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Background: Neoadjuvant chemotherapy (NAC) has been conducted for patients with non-resectable 
colorectal cancer; however, few reports of a systematic approach to NAC exist. At our hospital, bevacizumab 
with capecitabine and oxaliplatin (B-mab XELOX) has been used as chemotherapy for Stage IV colorectal 
cancer since 2014. We aimed to evaluate the efficacy and safety of NAC with a molecular-targeting agent for 
Stage IV colorectal cancer.
Methods: A retrospective, single-institute analysis was performed including 27 patients with advanced 
recurrent cancer following primary tumor resection and 43 patients with non-resectable tumors and remote 
metastasis. At the time of resection, 17 were receiving chemotherapy. All 70 patients received at least 3 cycles 
of B-mab XELOX (total: 920 cycles). We determined the 1-year progression-free survival (1Y-PFS), 1-year 
overall survival (1Y-OS), 3Y-PFS, 3Y-OS, and number of treatment cycles. The objective response rate, 
clinical benefit rate, and adverse events were assessed. The number of chemotherapy cycles, survival time, 
and R0 surgery rate were determined for patients who underwent RO conversion surgery. 
Results: The 1Y-PFS was 28.5% [median survival time (MST): 7.4 months], 1Y-OS was 76.6% (MST not 
reached), 3Y-PFS was 5.5% (MST: 7.4 months), and 3Y-OS was 26.4% (MST: 25.2 months). The mean and 
median number of cycles of B-mab XELOX was 13.1 and 10.5, respectively. The objective response rate was 
28.6%, and the clinical benefit rate was 58.6%. Grade 1 or Grade 2 adverse events occurred in 60 patients 
(85.7%); however, they all resolved without intervention. A single Grade 4 event (perforation of the primary 
tumor) occurred in 1 patient (1.4%). RO conversion surgery was performed in 7 patients (10.0%; primary + 
liver in 2 patients, primary + lung in 1 patient, liver in 3 patients, and primary in 1 patient). These patients 
received 3 to 10 cycles preoperatively (mean: 7.3; median: 6.5). R0 surgery was achieved in 5 of the 7 patients 
(71.4%). Postoperative survival ranged from 1 to 26 months (MST: 8 months). 
Conclusions: This modified regimen was safe and effective in Japanese patients, and a high quality 
of life/quality-adjusted life-year was achieved. To further evaluate PFS and OS, more patients are being 
investigated.
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Introduction

Many molecular-targeting drugs have recently been 
developed and are used to treat advanced and recurrent 
colorectal cancer. These include vascular endothelial growth 
factor (VEGF) inhibitors (bevacizumab, ramucirumab, 
and VEGF-targeting fusion protein) and epidermal 
growth factor receptor (EGFR) inhibitors (panitumumab 
and cetuximab) for wild-type RAS/BRAF tumors (1-5) 
VEGF inhibitor therapy is particularly recommended for 
colorectal cancer originating from the midgut. However, 
BRAF V600E cancer incidence is high, and these tumors 
are larger than those arising from the left colon; therefore, 
the prognosis is generally poor (6-8). EGFR expression 
is high in left-sided colorectal cancer originating from 
the hindgut, including the rectum, and VEGF inhibitors 
are reported to improve survival significantly (9,10). 
Furthermore, a significant proportion of right-sided 
tumors have the CpG island methylator phenotype and /or 
microsatellite instability, whereas chromosomal instability 
is more common among left-sided colorectal cancer. Thus, 
the biological features of colorectal cancer show regional 
differences (7,8). Chemotherapy for Stage IV colorectal 
cancer has made considerable advances since m-FOLFOX/
FOLFIRI, although ramucirumab and ziv-aflibercept 
combined with FOLFIRI is used as second-line therapy, and 
most Phase III clinical studies used bevacizumab, for which 
genetic assay is not required (1,5). Recently, neoadjuvant 
chemotherapy (NAC) has been conducted for patients with 
non-resectable colorectal cancer, and conversion surgery is 
also performed (11,12). However, chemotherapy regimens 
that enable conversion surgery have numerous restricting 
conditions regarding metastatic lesions, and very few 
reports exist that present a comprehensive understanding as 
well as a unified approach.

Therefore, this retrospective study was performed to 
evaluate the efficacy and safety of NAC with a molecular-
targeting agent for Stage IV colorectal cancer.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/jgo-20-350). 

Methods

In patients with Stage IV colorectal cancer and remote 
metastasis in the liver and/or lungs, we preferentially 
performed surgical resection if R0 resection of the primary 
or metastatic tumors was macroscopically feasible, followed 

by adjuvant chemotherapy. When R0 resection was not 
feasible, chemotherapy was the first-line treatment, and R0 
conversion surgery (R0-CS) was always attempted. Patients 
were followed with ultrasound (US)/CT imaging evaluation 
every 3–4 months for 5 years after surgery.

The diagnosis of primary colorectal cancer was made by 
histopathological examination of biopsy specimens obtained 
at colonoscopy. Metastasis to the liver and lungs was 
evaluated by diagnostic imaging, including US or CT and /
or MRI or PET. 

As Japanese patients have a smaller physique than 
western patients, if the original B-mab XELOX regimen is 
administered (oxaliplatin 130 mg/m2 every 3 weeks) Grade 
3 adverse reactions, such as hand-foot syndrome and/or 
peripheral neuropathy, occur at a high frequency. A previous 
study on the original B-mab XELOX regimen showed that 
the incidence of hand-foot syndrome was 17% for Grade 
3 and 1.7% for Grade 4 (13). Consequently, it is often 
difficult to continue treatment beyond 3 cycles (14-16).  
Accordingly, the dosages for FOLFOX4/6 (oxaliplatin  
85 mg/m2 (17,18) and B-mab 5 mg/kg) commonly used 
in Japan were administered as a 2 weeks on/2 weeks off 
cycle, or a 4-week cycle, on an outpatient basis. In addition, 
capecitabine (2,000 mg/m2) was administered orally in a 
2 weeks on/2 weeks off cycle to complete the modified 
B-mab XELOX regimen (Figure 1) (17). This regimen was 
approved as NAC for Stage IV colorectal cancer by the 
Chemotherapy Review Committee of Tokai University 
Hachioji Hospital and the Institutional Review Board 
(IRB) of Tokai University Medical School. The protocol 
for the present retrospective study was also approved (IRB 
No. 18R-310). Of the 82 patients who have received the 
modified B-mab XELOX regimen as first-line treatment, a 
final 70 patients were evaluated. Patients were not excluded 
if they did not receive the intended 3 cycles; however, all 
70 included did receive at least 3 cycles (total: 920 cycles). 
Patients with remote metastatic lymph nodes were also 
excluded from this study. 

Outcomes

(I)	 One-year progression-free survival (1Y-PFS), 1-year 
overall survival (1Y-OS), 3Y-PFS, and 3Y-OS were 
calculated from the first day of B-mab XELOX. The 
number of cycles was also determined. 

(II)	 The RECIST Guideline (version 1.1) was used for 
assessment of response, and the objective response 
rate (CR + PR), clinical benefit rate (CR + PR + SD 
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≥6 months), dose reduction rate, and dosing interval 
prolongation rate were calculated every 3–4 months (19). 

(III)	 Adverse events during the initial  3 cycles of 
chemotherapy were evaluated by using CTCAE 
version 5 (20). 

(IV)	 The number of chemotherapy cycles before R0 
conversion surgery, survival time, and the R0 
conversion rate were determined.

Statistical analysis

Statistical analysis was conducted using SPSS version 25 
for Windows (IBM, Armonk, NY, USA). The event day 
was defined as the day when stable disease changed to 
progressive disease (PD) on ultrasound and CT scan as 
calculated from the first day of the first cycle. The 1Y-PFS, 
1Y-OS, 3Y-PFS, 3Y-OS, and median survival time (MST) 
were calculated.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by institutional/regional/national ethics/
committee/ethics board of Tokai University Medical School 
(No. 18R-310) and individual consent for this retrospective 
analysis was waived. 

Results

Since 2009, we have employed various regimens containing 
bevacizumab (B-mab) as chemotherapy for Stage IV 
colorectal cancer, conducting a total of 2,466 cycles in 
190 patients. Since April 2014, B-mab + capecitabine and 
oxaliplatin (XELOX) have been used systemically, and  
82 patients have received a total of 941 cycles. 

In this study, a total of 70 patients were evaluated. They 
comprised 27 patients (38.6%) with Stage IV recurrent 
colorectal cancer following resection of the primary tumor 
and 43 patients (61.4%) with non-resectable Stage IV 
colorectal cancer who had metastasis to the liver and/or lungs 
at diagnosis (Figure 2). Of the 27 patients with recurrent 
cancer, 19 patients had metachronous metastases (Stage I: 
2 patients, Stage II: 5 patients, and Stage III: 12 patients). 
Seventeen patients were receiving chemotherapy at the 
time of the first resection (Stage II: 1 patient and Stage III: 
16 patients). The original histopathological stage of the  
27 patients with recurrence after curative resection was 
Stage I in 2 patients (7.4%), Stage II in 5 patients (18.5%), 
and Stage III in 20 patients (74.1%) (Figure 2). In 13 of 
the 43 patients with unresectable disease (30.2%), only 
the primary tumor was resected. Four patients (9.3%) 

Day 1 15

B-mab 5 mg/kg (bi-weekly infusions/month)

Modified-Bevacizumab + XELOX (Xeloda/Oxaliplatin) regimen

Stage IV recurrent or non-resectable colorectal cancer

L-OHP  85 mg/m2 (bi-weekly infusions/month)

XELODA 2,000 mg/m2 P.O. (2 weeks on/2 

weeks off)/1 course  

Modified-Bevacizumab + XELOX (Xeloda/Oxaliplatin) regimen for stage IV 
colorectal cancer

Patients’ background & clinicopathological features: total 70 cases

Stage I:  2 cases (7.4%)                         2                                         −

          II: 5 cases (18.5%)                       5                                         1

          III: 20 cases (74.1%)                    12                                       16

primary resection alone, stage IV             13 cases/43 cases (30.2%)

primary + metastasis resections               4 cases/43 cases (9.3%)

Non-resectable stage IV + CRT                26 cases/43 cases (60.5%)

Metachronous metastases Adjuvant Tx (first resection)

· Recurrent CRC after primary resection   27 cases/70 cases (38.6%)

· Distant metastases on arrival                    43 cases/70 cases (61.4%)

Figure 1 Modified B-mab XELOX regimen. Similar to FOLFOX 
6, oxaliplatin (85 mg/m2) is administered at the outpatient 
department on days 1 and 15 (one cycle = 4 weeks). Capecitabine is 
administered for 2 weeks, followed by 2 weeks off therapy.

Figure 2 Background data and clinicopathological features of the 70 patients. 
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Bevacizumab + XELOX; 36 months OS (n=70)
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  (95% CI: 17.4–33.1)
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Figure 3 Kaplan-Meier curves. (A) 1Y-PFS was 28.5% (MST: 7.4 months; 95% CI: 5.5–9.2; follow-up rate: 74.3%). (B) 1Y-OS was 76.6% 
(MST not reached; follow-up rate: 74.3%).

Figure 4 Kaplan-Meier curves. (A) 3Y-PFS was 5.2% (MST: 7.4 months; 95% CI: 5.5–9.2; follow-up rate: 52.9%). (B) 3Y-OS was 26.4% 
(MST: 25.2 months; 95% CI: 17.4–33.1; follow-up rate: 52.9%).

underwent R0/R1 resection of both the primary tumor 
and a metastatic lesion. Of these 4 patients, 2 patients had 
peritoneal dissemination, and 1 patient had multiple liver 
metastases. Twenty-six of these 43 patients (60.5%) received 
chemoradiotherapy (CRT) (Figure 2). 

Outcomes

(I)	 The survival rate was as follows: the 1Y-PFS was 
28.5% (MST: 7.4 months) (Figure 3A), and 1Y-OS was 
76.6% (MST: not reached) (Figure 3B). The 3Y-PFS 
was 5.2% (MST: 7.4 months) (Figure 4A) and 3Y-
OS was 26.4% (MST: 25.2 months) (Figure 4B). The 
mean and median number of treatment cycles was 
13.1 and 10.5, respectively. 

(II)	 In terms of the objective tumor response, CR was 
not achieved, while PR was obtained in 20 patients 
(28.6%), SD in 24 patients (34.3%), and PD occurred 

in 26 patients (37.1%). The objective response rate 
was 28.6% (20 patients), and the clinical benefit rate 
was 58.6% (41 patients) (Table 1). Dose reduction was 
required in 11 patients (15.7%), including 3 patients 
with PR (27.3%), 5 patients with SD (45.5%), and 
3 patients with PD (27.3%). The dosing interval 
was prolonged in 41 patients (58.6%), comprising 
15 patients with PR (36.6%)/ 16 patients with SD 
(39.0%), and 10 patients with PD (24.4%) (Table 1). 

(III)	 The following adverse events were observed: 
palmar-plantar erythrodysesthesia syndrome (hand-
foot syndrome) in 52 patients (74.3%) (Grade 1in  
51 patients and Grade 2 in 1 patient), peripheral 
sensory neuropathy in 3 patients (4.3%) (Grade 1 in 
all 3 patients), leukopenia (white blood cell decreased) 
in 19 patients (27.1%) (Grade 1 in 15 patients, Grade 
2 in 3 patients, and Grade 3 in 1 patient), hypertension 
in 66 patients (94.3%) (Grade 1 in 27 patients, 
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Grade 2 in 35 patients, and Grade 3 in 4 patients;  
21/66 patients had pre-existing hypertension that was 
being treated), diarrhea in 14 patients (20.0%) (Grade 
1 in 12 patients, Grade 2 in 1 patient, and Grade 3 in 
1 patient), and nausea in 27 patients (38.6%) (Grade 
1 in 26 patients and Grade 2 in 1 patient]. All these 
adverse events resolved with conservative management 
(Table 2). A single Grade 4 event (perforation of the 
primary tumor) was observed in 1 patient (1.4%)  
(Table 2). 

(IV)	 Surgical conversion was achieved in 7 patients (10% 
conversion rate). The resection sites in these patients 
were as follows: primary + liver in 2 patients, primary 
+ lung in 1 patient, liver alone in 3 patients, and 
primary alone in 1 patient. The R0-CS rate was 71.4% 

(5/7 patients). The number of treatment cycles in 
patients receiving R0 conversion surgery ranged from 
3 to 10 (mean: 7.3, median: 6.5). Their postoperative 
survival time ranged from 1 to 26 months (MST:  
8 months).

Discussion

We previously reported the minimally effective cytotoxic 
dose (MECD) theory concerning the optimum dosages of 
chemotherapy agents for Japanese and elderly patients (21).  
Dosages of chemotherapy agents in western countries are 
usually based on the maximum-tolerated dose (MTD) and 
dose-limiting toxicity (DLT), which are determined from 
the results of multicenter randomized controlled trials 
(22,23). The dose is calculated from the body surface area. 
However, Japanese people are smaller than Westerners. 
Japanese individuals with a height of 180 cm and a weight 
of 80 kg are not very common. Hence, regimens designed 
for western patients may not be tolerated, and suspension, 
dose reduction, or discontinuation of treatment is required 
in many patients (14-16). Accordingly, modified FOLFOX6 
(oxaliplatin at 85 mg/m2) has become popular in Japan 
(17,18) because it is associated with a lower incidence and 
grade of peripheral neuropathy, which is also more likely 
to resolve. In the present study, Grade 3–4 adverse events 
were not observed in palmar-plantar erythrodysesthesia 
syndrome (hand-foot syndrome) and peripheral sensory 
neuropathy. All the events observed were mild, and only one 
case of Grade 3 leukopenia was seen (1.4%). For the IRIS 
regimen proposed in Japan, irinotecan is often administered 
at 80–100 mg/m2. Accordingly, oxaliplatin or irinotecan 
is administered at a dose of 85 mg/m2 in our Department. 
We use B-mab XELOX for the following reasons: (I) no 

Table 1 Objective tumor response

Tumor response All (n=70)
Dose 

reduction rate 
(n=11, 15.7%)

Dose-interval 
prolongation rate 

(n=41, 58.6%)

Best overall response, n (%)

CR 0 (0.0) 0 (0.0) 0 (0.0)

PR 20 (28.6) 3 (27.3) 15 (36.6)

SD 24 (34.3) 5 (45.5) 16 (39.0)

PD 26 (37.1) 3 (27.3) 10 (24.4)

Objective response 
rate, n (%)*

20 (28.6) 3 (27.3) 15 (36.6)

Clinical benefit rate, 
n (%)#

41 (58.6) 8 (72.7) 28 (68.3)

*, defined as CR + PR; #, defined as CR + PR + SD ≥6 months. 
CR, complete response; PR, partial response; SD, stable 
disease; PD, progressive disease.

Table 2 Incidence and grade of adverse events according to CTCAE version 5 (JCOG)

Adverse event Grade 1, n (%) Grade 2, n (%) Grade 3, n (%) Grade 4, n (%)

Palmar-plantar erythrodysesthesia syndrome (hand foot syndrome) 51 (72.9) 1 (1.4) 0 (0.0) 0 (0.0)

Peripheral sensory neuropathy 3 (4.3) 0 (0.0) 0 (0.0) 0 (0.0)

White blood cell decreased 15 (21.4) 3 (4.3) 1 (1.4) 0 (0.0)

Hypertension 27 (38.6) 35 (50.0) 4 (5.7) 0 (0.0)

Fever 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

Bleeding/perforation 0 (0.0) 0 (0.0) 0 (0.0) 1 (1.4)

Diarrhea 12 (17.1) 1 (1.4) 1 (1.4) 0 (0.0)

Nausea 26 (37.1) 1 (1.4) 0 (0.0) 0 (0.0)
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need for reservoir implantation or extended continuous 
intravenous drip infusions, (II) short outpatient visits on 
days 1 and 15 of each cycle, and (III) oral treatment at 
home for 2 weeks (24). Dose reduction was required in only 
15.7%, whereas prolongation of the dosing interval was 
frequent and needed in 58.6%. However, more than 80% of 
these patients could receive DIV every other week (days 1 
and 15), followed by three weeks off without dose reduction 
(data not shown). For example, adjuvant XELOX for Stage 
III CRC patients at 6 months after surgery is oxaliplatin at 
85 mg/m2+85 mg/m2/×6 cycles over 24 weeks (total dose: 
1,020 mg) at an outpatient clinic, rather than 130 mg/m2 
of oxaliplatin every 3 weeks ×8 cycles over 24 weeks (total 
dose: 1,040 mg). The modified/XELOX regimen is safe, 
and there is no dose suspension, dose reduction, or drop-
outs. Adverse events were mild. It seems that the modified 
dosages were not insufficient and were at least equivalent to 
the original regimen, taking into consideration the smaller 
body size of Japanese patients. Leukopenia was observed 
in 19 patients (27.1%) (Grade 1 in 15 patients, Grade 2 in 
3 patients, and Grade 3 in 1 patient), and the incidence of 
severe myelosuppression was low. 

I f  s evere  mye lo suppre s s ion  occur s  fo l lowing 
chemotherapy, the patient may be admitted to receive 
granulocyte colony-stimulating factor (G-CSF). More 
than 90% of the patients in the present study had a P.S. 
of 0–2, which allows outpatient management. Among the  
19 patients with leukopenia, no patient required emergency 
admission or received G-CSF. A high QALY, high QOL, 
and long PFS and OS were considered to be achieved by 
B-mab XELOX therapy (25,26). 

Among patients with non-resectable advanced or 
recurrent Stage IV colorectal cancer without abdominal 
symptoms, systemic chemotherapy has recently been used 
as first-line therapy in patients with liver or lung metastasis. 
Subsequently, R0-CS is conducted if the tumor becomes 
macroscopically undetectable and R0 surgery is considered 
feasible (11,12). A previous study showed that hepatic 
arterial infusion resulted in high response rates, and another 
reported that resection may be achieved in liver metastases 
that were previously unresectable (27,28). However, recent 
advances in systemic chemotherapy indicate that the high 
response rates to hepatic arterial infusion do not affect 
long-term prognosis (29-31). Some colorectal cancer 
patients develop metastasis to the liver and/or lungs soon 
after resection of the primary tumor. In such patients, the 
response to chemotherapy should be evaluated, and the 
optimal timing for surgical resection of the metastatic 

lesions should be determined. However, to determine the 
optimum timing of conversion surgery, long-term studies 
are required to accumulate more data to better assess the 
relapse rate and incidence of metastasis. The conversion 
rate was low in the present series and only achieved in 
seven patients (10%). In five of these patients (71.4%) no 
macroscopic tumor was observed after surgery. Some of the 
study patients have been followed up for 4 years, and many 
have residual liver metastasis. These patients may benefit 
from multidisciplinary treatment; however, follow-up of 
more patients and for a more extended period is needed to 
obtain further data. Many unanswered questions remain, 
including the optimum number of adjuvant chemotherapy 
cycles, the adequacy of oral chemotherapy alone, and the 
appropriateness of discontinuing chemotherapy.

Conclusions

Bevacizumab in combination with XELOX showed 
promising OS in our study. Given the efficacy and toxicity 
data obtained in this study, it is possible that this treatment 
may become acceptable for Stage IV colorectal cancer 
patients in Japan. 
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