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Abstract
Background: In the �rst-line treatment of metastatic colorectal cancer (mCRC) patients with CAPOX plus bevacizumab,
the optimal duration of maintenance treatment without oxaliplatin to avoid discontinuation of therapy due to peripheral
sensory neuropathy (PSN) remains unknown. The aim of this phase II study was to evaluate the e�cacy and safety of
combination therapy with �ve-cycle CAPOX (capecitabine plus oxaliplatin) plus bevacizumab, followed by �ve-cycle
maintenance therapy with capecitabine plus bevacizumab and reintroduction of CAPOX plus bevacizumab for �ve cycles,
with a preplanned oxaliplatin intermittent strategy in mCRC.

Methods: Patients with untreated mCRC were administered CAPOX [oxaliplatin 130 mg/m2 and capecitabine (2000
mg/m2 daily) as intermittent treatment for 14 days, followed by a 7-day treatment-free interval, every 3 weeks] +
bevacizumab (7.5 mg/kg) every 3 weeks for �ve cycles, maintenance treatment without oxaliplatin for �ve cycles, and
CAPOX + bevacizumab reintroduction for �ve cycles or upon tumor progression. The primary endpoint was progression-
free survival (PFS), and the secondary endpoints were the time to treatment failure (TTF), overall survival, response rate
(RR), and safety.

Results: Forty-seven patients who ful�lled the inclusion criteria were enrolled in the evaluation of e�cacy and safety. The
relative dose intensity and the cumulative dose of oxaliplatin during the overall treatment period were 649.1 mg/m2 and
1132.5 mg, respectively. Median PFS was 14.1 months (95% con�dence interval [CI], 8.6–19.5), and median TTF was 12.3
months (95% CI, 10.3–14.3). The objective RRs were 51.1% (24/47) during induction therapy, 58.3% (21/36) during
maintenance therapy, and 63.6% (14/22) during reintroduction therapy. The frequency of patients with neutropenia,
diarrhea, PSN, venous thromboembolism, or grade ≥ 3 allergic reactions was 2.1%.

Conclusion: CAPOX plus bevacizumab therapy with a preplanned intermittent oxaliplatin strategy consisting of brief �ve-
cycle induction therapy, �ve-cycle maintenance therapy with capecitabine plus bevacizumab, and �ve-cycle reintroduction
therapy consisting of CAPOX plus bevacizumab is safe and effective for mCRC patients.

Trial registration: This trial was registered with the University Hospital Medical Information Network on 7 June 2011
(UMIN ID: 000005732).

Background
In the 1980s, the standard �rst-line treatment for patients with unresectable metastatic colorectal cancer (mCRC) was the
5-�uorouracil (5-FU)/leucovorin (LV) regimen [1, 2]. In the 2000s, the availability of new drugs, such as irinotecan
(irinotecan + 5-FU/LV: FOLFIRI) and oxaliplatin (oxaliplatin + 5-FU/LV: FOLFOX), improved the prognosis of patients with
mCRC [3–6]. The addition of the monoclonal antibody drug bevacizumab, which is effective against vascular endothelial
growth factor (VEGF), to irinotecan plus bolus 5-FU (IFL) resulted in signi�cant bene�ts regarding overall survival (OS)
and progression-free survival (PFS) [7], and combinations of FOLFOX or FOLFIRI with monoclonal antibodies against
VEGF or epidermal growth factor receptor (EGFR) and FOLFOXIRI (5-FU/LV/oxaliplatin/irinotecan) with anti-VEGF
monoclonal antibodies [8] are currently recommended as �rst-line treatments for patients with mCRC in the National
Comprehensive Cancer Center Network (NCCN) guidelines.

Kabbinavar et al. reported prolonged survival by combining bevacizumab with 5-FU/LV as �rst-line therapy [9], and the
additive effect of bevacizumab to FOLFOX and capecitabine/oxaliplatin (CAPOX) was demonstrated in the NO16966
study [10]. CAPOX had similar e�cacy to regimens based on infusional 5-FU/LV combined with oxaliplatin in some
studies [10–12]. Moreover, the additive effect of bevacizumab to CAPOX improves OS or PFS [7, 10, 13]. Therefore,
CAPOX with/without bevacizumab shows good e�cacy [14–16] and is recommended for standard �rst-line
chemotherapy in the NCCN guidelines. However, many patients treated with long-term oxaliplatin-based regimens develop
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peripheral sensory neuropathy (PSN) and serious hematological toxicity, leading to treatment discontinuation [17–19]. In
particular, PSN is the main dose-limiting toxicity of oxaliplatin, and it negatively affects patients’ daily life and causes the
discontinuation of oxaliplatin before disease progression. Several recent prospective studies have suggested a stop-and-
go strategy with the intermittent use of oxaliplatin in the FOLFOX regimen to avoid discontinuation of therapy due to PSN
and prolong the time to treatment failure [20–23]. In the OPTIMOX1 study, Tournigand et al. [20] reported similar PFS and
OS in patients with mCRC randomized to receive either FOLFOX4 until disease progression or FOLFOX7 for 6 cycles
followed by maintenance without oxaliplatin for 12 cycles. Tezuka et al. [24] reported the e�ciency of the oxaliplatin stop-
and-go concept using a regimen of mFOLFOX7 plus bevacizumab for eight cycles followed by maintenance without
oxaliplatin for eight cycles in Japanese patients with unresectable mCRC.

In the CAPOX regimen, feasibility studies of intermittent oxaliplatin administration with capecitabine have been reported;
however, the maintenance duration of chemotherapy combined with targeted therapy varied [25–27]. Therefore, the
clinical questions of whether to reintroduce oxaliplatin in the CAPOX regimen and the optimal duration of maintenance
treatment remain unknown.

To address these issues, we conducted the phase II VOICE (Bevacizumab with Oxaliplatin of Intermittent and
Capecitabine therapy in the Chiba Evaluation trial in colorectal cancer) study to examine the e�cacy and safety, including
the incidence of PSN, of a regimen consisting of �ve preplanned cycles of initial CAPOX plus bevacizumab therapy,
followed by �ve cycles of �xed-term maintenance therapy and then the reintroduction of oxaliplatin for Japanese CRC
patients (UMIN ID: 000005732, 07/06/2011).

Methods
This study was a multicenter phase II clinical study to examine the e�cacy and safety of intermittent oxaliplatin
administration in patients with unresectable CRC receiving CAPOX plus bevacizumab as �rst-line therapy. The primary
endpoint was progression-free survival (PFS); secondary endpoints were time to treatment failure (TTF), overall survival
(OS), response rate (RR), and safety. 

Patient eligibility criteria

Patients were enrolled in the study if they ful�lled the following inclusion criteria: 1) provided written informed consent; 2)
CRC was de�nitively diagnosed histologically and was metastatic and unresectable, the disease had not received
previous chemotherapy or radiation therapy, advanced CRC patients who had received no intervention expect surgical
procedures, and recurrent CRC patients who had not been administered any therapy to the recurrent site; 3) at least one
lesion was evaluable by radiological examinations within 28 days before registration; 4) age ≥ 20 years old and provided
informed consent; 5) Eastern Cooperative Oncology Group (ECOG) Performance Status (PS) of 0 or 1; and 6) vital organ
function (listed below) within 14 days prior to entry: adequate hematological (white blood cell count: > 3000/mm3;
neutrophil count: > 1500/mm3; platelet count: > 10.0 × 104/mm3; hemoglobin > 9.0 g/dl), hepatic (total bilirubin < 1.5 ×
the upper limit of normal (ULN); alanine aminotransferase (ALT) and aspartate aminotransferase (AST) < 2.5 × ULN, or < 5
× ULN in the case of hepatic metastases), and renal function (serum creatinine clearance < 1.5 × ULN; proteinuria < 2+).

Patients were excluded if there was 1) suspicion of brain metastasis or brain cancer con�rmed by radiological imaging,
such as head computed tomography or magnetic resonance imaging; 2) cerebrovascular disease or related symptoms
within 1 year or a history of suspected complications of arterial thromboembolism, such as cerebrovascular disease or
thromboembolism once within 1 year or twice; 3) bleeding diathesis (history of hemoptysis, including cavitation and/or
necrosis in lung metastases con�rmed by imaging), coagulopathy, or abnormality in coagulation factors, such as a
prothrombin time-international normalized ratio (PT-INR) ≥ 1.5; 4) history of gastrointestinal perforation within 1 year or
uncontrollable peptic ulcers, uncontrollable infection, diarrhea, and hypertension; 5) symptomatic cardiovascular disease
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or symptomatic disease previously treated and history of myocardial infarction within 1 year; 6) women who were
pregnant, possibly pregnant, wishing to become pregnant, or nursing; or 7) not appropriate for the study at the physician’s
assessment.

An eligibility report form was sent to the registration center at the Graduate School of Medicine, Department of Frontier
Surgery, Chiba University (Chiba, Japan). Information regarding the necessary follow-up tests was then sent to the
investigator from the registration center. The registration period was from February 2011 to January 2014, and the
ongoing follow-up period was 2 years from enrollment of the last subject.

Treatment

Induction therapy

The protocol treatment was started within 14 days after enrollment for eligible patients. Patients received �ve cycles of
CAPOX plus bevacizumab therapy. Intravenous oxaliplatin (130 mg/m2) was administered over 120 min, bevacizumab
(7.5 mg/kg) was administered by a 30-min intravenous infusion on day 1 of the 3-week cycle, and oral capecitabine (2000
mg/m2) was administered daily on days 1–14 every 3 weeks. This regimen constituted cycles 1–5.

Maintenance therapy

Five cycles (cycles 6–10) were given without oxaliplatin. Capecitabine (2000 mg/m2 daily on days 1–14 every 3 weeks)
plus bevacizumab (7.5 mg/kg on day 1 of the 3-week cycle) therapy was initiated for patients with disease control
(complete response (CR), partial response (PR), and stable disease (SD)) after the induction therapy.

Reintroduction therapy

Reintroduction of oxaliplatin was scheduled after 10 cycles of induction and maintenance therapy. Oxaliplatin was then
reintroduced for �ve cycles, so that a total of 15 cycles was administered as the protocol treatment. Protocol treatment
was continued as long as it did not con�ict with the criteria for discontinuing treatment. However, the following de�ned
the end of the protocol treatment: (1) The 15 cycles (induction therapy followed by maintenance therapy and then
reintroduction therapy) prescribed in the protocol were completed. However, if progressive disease (PD) was con�rmed
before completing �ve cycles in the maintenance therapy, the end of protocol treatment was de�ned as the end of
oxaliplatin reintroduction therapy. (2) The patient became operable as a result of treatment e�cacy (with the day of
surgery de�ned as the end of protocol treatment).

Dose reduction and withdrawal criteria

The types and severities of adverse events (AEs) were evaluated according to the National Cancer Institute Common
Terminology Criteria for Adverse Events (NCI-CTCAE) version 4.0 [28], and PSN was assessed in accordance with the
Neurotoxicity Criteria of Debiopharm (DEB-NTC) [29–31]. Dose reduction for subsequent courses was performed
according to AEs that occurred during the previous course. The dose could be reduced twice, after which protocol
treatment was discontinued if a third dose reduction was required. The dose could not be increased again after being
reduced.

Patients were observed carefully for previously reported typical adverse drug reactions to bevacizumab and oxaliplatin,
including hemorrhage, thrombosis, gastrointestinal perforation, increased blood pressure, hemotoxicity, and PSN. The
dose of capecitabine was reduced for grade ≥ 3 neutropenia, thrombocytopenia, diarrhea, hand-foot syndrome,
stomatitis, skin toxicity, or other nonhematologic toxicities or for a second or subsequent occurrence of hand-foot
syndrome. If PSN occurred, dose reduction or treatment withdrawal was performed.
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If grade ≥ 3 hematological AEs (neutropenia, thrombocytopenia, other hematological toxicities) occurred, the doses of
oxaliplatin and capecitabine were reduced as follows: oxaliplatin was reduced to 100 mg/m2, and capecitabine was
reduced to 1500 mg/m2. If a similar AE occurred subsequently, the doses were reduced further to 85 mg/m2 and 1000
mg/m2, respectively. If PSN occurred, dose reduction or treatment withdrawal was performed.

Criteria for starting the next cycle and discontinuation criteria

The clinical �ndings and laboratory test values (listed below) were evaluated in all patients on the �rst planned day (Day
1) of each treatment cycle. If all of the following criteria were not ful�lled, treatment was postponed until the criteria were
met: 1) adequate hematological indices: white blood cell count > 3000/mm3 and < 12,000/mm3; neutrophil count >
1500/mm3; platelet count > 75,000 mm3; hemoglobin > 9.0 g/dL; 2) hepatic indexes: total bilirubin < 1.5 × ULN; ALT and
AST < 2.5 × ULN, or < 5 × ULN in the case of hepatic metastases; 3) renal function: serum creatinine below the
institutional ULN; and 4) PSN: grade ≤ 2.

The protocol treatment was discontinued if any of the following occurred: the development of any AEs (de�ned as grade
≥ 2 hypersensitivity); the criteria for starting the next cycle were not met within 4 weeks (28 days) after the planned day of
initiating treatment because of an AE; further toxicity meeting the dose reduction criteria after two dose reductions;
discontinuation considered necessary by the investigator because of an AE (even if the criteria were not met); the patient
requested to discontinue treatment; death during protocol treatment; or a protocol violation was found after enrollment,
making the patient ineligible [32]. 

Statistical determination of target sample size

In the NO16966 study [10], a phase III clinical study of FOLFOX4 or CAPOX with/without bevacizumab, the median PFS by
on-treatment analysis, excluding PD cases from at least 29 days after the �nal administration of the study drug, was 10.4
months. In the MACRO trial [25], a phase III clinical study conducted to con�rm �rst-line CAPOX plus bevacizumab
followed by CAPOX plus bevacizumab or single-agent bevacizumab as maintenance therapy, the median PFS for CAPOX
plus bevacizumab was 10.4 months, and that for single-agent bevacizumab was 9.7 months. Therefore, the threshold
PFS in this study was assumed to be 7 months considering PFS in the phase III study of FOLFOX4 with bevacizumab [10]
and CAPOX with bevacizumab [25], and the anticipated PFS was set at 10.5 months. The level of signi�cance was 0.05 at
a power of 80%, and the required number of cases determined using the Southwest Oncology Group’s one-arm survival
design (http://www.swogstat.org/statoolsout.html) was 42 patients. The target number of cases in this study was 50
patients, considering a dropout rate of 10%. 

Statistical analysis

PFS (as the primary objective of this study) and TTF (as the secondary endpoint) were estimated using the Kaplan–Meier
method. The median PFS and TTF were calculated, and their two-sided 95% con�dence interval (CI) was determined.
Regarding the RR, the antitumor effect was calculated, and the exact CI was used for the interval estimation. Statistical
analyses were performed using SPSS, version 23 (IBM Corp., Armonk, NY, USA). Statistical signi�cance was established
at the P<0.05 level.

Results
Patient characteristics

From March 2011 to August 2013, �fty-�ve patients from 13 institutions in Japan were enrolled in this study. After
excluding 8 of the 55 patients because of protocol ineligibility, the e�cacy and safety analyses were conducted with 47
patients. The data cutoff was May 2017, and the median duration of follow-up at the time of analysis was 25.1 months.
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The baseline patient characteristics are summarized in Table 1. The median age was 67 years (range: 43–83 years), 26
were colon cancer patients, and 21 were rectal cancer patients. Thirty-�ve (74.5%) patients had undergone previous
surgery with curative intent and were offered our treatment protocol after documentation of unresectable locally-
advanced or metastatic disease. Eleven patients (23.4%) had previously received adjuvant chemotherapy: tegafur-uracil
(UFT) and LV: three patients; UFT: one patient: S-1: three patients; mFOLFOX6: two patients; CAPOX: one patient; and
capecitabine: one patient (Table 1). 

Treatment status

The study �owchart of the protocol treatment is shown in Figure 1. Of the 55 enrolled patients, the protocol treatment was
administered to 47 patients. The median number of cycles was 10 (range: 1–15 cycles), and the completion rate of
induction therapy was 76.6% (36/47). The reason for discontinuing treatment during induction therapy in 11 patients was
PD in 4 cases, AEs in 3 cases, withdrawal of consent in 1 case, and other reasons in 3 cases (cholangitis: 1 case, small
bowel obstruction: 1 case, and dementia: 1 case).

The maintenance therapy with capecitabine plus bevacizumab was administered to 36 patients (76.6%). The rate of
completion of maintenance therapy was 61.1% (22/36). The reason for discontinuing treatment during maintenance
therapy in 14 patients was PD in 5 cases, AEs in 4 cases, hepatectomy in 3 cases, and physician’s decision in 2 cases.
Five patients with con�rmed PD were not moved to reintroduction therapy as stipulated in the protocol according to the
physician’s judgement and were shifted to second-line chemotherapy or radiotherapy.

The reintroduction therapy with CAPOX plus bevacizumab was administered to 22 patients (46.8%). The rate of
completion of reintroduction therapy treatment was 90.9% (20/22). The reason for discontinuing treatment during
reintroduction therapy in two patients was PD in one case and AE in one case. The protocol completion rate was 42.6%
(20/47). The median TTF was 12.3 months (95% CI: 10.3–14.3) (Fig. 2).

The total relative dose intensity was 649.1 mg/m2, and the cumulative dose of oxaliplatin during the overall treatment
period was 1132.5 mg (94.0%) (Table 2). The relative dose intensities of the induction and reintroduction of CAPOX plus
bevacizumab therapy were 632.0 mg/m2 and 518.9 mg/m2, respectively, and the cumulative dose of oxaliplatin after
induction and reintroduction therapy was 950.0 mg (92.3%) and 805.0 mg (80.7%), respectively. 

E�cacy

The median PFS, the primary endpoint, was 14.1 months (95% CI: 8.6–19.5) (Fig. 3). As the secondary endpoint, the RR
was 51.1% (24/47) during induction therapy, 58.3% (21/36) during maintenance therapy, and 63.6% (14/22) during
reintroduction therapy in the 47 patients who were evaluable by the response evaluation criteria in solid tumors (RECIST)
criteria (Table 3). The disease control rate was 87.2% (41/47), 83.3% (30/36), and 95.5% (21/22) with induction,
maintenance, and reintroduction therapy, respectively. Exploratory analysis showed that the median OS was 27.2 months
(95% CI: 18.9–35.5).

Safety pro�le

The incidence of treatment-related AEs is presented in Table 4. The rates of AEs for any grade of hematologic toxicities in
the 47 patients in the safety analysis set during induction, maintenance, and reintroduction therapy, respectively, were
neutropenia (14.9%, 13.9%, and 9.1%) and anemia (10.6%, 5.6%, and 0%), and the non-hematologic toxicities and their
rates were general fatigue (31.9%, 25.0%, and 31.8%), stomatitis (19.1%, 16.7%, and 18.2%), nausea/vomiting (19.1%,
11.1%, and 18.2%), appetite loss (38.3%, 13.9%, and 9.1%), diarrhea (21.3%, 5.6%, and 9.1%), PSN (55.3%, 44.4%, and
59.1%), and hand-foot syndrome (38.3%, 50.0%, and 54.5%). The AEs and rates during induction, maintenance, and
reintroduction therapy, respectively, for bevacizumab-related toxicities were hypertension (17.0%, 16.7%, and 22.7%) and
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proteinuria (17.0%, 16.7%, and 22.7%). The main adverse drug reactions of grade ≥ 3 were neutropenia, appetite loss,
diarrhea, PSN, venous thromboembolism, and allergic reaction, each in one patient (2.1% in total), and hypertension in
two patients. Discontinuation of protocol treatment due to oxaliplatin-related AEs occurred in three cases by PSN (6.4%)
and three cases by allergic reactions (6.4%). No patient experienced grade ≥ 3 bevacizumab-related AEs, gastrointestinal
perforation, clinically signi�cant hemorrhage, or proteinuria.

Discussion
The present phase II study was conducted to evaluate the e�cacy and safety of a planned stop-and-go strategy with a
regimen consisting of CAPOX plus bevacizumab, followed by �ve cycles of �xed-term maintenance therapy and then the
reintroduction of oxaliplatin as the �rst-line therapy in Japanese patients with unresectable mCRC.

Oxaliplatin-based chemotherapy plus bevacizumab is recommended in the guidelines of various countries as the �rst-line
therapy for unresectable mCRC. Comparing the therapeutic effects of different oxaliplatin-based chemotherapy plus
bevacizumab phase III studies with PFS as the primary endpoint, PFS in the NO16966 study was 9.4 months in the
FOLFOX4 plus bevacizumab group and 9.3 months in the capecitabine plus oxaliplatin (XELOX) plus bevacizumab group
[10], and in the HORIZON III study, PFS in the mFOLFOX6 plus bevacizumab group was 10.3 months [33]. In the CONcePT
trial [34], PFS in the intermittent administration group receiving FOLFOX7 plus bevacizumab ± prophylactic
calcium/magnesium salts, which preceded the study, was 12.0 months, and in the CRAFT trial [24], PFS in the intermittent
administration group receiving FOLFOX7 plus bevacizumab was 11.8 months. Therefore, several trials using intermittent
administration of CAPOX plus bevacizumab have been reported in Western countries. In the CAIRO 3 trial [26], a large
randomized trial evaluating induction treatment with CAPOX plus bevacizumab and maintenance treatment with
capecitabine plus bevacizumab versus only observation followed by the reintroduction of oxaliplatin, the �rst PFS after
maintenance treatment until PD (PFS1) was 8.5 months, and the second PFS after the reintroduction of CAPOX plus
bevacizumab (PFS2) was 11.7 months. In the study, a statistically signi�cant difference was found in the median PFS2
(8.5 months in the observation group and 11.7 months in the maintenance group; hazard ratio (HR): 0.63; 95% CI: 0.53–
0.77, P < 0.0001). In contrast, in the MACRO trial [25], which evaluated maintenance therapy with only bevacizumab
following induction with CAPOX plus bevacizumab versus continuous CAPOX plus bevacizumab, no statistically
signi�cant differences were found regarding median PFS (10.4 months with CAPOX plus bevacizumab versus 9.7 months
with only bevacizumab). These results showed that maintenance treatment with capecitabine plus bevacizumab was
effective for patients with mCRC.

In Japan, in the CCOG-0902 trial [27], which evaluated maintenance therapy with eight cycles of capecitabine plus
bevacizumab following induction with four cycles of CAPOX plus bevacizumab and reintroduction CAPOX plus
bevacizumab, PFS was 12.4 months. This result showed that CAPOX plus bevacizumab with intermittent oxaliplatin was
a valid chemotherapy regimen for Japanese patients with mCRC.

In the present study, the median PFS, as the primary endpoint, was 14.1 months, which was considered acceptable
according to our hypothesis, assuming a threshold and expected PFS of 7 months and 10.5 months, respectively. Our
results were comparable to the CAIRO 3 trial (11.7 months) [26], MACRO (9.7 months) [25], and CCOG-0902 trial [27] (12.4
months). The design of our treatment protocol involved maintenance therapy with �ve cycles of capecitabine plus
bevacizumab following induction with �ve cycles of CAPOX plus bevacizumab and reintroduction of �ve cycles of CAPOX
plus bevacizumab. We consider that the oxaliplatin reintroduction rate of 46.8% (22/47) for the entire cohort, the fact that
61.1% (22/36) of patients who received maintenance therapy tolerated reintroduction, and the high objective RR (63.3%)
and disease control rate (95.5%) during the reintroduction phase indicated relatively good PFS. These results suggest that
our treatment plan consisting of �ve cycles of maintenance therapy with capecitabine plus bevacizumab and �ve cycles
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of reintroduction therapy with CAPOX plus bevacizumab was as feasible as an intermittent CAPOX plus bevacizumab
treatment strategy.

Preplanned oxaliplatin withdrawal is a treatment strategy against PSN caused by cumulative oxaliplatin toxicity. In the
present study, grade 3 or 4 PSN was observed in only 2.1% of the patients throughout the treatment period. This result
was comparable to results in previous studies [25–27] and might have contributed to the longer TTF of 12.3 months.
However, the timing for reintroducing oxaliplatin must be discussed. In representative studies of the stop-and-go strategy
with CAPOX plus bevacizumab, oxaliplatin was stopped 18 weeks after starting treatment and maintenance therapy with
capecitabine plus bevacizumab or bevacizumab alone until disease progression in the CAIRO3 trial (grade ≥ 3 PSN rate:
10%) [26], Turkish Oncology Group trial (grade ≥ 3 PSN rate: 8%) [35], and MACRO trial (grade ≥ 3 PSN rate: 1.6%) [25]. In
the CCOG-0902 trial [27], oxaliplatin was stopped 12 weeks after starting treatment, and the regimen consisted of 24
weeks of maintenance therapy with capecitabine plus bevacizumab and reintroduction therapy with CAPOX plus
bevacizumab until disease progression. In the MACRO [25] and Turkish Oncology Group trials [35] investigating 18 weeks
of induction therapy with CAPOX plus bevacizumab, the relative dose intensities of oxaliplatin were 770.2 mg/m2 and
766 mg/m2, respectively. In the CCOG-0902 trial [27], the cumulative dose of oxaliplatin during the overall treatment
period was 1052 mg. In the present study, the total relative dose intensity was 649.1 mg/m2, and the total cumulative
dose of oxaliplatin during the overall treatment period was 1132.5 mg. In particular, the relative dose intensities of the
induction and reintroduction of CAPOX plus bevacizumab therapy were 632.0 mg/m2 and 518.9 mg/m2, respectively, and
the cumulative doses of oxaliplatin during induction and reintroduction therapy were 950.0 mg (92.3%) and 805.0 mg
(80.7%), respectively. The total relative dose intensity in the present study was less than that in the MACRO [25] and
Turkish Oncology Group trials [35]; however, the total cumulative dose intensity of oxaliplatin and the cumulative dose of
oxaliplatin during induction and reintroduction therapy in the present study were higher. We consider that the higher
cumulative dose of oxaliplatin with �xed-term �ve-cycle maintenance therapy and �ve-cycle reintroduction therapy as a
stop-and-go strategy prevented oxaliplatin-induced PSN and achieved good PFS and TTF in the present study.

This study has several limitations. First, the single-arm design and relatively small sample size in this study necessitate
con�rming our results in a larger cohort study. Second, the sizes of the target tumors were not evaluated by central review.
However, the results of this study suggest that our treatment plan could be feasible as an intermittent oxaliplatin
treatment strategy for Japanese patients with mCRC. Randomized controlled trials with larger numbers of patients are
recommended in Japan to con�rm the e�cacy and safety of this intermittent oxaliplatin strategy, as in the CAIRO3 trial
[26].

Conclusions
The preplanned intermittent oxaliplatin strategy with brief �ve-cycle induction therapy consisting of CAPOX plus
bevacizumab, �ve-cycle maintenance therapy consisting of capecitabine plus bevacizumab, and �ve-cycle reintroduction
therapy consisting of CAPOX plus bevacizumab is safe and effective for Japanese mCRC patients. A higher cumulative
dose of oxaliplatin prevented oxaliplatin-induced PSN, and good PFS and TTF were achieved by our �xed-term �ve-cycle
maintenance therapy and �ve-cycle reintroduction therapy as a stop-and-go strategy.
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Characteristic                                                  Enrolled

                                                                n=47 (%)

Age (years)   67 (range: 46–83)

Sex Male   29 (61.7)

  Female   18 (38.3)

ECOG performance status        

  0   41 (87.2)

  1   6 (12.8)

Primary site        

  Colon   26 (55.3)

  Rectum   21 (44.7)

Primary tumor resection        

  Colon   21 (44.7)

  Rectum   14 (29.8)

Histological type        

  tub1   9 (19.1)

  tub2   37 (78.7)

  por   1 (2.1)

  muc   0  

  sig   0  

  ecc   0  

Site of metastasis        

  Liver   31 (65.9)

  Lung   15 (31.9)

  Lymph node 16 (34.0)

  Peritoneum 10 (21.3)

  Other   10 (21.3)

Primary adjuvant chemotherapy        

  No   36 (76.6)

  Yes   11 (23.4)

Abbreviations: ECOG Eastern Cooperative Oncology Group, tub1 well-differentiated tubular adenocarcinoma, tub2
moderately-differentiated tubular adenocarcinoma, por poorly differentiated adenocarcinoma, sig signet-ring cell
carcinoma, muc mucinous adenocarcinoma, ecc endocrine cell carcinoma

Table 2 Treatment results
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                                                                           (n=47)

  n range or percent

Treatment cyclesa 10 (1–15)

(average: 10.2)

Total dosea

  Oxaliplatin (mg) 1132.5 (150.0–2200.0)

  Oxaliplatin (mg/m2) 649.1 (105.1–1031.5)

  Capecitabine 19609.9 (2100.4–34773.2)

  Bevacizumab 2649.9 (269.5–4487.7)

Relative dose intensitya    

  Oxaliplatin 94 (50.0–100)

  Capecitabine 92.0 (58.3–100)

  Bevacizumab 100.0 (78.9–100)

Continuation of planned cyclesa 22 (46.8%)

Study treatment discontinuationa 25 (53.2%)

Causes of study treatment discontinuation    

    Progressive disease 9 (19.1%)

    Conversion to operation 3 (6.4%)

 Adverse event 8 (17.0%)

  Allergic reaction        0

  Peripheral sensory neuropathy        3

  Anorexia        1

  General fatigue        1

  Diarrhea        1

  Febrile neutropenia        0

  Thrombocytopenia        0

  Perforation        1

  Hand-foot syndrome        1

     Oral intake not possible due to small bowel obstruction 1 (2.1%)

     Patient refusal 1 (2.1%)

     Death 2 (4.3%)

aMedian (range)
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 Table 3 Objective tumor response

  Induction therapy

 

Maintenance therapy

 

Reintroduction therapy  

  CAPOX + Bevacizumab Capecitabine + Bevacizumab CAPOX + Bevacizumab  

  (N=47)     (N=36)     (N=22)    

  n %   n %   n %  

CR 2 4.3   2 5.6   2 9.1  

                   

PR 22 46.8   19 52.8   12 54.5  

                   

SD 17 36.2   9 25.0   7 31.8  

                   

PD 4 8.5   5 13.9   1 4.5  

                   

NE 2 4.3   1 2.8   0 0  

                   

ORR, % 51.1     58.3     63.6    

                   

DCR, % 87.2     83.3     95.5    

Abbreviations: N total number of patients, n number of patients, CR complete response, PR partial response, SD
stable disease, PD progressive disease, NE not examined, ORR objective response rate ([CR + PR]/N × 100), DCR
disease control rate ([CR + PR + SD]/N × 100)

 

 

 

Table 4 Adverse events according to the NCI-CTCAE criteria, version 4.0
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    Induction therapy   Maintenance therapy   Reintroduction therapy

    CAPOX + Bevacizumab   Capecitabine + Bevacizumab CAPOX + Bevacizumab

    (N=47)         (N=36)         (N=22)      

    All grades   Grade
≥3

  All grades   Grade
≥3

  All grades   Grade
≥3

    n %   n %   n %   n %   n %   n %

Hematologic toxicities                                  

  Leukopenia 3 6.4   0 0   2 5.6   0 0   3 13.6   0 0

  Neutropenia 7 14.9   1 2.1   5 13.9   0 0   2 9.1   0 0

  Febrile
neutropenia

0 0   0 0   0 0   0 0   0 0   0 0

  Anemia 5 10.6   0 0   2 5.6   1 2.8   0 0   0 0

  Thrombocytopenia 2 4.3   0 0   2 5.6   0 0   0 0   0 0

  ALT 1 2.1   0 0   1 2.8   0 0   1 4.5   0 0

  AST 1 2.1   0 0   0 0   0 0   1 4.5   0 0

  T.Bil 2 4.3   0 0   2 5.6   0 0   0 0   0 0

  Creatinine 0 0   0 0   0 0   0 0   0 0   0 0

Non-hematologic
toxicities

                                 

  General fatigue 15 31.9   0 0   9 25.0   0 0   7 31.8   0 0

  Stomatitis 9 19.1   0 0   6 16.7   0 0   4 18.2   1 4.5

  Nausea/Vomiting 9 19.1   0 0   4 11.1   0 0   4 18.2   0 0

  Appetite loss 18 38.3   1 2.1   5 13.9   0 0   2 9.1   0 0

  Diarrhea 10 21.3   1 2.1   2 5.6   0 0   2 9.1   0 0

  Peripheral sensory
neuropathy

26 55.3   1 2.1   16 44.4   1 2.8   13 59.1   0 0

  Allergic reaction 2 4.3   1 2.1   0 0   0 0   0 0   0 0

  Hand-foot
syndrome

18 38.3   0 0   18 50.0   1 2.8   12 54.5   0 0

Bevacizumab-related
toxicities

                                 

  Hypertension 8 17.0   2 4.3   6 16.7   2 5.6   5 22.7   1 4.5

  Proteinuria 8 17.0   0 0   6 16.7   0 0   5 22.7   0 0

  Bleeding 1 2.1   0 0   3 8.3   0 0   2 9.1   0 0

  Digestive tract
perforation

1 2.1   0 0   0 0   0 0   0 0   0 0

  Thrombosis 1 2.1   1 2.1   0 0   0 0   0 0   0 0
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Abbreviations: N total number of patients, n number of patients, ALT alanine aminotransferase, AST aspartate
aminotransferase, T.Bil total bilirubin, NCI-CTCAE National Cancer Institute Common Terminology Criteria for Adverse
Events, CAPOX capecitabine plus oxaliplatin

 

Figures

Figure 1

Flowchart of the study participants Forty-seven patients enrolled between March 2011 and August 2013 received the
initial CAPOX plus bevacizumab therapy. The maintenance therapy with capecitabine and bevacizumab was introduced
in 36 patients, and oxaliplatin was reintroduced in 22 patients. Abbreviations: CAPOX capecitabine plus oxaliplatin
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Figure 2

Kaplan–Meier estimate of time to treatment failure Median time to treatment failure was 12.3 months (95% CI, 10.3–
14.3). Abbreviations: CI con�dence interval
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Figure 3

Kaplan–Meier estimate of progression-free survival Median progression-free survival was 14.1 months (95% CI: 8.6–
19.5). Abbreviations: CI con�dence interval


