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Abstract: Colorectal cancer (CRC) is a major cause of cancer morbidity and mortality worldwide. Bevacizumab plays
an important role in the treatment of metastatic CRC (mCRC). The aim of this study was to evaluate the efficacy
and safety of chemotherapy plus bevacizumab as first-line treatment in patients with mCRC. Randomized-controlled
clinical trials comparing the efficacy of chemotherapy plus bevacizumab or chemotherapy alone in patients with
mCRC were searched using the following electronic database of PubMed, Medline, Embase and CNKI. Total 9 tri-
als, containing 1843 patients in chemotherapy plus bevacizumab group and 1741 patients in chemotherapy alone
group, were included. Our results showed that chemotherapy plus bevacizumab statistically increased the Overall
response rate (ORR) in patients with mCRC (OR = 1.57, 95% Cl = 1.17-2.11, P = 0.003) in a random-effects model.
The complete response rate and partial response rate were statistically increased as well (P < 0.05). Subgroup
analysis by bevacizumab dosage found that bevacizumab 5 mg/kg statistically increased the ORR. Significant differ-
ences were found in PFS (HR = 0.56, 95% Cl = 0.46-0.69, P < 0.00001) and 0S (HR = 0.83, 95% Cl = 0.76-0.91, P
< 0.0001) as well. No significant difference was found in adverse events. Overall, the combination of chemotherapy
and bevacizumab as first-line treatment is an effective and well-tolerated regimen for patients with mCRC.
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Introduction

Colorectal cancer (CRC), arising from the lining
of the large intestine (colon and rectum), is a
malignant neoplasm [1]. In the late 1940s and
early 1950s, CRC is a major cause of cancer
morbidity and mortality in the United States,
and today it is the third most common cancer
and the third leading cause of cancer death in
men and women [2]. According to Colorectal
Cancer Statistics, an estimated 71,830 men
and 65,000 women were diagnosed with CRC
and 26,270 men and 24,040 women died of
this disease in 2014 [3]. The etiological factors
and pathogenetic mechanisms underlying CRC
development appear to be complex and hetero-
geneous. Moreover, there is substantial varia-
tion in tumor location by age, and the average
age at diagnosis is 66 years [4].

Approximately, 20% of CRC cases have been
metastasized at the time of diagnosis [5]. The

most common sites of metastatic disease for
CRC are the liver followed by the lungs [6]. The
presentation of metastatic disease can present
treatment dilemmas for physicians. Since the
late 1950s, fluorouracil has been the only drug
approved for treating metastatic colorectal can-
cer (MCRC) [7]. Subsequently, irinotecan, oxali-
platin and leucovorin combined with fluoroura-
cil-based chemotherapy regimens have been
proved to be well-tolerated and increased
response rate, time to progression and survival
in patients with mCRC, and are considered as a
reference first-line treatment for mCRC [8-10].

Although there are improvements in the treat-
ment of mCRC, there is a strong medical need
for more effective and safe therapies. During
the last decade, novel targeted therapies, as a
single agent or in combination, were used for
the treatment of mCRC, especially bevacizum-
ab (Avastin). Bevacizumab, an antibody against
vascular endothelial growth factor (VEGF), was
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Figure 1. Flow chart of the search process.

first approved as a treatment for mCRC in
2004. 1t is well suited for use in combination
with first- or second-line chemotherapy in the
treatment of MCRC because its side effects are
predictable and appear not to add to the inci-
dence or severity of the side effects of chemo-
therapy [11, 12]. Clinical trials of bevacizumab
in combination with oxaliplatin-containing and
5-fluorouracil-based regimens have shown that
combination therapy is well tolerated and its
toxicity is not substantially greater than that of
the chemotherapy alone [13, 14]. Preliminary
evidences from observational studies show
that the incidence and severity of adverse
events with combinations of bevacizumab and
newer chemotherapy regimens are similar to
those in the pivotal phase Il trial with irinote-
can, b5-fluorouracil, and leucovorin plus beva-
cizumab.

Though bevacizumab is used in clinical prac-
tice, it is toxicities, and the results remain
inconclusive. Thus, we conducted this meta-
analysis to systematically evaluate the safety
and efficacy of chemotherapy plus bevacizum-
ab as first-line treatment in patients with mCRC.

Materials and methods
Study selection

We conducted a thorough investigation for rel-
evant articles published between January
2000 and July 2014 using the following elec-
tronic database of PubMed, Medline, Embase
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and CNKI (China National Knowledge Infra-
structure). The related trials were retrieved by
using the following keywords “metastatic
colorectal cancer”, “bevacizumab”, “chemo-
therapy” and “first-line therapy or treatment” as
well as their combinations. The corresponding
Chinese terms were used in the Chinese library.
References of retrieved articles were searched
without language restrictions. The search was
focused on studies that had been conducted in
humans.

Criteria for inclusion

The inclusion criteria were as follows: 1) the
paper should be randomized-controlled trials
(RCT) or cohort studies evaluating the efficacy
and safety of chemotherapy plus bevacizumab
as first-line therapy in patients with mCRC; 2)
patients should be in prospective phase Il and
Il with previously untreated mCRC; 3) patients
in experiment group treated with chemotherapy
plus bevacizumab, patients in control group
treated with chemotherapy alone; and 4) data
including therapeutic effects and adverse
events were available to extract.

Data extraction

Two investigators independently assessed the
quality of the included trials according to the
descriptions provided by the authors of the
included studies. Any disagreement was subse-
quently resolved by discussion with a third
author. The following information was extracted
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Table 1. Main characteristic of included trials.

Total number

First author Year  Country Phase Regimen Bevacizumab schedule Mean age (B/C) B c

Kabbinavar BF 2003 USA Il C: FU/LV 5 or 10 mg/kg every two weeks - 35/33 36
B: FU/LV plus Bevacizumab

Hurwitz H 2004 UK Il C: IFL plus Placebo 5 mg/kg every two weeks 59.5/59.2 402 411
B: IFL plus Bevacizumab

Kabbinavar FF 2005 USA Il C: FU/LV plus Placebo 5 mg/kg every two weeks 71.3/70.7 104 105
B: FU/LV plus Bevacizumab

Saltz LB 2008 UK 11} C: FOLFOX-4 or XELOX plus placebo 7.5 mg/kg every 3 weeks 60.0 (18-86)/60 (18-83) 699 701
B: FOLFOX-4 or XELOX plus Bevacizumab

Stathopoulos GP 2010 Greece 1]l C: IFL 7.5 mg/kg every 3 weeks 67 (45-82)/62 (30-87) 114 108
B: IFL plus Bevacizumab

Tebbutt NC 2010 Australia 1]l C: Capecitabine 7.5 mg/kg every 3 weeks 67 (32-85)/69 (37-86) 157 156
B: Capecitabine plus Bevacizumab

Guan ZZ 2011 China 1]l C: mIFL 5 mg/kg every two weeks 53 (23-77)/50 (22-72) 139 64
B: mIFL plus Bevacizumab

Zhang HM 2012 China Il C: FOLFIRI 5 mg/kg every two weeks 52 (20-77) 20 20
B: FOLFIRI plus Bevacizumab

Cunningham D 2013 UK I C: Capecitabine 7.5 mg/kg every 3 weeks 76 (70-87)/77 (70-87) 140 140
B: Capecitabine plus Bevacizumab

B, Bevacizumab-based group; C, control group FU/LV, fluorouracil and leucovorin. mIFL, modified irinotecan, leucovorin bolus, and 5-fluorouracil intravenous infusion; FOLFOX, xaliplatin plus infusional 5-FU.
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A Experimental Control

Kabbinavar BF 22 68 6 36 6.0%
Hurwitz H 180 402 143 411 17.4%
Kabbinavar FF 27 104 16 105 9.8%
Saltz LB 328 699 343 701 18.8%
Tebbutt NC 56 147 43 142 13.2%
Stathopoulos GP 42 114 38 108 121%
Guan ZZ 49 139 11 64 9.1%
Zhang HM 12 20 5 20 39%
Cunningham D 27 140 14 140 9.7%
Total (95% CI) 1833 1727 100.0%
Total events 743 619

Heterogeneity: Tau? = 0.11; Chi? = 23.29, df = 8 (P = 0.003); I* = 66%

Test for overall effect: Z = 2.98 (P = 0.003)
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Stathopoulos GP 42 114 38 108 15.0%
Guan ZZ 45 139 11 64 6.2%
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Cunningham D 24 140 12 140 6.1%
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Heterogeneity: Chi* = 6.28, df = 6 (P = 0.39); I = 4%
Test for overall effect: Z = 4.31 (P < 0.0001)
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Figure 2. Forest plot of response rate in experiment group (chemotherapy plus bevacizumab) versus control group
(chemotherapy alone): A: overall response rate; B: complete response rate; C: partial response rate.

from each article: first author, year of publica-
tion, country, mean age, total numbers, phase
and bevacizumab schedule.

Statistical analysis

The overall effect was measured by odds ratios
(ORs), risk ratios (RRs) and hazard ratios (HRs)
with their 95% confidence interval (Cl). The Z
test was employed to determine the signifi-
cance of the pooled ratios, and a P-value less
than 0.05 was considered statistically signifi-
cant. The I? test was used to assess the propor-
tion of statistical heterogeneity and the
Q-statistic test was used to define the degree
of heterogeneity. A P-value less than 0.10 for
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the Q-test and I> more than 50% was consid-
ered significant among the studies. Data were
combined using both a fixed-effects model and
a random-effects model. The fixed-effects
model is used when the effects are assumed to
be homogenous, while the random-effects
model is employed when they are heteroge-
nous. The evidence of publication bias was
assessed by visual funnel plot inspection.
Egger’s regression test was also conducted to
identify study effects (P-value less than 0.10
was considered significant). Statistical analy-
ses were conducted by the Review Manager
(RevMan  version 5.2, the Cochrane
Collaboration, Oxford, England). All the tests
were two-sided.
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Figure 3. Forest plot of overall response rate in experiment group versus control group in subgroup analysis by
bevacizumab dosage.

Table 2. Therapeutic efficacy of chemotherapy plus bevacizumab (experimental group) versus chemo-
therapy alone (control group)

First author PFS (median months) 0OS (median months)
B C P HR (95% CI) B C p HR (95% CI)
Kabbinavar BF 7.4 5.2 0.013 0.54 (0.31-0.94) 215 13.8 <0.001 0.86(0.44-1.68)
Hurwitz H 106 6.2 <0.001 0.54(0.45-0.65) 20.3 15.6 <0.001 0.66(0.54-0.81)
Kabbinavar FF 9.2 55  0.0002 0.50 (0.34-0.73) 16.6 129 0.016 0.79(0.56-1.10)
Saltz LB 10.4 7.9 <0.0001 0.83(0.74-0.93) 21.3 19.9 0.0769 0.89(0.76-1.03)
Stathopoulos GP - - - - 22 25 0.1391 1.05(0.81-1.36)
Tebbutt NC 8.5 57 <0.001 0.63(0.50-0.80) 189 189 0.314 0.88(0.68-1.14)
Guan ZZ 8.3 42 <0.001 0.44(0.31-0.63) 18.7 13.4 0.014 0.62(0.41-0.95)
Zhang HM 101 54 0.002 0.65 (0.60-0.71) 18 11 0.016  0.83(0.41-1.69)
)

Cunningham D 9.1 51 <0.0001 0.53(0.41-0.69) 20.7 16.8 048 0.79(0.57-1.09

PFS: Progression-free survival; OS, overall Survival; HR: Hazard ratio; 95% CI, 95% confidence interval; B: Bevacizumab-based
group/Experimental group; C: Control group; P: P-value.

Results 1843 patients in the chemotherapy plus beva-
cizumab group and 1741 patients in the che-

Study selection and characteristics motherapy alone group, and conducted in 5
countries. The detailed characteristics of the

The electronic database search identified 121 studies included were shown in Table 1.

references. After applying the inclusion criteria,

9 articles were ultimately included in the sys- Overall response rate (ORR)

tematic review and meta-analysis. The study

selection process is shown in Figure 1. The 9 All the nine trials reported ORR. The ORR was

reports, one in Chinese [15] and eight in English higher in the chemotherapy plus bevacizumab

[16-23], included 3584 mCRC cases, with group (experimental group) than that in the che-
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Hazard Ratio

Hazard Ratio
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Guan Z2Z -0.821 0.1831 11.6% 0.44 [0.31, 0.63] 2011 -
Zhang HM -0.9428 0.3077 6.9% 0.39[0.21, 0.71] 2012 -
Cunningham D -0.6352 0.1321 14.1% 0.53[0.41,0.69] 2013 -
Total (95% CI) 100.0% 0.56 [0.46, 0.69] L 4

Heterogeneity: Tau? = 0.06; Chi? = 31.36, df = 7 (P < 0.0001); I? = 78%
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Figure 4. Forest plot of progression-free survival in experiment group versus control group.

Hazard Ratio

Hazard Ratio

Study or Subgroup __log[Hazard Ratio] __ SE_Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI
Kabbinavar BF -0.1508 0.3429  1.6% 0.86 [0.44, 1.68] 2003 ===
Hurwitz H -0.4155 0.1034 17.5% 0.66 [0.54, 0.81] 2004 -
Kabbinavar FF -0.24 017 65% 0.79[0.56, 1.10] 2005 -

Saltz LB -0.1165 0.0678 40.7% 0.89[0.78, 1.02] 2008 o
Stathopoulos GP 0.0488 0.132 10.7% 1.05[0.81,1.36] 2010 T
Tebbutt NC -0.1278 0.1324 10.7% 0.88[0.68, 1.14] 2010 &l

Guan ZZ 0478 02171 4.0% 0.62[0.41,0.95] 2011 ==

Zhang HM -0.1808 0.3595 1.4% 0.83[0.41,1.69] 2012 T
Cunningham D -0.2319 0.1643 6.9% 0.79[0.57,1.09] 2013 I

Total (95% Cl) 100.0% 0.83 [0.76, 0.91] +
Heterogeneity: Chi? = 11.33, df = 8 (P = 0.18); 2 = 29% '0_ = of P : 1=o 100’

Test for overall effect: Z = 4.26 (P < 0.0001)

Favours [experimental] Favours [control]

Figure 5. Forest plot of overall survival in experiment group versus control group.

motherapy alone group (control group) (36.6%
versus 26.9%). As shown in Figure 2A, we found
that chemotherapy plus bevacizumab statisti-
cally increased the ORR in patients with mCRC
(OR=1.57,95% Cl = 1.17-2.11, P=0.003) in a
random-effects model.

Seven articles reported the complete response
rate (CR) and partial response rate (PR). Meta-
analysis of these trials showed that there was a
statistically significant difference in CR (OR =
1.98, 95% Cl = 1.00-3.89, P = 0.05, Figure 2B)
and PR (OR = 1.54, 95% Cl = 1.26-1.87, P <
0.0001, Figure 2C ) between both groups, indi-
cating that patients in the experimental group
improved nearly twice as much the response
rate as that in the control group.

When evaluating the efficacy by subgroup anal-
ysis of bevacizumab dosage, we found that
bevacizumab 5 mg/kg group statistically in-
creased the ORR in patients with mCRC than
that in the control group (OR = 2.00, 95% CI =
1.41-2.82, P < 0.001), while no significant
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advantage was found in bevacizumab 7.5 mg/
kg group (OR = 1.21, 95% CI = 0.86-1.71, P =
0.28) as shown in Figure 3.

Progression-free survival (PFS, months)

Eight trials reported the related PFS data, con-
taining 3362 patients with mCRC. Table 2 list-
ed the PFS data in each trial. High heterogene-
ity between trials was observed (I? = 78%), so
the random-effects model was employed. As
shown in Figure 4, we found that patients treat-
ed with chemotherapy plus bevacizumab in the
experimental group resulted in a statistically
significant improvement in PFS compared with
first-line chemotherapy alone in control group
(HR =0.56, 95% Cl = 0.46-0.69, P < 0.00001).

Overall survival (OS, months)

All the trials reported the OS data which pre-
sented in Table 2. No significant heterogeneity
between trials was observed (I? = 29%, P =
0.18), and the fixed-effects model was used.

Int J Clin Exp Med 2015;8(1):1434-1445
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Experimental Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% Cl Year M-H. Fixed, 95% Cl
Kabbinavar BF 51 67 19 3% 31% 2.68[1.12,6.41] 2003
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Saltz LB 555 694 505 675 52.5% 1.34 [1.04, 1.73] 2008 L
Guan ZZ 97 141 43 70  9.2% 1.38[0.76, 2.52] 2011 T
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Heterogeneity: Chi* = 9.69, df =5 (P = 0.08); I* = 48%
Test for overall effect: Z = 5.97 (P < 0.00001)
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Figure 6. Forest plot of comparison of any grade 3/4 adverse events in experiment group versus control group.

Our results indicated that the addition of beva-
cizumab to first-line chemotherapy improved
the OS compared with chemotherapy alone (HR
= 0.83, 95% Cl = 0.76-0.91, P < 0.0001) as
shown in Figure 5.

Adverse effect

Treatment-related toxicity included all-cause
death within 60 days, diarrhea, leukopenia,
bleeding, fever and so on. Each trial reported
some of these adverse events. Our results
found that the incidence of any Grade 3/4
adverse event was higher among patients in
the experiment group than that in the control
group (78.1% versus 69.2%), with a statistically
significant difference (OR = 1.70, 95% CI =
1.43-0.02, P < 0.0001) as shown in Figure 6.
No significant difference was found between
these two groups when related to diarrhea (OR
=1.18,95% Cl = 0.95-1.45, P =0.13), leukope-
nia (OR = 1.19, 95% Cl = 0.93-1.54, P = 0.17),
treatment related mortality (RR = 0.97, 95% Cl
=0.59-1.73, P=0.87) and bleeding (OR = 0.51,
95% Cl = 0.08-4.37, P = 0.68).

Publication bias

The funnel plots of ORR and PFS revealed an
apparent asymmetry that suggested the pres-
ence of a potential publication bias. Funnel
plots of OS detected no obvious publication
bias. Figure 7 showed the results.

Discussion

CRC is the third most common cancer world-
wide. Approximately 20-25% of patients with
CRC have synchronous metastases at the time
of diagnosis, and 50-60% of the remainder will
develop metachronous metastases [24, 25].
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For most patients with mCRC, treatment
remains incurable rather than curative. There
are five active agents available for the treat-
ment of advanced disease: 5-fluorouracil
(5-FU), oxaliplatin, leucovorin, capecitabine and
irinotecan. Saltz et al. have shown that weekly
treatment with irinotecan plus fluorouracil and
leucovorin is superior to a widely used regimen
of fluorouracil and leucovorin for mCRC in terms
of PFS and OS [26]. Goldberg et al. have found
that when oxaliplatin plus infusional 5-FU
(FOLFOX) was compared to irinotecan plus
bolus 5-FU (IFL), both the response rate and
survival were improved in the oxaliplatin-con-
taining arm [10]. These regimens should be
considered as a standard therapy for patients
with advanced CRC. However, a randomized
study has shown that when 5-FU is adminis-
tered by the same schedule in each arm, sur-
vival is similar between the irinotecan- and
oxaliplatin-containing arms [27]. Moreover,
serious adverse events and treatment-related
toxicity were found among a population-based
cohort of patients receiving first-line chemo-
therapy for mCRC. Thus, new therapies are
needed to further treat patients with mCRC.

Recently, the treatment of mCRC has evolved
significantly. Bevacizumab, a monoclonal anti-
body against vascular endothelial growth factor
(VEGF), is one of the recent additions to the list
of systemic drugs for the treatment of mCRC. It
was first approved as a treatment for mCRC in
2004, followed by cetuximab (also in 2004)
and panitumumab (2006). Cetuximab and
panitumumab both target the epidermal growth
factor receptor (EGFR) and are effective only in
patients with wild-type KRAS mCRC [28, 29].
Panitumumab is the only approved fully human
anti-EGFR monoclonal antibody, while cetux-
imab is a chimeric antibody and bevacizumab

Int J Clin Exp Med 2015;8(1):1434-1445
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Figure 7. Funnel plot of ORR, PFS and OS in this meta-analysis.
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is a humanized monoclonal antibody. The
National Institute for Health and Clinical
Excellence (NICE) invited the manufacturer of
bevacizumab (Roche Products) to submit evi-
dence for the clinical and cost effectiveness of
this drug for the treatment of patients with
mCRC, as part of the Institute’s Single
Technology Appraisal (STA) process [30]. The
introduction of bevacizumab therapy has
improved patient treatment outcomes. A meta-
analysis conducted by Dai et al. have found that
bevacizumab has efficacy in all treatment regi-
mens for advanced CRC, while the use of beva-
cizumab among patients with mCRC increased
the risk of serious adverse events [31].
Furthermore, bevacizumab in combination with
fluoropyrimidine-based chemotherapy is the
standard treatment for mCRC in the first-line (1
L) and bevacizumab-naive second-line (2 L) set-
tings. As well, severe adverse events can occur
with these treatment options, and their man-
agement can be challenging for patients and
clinicians. Therefore, assessing the efficacy
and safety of chemotherapy plus bevacizumab
as first-line treatment in patients with mCRC is
crucial.

In the present meta-analysis, we totally select-
ed 9 RCT trials. Our results showed that the
addition of bevacizumab to chemotherapy as
first-line therapy for mCRC resulted in a clini-
cally statistically significant improvement in
ORR, CR, PR, PFS and OS compared with che-
motherapy alone. No significant adverse events
were found between two groups. Our study indi-
cated that bevacizumab plus standard chemo-
therapy has clinical benefits in patients with
MCRC, which is consistent with previous meta-
analysis conducted by Cao et al. [32], Macedo
et al. [33] and Wang et al. [34].

Nowadays, bevacizumab is indicated for the
first- and second-line treatment of mCRC in
combination with fluoropyrimidine-based che-
motherapy. Saltz et al. have shown that the
addition of bevacizumab to oxaliplatin-based
chemotherapy significantly improved PFS in the
first-line trial in patients with mCRC [17].
Kabbinavar et al. have found that addition of
bevacizumab to FU/LV as first-line therapy in
CRC patients who were not considered optimal
candidates for first-line irinotecan treatment
provided clinically significant patient benefit,
including statistically significant improvement
in PFS [16]. Hurwitz et al. have proved that the
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FU/LV/BV regimen seems as effective as IFL
and has an acceptable safety profile, indicating
that FU/LV/BV is an active alternative treat-
ment regimen for patients with previously
untreated mCRC [35]. The Bevacizumab
Expanded Access Trial (BEAT) study shows that
the efficacy and safety profile of bevacizumab
in routine clinical practice is consistent with
results observed in prospective randomized
clinical trials and another large observational
study in the United States (BRIiTE study) [36].
Hochster et al. have suggested that the addi-
tion of bevacizumab to oxaliplatin and fluoropy-
rimidine regimens is well tolerated as first-line
treatment of mCRC and does not markedly
change overall toxicity, resulting in a median OS
of approximately 2 years [12]. Furthermore, for
patients with previously treated mCRC, the
addition of bevacizumab to oxaliplatin, fluoro-
uracil, and leucovorin improves survival dura-
tion [37]. Maintenance of VEGF inhibition with
bevacizumab plus standard second-line che-
motherapy beyond disease progression has
clinical benefits in patients with mCRC [38].
The first randomized study to prospectively
investigate the impact of continuing bevaci-
zumab treatment in 2 L mCRC for patients who
progressed after receiving a bevacizumab-con-
taining regimen in 1 L has demonstrated that
bevacizumab plus chemotherapy (crossed over
from 1 L regimen) continued beyond progres-
sion significantly prolongs OS and PFS in 2 L
mCRC [39].

Conclusions

In conclusion, the addition of bevacizumab to
chemotherapy as first-line treatment for
patients with mCRC has a statistically signifi-
cant improvement in ORR, PFS, and OS than
that in chemotherapy alone. Its side effects are
predictable and manageable. Though bevaci-
zumab can produce a significant treatment
benefit, more trials are needed to further evalu-
ate these therapeutic effects and adverse
events.
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