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Abstract

Background: This study aims to evaluate the incidence of and identify risk factors for gastrointestinal (GI) and geni-
tourinary (GU) fistula or perforation formation with or without bevacizumab in patients with recurrent cervical cancer
who underwent pelvic radiation therapy (RT).

Methods: Medical records of patients with recurrent cervical cancer who previously underwent pelvic RT between
2007 and 2020 were retrospectively reviewed. Clinicopathological factors were compared between groups that are
stratified according to: 1) fistula/perforation (4) versus (-); and 2) bevacizumab plus conventional chemotherapy (BC)
versus chemotherapy alone (C). Univariate and multivariate regression analyses were performed to identify risk factors
for fistula/perforation. Overall survival (OS) was compared between the different groups.

Results: Of 219 participants, fistula/perforation of any grade occurred in 36 patients (16.4%); 27 fistulas and 9 perfora-
tions. Bevacizumab was more frequently used in Bevacizumab was more frequently used (+4) group than fistula/
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perforation (-) group (p=0.015). Multivariate analysis showed that bevacizumab administration was the only inde-
pendent risk factor for fistula or perforation (HR, 3.27; 95% Cl, 1.18-9.10; P=0.023). F/P was observed more frequently
in women receiving BC (n=144) than those receiving C (n=75) (20.8% vs. 8.0%; P=0.019). During median follow-up
of 33.7 months (1.2-185.6 months), no significant OS difference was observed between fistula/perforation (+) vs. (-)
(hazards ratio [HR], 1.78; median 84.2 months [95% Cl, 59.3-109.0] vs. 129.5 months [95% Cl, 114.1-144.9]; P=0.065) or
BC vs. C (HR, 1.03; median 119.8 months [95% Cl, 97.3-142.3] vs. 115.7 months [95% Cl, 96.0-135.4]; P=0.928).

Conclusions: This study suggests that incorporation of bevacizumab in chemotherapy regimens for treating recur-
rent cervical cancer in patients who underwent pelvic RT incurs considerable risk for GI/GU fistula or perforation.
There were no other independent risk factors for developing GI/GU fistula or perforation in this study population.
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Background

A significant number of patients with cervical cancer
present with metastatic disease or experience recurrence
after primary treatment [1]. Patients diagnosed with early
stage cervical cancer may be cured using radical surgery,
pelvic radiation therapy (RT), or both, while those with
recurrent or persistent cervical cancer after RT have lim-
ited treatment options [2—4]. Platinum-based chemo-
therapy has been the mainstay of treatment for patients
with recurrent disease who are not candidates for surgery
or RT [5]. However, the mortality rate in patients with
recurrent cervical cancer remains high. Therefore, there
is a persistent need for safer and more effective therapies
to prolong survival.

Angiogenesis, through a complex process involv-
ing vascular growth factors, plays a crucial role in the
growth, progression, and metastasis of cervical cancer
[6, 7]. Clinical evidence has been accumulating over the
last decade regarding the efficacy of targeting vascu-
lar endothelial growth factor (VEGF) in cervical cancer.
Bevacizumab, a recombinant humanized VEGF-neutral-
izing monoclonal antibody, was approved by the United
States Food and Drug Administration for women with
persistent, recurrent, or metastatic cervical cancer in
August 2014 based on the Gynecologic Oncology Group
(GOGQ) 240 study results [8]. GOG 240, a phase III ran-
domized trial, showed a significant overall survival (OS)
benefit conferred by the incorporation of bevacizumab in
patients with recurrent, persistent, or metastatic cervi-
cal cancer [9]. While GOG 240 has resulted in a shift of
standard treatment, adverse reactions such as gastroin-
testinal (GI) and genitourinary (GU) fistulas occurred at
a higher frequency in patients treated with bevacizumab
compared to patients treated with chemotherapy alone
(C), and all patients who developed a fistula had a history
of prior pelvic RT.

Following the GOG 240 study, the use of bevacizumab
has increased for persistent, recurrent, or metastatic
cervical cancer in Korea. However, there is a paucity of
data regarding the fistulas or perforations involving the

bowel and bladder, especially in patients with previously
irradiated recurrent cervical cancer. In addition, although
randomized controlled trials show significant results in
terms of efficacy and safety, they do not always represent
the real-world setting [10]. The purpose of this study is to
evaluate the incidence rate and identify the risk factors
for GI and GU fistula/perforation in patients receiving
bevacizumab plus conventional chemotherapy (BC) for
recurrent cervical cancer after pelvic RT in the Korean
population. This study could provide evidence to guide
counseling on the safety of the incorporation of bevaci-
zumab in the treatment regimens of patients with recur-
rent cervical cancer who have previously undergone
pelvic RT.

Methods

Study population

This multicenter retrospective study was conducted in
accordance with the principles of the Declaration of Hel-
sinki at five university hospitals in Korea. After approval
from the institutional review boards, the medical records
of patients diagnosed with recurrent cervical cancer, who
had previously undergone pelvic RT between 2007 and
2020, were retrospectively reviewed. The requirement
for written informed consent for the data collection was
waived.

Eligible patients had been treated with external beam
pelvis radiotherapy (EBRT) or concurrent chemoradio-
therapy (CCRT). For RT, 3-dimentional conformal radia-
tion therapy (3D-CRT) or intensity-modulated radiation
therapy (IMRT) was performed. Patients were treated
with chemotherapy either with bevacizumab for at least
1 cycle or without bevacizumab for at least 3 cycles at
recurrence. Patients treated with BC as primary treat-
ment, those treated with BC before RT, those who have
received prior pelvic RT for the treatment of other malig-
nancies, those with concomitant malignancy or a history
of other malignancies being present within the past five
years, and those with a lack of clinical information or loss
to follow-up during treatment were excluded. Women
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who received chemotherapy immediately after RT were
also excluded.

Data collection

Medical records were collected, including clinicopatho-
logical data such as age, history of diabetes mellitus or
hypertension, year of diagnosis, histological type, and
International Federation of Gynecology and Obstetrics
(FIGO) stage. We restaged the patients according to the
2018 FIGO staging system. The details of primary treat-
ment and RT, including RT modality, application of
IMRT, cumulative dose of RT, and line of RT, were col-
lected. In addition, the total number of recurrences;
whether bevacizumab was administered with chemother-
apy; and adverse events, including GI and GU fistula/per-
foration that occurred in patients, were sorted according
to the Common Terminology Criteria for Adverse Events
(CTCAE) version 5.0.

Statistical analysis

The analysis was conducted based on the occurrence of
fistula/perforation and whether bevacizumab was admin-
istered, divided into fistula/perforation (4) and fistula/
perforation (-) groups, and BC and C groups, respec-
tively. Student’s ¢-test and Mann—Whitney U test were
performed to compare continuous variables. Pearson’s
chi-squared test or Fisher’s exact test was used to com-
pare categorical variables. Univariate logistic regression
analysis was performed to identify the risk factors for
GI/GU fistula and perforation. Some of the risk factors
in the univariate analysis were included in the multivari-
ate logistic regression. In terms of survival outcomes, OS
was calculated from the date of disease diagnosis to the
date of the last follow-up or death due to any cause. The
Kaplan—Meier survival curve with a log-rank test was
used to compare survival outcomes. All analyses were
performed using SPSS statistical software (version 21.0;
SPSS Inc., Chicago, IL, USA). Statistical significance was
set at P<0.05.

Results

A total of 219 patients were included in the analysis, con-
sisting of 36 (16.4%) in the fistula/perforation (4) group
and 183 (83.6%) in the fistula/perforation (-) group. The
baseline patient characteristics are presented in Table 1.
No differences in patient age, history of diabetes mellitus
and hypertension, year of diagnosis, histologic type, 2018
FIGO stage, primary treatment, RT modality, application
of IMRT, cumulative dose of RT, when patients received
RT, and total number of recurrences were observed
between the two groups. However, more patients in fis-
tula/perforation (+) group had received BC than fistula/
perforation (-) group (83.3% vs. 62.3%; P=0.015).
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Table 1 Clinicopathologic  characteristics of the fistula/
perforation (+) and (-) groups
Characteristics All F/P (+)? F/P () Pvalue
(n=219) (n=36) (n=183)
Age, years 510126 4784+120 516£126 0.119
DM 16(7.3) 2(5.6) 14(7.7) >0.999
HTN 36 (16.4) 3(83) 33(18.0) 0.151
Diagnosis, year 0.258
2007-2013 66 (30.1) 8(22.2) 58(31.7)
2014-2020 153(69.9) 28(77.8) 125 (68.3)
Histology 0.899
SCC 144 (65.8) 24 (66.7) 120 (65.6)
Non-SCC 75(34.2) 12 (33.3) 63 (34.4)
FIGO stage 0.831
I 61 (27.9) 11 (30.6) 50 (27.3)
I 46 (21.0) 7(194) 39(21.3)
Il 89 (40.6) 14 (38.9) 75(41.0)
IV 23(10.5) 40111 19(104)
Primary treatment 0312
OP 14 (6.4) 3(83) 11 (6.0)
OP+RT 95 (43.4) 12(333) 83 (45.4)
RT 85 (38.8) 19 (52.8) 66 (36.1)
CTx 1(0.5) 0.0) 1(0.5)
Others 24(11.0) 2 (5.6) 22(12.0)
RT modality 0.330
EBRT alone 23(10.5) 2(5.6) 21(11.5)
EBRT+ICR 3(14) 0(0.0) 3(1.6)
CCRT 118(53.9) 24 (66.7) 94 (51.4)
CCRT+ICR 75(34.2) 10 (27.8) 65 (35.5)
IMRT 85 (38.8) 17 (47.2) 68 (37.2) 0.257
RT dose
EBRT, Gy 543+137 509488 51.1+63 0.763
ICR, Gy 234+£121 2694209 230+£105 0.582
RT 0.960
Primary 188(85.8) 31(86.1) 157 (85.8)
After 1% recur 31(14.2) 5(13.9) 26 (14.2)
Total no of recur 0470
1 93 (42.5) 15 (41.7) 78 (42.6)
2 75 (34.2) 10 (27.8) 65 (35.5)
>3 51(23.3) 11(30.6) 40 (21.9)
Bevacizumab adminis- 0.015
tration
Yes 144 (65.8) 30(83.3) 114 (62.3)
No 75(34.2) 6(16.7) 69 (37.7)

Values are presented as mean =+ standard deviation or n (%) unless otherwise

indicated

F/P Fistula/Perforation, DM Diabetes Mellitus, HTN Hypertension, SCC Squamous
Cell Carcinoma, FIGO International Federation of Gynecology and Obstetrics,

OP Operation, RT Radiation Therapy, CTx Chemotherapy, EBRT External
Beam Radiation Therapy, ICR Intracavitary Radiotherapy, CCRT Concurrent

Chemoradiotherapy, IMRT Intensity-modulated Radiation Therapy

@ Fistula/perforation (+) includes gastrointestinal / genitourinary fistula and

gastrointestinal perforation
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Table 2 Comparison of characteristics between  fistula/
perforation (4+) and (-) groups in patients who received
bevacizumab (n=144)

Characteristics F/P (+)? F/P(-) Pvalue
(n=30) (n=114)
Age, years 481+£125 5324133 0.084
DM 2(6.7) 10(8.8) >0.999
HTN 2(6.7) 26 (22.8) 0.047
Diagnosis, year 0.780
2007-2013 5(16.7) 17 (14.9)
2014-2020 25(83.3) 97 (85.1)
Histology 0.729
SCC 21(70.0) 76 (66.7)
Non-SCC 9(30.0) 38(333)
FIGO stage 0915
| 10 (33.3) 31(272)
Il 5(16.7) 23(20.2)
Il 12 (40.0) 49 (43.0)
\% 3(10.0) 11(9.6)
Primary treatment 0.987
opP 2(6.7) 9(7.9)
OP followed by adjuvant RT 12 (40.0) 43 (37.7)
RT 15 (50.0) 59(51.8)
Others 1(3.3) 3(2.6)
RT modality 0.123
EBRT alone 1(3.3) 8(7.0)
EBRT+ICR 0(0.0) 0(0.0)
CCRT 21(70.0) 56 (49.1)
CCRT+ICR 8(26.7) 50 (43.9)
IMRT 15 (50.0) 57 (50.0) >0.999
RT dose
EBRT, Gy 529+117 5344125 0.690
ICR, Gy 235+£82 23.0+£64 0.400
RT 0.755
Primary 26 (86.7) 101 (88.6)
After 15 recur 4(13.3) 13(11.4)
Total no of recur 0.466
1 13 (43.3) 46 (40.4)
2 8(26.7) 43 (37.7)
>3 9(30.0) 25(21.9)
BEV administered at 0.371
1% recurrence 24.(80.0) 100 (87.7)
> 2" recurrence 6 (20.0) 14(12.3)
BEV administered cycle 55+39 6.7+36 0.028
Interval between RT and BEV 16.3+23.2 180+17.7 0.212

administration, month

Values are presented as mean =+ standard deviation or n (%) unless otherwise
indicated

F/P Fistula/Perforation, DM Diabetes Mellitus, HTN Hypertension, SCC Squamous
Cell Carcinoma, FIGO International Federation of Gynecology and Obstetrics,
OP Operation, RT Radiation Therapy, EBRT External Beam Radiation Therapy, ICR
Intracavitary Radiotherapy, IMRT Intensity-modulated Radiation Therapy, BEV
Bevacizumab

2 Fistula/perforation (+) includes gastrointestinal / genitourinary fistula and
gastrointestinal perforation
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Table 3 Occurrence of fistula and perforation according to
bevacizumab administration

C(h=75) BC(n=144) RR(95%Cl) P value

Gl fistula

Grade2 0 1(0.5) NA >0.999

Grade3 2(09) 53 1.313 (0.249-6.934) 0.748

Grade4 0 3(1 NA 0.999
GU fistula

Grade2 0 1(0.5) NA >0.999

Grade3 1(0.5) 5(23) 2662 (0.305-23.208) 0376

Grade4 0 1(0.5) NA >0.999
Gl fistula & GU fistula

Grade3 0 7(3.2) NA 0.999

Grade4 0 1(0.5) NA >0.999
Gl perforation

Grade3 2(0.9) 4(1.8) 1.043 (0.187-5.829) 0.962

Grade4 1(0.5) 2(0.9) 1.042 (0.093-11.684) 0.973
Total

- 6 (8.0) 30(20.8) 3.026 (1.199-7.640) 0.019

Values are presented as n (%) unless otherwise indicated

CChemotherapyalone, BC Bevacizumab plus Conventional chemotherapy, RR
Risk Ratio, CI Confidence Interval, NA Not Available, G/ Gastrointestinal, GU
Genitourinary

We performed a subgroup analysis of the patients who
received BC. The characteristics of the fistula/perfora-
tion (+) group (n=30) and fistula/perforation (-) group
(n=114) of patients treated with bevacizumab are pre-
sented in Table 2. Among the variables, two were sig-
nificantly different between the two groups. The fistula/
perforation (4) group had fewer patients with a history
of hypertension (6.7% vs. 22.8%; P=0.047) and received
fewer cycles of bevacizumab (5.5+3.9 vs 6.7+3.6;
P=0.028) than the fistula/perforation (+) group.

The complications of GI and GU fistula/perforation in
the C and BC groups reported in this study are shown
in Table 3. The overall cumulative incidence rates of fis-
tula/perforation were 8.0% (6/75) and 20.8% (30/144) in
the C group and BC group, respectively (hazards ratio
[HR], 3.026; 95% confidence interval [CI], 1.199-7.640;
P=0.019). Although all complications of fistula/perfora-
tion in C group were severe ones with grade 3 or 4, the
proportion of severe complications was still higher in BC
group than C group (19.4% vs. 8.0%; P=0.029).

The multivariate analysis in Table 4 revealed that
administration of bevacizumab appeared to be the only
independent risk factor for occurrence of fistula/perfora-
tion (HR, 3.273; 95% CI, 1.177-9.096; P=0.023).

In addition, we compared the C and BC groups. Of 219
patients, 75 (34.2%) received C, and 144 (65.8%) received
BC (Supplementary Table S1). Compared with group C,
group BC had a significantly higher proportion of patients
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Table 4 Univariate and multivariate analyses of the risk factors for GI/GU fistula and perforation
Variables Univariate Multivariate
HR 95% Cl P value HR 95% Cl P value

Age

<50 1 1

>50 0.577 0.278-1.197 0.140 0.666 0.307-1.445 0.304
DM

No 1

Yes 0.710 0.154-3.269 0.710
HTN

No 1 1

Yes 0413 0.120-1.429 0.163 0426 0.116-1.566 0.199
Diagnosis, year

2007-2013 1 1

2014-2020 1.624 0.697-3.781 0.261 0.885 0.317-2.469 0.815
Histology

Non-SCC 1

SCC 1.050 0.492-2.239 0.899
FIGO stage

-1l 1

-1V 0.947 0463-1.935 0.881
IMRT

No 1 1

Yes 1.513 0.737-3.108 0.259 1.136 0498-2.592 0.761
RT

Primary 1

After 1%t recur 0.974 0.347-2.733 0.960
Bevacizumab administration

No 1 1

Yes 3.026 1.199-7.640 0.019 3.273 1.177-9.096 0.023

HR Hazard Ratio, C/ Confidence Interval, DM Diabetes Mellitus, HTN Hypertension, SCC Squamous Cell Carcinoma, FIGO International Federation of Gynecology and

Obstetrics, IMRT Intensity-modulated radiation therapy, RT Radiation Therapy

who were diagnosed in later period between 2014 and
2020 (41.3% vs. 84.7%; P<0.001). Regarding RT modal-
ity, patients who received RT only for primary treatment
(14.7% vs. 51.4%; P<0.001), CCRT with ICR (22.7% vs.
40.3%; P<0.001) and IMRT (17.3% vs. 50.0%; P<0.001) were
more frequent in group BC than group C. Patients who
were treated by EBRT alone, however, were more frequent
in group C than group BC (18.7% vs. 6.3%; P<0.001).Mul-
tivariate analyses of the risk factors for administration of
bevacizumab showed that year of diagnosis (HR, 9.704; 95%
CI, 4.171-22.579; P<0.001) and use of IMRT (HR, 2.192;
95% CI, 1.009-4.762; P=0.047) were independent risk fac-
tors for administration of bevacizumab (Supplementary
Table S2). Since the GOG 240 study was published in 2014,
we performed another sub-group analysis of risk factors for
fistula/perforation only in the patients after 2014 (Supple-
mentary Table S3). The results showed that there were no
significant risk factors related to fistula/perforation.

During a median length of follow-up of 33.7 months
(range, 1.2-185.6 months), 55 patients (25.1%) expired,
and no significant OS difference was observed between
the fistula/perforation (+) group vs. fistula/perfora-
tion (-) group (HR, 1.782; median, 129.5 months [95%
CI, 114.1-144.9] vs. 84.2 months [95% CI, 59.3-109.0];
P=0.065) or between C vs. BC group (HR, 1.026; median,
115.7 months [95% CI, 96.0-135.4] vs. 119.8 months
[95% CI, 97.3-142.3]; P=0.928) (Fig. 1).

Discussion

Platinum-based chemotherapy with bevacizumab is one
of the most promising treatment options for recurrent
or persistent cervical cancer [5, 8]. However, our study
results suggest that the incorporation of bevacizumab in
the chemotherapy regimen for the treatment of recur-
rent cervical cancer in patients with a previous history
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of pelvic RT incurs considerable risk for GI and/or GU
fistula or perforation complications. We failed to iden-
tify other independent risk factors for developing GI/GU
fistula or perforation in this study population. GI and/or
GU fistula or perforation may influence the survival out-
comes, as well as quality of life.

Differences were found between our study and the
GOG 240 study. Our results showed a notably higher
rate of fistula/perforation in both groups compared
to the GOG 240 study (20.8% vs. 8.0%). The GOG 240
study reported an incidence of severe fistula/perfora-
tion of 5.9% (13/220) in BC group and 0.5% (1/220) in C
group [9]. All patients with fistulas had previous received
RT, even if it was not indicated which modality of RT
was applied. There was another study that reported an
increase in fistula formation up to 22% in the real-world
population [11]. In terms of OS, in our study, BC group
did not show a significant improvement compared to
C group, while the GOG 240 study showed a signifi-
cant improvement in OS. However, the GOG 240 data
on two distinct chemotherapy doublets with bevaci-
zumab showed different results. When compared with
the cisplatin plus paclitaxel chemotherapy, patients who
received additional bevacizumab showed a significant
OS improvement (HR 0.73 [95% CI 0.54-0.99]; P=0.04),
while topotecan plus paclitaxel alone and topotecan plus
paclitaxel plus bevacizumab did not show a significant
difference in OS [9]. Therefore, the lack of difference in
OS in our study may be due to the different components
of chemotherapy regimens. In Korea, weekly cisplatin
and cisplatin plus paclitaxel are the most commonly-used

regimens for CCRT and systemic therapy, respectively.
Carboplatin plus paclitaxel, paclitaxel only and cisplatin
plus topotecan are also used for some patients [12].

Our results have several interesting perspectives. IMRT
delivers higher radiation doses focused on the tumor
while minimizing the dose delivered to normal structures
[13]. Contrary to our expectations, our study showed that
IMRT does not reduce GI or GU complications neither in
the overall sample of patients nor in the subgroup treated
with bevacizumab. A previous meta-analysis showed
results distinct from those of our study. The study com-
pared the clinical outcomes and toxicities of IMRT with
3D-CRT or conventional two-dimensional radiotherapy
(2D-RT) for definitive treatment of cervical cancer show-
ing that although IMRT was not superior to 3D-CRT or
2D-RT in OS but it reduced acute GI and GU toxicities,
as well as chronic GU toxicity [14]. However, IMRT is
still associated with significant rectal and cystic toxic-
ity. Wu et al. [15] reported higher GI toxicities in IMRT
group than conventional RT group, which was consist-
ent with our study results. Wu et al. described that there
were unavoidable hot spots with uncertain high dose to
rectum and bladder which may increase complications by
reviewing the IMRT planning [15]. Our findings may also
have been affected by high doses delivered to rectum and
bladder when IMRT was administered.

In the BC group, more patients were diagnosed after
2014, and more patients were treated with IMRT (Sup-
plement Table S1). This is thought to be related to the
time when IMRT and bevacizumab were introduced to
the treatment regimens for patients with gynecological
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cancer in Korea. The implementation of IMRT is related
to the policies of the national health insurance in Korea.
IMRT was first introduced in 2001 in Korea, and since
July 2015, insurance coverage of this procedure was
expanded to include most cancers [16]. In addition, the
United States Food and Drug Administration approved
bevacizumab in combination with first-line chemother-
apy for patients with persistent, recurrent, or metastatic
cervical cancer in 2014 based on GOG 240 [17]. There-
fore, the year of diagnosis of cervical cancer and applica-
tion of IMRT may have been confounded by the health
insurance, the year of publication and approval.

Our study is unique compared to previous studies that
addressed bevacizumab complications due the unique-
ness of our study population. We evaluated fistula/perfo-
ration caused by bevacizumab in patients with previously
irradiated recurrent cervical cancer. In addition, being a
multicenter study with data collected from five large uni-
versity hospitals in Korea makes our study results more
likely to be generalized to the Korean population. How-
ever, our study had several limitations. First, there may
be potential bias due to the retrospective nature of our
study. Second, the insurance system and unique health-
care environment in Korea may have influenced our
results. Third, we did not collect every single data on the
treatment regimen for all treatment steps for CCRT or
systemic chemotherapy. The difference in regimens may
be a risk factor for complications or may influence OS, as
mentioned above. Finally, data on the performance sta-
tus of patients could not be obtained, as we collected the
data from medical records.

In conclusion, our study results suggest that the
incorporation of bevacizumab in chemotherapy regi-
mens for the treatment of recurrent cervical cancer
in patients with a previous history of pelvic RT incurs
considerable risk of GI and GU fistula or perforation,
which might compromise the survival outcome, as well
as quality of life. Careful weighing of the risks and ben-
efits of incorporating bevacizumab is needed in the
treatment of patients with previously irradiated recur-
rent cervical cancer, considering that effective preven-
tion of fistula/perforation complications is difficult
because of the lack of other identifiable risk factors.
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VEGF: Vascular endothelial growth factor; GOG: Gynecologic Oncology Group;
EBRT: External beam pelvis radiotherapy; CCRT: Concurrent chemoradiother-
apy; 3D-CRT: 3-Dimentional conformal radiation therapy; IMRT: Intensity-mod-
ulated radiation therapy; DM: Diabetes mellitus; FIGO: International Federation
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Adverse Events.
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