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Oxaliplatin-based chemotherapy is a well-established regimen for patients with inoperable and metastatic 
colorectal cancer.  However, one of the major limitations of oxaliplatin-based chemotherapy is sensory 
neuropathy.  It was previously reported that introduction of intermittent oxaliplatin treatment to an 
oxaliplatin-based regimen has a significant benefit on efficacy or safety.  Here, we prospectively assessed 
whether efficacy and safety of first-line chemotherapy for advanced colorectal cancer are achieved by 
introduction of withdrawal of oxaliplatin treatment for a certain period (intermittent oxaliplatin treatment).  
The primary endpoint of the present study is to assess the progression free survival time on patients treated 
with chemotherapy (mFOLFOX6 (levofolinate, 5-fluorouracil and oxaliplatin combination therapy) plus 
bevacizumab or CapeOX (oxaliplatin and capecitabine combination therapy) plus bevacizumab) with 
intermittent oxaliplatin treatment.  Bevacizumab is a humanized anti-vascular endothelial growth factor 
antibody.  Median progression-free survival by the mFOLFOX6 plus bevacizumab with intermittent 
oxaliplatin treatment or the CapeOX plus bevacizumab with intermittent oxaliplatin treatment were 10.6 
months (95% confidential interval [CI], 8.3-13.4 months) or 8.0 months (95% CI, 4.2-16.8 months), 
respectively.  Overall response rate by the mFOLFOX6 plus bevacizumab with intermittent oxaliplatin 
treatment or CapeOX plus bevacizumab with intermittent oxaliplatin treatment was 55.1% or 42.1%, 
respectively.  Grade 3 or 4 neuropathy was observed in 4.1% or 10.5% of patients treated with mFOLFOX6 
plus bevacizumab with intermittent oxaliplatin treatment or CapeOX plus bevacizumab with intermittent 
oxaliplatin treatment, respectively.  Introduction of intermittent oxaliplatin treatment has improved severe 
neuropathy in mFOLFOX6 plus bevacizumab regimen without reducing treatment efficacy.

Keywords: CapeOX plus bevacizumab; colorectal cancer; intermittent oxaliplatin treatment; mFOLFOX6 plus 
bevacizumab; neuropathy
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Introduction
Colorectal cancer is the second and third most com-

mon cancer in females and males, respectively, worldwide 
(Jemal et al. 2011).  Surgical resection is the treatment of 
choice for patients with early-stage colorectal cancer.  In 
patients with resectable metastases, combined resections at 
the primary and metastatic sites are performed.  However, 
approximately 40% of patients with colorectal cancer have 
already progressed to an inoperable stage at the time of 
diagnosis (Folprecht et al. 2005).

Prior to the 1990s, 5-fluorouracil was the only effec-
tive chemotherapeutic agent for inoperable or metastatic 
colorectal cancer.  The introduction of oxaliplatin and irino-
tecan as a chemotherapeutic agents for colorectal cancer 
resulted in great improvement in response rates (RR) and 
overall survival (OS) of patients (de Gramont et al. 2000).  
Since then, oxaliplatin-based chemotherapy as well as iri-
notecan-based chemotherapy are well established first- or 
second-line regimens for patients with inoperable or meta-
static colorectal cancer (Goldberg et al. 2004).

One of the major limitations of oxaliplatin-based che-
motherapy is sensory neuropathy (de Gramont et al. 2000).  
Previous randomized phase 3 trials showed that many 
patients treated with oxaliplatin-based regimen experienced 
severe neuropathy and the ratio of these patients increased 
as the cycle of chemotherapy progressed (de Gramont et al. 
2000; Giacchetti et al. 2000; Gamelin et al. 2008).

The Combined Oxaliplatin Neurotoxicity Prevention 
Trial (CONcePT) showed that intermittent oxaliplatin treat-
ment resulted in reduction of severe neuropathy and prolon-
gation of median progression-free survival (PFS) in patients 
treated with oxaliplatin-based chemotherapy (modified [m] 
FOLFOX7 regimen) (Hochster et al. 2014).  Based on the 
evidence, the National Comprehensive Cancer Network 
(NCCN) guidelines recommended the withdrawal of oxali-
platin treatment during oxaliplatin-based chemotherapy for 
patients with advanced colorectal cancer until their neurop-
athy is resolved (Benson et al. 2014).

In Japan, the most commonly used regimen as first-
line treatment for inoperable or metastatic colorectal cancer 
is mFOLFOX6 (levofolinate, 5-fluorouracil and oxaliplatin 
combination therapy) plus bevacizumab regimen or 
CapeOX (oxaliplatin and capecitabine combination ther-
apy) plus bevacizumab regimen.  Bevacizumab is a human-
ized anti-vascular endothelial growth factor antibody.  To 
the best of our knowledge, however, no studies have 
assessed the efficacy and safety of intermittent withdrawal 
of oxaliplatin from mFOLFOX6 plus bevacizumab regimen 
or CapeOX plus bevacizumab regimen.  In this phase 2 
study, we assessed the efficacy and safety of intermittent 
withdrawal of oxaliplatin from mFOLFOX6 plus bevaci-
zumab regimen or CapeOX plus bevacizumab regimen in 
Japanese patients with advanced colorectal cancer.

Patients and Methods
Patients

Eligible patients included those aged ≥ 20 years old, with an 
Eastern Cooperative Oncology Group (ECOG) performance status of 
0 or 1, histopathological diagnosis of colon adenocarcinoma or rectal 
adenocarcinoma and measurable disease according to the Response 
Evaluation Criteria in Solid Tumor (RECIST), version 1.0 (Therasse 
et al. 2000).  Patients were expected to survive for at least 12 weeks 
from the day of enrollment to this study and had the following hema-
tological findings: white blood cells 3,000-12,000/mm3; neutrophils  
> 1,500/mm3; platelets > 100,000/mm3; bilirubin < 1.5 times the 
upper limit of normal levels; AST and ALT < 2.5 times the upper 
limit of normal levels; ALP < 2.5 times the upper limit of normal lev-
els; serum creatinine < limit of normal levels; creatinine clearance  
< 50 ml/min.  All patients provided signed informed consent prior to 
participation in this study.

Exclusion criteria included prior use of any chemotherapy, 
immunotherapy or radiation therapy.  Patients who had an operation 
within 4 weeks prior to the day of enrollment to the study were also 
excluded.

Method
This was an open-label, multicenter, phase 2 study.  Patients 

with inoperable or relapsed colorectal cancer who had never been 
treated with any anticancer drug were recruited.  In eligible patients, 
mFOLFOX6 plus bevacizumab or CapeOX plus bevacizumab were 
administered as first-line chemotherapy.  Patients received bevaci-
zumab (5 mg/kg) followed by mFOLFOX6 (oxaliplatin 85 mg/m2; 
l-leucovorin 200 mg/m2; intravenous bolus of fluorouracil 400 mg/m2, 
continuous infusion of fluorouracil 2,400 mg/m2) or bevacizumab fol-
lowed by CapeOX (oral administration of capecitabine twice daily on 
days 1-14 and intravenous administration of oxaliplatin 130 mg/m2 on 
day 1 of each 21-day cycle).  The selection of regimen (mFOLFOX6 
or CapeOX) administered to patients depended on the judgment of 
the treating physician.

After 6 cycles of mFOLFOX6 plus bevacizumab or 4 cycles of 
CapeOX plus bevacizumab treatment, patients received 6 cycles of 
sLV5FU2 (l-leucovorin 200 mg/m2; intravenous bolus of fluorouracil 
400 mg/m2, continuous infusion of fluorouracil 2,400 mg/m2) plus 
bevacizumab or capecitabine plus bevacizumab (maintenance ther-
apy), with oxaliplatin withdrawal until completion of 6 cycles or 4 
cycles of maintenance therapy, respectively (intermittent oxaliplatin 
treatment).  After completion of maintenance therapy, patients 
received 6 additional cycles of mFOLFOX6 plus bevacizumab or 4 
cycles of CapeOX plus bevacizumab.

Statistical analysis
The treating physician assessed response and time to progres-

sion during the study according to RECIST criteria (Therasse et al. 
2000) and categorized patients as either responders (those who 
achieved complete response [CR; all signs of cancer disappearing 
with treatment] or partial response [PR; defined as a ≥ 30% reduction 
in the diameter of measurable lesions on computed tomography 
[CT]]) or non-responders (those with stable disease [SD; defined as a 
< 30% reduction and a < 20% increase in the diameter of measurable 
lesions as shown on CT]) or progressive disease [PD; defined as a  
≥ 20% increase in the diameter of measurable lesions as shown on 
CT]).  The rate of CR the PR rate were combined and were used as 
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the response rate (RR).  The rate of CR, the rate of PR, and the rate of 
SD were combined, and these rates were used as the disease control 
rate (DCR).  Statistical analysis of categorical variables was per-
formed using the χ2 test and RR was defined according to RECIST 
criteria.  Median PFS and median time to treatment failure (TTF) 
were calculated using the Kaplan-Meier method.  Differences were 
identified using Fisher’s exact test and were considered significant 
when p < 0.05.  All statistical analyses were performed using JMP® 
11 (SAS Institute Inc., Cary, NC, USA).

Based on data from previous studies (Tournigand et al. 2006, 
Hochster et al. 2008), the expected median PFS was set at 10 
months and the threshold of PFS at 7 months (Saltz et al. 2000) to 
determine the sample size.  According to these settings, it was 
estimated that a minimum of 58 patients (α = 0.05, β = 0.2, Fisher 
exact test) were required in this study.  Assuming a 10% discon-
tinuation rate from the total patient population, the final sample 
size was determined as 65 patients.

Primary endpoint of the present study is to assess the progres-
sion free survival time of patients with advanced colorectal cancer 
treated with oxaliplatin based regimen introduced with intermittent 
oxaliplatin treatment.  Secondary endpoint of the present study is to 
assess the response rate, overall survival time, time to treatment fail-

ure and neurotoxicity of patients with advanced colorectal cancer 
treated with oxaliplatin based regimen introduced with intermittent 
oxaliplatin treatment.

Assessments
Safety data were collected through observation of patient 

health status and weekly blood sample examinations by the treat-
ing physician for the first 4 weeks of treatment and repeated after 
the fifth week at the start of each new cycle of treatment.  
Adverse events (AEs) were evaluated according to the Common 
Terminology Criteria for Adverse Events, version 4.0 (Tobinai et 
al. 1993), and effectiveness was evaluated according to the 
RECIST criteria (Therasse et al. 2000).  Computed tomographic 
scans were performed every 8 weeks.

Results
Patient characteristics

A total of 68 patients were enrolled from 10 insti-
tutes of the Tohoku Clinical Oncology Research and 
Education Society from June 2009 to March 2012.  The 
background characteristics of these patients are listed in 
Table 1.  A total of 49 patients were treated with 

B + mFOLFOX6 B + CapeOX
Number of patients 49 19
Sex

male 33 17
female 16 2

Median age (range) 63 (35-81) 68 (47-77)
Primary site

colon 29 14
rectum 20 5

Resection of primary lesion
yes 35 14
no 14 5

Histology
well differentiated 13 5

moderately differentiated 31 11
poorly differentiated 3 2

unknown 2 1
Performance status

0 40 16
1 5 1

unknown 4 2
Adjvant chemotherapy

yes 13 1
no 36 18

Number of distal metastasis
1 20 7
2 16 8

≧3 12 1
unknown 1 3

Post study treatment
CPT-11 based regimen plus Bevacizumab 20 9

CPT-11 plus anti-EGFR antibody 6 2
Capecitabine plus bevacizumab 18 6

Anti-EGFR antobody alone 5 2
Surgical operation 3 1

none 6 2
Relative dose intensity of oxaliplatin (%) 70.0 71.8

B+mFOLFOX6, bevacizumab plus mFOLFOX6; B+CapeOX, bevacizumab plus CapeOX.
CPT-11: Irinotecan.

Table 1.  Patient characteristics.
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mFOLFOX6 plus bevacizumab (mFOLFOX6 plus bevaci-
zumab group) and 19 patients were treated with CapeOX 
plus bevacizumab (CapeOX plus bevacizumab group).  
Relative dose intensity of oxaliplatin in mFOLFOX6 plus 
bevacizumab group and CapeOX plus bevacizumab group 
in the present study were 70.0% and 71.8%, respectively.

Efficacy
Of the 68 enrolled patients, four patients were not 

assessable for PFS (received resection of measurable 
lesion).  Kaplan-Meier curves of the total population are 
shown in Fig. 1.  Median PFS in the mFOLFOX6 plus bev-
acizumab group and CapeOX plus bevacizumab groups 
11.3 months (95% CI, 9.1-15.5 months) and 8.0 months 

(95% CI, 4.2-16.8 months), respectively.  Kaplan-Meier 
curves of TTF for mFOLFOX6 plus bevacizumab group 
and CapeOX plus bevacizumab group are shown in Fig. 2, 
respectively.  The median TTF of mFOLFOX6 plus bevaci-
zumab group and CapeOX plus bevacizumab group were 
7.9 months (95% CI, 6.4-9.1 months) and 5.8 months (95% 
CI, 3.1-8.8 months), respectively.  Reasons for termination 
of the oxaliplatin-based regimens in the present study are 
listed in Table 2.

Kaplan-Meier curves of OS for the mFOLFOX6 plus 
bevacizumab group and CapeOX plus bevacizumab group 
are shown in Fig. 3, respectively.  The median OS of 
mFOLFOX6 plus bevacizumab group and CapeOX plus 
bevacizumab group were 29.0 months (95% CI, 24.4-40.9 

mFOLFOX6 plus bevacizumab group (n = 49) 

CapeOX plus bevacizumab group (n = 19) 

mFOLFOX6 plus bevacizumab group (n = 49) 

CapeOX plus bevacizumab group (n = 19) 

Fig. 2.  Kaplan-Meier curve of time to treatment failure.
	 Kaplan-Meier curve of time to treatment failure for mFOLFOX6 plus bevacizumab group (solid line) and CapeOX plus 

bevacizumab group (dotted line).  The vertical axis represents the rate of patients who could be continued oxaliplatin-
based chemotherapy.  The horizontal axis represents the time to treatment failure.

Fig. 1.  Kaplan-Meier curve of progression free survival.
	 Kaplan-Meier curve of progression free survival for mFOLFOX6 plus bevacizumab group (solid line) and CapeOX plus 

bevacizumab group (dotted line).  The vertical axis represents progression free survival rate and the horizontal axis rep-
resents progression free survival time.
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months) and 22.5 months (95% CI, 15.5-34.9 months), 
respectively.

RR and DCR are shown in Table 3.  RR of 
mFOLFOX6 plus bevacizumab or CapeOX plus bevaci-
zumab were 55.1% or 42.1%, respectively.  DCR of 
mFOLFOX6 plus bevacizumab or CapeOX plus bevaci-
zumab were 98.0% and 84.2%, respectively.

Toxicity
The observed toxicity of intermittent oxaliplatin-based 

chemotherapy is shown in Table 4.  The most frequently 
reported AEs were neutropenia (≥ grade 3) (28.3%) fol-
lowed by hypertension (10.4%), anorexia (9.0%) and hand-
foot syndrome (7.5%).

Neuropathy has been reported to be a dose-limiting AE 
for oxaliplatin-based chemotherapy (de Gramont et al. 

Reason B+mFOLFOX6 (%) B+CapeOX (%)
Disease progression 18 (37.5) 8 (40.0)
Adverse event 18 (37.5) 5 (25.0)
Patient request 2 (4.2) 1 (5.0)
Resection of distant metastases 2 (4.2) 2 (10.0)
Other reasons 0 (0) 2 (10.0)
Treatment-related death 1 (2.1) 1 (5.0)
Continuation of oxaliplatin-based chemother 7 (14.6) 0 (0)
Unknown 0 (0) 1 (5.0)

Table 2.  Reasons for termination of intermittent oxaliplatin-based chemotherapy in the 
present study.

B+mFOLFOX6, bevacizumab plus mFOLFOX6; B+CapeOX, bevacizumab plus 
CapeOX.

mFOLFOX6 plus bevacizumab group (n = 49) 

CapeOX plus bevacizumab group (n = 19) 

Fig. 3.  Kaplan-Meier curve of overall survival.
	 Kaplan-Meier curve of overall survival for mFOLFOX6 plus bevacizumab group (solid line) and CapeOX plus bevaci-

zumab group (dotted line).  The vertical axis represents survival rate and the horizontal axis represents overall survival 
survival time.

Best response B+mFOLFOX6 (n = 49) B+CapeOX (n = 19)
CR 2 0
PR 25 8
SD 21 8
PD 0 1
NE 1 2

response rate (%) 55.1 42.1
Disease control rate (%) 98.0 84.2

Table 3.  Response of intermittent oxaliplatin chemotherapy in advanced 
colorectal cancers.

CR, complete response; PR, partial response; SD, stable disease; PD, 
progression disease; NE, not evaluated; B+mFOLFOX6, bevacizumab 
plus mFOLFOX6; B+CapeOX, bevacizumab plus CapeOX.
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2000; Giacchetti et al. 2000; Gamelin et al. 2008).  In the 
present study, neuropathy (grade 3 or 4) was observed in 
6.0%, 4.1% and 10.5%, of the total population, 
mFOLFOX6 plus bevacizumab and CapeOX plus bevaci-
zumab groups, respectively.

Discussion
The aim of this phase 2 study was to assess the effi-

cacy and safety of introduction of intermittent oxaliplatin 
treatment to the mFOLFOX6 plus bevacizumab or CapeOX 
plus bevacizumab regimens.  Previous evidence (Hochster 
et al. 2014) demonstrated that the median PFS and median 
TTF in patients treated with FOLFOX7 plus bevacizumab 
and intermittent oxaliplatin treatment were 12.0 months and 
5.7 months, respectively.  These were significantly longer 
than those of the same regimen without intermittent oxali-
platin treatment (7.4 months and 4.2 months, respectively) 
(Hochster et al. 2014).  Therefore, the effect of intermittent 
oxaliplatin use on treatment outcome of mFOLFOX6 plus 
bevacizumab or CapeOX plus bevacizumab regimens was 
investigated, and the results were compared to those of pre-
vious reports.

The median PFS, median OS, median TTF and overall 
RR in the mFOLFOX6 plus bevacizumab group in the pres-
ent study were11.3 months, 29.0 months, 7.7 months and 
55.1%, respectively.  Several previous prospective studies 
reported that median PFS, OS, TTF and overall RR in 
patients treated with the mFOLFOX6 plus bevacizumab 
regimen without intermittent oxaliplatin treatment were 9.0-
15.4 months, 16.5-30.1 months, 5.4 months and 34.7-
62.0%, respectively (Nishina et al. 2013; O’Neil et al. 2014; 
Van Cutsem et al. 2015; Yamazaki et al. 2016).  The effi-
cacy of the mFOLFOX6 plus bevacizumab regimen with 
intermittent oxaliplatin treatment in the present study was 
approximately equivalent to those, suggesting similar effi-
cacy with or without intermittent oxaliplatin treatment in 

patients with advanced and metastatic colorectal cancer.  In 
the present study, the median PFS, median OS, median TTF 
and overall RR in the CapeOX plus bevacizumab group 
were 8.0 months, 22.5 months, 5.8 months and 42.1%, 
respectively.  Several previous prospective studies reported 
that median PFS, median OS, and overall RR of the 
CapeOX plus bevacizumab regimen without intermittent 
oxaliplatin treatment were 9.6-10.0 months, 23.2-34.6 
months, 6.7 days and 52.2-59.3%, respectively (Hurwitz et 
al. 2012; Yalcin et al. 2013; Uchima et al. 2014; Benson et 
al. 2016; Ogata et al. 2016).  The median PFS and median 
OS, median TTF and overall RR by CapeOX plus bevaci-
zumab regimen with intermittent oxaliplatin treatment in 
the present study was slightly worse than those of the 
CapeOX plus bevacizumab regimen without intermittent 
oxaliplatin treatment in previous reports.  These results sug-
gests that introduction of intermittent oxalipatin treatment 
resulted in comparable effects only in mFOLFOX6 plus 
bevacizumab group but not in CapeOX plus bevacizumab 
group in the present study.

Subsequently, the rate of neuropathy (grade 3 or 4) 
incidence, a major dose-limiting AE for oxaliplatin treat-
ment (de Gramont et al. 2000) was compared between the 
present and previous studies.  In the present study, the rate 
of neuropathy in the mFOLFOX6 plus bevacizumab group 
was 4.1%, whereas that of patients treated with the same 
regimen without intermittent oxaliplatin treatment in previ-
ous prospective studies was 7.3-22.0% (Nishina et al. 2013; 
O’Neil et al. 2014; Van Cutsem et al. 2015; Yamazaki et al. 
2016).  In the CapeOX plus bevacizumab group, the rate of 
neuropathy was 10.5%, whereas that of patients treated 
with the same regimen without intermittent oxaliplatin 
treatment in previous studies (three prospective and one ret-
rospective) were 0-15.0% (Hurwitz et al. 2012; Yalcin et al. 
2013; Uchima et al. 2014; Ogata et al. 2016).  Based on 
these data, intermittent oxaliplatin treatment ameliorates the 

Adverse event B+mFOLFOX6 B+CapeOX
Leucopenia 1(2.0) 0 (0)

Neutropenia 18 (36.7) 1 (5.3)
Thrombocytopenia 1 (2.0) 1 (5.3)

Anorexia 4 (8.2) 2 (10.5)
Nausea 3 (6.1) 1 (5.3)

Diarrhea 1 (2.0) 2 (10.5)
Mucositis 0 (0) 1 (5.3)
Bleeding 0 (0) 1 (5.3)

Hypertension 4 (8.2) 3 (15.8)
Proteinuria 3 (6.1) 0 (0)

Hand-foot syndrome 4 (8.2) 1 (5.3)
Anaphylaxis 2 (4.1) 1 (5.3)
Heart failure 1 (2.0) 0 (0)

Cerebral infarction 1 (2.0) 0 (0)
Neuropathy 2 (4.1) 2 (10.5)

≧ Grade3 (%)

Table 4.  Toxicity of intermittent oxaliplatin-based chemotherapy.

B+mFOLFOX6, bevacizumab plus mFOLFOX6; B+CapeOX, bevacizumab plus 
CapeOX.
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incidence of neuropathy grade when administered together 
with the mFOLFOX6 plus bevacizumab regimen.

A limitation of this study is the small sample size, 
especially the 18 patients in the CapeOX plus bevacizumab 
group.  Moreover, this was an uncontrolled study, with all 
patients receiving intermittent oxaliplatin treatment and 
oxaliplatin based regimen treated in the present study 
(mFOLFOX6 or CapeOX) was physician’s choice.  Because 
statistical power in the present study design was weak, we 
could not reveal the reason why the efficacies and toxicities 
by introduction of intermittent oxaliplatin treatment were 
ameliorated only in mFOLFOX6 plus bevacizumab group 
but not in CapeOX plus bevacizumab group.

As long as we compare the treatment result of intro-
duction of intermittent oxaliplatin treatment to mFOLFOX6 
or CapeOX plus bevacizuman regimen in the present study 
to those without intermittent oxaliplatin treatment in previ-
ous reports, this phase 2 study suggests that introduction of 
intermittent oxaliplatin treatment to mFOLFOX6 plus beva-
cizumab regimen often used to Japanese patients is useful 
treatment option to reduce the incident rate of neurotoxicity 
and to maintain the treatment effect of oxaliplatin based 
chemotherapy.  Phase 3 study to investigate the potency of 
introduction of intermittent oxaliplatin treatment in 
mFOLFOX6 plus bevacizumab regimen is warranted.
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