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  Purpose: Fluorouracil (5-FU) and leucovorin combina-
tion therapy have shown synergistic or additive effect 
against advanced colorectal cancer, but the frequency 
of mucositis and diarrhea is increased. Most previous 
studies have used high dose leucovorin (300～500 
mg/m2). However, some studies of oxaliplatin and 5-FU  
with low-dose or high-dose leucovorin in Korea have 
shown similar response rates. Therefore, we studied the  
necessity of leucovorin and evaluated the objective 
tumor response rates and toxicities of a regimen of 
oxaliplatin and 5-FU without leucovorin every 2 weeks 
in metastatic colorectal cancer patients. 
  Materials and Methods: Twenty-four patients with meta-
static colorectal cancer were enrolled between January 
2002 and March 2003. Patients received 85 mg/ m2 of 
oxaliplatin on day 1, a bolus 5-FU 400 mg/m2 on day 1  
and a continuous 5-FU infusion at 600 mg/m2/ 22 hours 
days 1 and 2, every 2 weeks.

 Results: Of the 24 patients treated, 17 patients received 
previous 5FU with leucovorin and/or other chemoth- 
erapy. Three patients could not be evaluated. Five partial 
responses were observed with overall response rate of 
21% (n=24). Of the previous chemotherapy group (n= 17), 
4 partial responses were observed  with response rate  
of 24% . Median overall survival was 18 months (range 4～
32 months) and median progression free survival was 4  
months (range 2～6 months). This regimen was well 
tolerated and only 1 grade 3 anemia was observed.
  Conclusion: Oxaliplatin/5-FU combination therapy with-
out leucovorin achieved a relatively high response rate  
even in patients resistant to the previous 5-FU che-
motherapy, and toxicity was minimal. (Cancer Res Treat.
2005;37:212-215)
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INTRODUCTION

  In 2002, approximately 11,000 people were newly diagnosed 
with colorectal cancer, which ranked as the 8.1% leading cause 
of death in Korea (1). For years, the treatment of metastatic 
colorectal cancer was limited to flurouracil (5-FU), but the 
effectiveness of single therapy was represented by poor 
response rates and dismal survival. The introduction of bio-
chemical modulators such as leucovorin or levamisole 
improved the response rate, but overall survival and progression 
free survival have remained unaffected. And various modifi-
cations of the 5-FU infusion schedule, such as continuous 
infusion or chronomodulation, have resulted in only borderline 
improvement (2). 
  Especially in the comparison study of 5-FU alone versus 5-FU 
with high-dose or low-dose leucovorin, only the high- dose 

leucovorin regimen displayed a significant improvement in 
response rates which was not seen with low dose leucovorin 
(3). Additionally, the 5-FU and leucovorin regimen was associ-
ated more frequently with mucositis and diarrhea than the 5-FU 
alone treatment regimen (3,4). 
  Oxaliplatin forms reactive platinum complexes, which are 
believed to inhibit DNA replication and transcription by form-
ing interstrand and intrastrand cross-linking of DNA molecules. 
In vitro oxaliplatin inhibits colorectal tumor cell lines resistant 
to cisplatin and carboplatin (5). Response rates as a single agent 
in metastatic colorectal cancer reached 10～24% in phase II 
trials (6,7). 
  In previous FOLFOX studies, oxaliplatin in combination with 
5-FU and leucovorin usually used the high dosage of leucovorin 
(200～500 mg/m2), and had shown good therapeutic response 
in metastatic colorectal cancer patients who were previously 
treated. For many years, Korean medical insurance only allowed 
low dose leucovorin (20 mg/m2) therapy. The cost of high dose 
leucovorin and low dose leucovorin in the oxaliplatin plus 5-FU 
with leucovorin regimen was approximately 200,000 and 20,000 
won lespectively. However, in the previous FOLFOX studies 
in Korea, the effects of oxaliplatin/5-FU with high-dose and 
with low-dose leucovorin were similar (8). Therefore, we 
studied the necessity of leucovorin and evaluated the objective 
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Table 1. Patient characteristics
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

Not evaluated/entered 3/24
Age, years

Median 63
Range 37～74

Sex, Female/Male 15/9
Performance

1 13
2 11

Primary site
Colon 15
Rectum  9

Previous treatment
Operation 19
Adjuvant chemotherapy 17
Adjuvant radiotherapy  8

Metastatic site
Liver 13
Lung  8
Lymph node  3
Peritoneum  3
Ovary  1

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

tumor response rates and toxicities to a regimen of oxaliplatin 
and 5-FU without leucovorin every 2 weeks on metastatic 
colorectal cancer patients.

MATERIALS AND METHODS

    1) Patient evaluation

  Patients were required to have histologically proven colore-
ctal adenocarcinoma, bidimensionally measurable lesions, ECOG 
performance status less than or equal to 2, adequate bone 
marrow, renal and hepatic function. Clinical, biologic, and 
radiologic assessments had to be performed before the start of 
treatment and after the treatment had commenced. We retro-
spectively reviewed the charts of these patients. 

    2) Chemotherapeutic regimen and dose modification

  Chemotherapy consisted of oxaliplatin (85 mg/m2
 on day 1) 

as a 2-h infusion followed by bolus 5-FU (400 mg/m2 on day 
1), and 5-FU 24-hour infusion 600 mg/m

2 on day 1 and 2. 
Treatments were repeated every two weeks. Treatment was 
delayed for up to 2 weeks if the absolute number of neutrophils 
was lower than 1,500/μl; platelets count was lower than 
100,000/μl. The 5-FU dose was reduced by 25% for subse-
quent courses after National Cancer Institute Common Toxicity 
Criteria (NCI-CTC) grade 3 diarrhea, or mucositis had occur-
red. The dose of oxaliplatin was reduced by 25% in subsequent 
cycles if there was NCI-CTC grade 2 neurotoxicity. If NCI- 
CTC grade 3 neurotoxicity was occurred, treatment was discon-
tinued. Treatments were continued until there were disease 
progression, unacceptable toxic effects, or the patient refused 
further treatment.

    3) Pretreatment and follow-up evaluation

  Before the first and each treatment courses, a physical exami-
nation including a neurologic examination, routine hematology 
and biochemistry analyses, and chest x-ray were performed. 
The serum CEA levels were determined every two cycles if the 
CEA was previously elevated. CT scans were performed to 
define the extent of the disease in the pretreatment evaluation. 
Tumor size was measured by CT scan, x-ray, or any other 
technique every 4 cycles or sooner if there was evidence of 
any clinical deterioration. Patients were assessed before starting 
each 2 weeks cycle using the NCI-CTC.

    4) Assessment of response

  Anti-tumor activity was evaluated according to the WHO 
criteria (9), and dose intensity was calculated as the total 
cumulative dose divided by duration of dosing. The relative 
dose intensity was calculated as the dose-intensity divided by 
the planned dose-intensity, multiplied by 100.

    5) Statistical analysis

  Survival times were calculated from the start of the study 
treatment until death. Progression free survival was calculated 
from the first day of the chemotherapy to the date of progres-
sive disease. Progression free survival and overall survival 
curves were obtained using the Kaplan-Meier method. Response 
duration was calculated from the date of response confirmation 
to the date of disease progression.

RESULTS

    1) Patient characteristics

  Between January 2002 and March 2003, 24 metastatic 
colorectal cancer patients received the study drugs at St. 
Vincent's Hospital. Three patients could not be evaluated for 
this study, because two patients were lost to follow up and 1 
patient died, which was not drug related. The patient's charac-
teristics are listed in Table 1. In the patients with previous adju-
vant therapy, 14 patients have relapsed within 12 months and 
3 patients have relapsed after 12 months of the last dose of 
adjuvant therapy.

    2) Toxicity

  A total of 120 cycles were evaluated for toxicity, and the 
incidence of toxicity was summarized in Table 2. This regimen 
was well tolerated and only one grade 3 anemia was observed. 
The most common non-hematologic toxicities were neurotoxi-
city, nausea/ vomiting, and diarrhea. One patient died due to 
pneumonia after a single cycle, however she did not have 
neutropenia. There were no treatment-related deaths in this 
study. The relative dose intensities of oxaliplatin and 5-FU 
were 99.2% and 99.2% of the planned doses. 

    3) Efficacy

  The median number of cycles was 6 (range 1～9). Of the 
21 evaluated patients, 5 patients achieved a partial response, 7 
patients had stable disease, and 9 patients had progressive 
disease. The response rate was 21% by the intention to treat 
analysis, and 24% by the per protocol analysis. The median 
overall survival was 18 months (range 4～32 months), and the 
median progression free survival was 4 months (range 2～6 
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Table 2. Toxicity
󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚󰠚

Toxicity grade
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

Grade I (%) Grade II (%) Grade III (%) Grade IV (%)
󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏
Hematologic toxicity per course (n=120)

Anemia 36 (30%) 14 (11.6%) 1 (0.8%) -
Leukopenia 19 (15.8%) 12 (10%) - -
Thrombocytopenia 12 (10%)  4 (3.3%) - -

Non-hematologic per person (n=24)
Nausea/Vomiting  3 (13%)  2 (8%) - -
Mucositis  1 (4%) - - -
Diarrhea  2 (8%)  1 (8%) - -
Neuropathy  5 (21%)  1 (4%) - -

󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏󰠏

months). The response rate of untreated group (n=7) was 14%, 
and the response rate of previous treat group (n=17) was 24%. 
The median progression free survival of untreated group and 
previous treated group was same (4 months). Relapsed patients 
within 12 months of the last dose of adjuvant therapy (n=14) 
had a 14% response rate. 

DISCUSSION

  5FU and leucovorin modulation increases the response rate 
but has no major impact on survival (2). Presently, the monthly 
5-day bolus Mayo Clinic regimen is commonly used as a 
control treatment in phase III trials (10). In a previous trial, a 
bimonthly schedule of leucovorin and bolus-plus-infusion 5FU 
proved superior in response rate (32.6% v 14.5%), progression 
free survival (27.6 v 22.0 weeks), and toxicity (grade 3 or 4 
in 11.1% v 22.9%) than the Mayo Clinic regimen (11). 
  The addition of oxaliplatin to 5-FU and leucovorin doubled 
the response rate and progression-free survival among with 
metastatic colorectal cancer (12). The response rates of oxali-
platin, 5-FU, and leucovorin regimens in chemotherapy naive 
metastatic colorectal carcinoma were 30～51% (8,12,13). Among 
these regimens, a bimonthly oxaliplatin, high leucovorin (200 
mg/m2) and bolus-plus-infusion 5-FU regimens (FOLFOX 4) in 
first line therapy had high response rate of 50.7% and long 
progression free survival of 9 months (12). However, medical 
insurance in Korea allowed using low dose leucovorin (20 
mg/m2) in oxaliplatin and 5FU with leucovorin regimens. 
Biweekly oxaliplatin combined with low dose leucovorin (20 
mg/m

2) and bolus and continuous infusion 5-FU as first line 
therapy had response rate of 40% and progression free survival 
of 6.6 months in Korea (8).
  In the 5-FU and leucovorin resistant metastatic colorectal 
carcinoma, the response rates of oxaliplatin, 5-FU, and leuco-
vorin regimens were 18～46% (14～18). Among these regimens, 
a bimonthly oxaliplatin, high-dose leucovorin (200 mg/m2) and 
5-FU infusion regimens (FOLFOX3, FOLFOX 4) in 5-FU 
pretreated colorectal carcinoma had a response rate of 20.6% 
and progression free survival of 4.7 months (18).
  In Korea, four studies of oxaliplatin combined with leuco-

vorin and 5-FU in 5-FU pretreated metastatic colorectal carci-
noma were performed. The studies of oxaliplatin (150 mg/m2) 
combined with the Mayo Clinic regimen {leucovorin (20 mg/ 
m

2
) and 5-FU (425 mg/m

2
) for 5 days} repeated in 4-week and 

oxaliplatin (130 mg/m2) combined with 5-FU (500 mg/m2) 
bolus followed continuous infusion 5-FU (3000 mg/m

2) and 
leucovorin (100 mg/m2

) had each response rate of 25%, 27% 
and progression free survival of 6.3, 6 months (19,20).
  Biweekly oxaliplatin (85 mg/m

2) combined with leucovorin 
(150 mg/m2

) and 5-FU (400 mg/m
2
 bolus and 2,400～1,000 

mg/m2 infusion, D1-2) regimen as second line therapy had 
response rate of 28% and progression free survival of 5.9 
months (21). Additionally, biweekly oxaliplatin (85 mg/m

2
) 

combined with leucovorin (20 mg/m2) and 5-FU (1,200 mg/m2 
infusion, D1-2) had response rate of 42% and progression free 
survival of 4 months (22).
  Our study showed response rates of a previous treat group 
of 24% and median progression free survival of 4 months. The 
results of this study demonstrate that oxaliplatin and 5-FU 
without leucovorin bimonthly regimen showed relatively similar 
response rate and progression free survival in previous studies 
which used high-dose and low-dose leucovorin (14～22).
  In the view of toxicity, the 5-FU and leucovorin regimen was 
characterized by more frequent mucositis and diarrhea than the 
5-FU only regimen (3,4). Our study showed a very tolerable 
toxicity profile. The toxicity and tolerability profiles of the 
regimens evaluated in this study were similar in previous 
studies, but with lower intensity to those reported by others 
studies (19～22).

CONCLUSIONS

  Oxaliplatin/5-FU combination therapy without leucovorin 
achieved relatively high response rate even in patients resistant 
to the previous 5-FU chemotherapy, and toxicity was minimal. 
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