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Abstract We investigated the efficacy and safety of a
new second-line chemotherapy of combining folinic acid,
5-fluorouracil and irinotecan (FOLFIRI) with both pani-
tumumab and bevacizumab to treat patients with metastatic
colorectal cancer (mCRC). Patients with mCRC and
unsuccessful previous oxaliplatin-based chemotherapy
were included in the study. The FOLFIRI arm was given
FOLFIRI only. The FOLFIRI+PB arm was given pani-
tumumab (3 mg/kg) and bevacizumab (3 mg/kg) plus
FOLFIRI every other week. Between 2009 and 2013, 155
and 137 patients were included in the FOLFIRI arm and
FOLFIRI4+PB arm, respectively. The response rate was
40.1 % for FOLFIRI4-PB arm versus 30.1 % for FOLFIRI
arm. The disease-controlled rate in FOLFIRI4-PB arm was
improved to 62.2 from 50.2 % in FOLFIRI arm. The
median overall survival was 13.9 months in FOLFIRI+PB
arm as compared to 10.7 months in FOLFIRI arm. A series
of adverse events were comparable between two arms,
whereas some of the antibody therapy-associated toxicities
were observed in FOLFIRI+PB arm. The new strategy of
combining panitumumab and bevacizumab with FOLFIRI
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as second-line chemotherapy for patients with mCRC is
safe and feasible.
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Introduction

Metastatic colorectal cancer (mCRC) is one of the leading
causes of death in patients with colorectal cancer [1, 2].
The most efficient way to treat patients with mCRC is
chemotherapy with various choices of chemotherapy regi-
mens such as antimetabolite 5-fluorouracil (5-FU), leuco-
vorin, oxaliplatin and folinic acid, 5-fluorouracil and
irinotecan (FOLFIRI) [3-5].

Recently, the application of targeted reagents, including
panitumumab, a human monoclonal antibody against epi-
dermal growth factor receptor (EGFR) and bevacizumab,
another human monoclonal antibody against vascular
endothelial growth factor (VEGF), had shown improved
prognosis in patients with mCRC [6-10]. However, the clinic
results also revealed that treatments of biologically targeted
compounds were often associated with their own limitations,
or lacking sufficient data on clinical outcomes. For pani-
tumumab, a randomized phase III clinical trial demonstrated
that panitumumab with FOLFIRI, as compared to FOLFIRI
alone, was efficient in improving the rate of progression-free
survival as second-line therapy for patients with mCRC [11].
However, the same study also showed that panitumumab was
ineffective in improving overall survival rate [11]. In addi-
tion, studies demonstrated that panitumumab was only
effective in treating patients with wild-type KRAS tumors [8,
12]. In the case of bevacizumab, while it has been well rec-
ognized that the combination treatment of bevacizumab and
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FOLFIRI was an effective first-line treatment for patients
with advanced CRC [13], more details are need to address its
efficacy and patient outcomes, while it was used as a second-
line therapy [14].

Between December 2009 and November 2013, we
designed a new second-line chemotherapy, combining two
regimens, panitumumab and bevacizumab with FOLFIRI
(FOLFIRI+PB), to treat patients with mCRC at the First
Affiliated Hospital of Zhejiang University School of Medi-
cine, one of the largest gastrointestinal oncology centers in
China. The aim of the study was to evaluate the safety and
efficacy of FOLFIRI+PB after failure of first-line treatment
of oxaliplatin or 5-FU in the clinical practice.

Patients and methods
Patients

Patients were included if they were >18 years of age, with
Eastern Cooperative Oncology Group (ECOG) performance
status of O, 1, 2, with a diagnosis of adenocarcinoma of the
colon or rectum, or a diagnosis of mCRC with lesion according
to RECIST (version 1.1) [15]. In addition, to be qualified to
receive second-line therapy, patient had undergone oxaliplatin
plus 5-FU-based first-line chemotherapy, but re-diagnosed
with disease relapse and progression in 6 months.

Patients were excluded if they had received prior pani-
tumumab or bevacizumab therapy, hormonal therapy,
immunotherapy, or major surgery (within 4 weeks) or
radiotherapy (within 2 weeks).

The study protocol was performed in accordance with
the Declaration of Helsinki and Good Clinical Practice
Guidelines. All patients provided informed consent. In
addition, the ethics committee at the First Affiliated Hos-
pital of Zhejiang University School of Medicine (Hangz-
hou, China) reviewed and approved all clinical procedures
included the present study.

Study design and treatment schedule

Patients were randomly divided into two arms. The patients
in the FOLFIRI4-PB arm were given 3 mg/kg panitumumab,
3 mg/kg bevacizumab plus FOLFIRI, whereas the patients in
the FOLFIRI arm were given FOLFIRI alone, every
2 weeks. Panitumumab and bevacizumab were initially
administrated by a 60-min infusion before chemotherapy. If
the initial administration was tolerated by patients, the sub-
sequent infusions would be conducted every 30 min.
Patients in both arms received FOLFIRI on day one,
including 180 mg/m? irinotecan, 200 mg/m?* I-leucovorin
and FU 400 mg/m? IV bolus by intravenous (IV) infusion on
day 1, followed by 2,400 mg/m? continuous infusion in day
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Table 1 Demographics and disease characteristics of patients

Characteristics ~ FOLFIRI (n = 155) FOLFIRI+PB (n = 137)

No. %o No. %o

Sex: male 98 63.2 81 59.1
Age (years)
Median 58 61

Minimum 21 23

Maximum 86 85
ECOG performance status

0-1 122 78.7 98 71.5

2 33 21.2 39 28.5
Site of primary tumor

Colon 112 722 105 76.6

Rectum 43 27.8 32 234
Site of metastatic diseases

Liver only 31 20.0 34 24.8

Other only 85 54.8 71 51.8
Liver + other 39 25.2 32 23.3
First-line chemotherapy

FOLFOX 103 66.5 82 59.9

XELOX 52 335 55 40.1

FOLFIRIH-PB, panitumumab and bevacizumab plus FOLFIRI

1 and 2. Patients received chemotherapy until disease pro-
gression or intolerability.

Efficacy of regimen was examined by investigators of the
current study, as well as an independent experienced radiologist
on computed tomography (CT) or magnetic resonance imaging
(MRI), according to a modification of Response Evaluation
Criteria in Solid Tumors (RECIST) every 8 weeks. Patients
were followed up on safety for at least 30 days, and on survival
every 3 months after the last administration. Adverse events
(AEs) were assessed during both treatment and follow-ups and
graded using the National Cancer Institute Common Termi-
nology Ceriteria for Adverse Events version 3.0.

Statistical analysis

Response rate (RR) was the primary endpoint. Overall
survival (OS), progression-free survival (PFS) and toxicity
were secondary endpoints. Statistical analysis was con-
ducted by SPSS software (version 13.0). OS and PFS were
analyzed based on the Kaplan—Meier method, with a con-
fidence interval (CT) of 95 %.

Results
Patients

From December 2009 to November 2013, there were total of
292 mCRC patients registered in the present study, with 155
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Table 2 Response assessments

Table 3 Grade 3 and 4 adverse events (AEs) of interest

Assessment FOLFIRI FOLFIRI4PB AEs FOLFIRI FOLFIRI+PB No. %
(n = 155) (n = 137) (n =155 (n=137)
No. % No. % Patients with AEs 124 80.0 72 526
Objective response 47 30.1 55 40.1 Skin toxicity 58 374 10 73
Complete response 10 6.5 8 5.8 Neutropenia 41 26.5 33 24.1
Partial response 37 23.6 47 343 Diarrhea 38 24.5 15 109
Stable disease 34 219 30 21.9 Mucositis 22 142 7ol
Progressive disease 70 45.2 42 30.7 Dehydration 3 32 5 36
Disease control rate 81 50.2 85 62.2 Pulmonary embolism 15 9.7 4 29
Hypokalemia 16 10.3 3 22
Antibody-related reaction
1- Hypertension 20 12.9 2 1.5
09 Bleeding 18 11.6 N/A  N/A
S 081 Proteinuria 14 9.0 2 15
£ 07
2 6] = FOLFIRI
o O.
£ 054 = FOLFIRI + PB
= O Efficacy
g 041
1)
2 031 ) )
£ 021 The response rates for the patients in two arms were assessed
E 011 A (Table 2). Overall, the objective response (OR) rate was
0 y N " " " improved from 30.1 % in FOLFIRI arm to 40.1 % in FOLF-
0.0 5.0 10.0 15.0 20.0 25.0 . .
Months IRI+PB arm. The disease control rate (DCR) was improved
from 50.2 % in FOLFIRI arm to 62.2 % in FOLFIRI4-PB arm.
0 é ] Also, the progressive disease (PD) rate was decreased from
Y = FOLFIRI 45.2 % in FOLFIRI arm to 30.7 % in FOLFIRI+PB arm.
g 071 = FOLFIRI + PB The survivals of patients were demonstrated in Fig. 1.
U% 8'2 For the primary analysis of progression-free survival (PES),
S 04 the median PFS was improved from 4.2 months in
) 8; 1 FOLFIRI arm to 5.5 months in FOLFIRI4PB arm. For the
© 01| B primary analysis of overall survival (OS), the median OS
0 " X " X " " " " " » was improved from 10.7 months in FOLFIRI arm to
00 50 100 150 200 250 300 350 40.0 450 50.0

Months

Fig. 1 a Progression-free survival for the patients in FOLFIRI and
FOLFIRI4-PB arm. b Overall survival for the patients in FOLFIRI
and FOLFIRI4-PB arm

in FOLFIRI arm and 137 in FOLFIRI+PB arm, respectively.
Baseline demographics and disease characteristics of the
patients were shown in Table 1. The median ages were
58 years, ranging from 21 to 86 years, for FOLFIRI arm, and
61 years, ranging from 23 to 85 years for FOLFIRI+PB
arm. For Eastern Cooperative Oncology Group performance
status (ECOG PS), 122 (78.7 %) patients had grade 0—1 and
33 (21.2 %) patients had grade 2 in FOLFIRI arm. For the
patients in FOLFIRI4+PB arm, 98 (71.5 %) were graded
between 0-1 and 39 (28.5 %) were graded at 2. The che-
motherapy regimens used for the first-line treatment include
FOLFOX (103 in FOLFIRI arm and 52 in FOLFIRI+PB
arm, respectively) and XELOX (82 in FOLFIRI arm and 55
in FOLFIRI+PB arm, respectively).

13.9 months in FOLFIRI+PB arm.

Safety

Grade 3 and 4 AEs for the patients in two arms were shown
in Table 3. The total incidence rates of grade 3 and 4 AEs
were 80.0 % for the patients in FOLFIRI4-PB arm, and
52.6 % for the patients in FOLFIRI arm, respectively.
Also, the patients in FOLFIRI+PB arm experienced more
incidences of antibody treatment-associated AEs, than the
patients in FOLFIRI arm, including 12.9 versus 1.5 % for
hypertension, 11.6 versus 0 % for bleeding and 9.0 versus
1.5 % for proteinuria.

Discussions

Our study presented the clinical data of a novel second-line
chemotherapy to treat patients with mCRC. We combined
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FOLFIRI with two additional human monoclonal anti-
bodies, panitumumab (P) and bevacizumab (B), targeting
both the ligand of VEGF and the receptor of EGFR. The
results of our study showed improved prognosis in patients
treated with FOLFIRI4-PB, as compared to those treated
with FOLFIRI alone.

First, we showed that the clinical outcomes of FOLFIRI
alone treatment were very comparable to those in previous
studies using traditional chemotherapy regimens, including
an overall response rate ranging from ~20 to ~50 %, or
an overall survival ranging from 7 to 10 months [3, 4, 16,
17]. These results demonstrated that ethnic variances were
unlikely to cause differences in chemotherapy outcomes, as
Chinese population in the present study showed similar
outcomes as those of western populations in previous
studies.

Second, we demonstrated that the clinical outcomes
were significantly improved in the patients received
FOLFIRIHPB treatment, as compared to FOLFIRI alone
treatment. For example, the response rate was increased to
40.1 % (vs. 30.1 %), disease-controlled rate was increased
to 62.2 % (vs. 50.2 %), and the median overall survival
was increased to 13.9 months (vs. 10.7 months) in patients
treated with FOLFIRI4-PB (vs. FOLFIRI alone). Those
results strongly suggested that combining two targeted
regimens of panitumumab and bevacizumab plus FOLFRI
could very well be an effective second-line chemotherapy
to treat patients with mCRC.

Third, since it is a new study with two different antibody
regimens, patient safety was closely monitored in our
study. As a precautious measurement, the intake of pani-
tumumab or bevacizumab in the present study (3 mg/kg)
was only partial the amount of those used in prior single-
reagent chemotherapy (~6-10 mg/kg). Grade 3 and 4
adverse events were then measured and compared between
patients treated with FOLFIRI4-PB and FOLFIRI alone. As
a result, we noticed that antibody-associated adverse events
were mostly seen in the patients in FOLFIRI+PB arm. This
result could be attributed to the additive effects of two
antibodies in the present study, despite the fact that reduced
amount were applied. Also, we noticed that the overall
grade 3 and 4 adverse responses were moderate and tol-
erable in the patients treated with FOLFIRI+4PB. This is
very encouraging, as it suggested that combining two
antibody regimens as second-line chemotherapy could be a
safe choice to treat patients with mCRC. It may also sug-
gest that more clinic data are needed to further define the
safety profile to optimize the administration strategy of
combining different regimens in treating mCRC patients.

Overall, the results of our study, for the first time, pre-
sented that combining panitumumab, bevacizumab plus
FOLFIRI, was an effective and safe second-line chemo-
therapy strategy to treat patients with mCRC. The
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combinational chemotherapy may benefit patients with
failed first-line therapy with traditional reagents, or even
the patients with failed chemotherapy of single-targeted
regimen such as panitumumab or bevacizumab. Future
randomized, multi-center studies with large patients size
would certainly help to further develop the combinational-
targeted therapy to treat patients with mCRC.

Conflict of interest None.
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