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Abstract

Background Recently, the need for maintenance
chemotherapy arose as a result of the significantly improved
survival of patients with metastatic colorectal cancer
(mCRC) without increasing adverse events. Currently used
maintenance regimens are fluoropyrimidines, bevacizumab,
and the combination of fluoropyrimidine with bevacizumab.
A new combination with bevacizumab and erlotinib, a tyr-
osine kinase inhibitor of the epithelial growth factor recep-
tor, has shown synergistic effects in preclinical tests and
promising results in some clinical trials. Whether beva-
cizumab combined with erlotinib vs. bevacizumab alone as
maintenance therapy will further improve the clinical out-
comes in patients with mCRC is controversial. We con-
ducted this meta-analysis to compare the survival benefit and
safety of these two regimens in patients with mCRC.
Methods We searched PubMed, EMBASE, and the Central
Registry of Controlled Trials of the Cochrane Library up to
August 2016. We also searched the Proceedings of the
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American Society of Clinical Oncology (1986 to August
2016). Abstracts were manually searched to identify rele-
vant trials. A total of three randomized controlled trials
with 682 patients met the inclusion criteria.

Results Our results demonstrated that bevacizumab com-
bined with erlotinib significantly improved overall survival
(hazard ratio 0.78; 95 % confidence interval 0.66-0.93;
p = 0.006) and progression-free survival (hazard ratio
0.79; 95 % confidence interval 0.68-0.92; p = 0.002).
Significantly more grade 3 rash, diarrhea, infection total,
and fatigue were observed in the bevacizumab combined
with erlotinib arm, which were controllable and reversible.
Conclusions Based on current evidence, the addition of
erlotinib to bevacizumab as maintenance therapy signifi-
cantly increases overall survival and progression-free sur-
vival with an increased but manageable toxicity in patients
with mCRC. It should be considered as a treatment option
for these patients under the premise of a reasonable
selection of the target population.

Key Points

The addition of erlotinib to bevacizumab as
maintenance therapy significantly increases overall
survival and progression-free survival with an
increased but manageable toxicity in patients with
metastatic colorectal cancer.

The effectiveness of erlotinib was independent of the
KRAS status of the tumors.

It should be considered as a new non-chemotherapy-
based maintenance option for patients with
metastatic colorectal cancer.
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1 Introduction

Colorectal cancer is the third most commonly diagnosed
cancer, after lung and breast cancers, and the fourth highest
cause of cancer-related death worldwide [1]. Along with
recent improvements in diagnostic and therapeutic
modalities, the incidence and the mortality of cancer have
been declining over the past 20 years. However, it is still
the main cause of increasing morbidity and mortality [2, 3].

Early diagnosis is very important for improving treat-
ment outcomes. However, most patients who have local-
ized disease lose the chance to receive curative (RO)
surgical resection, when being diagnosed. Almost 50 % of
those with local disease ultimately develop metastases. In
addition, a considerable proportion of patients (40-50 %)
experience disease recurrence after surgical resection or
develop metastatic disease. The current treatment for
metastatic colorectal cancer (mCRC) continues to favor the
use of chemotherapy. Chemotherapy remains the primary
therapeutic option. With the introduction of drugs targeting
vascular endothelial growth factor (VEGF) and epidermal
growth factor receptor (EGFR) in clinical practice, patients
with mCRC have increased overall survival (OS) compared
with cytotoxic chemotherapy [4-7].

During palliative therapy, patients will adjust or inter-
rupt treatment because of the development of adverse
effects or cumulative treatment-related toxicities, e.g.,
oxaliplatin-related neurosensory toxicity. The main objec-
tives of treatment are to prolong a patient’s life and
improve the quality of life for as long as possible. In fact,
we always have to face the situation of improving survival
at the cost of toxicity, which is unacceptable. There are two
main methods to control this situation: stopping
chemotherapy, after induction or switching to maintenance
therapy to delay tumor progression and reduce side effects.
Interruption of chemotherapy has been reported to have a
disadvantageous effect on OS compared with continuation
of chemotherapy [8, 9]. Some related trials reported that
maintenance therapy was better than complete treatment
cessation after induction chemotherapy in terms of survival
and safety [9-14]. It would be clinically practical to find a
maintenance treatment that could extend the progression-
free interval without serious side effects. Currently used
maintenance regimens are fluoropyrimidines, beva-
cizumab, and the combination of fluoropyrimidine with
bevacizumab. The anti-EGFR monoclonal antibodies
cetuximab and panitumumab have been shown to be
effective in patients with KRAS and NRAS wild-type
metastatic colorectal cancer [15, 16]. Erlotinib is a rarely
investigated EGFR tyrosine kinase inhibitor in mCRC [17].

In recent years, some trials suggested that the combi-
nation of erlotinib and bevacizumab might have synergistic
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activity [18, 19]. Whether the addition of erlotinib to
bevacizumab was more or less effective than bevacizumab
alone as maintenance therapy is not completely consistent.
Accordingly, we undertook this meta-analysis to compare
the survival benefit and safety of bevacizumab plus erlo-
tinib with that of bevacizumab alone in patients with
mCRC.

2 Materials and Methods
2.1 Search Strategy

We conducted a systematic assessment following the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses criteria [20]. Any article (as English language full
paper or abstract) that compared bevacizumab plus erloti-
nib with bevacizumab alone as maintenance therapy in
mCRC patients was eligible for inclusion in our assess-
ment. We searched PubMed, EMBASE, and the Central
Registry of Controlled Trials of the Cochrane Library for
original articles that were published and unpublished till
August 2016. We also searched the Proceedings of the
American Society of Clinical Oncology (1986 to August
2016). To minimize the risk of selection or information
bias, only prospective studies were identified in our study.
We used various combinations of the following key words:
“erlotinib”, “bevacizumab”, “randomized controlled
trial”, “metastatic colorectal cancer”, “colon cancer”, and
“rectal cancer”. References of selected articles and previ-
ous systematic reviews were also checked in case any
studies were potentially missed.

2.2 Selection of Trials

The included trials had to fulfill the following criteria: (1)
subjects were patients, and histological or cytological
confirmation was required; (2) prospective phase II and III
randomized controlled trials (RCTs); (3) control arm
patients received bevacizumab alone (collectively referred
to as the bevacizumab group) and experimental arm
patients received bevacizumab plus erlotinib (collectively
referred to as the bevacizumab plus erlotinib group) as
maintenance therapy; (4) bevacizumab plus erlotinib and
bevacizumab alone were compared without confounding
by additional agents or interventions (i.e., in the mainte-
nance therapy, the control and experimental arms had to
differ only by with or without erlotinib component); and
(5) reported hazard ratios (HRs) with 95 % confidence
intervals (ClIs) for OS and/or progression-free survival
(PES), or data to calculate these.
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The eligibility of all abstracts identified by the search
was evaluated by two independent reviewers (W. X. and Y.
G.). If only one reviewer considered an abstract eligible,
the full text of the article was retrieved, and both reviewers
reviewed it in detail. All publications were included, but
only the most recent and the most informative data were
used.

2.3 Quality Assessment

We used the Cochrane Handbook for Systematic Reviews
of Interventions to assess the quality of included trials
according to the report on the methods and results from the
studies [20].

2.4 Data Extraction

To avoid bias in the data extraction process, the data were
independently extracted from the eligible trials, and results
were compared by the same two reviewers (W. X. and Y.
G.). The following information was extracted from each
article: (1) publication details such as the type of cancer,
first author, year of publication, country, and form of
publication (full/abstract); (2) information on the treatment
such as maintenance therapy, median OS, median PFS,
overall response rate (ORR), and toxicity; and (3) charac-
teristics of the patients such as the number of patients, age,
sex, prior chemotherapy history, and Eastern Cooperative
Oncology Group performance status. Before performing
the analyses, data of each published study were carefully
double-checked by another reviewer (M.K.), and any dis-
agreements were resolved by group discussion or the
reviewers contacted the authors of the original study.
Whenever possible, we tried to obtain the updated results
from the researchers via email.

2.5 Statistical Analysis

The primary outcome measure was OS, which was defined
as the time from randomization to death from any cause.
Secondary outcome measures were PFS, defined as the
interval from the date of randomization to the date of
progression, or the date of death for patients without pro-
gression, whichever came first; ORR, defined as the sum of
partial and complete response rates; with regard to toxicity
events, data on the proportion of participants with severe
(grade 3—4) adverse events for each group were extracted
and analyzed. Cochran’s y*-based Q statistic was used to
test for heterogeneity among the trials [21]. Pheierogencity -
< 0.1 or I*> 50 % indicated heterogeneity existed. We
applied a random-effects model to calculate the pooled
estimations of the HR and risk ratio (RR) for each study.
Otherwise, a fixed-effects model was used because of a

lack of significant heterogeneity. The existence of publi-
cation and selection bias was assessed through funnel plots
using the Begg’s and Egger’s tests [22, 23]. We conducted
this systematic assessment using the STATA version 10.0
software (Stata Corporation, College Station, TX, USA).
All reported p values are from two-sided versions of the
respective tests. A p value <0.05 was considered signifi-
cant. All CIs had two-sided probability coverage of 95 %.

3 Results
3.1 Characteristics of Included Trials

According to our search strategy, three eligible trials
[24-26] were identified (Fig. 1). The analysis was con-
ducted with the data of 682 mCRC patients; they were
randomly assigned to receive maintenance therapy with
bevacizumab plus erlotinib (340 patients) or bevacizumab
alone (342 patients) after induction chemotherapy. All
trials were population-based RCTs to guarantee the
methodological quality of our article. All trials were
experimentally controlled. The characteristics of the three
included trials are summarized in Table 1.

3.2 Quality Assessment

The results of the quality assessment are shown in Table 2.
Among three RCTs, two trials [24, 26] were assigned B
level whereas one trial [25] had a high risk of allocation
concealment and blinding, so we ranked them as C level.
All of the three trials included in this study could be
identified as having adequate random sequence generation,
and the trials addressed incomplete outcome data, selective
reporting, and other bias. It was unclear whether two trials
[24, 26] used allocation concealment and incomplete out-
come data.

3.3 Efficacy and Safety

All trials provided OS and PFS data directly or indirectly
(682 patients, Table 3). Pooled analysis indicated that
bevacizumab plus erlotinib was associated with a clinically
substantial and statistically significant reduction of 22 % in
the hazard for death and 21 % in the hazard for progression
when compared with bevacizumab alone (HR 0.78; 95 %
CI 0.66-0.93; p = 0.006, Fig.2; HR 0.79; 95 % CI,
0.68-0.92, p = 0.002; Fig. 3). There was no significant
heterogeneity (OS: P =0.0 %, Pheterogeneity = 0.458; PFS:
P = 0.0 %, Preerogencity = 0.816), and the pooled HRs for
OS and PFS were performed using fixed-effects models.
ORR was extracted in only the Tournigand et al. trial,
which reported a statistically significant improvement
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Fig. 1 Trials flow chart. ASCO American Society of Clinical Oncology, RCTs randomized controlled trials

(p = 0.0029). We could not conduct a pooled analysis
owing to the limited published data. Three trials including
674 patients provided toxicity-profile results (Table 4).
Both grade 3 and 4 adverse effects are analyzed and
reported in Table 4. The most commonly recorded adverse
event was rash, accounting for 19.94 %, with the second
most common event being diarrhea (8.33 %), and fatigue
and infection total accounted for 6.25 and 3.27 %,
respectively. Relevant to this, patients in the bevacizumab
plus erlotinib group had a significantly higher incidence of
the above-mentioned adverse effects (OR 58.97, 10.58,
5.01, and 8.25, respectively) compared with the beva-
cizumab group. The incidences of other adverse events,
including hypertension, thrombocytopenia, hand and foot
syndrome, skin ulceration, nausea or vomiting, proteinuria
and neuropathy, were lower than the above findings in the
bevacizumab plus erlotinib group. No significant difference
in each of these adverse events was observed between the
two groups (OR 1.01, 3.03, 1.0, 7.38, 1.67, 1.35, and 1.26
respectively). In total, most adverse events were tolerated
and manageable. With regard to treatment-related death, no
significant difference was observed. No heterogeneity
existed for all of above-mentioned adverse effects among
the studies.
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3.4 Publication Bias

We performed Begg’s funnel plot and Egger’s test to assess
the publication bias of the literature. The shapes of the
funnel plots (Fig. 4) indicated the absence of publication
bias. Furthermore, Egger’s test was used to statistically
confirm the funnel plot symmetry (p = 0.655 for OS;
p = 0.372 for PFS). The results still did not suggest any
evidence of publication bias, although the number of
included trials was relatively small.

4 Discussion

As EGFR and VEGF inhibitors exert their anti-tumor
effects through different mechanisms, their combination
should theoretically lead to greater effects. Preclinical trials
also demonstrated that the combination of more than one
targeted agent led to a stronger inhibition of the down-
stream signaling pathways compared with single-drug
treatment [27, 28]. In addition, some research reported that
the anti-EGFR monoclonal antibodies cetuximab and
panitumumab had been shown to be effective in patients
with KRAS and NRAS wild-type mCRC [15, 16, 29].
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Table 2 Quality of the three included trials
Study Random Allocation Blinding of Blinding of Incomplete Selective Other Rank
sequence concealment  participants and outcome outcome data  reporting bias
generation personnel assessment
Johnsson Yes Unclear Unclear Unclear Yes Yes Yes A
et al. [24]
Tournigand  Yes No Yes No Yes Yes Yes C
et al. [25]
Hagman Yes Unclear Unclear Unclear Yes Yes Yes A
et al. [26]

Erlotinib is a less widely investigated EGFR tyrosine
kinase inhibitor in mCRC [17]. One study stated that the
combination of erlotinib and chemotherapy had limited
tolerability in patients with mCRC [30]. However, some
studies showed promising results when adding erlotinib to
bevacizumab as maintenance therapy [18, 19]. The feasi-
bility and safety of the addition of erlotinib to bevacizumab
as maintenance therapy continues to be controversial
compared with bevacizumab alone as maintenance therapy.
To the best of our knowledge, this is the first meta-analysis
to compare the feasibility and safety of erlotinib plus
bevacizumab as maintenance therapy with bevacizumab
alone.

Although without significantly longer median OS and
PES in two trials, our meta-analysis still demonstrated that
bevacizumab plus erlotinib as maintenance treatment was
associated with superior OS, PFS compared with beva-
cizumab-alone patients. Patients in the bevacizumab plus
erlotinib arm were more likely to experience frequent
adverse events including rash, diarrhea, infection total, and
fatigue. However, all above-mentioned adverse events
appeared uncommonly and were predictable, manageable,
and acceptable. The proportions of patients that stopped
maintenance treatment because of side effects were lim-
ited. Accordingly, the bevacizumab plus erlotinib group-
based therapy was associated with longer OS, PFS, and
almost equivalent safety compared with bevacizumab-
alone therapy.

Some previous studies suggested that prolonged beva-
cizumab exposure beyond first-line chemotherapy may
improve patients’ survival [14, 31]. In our included trials,
the treatments of the experimental group and controlled
group both contained bevacizumab. In addition, the dif-
ferences in the basic characteristics of the patients enrolled,
such as age, Eastern Cooperative Oncology Group perfor-
mance status, primary tumor location, number of metastatic
sites, and history of adjuvant treatment, which may have
affected the outcome, were not obvious. The proportion of
total patients with performance status = 0 accounted for
over 60 %. Whether the promising and positive conclusion
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in our meta-analysis was the result of the treatment or a
positive patient selection is unknown.

The proportion of wild- and mutation-type KRAS may
be an influencing factor. In our meta-analysis, the Hagman
et al. [26] and Tournigand et al. trials [25] displayed the
relationship between KRAS status and curative effect of
the addition of erlotinib to bevacizumab. Because of a low
sample size, Hagman et al.’s trial conducted a preplanned
pooled analysis with data from KRAS wild-type patients in
the preceding Johnsson et al. trial [24] to increase the
power. The preclinical trials mentioned that anti-EGFR
monoclonal antibodies were not active in patients with
KRAS and NRAS mutation-type tumors, but the Hagman
et al. and Tournigand et al. trials stated that the effect on
PFS and OS of bevacizumab plus erlotinib was indepen-
dent of the KRAS status of the tumors. This is in contrast to
non-small-cell lung cancer in which KRAS wild-type
patients in the ATLAS trial were more likely to benefit
from the addition of erlotinib to bevacizumab, at least in
terms of PFS [32]. Future research should concentrate on
exploring other possible biomarkers to identify the benefit
of the addition of erlotinib in this clinical setting.

In addition, the following issues may confound the
assessment of survival and are worthy of further discus-
sion. First, the inconsistency of systemic therapy before
and after the study among the three trials may have
affected the endpoints. All trials did not consider the dif-
ferent induction drugs and sequential treatment used. This
aspect of the design could affect the clinical outcomes, but
to demonstrate it requires more statistical power. Second,
different induction chemotherapy intervals may also affect
the result. In the Johnsson et al. and Hagman et al. trials,
the induction chemotherapy intervals of patients were
18 weeks. In the Hagman et al. trial, patients were ran-
domized to 3 months of induction therapy at the beginning.
Then, after a post-protocol amendment, patients were no
longer randomized at induction and the duration of
induction therapy was increased to 6 months. Third, plat-
inum is toxic and is not well tolerated for some patients,
almost half of the patients used oxaliplatin-containing
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chemotherapy as induction therapy in our trials, which may
also potentially affect the results.

We also explored whether adding erlotinib to beva-
cizumab would be more effective than standard therapy.
Some studies suggest that activation of the EGFR pathway
increases tumor-derived VEGF expression, which acts on
endothelial cells in a paracrine manner to promote angio-
genesis [33, 34]. Exposure to EGFR inhibitors leads to
attenuation of VEGF expression, and resistance to EGFR
inhibitors is often associated with increased VEGF
expression [35]. Their combination should theoretically
lead to greater effects. Two clinical trials showed that a
combination of bevacizumab with either cetuximab or
panitumumab was disadvantageous [29, 36]. The trial by
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Fig. 4 Begg’s funnel plots of publication bias test: overall survival (a) and progression-free survival (b). HR hazard ratio, SE standard error

Tournigand et al. implied that some of the signaling events
were autocrine and intracellular and are not easily acces-
sible to monoclonal antibodies. By contrast, erlotinib, as a
small-molecule tyrosine kinase inhibitor, binds to the
intracellular adenosine triphosphate-binding site of the
receptor, which could explain this mechanism.

The limitations of these studies also need attention.
First, as we all know, the results of any meta-analysis were
affected by the quality of the individual studies. All the
trials were RCTs, no updated or confirmed results could be
obtained from the authors. Therefore, our results should be
interpreted with care. Second, our meta-analysis was based
on summary data and not on individual patient data. Meta-
analyses based on individual patient data tend to give a
more robust estimation for the association compared with
published data analyses. Third, the difference in treatment
schedules among the trials (data not shown) might con-
tribute to increase the clinical heterogeneity of the meta-
analysis. Fifth, a comparatively low sample size may lack
sufficient statistical power to make a conclusion. The total
sample size of our included patients was 682. Among three
trials, the number of patients in the Hagman et al. and
Johnsson et al. trials was obviously lower than that in the
Tournigand et al. trial. It may explain the reason for the
lack of significance in the Hagman et al. and Johnsson et al.
trials. Sixth, we applied a random-effects model or a fixed-
effects model to calculate the pooled estimations of HR and
RR for each study according to the Pheterogeneity Value and I’
value. When heterogeneity existed, we applied the random-
effects model for a pooled analysis. At the same time, we
need to find the reason from clinical aspects and evaluated
the feasibility of merged data including the homogeneity,
the design, and statistical methods. Otherwise, we should
conduct a subgroup analysis to find out the essence of the
problem. We found that no heterogeneity existed in the
pooled estimations of HR (OS: =00 %,

Pheterogeneity = 0458’ PES: 12 = 0.0 %7 Phetemgene—
ity = 0.816), thus we applied the fixed-effects model. Only
one trial refers to RR; therefore, we could not conduct the
pooled analysis. Finally, lack of blinding, which could be
inevitable in all these included studies, might have resulted
in an overestimation of the effects. Because the two
treatment methods studied were quite different (two-drug
combination vs. single drug), the treatment allocation could
not be blinded from the investigators or patients.

The design of our inclusion trials may be criticized
owing to a lack of comparison with a ‘standard mainte-
nance’ arm. Currently used maintenance regimens are
fluoropyrimidines, bevacizumab, and the combination of
fluoropyrimidine with bevacizumab. Recently, some stud-
ies showed that maintenance treatment with bevacizumab
alone in mCRC was of limited value [10, 37]. The com-
bination of capecitabine or fluoropyrimidine and beva-
cizumab has shown to be an active maintenance strategy
[10, 11]. Against this background, our included trials
selected bevacizumab alone as a controlled group. The
reasons were as follows: before the results of the CAIRO3
trial were known [11], the Tournigand et al. and Johnsson
et al. trials had been conducted. As a continuation of the
Johnsson et al. trial, the Hagman et al. trial still selected
bevacizumab alone as a controlled group of the patients
with the KRAS wild type. In contrast to the pre-planned
trial, the trial added a subgroup to research the effects of
bevacizumab alone vs. capecitabine in patients with the
KRAS mutation type. Tournigand et al. proposed a
hypothesis that interrupting chemotherapy before it pro-
duced resistance would provide benefit to second-line
therapy, thus the trial used bevacizumab alone as a con-
trolled group. Further research should explore the effi-
ciency of the different maintenance regimens as the
controlled group with bevacizumab plus erlotinib as the
experimental group.
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5 Conclusion

Bevacizumab plus erlotinib as a new non-chemotherapy-
based maintenance therapy was not only superior to beva-
cizumab alone in terms of OS, but also led to increased PFS.
All of these results confirmed that bevacizumab plus erloti-
nib could be a good choice in the treatment of patients with
advanced mCRC with almost equivalent tolerance. More
predictive biomarkers of erlotinib and the superiority of
different maintenance regimens as the controlled group vs.
bevacizumab plus erlotinib as the experimental group need
to be further evaluated and confirmed through larger trials
with longer observation periods.
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