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Background: Patients with locally advanced rectal cancer (LARC) are more likely to suffer local recurrence and
distant metastases, contributing to worse prognoses. Considering the provided dramatic reduction of local re-
currences, neoadjuvant CRT (nCRT) followed by curative resection with total mesorectal excision (TME) and
adjuvant chemotherapy has been established as standard therapy for LARC patients. However, the efficacy of
adding bevacizumab in neoadjuvant therapy, especially in induction therapy-containing nCRT for LARC patients
remains uncertain.

Materials: PubMed, Embase, and Web of Science were searched to retrieve records on the application of beva-
cizumab in a neoadjuvant setting for LARC patients. The endpoints of interest were pCR and the rates of patients
suffering Grade 3/4 bevacizumab-specific adverse events, namely bleeding, wound healing complications, and
gastrointestinal perforation.

Results: 29 cohorts covering 1134 subjects were included in this systematic review. The pooled pCR rate for
bevacizumab-relevant cohorts was 21% (95% confidence interval (95% CI), 17-25%; I?> = 61.8%), the pooled
estimates of Grade 3/4 bleeding, Grade 3/4 wound healing complication, Grade 3/4 gastrointestinal perforation
were 1% (95% CI, 0-3%; I? = 0%), 2% (95% CI, 1-5%; I? = 4.7%), and 2% (95% CI, 0-5%; I> = 0%), respectively.
Conclusion: The addition of bevacizumab in the nCRT, especially in the TNT, for LARC patients provides promising
efficacy and acceptable safety. However, the results should be interpreted cautiously due to the small amount of
relevant data and need further confirmation by future studies.

Introduction

Rectal cancer, which comprises approximately one-third of all col-
orectal cancer cases, is among the most diagnosed and lethal malig-
nancies for decades [1]. Patients with locally advanced rectal cancer
(LARC) are more likely to suffer local recurrence and distant metastases,
contributing to worse prognoses [2]. Neoadjuvant therapy refers to per-
forming chemoradiotherapy (CRT) preoperatively, aiming to achieve tu-
mor downstaging and thus facilitate curative resection and organ preser-
vation, improving the local control, survival outcomes, and quality of
life of LARC patients [3, 4]. Considering the provided dramatic reduc-
tion of local recurrences, neoadjuvant CRT (nCRT) followed by curative
resection with total mesorectal excision (TME) and adjuvant chemother-
apy has been established as standard therapy for LARC patients [5].
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However, the efficacy of fluoropyrimidine- or capecitabine-based nCRT
strategies are far from optimal, considering the insufficient pathologic
complete response (pCR) rates reported in the relevant clinical trials [6—
8]. More intensified and more efficacious nCRT regimens are demanded
for improving the prognoses of LARC patients.

Substantial work has been made by oncologists to evaluate the effi-
cacy of targeted agents as an addition to nCRT strategies for LARC pa-
tients in the past decade. Bevacizumab, a monoclonal antibody against
vascular endothelial growth factor (VEGF), has been reported to en-
hance the activity of radiotherapy (RT), based on phase II trials ex-
ploring whether bevacizumab facilitates the tumor downstaging-effect
of nCRT [9-12]. A previous meta-analysis [13] critically reviewed and
evaluated the efficacy of adding bevacizumab in the neoadjuvant setting
for LARC patients and reported a promising pooled pCR rate of 27% in
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Fig. 1. Literature search and study selection.

23 bevacizumab-relevant cohorts. Of these, four cohorts (analyzed in
Dipetrillo et al. [14], Borg et al. [11], Nogue et al. [12], and Xiao et al.
[15]) received induction therapy ahead of concurrent CRT before TME
and achieved decent pCR rates of 20.0%, 23.8%, 35.6%, and 39.1%, re-
spectively. More recently, several studies have been published focusing
on the efficacy of bevacizumab in induction therapy-containing nCRT,
referred to as a total neoadjuvant therapy (TNT) approach, along with
those not containing induction therapy [5, 16-22]. Following these ad-
vances, we performed this systematic review and meta-analysis to up-
date the efficacy and safety profile of bevacizumab in nCRT, especially
those containing induction therapy, for LARC patients.

Methods
Study selection
This systematic review was conducted according to the Preferred Re-

porting Items for Systematic Reviews and Meta-analysis (PRISMA) state-
ments checklist [23].

The pre-defined criteria for inclusion and exclusion were: (1) pa-
tients with LARC (clinical T stage 3—4 and/or lymph node metastasis,
no distant metastatic diseases observed). (2) Administration of beva-
cizumab in a neoadjuvant setting. (3) Sample size > 10. (4) Reporting on
PCR and Grade 3-4 bevacizumab-specific adverse events such as bleed-
ing, wound healing complication, and gastrointestinal perforation. (5)
If research cohorts were overlapping, the more recent and larger studies
were chosen for inclusion. (6) Only original studies were included, ex-
cluding reviews, systematic reviews, case reports, case series, and letters
to editors.

Search strategy

PubMed, Embase, and Web of Science were searched using the fol-
lowing strategy: (rectal OR rectum OR colorectal) AND (tumor OR can-
cer OR neoplasm OR malignan*) AND (neoadjuvant OR preoperative OR
perioperative OR induction) AND (targeted OR vegf OR bevacizumab)
for relevant publications up to December 20th, 2019. References of the
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Study
ID

Total Neoadjuvant Therapy

Konishi et al. 2019

Masi et al. 2019

Yuetal. 2018

Xiao et al. 2015

Borg et al. 2014 A

Dipetrillo et al. 2012

Nogue et al. 2011

Subtotal (I-squared = 4.2%, p = 0.394)

5-FU-based triplet therapy
Glynne—Jones et al. 2018 B
Subtotal (I-squared =.%,p=".)

Capecitabine—based doublet therapy
Tomida et al. 2019

Landry et al. 2015

Fernandez—Martos et al. 2014
Hasegawa et al. 2014

Dellas et al. 2013

Uehara et al. 2013

Subtotal (I-squared =27.5%, p = 0.229)

5—FU-based doublet therapy
Glynne—Jones et al. 2018 A

Hasegawa et al. 2017

Liang et al. 2017

Subtotal (I-squared = 74.7%, p = 0.047)

Capecitabine—based monotherapy
Maeda et al. 2018

Garcia et al. 2015

Salazar et al. 2015

Gasparini et al. 2012

Koukourakis et al. 2011

Velenik et al. 2011

Crane et al. 2010

Subtotal (I-squared =43.4%, p=0.101)

5—FU-based monotherapy

Borg et al. 2014 B

Spigel et al. 2012

Willett et al. 2010

Subtotal (I-squared =45.2%, p=10.161)

5—FU-based monotherapy or doublet therapy
Wang et al. 2014

Subtotal (I-squared =.%,p=".)

S1-based monotherapy

Sadahiro et al. 2015

Subtotal (I-squared =.%,p=".)

Overall (I-squared = 61.8%, p = 0.000)
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Fig. 2. The forest plot of pooled estimate of pCR (sub-grouped by backbone therapy).

relevant studies were manually screened for potential candidates for in-
clusion. No restriction of language was applied.

Data extraction

The primary endpoints were pCR and the rates of patients suf-
fering Grade 3/4 bevacizumab-specific adverse events, namely bleed-
ing, wound healing complications, and gastrointestinal perforation. The
baseline characteristics of the included studies were extracted: first au-
thor, year of publication, study design, country/district, population,
nCRT regimens, median age, and staging at enrollment. The whole data
extraction process was independently conducted by two authors and dis-

crepancies were resolved through discussion. The methodological qual-
ity of the included studies was evaluated using the Newcastle-Ottawa
quality assessment scale (NOS) [24]. Studies scoring five or more were
considered moderate-quality, whereas those with seven or more were
deemed of high-quality [24].

Statistical analysis

Quantitative syntheses were performed using a random-effect model
to provide more conservative estimates [25, 26]. Data concerning Grade
3/4 bevacizumab-specific adverse events were within the range of 0-
0.3, thus they were first double arcsine transformed and then synthe-
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Study
ID

Asia

Konishi et al. 2019
Tomida et al. 2019
Maeda et al. 2018
Yuetal. 2018
Hasegawa et al. 2017
Liang et al. 2017
Sadahiro et al. 2015
Xiao et al. 2015
Hasegawa et al. 2014
Wang et al. 2014
Uehara et al. 2013
Subtotal (I-squared = 74.5%, p = 0.000)

Europe

Masi et al. 2019
Glynne—Jones et al. 2018 A
Glynne—Jones et al. 2018 B
Garcia et al. 2015

Salazar et al. 2015

Borg et al. 2014 A

Borg et al. 2014 B
Fernandez—Martos et al. 2014
Dellas et al. 2013

Gasparini et al. 2012
Koukourakis et al. 2011
Nogue et al. 2011

Velenik et al. 2011

Subtotal (I-squared = 57.8%, p = 0.006)

North America

Landry et al. 2015

Dipetrillo et al. 2012

Spigel et al. 2012

Crane et al. 2010

Willett et al. 2010

Subtotal (I-squared = 0.0%, p=0.451)

Overall (I-squared = 61.8%, p = 0.000)
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Fig. 3. The forest plot of pooled estimate of pCR (sub-grouped by region).

sized. The Cochrane’s Q test and inconsistent index (I2) were performed
to detect heterogeneity [27]. Subgroup analyses and sensitivity analysis
were performed to detect potential origins of heterogeneity. Small study
effects were evaluated using Egger’s test when sufficient data were pro-
vided (>10) [28]. All statistical analyses were performed using STATA
version 12.0 (STATA, College Station, TX).

Results
Study inclusion and baseline characteristics of eligible studies

The initial database search and manual screening of references re-
trieved 9987 records, of which 6491 were removed as duplicates, leav-
ing 3496 records which proceeded on to title and abstract screening.
39 potential candidates underwent full-text review, of which 27 [10-
12, 14-22, 29-43] were adequate for inclusion, with 12 studies deemed
inadequate for various reasons shown in Fig. 1. Of note, among the eli-
gible studies, five [5, 11, 17, 18] explored the role of TNT. Concerning
the countries/districts where these trials were conducted, seven [16, 17,

19, 22, 30, 33, 35] were in Japan, five [10, 14, 37, 41, 42] in the United
States of America, four in China (two [15]> [18] in the mainland, two
[21]> [32] in Taiwan), four [12]> [29]> [31]> [34] in Spain, two [38,43]
in Italy, one [11] in France, one [36] in Germany, one [40] in Greece,
one [39] in Slovenia, and one [20] in the United Kingdom. The detailed
baseline characteristics and data regarding endpoints of interest from
the included studies are shown in Table 1. The detailed methodological
quality assessment results of the included studies are shown in Table 2.
Four of the 27 studies scored seven points on the NOS analysis and were
deemed high-quality, while the remaining 23 scored six points and were
considered as moderate-quality studies.

The efficacy of bevacizumab

The pooled pCR rate for bevacizumab-relevant cohorts was 21%
(95% confidence interval (95% CI), 17-25%; I2=61.8%) as shown
in Figs. 2 and 3. Subgroup analyses based on the backbone ther-
apy and region found a pooled pCR rate for TNT-relevant cohorts (7)
of 33% (95% CI, 27-38%; I> =4.2%) while capecitabine-based dou-
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Table 1

Baseline characteristics of cohort groups of bevacizumab for meta-analysis.

Translational Oncology 14 (2021) 100964

Study Study design Country Enrollment, Neoadjuvant therapy Median age,  Stage at Grade3/4 pCR
/District n y enrollment, n Bevacizumab-
specific adverse
effects
Konishi et al. Prospective Japan 43 Induction therapy: 54.0 cT3: 31; cT4: NR 37.2% (16/43)
2019 Phase 11 mFOLFOX6+bevacizumab 12; cNO: 3;
Concurrent cN1 (lateral
chemoradiotherapy:S1+RT node -): 10;
cN1 (lateral
node +): 30
Masi et al. Prospective Italy 49 Induction therapy: 53.0 cT3: 31; cT4: NR 36.4% (16/44)
2019 Phase 11 FOLFOXIRI+bevacizumab 17; cNO: 8;
Concurrent cN1-2: 40
chemoradiotherapy:
capecitabine
+bevacizumab+RT
Tomida et al. Prospective Japan 32 Capox+bevacizumab 62.0 cT3: 13; cT4a: NR 13.8% (4/29)
2019 Phase 11 9; cT4b: 10;
cNO: 6; cN1:
14; cN2: 12
Glynne-Jones Prospective UK 10 FOLFOX+bevacizumab 58.0 mrT3b: 5; Grade 3/4 0
et al. 2018 Phase 11 mrT3c: 5; Bleeding: 0;
mrNO: 4; Grade 3/4
mrN1: 2; Wound healing
mrN2: 4 complication: 0
10 FOLFOXIRI+bevacizumab 58.0 mrT3b: 5; Grade 3/4 20% (2/10)
mrT3c: 3; Bleeding: 0;
mrT3d: 1; Grade 3/4
mrT4 Wound healing
(peritoneal complication:
involvement): 1/10 (10%)
1; mrNO: O;
mrN1: 5;
mrN2: 5
Maeda et al. Prospective Japan 25 Capecitabine+ 65.0 cT3: 18; cT4: NR 25% (4/25)
2018 Phase 11 bevacizumab 7; cNO: 9; cN1:
6; cN2: 10
Yu et al. 2018 Prospective China 45 Induction therapy: 48.0 cT2: 1; cT3: NR 39.5% (15/38)
Phase 11 (mainland) Capox-+bevacizumab 18; cT4a: 21;
Concurrent cT4b: 5; cNO:
chemoradiotherapy: 5; cN1: 15;
Capox-+bevacizumab+RT cN2: 25
Hasegawa et al.  Prospective Japan 20 mFOLFOX6+ bevacizumab 63.0 cT2: 0; cT3: NR 15% (3/20)
2017 Phase II 15; cT4a: 5;
cNO: 13;
cN1-2: 7
Liang et al. Retrospective China 76 FOLFOX+bevacizumab NR cT3NO: 44; NR 34.2% (26]76)
2017 (Taiwan) cT3N1: 19;
cT3N2: 13
Garcia et al. Prospective Spain 41 Capecitabine+ 63.0 cT3 2: 32; NR 7.5% (3/40)
2015 Phase II bevacizumab+ RT cT3a: 3; cT3b:
1; cT3c: 2;
cT4: 2
Landry et al. Prospective USA 54 Capox+bevacizumab+RT 54.0 cT3: 50; cT4: Grade 3/4 17.0% (9/53)
2015 Phase 11 4; cNx: 2; cNO:  Bleeding: 1/54
17; cN1: 30; (1.85%)
cN2: 5
Sadahiro et al. Prospective Japan 52 S-1+bevacizumab+ RT 59.0 cT2: 2; cT3: NR 19.2% (10/52)
2015 Phase 11 49; cT4: 1;
cNO: 16; cN1:
36
Salazar et al. Prospective Spain 90 Capecitabine+ 64.0 IIA:6;IIB:1; NR 15.9% (7/44)
2015 Phase 11 bevacizumab+ RT I B: 18; 11 C:
19
Xiao et al. Prospective China 25 Induction therapy: 45.0 cT2: 2; cT3: 9; NR 39.1% (9/23)
2015 Phase 11 (mainland) FOLFOX+bevacizumab cT4a: 8; cT4b:
Concurrent 6; cN-: 4; cN+:
chemoradiotherapy:5- 21
FU-+bevacizumab+RT

Consolidation therapy:
FOLFOX

(continued on next page)
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Table 1 (continued)
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Study Study design Country Enrollment, Neoadjuvant therapy Median age,  Stage at Grade3/4 pCR
/District n y enrollment, n Bevacizumab-
specific adverse
effects
Borg et al. Prospective France 46 Induction therapy: 60.6 cT3NO: 10; Grade 3/4 23.8% (10/42)
2014 Phase 11 FOLFOX4+bevacizumab cT3N1: 31; Bleeding: 2/46
Concurrent Tc3N2: 5 (4.35%) Grade
chemoradiotherapy:5- 3/4 Wound
FU-+bevacizumab+RT healing
complication: 0
Grade 3/4 Gas-
trointestinal
perforation:
1/46 (2.17%)
45 5-FU+bevacizumab+ RT 60.1 cT3NO: 8; Grade 3/4 11.4% (5/44)
cT3N1: 28; Bleeding: 0O
cT3N2: 9 Grade 3/4
Wound healing
complica-
tion:2/45
(4.44%) Grade
3/4 Gastroin-
testinal
perforation: 0
Fernandez- Prospective Spain 46 Capox+ bevacizumab NR cT3: 46 NR 19.6% (9/46)
Martos et al. Phase 11
2014
Hasegawa et al. ~ Prospective Japan 25 Capox+bevacizumab 63.0 cT4aNOMO: 1; NR 4.3% (1/23)
2014 Pilot study cT4bNOMO: 3;
cT2,cT3N2MO:
3;
cT3,cT4aN1MO:
10; cT4aN2MO:
1;
cT4bN1/N2MO:
7
Wang et al. Prospective China 12 FOLFOX+bevacizumab+ 52.5 cT2: 1; cT3: 8; NR 33.3% (4/12)
2014 Phase II (Taiwan) RT/5-FU+bevacizumab+ RT cT4: 3; cNO: 2;
cN1: 2; cN2: 8
Dellas et al. Prospective Germany 69 Capox-+bevacizumab+ RT 61.0 CT2Nx: 2; Grade 3/4 17.4% (12/69)
2013 Phase 11 cT3NO: 12; Wound healing
cT3NO+: 44; complication:
cT4NO: 3; 1/69 (1.45%)
CT4N+: 4:
Uehara et al. Prospective Japan 32 Capox+bevacizumab 62.0 cT3: 13; cT4a: Grade 3/4 Gas- 13.3% (4/30)
2013 Phase 11 9; cT4b: 10; trointestinal
cNO: 6; cN1: perforation:
14; cN2: 12 1/32 (3.13%)
Dipetrillo et al.  Prospective USA 25 Induction therapy: 50.0 T2: 2; T3: 20; NR 20% (5/25)
2012 Phase 11 mFOLFOX6+bevacizumab+ T4: 3; N-: 7;
RT Concurrent N+: 16; Nx: 2
chemoradiotherapy:5-FU+
oxaliplatin+bevacizumab+RT
Gasparini et al.  Prospective Italy 43 Capecitabine+ 64.0 cT2N1MO: 4; Grade 3/4 14.0% (6/43)
2012 Phase II bevacizumab+ RT cT3NOMO: 14; Bleeding: 0
cT3N1MO: 20;
cT3NxXMO: 1;
cTANTMO: 1;
cT4N1MO: 1;
CcT4N2MO: 1;
cTxN1MO: 1;
cT4N2M1: 1
Spigel et al. Prospective USA 35 5-FU+bevacizumab+ RT 57.0 II: 11; 1II: 24 Grade 3/4 28.6% (10/35)
2012 Phase II Wound healing
complication: 0
Koukourakis Prospective Greece 19 Capecitabine+ 68.0 pT3: 19; pT4: Grade 3/4 36.8% (7/19)
et al. 2011 Phase 11 amifostine+bevacizumab+ 0; pN1: 12 Bleeding: 0
RT
Nogue et al. Prospective Spain 47 Induction therapy: 58.5 cT3NO: 5; Grade 3/4 35.6% (16/45)
2011 Phase II Capox+bevacizumab cT3N1: 22; Bleeding: 0
Concurrent cT3N2: 14;
chemoradiotherapy: CT4NO: 2;
capecitabine CcT4N1: 2;
+bevacizumab+RT cT4N2: 2

(continued on next page)
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Table 1 (continued)

Translational Oncology 14 (2021) 100964

Study Study design Country Enrollment, Neoadjuvant therapy Median age,  Stage at Grade3/4 pCR
/District n y enrollment, n Bevacizumab-
specific adverse
effects
Velenik et al. Prospective Slovenia 61 Capecitabine+ 60.0 cT3NO: 12; Grade 3/4 13.3% (8/60)
2011 Phase 11 bevacizumab+ RT CcT2N1: 1; Bleeding: 0
cT3N1: 19;
cT2N2: 2;
CcT3N2: 22;
cT4N2: 5
Crane et al. Prospective USA 25 Capecitabine+ 54.0 cT3NO: 5; NR 32% (8/25)
2010 Phase 11 bevacizumab+ RT CcT3NO+: 20
Willett et al. Prospective USA 32 5-FU+bevacizumab+ RT 51.0 cT3: 28; cT4: NR 15.6% (5/32)
2010 Phase II 4; cNO: 9;
cN1-2: 23

Abbreviations: pCR: pathologic complete response; RT: radiotherapy; 5-FU: fluorouracil; FOLFOXIRI: fluorouracil plus leucovorin plus oxaliplatin plus irinotecan;
FOLFOX: fluorouracil plus leucovorin plus oxaliplatin; Capox: capecitabine plus oxaliplatin; S-1: tegafur plus gimeracil plus potassium oxonate; NR: not reported.

a It was not specified if the ¢T3 status was cT3a, cT3b or cT3c.

Table 2
The NOS quality of included studies.
Selection Comparability Outcome

Study REC SNEC AE DO SC AF AO FU AFU Total Quality
Konishi et al. 2019 1 0 1 1 0 0 1 1 1 6 Moderate
Masi et al. 2019 1 0 1 1 0 0 1 1 1 6 Moderate
Tomida et al. 2019 1 0 1 1 0 0 1 1 1 6 Moderate
Glynne-Jones et al. 2018 1 1 1 1 0 0 1 1 1 7 High
Maeda et al. 2018 1 0 1 1 0 0 1 1 1 6 Moderate
Yu et al. 2018 1 0 1 1 0 0 1 1 1 6 Moderate
Hasegawa et al. 2017 1 0 1 1 0 0 1 1 1 6 Moderate
Liang et al. 2017 1 1 1 1 0 0 1 1 1 7 High
Garcia et al. 2015 1 0 1 1 0 0 1 1 1 6 Moderate
Landry et al. 2015 1 0 1 1 0 0 1 1 1 6 Moderate
Sadahiro et al. 2015 1 0 1 1 0 0 1 1 1 6 Moderate
Salazar et al. 2015 1 1 1 1 0 0 1 1 1 7 High
Xiao et al. 2015 1 0 1 1 0 0 1 1 1 6 Moderate
Borg et al. 2014 1 1 1 1 0 0 1 1 1 7 High
Fernandez-Martos et al. 2014 1 0 1 1 0 0 1 1 1 6 Moderate
Hasegawa et al. 2014 1 0 1 1 0 0 1 1 1 6 Moderate
Wang et al. 2014 1 0 1 1 0 0 1 1 1 6 Moderate
Dellas et al. 2013 1 0 1 1 0 0 1 1 1 6 Moderate
Uehara et al. 2013 1 0 1 1 0 0 1 1 1 6 Moderate
Dipetrillo et al. 2012 1 0 1 1 0 0 1 1 1 6 Moderate
Gasparini et al. 2012 1 0 1 1 0 0 1 1 1 6 Moderate
Spigel et al. 2012 1 0 1 1 0 0 1 1 1 6 Moderate
Koukourakis et al. 2011 1 0 1 1 0 0 1 1 1 6 Moderate
Nogue et al. 2011 1 0 1 1 0 0 1 1 1 6 Moderate
Velenik et al. 2011 1 0 1 1 0 0 1 1 1 6 Moderate
Crane et al. 2010 1 0 1 1 0 0 1 1 1 6 Moderate
Willett et al. 2010 1 0 1 1 0 0 1 1 1 6 Moderate

Abbreviations: REC: representativeness of the exposed cohort; SNEC: selection of the nonexposed cohort; AE: ascertainment of exposure; DO: demonstration that
outcome of interest was not present at start of study; SC: study controls for age, sex; AF: study controls for any additional factors; AO: assessment of outcome; FU:
follow-up long enough (36 M) for outcomes to occur; AFU: adequacy of follow-up of cohorts (>90%). “1” means that the study is satisfied the item and “0” means

the opposite situation.

ble therapy-relevant cohorts (6), fluorouracil (5-FU hereafter)-based
doublet therapy-relevant cohorts (3), capecitabine-based monotherapy-
relevant cohorts (7), and 5-FU-based monotherapy-relevant cohorts (3)
had pCR of 14% (95% CI, 9-19%; I% = 27.5%), 25% (95% CI, 7-44%;
2 =74.7%), 16% (95% CI, 10-22%; I* = 43.4%), and 17% (95% CI, 8-
27%; I2 = 45.2%), respectively (Fig. 2). The pooled pCR rates for Asian-
, European-, and North American-originated cohorts (11, 13, and 5,
respectively) were 23% (95% CI, 15-31%, I2=74.5%), 19% (95% CI,
14-24%; I? = 57.8%), and 21% (95% CI, 15-27%; I? = 0%), respectively
(Fig. 3). To explore whether there is any difference in the efficacy of be-
vacizumab between CRT use and chemotherapy use, another subgroup
analysis was performed. As shown in Fig. 4, CRT-relevant cohorts pre-
sented better efficacy than chemotherapy-relevant cohorts (22% versus
17%). Significant small study effects were detected, as the P value of Eg-
ger’s test was < 0.001 (Supporting Information Fig. S1a). The sensitivity

analysis indicated that the pooled estimate can be as large as 22% (95%
CI, 18-25%) by excluding Hasegawa et al. and as small as 20% (95% CI,
16-24%) by excluding Liang et al. (Supporting Information Fig. S1b).

The safety of bevacizumab

Nine cohorts reported on Grade 3/4 bleeding, six reported on Grade
3/4 wound healing complications, and three reported on Grade 3/4 gas-
trointestinal perforation. The pooled estimates of Grade 3/4 bleeding,
Grade 3/4 wound healing complication, Grade 3/4 gastrointestinal per-
foration were 1% (95% CI, 0-3%; I? = 0%, Fig. 5a), 2% (95% CI, 1-5%;
I2=4.7%, Fig. 5b), and 2% (95% CI, 0-5%; I? = 0%, Fig. 5c), respec-
tively. Subgroup analyses and Egger’s test were not performed due to
the insufficient amount of data.
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Study
ID

CRT

Konishi et al. 2019
Masi et al. 2019

Yu et al. 2018
Garcia et al. 2015
Landry et al. 2015
Sadahiro et al. 2015
Salazar et al. 2015
Xiao et al. 2015
Borg et al. 2014 A
Borgetal. 2014 B
Wang et al. 2014
Dellas et al. 2013
Dipetrillo et al. 2012
Gasparini et al. 2012
Spigel et al. 2012
Koukourakis et al. 2011
Nogue et al. 2011
Velenik et al. 2011
Crane et al. 2010
Willett et al. 2010
Subtotal (I-squared = 61.2%, p = 0.000)

Chemotherapy

Tomida et al. 2019
Glynne—Jones et al. 2018 A
Glynne—Jones et al. 2018 B
Maeda et al. 2018

Hasegawa et al. 2017

Liang et al. 2017
Fernandez—Martos et al. 2014
Hasegawa et al. 2014

Uehara et al. 2013

Subtotal (I-squared = 64.1%, p=0.007)

Overall (I-squared = 61.8%, p = 0.000)

NOTE: Weights are from random effects analysis
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Fig. 4. The forest plot of pooled estimate of pCR (sub-grouped by CRT or chemotherapy).

Discussion
Main findings and interpretations

The current body of literature concerning the efficacy of neoadjuvant
bevacizumab for LARC patients mostly consists of single-arm phase II
clinical trials, largely lacking head-to-head data comparing neoadjuvant
regimens with or without bevacizumab. In the previous meta-analysis
by Zhong et al. [13], a benchmark pCR was set at 17% using relevant
data from ten LARC cohorts extracted from the individual patient data-
leveled meta-analysis of Maas et al. [44].

In this work, we double arcsine transformed these data and synthe-
sized a pooled pCR rate of 15% (95% CI, 13-17%), as shown in Sup-
plementary Fig. 1. Baseline characteristics of the included cohorts are
presented in Supporting Information Table S1. Besides, increasing ev-
idences demonstrate that induction therapy can improve the exposure
to chemotherapy without impairing the delivery of neoadjuvant radio-
therapy and that induction therapy is safer than adjuvant chemother-
apy [43]. Therefore, we paid specific attention to the efficacy of beva-
cizumab in LARC cohorts receiving TNT in this study.

In this systematic review and meta-analysis, we reached a pooled
PCR rate of 21% (95% CI, 17-25%) for all bevacizumab-relevant co-
horts, which is superior to the current benchmark set at 15%. Al-
though small study effects were detected, the pooled pCR lies within
the range of 20 to 22, according to the results of sensitivity analysis,
surpassing the benchmark even when excluding any of the included co-
horts. Subgroup analyses were performed based on nCRT regimen or
study location. The pooled pCR for cohorts receiving TNT was supe-
rior to that for any other subgroup including at least three cohorts.
The 5-FU-based doublet therapy-subgroup achieved a higher pooled
PCR rate than the capecitabine-based doublet therapy-subgroup. How-
ever, the 5-FU-based doublet therapy-subgroup contained only three
cohorts containing substantial heterogeneity - no one achieved pCR in
the cohort by Glynne-Jones et al. [20] while the cohort by Liang et al.
[21] presented a pCR rate of 34.2% in 76 subjects — which weakens
the credibility of this result. On the other hand, the pooled pCR for the
capecitabine-based monotherapy-subgroup was comparable to that for
the 5-FU-based monotherapy-subgroup or the capecitabine-based dou-
blet therapy-subgroup, consistent with relevant conclusions in the NCCN
guidelines [5]. For the subgroup analysis based on region, the pooled



Y. Zhou, Z. Guo, Z. Wu et al.

Study Grade 3/4 Bleeding %
D -double arcsine (95% CI) weight
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Fig. 5. A, the forest plot of pooled estimate of Grade 3/4 bleeding; B, the forest
plot of pooled estimate of Grade 3/4 wound healing complications; C, the forest
plot of pooled estimate of Grade 3/4 gastrointestinal perforation.

pCR rates for European-, Asian-, and North American- originated co-
horts were largely comparable. As for the subgroup analysis based on
CRT or chemotherapy, the CRT-revelant cohorts presented better pooled
PCR rate (22%) than chemotherapy-relevant cohorts (17%) did. How-
ever, whether this benefit comes from the RT-enhancing activity of be-
vacizumab or RT itself remains inconclusive.

To evaluate the safety of adding bevacizumab, we synthesized
the risk of Grade 3/4 bevacizumab-specific adverse events, namely
Grade 3/4 bleeding- 1% (95% CI, 0-3%), Grade 3/4 wound heal-
ing complication- 2% (95% CI, 1-5%), and Grade 3/4 gastrointesti-
nal perforation- 2% (95% CI, 0-5%). This safety is more than accept-
able, considering that previously published clinical trials reported over-
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all risks of Grade 3/4 toxicity ranging from 13.9% to 27%. However,
only nine, six, and three of the 29 included cohorts reported data con-
cerning Grade 3/4 bleeding, Grade 3/4 wound healing complications,
and Grade 3/4 gastrointestinal perforation, respectively. More data con-
cerning the safety profile of neoadjuvant bevacizumab are badly needed
in the future.

Strengths and limitations

This is the most comprehensive systematic review to date evaluating
the efficacy and safety of bevacizumab in the nCRT for LARC patients,
and the first to put an emphasis on the role of bevacizumab in TNT. We
also used double arcsine transformation to process data to better cope
with the feature of all these data lying within the range of 0 to 0.3.

Nonetheless, there are several limitations that must be addressed.
First, a lack of head-to-head survival data weakens our analyses; pCR is
only a surrogate endpoint for prognosis. Second, more relevant studies
are needed to provide more stable and robust results. Third, significant
heterogeneity existed among the included studies, confounding factors
such as the intensity of backbone nCRT required to be accounted for as
the number of eligible trials increases in the future.

Conclusions

In conclusion, the addition of bevacizumab in the nCRT, especially in
the TNT, for LARC patients provides promising efficacy and acceptable
safety. However, the results should be interpreted cautiously due to the
small amount of relevant data and need further confirmation by future
studies.
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