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Abstract
Recent studies have paid much attention on the safety of bevacizumab as adjuvant chemotherapy for metastatic colorectal cancer.
The aim of this meta-analysis was to study the efficacy and safety of bevacizumab in combination with irinotecan, bolus followed by
infusional 5-fluorouracil, and leucovorin (FOLFIRI) and, irinotecan, bolus fluorouracil, leucovorin (IFL) for patients with metastatic
colorectal cancer (mCRC).
An electronic search of related trials was conducted from PubMed, EMBASE, Cochrane Library databases. Risk ratio (RRs) and its

95% confidence intervals (95% CIs) were calculated by using either DerSimonian–Laird method or Mantel–Haenszel method
according to the heterogeneity of included articles. The risk of mortality, therapeutic efficacy, and adverse effect were meta-analyzed.
In total, 6 RCTs including 2165 participants (1109 in the treatment group, 1056 in the control group) were included in this meta-

analysis. Compared with FOLFIRI-panitumumab/cetuximab, the bevacizumab addition significantly reduced the complete response
(CR) rate (RR [95%CI]=0.31[0.11, 0.89], P=0.03) and the risk of grade 3/4 adverse event (RR [95%CI]=0.89[0.80, 0.98], P=0.01).
Compared with FOLFIRI and IFL alone, the addition of bevacizumb significantly increased the partial response (PR) and objective
response (OR) rates. Compared with IFL alone, the addition of bevacizumb significantly reduced the mortality risk of PFS (RR [95%
CI]=0.53[0.42, 0.66], P<0.00001) and OS (RR[95%CI]=0.70[0.60, 0.82], P<0.00001), but increased the risk of adverse events
(RR[95%CI]=1.14[1.06, 1.21], P=0.0002).
Combination chemotherapy of bevacizumab plus FOLFIRI or IFL had a relative high efficacy and acceptable safety for treatment of

mCRC.

Abbreviations: CIs = confidence intervals, CR = complete response, ECOG = Eastern Cooperative Oncology Group, FOLFIRI =
5-fluorouracil, and leucovorin, HR = harzard ratio, IFL = fluorouracil, leucovorin, mCRC = metastatic colorectal cancer, OR =
objective response, OS = overall survival, PFS = progression-free survival, PR = partial response, RCTs = random control trials, RRs
= risk ratio, VEGF = vascular endothelial growth factor.
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1. Introduction

Colorectal cancer is one of the most important causes of cancer
deaths worldwide.[1] It has been reported that about half of the
patients with colorectal cancer develop inoperable metastases.[2]

Even,amongpatientswhounderwentcurativesurgery,themortality
rate remained high due to relapse of this metastatic disease.[3]
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Therefore, an effective therapeutic regimen for the treatment of
metastatic colorectal cancer (mCRC) is urgently needed.
Bevacizumabis a humanized monoclonal antibody targeted

against vascular endothelial growth factor (VEGF). Previous
studies have shown that the monoclonal antibody against VEGF
significantly suppressed the growth of tumor xenografts.[4,5]

Therefore, the humanized monoclonal antibody bevacizumab has
been extensively evaluated for treatment of various cancers.[6,7] In
recent years, bevacizumab has been introduced for treatment of
mCRC aimed to prolong the patients’ survival. The addition of
bevacizumab to fluorouracil plus leucovorin increased the median
time to disease progression, improved the response rate, as well as
the survival duration in patients with mCRC.[8]

However, recent studieshavepaidmuchattentionon the safetyof
bevacizumab. As we know, VEGF plays multiple roles in several
physiologic processes. Thus, its inhibition could cause potentially
serious consequences,[9] such as hemorrhage,[10] hypertension,[11]

arterial thrombosis.[12] Several meta-analyses have evaluated the
efficacy and safety of bevacizumabin the treatment of human
cancers. For example, Huang et al[13] found that, compared with
chemotherapy alone, the addition of bevacizumab significantly
increasedtheriskof fatal adverseeventsamongpatientswithspecial
tumor types. Qi and his colleagues[9] suggested that bevacizumab
treatmentwas associatedwith the risk of infectious events in cancer
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patients, and the risksmay varywith concomitant drugs.However,
Ahmadizar et al[14] suggested that though bevacizumab was
associated with increased risks of adverse drug reactions such as
bleeding and hypertension, both the fatigue and anemia of cancer
patients were improved by the use of bevacizumab.
Clinical data have shown that bevacizumab improved the

survival rate of patientswithmCRC,when combinedwithdifferent
fluorouracil regimens (infusions and bolus), such as irinotecan,
bolus followed by infusional5-fluorouracil, and leucovorin
(FOLFIRI) and irinotecan, bolus 5-fluorouracil, leucovorin (IFL).
With respect to the safety and efficacy of bevacizumab on mCRC
patients, a recent meta-analysis has been conducted.[15] However,
the authorsof this study (1)didnot explain the efficacy andsafetyof
bevacizumab plus FOLFIRI or IFL on treatment of mCRC, (2) did
not report the effect of bevacizumab on complete response rate and
treatment discontinued by bevacizumab toxicity; (3) just focused
on the first-line treatment. Therefore, we performed this meta-
analysis to study the effectiveness of bevacizumab (Be)-containing
FOLFIRI and IFL regimens for mCRC patients.
Figure 1. Literature search and study selection.
2. Materials and methods

2.1. Search strategy

The relevant studies about the effectiveness of FOLFIRI-Beor IFL-
Beon treatment of mCRC have been searched from PubMed,
EMBASE, and Cochrane Library databases. Last query was
updated in March 2016. We also searched the references listed in
the relevant literatures. Thekeywords used for search strategywere
(“colorectal cancer”OR “rectal cancer”OR “rectum cancer”OR
“rectal carcinoma”) AND (randomized OR randomised OR
random∗ORblind)AND ([{5-FluorouracilORLeucovorin} AND
irinotecan] OR FOLFIRI) AND bevacizumab.

2.2. Inclusion and exclusion criteria

Studies included in this meta-analysis should meet the inclusion
criteria, as follows: (1) the studies are designed as random control
trials (RCTs); (2) patients in the treatment group received
FOLFIRI-Be or IFL-Be, whereas patients in the control group
were treated with FOLFIRI alone or IFL alone or plus by
additional agents or interventions; (3) studies should evaluate the
outcomes including complete response (CR), partial response
(PR), objective response (OR), progression-free survival (PFS),
overall survival (OS), grade3/4adverse events (based on the
National Cancer Institute Common Toxicity Criteria, version 2)
and treatment discontinued by drug toxicity.
We tried to avoid duplicated data by carefully examine the

names of authors and their affiliated unit in each publication. We
also excluded studies from not original articles such as comments,
reviews, and conferences accounts.

2.3. Data extraction

Two investigators independently screened the literature accord-
ing to the inclusion and exclusion criteria described above. They
also extracted the following data from the eligible studies
independently: the information of the literature (e.g., the name of
the first author, the year of publication, and the countries) and
patients (the gender, the sample size of the patients, the
therapeutic regimen, and the outcomes). The quality of the
included studies was assessed by the Cochrane risk of bias
assessment tool.[16] Discrepancies between the 2 investigators
were resolved by discussing with each other or communicating
2

with the original authors via E-mail. The adverse events were
graded by the Criteria for Adverse Events version 3.0.[17]
2.4. Statistical analysis

Themeta-analysiswasconducted tocompare theefficacyandsafety
of bevacizumab versus combined chemotherapy on treatment of
mCRCby theReviewManager 5.3 software.[18] The risk ratio (RR)
and95%CIwere used to compare the 2 therapies. The effect size of
PFS and OS was pooled through harzard ratio (HR) and it is 95%
CI, whereas the effect size of the other outcomes was evaluated via
the number of patients. The heterogeneity across studies was
examined by Q statistic[19] and the I2 statistic. The Mantel–-
Haenszel method was selected for pooling the homogeneous
outcomes when P ≥ 0.05 and I2<50%, and the DerSimonian–-
Laird method was applied for pooling heterogeneous outcomes
when P<0.05 and I2 ≥ 50%. Publication bias was examined by a
funnel plot. P<0.05 was considered as statistically significant.
2.5. Informed consent and ethical approval

Our present study was a meta-analysis and was based on the data
of 7 articles published in PubMed, EMBASE, and Cochrane
Library databases. Thus, ethical approval was not necessary.
3. Results

3.1. The characteristics of included literature

The flowchart of literature retrieval is shown in Fig. 1. A total of
716 studies (180 from PubMed, 420 from Embase, and 116 from
Cochrane) were initially retrieved from the databases. After
excluding 188 duplicates, the remaining 528 were screened for
eligibility using titles and abstracts. We then excluded 506 articles
because of obviously irrelevant topic (n=454), reviews (n=33),
animal experiment (n=10), and non-RCT (n=9).The remaining
22 studies were full-text reviewed, and 15 studies were excluded
from these 22 (12 studies did not refer to FOLFIRI or IFL, 3 studies
included duplicated data). No additional studies were identified
from manual retrieve. Finally, 7[11,20–25] articles were included in
this meta-analysis. However, among the 7 included studies, 2
studies by Hurwitz[24] and Kbbinavar[25] reported the same
patients; thus, we combined the data of these 2 studies into 1.
The characteristics of the included studies are shown in

Table 1. A total of 6 RCTs, including 2165 participants (1109
treated, 1056 control), were included in this meta-analysis. These
literatures were published between 2004 and 2015, and



Table 1

Characteristics of the included articles.

Author, y Country
ECOG

performance status N
Chemotherapy

program Treatment N, M/F Age, y Outcomes

Cao 2015 China 0–2 142 Second-line FOLFIRI-Be 65 (40/25) 62 (30–79) CR, PR, OR, grade 3/4AEs
FOLFIRI alone 77 (48/29) 61 (24–81)

Hecht 2011 America 0–1 182 Second-line FOLFIRI-Be 91 (58/37) 60 (25–80) CR, PR, OR, PFS, OS, grade 3/4AEs, DT
FOLFIRI-Pa 91 (62/29) 60 (27–84)

Heinemann 2014 Germany,
Austria

0–2 592 First-line FOLFIRI-Be 295 (196/99) 65 (27–76) CR, PR, OR, PFS, OS, grade 3/4AEs, DT

FOLFIRI-Ce 297 (214/83) 64 (38–79)
Guan 2011 China 0–1 214 First-line IFL-Be 139 (70/69) 50 (22–72) CR, PR, OR, PFS, OS, grade 3/4AEs, DT

IFL alone 64 (36/28) 53 (23–77)
Hurwitz 2004 America 0–2 813 First-line IFL-Be 402 (237/165) 59.5 (11.3) CR, PR, OR, PFS, OS, grade 3/4AEs, DT

IFL alone 411 (248/163) 59.2 (11.5)
Stathopoulos 2010 Greece 0–2 222 First-line IFL-Be 114 (73/41) 67 (45–82) CR, PR, OR

IFL alone 108 (68/40) 62 (30–87)

AEs= adverse events, Be=bevacizumab, Ce= cetuximab, CR= complete response, DT=discontinued treatment, ECOG=Eastern Cooperative Oncology Group, F= female, FOLFIRI= irinotecan, 5-fluorouracil,
and leucovorin, IFL= irinotecan,bolus fluorouracil, and leucovorin, M=male, OR= objective response, OS= overall survival, Pa=panitumumab, PFS=progression-free survival, PR=partial response.

Chen et al. Medicine (2016) 95:46 www.md-journal.com
distributed in China, America, and some European countries
(Austria, Greece, andGermany). The patients withmCRC had an
Eastern Cooperative Oncology Group (ECOG) performance
status of 0 to 2. Patients reported by Cao et al[20] and Hecht
et al[22] had received second-line treatment, but patients reported
in the other studies had received the first-line treatment. With
regard to the therapeutic methods, 1 study referred to the
treatment of FOLFIRI-Be versus FOLFIRI alone,[20] 2 referred to
Figure 2. Risk bias o

3

the treatment of FOLFIRI-Be versus others (FOLFIRI-panitu-
mumab, FOLFIRI-cetuximab),[22,23] the others compared the
treatment of IFL-Be versus IFL alone.[11,21,24]
3.2. Quality assessment

The quality of the included studies was assessed by the Cochrane
risk of bias assessment tool (Fig. 2). The levels of performance
f included studies.
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bias and detection bias were both high because of the open-label
design of all the included studies. Two studies had a high selection
bias because they introduced allocation concealment meth-
od.[23,24] In general, all the included studies were suitable for
meta-analysis with relatively high quality.

3.3. Meta-analysis for therapeutic efficacy

The outcomes of therapeutic efficiency (CR, PR, and OR)
analyzed based on 3 therapeutic regimens (FOLFIRI-Be vs others;
FOLFIRI-Be vs FOLFIRI alone; IFL-Be vs IFL alone) are
presented in Fig. 3.
The total effect size for CR, PR, and OR were RR (95% CI)=

1.01 (0.61, 1.69),P=0.99; RR (95%CI)=1.14 (0.91, 1.43), P=
0.26; and RR (95%CI)=1.14 (0.89, 1.47), P=0.30, respectively.
Subgroup analysis showed that the addition of bevacizumabto
FOLFIRI was significantly associated with increase in PR (RR=
1.74, 95% CI=1.04, 2.93, P=0.04)and OR (RR=1.67, 95%
CI=1.08, 1.58, P=0.02) compared with the treatment of
FOLFIRI alone. Besides, the addition of bevacizumab toIFL also
significantly increased the PR rate (RR=1.26, 95% CI=1.01,
1.57, P=0.04) in comparison with IFL alone. However, a
significant decrease in the CR rate was noted in patients who
receivedFOLFIRI-Be compared with those who received others
(FOLFIRI-panitumumab or FOLFIRI-cetuximab) (RR=0.31,
95% CI=0.11, 0.89, P=0.03).
Figure 3. Forest plot of therapeutic efficiency for the addition of bevacizumab
to FOLFIRI or IFL: (A) complete response, (B) partial response, (C) objective
response. FOLFIRI = 5-fluorouracil, and leucovorin, IFL = fluorouracil,
leucovorin.
3.4. Meta-analysis for risk of mortality

The outcomes of PFS and OS analyzed based on 2 subgroups
(FOLFIRI-Be vs others; IFL-Be vs IFL alone) are presented in
Fig. 4. The overall effects for PFS and OS were RR (95%CI)=
0.70 (0.49, 0.99), P=0.04, and RR (95%CI)=0.87 (0.61, 1.24),
P=0.43. There was no significant difference for PFS (RR=0.95,
95% CI=0.80, 1.13, P=0.55) and OS (RR=0.95, 95% CI=
0.80, 0.99, P=1.13) between FOLFIRI-Be and FOLFIRI-
panitumumab/cetuximab. However, a marked advantage in
OS (RR=0.53, 95% CI=0.42, 0.66, P<0.00001) and PFS
(RR=0.70, 95% CI=0.60, 0.82, P<0.00001) was noted for
patients in the IFL-Be group compared with the IFL group. These
results indicated that the addition of bevacizumab to IFL
significantly reduced the risk of mortality of mCRC patients.

3.5. Meta-analysis for adverse effect

The comparison of grade 3/4 adverse events and treatment
discontinued by drug toxicity based on 3 therapeutic regimens
(FOLFIRI-Be vs others; FOLFIRI-Be vs FOLFIRI alone; IFL-Be vs
IFL alone) are presented in Fig. 5. Results showed that the grade
3/4 adverse events were much less in the FOLFIRI-Be than that in
the FOLFIRI-panitumumab/cetuximab group (RR=0.89, 95%
CI=0.80, 0.98, P=0.01). Significantly more grade 3/4 adverse
event was found in bevacizumab plus IFL group than that in the
IFL alone group (RR=1.14, 95% CI=1.06, 1.21, P=0.0002).
With regard to the discontinued treatment, there were no
significant differences between the 3 pairwise groups (P>0.05).

4. Discussion

This meta-analysis evaluated the feasibility of administering
bevacizumab in combination with 2 different fluorouracil
regimens (infusions and bolus) for therapy of mCRC. Results
showed that compared with FOLFIRI-panitumumab/cetuximab,
4

the addition of bevacizumab significantly reduced the CR rate;
however, the numbers of grade 3/4 adverse event were also
significantly reduced. In comparison with FOLFIRI or IFL alone,
the addition of bevacizumab to the 2 regimens showed a better
efficacy and a reduced mortality risk, but a higher risk of adverse
event. These results indicated that compared with the other
concomitant drugs, bevacizumab treatment is associated with
low efficacy but also low risk of adverse events. Reversely,
compared with the chemotherapy (FOLFIRI or IFL) alone,
bevacizumab treatment is associated with high efficacy, low risk
of mortality, but high risk of adverse events.



Figure 4. Forest plot of mortality risk for the addition of bevacizumab to FOLFIRI or IFL: (A) progression-free survival, (B) overall survival. FOLFIRI = 5-fluorouracil,
and leucovorin, IFL = fluorouracil, leucovorin.
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The bevacizumab-induced high risk of adverse events might be
associated with its inhibitory effect on the VEGF. The VEGF can
affect the host response to infections by influencing the function
of immune tumor cells presented in the tumor microenviron-
ment.[26,27] Besides, the VEGF receptors were reported to be
involved in regulating fibroblasts in the tumor stroma.[28] Rafii
et al[29] reported that inhibition of VEGF receptors could inhibit
the hematopoietic stem-cell cycling, which will related to the risk
of myelosuppression. A previous meta-analysis indicated that the
addition of bevacizumab significantly increased the risk of
hypertension by 6.2%,[15] whereas no significant differences were
found in grade 3–4 proteinuria and bleeding. In our present meta-
analysis, the adverse events were graded. Data of our meta-
analysis showed that the addition of bevacizumab to different
therapy regimes resulted in different risk of adverse events.
Therefore, we thought that different concomitant drugs with
chemotherapy may exert different functions on adverse events.
Our finding confirmed the previous study by Qi et al[9] who also
found significant difference in risk of side effect with bevacizu-
mab among different chemotherapeutics. The reason might be
explained that treatment with bevacizumab, in combination with
FOLFIRI or IFL, caused more toxic effects than other
concomitant drugs.
Compared with IFL alone, we found that the addition of

bevacizumab to this regimen showed a much longer PFS and OS,
but a higher risk of adverse event. It is possible that patients with
longer PFS or OS have more time or chance to develop side effect
than those with shorter PFS or OS.[30] However, all the included
5

studies in our meta-analysis did not evaluate the association of
this potential bias caused by prolonged time and the risk of
adverse effects. Therefore, the relationship between them needs
more studies to uncover.
First-line treatment is considered to be the most important

phase for therapy of cancers. However, it was reported that
∼70% to 80% of the first-line treatment patients with mCRC
were exposed to the later lines of therapy.[23] Therefore, the later
lines including the second-line treatment is also important for
mCRC. Both first-line and second-line chemotherapy programs
were reported in our study, suggesting that our study evaluated
the efficacy and safety of bevacizumab comprehensively. Besides,
the studies included in our meta-analysis were all RCTs with
relatively high quality. Therefore, the results of our meta-analysis
were creditable.
Besides the sample size, our study also has limitations that we

should point out. First, the number of included studies of this
meta-analysis was limited, and thus, we cannot evaluate if there
was publication bias among included studies. Second, in the case
of selection criteria, the detailed therapeutic processes varied
among studies, whichmight contribute to the heterogeneity of the
results and is likely to produce effects on the final outcome.
In conclusion, our results showed that compared with

FOLFIRI-panitumumab/cetuximab, bevacizumab addition in-
duced a lower CR rate and lower risk of adverse event; and
compared with FOLFIRI or IFL alone, the addition of
bevacizumab to the 2 regimens induced a better efficacy and a
reduced mortality risk, but a higher risk of adverse events. We
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Figure 5. Forest plot of adverse effect for the addition of bevacizumab to FOLFIRI or IFL: (A) grade 3/4 side events, (B) treatment discontinued by drug toxicity.
FOLFIRI = 5-fluorouracil, and leucovorin, IFL = fluorouracil, leucovorin.
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concluded that combination chemotherapy containing bevaci-
zumab plus FOLFIRI or IFL had a relative high efficacy with
acceptable safety.
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