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Abstract
Background
Combination chemotherapy with oxaliplatin plus 5-fluorouracil/leucovorin (FOLFOX) has become a standard regimen for colorectal cancer. An increase of adverse events with combination chemotherapy is predicted in elderly patients, and it remains controversial whether they should receive the same chemotherapy as younger patients. Accordingly, this study of modified FOLFOX6 (mFOLFOX6) therapy was performed to compare its safety between elderly and non-elderly patients.

Methods
We prospectively studies 14 non-elderly patients aged <70 years old and 8 elderly patients aged ≥ 70 years with unresectable advanced/recurrent colorectal cancer who received mFOLFOX6 therapy during the period from March 2006 to March 2007. Adverse events and the response to treatment were compared between the elderly and non-elderly groups.

Results
The main adverse events were neutropenia and peripheral neuropathy, which occurred in 62.5% (≥ grade 3) and 87.5% (≥ grade 1) of elderly patients. The grade and frequency of adverse events were similar in the elderly and non-elderly groups. In some patients with neutropenia, treatment could be continued without reducing the dose of oxaliplatin by deleting bolus 5-fluorouracil. A correlation was found between the cumulative dose of oxaliplatin and the severity of neuropathy, and there were 2 elderly and 3 younger patients in whom discontinuation of treatment was necessary due to peripheral neuropathy. The median number of treatment cycles was 10.0 and 9.5 in the non-elderly and elderly groups, respectively. The response rate was 60.0% in the non-elderly and 50.0% in the elderly group, while the disease control rate was 100% and 83.3% respectively, showing no age-related difference.

Conclusion
mFOLFOX6 therapy was well-tolerated and effective in both non-elderly and elderly patients. However, discontinuation of treatment was sometimes necessary due to peripheral neuropathy, which is dose-limiting toxicity of this therapy.


Electronic supplementary material
The online version of this article (doi:10.​1186/​1756-9966-28-109) contains supplementary material, which is available to authorized users.

Background
A high response rate has been reported for FOLFOX therapy that includes oxaliplatin in patients with unresectable advanced/recurrent colorectal cancer, and this therapy is now established as one of the standard treatment option [1, 2]. Since the introduction of oxaliplatin to Japan in April 2005, FOLFOX therapy has also become widely used in this country and is recommended as one of the standard treatments [3]. There are a number of versions of FOLFOX therapy among which modified FOLFOX6 (mFOLFOX6) allows more convenient administration and has been adopted by many medical institutions in association with popularization of outpatient chemotherapy. However, there have been few adequate investigations into the safety and efficacy of mFOLFOX6 therapy. A rapid increase in the incidence of colorectal cancer among elderly Japanese persons is anticipated in the future, considering the current long average life span and the increase in the incidence and mortality of colorectal cancer in Japan. However, it remains controversial as to whether the same multi-drug chemotherapy employed for younger patients should also be given to elderly patients, because an increase in the severity of adverse events is likely in the elderly due to the decline of organ function associated with ageing. Accordingly, the present study was performed to examine the safety and efficacy of mFOLFOX6 therapy in patients over 70 years old.

Subjects and methods
Subjects
A multicenter study on the treatment of unresectable advanced/recurrent colorectal cancer was started in 2006 by the Sanin Study Group on colorectal cancer (SSCC). To determine whether mFOLOFX6 could be used safely to treat unresectable advanced/recurrent colorectal cancer in elderly patients, the present study (SSCC-0601) was also performed by the SSCC.
Patients who met the following eligibility criteria and received mFOFOX6 therapy at any of the three participating institutions (Division of Surgical Oncology, Faculty of Medicine, Tottori University; Department of Digestive and General Surgery, Faculty of Medicine, Shimane University; and Department of Surgery, Shimane Prefectural Central Hospital) during the period from March 2006 to March 2007 were enrolled.
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 Good Clinical Practice guidelines.
The eligibility criteria were histologically proven unresectable colorectal adenocarcinoma; adequate bone marrow, liver, and renal function; Eastern Cooperative Oncology Group (ECOG) performance status (PS) <2; age >20 years at the time of enrolment; and expected survival time >12 weeks. Any previous chemotherapy (only 1 regimen was allowed) must have been completed at least 28 days before enrolment. Postoperative adjuvant therapy was not counted as prior chemotherapy. Patients with multiple malignancies, comorbidities that could influence the outcome, prior radiotherapy, pregnancy or lactation, symptomatic peripheral neuropathy, or a history of serious drug hypersensitivity were excluded. Written informed consent was obtained from all of the subjects.

Treatment schedule
An implantable port and a disposable pump were employed so that chemotherapy could be administered on an outpatient basis. An outline of the administration method for mFOLFOX6 therapy, in which the dose of oxaliplatin was reduced from 100 mg/m2 to 85 mg/m2, is shown in Figure 1. A 5-HT3 antagonist and a steroid were administered as premedication. A 2-hour intravenous infusion of oxaliplatin plus l-leucovorin was followed by bolus intravenous injection of 5-FU, after which 5-FU was administered by continuous infusion for 46 hours. An oral steroid was administered for 3 days from day 2 after the start of therapy. The duration of one cycle was 2 weeks.[image: A13046_2009_Article_196_Fig1_HTML.jpg]
Figure 1Schedule for mFOLFOX Therapy.




With each treatment cycle, administration was only started after confirming that all of the following criteria had been fulfilled.
(1) Hematological toxicity: leukocyte count >3,000/mm3 and platelet count >75,000/mm3.
(2) Non-hematological toxicity: Grade 2 or less according to the National Cancer Institute Common Toxicity Criteria (NCI-CTC), and Grade 1 or less for peripheral neuropathy.
(3) Even if these conditions for treatment were met, administration could be postponed at the investigator's discretion (e.g., for a rapid decrease of the leukocyte count/platelet count, occurrence of jaundice, etc).
If any of the criteria were not met, treatment was postponed. The subsequent course could be postponed for up to 21 days (excluding the scheduled day of starting administration). If administration could not be commenced during this period, the study was discontinued.

Discontinuation of therapy
Administration was continued until any of the following criteria for discontinuation were fulfilled.
(1) The patient was judged to have progressive disease (PD), including clinical PD.
(2) Adverse events occurred that made further administration difficult.
(3) The patient did not fulfill the administration criteria and the next course of treatment could not be started by 21 days after the scheduled day of administration.
(4) A second dose reduction was considered to be necessary (Table 1).Table 1Dose-Reduction Criteria and Dose to be selected at Dose-Reduction


	Item
	 	Oxaliplatin
	5-FU (bolus)
	5-FU (infusion)

	
                              Neutrophil count
                            
	
                              < 500/mm
                              
                                3
                              
                            
	85 → 85
	
                              400 → 0
                            
	2,400 → 2,400

	
                              Platelet count
                            
	
                              < 50,000/mm
                              
                                3
                              
                            
	85 → 85
	
                              400 → 0
                            
	2,400 → 2,400

	
                              Non-hematological toxicity
                            
	≥ Grade 3
	
                              85 → 65
                            
	
                              400 → 300
                            
	
                              2,400 → 2,000
                            

	
                              Skin symptoms
                            
	≥ Grade 3
	85 → 85
	
                              400 → 300
                            
	
                              2,400 → 2,000
                            

	
                              Peripheral neuropathy
                            
	
                              Grade 2
                            
	
                              85 → 65
                            
	400 → 400
	2,400 → 2,400

	
                              Acute*
                              
                                1
                              
                              laryngopharyngeal dysesthesia
                            

                              (feeling of difficulty in breathing)
                            
	 	
                              85 → 85
                            

                              Infusion time is prolonged to
                            

                              6 hours*
                              
                                2
                              
                            
	400 → 400
	2,400 → 2,400

	
                              Peripheral neuropathy
                            
	≥ Grade 3
	
                              Discontinuation
                            
	 	 
	
                              PS
                            
	≥ 3
	
                              Discontinuation
                            
	 	 

Abbreviation: PS, performance status
*1 During the period from administration of oxaliplatin to 2 hours after completion of administration.
*2 Administration of 5-FU should not be started until the completion of administration of oxaliplatin.



(5) Peripheral neuropathy of grade 3 or 4 occurred.
(6) The PS became 3 or higher.
(7) The patient refused further treatment.
(8) The investigator judged that continuation of the study was difficult for any other reason.

Endpoints
The incidence and severity of adverse events were assessed as the primary endpoints, while the duration of treatment, antitumor effect (response rate, tumor stabilization rate, and duration of response), and the safety and efficacy in elderly patients were assessed as the secondary endpoints. Adverse events and therapeutic efficacy were assessed according to the NCI-CTC (version 3) (Cancer Therapy Evaluation Program, NCI, Bethsada, Md., USA) and the RECIST guidelines (version 3) [4]. Extramural review was performed for judgment of the eligibility and handling of registered patients, as well as for safety and efficacy assessment.

Statistical analysis
The chi-square test for independence, Fisher's exact probability test, and the Mann-Whitney U test were used to compare patient characteristics, treatment status, adverse events, and antitumor effect. A probability (P) value of less than 0.05 was considered statistically significant for comparisons between the younger and elderly groups. The Kaplan-Meier method was used to estimate the time to treatment failure (TTF).


Results
Patient profile
All of the 22 patients enrolled in this study were eligible. Their median age was 66 years (range: 39–79 years), including 14 non-elderly patients with a median age of 63.5 years (range: 39–69 years: younger group) and 8 elderly patients with a median age of 74.5 years (range: 71–79 years: elderly group). Although the elderly group had a higher incidence of colon cancer (P = 0.011), there were no marked differences of the other background factors (Table 2).Table 2Patients Characteristics


	 	< 70 Years (n = 14)
	≥ 70 Years (n = 8)
	P values

	
                              Age (median)
                            
	63.5 [39–69]
	74.5 [71–79]
	-

	
                              Sex (male/female)
                            
	11/3
	5/3
	*0.3695

	
                              PS (ECOG) 0/1/2
                            
	9/5/0
	7/1/0
	**0.2505

	
                              Primary tumor Colon/rectum/colorectal
                            
	4/8/2
	7/1/0
	*0.011/0.052/0.3939

	
                              Target lesions
                            

                              liver/lung/LN/peritoneum/others
                            
	4/2/6/0/2
	4/1/1/1/1
	*0.291/0.709/0.161/
0.364/0.709

	
                              Previous surgery (+/-)
                            
	12/2
	8/0
	*0.3939

	
                              Adjuvant chemotherapy(+/-)
                            
	4/10
	2/6
	*0.6305

	
                              Previous treatment (+/-)
                            
	1/13
	1/7
	*0.6060


Abbreviation: PS, performance status; ECOG, Eastern Cooperative Oncology Group; LN, lymph node.
*P values for SEX, primary tumor, target lesions, previous surgery (+/-), adjuvant chemotherapy (+/-) and previous treatment (+/-) were calculated with the use of Fisher's exact probability test. **P values for PS were calculated with the use of Mann-Whitney U test.




Treatment status
The total number of cycles administered was 198, with a median of 10.0 cycles per patient in the younger group and 9.5 cycles in the elderly group, showing no difference (P = 0.8912 by the Mann-Whitney U test). Postponement of treatment due to toxicity occurred during 14.4% (18/125) of the treatment cycles in the younger group and 6.8% (5/73) of the cycles in the elderly group (P = 0.1907 by the chi-square test for independence).

Adverse events
Adverse events that showed a high incidence included neutropenia and peripheral neuropathy. The grade and frequency of the other adverse events were similar between the younger and elderly groups (Table 3). In 3 patients (one younger patient and 2 elderly patients) who developed grade 4 neutropenia, treatment could be continued without reducing the dose of oxaliplatin by deleting bolus 5-fluorouracil (Table 1). Peripheral neuropathy of grade 1 or more occurred at an incidence of 86.4% in the younger group and 87.5% in the elderly group (P = 0.7090), while grade 3 neuropathy occurred in 3 patients (14.3%) from the younger group and 1 patient (12.5%) from the elderly group (P = 0.7090) (Table 3). The incidence of neuropathy in relation to the number of treatment cycles is shown in Table 4. There was an increase in the incidence along with the dose of oxaliplatin, and grade 2 or worse neuropathy showed an incidence higher than 50% during the 11th cycle in the younger group and the 10th cycle in the elderly group (Figure 2).Table 3Major Adverse Events


	Grade ≥ 3
	< 70 Years (n = 14)
	≥ 70 Years (n = 8)
	P values*

	
                              Leukocytopenia
                            
	2 [14.3%]
	1 [12.5%]
	0.7090

	
                              Neutropenia
                            
	4 [28.6%]
	5 [62.5%]
	0.1347

	
                              Anemia
                            
	0 [0.0%]
	0 [0.0%]
	-

	
                              Thrombocytopenia
                            
	0 [0.0%]
	0 [0.0%]
	-

	
                              Nausea
                            
	2 [14.3%]
	0 [0.0%]
	0.3939

	
                              Anorexia
                            
	1 [7.1%]
	1 [12.5%]
	0.6060

	
                              Fatigue
                            
	1 [7.1%]
	1 [12.5%]
	0.6060

	
                              Stomatitis
                            
	1 [7.1%]
	0 [0.0%]
	0.6363

	
                              Hand-foot syndrome
                            
	1 [7.1%]
	0 [0.0%]
	0.6363

	
                              Peripheral Neuropathy
                            
	 	 	 
	   Grade ≥ 1
	12 [86.4%]
	7 [87.5%]
	0.7090

	   Grade ≥ 2
	6 [45.5%]
	4 [50.0%]
	0.5464

	   Grade ≥ 3
	2 [14.3%]
	1 [12.5%]
	0.7090


Grades of adverse events were defined according to NCI-CTC v3.0
*P values were calculated with the use of Fisher's exact probability test.


Table 4Incidence of Peripheral Neuropathy during Treatment Cycles


	< 70 Years (n = 14)

	Cycles
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16
	17

	
                              Grade1
                            
	3
	4
	6
	7
	9
	8
	7
	6
	6
	5
	2
	2
	2
	1
	1
	0
	0

	
                              Grade2
                            
	0
	1
	1
	1
	1
	2
	0
	1
	1
	2
	4
	3
	2
	1
	1
	1
	0

	
                              Grade3
                            
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1

	
                              n
                            
	14
	13
	12
	11
	11
	11
	9
	8
	7
	7
	6
	6
	4
	2
	2
	2
	1

	≥ 70 Years (n = 8)

	
                              Grade1
                            
	1
	4
	6
	5
	4
	4
	6
	4
	4
	2
	2
	1
	1
	0
	0
	0
	0

	
                              Grade2
                            
	1
	1
	0
	0
	1
	1
	0
	1
	0
	2
	1
	1
	1
	1
	0
	0
	0

	
                              Grade3
                            
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	
                              n
                            
	8
	8
	8
	7
	6
	6
	6
	5
	5
	4
	3
	2
	2
	2
	1
	0
	0


Grades of adverse events were defined according to NCI-CTC v3.0
*P values were calculated with the use of Fisher's exact probability test.


[image: A13046_2009_Article_196_Fig2_HTML.jpg]
Figure 2Occurrence of Peripheral Neuropathy in younger patients (left) and elderly patients (right). Abbreviation: G, Grade.





Duration of Treatment
The time to treatment failure (TTF) was 6.2 months in the younger group, and 4.9 months in the elderly group, being slightly shorter in the latter group (Figure 3). The major reasons for discontinuation of treatment were tumor progression in 2 patients (14.3%) and peripheral neuropathy in 3 patients (21.4%) from the younger group versus 4 patients (50.0%) and 2 patients (25.0%), respectively, in the elderly group (P = 0.0963 and 0.6199 by Fisher's exact probability test). In the younger group, there was also 1 case of discontinuation after re-resection and 2 patients discontinued treatment due to hematological toxicity (a second dose reduction was necessary according to the criteria in Table 1).[image: A13046_2009_Article_196_Fig3_HTML.jpg]
Figure 3Time to Treatment Failure (TTF). The Kaplan-Meier method was used to estimate TTF curves. Median value for each group is shown.





Response
Nineteen patients (12 from the younger group and 7 from the elderly group) could be evaluated for their response to treatment (Table 5). There were no patients with a complete response. The response rate was 60.0% in the younger group and 50.0% in the elderly group, while the disease control rate (PR+SD) was 100% and 83.3% in the younger and elderly groups, respectively. Thus, there was no difference of the response in relation to age.Table 5Antitumor Effects


	 	< 70 Years (n = 14)
	≥ 70 Years (n = 8)
	P values*

	
                              RR (%)
                            
	60.0
	50.0
	0.5490

	
                              DCR (%)
                            
	100
	83.3
	0.3750

	
                              CR/PR/SD/PD/NE
                            
	0/6/4/0/2
	0/3/2/1/1
	-


Abbreviation: CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease; NE, not evaluable; RR, response rate (CR+PR); DCR, disease control rate (CR+PR+SD).
*P values were calculated with the use of Fisher's exact probability test.





Discussion
In 1957, 5-fluorouracil (5-FU) became available clinically, and the advent of 5-FU therapy [5, 6] was followed by 5-FU/leucovorin (LV) therapy [7] that has remained standard chemotherapy for colon cancer for a very long time. After irinotecan and oxaliplatin became available, clinical studies including randomized comparative trials [8–10] of concomitant treatment with these agents and 5-FU/LV were performed. As a result, combination therapy with oxaliplatin + 5-FU/LV (FOLFOX4 or FOLFOX6) or with irinotecan + 5-FU/LV (FOLFIRI) has become standard chemotherapy for unresectable advanced/recurrent colorectal cancer in Western countries. Since the release of oxaliplatin in Japan in April 2005, FOLFOX therapy has rapidly become widespread, and it is described in the Guidelines for Management of Colon Cancer [3] (published in July 2005) as the standard therapy for unresectable advanced/recurrent colorectal cancer. FOLFOX4 therapy has thus become a standard therapeutic option for advanced/recurrent colorectal cancer in many countries. In addition, FOLFOX6 [11] therapy without bolus administration of 5-FU/LV on the second day has been developed to reduce adverse reactions and simplify treatment, and it is widely used as part of the trend for chemotherapy to be given on an ambulatory basis. Although the safety and efficacy of L-OHP+5-FU/l-LV therapy (original FOLFOX6) have already been investigated in Japan, little has been reported about mFOLFOX6 therapy, in which the dose of oxaliplatin is reduced to 85 mg/m2 (the dose covered by the Japanese national health insurance scheme) [12]. In addition, there is still no standard therapy for elderly patients with colon cancer. Generally, the pharmacokinetics of drugs in elderly patients differs from those in younger patients due to decreased organ function associated with aging [13, 14]. As a result, adequate treatment may not be provided to elderly patients compared with non-elderly patients due to fear of adverse drug reactions, and the examination of appropriate administration methods for the elderly has not been pursued adequately. In recent years, it has been confirmed that molecular-targeting drugs, including bevacizumab, are effective for colon cancer [15], and these drugs are already included as part of standard therapy in Western countries. Kabbinavar et al. reported that age had no influence on the safety of the combined administration of bevacizumab with 5FU-based chemotherapy [16], and concomitant use of a molecular-targeting drug that may be less toxic is expected to be a possible treatment option for elderly patients. Since the release of bevacizumab in Japan in June 2007, molecular targeting therapy has rapidly become widespread, however, concomitant use of bevacizumab is still often difficult in elderly patients because of concern about serious adverse events such as thrombosis and gastrointestinal perforation [15, 17, 18]. It is known that completing the administration of 5-FU/LV, irinotecan, and oxaliplatin according to the recommended schedule increases the survival time [19]. Thus, FOLFIRI and FOLFOX are still needed for combined therapy and it is considered extremely important to establish the safety of these regimens in elderly patients.
Accordingly, we examined the safety and efficacy of mFOLFOX6 therapy in elderly patients over 70 years old when the dose of oxaliplatin was reduced to 85 mg/m2 (the dose covered by the national health insurance scheme).
Colorectal cancer is currently the third highest cause of cancer death and the second most common cancer in Japan. Since the average lifespan is currently 78.6 years for males and 85.6 years for females, a rapid increase of elderly patients with colorectal cancer is predicted in this country. Accordingly, it is problematic if elderly patients cannot receive effective chemotherapy simply because of their age, so the establishment of safe and effective standard therapy for elderly Japanese patients is important.
In Western countries, however, it is considered possible to treat the elderly with standard therapy, provided that the performance status (PS) is good, the function of major organs is maintained, and there are no uncontrolled complications. Goldberg et al. [20] reported that Grade 3/4 neutropenia and thrombocytopenia showed higher rates in elderly patients, but there were no differences of the response rate and safety of FOLFOX therapy between elderly patients over 70 years old and younger patients as a result of meta-analysis.
In present study, the elderly group was defined as patients more than 70 years old to assess the safety and efficacy of mFOLFOX6 therapy. We found that the incidence of Grade 3–4 neutropenia tended to be higher in elderly patients than younger patients, but there was no statistical significance (62.5% vs. 28.6%, P = 0.1347). Also, the incidence and severity of other adverse events in this study were generally comparable to those reported in Western countries [20]. The regimen was tolerable and there were no deaths due to toxicity.
When setting the dose-reduction criteria and the method of administration after occurrence of adverse events, it was decided that the dose of oxaliplatin would not be reduced, and that bolus 5-FU would be deleted due to the possibility that dose-limiting hematological toxicity such as neutropenia (which showed a high incidence in this study) might be caused by rapid intravenous injection of 5-FU [21–23]. After bolus 5-FU was stopped in accordance with the dose-reduction criteria (Table 1) due to grade 4 neutropenia in 3 patients (one younger patient and 2 elderly patients) during this study, treatment could be continued safely until PD occurred. Peripheral neuropathy is a characteristic adverse reaction to oxaliplatin and is the dose-limiting toxicity of this drug. Occurrence of neuropathy is dependent on the total dose of oxaliplatin, and grade 3–4 neuropathy (NCI-CTC criteria) shows an incidence of about 15% when the total dose reaches 750 to 800 mg/m2[24]. The dose-dependent neuropathy caused by oxaliplatin is reversible after suspension/omission of the drug, and treatment using a stop-and-go strategy (with reinstitution of therapy after recovery from toxicity) achieves favorable survival [25] and is well tolerated by elderly patients over 75 years old [26]. In the present study, neuropathy showed a lower incidence than that mentioned above, but there was a similar correlation between the total dose of oxaliplatin and the severity of neuropathy in both the younger and elderly groups (Figure 2).
Although the time to treatment failure (TTF) was 6.2 months in the younger group versus only 4.9 months in the elderly group, the number of treatment cycles was 10.0 and 9.5, respectively, showing that administration of mFOLFOX6 was possible in elderly patients with a good PS. The response rate was 60.0% in the younger group and 50.0% in the elderly group, while the disease control rate was 100% and 83.3%, respectively, showing no significant difference in relation to age.
When this study was initiated in San-in, a rural region of Japan with a large elderly population, there was an urgent need to establish effective chemotherapy regimens for colorectal cancer, which has recently become much more common in Japan. Accordingly, the present study was intended to assess the feasibility of mFOLFOX6 in Japanese colorectal cancer patients, including elderly patients, with regard to the incidence and severity of adverse events. In an attempt to rapidly investigate the efficacy and safety of mFOLFOX6, the subjects were enrolled during a 1-year period. The limited duration of enrollment resulted in too small a sample size for the study to be adequately powered. Despite this, our findings suggested that mFOLFOX6 is similarly tolerable and effective for elderly patients as it is for non-elderly patients, because the therapy could be administered at its recommended dosage without causing more severe adverse events than in non-elderly patients by employing appropriate criteria for patient selection, treatment suspension, and dose reduction in consideration of factors such as the PS and comorbidities.
However, discontinuation was necessary in 12 patients (including 3 elderly patients) because of adverse reactions, and 5 patients (including 2 elderly patients) discontinued treatment due to peripheral neuropathy (the dose-limiting toxicity of oxaliplatin). Therefore, avoiding or reducing the occurrence of such adverse events is necessary for the establishment of safer standard therapy.

Conclusion
It was confirmed by the present study that mFOLFOX6 therapy, a standard chemotherapy for unresectable advanced/recurrent colorectal cancer, could be performed safely in elderly Japanese patients. The tolerability and efficacy of mFOLFOX6 therapy can be expected to be similar in the elderly, provided that the PS is good, the major organs are functioning well, and there are no uncontrolled complications.
The present findings also suggested that withdrawal of bolus 5-FU to avoid severe neutropenia might allow the continuation of treatment. Because discontinuation due to peripheral neuropathy (the dose-limiting toxicity of this regimen) was common, methods to avoid or alleviate such adverse events without reducing efficacy need to be investigated.

Acknowledgements
We deeply appreciate the assistance of Dr. Kouji Kodama (Department of Radiology, Shimane Prefectural Central Hospital), Dr. Yoshikazu Murawaki (Division of Medicine and Clinical Science, Faculty of Medicine, Tottori University), and Dr. Yoshikazu Kinoshita (Department of Digestive and Hepatic Medicine, Faculty of Medicine, Shimane University) with regard to the extramural review.

References
1.
Goldgerg RM, Sargent DJ, Morton RF, Fuchs CS, Ramanathan RK, Williamson SK, Findlay BP, Pitot HC, Alberts SR: A randomized controlled trial of fluorouracil plus leucovorin, irinotecan, and oxaliplatin combinations in patients with previously untreated metastatic colorectal cancer. J Clin Oncol. 2004, 22: 23-30. 10.1200/JCO.2004.09.046.CrossRef

2.
Tournigand C, André T, Achille E, Lledo G, Flesh M, Mery-Mignard D, Quinaux E, Buyse M, Ganem G, Landi B, Colin P, Louvet C, de Gramont A: FOLFIRI followed by FOLFOX6 or the reverse sequence in advanced colorectal cancer: a randomized GERCOR study. J Clin Oncol. 2004, 22: 229-37. 10.1200/JCO.2004.05.113.CrossRef

3.
Japanese Society for Cancer of the Colon and Rectum: Guidelines for Management of Colon Cancer (for Physicians, Version 2005). 2005, Tokyo: Kanehara & Co., Ltd

4.
Therasse P, Arbuck SG, Eisenhauer E, Wanders J, Kaplan RS, Rubinstein L, Verweij J, Van Glabbeke M, van Oosterom AT, Christian MC, Gwyther SG: New guidelines to evaluate the response to treatment in solid tumors. J Natl Cancer Inst. 2000, 92: 205-216. 10.1093/jnci/92.3.205.CrossRef

5.
The advanced colorectal meta-analysis project: Modulation of fluorouracil by leucovorin in patients with advanced colorectal cancer: evidence in terms of response rate. J Clin Oncol. 1992, 10: 893-903.

6.
Davis HL: Chemotherapy of large bowel cancer. Cancer. 1982, 50: 2638-2646. 10.1002/1097-0142(19820815)50:4<646::AID-CNCR2820500405>3.0.CO;2-0.CrossRef

7.
O'Connell MJ: A phase III trial of 5-fluorouracil and leucovorin in treatment of advanced colorectal cancer. Cancer. 1989, 63: 1026-1030. 10.1002/1097-0142(19890315)63:6+<1026::AID-CNCR2820631307>3.0.CO;2-R.CrossRef

8.
Rothenberg ML, Oza AM, Bigelow RH, Berlin JD, Marshall JL, Ramanathan RK, Hart LL, Gupta S, Garay CA, Burger BG, Le Bail N, Haller DG: Superiority of oxaliplatin and fluorouracil-leucovorin compared with either therapy alone in patients with progressive colorectal cancer after irinotecan and fluorouracil-leucovorin: interim Results of a phase III trial. J Clin Oncol. 2003, 21: 2059-2069. 10.1200/JCO.2003.11.126.CrossRef

9.
de Gramont A, Figer A, Seymour M, Homerin M, Cassidy HJ, Boni C, Cortes-Funes H, Cervantes A, Freyer G, Papamichael D, Le Bail N, Hendler D, de Braud F, Wilson C, Morvan F, Bonetti A: Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment in advanced colorectal cancer. J Clin Oncol. 2000, 18: 2938-2947.

10.
Giacchetti S, Perpoint B, Zidani R, Le Bail N, Faggiuolo R, Focan C, Chollet P, Llory JF, Letourneau Y, Coudert B, Bertheaut-Cvitkovic F, Larregain-Fournier D, Le Rol A, Walter S, Adam R, Misset JL, Lévi F: Phase III multicenter randomized trial of oxaliplatin added to chronomodulated fluorouracil-leucovorin as first-line treatment of metastatic colorectal cancer. J Clin Oncol. 2000, 18: 136-147.

11.
Maindrault-Goebel F, Louvet C, André T, Carola E, Lotz JP, Molitor JL, Garcia ML, Gilles-Amar V, Izrael V, Krulik M, de Gramont A: Oxaliplatin added to the simplified bimonthly leucovorin and 5-fluorouracil regimen as second-line therapy for metastatic colorectal cancer (FOLFOX 6). Eur J Cancer. 1999, 35: 1338-1342. 10.1016/S0959-8049(99)00149-5.CrossRef

12.
Ishibashi K, Sobajima J, Yokoyama M, Mitsuhashi T, Miyazaki T, Nakada H, Gonda T, Nakano J, Sano M, Ishida H: Modified FOLFOX6 treatment in patients with unresectable or recurrent colorectal cancer. Japanese Journal of Cancer Clinics. 2007, 53: 57-63.

13.
Greenblatt DJ, Sellers EM, Shader RI: Drug therapy: drug disposition in old age. N Engl J Med. 1982, 306: 1081-1088.CrossRef

14.
Montamat SC, Cusack BJ, Vestal RE: Management of drug therapy in the elderly. N Engl J Med. 1989, 321: 303-309.CrossRef

15.
Hurwitz H, fehrenbacher L, Novontny W, Carwright T, Hainsworth J, Heim W, Berlin J, Baron A, Griffing S, Holmgren E, Ferrara N, Fyfe G, Rogers B, Ross R: Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N Engl J Med. 2006, 350: 2335-2342. 10.1056/NEJMoa032691.CrossRef

16.
Kabbinavar FF, Hurwitz HI, Yi J, Sarkar S, Rosen O: Addition of bevacizumab to fluorouracil-based first-line treatment of metastatic colorectal cancer: pooled analysis of cohorts of older patients from two randomized clinical trials. J Clin oncol. 2009, 27: 199-205. 10.1200/JCO.2008.17.7931.CrossRef

17.
Kabbinavar F, Hurwitz HI, Fehrenbacher L, Meropol NJ, Novotny WF, Lieberman G, Griffing S, Bergsland E: Phase II, Randomized trial comparing bevacizumab plus fluorouracil (FU)/leucovorin (LV) with FU/LV alone in patients with metastatic colorectal cancer. J Clin oncol. 2003, 21: 60-65. 10.1200/JCO.2003.10.066.CrossRef

18.
Kabbinavar FF, Schulz J, McCled M, Patel T, Hamm JT, Hecht R, Mass R, Perrou B, Nelson B, Novotny WF: Addition of bevacizumab to bolus fluorouracil and leucovorin in first-line metastatic colorectal cancer: Results of a randomized phase II trial. J Clin oncol. 2005, 23: 3697-3705. 10.1200/JCO.2005.05.112.CrossRef

19.
Grothey A, Sargent D, Goldberg RM, Schmoll HJ: Survival of patients with advanced colorectal cancer improves with the availability of fluorouracil-leucovorin, irinotecan, and oxaliplatin in the course of treatment. J Clin oncol. 2004, 22: 1209-1214. 10.1200/JCO.2004.11.037.CrossRef

20.
Goldberg RM, Tabah-Fisch I, Bleiberg H, de Gramont A, Tournigand C, Andre T, Rothenberg ML, Green E, Sargent DJ: Pooled Analysis of Safety and Efficacy of Oxaliplatin Plus Fluorouracil/Leucovorin Administered Bimonthly in Elderly Patient With Colorectal Cancer. J Clin Oncol. 2006, 24: 4085-4091. 10.1200/JCO.2006.06.9039.CrossRef

21.
Meta-analysis Group In Cancer: Efficacy of Intravenous Infusion of Fluorouracil Compared with Bolus Administration in Advanced Colorectal cancer. J Clin Oncol. 1998, 16: 301-308.

22.
Meta-analysis Group in Cancer: Toxicity of Fluorouracil in patients With Advanced Colorectal cancer: Effect of Administration Schedule and Prognostic Factors. J Clin Oncol. 1998, 16: 3537-3541.

23.
Mosconi S, Csscinu S, Zaniboni A: The Value of Oxaliplatin in combination with continuous infusion ± Bolus 5-Fluorouracil and Levo-Folinic Acid in Metastatic Colorectal Cancer Progressing After 5FU-Based Chemotherapy: A GISCAD (Italian Group For The Study Of Digestive Tract) Cancer Phase II Trial. Tumori. 2000, 86: 465-469.

24.
Grothey A: Oxaliplatin-safety profile: Neurotoxicity. Oncol. 2003, 30: 5-13.

25.
Tournigrand C, Cervantes A, Figer A, Lledo G, Flesch M, Buyse M, Mineuer L, Calola E, Etienne PL, Rivera F, Chirivella I, Perez-Staub N, Louvet C, André T, Taban-Fisch I, de Gramont A: OPTIMOX 1: a randomized study of FOLFOX4 or FOLFOX7 with Oxaliplatin in a stop-and-go fashion in advanced colorectal cancer-a GERCOR study. J Clin Oncol. 2006, 24: 394-400. 10.1200/JCO.2005.03.0106.CrossRef

26.
Figer A, Perez-Staub N, Carola E, Tournigrand C, Lledo G, Flesch M, Barcelo R, Cervantes A, André T, Colin P, Louvet C, de Gramont A: FOLFOX in patients aged between 76 and 80 years with metastatic colorectal cancer: an exploratory cohort of the OPTIMOX 1 study. Cancer. 2007, 110: 2666-2671. 10.1002/cncr.23091.CrossRef



Competing interests
The authors declare that they have no competing interests.

Authors' contributions
AK, KK, HY, and MI conceived and designed the study, SS, AK, KK, HY, and HT collected and assembled the data, SS performed the statistical analysis, and SS wrote the manuscript. All authors have read and approved the final manuscript.


OEBPS/sidebar.gif





OEBPS/A13046_2009_Article_196_Fig1_HTML.jpg
5-FU bolus 400 mg/m?

1-Ly
o ¥ P
200 ng/nt 5-FU CI 2, 400 mg/n
L-OHP
85 mg/m’

Oh 2h 48h






OEBPS/A13046_2009_Article_196_Fig2_HTML.jpg
3

100 Posen I 100 | 0]

920 . 1 90 48 I

s Hsx» I I I g0 Hoen

[ORRCTON | 0 GIC II

60 60 I

50 1 50

40

30 1

20

10

0

123 45678 91010 121314151617 1234567 8091011213H415
Cycles of mFOLFOX6 Cycles of mFOLFOX6





OEBPS/contact.gif





OEBPS/A13046_2009_Article_196_Fig3_HTML.jpg
Probability (%) -
8 ¥ & 883 8 58 8

-
e o

70 Years (n=14)

=70 Years n=8)

(median: months)

TTF
6.2 [1.0-11.3]

4.9 [2.1-7.5+]

100

150 200 250
Dureation of Treatment ( days )





