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Aim: The use of bevacizumab in combination therapy is an emerging trend in metastatic
colorectal cancer treatment. However, the clinical value of different combination types
remains under debate. Thus, a meta-analysis of randomized controlled trials (RCTs) comparing
bevacizumab-based combination therapy with monotherapy (therapy that uses one type of
treatment, such as chemotherapy or surgery alone, to treat metastatic colorectal cancer) was
performed, aiming to evaluate the safety and efficacy of bevacizumab-based combination therapy
and to find a more beneficial combination.

Methods: We searched for clinical studies that evaluated bevacizumab-based combination
therapy in metastatic colorectal cancer. We extracted data from these studies to evaluate the
relative risk (RR) of overall response rate (ORR) and grade 3/4 treatment-related adverse events
(AEs), HRs of overall survival (OS), and progression-free survival (PFS).

Results: Eight RCTs were identified (n=3,424). Treatments included combinations of bevaci-
zumab and oxaliplatin, fluorouracil, and leucovorin (FOLFOX4), combinations of bevacizumab
and capecitabine and oxaliplatin, combinations of bevacizumab and fluorouracil/leucovorin,
combinations of bevacizumab and irinotecan, fluorouracil, and leucovorin (IFL), and combina-
tions of bevacizumab and capecitabine. Bevacizumab-based combination therapy showed higher
ORR (RR: 1.40; 95% CI: 1.10-1.78; P=0.005), PFS (HR: 0.64; 95% CI: 0.55-0.73; P=0.000),
and OS (HR: 0.82; 95% CI: 0.73-0.92; P=0.001) values than monotherapy. However, higher
grade 3/4 treatment-related AEs (RR: 1.27; 95% CI: 1.15-1.41; P=0.000) were observed in
combination therapy than in monotherapy.

Conclusion: This meta-analysis showed that the addition of IFL to bevacizumab better benefits
PFS and safety. Adding FOLFOX4 was associated with better ORR and OS. The efficacy and
safety of an [IFL-bevacizumab—FOLFOX4 combination should be given greater weight in future
clinical trials, guidelines, and clinical practice.

Keywords: combination therapy, bevacizumab, metastatic colorectal cancer, meta-analysis

Introduction

Colorectal cancer is one of the most commonly diagnosed cancers and one of the
leading causes of cancer-related death worldwide.! Although chemotherapy, radio-
therapy, and surgery have been standard treatments for patients with cancers, outcomes
of these treatments including the progression-free survival (PFS) of patients are still
worrying and far from ideal.> Vascular endothelial growth factor (VEGF) plays a vital
role in the regulation of promoting tumor angiogenesis by inducing the proliferation
and migration of vascular endothelial cells.>* In addition to stimulating the formation
of blood vessels, especially in the tumor surrounding, VEGF is also critical for the
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enhancement of vascular permeability.’ Therefore, targeting
VEGEF to inhibit tumor growth has become a focus of inves-
tigation, including research in the humanized monoclonal
antibody bevacizumab.¢

Bevacizumab, a humanized monoclonal IgG antibody,
can prevent the binding of VEGF-A to tyrosine kinase recep-
tors (the VEGFRs) by targeting all isoforms of VEGF-A.”#
Thus, bevacizumab can inhibit the formation of new tumor
vasculature and result in the regression of tumor vasculariza-
tion. In addition, it can decrease elevated interstitial pressure
in tumors to help the delivery of concurrently administered
other therapy agents.’!! In various murine cancer models,
bevacizumab has been proved to exert robust antitumor
effects.!>!”

Recently, blocking angiogenesis has shown promise
for metastatic colorectal cancer therapy, and anti-VEGF
antibody combination therapy has gained much popularity.
However, the survival benefit and safety of anti-VEGF
antibody combination therapy remain under debate, and
whether the added benefits of each drug outweigh the
added risk of toxicity remains uncertain. To the best of our
knowledge, few meta-analyses have looked at the survival
benefits and safety of different types of anti-VEGF antibody
combination therapy.

The aim of the present meta-analysis was to evaluate the
clinical value of bevacizumab-based combination therapy
and the added benefits and toxicity risk of each drug.

Methods

Study design and search strategy

All relevant information of this meta-analysis was identified
from published trials that compared bevacizumab-based
combination therapy with monotherapy. We searched for
the trials based on the following computerized bibliographic
databases: PubMed/Medline, Embase, the Cochrane Central
Register of Controlled Trials (CENTRAL), and Google
Scholar without any language restrictions. February 2018
was the cutoff date. The following keywords were included:
combination therapy, bevacizumab, metastatic colorectal
cancer, VEGF, oxaliplatin, fluorouracil, and leucovorin
(FOLFOX4), fluorouracil/leucovorin (FU/LV), irinotecan,
fluorouracil, and leucovorin (IFL), and capecitabine and
oxaliplatin (XELOX). In order to find potential publica-
tions, we reviewed the reference list of related articles for
further analysis.

Selection criteria
We identified eligible studies according the following five
criteria: 1) trials that included patients with metastatic

colorectal cancer; 2) Phase II or Phase III trials for cancer;
3) an intervention that combined bevacizumab with other
treatments, such as FOLFOX4 or IFL; 4) studies that
evaluate the clinical value or adverse events (AEs) of treat-
ment; and 5) studies that compare combination therapy and
monotherapy.

The exclusion criteria were: 1) the control group is beva-
cizumab; 2) studies were not related to our research topics or
not clinical trials; 3) retrospective studies, letters, editorials,
expert opinions; and 4) studies that lacked necessary data.

Data extraction

Three reviewers (RX, CX, and CL) independently extracted
data by using a standardized form. We reviewed all the
studies and extracted the following information: the first
author, published year, intervention in the experimental
groups and control groups, drugs and doses in the experi-
mental groups and control groups, PFS, overall survival (OS),
overall response rate (ORR), and grade 3/4 treatment-related
AEs. ORR was collected directly or calculated according to
complete response rate and partial response rate. Initially the
reviewers determined ORR and OS. The secondary reviewers
assessed PFS and grade 3/4 treatment-related AEs.

Assessment of the study quality and risk

of bias

We used Cochrane Collaboration’s tool to evaluate the risk
of bias; any controversies were resolved by mutual discus-
sion. Assessment of the study quality was based on the
latest 2009 version of the initial Stroke Therapy Academic
Industry Roundtable (STAIR) standard. It includes sample-
size calculation, inclusion and exclusion criteria, allocation
concealment, blinded assessment of outcome, reporting of
patients excluded from analysis, reporting potential conflicts
of interest, and study funding. All the reviewers assessed the
qualities in all included studies. “Unclear” means the quality
was not clear.

Statistical analysis

Statistical analysis, forest plots, sensitivity analysis, and
detection of publication bias were performed by Stata/SE
12.0 (Stata Corp, College Station, TX, USA), and we used
Review Manager (RevMan5.3; The Nordic Cochrane Center,
The Cochrane Collaboration, Copenhagen, Denmark) to
assess the risk of bias. In addition, we used an Excel spread-
sheet developed by Matthew Sydes and Jayne Tierney of
the MRC Clinical Trials Unit (London, UK) to evaluate the
In(HR) values and se(In(HR)) values.'®!” Relative risk (RR)
and HRs were used for evaluation. Publication bias was
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assessed by Egger’s test and Begg’s test. All the analyses
(OS, ORR, PFS, and grade 3/4 treatment-related AEs) used
arandom-effects model (M—H heterogeneity).? In addition,
we calculated 95% Cls for each estimate.

Data availability

All data generated during and/or analyzed in this study are
included in this published article (and its Supplementary
materials).

Results

Search results and study characteristics
The detailed study selection process is illustrated in Figure S1.
A total of 528 potentially relevant studies were retrieved from
the initial database search in PubMed/Medline, Embase,
CENTRAL, and Google Scholar, of which eleven articles
met all inclusion criteria.?!2® All the studies evaluated
the value of anti-VEGF antibody combination therapy,
combining bevacizumab with other therapy. We found
several types of combination trials: two combinations of
anti-VEGF antibody with FOLFOX4, two combinations of
anti-VEGF antibody with FU/LV, two combinations of anti-
VEGF antibody with IFL, one combination of anti-VEGF
antibody with XELOX, and two combinations of anti-VEGF
antibody with capecitabine.

A total of 3,424 patients with metastatic colorectal
cancer were included in the analysis. The safety analysis
included 3,274 of these patients. In total, 1,960 patients
received combination therapy, including two combinations of
bevacizumab with FOLFOX4 (n=635), two combinations
of bevacizumab with FU/LV (n=172), two combinations
of bevacizumab with IFL (n=516), one combination of
bevacizumab with XELOX (n=350), and two combinations
of bevacizumab with capecitabine (n=287). Patients receiv-
ing monotherapy served as the controls (n=1,464). Detailed
information of those trials is available in the Table 1.

Efficacy outcomes

The ORR was reported in eight of the studies.?' 2 The PFS was
reported in seven of the studies.?'>*"28 The OS was reported in
seven of the studies.? > The ORR, OS, and PFS of combination
therapy were significantly higher than monotherapy (Figure 1).
The combination of anti-VEGF antibody and other therapy
was associated with significantly higher ORRs than mono-
therapy (RR: 1.40; 95% CI: 1.10-1.78; P=0.005) (Figure 1A).
Compared with monotherapy, combination therapy sig-
nificantly prolonged PFS (HR: 0.64; 95% CI: 0.55-0.73;
P=0.000) (Figure 1B). In addition, the OS of combination
therapy was also significantly higher than monotherapy

(HR: 0.82; 95% CI: 0.73-0.92; P=0.001) (Figure 1C). There
was high heterogeneity in the ORR (/>=79.5%) and PFS
(I*=69.8%) analyses, while heterogeneity in OS (/’=45.6%)
was moderate. The subgroup analysis of combination type
is shown in Figure 2 and Table 2. Detailed heterogeneity
analyses are shown in Figure S2. The subgroup analysis of
patients is shown in Figure 3. It showed that patients with dif-
ferent sex and baseline Eastern Cooperative Oncology Group
performance score have similar PFS improvement in response
to bevacizumab-based combination therapy (Figure 3A
and B). The subgroup analysis of PFS based on the location
of primary disease and previous adjuvant treatment is shown
in Figure 3C and D, respectively.

Safety outcomes

The grade 3/4 treatment-related AEs of anti-VEGF antibody
combination therapy were reported in six studies.?'2>2
Analysis shows significantly high rate of grade 3/4 AEs
in combination therapies (RR: 1.27; 95% CI: 1.15-1.41;
P=0.000) (Figure 4A), with high heterogeneity (/*=60.5%).
Tests of heterogeneity and subgroup analyses by type of
combination are shown in Figure 4B and Table 3. Combi-
nation of anti-VEGF antibody and capecitabine showed the
highest rate of grade 3/4 treatment-related AEs (RR: 1.89;
95% CI: 1.31-2.73; P=0.000), while combination of anti-
VEGF antibody and IFL showed the lowest rate of grade 3/4
treatment-related AEs (RR: 1.15; 95% CI: 1.07-1.23;
P=0.000) (Figure 4B).

Sensitivity analysis and publication bias
Detailed sensitivity analyses are shown in Figure 5. All sen-
sitivity analysis associated with the meta-analyses performed
in this study indicated a stable results, and no sensitivity
analysis shows positive results. Our publication bias was
based on both Begg’s test and Egger’s test. In Begg’s test, the
P-values were 0.386 for ORR, 0.063 for grade 3/4 treatment-
related AEs, 0.474 for PFS, and 0.858 for OS. In Egger’s
test, the P-values were 0.116 for ORR, 0.052 for grade 3/4
treatment-related AEs, 0.412 for PFS, and 0.968 for OS.
Begg graphs are shown in Figure S3, and Egger graphs are
shown in Figure S4. Details on the risk of bias in 14 studies
are illustrated in Figure S5.

Discussion

To the best of our knowledge, this is the first meta-
analysis with randomized controlled trials to evaluate the
added benefits and toxicity of each drug in bevacizumab-
based combination therapy. The current trials have some
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limitations, but we think the outcomes can still provide
insights into anti-VEGF antibody combination therapy.
Outcomes of studies on anti-VEGF antibody combination
therapy including FOLFOX4, FU/LV, IFL, XELOX, and
capecitabine have been published, but efficacy and safety
of combination therapy are still under debate. Some studies

reported that anti-VEGF antibody combination therapy did
not significantly improve PFS or OS, but it did increase
toxicity.2!?* Therefore, we performed this meta-analysis to
evaluate the value and toxic effects of anti-VEGF antibody
combination therapy; in addition, subgroup analyses were
warranted to evaluate the optimal type of combination.

AStudy ID RR (95% Cl) % weight
Giantonio (2007) ————%————  265(1.72,4.07) 11.85
Kabbinavar (2003) . 1.94 (0.87, 4.35) 6.02
Hurwitz (2004) —.—.— 1.29 (1.08, 1.53) 17.57

.
Kabbinavar (2005) : g 1.70 (0.98, 2.97) 9.44
Saltz (2008) - 0.96 (0.86, 1.07) 18.56
Stathopoulos (2010) - 1.05 (0.74, 1.49) 13.62
Tebbutt (2011) ——o—f— 1.26 (0.91, 1.74) 14.26
Cunningham (2013) . 1.93 (1.06, 3.52) 8.68
Overall (1>=79.5%, P=0.000) <> 1.40 (1.10, 1.78) 100

:

I : I
0.23 1 4.35

B
Study ID HR (95% Cl) % weight
Giantonio (2007) —u— 0.61(0.51, 0.73) 16.38
Kabbinavar (2003) . 0.45 (0.28, 0.72) 6.24
Hurwitz (2004) + 0.66 (0.57, 0.75) 18.47
Kabbinavar (2005) — - 0.61(0.48, 0.78) 13.34
Saltz (2008) = 0.83 (0.74, 0.94) 19.31
Tebbutt (2011) _.— 0.63 (0.50, 0.80) 13.69
Cunningham (2013) — 0.53 (0.41, 0.69) 12.57
Overall (1?=69.8%, P=0.003) <> 0.64 (0.55, 0.73) 100

| : |
0.28 3.57
Figure | (Continued)
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C
Study ID HR (95% CI) % weight
Giantonio (2007) —_— 0.75 (0.63, 0.89) 18.82
Hurwitz (2004) * X 0.66 (0.54, 0.80) 16.69
Kabbinavar (2005) > : 0.79 (0.56, 1.11) 8.30
Saltz (2008) ——— 0.89 (0.78, 1.02) 22.75
Stathopoulos (2010) T 1.05 (0.81, 1.36) 12.20
Tebbutt (2011) — 0.88 (0.68, 1.14) 12.25
Cunningham (2013) - 0.79 (0.57, 1.09) 8.99
Overall (2=45.6%, P=0.088) <> 0.82 (0.73, 0.92) 100
T ' T
0.54 1 1.85
Figure | Meta-analysis of (A) ORR, (B) PFS, and (C) OS.
Note: Weights are from random-effects analysis.
Abbreviations: ORR, overall response rate; PFS, progression-free survival; OS, overall survival.
A
Study ID RR (95% CI) % weight
1
FOLFOX4 :
Giantonio (2007) : —_— 2.65(1.72, 4.07) 14.22
Subtotal (1=.%, P=.) : <> 2.65 (1.72, 4.07) 14.22
1
|
FULV '
Kabbinavar (2003) : * 1.94 (0.87, 4.35) 6.49
Kabbinavar (2005) I * 1.70 (0.98, 2.97) 10.82
1
Subtotal (/2=0.0%, P=0.794) 0 1.78 (1.12, 2.81) 17.31
|
1
IFL 1
1
Hurwitz (2004) —0—: 1.29 (1.08, 1.53) 23.75
Stathopoulos (2010) —0—: 1.05 (0.74, 1.49) 16.95
Subtotal (/?=6.6%, P=0.301) < >I 1.23 (1.04, 1.45) 40.70
I
I
Capecitabine '
Tebbutt (2011) ——0—: 1.26 (0.91, 1.74) 17.96
Cunningham (2013) : * 1.93 (1.086, 3.52) 9.81
Subtotal (/1?=34.8%, P=0.216) <0 1.44 (0.97, 2.14) 27.77
I
Overall (/=59.7%, P=0.021) 1.51 (1.19, 1.91) 100

0.23 1

Figure 2 (Continued)

4.35
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B Study ID HR (95% CI) % weight
FOLFOX4 :
Giantonio (2007) — 0.61 (0.51, 0.73) 14.92
Saltz(a) (2008)  — = 0.89 (0.73, 1.08) 14.05
Subtotal (1>=87.1%, P=0.005) <>> 0.74 (0.51, 1.06) 28.96
:
FUILV ,
Kabbinavar (2003) - : 0.45 (0.28, 0.72) 5.12
Kabbinavar (2005) — 0.61(0.48, 0.78) 11.76
Subtotal (1?=20.7%, P=0.261) e 0.56 (0.43, 0.73) 16.88
:
IFL ,
Hurwitz (2004) — 0.66 (0.57, 0.75) 17.22
Subtotal (1=.%, P=.) <> 0.66 (0.58, 0.76) 17.22
:
XELOX :
Saltz(b) (2008) 4~ 0.77 (0.63, 0.94) 13.83
Subtotal (1?=.%, P=.) < 0.77 (0.63, 0.94) 13.83
'
Capecitabine :
Tebbutt (2011) — 0.63 (0.50, 0.80) 1212
Cunningham (2013) — L 0.53 (0.41, 0.69) 11.00
Subtotal (12=0.0%, P=0.334) <> 0.58 (0.49, 0.69) 23.11
1
Overall (I2=60.5%, P=0.013) é 0.66 (0.58, 0.74) 100
'
T ; T
c 0.28 1 3.57
Study ID HR (95% CI) % weight
FOLFOX4 E
Giantonio (2007) — 0.75 (0.63, 0.89) 23.82
Subtotal (1=.%, P=.) <:.:> 0.75 (0.63, 0.89) 23.82
:
IFL :
Hurwitz (2004) - = 0.66 (0.54, 0.80) 21.33
Stathopoulos (2010) E 1.05 (0.81, 1.36) 15.93
Subtotal (1>=87.2%, P=0.005) — T 0.83 (0.52, 1.30) 37.26
:
:
FUILV '
Kabbinavar (2005) o 0.79 (0.56, 1.11) 11.03
Subtotal (1=.%, P=.) <>> 0.79 (0.56, 1.11) 11.03
:
Capecitabine :
Tebbutt (2011) : . 0.88 (0.68, 1.14) 15.98
Cunningham (2013) . 0.79 (0.57, 1.09) 11.91
Subtotal (12=0.0%, P=0.610) <:>- 0.84 (0.69, 1.03) 27.89
.
Overall (1?=43.5%, P=0.115) <l 0.80 (0.70, 0.91) 100
:
.
:
|

!
0.524

1

Figure 2 Subgroup analysis of (A) ORR, (B) PFS, and (C) OS by type of combination.
Note: Weights are from random-effects analysis.

Abbreviations: ORR, overall response rate; PFS, progression-free survival; OS, overall survival; FU/LV, fluorouracil/leucovorin; IFL, irinotecan, fluorouracil, and leucovorin.
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Table 2 Subgroup analysis by type of bevacizumab-based combination

Heterogeneity | df P-value P 72
ORR
Bevacizumab + FU/LV vs FU/LV 0.07 | 0.794 0.0% 0.0000
Bevacizumab + IFL vs IFL 1.07 | 0.301 6.6% 0.0014
Bevacizumab + capecitabine vs capecitabine 1.53 | 0.216 34.8% 0.0324
Bevacizumab + FOLFOX4 vs FOLFOX4 0.00 0 NA NA 0.0530
os
Bevacizumab + FU/LV vs FU/LV 0.00 0 NA NA 0.0000
Bevacizumab + IFL vs IFL 7.83 | 0.005 87.2% 0.0940
Bevacizumab + capecitabine vs capecitabine 0.26 | 0.610 0.0% 0.0000
Bevacizumab + FOLFOX4 vs FOLFOX4 0.00 0 NA NA 0.0000
PFS
Bevacizumab + FU/LV vs FU/LV 1.26 | 0.261 20.7% 0.0096
Bevacizumab + IFL vs IFL 0.00 0 NA NA 0.0000
Bevacizumab + XELOX vs XELOX 0.00 0 NA NA 0.0000
Bevacizumab + capecitabine vs capecitabine 0.93 | 0.334 0.0% 0.0000
Bevacizumab + FOLFOX4 vs FOLFOX4 7.78 | 0.005 87.1% 0.0622

Abbreviations: df, degrees of freedom; FOLFOX4, oxaliplatin, fluorouracil, and leucovorin; FU/LV, fluorouracil and leucovorin; IFL, irinotecan, fluorouracil, and leucovorin;
NA, not available; ORR, overall response rate; OS, overall survival; PFS, progression-free survival; XELOX, capecitabine and oxaliplatin.

Main findings
The pooled analyses showed that anti-VEGF antibody com-
bination therapy led to significantly improved ORR, OS,
and PFS in comparison with monotherapy. However, most
combinations were associated with higher rate of grade 3/4
treatment-related AEs.

After all bevacizumab-based combination therapies
were evaluated, we found that combining bevacizumab with
FOLFOX4 yielded the best ORR while the combination of

bevacizumab and IFL was associated with only slight ORR
improvement. Improvements in PFS and OS were docu-
mented in all combinations. Combining bevacizumab with
FOLFOX4 and bevacizumab with IFL led to improved OS
and PFS significantly.

In terms of toxicity, we found that combining bevaci-
zumab with capecitabine led to the highest rate of grade 3/4
treatment-related AEs, and combinations of bevacizumab
with IFL showed the lowest rate of grade 3/4 treatment-related

A

Study ID HR (95% ClI) % weight
Female .

Kabbinavar (2005) —0—— 0.83 (0.51, 1.34) 20.02
Cunningham (2013) —o—-— 0.47 (0.30, 0.72) 23.39
Subtotal (/>=65.8%, P=0.087) <>> 0.62 (0.35, 1.08) 43.41
Male :

Kabbinavar (2005) —-—o—— 0.76 (0.48, 1.19) 22.10
Cunningham (2013) —o—.— 0.57 (0.41, 0.80) 34.50
Subtotal (/>=0.0%, P=0.317) <> 0.63 (0.48, 0.83) 56.59

Overall (I>=24.1%, P=0.266)

0.63 (0.49, 0.80) 100

0.3

Figure 3 (Continued)
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B

Study ID HR (95% CI) % weight
Equal to 0 \

Kabbinavar (2005) f 0.78 (0.41, 1.51) 11.80

Cunningham (2013) _— 0.61 (0.41, 0.89) 28.65

Subtotal (1=0.0%, P=0.525) <> 0.65(0.47,0.91)  40.45

Greater than or equal to 1

Kabbinavar (2005) —_—— 0.82 (0.56, 1.20) 29.41
Cunningham (2013) - & 0.50 (0.34, 0.72) 30.13
Subtotal (/2=69.6%, P=0.070) <>— 0.64 (0.39, 1.04) 59.55
Overall (/>=18.9%, P=0.296) <> 0.65 (0.51, 0.82) 100
T ; T

0.34 1 294
Study ID HR (95% CI) % weight
Colon '
Kabbinavar (2005) S 0.71 (0.49, 1.02) 30.47
Cunningham (2013) —_— 0.67 (0.47,0.94) 31.51
Subtotal (/2=0.0%, P=0.822) <> 0.69 (0.54, 0.89) 61.98
Rectum ‘
Kabbinavar (2005) : 1.43(0.67,3.03) 15.18

Cunningham (2013) _— 0.41(0.24,0.69) 22.83

Subtotal (1°=85.9%, P=0.008) ———— ' | —————  0.74(0.22,2.52) 38.02

Overall (1>=58.9%, P=0.063) <> 0.68 (0.48,0.98) 100
T : T

0.219 1 4.57
D
Study ID HR (95% CI) % weight
Yes i
Kabbinavar (2005) 0.96 (0.44, 2.13) 9.48
Cunningham (2013) 0.59 (0.33, 1.04) 16.53
Subtotal (/2=0.0%, P=0.328) <>> 0.70 (0.44, 1.11) 26.01
No :
Kabbinavar (2005) —:—o—— 0.76 (0.53, 1.09) 33.56
Cunningham (2013) _— 0.51(0.37, 0.69) 40.43

Subtotal (%=62.9%, P=0.101) < & — 0.62(0.42,0.91)  73.99

Overall (1?=23.9%, P=0.268) <> 0.63 (0.49, 0.82) 100

T T
0.33 1 3.03

Figure 3 Subgroup analysis of PFS based on (A) sex, (B) baseline ECOG performance score, (C) location of primary disease, and (D) previous adjuvant treatment.
Note: Weights are from random-effects analysis.
Abbreviation: PFS, progression-free survival.
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A
Study ID RR (95% CI) % weight
Giantonio (2007) —— 1.23 (1.10, 1.38) 24.02
Kabbinavar (2003) - 1.40 (1.01, 1.95) 7.52
Hurwitz (2004) S 1.15 (1.07, 1.23) 29.04
Kabbinavar (2005) — 1.22 (1.06, 1.41) 20.40
Saltz (2008) — . 1.40 (1.11, 1.76) 12.58
Cunningham (2013) ; = > 1.89 (1.31, 2.73) 6.44
Overall (=58.8%, P=0.033) Q 1.27 (1.15, 1.41) 100
T ! T
0.366 2.73
B
Study ID RR (95% CI) % weight
1
FOLFOX4 !
Giantonio (2007) — 1.23 (1.10, 1.38) 27.69
Subtotal (?=.%, P=.) <> 1.23 (1.10, 1.38) 27.69
1
1
1
FU/LV !
Kabbinavar (2003) - 1.40 (1.01, 1.95) 8.03
1
Kabbinavar (2005) —— 1.22 (1.06, 1.41) 23.11
1
Subtotal (1?=0.0%, P=0.438) <> 1.25 (1.09, 1.43) 31.14
1
1
1
IFL |
Hurwitz (2004) L 1.15 (1.07, 1.23) 34.33
1
Subtotal (’=.%, P=.) Q: 1.15 (1.07, 1.23) 34.33
:
1
Capecitabine |
Cunningham (2013) : - 1.89 (1.31, 2.73) 6.84
1
Subtotal (=%, P=.) ! <> 1.89 (1.31, 2.73) 6.84
:
Overall (P=57.5%, P=0.052) <> 1.25 (1.12, 1.39) 100

I
0.366

I
2.73

Figure 4 (A) Meta-analysis of grade 3/4 treatment-related adverse events; (B) subgroup analysis of grade 3/4 treatment-related adverse events by type of combination.

Note: Weights are from random-effects analysis.

Abbreviations: FU/LV, fluorouracil/leucovorin; IFL, irinotecan, fluorouracil, and leucovorin.
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Table 3 Grade 3/4 treatment-related adverse events, analyzed by type of bevacizumab-based combination

G3/4 trAEs Heterogeneity | df P-value I? 7

Bevacizumab + FOLFOX4 vs FOLFOX4 0.00 0 NA NA 0.0000
Bevacizumab + FU/LV vs FU/LV 0.60 I 0.438 0.0% 0.0000
Bevacizumab + IFL vs IFL 0.00 0 NA NA 0.0000
Bevacizumab + capecitabine vs capecitabine 0.00 0 NA NA 0.0000

Abbreviations: df, degrees of freedom; FOLFOX4, oxaliplatin, fluorouracil, and leucovorin; FU/LV, fluorouracil and leucovorin; G3/4 trAEs, grade 3/4 treatment-related
adverse events; IFL, irinotecan, fluorouracil, and leucovorin; NA, not available.

AEs. Thus, combination of bevacizumab with [FL isthe best ~ bevacizumab, and IFL may be a new effective strategy of anti-
choice in safety. VEGEF antibody combination therapy for patients with meta-

This meta-analysis shows that the addition of IFL to bevaci-  static colorectal cancer. The efficacy and safety of anti-VEGF
zumab better benefits PFS and safety. Adding FOLFOX4 was  antibody combination therapy should be further investigated
associated with better ORR and OS. Combining FOLFOX4, for its potential to extend the clinical success.

A Meta-analysis estimates, B Meta-analysis estimates,
given named study is omitted given named study is omitted
[ Lower Cllimit o Estimate | Upper Cl limit | [I Lower Cllimit o Estimate | Upper Cl limit |
Giantonio (2007) [ Giantonio (2007) ! {
Kabbinavar (2003) | ! : Kabbinavar (2003) I 1
Hurwitz (2004) | ! )
Hurwitz (2004)
Kabbinavar (2005) | ! i
Kabbinavar (2005) ! 1
Saltz (2008) I |
Saltz (2008)
Stathopoulos (2010)
Tebbutt (2011) Tebbutt (2011) | 1 !
Cunningham (2013) | ! i Cunningham (2013) ! 1
1.02 1.10 1.40 1.78 2.01 -0.65 -0.59 -0.45 -0.31-0.28
C Meta-analysis estimates, D Meta-analysis estimates,
given named study is omitted given named study is omitted
[ Lower Cllimit o Estimate | Upper Cl limit | [ Lower Cllimit o Estimate | Upper Cl limit |
Giantonio (2007) ! Giantonio (2007) !
Hurwitz (2004) : ’ Kabbinavar (2003) |
Kabbinavar (2005)
Hurwitz (2004)
Saltz (2008)
Kabbinavar (2005) | ! i
Stathopoulos (2010) | ! 1
Tebbutt (2011) Saltz (2008)
Cunningham (2013) ! 1 Cunningham (2013) |! |
1 1
-0.36 -0.31 -0.20 -0.09 -0.05 1.12 1.15 1.27 1.41 1.52

Figure 5 Sensitivity analysis of (A) ORR; (B) PFS; (C) OS; and (D) grade 3/4 treatment-related adverse events. Bars =95% CI. Results symbolized by omitting each study
in turn.
Abbreviations: ORR, overall response rate; PFS, progression-free survival; OS, overall survival.
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Comeparison with previous meta-analyses
Some previous studies have assessed the efficacy of
bevacizumab.?’32 Most of them evaluate only the efficacy
of adding chemotherapy drugs to bevacizumab,?*! and one
ofthem evaluate only the efficacy of safety of combination of
bevacizumab and erlotinib.? To the best of our knowledge,
no other meta-analysis evaluated the benefits against toxicity
of each drug added in the anti-VEGF antibody combination.
Compared with previous meta-analyses, our current study
identifies the combination of FOLFOX4, bevacizumab, and
IFL as a novel type of anti-VEGF antibody combination,
which may provide a new strategy for the therapy of meta-
static colorectal cancer.

Limitations

This study has some limitations. Some studies have reported
only short-term follow-up and lack of long-term outcomes.
In addition, the ORR, PFS, and grade 3/4 treatment-related
AEs were not available in some of the reports. Therefore,
more study investigation should be prospectively planned
and performed in the future.

Conclusion

This meta-analysis showed that the addition of IFL to beva-
cizumab better benefits PFS and safety. Adding FOLFOX4
was associated with better ORR and OS. The efficacy and
safety of an IFL-bevacizumab—FOLFOX4 combination
should be investigated in the future.

Summary

e This meta-analysis evaluated the safety and efficacy of
bevacizumab-based combination therapy and found a
more beneficial combination.

e Bevacizumab-based combination therapy can significantly
improve ORR, PFS, and OS, but combination therapy also
showed high toxicity.

e Adding IFL to bevacizumab better benefits PFS and
safety.

e Adding FOLFOX4 to bevacizumab was associated with
better ORR and OS.

e Combining FOLFOX4, bevacizumab, and IFL may be a
new effective strategy of anti-VEGF antibody combina-
tion therapy for patients with metastatic colorectal cancer
in the future.
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Figure S| The flow diagram of the study selection process.
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Figure S2 Heterogeneity analysis. (A) Overall response rate (ORR); (B) progression-free survival (PFS); (C) overall survival (OS); (D) grade 3/4 treatment-related adverse

events.
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Figure S3 Sensitivity analysis. Bars =95% confidence interval. Results symbolized by omitting each study in turn. (A) Overall response rate (ORR); (B) progression-free
survival (PFS); (C) overall survival (OS); (D) grade 3/4 treatment-related adverse events.
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Figure S4 Publication bias assessed by Egger’s test. (A) Overall response rate (ORR); (B) progression-free survival (PFS); (C) overall survival (OS); (D) grade 3/4 treatment-

related adverse events.
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Figure S5 Risk of bias assessment; (A) Risk of bias graph: review authors’ judgments about each risk of bias item presented as percentages across all included studies. (B) Risk
of bias summary: review authors’ judgments about each risk of bias item for each included study.
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