk of ITB or NOS. The biological mechanisms by
which p-blockers might improve the prognosis of women with OC
have been investigated in previous in vitro and in vivo studies [8-10].
Preclinical studies have shown that adrenergic receptors-f§ (ADRB)
are expressed on OC cells. When catecholaminehormonesbindthese
receptors (more specifically ADRB?2) it activates the protein kinase
A signaling pathway which stimulates the expression of vascular
endothelial growth factor (VEGF) and increases the production of ma-
trix metalloproteinase (MMP)-2 and MMP-9. VEGF enhances the
formation of blood vessels and MMPs are involved incell prolif-
eration, differentiation, migration, angiogenesis and apoptosis [8,9].
Experimental studies have suggested that these pro-tumoral effects
could be abrogated by B-blockers[8]. Our meta-analysis has numer-
ous strengths. First, our literature search was comprehensive, system-
atic, reproducible and included published and unpublished pa-
pers. None exclusion criteria in terms of language, methodological
characteristics or place of publication were applied. Compared to
the mostrecentmeta-analysesconducted by Wen et al. [43] our analysis
included 12 additional studies. Second, we carefully assessed meth-
odological quality and risk of ITB in all studies. We performed sec-
ondary analyses excluding studies with lower NOS or serious risk of
ITB. Moreover, the results of allour subanalyses weresimilar. Our
clinicsofoncology.com

study also presents some limitations. Firstly, we have no information
regarding the compliance to the use of B-blocker. Secondly, we cannot
exclude the risk of information bias inthe included studies. Thirdly, we
cannotrule out the risk of residual confounding from unregistered
variables. Nevertheless, the present systematic review andmeta-anal-
ysisshowed no beneficial effect of B-blockeruse on OC prognosis. All
studies showed that women keeping a -blocker treatment after an
OC diagnosis of didn’thave a poorer prognosis than women who didn’t
use B-blockers.
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