Cancer Res Treat. 2005;37(5):284-289

Combination Chemotherapy of Oxaliplatin, 5-Fluorouracil
and Low Dose Leucovorin in Patients with Advanced

Colorectal Cancer
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Purpose: The aim of this study was to evaluate the
efficacy and tolerability of the oxaliplatin, 5-fluorouracil
(5-FU) and low dose leucovorin (LV) combination in
patients with advanced colorectal cancer.

Materials and Methods: Patients with unresectable or
recurrent  colorectal carcinomas were prospectively
accrued. Up to one prior chemotherapy regimen was
allowed. Patients received oxaliplatin, 85 mg/mz, admini-
stered as a 2-hour infusion on day 1, followed by LV,
20 mg/m? as a bolus and 5-FU, 1,500 mg/m? via conti-
nuous infusion for 24 hours on days 1 and 2. Treatment
was repeated every 2 weeks until disease progression
or adverse effects prohibited further therapy.

Results: Between August 1999 and May 2004, 31
patients were enrolled in this study. Of the patients
enrolled, 24 and 31 were evaluable for tumor response
and survival analysis, respectively. The patients’ charac-
teristics included a median age of 59, with 6 (19%) having
had prior chemotherapy. No patient achieved a complete

INTRODUCTION

Colorectal adenocarcinomas are the fourth most common
malignancy both in Korea and worldwide, and the fourth most
common cause of cancer related deaths in Korea (1,2).
Approximately one half of all patients develop a metastatic
disease (3), and the prognosis for these patients is poor,
although palliative chemotherapy has been shown to prolong
survival and improve the quality of life compared to the best
supportive care (4,5).

5-Fluorouracil (5-FU), as the first line therapy, has been the
most effective single agent for more than 40 years, but has only
achieved a 10% objective response in advanced colorectal
cancer (6). Leucovorin (LV) modulation of 5-FU has been shown
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response, but nine (38%) attained a partial response.
Seven (29%) patients maintained a stable disease and 8
(33%) experienced increasing disease. The median
duration of the response was 6 months. After a median
follow-up of 9.6 months, the median time to progression
was 3.8 months, with a median survival of 10.7 months.
The hematological toxicities were mild to moderate, with
no treatment-related mortality or infection. The major
non-hematological toxicity was gastrointestinal toxicity.

Conclusion: The combination chemotherapy of oxali-
platin, low dose LV and continuous infusion of 5-FU s
safe and has a cost-benefit, but is a moderately effective
regimen in advanced colorectal cancer. A randomized
trial comparing low and high dosages of leucovorin in the
FOLFOX regimen is warranted. (Cancer Res Treat. 2005;
37:284-289)

Key Words: Colorectal neoplasm, Oxaliplatin, 5-Fluorouracil,
Leucovorin

to improve patient survival and the tumor response rate (7).

Oxaliplatin is a diaminocyclohexane platinum complex, and
similarly to cisplatin and carboplatin, its main mechanism of
action is mediated by the formation of DNA adducts.
Oxaliplatin displays in vitro activity against human colorectal
cancer cells (8), and has also exhibited in vivo synergistic
antitumor activity with 5-FU against transplantable tumor
models (9).

When used as a single agent, oxaliplatin has achieved
objective response rates between 10 and 24% in metastatic
colorectal cancer (10~12). The various schedules of chemo-
therapy with the oxaliplatin, infusional 5-FU and LV (FOLFOX)
combination have been studied, as the first line or as a salvage
treatment, in the treatment of advanced colorectal carcinomas,
but no consensus on the best regimen among the various
FOLFOX schedules yet exists. Furthermore, although most
Western studies have used intermediate to high dose LV, no
direct evidence exists for higher dose leucovorin being superior
to that of lower dose when combined with 5-FU and
oxaliplatin.

This study was performed to assess the efficacy and toxicities
of the combination chemotherapy of oxaliplatin, low dose LV
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and continuous infusion 5-FU in patients with advanced
colorectal cancer.

MATERIALS AND METHODS

1) Patients

Eligible patients had a histologically or cytologically con-
firmed adenocarcinoma of the colon or rectum, with an
unresectable or metastatic disease and a bidimensionally mea-
surable lesion. Patients were permitted to have had one prior
chemotherapy regimen, consisting of agents other than oxali-
platin in either an adjuvant or metastatic setting. In an analysis
of endpoints, patients who had received only adjuvant chemo-
therapy were categorized into the non-treated group if they had
completed treatment more than 6 months prior to registration
in this study.

The inclusion criteria also required adequate bone marrow,
renal and hepatic functions, an age younger than 75 years and
a performance status of less than or equal to 2 according to
the ECOG scale. Patients were not permitted to have CNS
metastases requiring active treatment.

Clinical and radiological assessments had to be performed
within 2 weeks prior to the start of treatment. The initial
assessment included a complete medical history and physical
examination, complete blood cell counts, chemistry profile,
CEA (carcinoembryonic antigen) measurement, urine analysis,
chest X-ray and CT scans of the abdomen, pelvis and/or chest.

2) Treatment schedule and dose modifications

Patients were treated with oxaliplatin, 85 mg/mz, admi-
nistered as a 2-hour infusion on day 1, followed by LV, 20
mg/mz, as a bolus and 5-FU, 1,500 mg/mz, via continuous
infusion for 24 hours on days 1 and 2. Treatment was repeated
every 14 days, and all patients were required to be hospitalized
for chemotherapy. A complete blood cell count was obtained
prior to the start of each treatment cycle, together with a serum
chemistry profile, CEA measurement, physical examination and
toxicity assessment.

Toxicities were evaluated and graded according to the WHO
criteria. The chemotherapy dose was adjusted according to the
complete blood cell counts, obtained immediately prior to each
cycle, and other non-hematological toxicities. The dose was
reduced by 25% if there was any grade 1 leukopenia or
thrombocytopenia; if there was any grade 2 toxicity, the
chemotherapy was delayed for at least one week until the
patient had recovered. If grade 3 mucositis or diarrhea occurred,
the LV and 5-FU was reduced by 25% in the subsequent
cycles. If grade 2 neuropathy occurred, the oxaliplatin was
reduced by 50% in the subsequent cycles, with grade 3
neuropathy resulting in the complete discontinuation of
oxaliplatin.

Treatment was continued until there were signs of disease
progression, any unacceptable toxic effect developed or the
patient refused further treatment.

3) Evaluation of clinical response

A physical examination, CEA, complete blood cell counts
and chemistry profile were obtained between days 12 and 13

of each cycle, with CT scans repeated every three cycles, or
earlier in cases of clinical deterioration.

The antitumor activity was evaluated according to the WHO
criteria. A complete response (CR) was defined as the complete
disappearance of all assessable disease for at least 4 weeks; a
partial response (PR) as a decrease of at least 50% in the sum
of the products of the diameters of measurable lesions for at
least 4 weeks; a stable disease (SD) as a decrease of less than
50% or an increase of less than 25% in the tumor size; and
a progressive disease (PD) as an increase of at least 25% or
the appearance of new neoplastic lesion (s).

The dose-intensity was calculated as the total cumulative
dose divided by the dosing duration. The relative dose-intensity
was calculated as the dose-intensity divided by the planned
dose-intensity, multiplied by 100. The planned dose-intensities,
expressed as milligrams per square meter per week, were 42.5
for oxaliplatin, 1,500 for 5-FU and 20 for LV.

4) Statistical analyses

Survival was measured from the initial date treatment began
to the date of death, or the most recent follow-up visit; the
response duration was measured from the date the response was
declared to the date progression was confirmed, or the last visit
without progression; and the time to progression was assessed
from the initial date treatment began to the date of progression,
or the last visit without progression. Estimations of all median
durations were based on the Kaplan-Meier method. Differences
between the Kaplan-Meier survival curves were tested using the
log-rank test. Comparisons of the response rates for the
different variables were performed using the Chi-square test.
The Cox-regression was used to analyze the survival according
to the relative dose intensity of each drug. All data were
analyzed using the SPSS software (version 10.0).

RESULTS

1) Patients

Between August 1999 and May 2004, a total 31 patients,
who visited Chungbuk National University Hospital, were
enrolled. The patients’ characteristics are presented in Table 1.
The median patient age was 59 years, ranging from 22 to 72,
with 4 patients older than 70 years. There were 17 male and
14 female patients. The 11, 15 and 4 patients had colon, rectal
and rectosigmoid cancers, respectively. The location of the
primary tumor was unable to be identified in one patient. The
liver was the most common site of metastasis, which was
present in 15 patients.

Of all the patients, 11 had received prior adjuvant chemo-
therapy, with 7 of these having received 5-FU based regimens.
Six patients had had previous chemotherapy within 6 months
prior to registration. The median length of follow-up of the
patients was 9.6 months, ranging from 1 to 65 months.

2) Response to treatment

A total of 127 chemotherapy cycles were administered during
this study, with a median number of cycles of 4, ranging from
1 to 10. The mean dose intensities of oxaliplatin, 5-FU and LV
were 36.2, 1,220 and 16.2 mg/mz/week, respectively. All the
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Table 1. Patients’ characteristics

Table 2. Objective response according to the variables

Characteristics Number of patients

Age(year)

Median (range) 59 (22~72)

<60 16

>60 15
Sex

Male 17

Female 14
Performance (ECOG)

0 16

1 11

2 4
Primary site

Colon 11

Rectosigmoid 4

Rectum 15

Unknown 1
Stage

II (Locally advanced) 4

IV(Metastatic or recurred) 27
Site of metastasis

Liver 15

Lung 6

Lymph nodes 6

Peritoneum 8

Others 13
Number of metastasis

0 4

1 14

2 9

>3 4
Previous treatment

Non-treated 25

Treated 6

relative dose intensities of oxaliplatin, 5-FU and LV were 85%.

Excluding those patients lost or expired prior to evaluation,
24were able to be evaluated for a response to chemotherapy.
No patient achieved a complete response, but 9 (37.5%) showed
a partial response. The intention to treat response rate for all
patients was 29%. Seven patients showed a stable disease and
8 a progressive disease on initial evaluation after the third cycle
of chemotherapy. The reasons for drop-out were referral to
other hospitals due to the patients’ wish in 2 cases, loss to
follow-up without advance notification in 1, an economic
problem in 1 and deterioration in clinical stati in a further 3.

The median duration of the response in the responders was
6 (95% confidence interval, 4.2 ~7.7) months. The comparison
of the response rates according to the patients’ characteristics
is shown in Table 2. The primary site, number of metastases
and presence of liver metastases did not affect the response
rate. There was no difference in the response rates between
previously treated and non-treated patients (33 vs. 39%, p=
0.808).

. Responder/  Response
Variables Overall rate(%) p-value
Liver metastasis
- 4/11 36 0916
+ 5/13 38
Lung metastasis
- 6/19 32 0.243
+ 3/5 60
Relative dose intensity
<85% 4/10 40 0.831
>85% 5/14 36
Previous treatment
Non-treated 7/18 39 0.808
Treated 2/6 33
100 -
g
S s0-
2
3
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Fig. 1. Overall survival curve.

3) Survival

All thirty one patients were evaluable in the survival
analyses. After a median follow-up of 9.6 months, 27 patients
had died and 4 were still alive.

The median overall survival and time to progression were
10.7 (95% confidence interval, 7.6~13.9) (Fig. 1) and 3.8 (95%
confidence interval, 2.7~5.0) months (Fig. 2), respectively.
Overall survival and time to progression according to the
variables are shown in Table 3. Although there was no
difference in the overall survival, the time to progression in the
CEA responders was longer than in the non-responders (p=
0.0083). No difference was observed between the previously
treated and non-treated groups.

4) Toxicity

The incidences of hematological and non-hematological
toxicities are summarized in Table 4. The hematological
toxicities were mild to moderate, with grades 1 and 2
leukopenia in 32 (25.1%) and 24 (18.9%) cycles. Grade 1
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Table 3. Overall survival and time to progression according to the

variables*
Variables os’ p-value TTP p-value
Primary site
Colon 10.7 0.6887 30 0.1333
Rectum 8.9 39
Number of metastasis
1 12.3 0.0715 5.8 0.0156
>2 8.5 32
CEA° response
Non-responder 9.6 0.2998 29 0.0083
Responder 12.8 7.1
Performance status
0 12.8 5.1
1 5.8 3.0
2 8.5 0.4287 23 04329
Previous treatment
Non-treated 10.7 0.6 38 0.5720
Treated 8.5 34

*all intervals are expressed in months. " overall survival, * time to
pregression, ‘response was defined as a reduction in the serum
carcinoembryonic antigen level of more than 50% that of the
baseline following chemotherapy.

100

50 1

Progression—free survival (%)

0 T T T 1
0 6 12 18 24

Months after enroliment

Fig. 2. Time to progression curve.

thrombocytopenia occurred in 32 cycles (25%). Grades 3 and
4 toxicities were rare. The major non-hematological toxicities
were nausea and vomiting. Emeses was experienced by 92.6%
of patients, but most of these were mild to moderate (either
grades 1 or 2).

Three patients (9.6%) complained of a tingling sensation at
their extremities, including one patient with hand-foot
syndrome. No patient developed azotemia. A delay in treatment
occurred in 22 cycles because of leukopenia in 13 patients, but
there was no treatment-related septicemia or mortality.

Table 4. Adverse reactions to treatment

Grade

Toxicity

L (%) 2% 3 (%) 4 (%)

Hematological (n=127)

Neutropenia 32 (25.1) 24 (189) 2 (1) O
Anemia 60 (47) 8 (7 1(0.7) 107
Thrombocytopenia 32 (25) 2 (1) 0 0
Non-hematological (n=27%)
Nausea/vomiting 13 48.1) 11 40.7) 1 37) 0O
Stomatitis 1 3.7 0 0 0
Diarrhea 1 (3.7 137 0 0
Neuropathy 3(11.1) O 0 0
Azotemia 0 0 0 0

*evaluable for non-hematological toxicities.

DISCUSSION

The combination chemotherapy of oxaliplatin, infusional
5-FU and LV (FOLFOX) has been proven to have antitumor
efficacy and safety in metastatic colon cancer in many studies
over several years. Recently, the FOLFOX has rapidly replaced
the Mayo clinic schedule (bolus 5-FU/LV) as the first line
chemotherapy for advanced colorectal cancer, with its
application expanding into adjuvant settings (13,14).

Although many studies have been performed, the best
method of infusion, time duration and optimal dosage remain
to be confirmed. De Gramont’s group studied the efficacy of
the combinations (FOLFOX-1 through FOLFOX-7) of oxali-
platin, 5-FU and LV. The FOLFOX regimens generally consist
of oxaliplatin, 85~ 130 mg/m’, 5-FU 2,000~4,000 mg/m’, and
LV, 400~ 1,000 mg/mz. They achieved response rates of 16 to
37% in previously treated colorectal cancer patients. A recently
reported trial by the same group employed the FOLFOX
regimen, where oxaliplatin was administered at 130 mg/m” as
a two-hour infusion, with a 400 mg/m2 bolus of LV, followed
by a 400 mg/m2 bolus of 5-FU, with a further 2.4 g/m2 of 5-FU
over 46 hours, every two weeks. The objective response rate
in 5-FU refractory patients was 42%, with a median progression
free survival of 6 months (15).

Our regimen was a modified version of the FOLFOX 4
scheme. Considering the effective dose of oxaliplatin based on
previous studies (11), the oxaliplatin was administered at 85
mg/m2 on day 1. 5-FU, 1,500 mg/mz, was infused continuously
for 24 hours on days 1 and 2. The administration of 5-FU by
continuous infusion has previously been proved to be superior
to that via a bolus (16).

Although most other studies have used moderate to high
doses of LV in their FOLFOX regimens, there is no current
evidence a higher dose of LV being superior to a lower dose
(17). In fact, the Mayo clinic schedule, which uses low dose
leucovorin, is both a regulatory standard and the most widely
used 5-FU schedule in North America (18).
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Therefore, it is postulated that low dose (20 mg/mz) LV
would be enough to modulate the antitumor activity of 5-FU.

The 37.5% response rate achieved in this trial was relatively
low compared with other studies that use oxaliplatin containing
regimens (19,20). The 29% intention to treat response rate was
still lower than in other trials. A slightly discouraging outcome
of this study may be related to the low dose of leucovorin.
Although several randomized trials, comparing low versus high
dose leucovorin modulation of bolus 5-FU, have shown low
dose leucovorin to be comparable or superior to high dose in
the biomodulation of the fluorouracil activity (21,22), the same
issue has never been tested with regimens incorporating
oxaliplatin. Furthermore, the biochemical mechanism of FU
modulation by LV may differ when FU is administered as a
continuous infusion over several days (23). Here, this is
postulated as being a very important issue that requires priority,
as the applications of the FOLFOX regimen are rapidly
widened in colorectal cancers.

There have been two other studies (24,25) using similar
schedules to those used here, with low dose LV. Kwon et al.
used a modified FOLFOX-4 regimen (oxaliplatin, 85 mg/m’,
on day 1, LV, 20 mg/mz, and 5-FU, 400 mg/mz, as a bolus,
followed by a 600 mg/m2 continuous infusion on days 1 and
2, repeated every 2 weeks) in previously non-treated patients
(24). The response rate was 40%, with a median time to
progression of 6.6 months. Lee et al. also used the same dosage
schedules for oxaliplatin and LV, but 5-FU (1,200 mg/mz) was
given as a 6-hour infusion to patients who had previously
received fluoropyrimidine-based chemotherapy (25). The res-
ponse rate was 42%, with a median progression free survival
of 132 days, which were similar to our results.

Although the statistical power of this trial is limited by the
small number patients, there were no differences in the
response rates (39 vs. 33%) and overall survivals (10.7 vs. 8.5
months) between the previously treated and non-treated
patients.

Although speculative, the relatively shorter survival of
patients in this study might be attributable; partly, to the
negatively selected prognostic features of the patients in our
community-based hospital. In fact, patients with higher socioe-
conomic status, stronger volition and greater compliance to
treatment, all of which are unquantifiable, but important prog-
nostic factors, tend to visit larger clinical centers in Korea. For
example, one third of the patients in this trial, for numerous
reasons, dropped out prior to the third cycle of chemotherapy.

Our regimen was well tolerated, and showed mild overall
toxicities. The neuropathy, a reversible side effect of oxali-
platin, which has been an issue in FOLFOX studies, was 10%
in this study, a relatively lower incidence than had been
originally envisaged.

CONCLUSIONS

The combination chemotherapy of oxaliplatin, low dose LV
and continuous infusion of 5-FU is safe and has a cost-benefit,
but is a moderately effective regimen in advanced colorectal
cancer. A randomized trial comparing low and high dose leuco-
vorin in the FOLFOX regimen is warranted.
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