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Abstract
Purpose Bevacizumab has demonstrated survival benefit in
metastatic colorectal cancer (mCRC) patients when com-
bined with chemotherapy. Several randomized clinical
studies have evaluated bevacizumab in combination with
chemotherapy. Meta-analysis was performed to better
assess the efficacy and safety of bevacizumab with
chemotherapy for mCRC.
Materials and methods Five clinical trials randomizing a
total of 3,103 mCRC patients to chemotherapy alone or to
the combined treatment of chemotherapy plus bevacizumab
were identified. The efficacy data included progression-free
survival (PFS), overall survival (OS), and overall response
rate (ORR), and the safety data contained the 60-day all-
cause mortality rate, adverse events (AEs), and specific
toxicity such as hypertension, thrombosis, bleeding, protein-
uria, gastrointestinal perforation, diarrhea, and leucopenia.
Result There was a significant PFS benefit (P=0.00; hazards
ratio [HR]=0.66) and OS benefit (P=0.00; HR=0.77) in
favor of the combined treatment. The ORR was significantly
higher on the bevacizumab-containing arm (P=0.021; relative
risk [RR]=1.5), while CR was comparable between the two
arms (P=0.09). A higher incidence of grade 3/4 AEs, grade
3/4 hypertension, grade 3/4 thromboembolic/thrombotic
events, grade 3/4 bleeding, and gastrointestinal perforation

was associated with the bevacizumab group. The two treat-
ment groups were similar in terms of grade 3/4 proteinuria,
grade 3/4 leukopenia, grade 3/4 diarrhea, and the 60-day all-
cause mortality rate.
Conclusion The addition of bevacizumab to chemotherapy
confers a clinically meaningful and statistically significant
improvement in OS, PFS, and ORR. Its side effects are
predictable and manageable and do not compound the
incidence or severity of toxicities from chemotherapy.
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Introduction

Colorectal cancer (CRC) is the fourth most common non-
cutaneous malignancy in the United States and the second
most frequent cause of cancer-related death. In 2008, an
estimated 148,810 cases of CRC will be diagnosed and
49,960 people will die from this disease [1]. In CRC,
surgery and chemotherapy is the mainstay of treatment.
With the discovery of the mechanisms of oncogenesis, there
are two complementary approaches to chemotherapy: con-
ventional chemotherapy, such as irinotecan, capecitabine,
and oxaliplatin, and targeted therapy, such as bevacizumab,
cetuximab, and panitumumab.

The first drug of choice for patients with metastatic
colorectal cancer (mCRC) was the fluoropyrimidine 5-
fluorouracil (5-FU) [2]. Bolus FU led to modest response
rates of approximately 12% and a median survival of approxi-
mately 11 months [3]. Combining FU with leucovorin (LV),
a reduced folate that increases thymidylate synthetase
inhibition, improves clinical outcomes [4]. A meta-analysis
indicated a response rate of 23% and a median survival of
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11.5 months [4]. In the 1990s, another two agents, irinotecan
and oxaliplatin, were found showing activity against
advanced CRC. Several randomized trials have established
the role of irinotecan and oxaliplatin as second-line agent
in patients with mCRC refractory to 5-FU-based treatment
[5–7]. And researches have showed that irinotecan or
oxaliplatin plus FU/LV known as IFL and FOLFOX,
respectively, significantly improve outcomes [8, 9]. How-
ever, some patients with mCRC are not appropriate can-
didates for irinotecan [9–17].

Newer approaches to mCRC therapy have focused on
targeting angiogenesis inhibitors. Angiogenesis is critical to
both the growth of the primary tumor and metastases [18].
And poor prognosis and an increased relapse rate are often
correlated with increased blood vessel density in the
primary tumor in mCRC [19]. One of the most important
stimulators of angiogenesis is vascular endothelial growth
factor (VEGF) [20, 21]. The potential of VEGF as an
anticancer target was supported by the demonstration that a
murine anti-VEGF monoclonal antibody can inhibit the
growth of human tumor xenografts [22]. Subsequently, a
recombinant humanized monoclonal antibody against
VEGF [23], bevacizumab (Avastin), has been examined as
an antiangiogenic cancer therapy. In mCRC patients, initial
studies of bevacizumab showed improvements in tumor
response rate and progression-free survival (PFS) when
added to fluorouracil and leucovorin [24, 25]. Subsequent
randomized trials showed bevacizumab to prolong median
overall survival (OS; 20.3 versus 15.6 months) in combi-
nation with IFL [26]as initial treatment and FOLFOX [27]
after the failure of a prior irinotecan-containing regimen
(12.9 versus 10.8 months) and to improve response rates and
PFS times with the addition of bevacizumab to FOLFIRI or
FOLFOX in patients with untreated mCRC [28].

However, the results of these clinical trials were not
completely consistent, none of which was large enough to
interpret well the efficacy and safety of bevacizumab in
combination with chemotherapy. And so far, there has been
no meta-analysis with greater statistical power to detect real
differences between the groups of patients who were and
were not treated with bevacizumab.

Materials and methods

Literature search

Literature search was carried out to identify all relevant
randomized controlled trials (RCTs), comparing combined
chemotherapy with or without bevacizumab in mCRC. The
Pubmed, Embase, and The Cochrane Library were used
systematically to search for all articles published from
January 2003 to August 2008 which included the following

terms in their titles, abstracts, or keyword lists: bevacizumab
(or Avastin), colorectal cancer.

Study selection

The reference lists of all traced articles of this topic were
examined manually. Citations selected from this initial search
were subsequently screened for eligibility using the follow
criteria: (1) patients with mCRC; (2) combined chemotherapy
with bevacizumab versus without bevacizumab and not
confounding by additional agents or interventions (i.e., in
the combination chemotherapy, the control and experimental
arms had to differ only by bevacizumab component); (3) RCT.

Data extraction

Two reviewers abstracted data independently and reached
consensus on all items. The following information were
sought as follows: first author, year of publication, number of
patients, number of patients eligible for response, Eastern
Cooperative Oncology Group performance status, mean age,
gender rate, prior adjuvant therapy, median OS, PFS, or
median time to progression (TTP), overall response rate
(ORR), the 60-day all-cause mortality rate, adverse events
(AEs), and specific toxicity data, such as hypertension,
thrombosis, bleeding, proteinuria, gastrointestinal perforation,
diarrhea, and leukopenia. For trials included in this meta-
analysis, if the log hazards ratio (HR) and its variancewere not
presented explicitly, the methods reported by Parmar et al.
[29] were used to extract estimates of these statistics.

Data analysis

Meta-analysis was made of all RCTs comparing the efficacy
and safety of combined chemotherapy with bevacizumab
versus without bevacizumab. The outcomes used for this study
were OS, defined as the time from random assignment to death
from any cause, censoring patients who had not died at the
date last known alive, and PFS or TTP, defined as the time
from random assignment to first documented progression or
all-cause mortality in the absence of previously documented
tumor progression, and ORR, defined as the sum of partial and
complete response rates (according to the Response Evalua-
tion Criteria in Solid Tumors) [30], and toxicity, which was
graded according to the Common Toxicity Criteria version 2
(http://ctep.cancer.gov). The overall HR for OS and PFS or
TTP, the relative risks (RRs) for ORR, and the odds ratios
(ORs) for AEs and the treatment-related deaths were calcu-
lated using Stata version 7.0. Data analyses were performed
on the intent-to-treat population, defined as all randomly
assigned patients. Pooled estimates of efficacy were calcu-
lated using a fixed-effects model [31], but the DerSimonian
and Laird random effects model was used according to
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heterogeneity and a P value less than 0.1 was defined as
heterogeneity. Bias was studied using the weighted regres-
sion tests described by Egger and colleagues [32]. In addi-
tion, sensitivity analysis was applied by omitting one study in
each turn and investigated the influence of a single study on
the overall meta-analysis estimate [31] when necessary.

Assessment of study quality

The methodological quality of the studies included in the
meta-analysis was scored using the Jadad composite scale
[33, 34]. This is a five-point scale, and one point was given
when one quality criterion was met [35].

Result

Nine RCTs were identified [36–39, 24–28]. Three publica-
tions [36–38] were excluded because of failure to address
endpoints of interest, such as OS, PFS or TTP, ORR, and
AEs. Another study, the interim analysis [39] in Hurwitz’s
trial [26], was also omitted with the compared arms distinct
not only by bevacizumab component. Thus, five trials [24–
28] involving 3,103 patients with mCRC were ultimately
analyzed. Two trials [27, 24] were designed as three-arm
comparison and one [28] was a two-by-two factorial
design, which, for purposes of meta-analysis, were all
condensed to two arms (chemotherapy plus bevacizumab
versus chemotherapy alone). And the only-bevacizumab
arm in one trial [27] above was excluded in this meta-
analysis. The key patient characteristics by trials are listed
in Table 1. All of the trials included within the meta-
analysis about bevacizumab appear to have been reasonably
well-designed and conducted and, with the exception of one
study [24], appear to have included balanced populations.

The mean Jadad score of the studies included was 2
(Table 2). All studies had a statement regarding randomi-
zation. Three out of five trials had described the methods of
randomization. Two out of five trials reported the with-
drawals and dropouts. The main study limitations pertained
to the procedure for concealing the treatment allocation.
There was no placebo-controlled double-blinded trial.

Efficacy

Progression-free survival

The combination of bevacizumab and chemotherapy resulted
in a statistically significant improvement in PFS compared
with chemotherapy alone (HR=0.66, 95% confidence interval
[95%CI]=0.56 to 0.77, P=0.00) (Fig. 1). There was sig-
nificant heterogeneity between individual trials (P=0.00).
Sensitivity analysis showed that the heterogeneity of out- T
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come between reported trials could be attributed mainly to
the trial reported by Kabbinavar and colleagues [25] in 2005.

Median overall survival

OS data required for a meta-analysis were available from
four studies [25–28]. Pooled analysis showed a significant
difference (P=0.00) in favor of the bevacizumab-containing
arm (Fig. 2). With a HR equal to 0.77 and an associated 95%
CI of 0.67 to 0.89, there is a 23% reduction in the hazard of
death for the bevacizumab-containing group. However,
heterogeneity existed between individual trials (P=0.08).
Sensitivity analysis suggested that the study reported by
Kabbinavar [25] may be the main source of heterogeneity.

Response rate

All the three studies included in the meta-analysis reported
ORR and CR data (seen in Table 1). The ORR was 623
(40.0%) of 1,559 in the bevacizumab plus chemotherapy

group and 533 (34.5%) of 1,544 in the chemotherapy
group, showing a statistically significant difference (P=0.02)
in favor of the former (Fig. 3). The RR was 1.50 with an
associated 95%CI of 1.06 to 2.10, corresponding to an
increase in odds of response for the addition of bevacizumab
therapy. Once again, there was significant heterogeneity
(P=0.00). Sensitivity analysis identified the study reported
by Kabbinavar and colleagues [25] in 2005 as the main
source of heterogeneity. Moreover, 20 of 792 (2.5%) in the
bevacizumab arm had complete responses compared with 11
of 807 (1.4%) in the chemotherapy-alone arm (P=0.09) and
no heterogeneity existed (P=0.667).

Safety

The 60-day all-cause mortality rate

There was no significant difference in the 60-day all-cause
mortality rate (OR=0.82, 95%CI=0.55 to 1.23, P=0.34)
(Table 3).

Table 2 Jadad score calculation for included studies

Giantonio
2007 [27]

Hurwitz
2004 [26]

Kabbinavar
2003 [24]

Kabbinavar
2005 [25]

Saltz 2008
[28]

Was the study described as randomized (this includes words such as
randomly, random and randomization)?

1 1 1 1 1

Was the method used to generate the sequence of randomization
described and appropriate (table of random numbers,
computer-generated, etc.)?

0 1 0 1 1

Was the study described as double blind? 0 0 0 0 0
Was the method of double blinding described and appropriate
(identical placebo, active placebo, dummy, etc.)?

0 0 0 0 0

Was there a description of withdrawals and dropouts? 1 0 0 0 1
Total 2 2 1 2 3

HR

.282601 1 3.53855

Study

HR

(95% CI) % Weight

Giantonio 2007 0.61 ( 0.51, 0.73) 22.4 

Hurwitz 2004 0.66 ( 0.57, 0.75) 24.8 

Kabbinavar 2003 0.45 ( 0.28, 0.72) 8.9 

Kabbinavar 2005 0.61 ( 0.48, 0.78) 18.1 

Saltz 2008 0.83 ( 0.74, 0.94) 25.8 

Overall 0.66 ( 0.56, 0.77) 100.0 

Fig. 1 Progression-free survival
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Adverse events leading to treatment discontinuation

Pooled estimates of the difference favored combined
chemotherapy with bevacizumab over without bevacizumab
(OR=1.38, 95%CI=1.14 to 1.66, P=0.00) (Table 3).

Adverse events

Table 3 lists the AEs of particular interest, without
adjustment for the median duration of therapy. The incidence
of any grade 3 or 4 AEs was approximately 10 percentage
points higher among patients receiving chemotherapy plus
bevacizumab than receiving chemotherapy alone, with a
statistically significant difference (OR=1.79, 95%CI=1.52 to
2.11, P=0.00). For the specify toxicity, the statistically

significant differences in pooled estimates suggest a higher
incidence of grade 3/4 hypertension (OR=4.19, 95%CI=
2.76 to 6.36, P=0.00), grade 3/4 thromboembolic/thrombotic
events (OR=1.75, 95%CI=1.21 to 2.53, P=0.00), grade 3/4
bleeding (OR=1.87, 95%CI=1.10 to 3.12, P=0.02), and
gastrointestinal perforation (OR=4.81, 95%CI=1.52 to
15.3, P=0.00) associated with the bevacizumab group. No
statistically significant differences were noted in the inci-
dence of grade 3/4 proteinuria (OR=2.61, 95%CI=0.87
to 7.78, P=0.086), grade 3/4 leukopenia (OR=1.28, 95%
CI=0.96 to 1.69, P=0.09), and grade 3/4 diarrhea (OR=
1.26, 95%CI=0.97 to 1.63, P=0.08). There was no signifi-
cant heterogeneity between trials (P<0.10). Funnel plots
detected no obvious publication bias (P=0.14, Egger’s
test).

 HR

 .542538  1  1.84318

 HR

 (95% CI)  % Weight

  0.75 ( 0.63, 0.89)  28.1 

  0.66 ( 0.54, 0.80)  25.1 

  0.79 ( 0.56, 1.11)  13.1 

  0.89 ( 0.78, 1.02)  33.7 

  0.77 ( 0.67, 0.89)  100.0 

Study

Giantonio 2007

Hurwitz 2004

Kabbinavar 2005

Saltz 2008

Overall

Fig. 2 Median overall survival

  Risk ratio
 .229799  1  4.35161

 Study

  Risk ratio

 (95% CI)  % Weight

 Giantonio 2007   2.65 ( 1.72, 4.07)  19.4 

 Hurwitz 2004   1.29 ( 1.08, 1.53)  26.3 

 Kabbinavar 2005   1.70 ( 0.98, 2.97)  16.1 

 Saltz 2008   0.96 ( 0.86, 1.07)  27.4 

 Kabbinavar 2003   1.94 ( 0.87, 4.35)  10.9 

 Overall   1.50 ( 1.06, 2.10)  100.0 

Fig. 3 Overall response rate
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Discussion

The meta-analysis included a total of 3,103 intent-to-treat
patients, with 1,559 patients in the chemotherapy-plus-
bevacizumab arm and 1,544 patients in the chemotherapy-
alone arm. It represents the largest randomized cohort of
CRC patients treated with an addition of bevacizumab to
chemotherapy for advanced disease.

This study showed that the addition of bevacizumab to
chemotherapy resulted in both a clinically statistically
significant reduction in the risk of dying or progression/
death compared with the chemotherapy-alone group.
Individually, all trials contained in this study reported that
bevacizumab improves PFS when added to chemotherapy
for patients with mCRC. While unlike the two trials [26,
27] included in the study, the observed trend in an
improvement in OS did not reach statistical significance
in the two studies reported by Kabbinavar [25] and Saltz
[28], respectively. Long-term survival is clearly the ultimate
goal of treatment. But in trial reported by Kabbinavar [25],
many patients switch regimens (46% of the FU/LV/placebo
group and 39% of the FU/LV/bevacizumab group received
irinotecan, oxaliplatin, or both) when they progress and,
therefore, survival differences are diluted. Such differences
in postprogression therapy have also confounded the
interpretation of OS in other randomized clinical trials in
first-line mCRC, most notably the Intergroup Trial N9741
[40]. Generally, treatment effects seem larger for disease
progression than for survival. Nonetheless, some caution
should be advised when PFS is used as a surrogate marker
of survival [41]. In addition, the study protocols in the
included five trials [24–28] all allowed bevacizumab for
treatment until disease progression (PD), and the duration
of PFS was longer in the bevacizumab arm. In four of five
trials, where the duration of treatment in the bevacizumab
arms was longer than in the control arms, three [24, 26, 27]
with longer survival time in the bevacizumab arms, one
[25] not, but with confounded postprogression therapy. The

trial reported by Saltz [28], which compared further-line
treatment regimens between the study arms, failed to treat
with bevacizumab until PD and did not reach statistical
significance in the OS benefit seen for bevacizumab. These
findings suggest that the duration of bevacizumab therapy
is likely to be important and that treatment until PD may be
necessary to maximize the clinical benefit derived from
bevacizumab therapy. Meanwhile, the meta-analysis showed
a statistically significant difference in favor of chemotherapy
plus bevacizumab, with an objective response of 40%
compared with 34.5% for chemotherapy alone.

Although this study shows chemotherapy plus bevaci-
zumab to have greater therapeutic efficacy to chemotherapy
alone in advanced CRC patients, the risk of such treatment
should not be minimized but, instead, considered in balance
with the benefit of increased survival.

The meta-analysis suggests that the combination of
bevacizumab plus chemotherapy resulted in an approxi-
mately 10% overall increase in grade 3 and 4 toxicity,
which was thought to be caused by the longer durations of
treatment in the bevacizumab arms [24]. There were no
significant differences in the 60-day all-cause mortality
rates. But a higher proportion of patients discontinued study
treatment because of AEs in the bevacizumab-containing
arms compared with the chemotherapy-alone arms. Of four
trials that reported the outcome, three showed no significant
differences between two treatment groups, while one [28]
did and indicated that most of these treatment discontinua-
tions were attributable to chemotherapy-related events, such
as neurotoxicity [42], gastrointestinal events [43], general
disorders, and hematologic events [9], rather than events
felt to be potentially related to bevacizumab. The side effect
profile of bevacizumab in mCRC differs from that of
cytotoxic chemotherapy agents in that bevacizumab has a
greater risk of grade 3 or 4 hypertension and grade 3 or 4
thrombotic events, a slight increase in grade 3 or 4 bleeding
and gastrointestinal perforation. The outcomes appeared to
be comparable between two treatment groups about grade 3

Table 3 Summary of toxicity meta-analyses comparing chemotherapy plus bevacizumab and chemotherapy alone

Analyses Trials Chemotherapy plus
bevacizumab

Chemotherapy
alone

P value for
homogeneity

OR (95%CI) P value

All-cause mortality at 60 days 4 45/1,491 55/1,508 0.12 0.82 (0.55–1.23) 0.34
Adverse event leading to study discontinuation 4 317/1,491 249/1,508 0.10 1.38 (1.14–1.66) 0.00
Grade 3/4 adverse event 5 1,243/1,559 1,066/1,544 0.39 1.79 (1.52–2.11) 0.00
Grade 3/4 hypertension 5 114/1,559 28/1,544 0.47 4.19 (2.76–6.36) 0.00
Grade 3/4 thrombotic events 3 83/1,053 48/1,028 0.70 1.75 (1.21–2.53) 0.00
Grade 3/4 bleeding 4 40/1,491 22/1,508 0.30 1.87 (1.10–3.16) 0.02
Grade 3/4 proteinuria 4 10/1,491 3/1,508 0.53 2.61 (0.87–7.78) 0.09
Gastrointestinal perforation 4 15/1,491 2/1,508 0.67 4.81 (1.52–15.3) 0.00
Grade 3 or 4 diarrhea 3 186/574 152/552 0.17 1.26 (0.97–1.63) 0.08
Grade 3/4 leukopenia 3 153/574 131/552 0.59 1.28 (0.96–1.69) 0.09
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or 4 proteinuria. And the incidence and severity of AEs that
are known to occur with 5-FU/LV, such as diarrhea and
leucopenia, were no greater with the addition of bevacizumab.
Hypertension may be a class effect of angiogenesis inhibitors,
as it has been observedwith sunitinib [44], sorafenib [45], and
the investigational agents VEGF Trap [46], PTK787/
ZK222584 [47], AMG706 [48], and AZD2171 [49]. But
the mechanism of hypertension is less clear, possibly with
the alterations of nitric oxide signaling. The incidence of
hypertension in individuals receiving bevacizumab plus
chemotherapy in the meta-analysis is consistent with the
Avastin (bevacizumab) package insert (Genentech 2004),
where severe hypertension occurred in 7–10%, compared to
2% in those not treated with bevacizumab. Meanwhile,
higher rates of hypertension have also been observed in other
advanced cancer patients treated with the bevacizumab [50–
52]. Despite the high incidence, hypertension is generally
grade 3 or lower and is manageable with standard
antihypertensive medication [24–28]. In two [25, 26] of the
five trials contained in the meta-analysis, no grade 4
hypertension events were reported. The relationship between
bevacizumab and proteinuria is poorly understood. Several
phase III studies [39, 26, 50] reported that the rates of grade
1 or 2 proteinuria were increased in bevacizumab-treated
patients, while there was no statistically difference in the
incidence of grade 3 or 4 proteinuria in the bevacizumab
group in the study. For safety, recommendations [47, 53] for
monitoring and treating patients with hypertension and
proteinuria that are suggested by the manufacturer of
bevacizumab and the US FDA should be carefully followed.
In addition, a high background rate of thromboembolic
disease was itself associated with patients suffering from
mCRC, most likely because of the malignancy, the proco-
agulant nature of surgery and cytotoxic chemotherapy, and
other factors (such as prolonged bed rest) [54]. But this study
shows a higher rate of grade 3 or 4 thromboembolic events
that happened in the bevacizumab group. An exploratory
analysis of pooled data from five RCTs [55] composed of
1,745 patients found that the rate of arterial thromboembolic
event (ATEs) was more than twice as high with the addition
of bevacizumab to chemotherapy. Furthermore, a study [56]
identified age ≥65 years and a history of ATEs as inde-
pendent risk factors for ATEs, with the exception of
exposure to bevacizumab. However, the investigations did
not conclude that these risk factors should be an absolute
contraindication to bevacizumab therapy. Even these high-
risk patients suboptimal for first-line irinotecan-containing
therapy [14–17, 57] appeared to benefit in terms of OS and
PFS to a similar degree as the study population as a whole
[55]. And the risk of an ATE related to bevacizumab and
its concomitant risk of mortality, while increased, is small
in comparison with cancer-related mortality. Therefore, both
patients and their physicians should carefully weigh the

potential risks and benefits of treatment with bevacizumab.
A pooled analysis mentioned previously [55] suggested
that the use of low-dose aspirin (≤325 mg/day) was corre-
lated with a lower incidence of ATEs in high-risk patients
treated with bevacizumab. But a higher rate of grade 3 or 4
bleeding with the addition of bevacizumab to chemotherapy
was not correlated with the anticoagulation therapy after the
development of thromboembolism during treatment with
bevacizumab [28, 58]. This meta-analysis also shows that the
chemotherapy-plus-bevacizumab group was associated with
a higher incidence of gastrointestinal perforation. The event
occurred in a small number of patients, but appeared to be
potentially life-threatening. Patients with mCRC who are
treated with bevacizumab should be closely monitored for
signs and symptoms of gastrointestinal perforation, including
abdominal pain that is associated with constipation or
vomiting.

In summary, the addition of bevacizumab to chemo-
therapy confers a clinically meaningful and statistically
significant improvement in OS, PFS, and ORR. Its side
effects are predictable and manageable and do not com-
pound the incidence or severity of toxicities from chemo-
therapy. With the recommendations for patient selection
and monitoring mentioned above, bevacizumab is a valu-
able addition to the current chemotherapy regimens used in
mCRC, producing a significant survival benefit, especially
for the high-risk patient with irinotecan- or oxaliplatin-
refractory while without additional toxicity.
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