
Am J Cancer Res 2017;7(9):1971-1977
www.ajcr.us /ISSN:2156-6976/ajcr0039181

Original Article 
Erlotinib in combination with bevacizumab and 
FOLFOX4 as second-line chemotherapy for  
patients with metastatic colorectal cancer 

Sha Shi1, Kemei Lu1, Hui Gao1, Huidong Sun2, Senlin Li2

Departments of 1Gastroenterology, 2General Surgery, Liaocheng People’s Hospital, Liaocheng 252000, China

Received August 31, 2016; Accepted September 25, 2016; Epub September 1, 2017; Published September 15, 
2017

Abstract: Background: We conducted a phase II study by combining FOLFOX4 plus bevacizumab (BV) with erlotinib 
(ER) as second-line chemotherapy for patients with metastatic colorectal cancer (mCRC). Methods: Patients were 
divided into two groups in randomized double-blind manner. One group was given FOLFOX4 plus 5 mg/kg BV on 
day 1 of 2-week cycle. The other group was given 2-week-cycle of BV + FOLFOX4, and 100 mg ER every day. The 
primary endpoint was progression-free survival (PFS). The secondary endpoints were overall survival (OS), clinical 
response rates and adverse events (AEs). Results: 66 patients received 2nd-line treatment of ER + BV+ FOLFOX4, 
and 65 received BV + FOLFOX4. Median PFS was 9.6 months of ER + BV + FOLFOX4 group, significantly better than 
6.9 months of BV + FOLFOX4 group (P = 0.021, HR = 1.15, 95% CI = 0.88-1.39). Medium OS for ER + BV + FOLFOX4 
group was 12.5 months, not statistically different than 12.1 months for BV + FOLFOX4 group (P = 00.146, HR = 
0.63, 95% CI = 0.34-1.02). Combined partial response and stable disease rate was 48.5% for ER + BV + FOLFOX4 
group, significantly higher than 32.2% for BV + FOLFOX4 group (P = 0.015). Patients in ER + BV + FOLFOX4 group 
had higher incidence rates of AEs. Conclusion: In second-line chemotherapy for patients with mCRC, combining er-
lotinib with FOLFOX4 plus bevacizumab may improve PFS, clinical response rates, but not OS. AEs, though with high 
incidence rates, were generally tolerable among patients receiving multiple reagents.
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Introduction

Colorectal cancer (CRC) is one of the most 
malign forms of carcinoma among both males 
and females. In United States along, CRC is one 
of the four major cancers among male patients, 
accounting for 44% of all new cancer cases 
every year [1]. Most of the patients with colorec-
tal cancer would develop recurrent or metastat-
ic colorectal cancer (mCRC), and the standard 
1st-line and 2nd-line treatments include fluoro-
uracil, leucovorin, and irinotecan (FOLFIRI), 
infusional fluorouracil, leucovorin, and oxalipla-
tin (FOLFOX), or capecitabine plus oxaliplatin 
(XELOX) [2-4]. In the setting of 2nd-line chemo-
therapy for patients with mCRC, emerging evi-
dence showed that while standard chemother-
apy was combined with targeted reagents, 
such as bevacizumab (BV), a human monoclo-
nal vascular endothelial growth factor (VEGF) 
antibody, mCRC patients’ prognosis survivals 

were significantly improved [5-9]. Specifically, in 
clinical trial of ECOG-E3200, Giantonio and col-
leagues compared overall survivals (OS) and 
progression-free survivals (PFS) between mCRC 
patients who were treated with 2nd-line chemo-
therapy of FOLFOX4 only, and those treated 
with FOLFOX4 plus bevacizumab (BV + 
FOLFOX4) [9]. They discovered that patients’ OS 
and PFS were both significantly improved, from 
10.8 months (FOLFOX4) to 12.9 months (BV + 
FOLFOX4) for OS, and 4.7 months (FOLFOX4)  
to 7.3 months (BV + FOLFOX4) for PFS [9]. 
Ultimately, the exciting clinical outcome of 
ECOG-E3200 trial leaded to FDA approval of 
using BV plus FOLFOX4 as standard second-line 
chemotherapy for patients with mCRC [7]. 

During past decade, in additional to using VEGF-
antibody alone as cancer chemotherapy 
reagent, more and more studies had demon-
strated that combining VEGF-antibody with 

http://www.ajcr.us


ER and BV plus FOLFOX4 for CRC

1972 Am J Cancer Res 2017;7(9):1971-1977

human monoclonal antibody against epidermal 
growth factor receptor (EGFR), such as erlotinib 
(ER), could also be more beneficial for cancer 
patients, such as those suffer with melanoma 
or lung cancer [10-12]. In a recent phase III 
Nordic ACT trial, ER plus BV was used as main-
tenance setting for mCRC patients who were 
treated with BV-included 1st-line chemotherapy 
and experienced stable disease [13]. Although 
the investigators of Nordic ACT trial did not find 
significant improvement on patients’ survival 
by combining BV with ER, the study was encour-
aging as it showed moderate tolerance among 
patients for multiple monoclonal antibody che-
mo-reagents, and pointed out that strategy of 

metastatic colon or rectum cancer with visible 
lesion based on the guideline of Response 
Evaluation Criteria in Solid Tumors [14], they 
had Eastern Cooperative Oncology Group 
Performance Score (ECOG PS) between 0~2, 
they received 1st-line xaliplatin-based or irinote-
can- based chemotherapy but still experienced 
tumor progression, they had not received any 
previous treatment involving bevacizumab or 
erlotinib. Patients were ineligible if, they had 
major cardiac, kidney or gastrointestinal mal-
functions, they had HIV, hepatitis B or C virus-
es, their carcinoma metastatic sites include 
brain, they had received major surgeries 6 
months prior to the study, they had uncontrol-
lable hematopoietic conditions or bleeding.

Table 1. Baseline properties for participating patients 
with metastatic colorectal cancer

ER + BV + FOLF-
OX4 (n = 66)

BV + FOLFOX4 
(n = 65)

Baseline properties Patients, n (%) Patients, n (%)
Age (years)
    Average (range) 62.5 (41-75) 61.8 (38-72)
    < 60 37 (56.1%) 41 (63.1%)
    ≥ 60 29 (43.9%) 24 (36.9%)
Sex
    Male 47 (71.2%) 42 (64.6%)
    Female 19 (28.8%) 23 (35.4%)
ECOG PS
    0 32 (48.5%) 35 (53.8%)
    1 26 (39.4%) 22 (33.8%)
    2 8 (12.1%) 8 (12.3%)
Carcinoma site
    Colon 43 (65.2%) 41 (61.5%)
    Rectum 20 (30.3%) 22 (33.8%)
    Both 3 (4.5%) 2 (30.8%)
Metastatic sites
    Liver 27 (40.9%) 24 (36.9%)
    Lung 21 (31.8%) 25 (38.5%)
    Lymph 13 (19.7%) 12 (18.5%)
    Others 5 (7.6%) 4 (6.2%)
Number of metastatic sites
    1 50 (75.8%) 53 (81.5%)
    ≥ 2 16 (24.2%) 12 (18.5%)
First-line chemotherapy 
    5-FU 25 (37.9%) 20 (30.8%)
    FOLFIRI  23 (34.8%) 32 (49.2%)

    XELOX 18 (27.3%) 13 (20.0%)
Abbreviations: ER, erlotinib; BV, bevacizumab; ECOG PS, Eastern Coop-
erative Oncology Group Performance Status.

combining VEGF and EGFR antibodies 
may potentially benefit patients with 
mCRC [13]. 

In this study, in light of the success of 
ECOG-E3200 trial [9], we performed a 
phase II clinical study of combining ER 
with BV + FOLFOX4 as 2nd-line chemo-
therapy for mCRC patients who failed 
standard platinum-based 1st-line che-
motherapy. As comparison, patients in 
control group received BV + FOLFOX4 
as 2nd-line chemotherapy. We thus pres-
ent the efficacy and toxicity of this new 
scheme of 2nd-line chemotherapy for 
patients with mCRC.

Patients and methods

Ethic statement

In this study, all procedures were revi- 
ewed and approved by the Clinical 
Research & Ethic Committee at Liao- 
cheng People’s Hospital in Liaocheng, 
Shandong Province, China. Participating 
patients all signed consent forms. In 
addition, this study was performed in 
accordance with Declaration of Helsinki 
and national regulation on good medi-
cal practices in China.

Patients

One hundred and thirty-two eligible 
patients participated in this 2nd-line 
phase II chemotherapy between June 
2011 and June 2015. Patients were eli-
gible if, their ages were between 18 and 
75 years, they were diagnosed with 
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2nd-line treatment plan 

In this phase II, randomized double-blind clini-
cal study, one hundred and thirty-two eligible 
patients were divided into two groups. In one 
group, patients were given bevacizumab (BV) + 
FOLFOX4 on 2-week cycles. Briefly, Patients 
were given intravenous (I.V.) administration of 
2-hour 85 mg/m2 oxaliplatin on day 1, 2-hour 
200 mg/m2 leucovorin on day 1 & 2, 400 mg/
m2 I.V. bolus of fluorouracil on day 1, followed by 
40-hour administration of 600 mg/m2 fluoro-
uracil on days 1 & 2, plus I.V. administration of 
5 mg/kg BV on day 1. In the other group, in 
addition to BV + FOLFOX4, patients received 
oral administration of 100 mg erlotinib (ER) 
every day. Patients were kept on study, until dis-
ease progression or death. If experiencing intol-
erable adverse events, patients may also with-
draw from the study upon primary physician’ 
concur. 

Criteria in Solid Tumors (RECIST, version 1.0) 
[15]. Adverse events (AEs) were evaluated 
according to the guideline of National Cancer 
Institute Common Toxicity Criteria, Common 
Terminology Criteria for Adverse Events version 
3.0 [16].  

Statistical analysis

PFS and OS were evaluated using the Kaplan-
Meier model, along with unstratified log-rank 
test. Clinical response rates were estimated 
using two-sides χ2 test. Hazard ratios were esti-
mated using cox proportional regression model 
with 95% confidence intervals (CI). Statistical 
difference was declared if P < 0.05.

Results

Patients

One hundred and thirty-two eligible patients 
participated in this phase II chemotherapy 

Figure 1. Progression-free survival (PFS) (A) and Overall survivals (OS) (B) were measured using Kaplan-Meier mod-
els, and compared between ER + BV + FOLFOX4 group and BV + FOLFOX4 group (log-rank test, 95% CI).

Figure 2. Progression-free survivals for treatment of ER + BV + FOLFOX4 and 
treatment of BV + FOLFOX4 were compared in subgroups of male and female 
patients.

2nd-line study plan 

The primary endpoint of our 
study is progression free 
survival (PFS). The second-
ary endpoint were overall 
survival (OS) and clinical 
response rates, including 
complete response (CR), 
partial response (PR), sta-
ble disease (SD) and pro-
gressive disease (PD), whi- 
ch were evaluated accord-
ing to Response Evaluation 
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between June 2011 and June 2015 in the 
departments of General Surgery & Gastro- 
enterology at Liaocheng People’s Hospital. One 
group of patients (n = 66) received 2nd-line 
treatment of ER + BV + FOLFOX4. The other 
group of patients (n = 65) received 2nd-line 
treatment of BV + FOLFOX4. Patients’ baseline 
properties were listed for two treatment groups 
(Table 1). The averaged ages were 62.5 years 
for ER + BV + FOLFOX4 group, and 61.8 years 
for BV + FOLFOX4 group. The number of male 
patients in ER + BV + FOLFOX4 group was 47, 
accounting for 71.2% of total patients in that 
group. In BV + FOLFOX4 group, there were 42 
male patients, accounting for 64.6% of total 
patients in that group. In both groups, majority 
of the patients had ECOG PS of 0 (48.5% for ER 
+ BV + FOLFOX4 group, 53.8% for BV + FOLFOX4 
group), major carcinoma site be their colons 
(65.2% for ER + BV + FOLFOX4 group, 61.5% for 
BV + FOLFOX4 group), and had only one meta-
static site (75.8% for ER + BV + FOLFOX4 group, 
8.15% for BV + FOLFOX4 group). In addition, 
three chemotherapy regimens, 5-FU, FOLFIRI 
and XELOX were used during patients’ 1st-line 
chemotherapy. Thus, the baseline properties 
were well balanced between two groups of 
patients.

Comparison of 2nd-line chemotherapy efficacy

The primary endpoint, PFS, was followed-up 
using Kaplan-Meier model. For BV + FOLFOX4 
group, the median PFS was 6.9 months. For ER 
+ BV + FOLFOX4 group, the medium PFS was 
9.6 months. While compared PFS between two 
groups using the unstratified log-rank test, it 
demonstrated that the difference was signifi-
cant (Figure 1A, P = 0.021, HR = 1.15, 95% CI 
= 0.88-1.39). It is worth noting that, in both 
groups, the majority of the patients were male. 
In order to eliminate the sex bias in our study, 

FOLFOX4 group, the medium PFS was 12.5 
months. Statistical analysis showed that OS 
were not significant different between two 
groups (Figure 1B, P = 00.146, HR = 0.63, 95% 
CI = 0.34-1.02).

Second endpoint of response rates was also 
followed up (Table 2). Complete response was 
not achieved in either of the group. However, in 
ER + BV + FOLFOX4 group, 48.5% (32 of 66) 
patients achieved PR or SD. This was much bet-
ter than the response rate of 32.3% (21 of 65) 
in BV + FOLFOX4 group for patients achieved 
PR or SD (P = 0.015). Conceivably, response 
rates of PD were also significantly different 
between two groups. In ER + BV + FOLFOX4 
group, 51.5% (34 of 66) patients had PD. This 
was markedly lower than PD rate of 67.7% (44 
of 65) in BV + FOLFOX4 group (P = 0.028).

Comparison of 2nd-line chemotherapy adverse 
events

The adverse events (AEs) of participating 
patients were also measured (Table 3). As com-
pared to the patients in BV + FOLFOX4 group, 
those in ER + BV + FOLFOX4 group had higher 
incidence rates of almost all measured AEs, 
even including those of grade 3 & 4 AEs. In ER 
+ BV + FOLFOX4 group, the top three overall 
AEs with highest incidence rates were vomiting 
(40.9%, 27 of 66), neuropathy (39.4%, 26 of 
66) and rash (38.5%, 25 of 66). In BV + FOLFOX4 
group, the top three overall AEs with highest 
incidence rates were also rash (30.1%, 20 of 
65), neuropathy (26.2%, 17 of 65) and vomiting 
(24.6%, 16 of 65). In addition, the top three 
grade 3 & 4 AEs in ER + BV + FOLFOX4 group 
were rash (30.3%, 20 of 66), neuropathy 
(27.2%, 18 of 66) and vomiting (19.7%, 13 of 
66). And the top three grade 3 & 4 AEs in BV + 
FOLFOX4 group were neuropathy (20.0%, 13 of 

Table 2. Response rates for participating patients with 
metastatic colorectal cancer

ER + BV + FOLF-
OX4 (n = 66)

BV + FOLFOX4 
(n = 65)

P-value (*, 
< 0.05)

Response rate Patients, n (%) Patients, n (%)
CR 0 (0%) 0 (0%)
PR + SD 32 (48.5%) 21 (32.3%) 0.015*
PD 34 (51.5%) 44 (67.7%) 0.028*
Abbreviations: CR, complete response; PR, partial response; SD, stable 
disease; PD, progressive disease; DC, disease control.

we thus conducted further subgroup 
analysis (male vs. female patients) on 
patient’s PFS. The result demonstrated 
that, both male and female patients 
had favorable PFS while they were treat-
ed with ER + BV + FOLFOX4, rather than 
BV + FOLFOX4 (Figure 2).

Secondary endpoint of OS was also fol-
lowed-up using Kaplan-Meier model. 
For BV + FOLFOX4 group, the median 
OS was 12.1 months. For ER + BV + 
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65), rash (18.5%, 12 of 65), and vomiting 
(10.8%, 7 of 65).

Discussions

In this phase II study, we combined FOLFOX4 
plus bevacizumab with erlotinib as 2nd-line che-
motherapy to treat mCRC patients who had 
unsuccessful 1st-line platinum-based chemo-
therapy. The major endpoint is PFS. The result 
of our study showed that, for mCRC patients 
treated with ER + BV + FOLFOX4, the median 
PFS was 9.6 months. This data is significantly 
better than the medium PFS in BV + FOLFOX4 
group, which was measured as 6.9 months (P = 
0.021, HR = 1.15, 95% CI = 0.88-1.39).  

In ECOG-E3200 trial, measured medium PFS 
was 7.3 months [9], which was slightly better 
than the result of 6.9 months of BV + FOLFOX4 
group in our study. This disparity may be attrib-
uted to the difference in bevacizumab dosage 
between two studies. In our study, patients 
were given 5 mg/kg bevacizumab on day 1 of 
2-week cycle, only the half amount of 10 mg/kg 
bevacizumab in ECOG-E3200 trial [9]. However, 
the dosage of bevacizumab used in our study, 
or similar ones (such as 7.5 mg/kg bevacizum-
ab on day 1 of 3-week cycle), was also com-
monly used in other combinational chemother-
apy for treating mCRC patients in 2nd-line set-
ting [5, 6, 8]. Most importantly, with only the 
half dosage of bevacizumab, we achieved 
almost same PFS as compared to ECOG-E3200 

nance study of Nordic ACT Trial, Johnsson and 
colleagues also tried combining erlotinib with 
bevacizumab, but failed to observe statistically 
significant improvement on patients’ clinical 
outcomes [13]. It is worth noting that, the che-
motherapy settings between Nordic ACT Trial 
and our study are quite different. First, Nordic 
ACT Trial was a maintenance trial with mCRC 
patients previously received 1st-line chemother-
apy and had stable conditions. Contrast to that, 
the patients enrolled in our study also received 
1st-line chemotherapy but failed to establish 
conditions of partial response or stable dis-
ease. Second, Nordic ACT Trial did not include 
any platinum reagents in the study but we used 
FOLFOX4 as baseline chemotherapy. Third and 
most importantly, patients in Nordic ACT Trial 
all received 1st-line treatment of bevacizumab. 
But in our study, those patients receive any pre-
vious treatments involving bevacizumab or 
erlotinib were all excluded from the study. 
Therefore, it is possible that drug resistance to 
duplicate application of bevacizumab may con-
tribute to the differences in patients’ PFS out-
come between Nordic ACT Trial and our study.

Also in our study, we demonstrated that 
patients’ OSs were similar between two groups.  
Medium OS for ER + BV + FOLFOX4 group was 
12.5 months, not statistically different than 
12.1 months for BV + FOLFOX4 group (P = 
00.146, HR = 0.63, 95% CI = 0.34-1.02). This 
result showed that it was still pre-mature to 
combine erlotinib with FOLFOX4 plus bevaci-

Table 3. Adverse events for participating patients with metastatic colorectal 
cancer

ER + BV + FOLFOX4 (n = 66) BV + FOLFOX4 (n = 65)
AE All events Grade 3 & 4 events All events Grade 3 & 4 events

Patients, n (%) Patients, n (%)
Bleeding 23 (34.8%) 10 (15.2%) 11 (16.9%) 3 (4.6%)
Vomiting 27 (40.9%) 13 (19.7%) 16 (24.6%) 7 (10.8%)
Rash 25 (38.5%) 20 (30.3%) 20 (30.1%) 12 (18.5%)
Neuropathy 26 (39.4%) 18 (27.2%) 17 (26.2%) 13 (20.0%)
Diarrhea 13 (19.7%) 8 (12.1%) 6 (9.2%) 3 (4.6%)
Fatigue 24 (36.4%) 11 (16.7%) 12 (18.5%) 5 (7.7%)
Proteinuria 9 (13.6%) 3 (4.5%) 4 (6.2%) 1 (1.5%)
Thrombocytopenia 15 (23.1%) 7 (10.6%) 8 (12.3%) 3 (4.6%)
Heart Failure 10 (15.2%) 4 (6.1%) 5 (7.7%) 2 (3.1%)
Asthenia 5 (7.6%) 3 (4.5%) 7 (10.8%) 1 (1.5%)
Anemia 6 (9.1%) 2 (3.0%) 3 (4.6%) 1 (1.5%)
Abbreviations: AE, adverse events.

trial, suggesting th- 
at optimized che-
motherapy scheme 
with reduced amo- 
unt of bevacizumab 
may also be effec-
tive in prolonging 
patients’ PFS.

On the other hand, 
while comparing pri-
mary endpoints bet- 
ween two groups of 
tested patients in 
our study, the effect 
of erlotinib in impro- 
ving patients’ PFS is 
obvious and without 
doubt. In a previous 
phase III mainte-
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zumab as standard 2nd-line chemotherapy for 
patients with mCRC. In a previous phase II 1st-
line study, Meyerhardt and colleagues com-
bined erlotinib with bevacizumab plus FOLFOX, 
but failed to improve patients’ survival [17]. It 
was suggested that combined reagents-
induced toxicity was the major reason of not 
seeing treatment efficacy [17]. However, in our 
study, though incidence rates of adverse events 
were mostly higher in ER + BV + FOLFOX4 
group, combination treatment of ER + BV + 
FOLFOX4 was generally tolerable among mCRC 
patients. Therefore, more clinical studies with 
bigger sampling-pool of patient size would 
undoubtedly help to optimize the combinational 
chemotherapy in 2nd-line setting to improve 
patients’ OS.

Conclusion

Overall, this phase II clinical study showed that 
combining erlotinib with FOLFOX4 plus bevaci-
zumab is potentially beneficial to treating mCRC 
patients in 2nd-line chemotherapy, as it im- 
proved PFS and clinical response. More studies 
are needed to optimize the combination 
scheme to further improve OS.
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