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ABSTRACT 
Background: This study evaluated the tolerability and efficacy of intermittent oxaliplatin treatment based on 
mFOLFOX6 using oral uracil-tegafur(UFT) and leucovorin(LV) maintenance therapy in the treatment of elder-
ly patients with advanced colorectal cancer. Methods: Ten non-elderly patients (<70 years) and 8 elderly patients 
(>70 years) with advanced/recurrent colorectal cancer were enrolled in this prospective, multicenter cooperative 
group clinical trial. The mFOLFOX6 regimen was administered for eight cycles with maintenance therapy with 
oral UFT/LV treatment until progression. In cases with disease progression, mFOLFOX6 was reintroduced. Re-
sults: Grade 2 peripheral neuropathy was noted in 30.0% and 25.0% of the elderly and non-elderly patients, re-
spectively. The observed time to treatment failure (TTF) was 6.3 months in the elderly patients and 6.4 months in 
the non-elderly patients. The disease control rate was 83.3% in each group. Conclusion: Our new stop-and-go 
strategy using oral UFT/LV is well-tolerated and effective even in elderly patients. 
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1. Introduction 
Colorectal cancer is one of the most common malignan-
cies and the third leading cause of cancer death, with an 
increasing incidence in Japan [1]. FOLFOX therapy with 
oxaliplatin and infusional 5-Fluorouracil (5-FU)/levofo- 
linate (LV) has extended the median overall survival of 
the patients with advanced colorectal cancer to 2 years 
and beyond, and this therapy is now widely accepted as a 
first-line treatment for unresectable/recurrent colorectal 
cancer [2].  

The incidence of colorectal cancer is increasing, espe-
cially in the elderly, in Japan. In the treatment of elderly 
patients with colorectal cancer, a decline of organ func-
tion associated with aging raises a great disadvantage be- 
cause multi-drug chemotherapies cause severe adverse 
events. Although mFOLFOX6 therapy is well-tolerated 
and effective in elderly patients over 70 years old, dis-
continuation of treatment is sometimes necessary due to 
peripheral neuropathy [3]. 

Because oxaliplatin can lead to the development of 
specific cold-related dysesthesia and cumulative periphe- 
ral sensory neuropathy, many patients have to withdraw *Corresponding author. 
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from the oxaliplatin-containing regimen. In addition, this 
neuropathy persists for a long time after discontinuance 
of the treatment. The reduction of oxaliplatin-related peri- 
pheral neuropathy is therefore important and some studies 
have reported strategies to prevent peripheral neuropathy 
which has been reported to be associated with oxaliplatin. 

The OPTIMOX1 (Optimized Leucovorin [LV]-Fluo- 
rouracil [FU]-Oxaliplatin) and CONcePT (Combined 
Oxaliplatin Neurotoxicity Prevention Trial) studies de- 
monstrated that a stop-and-go strategy can reduce the de- 
velopment of sensory neuropathy and also has an equiv-
alent efficacy in comparison to the continuance of oxa-
liplatin-containing regimens until progression or unac-
ceptable toxicity [4]. 

5-FU is administered by bolus injection or by a conti-
nuous infusion in mFOLFOX6 and simplified LV5FU2 
regimens. Continuous infusion requires a specialized pump, 
which is inconvenient for patients [5]. Furthermore, long- 
term venous access increases the risks of infection and 
venous thrombosis.  

The oral fluoropyrimidine, UFT (tegafur-uracil), is an 
effective, well-tolerated and convenient alternative to i.v. 
5-FU and is widely used in the treatment of colorectal can- 
cer [6]. Oral UFT/LV therapy may be an alternative to conti- 
nuous or bolus injection of 5-FU and leucovorin therapy. 

The San-in Study Group on colorectal cancer (SSCC) 
started multicenter studies on the treatment of unresecta-
ble advanced/recurrent colorectal cancer in 2006. The 
present study (SSCC-0701) was a prospective study and 
carried out to evaluate tolerability and efficacy of inter-
mittent oxaliplatin treatment based on mFOLFOX6 using 
oral UFT/LV maintenance therapy in the treatment of 
elderly patients with advanced colorectal cancer. 

2. Methods 
2.1. Patient Selection 

Patients who were confirmed to be eligible for this study 
fulfilled the eligibility criteria and received mFOLFOX6 
therapy for unresectable advanced/recurrent colorectal at 
any of the three participating institutions of SSCC (Divi-
sion of Surgical Oncology, Tottori University Faculty of 
Medicine; Department of Digestive and General Surgery, 
Shimane University Faculty of Medicine; and Depart-
ment of Surgery, Shimane Prefectural Central Hospital) 
during the period from August 2007 to September 2008 
were enrolled. All Patients were diagnosed as unresecta-
ble advanced/recurrent colorectal cancer by colonoscopy 
and CT scan. 

The protocol was approved by the institutional ethics 
committees and this study was carried out according to 
the principles of the Declaration of Helsinki and Ethical 
Guidelines for Clinical Studies [7,8]. 

The eligibility criteria were as follows: histologically 
proven unresectable colorectal adenocarcinoma; >1 cm 
or a non-measurable assessable lesion; with an adequate 
function of the bone marrow, liver, and kidney; Eastern 
Cooperative Oncology Group (ECOG) performance sta-
tus (PS) <2; age > 20 years old at the time of enrollment; 
expected survival time >12 months; and no previous 
chemotherapy for unresectable colorectal cancer. Pre-
vious adjuvant chemotherapy was required to have been 
completed at least 6 months before inclusion Patients 
with multiple malignancies, prior radiotherapy, pregnan-
cy or lactation, symptomatic peripheral neuropathy, his-
tory of serious drug hypersensitivity, or any comorbidi-
ties that could influence the outcome were excluded from 
the analysis. Written informed consent was obtained 
from all participating patients. 

2.2. Treatment Schedule 
A schematic illustration of the novel stop-and-go regi-
men is displayed in Figure 1(a). The outline of mFOL-
FOX6 administration, in which the dose of oxaliplatin 
was reduced from 100 mg/m2 to 85 mg/m2, is shown in 
Figure 1(b). Patients received mFOLFOX6 for eight 
cycles (a 2-hour intravenous infusion of 85 mg/m2 oxa-
liplatin plus 200 mg/m2 leucovorin followed by a 400 
mg/m2 5-FU bolus and 46-hour infusion of 2400 mg/m2 
every 2 weeks) and then received oral daily UFT/LV 
treatment, consisting of UFT 300 mg/m2/day and LV 75 
mg/day orally in three divided doses taken at approx-
imately 8-hour intervals for 28 days every 35 days, until 
progression (Figure 1(c)). When tumor progression was 
evident, mFOLFOX6 therapy was reintroduced (Figure 1(a)). 
A 5-HT3 antagonist and a steroid were administered as 
premedication. An oral steroid was given for 3 days from 
day 2 after the start of chemotherapy. The duration of 
one cycle was 2 weeks. The use of implantable ports and 
disposable pumps allowed chemotherapy to be adminis-
tered on an outpatient basis.  

2.3. Evaluation Criteria 

Each treatment cycle was only started after confirming 
all of the following criteria. 

1) Hematological toxicity: leukocyte count >3000/ 
mm3 and platelet count > 75,000/mm3. 

2) Non-hematological toxicity: Grade 2 or less ac-
cording to the Common Terminology Criteria for Ad-
verse Events (CTCAE) v3.0, and Grade 1 or less for pe-
ripheral neuropathy [9]. 

3) The drug administration could be postponed if any 
of the patient’s condition deviate from the criteria or at 
the investigator’s discretion following harmful events, 
such as a rapid decrease in the leukocyte or platelet count  
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(a) 

 
(b) 

 
(c) 

Figure 1. Chemotherapy regimens: (a) Stop and go regimen; (b) modified FOLFOX6 (induction and reintroduction); and (c) 
UFT/LV (maintenance therapy); UFT, uracil-tegafur; LV, leucovorin. 
 
and the occurrence of jaundice, irrespective of any other 
criteria deviation. The subsequent course could be postpon- 
ed for up to 21 days (excluding the scheduled day of start- 
ing administra-tion) and the study was discontinued when 
the postponement of treatment exceeded this period. 

Computed tomography scans of measurable lesions 
were assessed within 28 days prior to the beginning of 
the treatment, repeated every four cycles or 2 months. 

2.4. Dose Reduction 

A dose reduction method was introduced to continue 
mFOLFOX6 therapy in elderly patients when grade 3 
neutropenia or thrombocytopenia occurred, while oxa-
liplatin was not reduced [3], that is, only bolus adminis-
tration of 5-FU was stopped without any reduction of the 
other drugs.  

2.5. Endpoints 

The primary assessment criterion was time to treatment 
failure (TTF). The second assessments were antitumor 
effect (response rate, tumor stabilization rate, and dura- 

tion of response), safety, and efficacy in elderly patients. 
Adverse events and therapeutic efficacy were assessed 
according to the CTCAE v3.0 and the RECIST guide-
lines (version 3) [10]. Extramural review was performed 
for judgment of the eligibility and handling of registered 
patients, as well as for safety and efficacy assessment. 

2.6. Statistical Analysis 
The Chi-square test, Fisher’s exact probability test, and 
the Mann-Whitney U test were used to compare patient 
characteristics, treatment status, adverse events, and an-
titumor effects. A probability (P) value of less than 0.05 
was considered to be statistically significant for compar-
isons between the elderly and non-elderly groups. The 
Kaplan-Meier method was used to estimate TTF. Statis-
tical analyses were performed using the JMP ver. 5.0.1 
software package (SAS institute Inc, Cary, NC). 

3. Results 
3.1. Patient Characteristics 
A total of 18 patients were enrolled in this study, includ-
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ing 10 non-elderly patients and 8 elderly patients. Their 
median age was 66.5 years old (range: 48 - 82); 61.0 
years old (range 48 - 68) in the non-elderly group and 
77.0 years old (range 71 - 82) in the elderly group. The 
baseline characteristics of the 18 eligible and treated pa-
tients are summarized in Table 1. Six patients (60%) in 
the non-elderly group and 4 patients (50%) in the elderly 
group were male. Performance status was less than 2 in 
all patients. Six patients (60%) and 7 patients (88%) in 
the non-elderly and elderly groups had colon cancer as 
primary tumor, respectively. Twelve patients had tumors 
in the liver, 4 patients in the lung, and 3 patients in the 
lymph nodes. 

3.2. Treatment Status 
The total number of mFOLFOX6-treatment cycles admi-
nistered was 188, including 129 cycles of oral UFT/LV 
as maintenance therapy. The median number of mFOL-
FOX6-treatment cycles was 9.0 (range 1 - 27) in the 
non-elderly group and 8.0 cycles (range 1 - 17) in the 
elderly group. Nine patients (50%) received the main-
tenance treatment. The median number of cycles of 
maintenance therapy was 11 cycles (range: 9 - 27) in the 
non-elderly group and 17 cycles (range: 11 - 17) in the 
elderly group. Only 3 patients (16.7%), 2 patients in the 
non-elderly group and one in the elderly group, required 
oxaliplatin reintroduction due to disease progression.  

Three patients were introduced an alternative regimen 
with bevacizumab, where one patient had residual neu-
rotoxicity and 2 patients withdrew their consent. 

3.3. Adverse Events 
Grade 2 anemia occurred in 50.0% of the elderly patients, 
and the incidence was higher than that in the non-elderly 
patients (0%) (P = 0.015). The frequency and grade of 
the other adverse events were similar in the two groups 
(Table 2). Although grade 3 neutropenia occurred in 5 
patients (4 non-elderly patients and one elderly patient), 
treatment could be continued without reducing the dose 
of oxaliplatin by deleting the bolus infusion of 5-FU. 
Grade 2 peripheral neuropathy occurred in 30.0% and 
25.0% of the non-elderly and elderly patients, respect- 
tively. Relation between the incidence of neuropathy and 
the number of treatment cycles is shown in Table 3. Al- 
though grade 2 neuropathy occurred in 4 patients in the 
non-elderly group and 1 patient in the elderly group dur- 
ing the 8th cycles of mFOLFOX6, the occurrence of neu- 
ropathy was decreased after the 9th cycles and grade 3 
neuropathy was not recognized in this study.  

3.4. Duration of Treatment 
The median TTF was 6.4 months in the non-elderly 

group and 6.3 months in the elderly group (Figure 2). No 
significant difference was found in TTF between the 2 
groups. Nine patients could not continue the initial 
mFOLFOX6 treatment. The reasons for the discontinua- 
tion of the mFOLFOX6 treatment were tumor progres- 
sion, allergy and the patient’s choice. 

Six patients in the non-elderly patients group and 3 pa-
tients in the elderly group received the maintenance 
therapy. The median duration of maintenance therapy 
with oral UFT/LV was 9 cycles in the non-elderly group 
and 17 cycles in the elderly group. The reason for dis-
continuation of maintenance therapy was the progressive 
disease in all patients. No severe adverse effect was rec-
ognized during maintenance therapy. 
 

Table 1. Baseline characteristics of the two study groups. 

 
<70 Years 
(n = 10)  

≧70 Years  
(n = 8)  

Age, y (median) 61 (48 - 68)  77 (71 - 82)  
Male 6 (60%) 4 (50%) 

Female 4 (40%) 4 (50%) 
PS (ECOG), n     

0 6 (60%) 4 (50%) 
1 4 (40%) 4 (50%) 
2 0 (0%) 0 (0%) 

Primary tumor, n     
Colon 6 (60%) 7 (88%) 

Rectum 4 (40%) 1 (13%) 
Both 0 (0%) 0 (0%) 

Target lesions, n     
Liver 6 (60%) 6 (75%) 
Lung 3 (30%) 1 (13%) 

Lymph node 1 (10%) 2 (25%) 
Previous surgery, n 7 (70%) 6 (75%) 

Prior adjvant  
chemotherapy, n 0 (0%) 4 (50%) 

Abbreviations: PS, performance status; ECOG, Eastern Cooperative Oncol-
ogy Group. Values in parentheses are percentages of row totals. 
 

 
Figure 2. Kaplan-Meier curves of time to treatment failure 
(TTF). The median TTF was 6.4 months and 6.3months in 
non-elderly patients group (●) and elderly patients group 
(○), respectively. 
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Table 2. Major adverse events of mfolfox6 with oxaliplatin stop-and-go strategy. 

 <70 Years (n = 10) ≧70 Years (n = 8) P Values* 

 Grade 2 Grade 3 Grade 2 Grade 3  
 n  n  n  n   

Leukocytopenia 3 (30.0%) 4 (40.0%) 3 (26.7%) 1 (12.5%) 0.40 
Neutropenia 0 (0.0%) 4 (40.0%) 0 (0.0%) 3 (37.5%) 0.38 

Anemia 0 (0.0%) 0 (0.0%) 4 (50.0%) 0 (0.0%) 0.02 
Thrombocytopenia 3 (30.0%) 0 (0.0%) 2 (25.0%) 0 (0.0%) 0.91 

Nausea 1 (10.0%) 0 (0.0%) 2 (25.0%) 0 (0.0%) 0.12 
Fatigue 1 (10.0%) 0 (0.0%) 1 (12.5%) 0 (0.0%) 0.41 
Aphtha 1 (10.0%) 0 (0.0%) 2 (25.0%) 0 (0.0%) 0.09 

Peripheral Neuropathy          
Grade ≥ 1 5 (50.0%)   4 (50.0%)   0.34 
Grade ≥ 2 3 (30.0%)   2 (25.0%)   0.41 
Grade ≥ 3 0 (0.0%)   0 (0.0%)    

Grade of adverse events were defined according to the CTCAE v3.0 guideline. *P values were calculated with the use of Fisher's exact probability test. Values 
in parentheses are percentages of row totals. 
 

Table 3. Incidence of peripheral neuropathy during the treatment cycles. 
cycles 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 

All                            
Grade 1 4 7 9 7 5 5 7 5 0 2 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0 0 
Grade 2 0 1 1 4 5 5 5 5 2 0 1 1 1 1 0 0 1 1 0 0 0 0 1 0 1 1 1 
Grade 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

n 18 17 17 17 17 17 14 14 9 6 6 4 4 4 4 4 4 2 2 1 1 1 1 1 1 1 1 
≥70                            

Grade 1 2 2 3 4 2 2 3 3 0 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 
Grade 2 0 1 1 1 2 2 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Grade 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

n 8 7 7 7 7 7 6 6 4 3 3 2 2 2 2 2 2 0 0 0 0 0 0 0 0 0 0 

Grade of adverse events were defined according to the CTCAE v3.0 guideline. 
 

Two patients in the non-elderly group and one in the 
elderly group required mFOLFOX6 reintroduction. The 
reintroduction rate in the eligible patients was 20% (2 of 
6 patients) in the non-elderly group and 33.3% (1 of 3 
patients) in the elderly group. The mFOLFOX6 treatment 
after maintenance therapy was not reintroduced because 
of progressive disease on mFOLFOX6 therapy in 2 pa-
tients and patient’s choice in 4 patients.  

3.5. Response 
An evaluation of the response to treatment was available 
in 12 patients (6 patients in each group). There was no 
complete response. Tumor response rate was 66.7% in 
the non-elderly group and 33.3% in the elderly group, 
while the disease control rate was 83.3% in each group. 
There was no significant difference in the disease control 
rate between the two study groups (P = 1.00). 

4. Discussion 
FOLFOX6, in which oxaliplatin at the dose of 100 

mg/m2 was added to the simplified bimonthly regimen 
with high dose LV followed by bolus and 46 hours con-
tinuous infusion of 5-FU every 2 weeks, was originally 
developed to reduce adverse reactions in 1999 [11]. This 
regimen is the most useful one among the FOLFOX re-
gimens because it is simple and can be administered on 
an ambulatory basis. A dosage of 85 mg/m2 of oxaliplatin 
in the FOLFOX regimen is approved in Japan [12]. Pe- 
ripheral sensory neuropathy is the cumulative dose-limi- 
ting toxicity of oxaliplatin and it usually resolves within 
a few months after discontinuation of treatment. Howev- 
er, some patients are distressed by this boring reaction 
for a long time. The reduction of oxaliplatin-induced 
neuropathy is therefore the current issue in continuing 
oxaliplatin treatments. Various trials have been conduc- 
ted and some possible substances, such as Ca and Mg, 
carbamazepine, glutathione, alpha lipoic acid, or amifos-
tin have been reported to be useful for the prevention of 
acute and chronic oxaliplatin-induced neurotoxicity 
[13-17]. In addition, modification of the oxaliplatin ad-
ministration schedule may be effective [4]. The notable 
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feature of the stop-and-go regimen is the use of oral te-
gafur-uracil (UFT)/leucovorin (LV) as a maintenance 
therapy and these oral agents are an effective, well-tole- 
rated, and convenient alternative to i.v. 5-FU [6].  

It has been reported that all patients who received 
mFOLFOX6 treatment developed grade 1 or worse neu-
ropathy during the 9th cycle of treatment and the inci-
dence of grade 2 or worse neuropathy was 30% during 
the 10th cycle [3]. The development of neuropathy is de-
pendent on the total dose of oxaliplatin. The incidence of 
severe neuropathy is about 15% when the total dose of 
oxaliplatin reaches 750 - 800 mg/m2 [18]. The present 
study used eight cycles of mFOLFOX6 as induction 
therapy. As a result, only five patients (27.8%) had a 
grade 2 neuropathy and no patient showed grade 3 neu-
ropathy during the 8th cycle of mFOLFOX6 treatment. 

This study demonstrated that maintenance therapy 
with oral daily UFT/LV after mFOLFOX6 is an effective 
treatment strategy for patients with unresectable advanc- 
ed colorectal cancer. The median number of cycles of 
maintenance therapy was 11 cycles. The duration was re- 
latively long and no significant difference in the duration 
of maintenance therapy was found between the non-el- 
derly and elderly groups, indicating that the maintenance 
therapy with UFT/LV was not only effective, but also 
well-tolerated even in elderly patients. 

The TTF of mFOLFOX6 therapy for unresectable ad-
vanced/recurrent colorectal cancer was 6.4 months and 
the disease control rate was 83.3% in this study. In our 
previous study, which evaluated the efficacy of mFOL-
FOX6 for elderly patients, the median TTF was 6.2 
months in the non-elderly group and 4.9 months in the 
elderly group and the disease control rate was 100% and 
83.3% in the non-elderly and elderly patients groups, 
respectively. [3] Therefore, the efficacy, TTF, and dis-
ease control rate of our stop-and-go strategy with discon-
tinuation of oxaliplatin after 8 cycles of the treatment 
followed by oral UFT/LV were same as continuing oxa-
liplatin treatment until progression. In addition, discon-
tinuation of oxaliplatin after the 8th cycle reduced the risk 
of severe toxicity. 

Reintroduction of oxaliplatin was scheduled in the 
OPTIMOX1 study, and the oxaliplatin reintroduction rate 
was as low as 40.1% [4]. The main reason for the low 
reintroduction rate was the patient’s refusal to resume the 
oxaliplatin-including regimen because of its severe ad-
verse events including peripheral neuropathy. Therefore, 
maintenance therapy with daily oral UFT/LV was con-
tinued until disease progression or toxicity in this study. 
Nevertheless, oxaliplatin reintroduction was unsuccessful, 
namely, the reintroduction rate was 20% in the non-el- 
derly group and 33.3% in the elderly group. The major 

reason was the patient choice (66.7%). Just after the start 
of the present study, bevacizumab was approved for co-
lorectal cancer patients in Japan. Therefore, most patients 
desired another regimen using bevacizumab when dis-
ease progression was recognized.  

The average life span has been prolonged in the world 
and elderly colorectal patients are increasing. Generally, 
the pharmacokinetics of drugs deteriorates in the elderly 
because of organ dysfunction associated with aging [19, 
20]. Some articles reported that severe neutropenia and 
thrombocytopenia tend to occur in elderly patients [21]. 
Meanwhile, the complete administration of the drugs as 
planned, including 5-FU/LV, irinotecan, and oxaliplatin, 
prolongs survival in patients with colon cancer [22]. 
Therefore, it is important to establish a safe regimen us-
ing active cytotoxic agents for elderly patients. The 
present study investigated the safety of this stop-and-go 
regimen in elderly patients over 70 years of age. The in- 
cidence of grade 3 or more neutropenia in elderly pa-
tients was similar to that seen in non-elderly patients 
(37.5% vs. 40.0%, P = 0.380). In addition, the incidence 
of grade 2 peripheral neuropathy in elderly patients 
(25.0%) was equivalent to that in non-elderly patients 
(30.0%). These findings indicated that this stop-and-go 
strategy is feasible for elderly patients with unresecta-
ble/recurrent colorectal cancer. In conclusion, the results 
of the present study demonstrated that 8 cycles of m 
FOLFOX6 is the optimal duration for the treatment of 
patients with advanced colorectal cancer and stop-and-go 
strategy is tolerable and effective even in elderly patients. 
Further study is warranted to establish novel stop-and-go re- 
gimens, including those using molecular targeting drugs. 

5. Conclusion 
The results of this study demonstrated that mFOLFOX6 
stop-and-go regimen with oral UFT/LV maintenance the- 
rapy is well-tolerated and effective even in elderly pa-
tients with unresectable advanced colorectal cancer. 
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