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Background: Ovarian cancer is one of the
most lethal malignancies affecting women,
often diagnosed at advanced stages. Bevacizumab, a novel ther-
apeutic agent, has recently demonstrated efficacy in the man-
agement of this disease. However, its use has been associated
with various adverse effects reported in clinical trials. This sys-
tematic review and meta-analysis aimed to provide a compre-
hensive evaluation of urinary complications linked to
Bevacizumab therapy in ovarian cancer patients.

Methods: This systematic review and meta-analysis involved a
comprehensive search of databases such as PubMed, Scopus,
Embase, Cochrane Library, Web of Science, and Google
Scholar, covering studies up to October 2024. Eligible studies
were randomized controlled trials (RCTs) that compared ovari-
an cancer patients undergoing Bevacizumab treatment with
those receiving other therapeutic options. The primary outcome
was the relative risk (RR) of developing urinary complications,
categorized based on disease grade and stage.

Results: A total of 11 interventional studies were ultimately
included in the analysis. The relative risk (RR) of urinary com-
plications in patients receiving Bevacizumab in combination
with chemotherapy, compared to the control group treated with
chemotherapy without Bevacizumab, was significantly elevated
for key adverse events. The overall risk of complications,
regardless of type, was 1.76 times higher (RR = 1.76, 95% CI:
1.18-2.61, p = 0.005). Specific adverse events included a 6.13-
fold increase in the risk of proteinuria (RR = 6.13, 95% CI:
2.84-13.25, p < 0.001), a 5.03-fold increase for hyponatremia
(RR = 5.03, 95% CI: 1.08-23.52, p = 0.039), and a 2.41-fold
increase for hyperkalemia (RR = 2.41, 95% CI: 0.57-10.22,

p = 0.232). Additionally, subgroup analysis based on grading
revealed that the risk of proteinuria in the treatment group
compared to controls was 6.35-fold higher for patients with
grade < 2 and 6.55-fold higher for those with grade > 3.
Conclusions: This study demonstrated that the use of
Bevacizumab in patients with ovarian cancer significantly
increases the overall risk of urinary complications, particularly
proteinuria. These findings could contribute to enhanced aware-
ness, facilitating the early identification and management of
these adverse effects.
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INTRODUCTION

Ovarian cancer is one of the deadliest cancers affecting
women, with approximately 230,000 new cases diag-
nosed annually and 150,000 deaths attributed to the dis-
ease each year (1). Approximately 75% of ovarian cancer
cases are identified at advanced stages, leading to a high
mortality rate. The 5-year survival rate for these patients
is reported to be as low as 29% (2). Early symptoms, such
as fatigue, early satiety, and changes in bowel habits, are
often nonspecific. Although these symptoms frequently
manifest long before a formal diagnosis, patients typical-
ly do not seek medical evaluation for them (3). Given the
high mortality associated with this malignancy, identify-
ing novel and effective therapeutic approaches remains a
critical priority.

The initial step in the treatment of ovarian cancer typical-
ly involves surgery aimed at tumor debulking or complete
removal. If the tumors are confined to the ovaries, surgery
alone can lead to a potential cure (4). Following surgery,
chemotherapy is commonly administered using agents
such as carboplatin and intravenous paclitaxel. These
drugs are generally prescribed in cycles of three weeks,
spanning 3 to 6 cycles or more, depending on the case
(5). Despite the use of these chemotherapeutic regimens,
the mortality rate for ovarian cancer remains high,
prompting the exploration of novel therapeutic options.
One such therapy is Bevacizumab, a humanized recombi-
nant monoclonal antibody that exerts its effect by inhibit-
ing vascular endothelial growth factor (VEGF) (6).
Bevacizumab inhibits VEGF, thereby disrupting angio-
genesis, the process of forming new blood vessels that are
critical for cancer cell growth and survival. Several stud-
ies have demonstrated the efficacy of incorporating
Bevacizumab into standard ovarian cancer treatment pro-
tocols.

Several significant adverse effects have been reported
with the use of Bevacizumab, including gastrointestinal
perforation and obstruction, thromboembolic events, and
hypertension (7, 8). Although chemotherapy and target-
ed therapies have markedly enhanced cancer treatment
outcomes, their administration is frequently associated
with notable systemic toxicities, impacting various organ
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systems and complicating clinical management efforts
(9). Another critical adverse effect is proteinuria, which
has been observed in up to 63% of patients receiving
Bevacizumab (10). VEGF plays a crucial role in protect-
ing the endothelial cells of glomeruli in the kidneys. By
inhibiting VEGF, Bevacizumab disrupts the repair mech-
anisms of glomerular damage, potentially leading to pro-
teinuria (11). Additionally, hypertension, another com-
mon adverse effect of Bevacizumab, may further impair
renal function. Hypertension can damage renal vascula-
ture, exacerbating protein loss through the kidneys (12).
Various studies have reported a range of urinary compli-
cations associated with the use of Bevacizumab in
patients with ovarian cancer. However, these complica-
tions have not been specifically investigated in prior
research. This systematic review and meta-analysis aims
to provide a detailed evaluation of urinary adverse effects
linked to Bevacizumab use in this patient population.

MATERIALS AND METHODS

Study design

This systematic review with meta-analysis has been con-
ducted and reported in accordance with the PRISMA
(Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) guidelines (13).

Search strategy and resources

The literature review encompassed various databases,
including PubMed/Medline, Scopus, Embase, Cochrane
Library, and Web of Science. Moreover, clinical trial reg-
istries like ClinicalTrials.gov and the International Clinical
Trials Registry Platform (ICTRP) were also explored
through October 2024. Gray literature was also reviewed
to identify additional studies. The search was performed
without any restrictions on time frame or language. The
search strategy included both MeSH (Medical Subject
Headings) and non-MeSH keywords such as:
Bevacizumab, Ovarian Neoplasms, Ovarian Tumors,
Ovarian Malignancies, Ovarian Carcinomas, Ovarian
Masses, Adverse Effects, Side Effects, Proteinuria,
Incontinence, Hematuria, Acidosis, Hyperkalemia,
Hypokalemia, Infections, Dehydration, Hyponatremia,
Hypernatremia, Urinary, Pain, RCT, Trial, Randomized,
Randomized Controlled Trials. A multi-step process was
employed to identify the relevant search terms and design
the search syntax. This strategy utilized a combination of
common free-text keywords and Medical Subject
Headings (MeSH) terms (Appendix 1).

Selection criteria

The results from the mentioned databases were inde-
pendently imported into EndNote software by two
researchers. Duplicate records were identified and
removed using EndNote. The remaining articles were
then screened by both researchers to determine their eli-
gibility. Discrepancies between the two were addressed
and resolved by consulting a third researcher.

This study included randomized controlled trials (RCTs)
involving patients with ovarian cancer who received
Bevacizumab as part of their treatment and reported uri-

nary complications as an adverse event. Eligible studies
were required to have a control group receiving alterna-
tive treatments, such as chemotherapy without
Bevacizumab. Review articles, case studies, cohort stud-
ies, and trials that did not report outcomes related to uri-
nary complications were excluded. Urinary complications
were graded according to the Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0 (14).
Disagreements between evaluators were resolved through
discussion with a third reviewer. The relative risk (RR)
was calculated as the effect size for the analysis.

Data extraction

The outcomes included the frequency of various urinary
complications, such as overall urinary adverse events
(without specifying the exact type), proteinuria, urinary
tract infections, hyponatremia, dehydration, hyper-
kalemia, and hypokalemia, in both the intervention and
control groups. The following data were extracted from
each study: the first author’s name, publication date,
years of data collection, intervention and control groups,
disease grade, disease stage, participating countries, age
range of patients in the intervention and control groups,
intervention drug dosage, sample size, and the type of
urinary complications observed in the intervention and
control groups.

Quality appraisal

Bias in the included randomized controlled trials (RCTs)
was systematically evaluated using the Cochrane RoB 2.0
tool, first introduced in 2016 and last updated on August
22, 2019. This revised tool assesses several domains,
including the randomization process, deviations from
planned interventions, missing outcome data, outcome
measurement, and selection of reported results (15). The
studies were classified into three categories: low risk of
bias, high risk of bias, and some concerns. Screening,
study selection, validation, data extraction, and quality
assessment were carried out independently by two
researchers, with any disagreements resolved by a third
reviewer to achieve consensus.

Publication bias

Publication bias was assessed using funnel plots and
Eggar's weighted regression (16). A p-value > 0.05 was
considered indicative of no significant publication bias.

Subgroup analysis
Subgroup analyses were conducted based on grade (grade
< 2 and grade > 3) and disease stage (I-1V).

Statistical analysis

The data were input into a statistical software program,
and analyses were conducted using STATA version 14.0
(Stata Corporation, College Station, TX). A random effects
model was applied to address heterogeneity across stud-
ies. Heterogeneity was assessed using Cochran’s Q test
and Higgins' I? test, alongside qualitative evaluation of
differences between studies by the researchers. Forest
plots were generated to illustrate the effect size of each
study and pooled estimates. A p-value of less than 0.05
was considered statistically significant.
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REsuLTS

Study selection

A total of 563 articles were identified through the search
across all international databases. After removing dupli-
cates, 457 articles proceeded to the title and abstract
screening stage. Following this screening, 21 articles were
selected for further review. During this phase, the full
texts of the articles were reviewed, resulting in the inclu-
sion of 11 studies in the final analysis. Furthermore, the
references of these articles were examined to identify and
incorporate any additional relevant studies. The study
selection process is depicted in Figure 1.

Characteristics of studies

The included studies were up to October 2024. A total of
11 studies, encompassing 18 records within the specified
timeframe, met the eligibility criteria and addressed one
or more of the reported urinary complications associated
with Bevacizumab use, classified by grade and stage of the
complication. Most studies collected data as multicenter
trials and included patients across stages I-IV. Three stud-
ies in the control group utilized monochemotherapy,
while the remaining studies employed multidrug regi-
mens. Descriptive details of these studies are presented in
Table 1 (7, 8, 17-25).

Quality appraisal

The results of the quality assessment are illustrated in
Figure 2. Based on the evaluation using the specified
checklist, six studies were classified as having good qual-
ity (low risk), five studies were rated as having some con-
cerns, and none were deemed to have poor quality (high
risk). Notably, all included studies were randomized tri-
als.

Heterogeneity

The results of the chi-squared test and I? index indicated
significant heterogeneity among studies reporting on pro-
teinuria, which included nine studies (12 = 69.45%, Q-
value = 29.10, p = 0.0003). For other complications, the
number of studies was smaller, and the heterogeneity was
not statistically significant. However, due to the inherent
qualitative differences between studies, a random effects
model was applied to all analyses.

Results of the meta-analysis

Relative risk of Bevacizumab side effects

The random effects model revealed that the relative risk
(RR) of urinary complications was generally higher in
patients receiving Bevacizumab in combination with
chemotherapy compared to those in the control group
undergoing chemotherapy alone. Key findings showed

Figure 1.
PRISMA flow chart.

PRISMA 2020 floww diagranfor new systematic reviews whidh induded searches of databases, registers and other sources

Idantification of studies via datshases and registars - T o i SR T )
Records idenbfied fram®
gﬁ:ﬁ:;a;f Recores rermoved tafare Records identfed from
FPubMed 38 oI Webgles [n=0)
Wb of Science: 49 * Dupbcate records remaved (0 Cirganisations (0 =10}
Goagle Schotar 15 = 106} Citation searching [n = 4]
Cachrane: 40 [ 1

Tatal 6E3

}

Retords soreened

(n=457)
|

Reports saught Tar retriesal
{m=49)

Records exclded™
in=408]

Fapans sought for retrieval
n=d]

Reparts nof refrieved
(n=128)

! '

Feepans assessad for eighbilty
{n=2|

Reports nok retneved
n=2)

Reports assessed for ebgbirty

=21 Reports excluged

+ Mo randomization (n = Z]

= Mo desired autcome (n=4)

- Duplcate (n=1)

e M control without Bevacizumab
[n=13)

Feparts excluded
Didrit assess he
outcome of interest [n=2)

L 1

Stwdes includad n meta-
analyss [n=11] o

*Consder, f feasbile ta do 52, reparting the number of records identified from each database or register searched (rather than the total number across all databasesregesters)
"I autamabion tooks were used, indicate how many records were sxcluded by a human and haw marry weare excluded by autornation tooks

Frare Fage M.J, Mckenze JE, Bossuyt FM, Boutran |, Hattrmann TC, Mulrow C0, et al Thi PRISMA 2020 staternent an updated guideine tar repanting Systermabc reviews. BM.J 2021,37201
doi: 10,1138y nT1. Far more infarmation, st it Kiwwsse prisma-stakement argl

Archivio Italiano di Urologia e Andrologia 2025; 97(4):14659

3



M. Karama, M. Qaid, A. Alkhammar, et al.

Table 1.
Demographic characteristics of the included studies in the systematic review and meta-analysis.
ID | Author Data Country Ovarian | Age range Intervention | Control Dose of Treatment Grade of | N total
collection cancer intervention/ intervention plan adverse
duration stage control drug effect
1 | Burgeretal (2011)(17) | 2005-2009 Mutticenter | M-V 22-89/25-86 bevacizumab Mutti Chemotherapy | 15 mg/kg every 21 days 22 1816
2 | Pignata et al. (2021) (8) 20132016 Multicenter | IIIB-IV 52-68/53-68 bevacizumab Mutti Chemotherapy | 15 mg/kg every 21 days 1105 401
OR 10 mg/kg
3 | Garcia Garcia et al. 20132015 Spain [II-V 36-82/36-82 bevacizumab Mutti Chemotherapy | 15 mg/kg every 21 days 3t0b 68
(2019) (19)
4 | Roque (2022) (24) 2017-2020 USA [V 40 - 78/50-88 bevacizumab Mono Chemotherapy | 10 mg/kg every 14 days 1103 1574
5 | Mirza et al. (2019) (21) 2016-2018 Multicenter | -V 59-70/58-70 bevacizumab Mono Chemotherapy | 15 mg/kg every 21 days 1tob 97
6 | Perrenetal. (2011)(7) 2006-2009 Multicenter | I-IV 24-80/18-81 bevacizumab Mutti Chemotherapy | 7.5 mg/kg every 21 days 1to5 1528
7 | Goreetal. (2019) (20) 2010-2013 USA, UK [V 28 - 60/20-82 bevacizumab Multi Chemotherapy | 15 mg/kg every 21 days 1tod 50
8 | Shoji et al. (2022) (25) 2015-2019 Japan -V mean + SD: 60.3+ | bevacizumab Multi Chemotherapy | 15 mg/kg every 21 days 3t05 103
9.71/60.7 £ 12.15
9 | Pujade-Lauraine et al. 2009-2011 Mutticenter | -V 25-80/25-84 bevacizumab Multi Chemotherapy | 15 mg/kg every 21 days 2t05 360
(2014) (22) OR 10 mg/kg or every 14 days
10 | Coleman et al. (2017) (18) | 2007-2011 Multicenter | I-IV 26-84/23-85 bevacizumab Multi Chemotherapy | 15 mg/kg every 21 days 1to5 654
11 | Ray-Coquard et al. 20132016 Multicenter | -V 37-61/53-64 bevacizumab Mono Chemotherapy | 10 mg/kgthen | every 14 days 1tod 59
(2020) (23) 15 mg/kg then every 21 days
SD: standard deviation.
Figure 2.

©

Risk of bias domains

®
®
©
©
@
®
®
©
@
©

000000000 ®
0J0] 1ol I I JOJIOf X

Domains: Audgement
Di.mumnhnlmmumw.
02 Bias due 16 deviatiors rom | irarvealion. = Some conosens
D3: Bias duw o missing culcome data, ® Lo
D4: Bias in maasunemant of the outoome.
D5 Bl in sblecion al ihe reporsd redull.
B s aring rom tho rncomization pocess [
Baas dui 1o devisions bom intended imanvertions [ |
Bins cuar 12 missing eccome cats ([
Blas in messuremert of e cutcome ]
Bas in natection of e repored resdt [
Crvarall risk of bias

g
]
g

[

E=8-——]

Risk of bias Assessment;
Risk of bias assessment of included
randomized control trials (RCTs).

(A) Risk of bias summary
of all included RCTs.

(B) Risk of bias.

Archivio Italiano di Urologia e Andrologia 2025; 97(4):14659

4




Risk of urinary adverse effects of Bevacizumab therapy in patients with ovarian cancer

Vs Vo T I\F/Ilgggr%b/sis of the

Shady Yei Mo Yes No wiEh B5% O ™) A L
relative risk of proteinuria
Burgss {2011) 4 1201 4 ST . ] 1.73[057, S34] 142E complications in patients
Perran (2011) 33 T2 18 T E B 1.76[ 101, 308 1830 taking Bevacizumab.
Pigrasta (3021) B2 19 T 123 | ] 1186553, 2450 1688
Pujacie-Lauraing (2014) | 178 0 &1 - TOR[OAT, 13804] S08
Colaman (2017) 5 24 3 34 —— 1850 [ 585 sS850 13se
Mirza (2079) 10 3 0 4 L A4 128 IB5TT] 548
Reary-Corauaand {2020) 18 B 4 2Za —— 533[205 1386 1543
Shaj (2021) 3 48 0 50 L] BT [ D38, 12850 513
Roque (2022) 11 S 0 Bas & N[ LT 51205 542
[ =g Bil[2ma, 1325
Halnroganedy: 7' = 0,76, I' = 89.45%, H' =327
Test of B = 8, Q) = 20,10, p = 0,00
Tesiol B =0z =462 p= 000
12 H i 256
Random-sffects REML model Protcinuna

that Proteinuria, reported in nine studies, had the highest
relative risk at 6.13 (95% CI: 2.84-13.25, p < 0.001)
(Figure 3). The overall risk of unspecified urinary compli-
cations, based on three studies, was 1.76 times higher (95%
CL: 1.18-2.61, p = 0.005). Hyponatremia, as reported in

Figure 4.

three studies, had a relative risk of 5.03 (95% CI: 1.08-
23.52, p = 0.039), while Hyperkalemia, observed in two
studies, had a relative risk of 2.41 (95% CI: 0.57-10.22, p =
0.232). The forest plot illustrating the relative risks for
other urinary complications is presented in Figure 4,

Meta-analysis of the relative risk of urinary complications in patients taking Bevacizumab.

Helarogeneity: ' = 1.37, I = 48.70%, H' = 1.8
Testof8 =6 0(1)=195p=0.16
Testof6=0:z=-002 p=099

Treament  Control Riskraio  Weight Treatment  Conirol Riskraio  Weight
Shudy Yes No Yes No with95%Cl (%)  Study Yes No Yes No wih95% Cl (%)
Coleman (2017) 63 267 42 285 ] 149104, 213) 6427  Pignata(2021) 1 200 0 200 ] 299[0.12, 7284] 2329
Gore (2019) a1 s 325(036, 20.16] 319 Miza(2019) 1 4T 0 49 ——@———306[0.13, 73.34] 2356
Roque (2022) 28 652 16 878 —8— 230[126, 422) 3254 Rogue(2022) 6 674 1 8% ———— 789[0.95, 65.37) 53.15
Overall > 176[1.18, 261) Overall —l— 503108, 235
Heterogenety: 1* = 0.08, 1" = 20.09%, H' = 1.25 Heterogenelty: T* =000, I = 0.00%, H' = 1.00
Testof 6 =8:Q(2)=183,p=040 Testof 8, =6, Q(2)=0.37,p= 083
Testof8=0:2=279,p=001 Testof8=0:2=205,p=004
T T T
w12 4816 18 1 8 B4
Random-effects REML mode! Urinary complications Random-effects REML model Hyponatremia
Treatment  Control Riskrao  Weight Treatment Control Riskratio  Weight
Study Yes No Yes No wih3%Cl (%) Study Yes No Yes No wih95%Cl (%)
Miza(2019) 0 48 2 47 — & 020]001, 414 BT Miza(2019) 6 42 4 45 ———— 153046, 5.09) 100.00
5 675 3 8 —l—219(053,9.44] &3
AR i RN Overal e ——— 153046, 509]
Overall e (98 0.11, 8.87]

Heterogeneity: 7° = 0.00, 1 = %, H' =,
Test of 6= 0: Q(0) =-0.00,p=.
Testof8=0:2=0.70,p=049

Heterogeneity: 1° = 0.00, I = 0.00%, H' = 1.00
Testof 8,=6; 0(1)=0.81, p=037
Testof@=0:z=120,p=023

T o 1 2 4

Random-efects REML mode! Dehydration Random-effects REML mode! Ut
Treaiment  Contrl Riskralo  Weight Treatment  Corirol Rikio  Weight

Sluuy Yes No Yes No with 95% CI (%) Sll.lﬂ]‘ Yes No Yes No with 95% CI (%)

Pigaa (2021) 5 1% 1 199 43059, 4221] 4560 Pgaa(@2) 1 20 4 1% — B 025[0m, 221 4141

Roque(202) 2 678 2 92 = 131]010, 93] 5440  Roqe(2) T 673 4 8% B—2%[088, 78] 8

Overall e 241(057, 1022) Overal e — 020,11, 78]

Heterogeneity: ' = 1.66, I' = 67.05%, H' = 3.04
Testof 8 =6; Q{1)=304,p=0.08
Testof8=0:z=008,p=09%

132 1B

"’ 2

Random-efiects REML model Hyperkalemia Random-effects REM. model

Hypokalemia

Archivio Italiano di Urologia e Andrologia 2025; 97(4):1465
5

9




M. Karama, M. Qaid, A. Alkhammar, et al.

Table 2.
Demographic characteristics of the included studies in the systematic review and meta-analysis.

Type of Number Effect estimate | 95 % Cl p.value Heterogeneity Subgroup analysis
of studies | (Relative risk) Q-Value I? p.value Grade Number of Effect estimate
records (95 % CI)

Urinary complications* | 3 1.76 1.18t0 2.61 0.005 1.83 20.09 0.401 2> 3 1.89(1.13t0 3.18)
>3 3 1.49 (053 to 4.14)

Proteinuria 9 6.13 2841013.25 <0.001 29.10 69.45 0.0003 2> 6 6.35 (2.72 to 14.85)
>3 7 6.55 (2.15 t0 19.95)

Ut 1 1.53 04610 5.09 0.486 2> 1 1.70 (0.43 10 6.73)
>3 1 1.02 (0.07 to 15.86)

Hyponatremia 3 5.03 1.08t0 23.52 0.039 0.37 0.00 0831 2> 3 2.82(0.37 t0 21.27)
>3 3 3.45(0.70 t0 17.02)

Dehydration 2 0.98 0.11t08.87 0.987 1.95 48,70 0.162 2> 2 1.51(0.14 t0 15.74)
>3 2 0.91(0.17 to 4.80)

Hyperkalemia 2 24 057 t010.22 0232 081 0.00 0.368 2> 2 2.60 (0.47 to 14.46)
>3 2 1.87 (0.23 to 15.16)

Hypokalemia 2 0.92 0.11t07.84 0.936 3.04 67.05 0.081 2> 2 1.04(0.20 to 5.57)
>3 2 1.14(0.10t0 12.92)

SD: standard deviation.

and a detailed summary of these findings is provided in
Table 2.

Subgroup analysis and sensitivity analysis

Subgroup analysis based on grade (categorized as < 2 and
>3) indicated that in the treatment group, the relative risk
(RR) of Proteinuria was 6.35 times higher for patients
with grade < 2 (6 studies; RR = 6.35, 95% CI. 2.72-
14.85) and 6.55 times higher for those with grade = 3 (7
studies; RR = 6.55, 95% CI: 2.15-19.95) compared to the
control group (Appendix 2). All subgroup analyses based
on grade are detailed in Table 2. Similarly, subgroup
analysis based on disease stage (categorized as I-IV and
I11-1V) showed that the risk of Proteinuria was 7.03 times
higher for patients in stage I-IV (RR = 7.03, 95% CI: 2.50-
19.76) and 5.11 times higher for those in stage III-IV (RR
= 5.11, 95% CI: 1.25-20.92) compared to the control
group (Appendix 3). Additionally, sensitivity analysis for
Proteinuria revealed that excluding any single study did
not alter the effect size or the statistical significance of the
P-value, which remained robust and meaningful
(Appendix 4).

Publication bias

Finally, funnel plots were generated to assess publication
bias for the urinary complications associated with
Bevacizumab therapy. Results of the Egger test did not
indicate significant publication bias for studies reporting
on Proteinuria (bias = 0.08, SE = 0.89, p = 0.228)
(Appendix 5).

DiscussioN

The findings of this study revealed that Bevacizumab use
in ovarian cancer patients significantly increases the over-
all risk of urinary complications. The most notable com-
plication was proteinuria, which was more than six times

higher in patients receiving this drug. Hyponatremia and
hyperkalemia followed, with increases of over fivefold
and twofold, respectively. Other noteworthy complica-
tions included unspecified urinary adverse events and
urinary tract infections, which showed increases of 76%
and 53%, respectively.

Bevacizumab has been shown in numerous studies,
including the current one, to increase the risk of protein-
uria to varying extents. Lafayette et al. reviewed 17 ran-
domized clinical trials involving a total of 14,584 cancer
patients. Their analysis revealed that the incidence of pro-
teinuria was 8.2% in patients treated with Bevacizumab,
compared to 4.6% in the control group (26). Similarly,
Ghoerche et al. reported a 33% incidence of proteinuria
among 60 patients with metastatic colorectal cancer
receiving Bevacizumab (27). In another meta-analysis by
Wu et al., which included 16 randomized clinical trials
and over 12,000 patients with various tumor types, the
relative risk (RR) of grade 3 and 4 proteinuria in the
Bevacizumab group was more than four times higher than
in the control group. Furthermore, they calculated the
relative risk of nephrotic syndrome, a condition charac-
terized by significant proteinuria, as over sevenfold high-
er in the Bevacizumab group (28). Another meta-analysis
by Zhao et al., involving 17 randomized clinical trials with
a total of 16,592 cancer patients, reported that the risk
ratio (RR) of proteinuria in Bevacizumab users was over
three times higher than in the control group, with the RR
for severe proteinuria exceeding fivefold (29). In contrast
to Zhao's findings, our study demonstrated a nearly iden-
tical increase in risk for proteinuria in subgroup analyses
based on grade, with both grade < 3 and grade > 3 show-
ing an over sixfold increase in risk. The likely mechanism
underlying proteinuria in patients receiving Bevacizumab
is the inhibition of vascular endothelial growth factor A
(VEGF-A) (30). Podocytes in the glomeruli produce
VEGF to activate endothelial cells, which play a critical
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role in repairing glomerular vasculature and maintaining
renal filtration capacity. VEGF inhibition disrupts this
repair process, leading to increased glomerular perme-
ability and subsequent protein leakage into the urine
(31). Another potential mechanism for proteinuria in
these patients is the development of glomerular throm-
botic microangiopathy due to VEGF inhibition (32). A
study conducted in Japan involving 19 breast cancer
patients treated with Bevacizumab found that the early
onset of proteinuria (within 56 days) was indicative of
stronger antitumor activity and served as a predictor of
better therapeutic outcomes (33). However, this compli-
cation can lead to treatment discontinuation in many
patients. Therefore, early intervention should be consid-
ered upon its onset. Periodic monitoring of patients for
proteinuria is recommended, and management can be
initiated using angiotensin-converting engyme inhibitors
(ACEISs) or angiotensin receptor blockers (ARBs) (31).
Other significant complications identified in this study
were electrolyte disturbances, including hyponatremia
and hyperkalemia. Hyponatremia associated with
Bevacizumab has been previously reported as a dose-lim-
iting factor in breast cancer treatment (34). A probable
mechanism for this complication is Bevacizumab-induced
proteinuria, which can lead to hypervolemia and subse-
quently hypervolemic hyponatremia (35). In contrast to
the hyperkalemia observed in this study, a previous study
reported hypokalemia in patients receiving Bevacizumab,
attributing the cause to proximal tubular damage (36).
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This study represents the first systematic review and meta-
analysis specifically focusing on urinary complications in
ovarian cancer patients treated with Bevacizumab.
Additionally, subgroup analyses were performed to assess
these complications based on their severity. However, the
study has certain limitations. Many studies were excluded
due to the lack of randomization or control groups, limiting
the scope of the analysis. Variability in control groups across
the included studies may have influenced the comparabili-
ty of outcomes. Furthermore, differences in the dosage of
Bevacizumab, concurrent use of the drug with other
chemotherapeutic agents, and varying treatment durations
in the primary studies may contribute to inconsistencies in
the results.

CONCLUSIONS

The findings of this study demonstrated that Bevacizumab
use in ovarian cancer patients significantly increases the
overall risk of urinary complications. Proteinuria was iden-
tified as the most prominent complication, with an approx-
imately sixfold increase in risk. Following proteinuria,
hyponatremia and hyperkalemia were observed, with rela-
tive risk increases of over fivefold and twofold, respective-
ly. These findings can contribute to enhanced awareness,
enabling earlier detection and timely management of these
complications.
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Appendix 1:

Search strategy

PubMed:

ALL: ((CCCCC((("Ovarian  Neoplasms"[Mesh]) OR (Ovary tumor)) OR (Ovary tumors)) OR (Ovarian
tumor)) OR (Ovarian tumors)) OR (Ovary malignancy)) OR (Ovary malignancies)) OR (Ovarian malignancy))
OR (Ovarian malignancies)) OR (Ovary carcinoma)) OR (Ovary carcinomas)) OR (Ovarian carcinoma)) OR
(Ovarian carcinomas)) OR (Ovary mass)) OR (Ovary masses)) OR (Ovarian mass)) OR (Ovarian masses)) AND
(((((("adverse effects" [Subheading] OR "Long Term Adverse Effects"[Mesh]) OR (side effect)) OR (complica-
tions)) OR (disadvantageous)) OR (unfavorable)) OR (complication))) AND (("Bevacizumab"[Mesh]) OR (anti-
VEGF monoclonal antibody))) AND  ((((CCCCCCCCCCCCCCcccececcccccccc("proteinuria”"[Mesh]) OR  "Urinary
Incontinence"[Mesh]) OR "Hematuria"[Mesh]) OR "Urinary Bladder, Overactive"[Mesh]) OR "Acute Kidney
Injury"[Mesh]) OR "Lower Urinary Tract Symptoms"[Mesh]) OR "Urinary Tract Infections"[Mesh]) OR
"Hyponatremia"[Mesh]) OR "Dehydration"[Mesh]) OR "Hyperkalemia"[Mesh]) OR "Hypokalemia"[Mesh]) OR
"Hypernatremia"[Mesh]) OR "Acidosis, Renal Tubular"[Mesh]) OR "Nephritis"[Mesh]) OR
"Crystalluria"[Mesh]) OR "Polyuria"[Mesh]) OR "Cystitis, Interstitial"[Mesh]) OR "Glomerulonephritis"[Mesh])
OR (Urinary frequency)) OR (Incontinence)) OR (Overactive)) OR (Urgency)) OR (Pain)) OR (Pains)) OR
(Frequent urination)) OR (Hesitancy)) OR (Straining)) OR (weak urinary stream)) OR (dribbling)) OR (incom-
plete bladder emptying)) OR (Infection)) OR (Infections)) OR (UTI)) OR (Urinary)) OR (Hyponatremias)) OR
(Stress)) OR (Nephrotoxicity))) AND (((((((((((((("Non-Randomized Controlled Trials as Topic"[Mesh] OR
"Controlled Clinical Trials as Topic"[Mesh] OR "Randomized Controlled Trials as Topic"[Mesh] OR "Clinical
Trials as Topic"[Mesh] OR "Pragmatic Clinical Trials as Topic"[Mesh] OR "Clinical Trials, Phase III as
Topic"[Mesh] OR "Clinical Trials, Phase IV as Topic"[Mesh] OR "Clinical Trials, Phase II as Topic"[Mesh] OR
"Clinical Trials, Phase 1 as Topic"[Mesh] OR "Adaptive Clinical Trials as Topic"[Mesh]) OR "Random
Allocation"[Mesh]) OR ( "Clinical Trial" [Publication Type] OR "Adaptive Clinical Trial" [Publication Type] OR
"Clinical Trial Protocol" [Publication Type] OR "Clinical Trial, Phase 1" [Publication Type] OR "Clinical Trial,
Phase 11" [Publication Type] OR "Clinical Trial, Phase III" [Publication Type] OR "Clinical Trial, Phase IV"
[Publication Type] OR "Pragmatic Clinical Trial" [Publication Type] )) OR (Intervention)) OR (Experimental))
OR (RCT)) OR (Non RCT)) OR (trial)) OR (Trials)) OR (double-blind method)) OR (single-blind method)) OR
(RCTs)) OR (Non RCTs)) OR (Randomized))
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Appendix 2:

Subgroup meta-analysis of the proteinuria complications by disease grade

Treatmard  Conirgl Fsik rabic Wiaagihl
Shady ¥as HNo Yes No with S5% CI (%)
iz
Colarman [(2007) 24 3 3 3 N I BEE[285 31.14] 1285
Mirza [2019) ] ¥ 0 4B 18.39 [ 1.96, I24.08] 433
Parren (2011) 20 TIE 18 TI8 » 183081, 291 1884
Pignata (2021) T4 12T T 193 E B 10.52 (497, 2237 17A2
Ray-Conquard (2020) 18 8 4 I8 [ | 23 [208 1388 1502
Roqgue (2022) i1 888 0 &4 3Z3[1.TH, 592.056] 4349
Hetorogenaity: T = 067, I = T1.26%, M' = 3,48 - 635272, 1488
Testof @, = B; W5 = 21.15, p = 0,00
Tesiopl@ =ik z =427 p =000
=3
Colgman (2017) 2F 3 o v —————— 5450 | 334, BES.TE] 438
Mirza [208) 1 4F 0 4@ ———— 08013 T3] 35
Perran (2011) 4 Ti 1 Th —— d.0d (D45, 308 635
Pignata (2021) 8 193 0 200 . 16.52 [0.08, 20112] 425
Ray-Conquard (2020) 0 27 0 32 198 (002 STS0 280
Shoyi (20E1) 3 48 0O 50 ——— 68T (D36, 138958 404
R (2022 ) 0O 680 0 804 = 131003, 6815 24T
Hetorogenaity: v = 0,00, I = 0,00%, K" = 1.00 - 655218, 19.04)
Tastof @, = B (WB) = 4,44, p = 062
TestolB=d 2= 331, p=0.00
Crvarall E 3 8.20 | 322 11.84)
Halaropenaity: T = 050, I = 8. 20%, M = 1.63
Tosiof @, = 6 OJ12) = 3610, p = 0.01
Tosioll=dc g =547, p =000
Tawl of group difersnces: Q,(1) = 000, p = 0.67 R _ -

W2 12 B

Random-affaci REML model
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Appendix 3:

Subgroup meta-analysis of the proteinuria complications by disease stage

Treatmant  Contral Risk raso Wt
Shady Yes Mo Yes Mo with 85% O (%)
=W
Pomron (A1) n Th2 1w T™ R 3 LM n0e, 0 810
Colaman (2317) 5% T4 3 3N W50 585 SRS 1352
Mirza (2018) i B 0 @ HAI[ 1.2 35577 548
RarpConguard (2060} 18 g 4 28 533[ 205 1285 154
Shoj (2021 3 @ 0 =N SAT[0)G. 1RSS50
Rgum (2073} 1 M 0 B XNII[1TE T0 342
Histerogansty: 1° = (.03, I = 63 Fi%. H' = 3.30 TO3[ 250, "M
Testof & =8 O[5 = 18.74, p= 000
Tesici@elk = 370, p = (0D
-
Burges (3511 oI 4 S LII[OST. &3] 1428
Pignata (2021) 2 1M 7 1A Ma6] 5L MEH 16
Pujpde-Laumine (2014} 3 iT& 0 1\ T[0T, 13604] 508

Hisberngensty: § = 1.00. F = TU3% H" = 140
Tl of @ = 8 O2) = 7.0, p =002
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Appendix 4:

Sensitivity analysis results of the studies included in the meta-analysis with the exclusion of one study.

Risk ratio

Omitted study with85% Gl p-value
Burger {2011) 7.50 [ 3.33, 16.90] 0.000
Perren (2011) . 7.93[3.78, 16.66) 0.000
Pignata (2021) . 542220, 12.82) 0.000
Pujade-Lauraine (2014) 614 [ 272, 13.84] 0.000
Coleman (2017) .- 502220, 11.00] 0.000
Mirza (2019) * 571258, 12.668) 0.000
Ray-Conquard (2020) - 647262 16.00) 0,000
Shojl (2021) . B.15(2.73, 13.88] 0.000
Roque (2022) . 550255 1227] 0.000
4 8 16
Random-affacts REML model
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Appendix 5:

Funnel plot of studies evaluating urinary complications in patients receiving.
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