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Abstract

Purpose. This multicenter phase II study was designed
to determine the efficacy and tolerability of oxaliplatin
in combination with levofolinate and infusion 5-fluoro-
uracil (FOLFOX4) as first-line therapy for Japanese
patients with unresectable metastatic colorectal cancer.
Methods. Sixty consecutive patients with histologically
confirmed advanced or metastatic colorectal cancer
were enrolled in the study. Treatment was repeated
every 2 weeks until disease progression or unacceptable
toxicity occurred.

Results. Two patients were ineligible. Toxicity was eval-
uated in 60 patients, who had received a part or all of
the protocol therapy. A partial response was observed
in 20 patients. The overall response rate was 34.5%
(95% CI, 22.5%-48.1%) and the tumor control rate
(partial response + stable disease) was 82.8%. The
median progression-free survival was 6.9 months (95%
C1,5.1-9.8 months), and the median overall survival was
31.5 months (95% CI, 18.1-40.1 months). There were
no toxicity-related deaths. Grade 3 or 4 neutropenia
occurred in 48.3% of patients and often caused a delay
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in the subsequent treatment course. Mild to moderate
cumulative peripheral sensory neuropathy affected
71.7% of patients.

Conclusion. The results showed good tolerability and
efficacy for first-line FOLFOX4 in the treatment of
patients with advanced colorectal cancer, indicating the
promise of this regimen as first-line therapy for advanced
colorectal cancer in the Japanese population.

Key words FOLFOX4 - Ozxaliplatin Colorectal
cancer - First-line chemotherapy

Introduction

Colorectal cancer (CRC) is the third most common
cancer worldwide, with an estimated 1023000 new cases
per year (9.4% of new cancer cases), and is the fourth
most common cause of death from cancer (529000
deaths annually).! The incidence of this cancer has been
increasing among both male and female Japanese, and
approximately one-half of all such patients develop
metastatic disecase. The prognosis for these patients is
poor, although palliative chemotherapy has been shown
to prolong survival and improve the quality of life
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compared with best supportive care.” For many years,
the best treatment for metastatic colorectal cancer was
restricted to S-fluorouracil (5-FU) or the biomodulation
of this agent.’

Oxaliplatin (L-OHP) and irinotecan, in combination
with continuous infusion of 5-FU, significantly improved
response rate, progression-free survival (PFS), and
overall survival (O0S).** Oxaliplatin combined with leu-
covorin (LV) and 5-FU2 (FOLFOX4) is more active
than LV5-FU2 alone,” and has also shown superiority
over the combination of irinotecan, FU bolus, and LV
(TFL).* Oxaliplatin, a new, third-generation 1,2-DACH-
platinum derivative, has a mechanism of action similar
to that of other platinum derivatives, such as cisplatin.
However, its spectrum of antitumor activity in tumor
models differs from that of cisplatin or carboplatin. It
has also been observed to demonstrate activity against
cisplatin-resistant colon carcinoma cell lines.” In addi-
tion, experimental data have demonstrated a synergistic
effect arising from the combination of L-OHP and FU.
The clinical toxicity of L-OHP is also distinct from that
of other platinum drugs: it has no renal toxicity and
only minimal hematotoxicity, but causes both reversible
acute, cold-related dysesthesia and a dose-limiting
cumulative peripheral sensory neuropathy that usually
regresses rapidly after treatment withdrawal.

Oxaliplatin  (Elplat, Yakult, Tokyo, Japan) was
approved for use in Japan in April 2005. The prescrip-
tion information for Elplat recommends that it be
administered as part of the FOLFOX4 regimen, as in
the United States, because that is where the most reli-
able evidence about its safety and efficacy was obtained.
However, little is known about the feasibility of
FOLFOX4 administration in the Japanese population.

To evaluate the effect of FOLFOX4 in the treatment
of advanced or metastatic CRC, a prospective analytical
study was designed to assess the feasibility (toxicities)
and efficacy of combining L-OHP with the LV5-FU2
schedule in a Japanese population. We herein report our
experience with the FOLFOX4 regimen in patients with
advanced CRC, focusing on the toxicities encountered
and objective tumor response rates obtained.

Patients and Methods

Patient Eligibility

Patients with histologically proven, unresectable,
advanced, or metastatic colorectal cancer who had not
received any previous treatment were eligible for the
study if they met all of the following criteria: measurable
disease; age = 20 and < 75 years; PS (Eastern Coopera-
tive Oncology Group performance status) < 2; life
expectancy 2 3 months; adequate bone marrow, hepatic,
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and renal function. Written informed consent was
obtained from all patients prior to enrollment in the
study.

Treatment Schedule

The chemotherapy schedules were as follows: 85 mg/m®
intravenous (i.v.) L-OHP on day 1, and 100 mg/m® i.v.
levofolinate (levoleucovorin), 400 mg/m” i.v. bolus 5-FU,
and 600 mg/m® continuous intravenous infusion (c.v.i.)
5-FU on days 1 and 2 every 2 weeks. Treatment was
administered until either a progression of disease (PD),
unacceptable toxicity, withdrawal of consent, the physi-
cian’s decision to terminate, or interruption of treat-
ment for >14 days occurred.

Dose modification was carried out based on the
hematological parameters and degree of nonhemato-
logical toxicities. Chemotherapy was delayed until
recovery if neutrophils decreased to <1500/mm’, plate-
lets decreased to <75000/mm’, or significant persistent
nonhematological toxicity occurred. The 5-FU dose was
reduced to a bolus 300 mg/m? or infusion 500 mg/m” if
grade 3/4 diarrhea, stomatitis, nausea/vomiting, anorexia,
dermatitis, grade 4 neutropenia, or grade 3/4 thrombo-
cytopenia occurred. Oxaliplatin was also reduced to
65 mg/mz under the above conditions, except for the
occurrence of dermatitis, and in cases of persistent (15
days or longer) grade 2 neurotoxicity or temporary
(814 days) grade 3 neurotoxicity. In cases of persistent
(15 days or longer) grade 3 neurotoxicity or temporary
grade 4 neurotoxicity, L-OHP was omitted from the
regimen.

End Points

The primary end point of the study was the response
rate (RR), and the secondary end points were PFS, OS,
and adverse effects. During the 4 weeks before chemo-
therapy was commenced, all patients underwent the fol-
lowing studies: physical examination, complete blood
cell count, hepatic and renal function tests, and chest
and abdominal computed tomography (CT) or mag-
netic resonance imaging (MRI). A physical examina-
tion, hepato-renal function tests, and blood counts were
performed before every cycle. Patients were assessed
before starting each 2-week cycle according to the
National Cancer Institute-Common Toxicity Criteria
(CTCAE ver. 3)." Tumor evaluation was performed
every month for the first 3 months and then every 2
months using the Response Evaluation Criteria In Solid
Tumors (RECIST ver. 1.0)."' A complete response was
defined as the disappearance of all known lesions and
the absence of new lesions; a partial response (PR) as a
reduction of 30% or more in the sum of the maximum
tumor lengths of up to 10 known lesions and the absence
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of new lesions; stable disease (SD) as a reduction of
<30% or an increase of <20% in the sum of the maximum
tumor lengths of up to 10 known lesions and the absence
of new lesions; PD as an increase of 220% in the sum
of the maximum tumor lengths of up to 10 known
lesions or as the appearance of at least one new lesion.
Treatment was continued until disease progression or
unacceptable toxicity occurred, or the patient chose to
discontinue treatment.

Statistical Considerations

This trial was designed as a precision study to estimate
the response rate with a standard error of less than 7%.
Assuming a response rate of 50%, the required sample
size was estimated to be 50, with a 95% confidence
interval and a response rate from 36% to 64%. Consid-
ering the likelihood that ineligible patients would be
found after the registration and censored cases, the
target number of patients was set as 55. All efficacy and
safety analyses were evaluated at a purely exploratory
level. The confidence interval for the response rate was
estimated by the exact method. The duration of survival

Table 1. Patient characteristics

H. Baba ¢t al.: FOLFOX4 as First-Line Therapy

was measured from the day of entry into the study, and
the OS and PFS curves were calculated by the Kaplan-
Meier method. All statistical analyses were performed
using the Stata version 11 software program (Stata,
College Station, TX, USA).

Results

Patient Characteristics

Between August of 2005 and July of 2007, a total of 60
patients were enrolled in this trial at 25 institutions in
Japan. Two patients were declared ineligible. The patient
characteristics at study entry and for eligible patients
are listed in Table 1. The median potential follow-up
time from commencement of treatment was 27.6 months
(range 2.6-48.3 months).

Treatments Administered

The relative dose intensities of L-OHP, 5-FU and
levofolinate were 80.0%, 82.8%, and 79.5%, respec-
tively (Table 2).

Safety analysis set*

Full analysis set*

(n = 60) (n = 58)

Parameter No. of patients % No. of patients Y%
Sex

Male 39 65.0 37 63.8

Female 21 35.0 21 36.2
Age (years)

Median (range) 61.5 40-75 61.5 40-75
Performance status (ECOG)

0 54 60.0 52 89.7

1 5 83 5 8.6

2 1 1.7 1 1.7
Histology of the primary tumor

Well-differentiated adenocarcinoma 25 43.9 24 43.6

Moderately differentiated adenocarcinoma 25 439 24 43.6

Poorly differentiated adenocarcinoma 7 123 7 127
Affected organs (n=358) (n=56)

Liver 37 63.8 37 66.1

Lung 18 31.0 17 304

Lymph node 18 31.0 17 304

Other 4 6.9 4 71

Unknown 1 17 1 18
Number of organs affected

1 38 65.5 36 64.3

2 18 31.0 18 321

3 1 1.7 1 1.8

Unknown 1 1.7 1 1.8

ECOG, Eastern Cooperative Oncology Group

* All patients who received a part or all of the protocol treatment were included in safety analysis set. Two patients who proved to be ineligible

after registration were excluded from the full analysis set.
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Table 2. Relative dose intensity (%)

Agent Mcan SD  Median Min  Max

ELPLAT 800 132 81.5 36.6 99.9
(Oxaliplatin)

ISOVOLIN 8§28 110 832 483 100
(Levofolinate)

5-FU (all) 795 127 80.3 433 100

5-FU, 5-fluorouracil

Table 3. Evaluation of the tumor response (RECIST ver.1.0)

Response No. of patients (%)
CR 0 (0.0)
PR 20 (34.5)

34.5 (22.5-48.1)"
SD 28 (48.3)
PD 5(8.6)
NE 5 (8.6)

CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; NE, not evaluable
“Objective response rate: CR+PR (95% CT)
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Fig. 1. Kaplan-Meier estimate for progression-free survival
(PFS). The median PFS was 7.0 months (95% CI, 5.1-9.8
months)

Tumor Response

All 58 patients were evaluable for their tumor response.
The objective responses are listed in Table 3. No com-
plete response was observed. The overall objective RR
was 34.5%, with a 95% confidence interval from 22.5%
to 48.1%. Stable disease was achieved in 48.3% of
patients. The tumor control rate (PR + SD) was 82.8%.

Progression-Free Survival

After a median follow-up of 27.6 months, the median
PFS was 7.0 months (95% CI,5.1-9.8 months). The esti-
mated 6-month and 1-year PFS were 61.2% (95% CI,
47.2%~752%) and 25.9% (95% CI, 15.0%-38.3%),
respectively (Fig. 1).
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Fig. 2. Kaplan-Meier estimate for overall survival (OS). The
median OS was 31.5 months (95% CIL, 18.1-40.1 months)

Overall Survival

A total of 37 patients among the 58 eligible patients
died due to progression of advanced colorectal cancer.
At the time these analyses were carried out, the median
OS was 31.5 months (95% CI, 18.1-40.1 months). The
estimated 1-year and 2-year survival rates were 79.3%
(95% CI, 66.5%-87.7%) and 58.0% (95% CI, 44.2%—
69.6%), respectively (Fig. 2).

Toxicity and Tolerability

The median follow-up period in all patients after dis-
continuation of the treatment protocol was 27.6 months.
The median number of cycles was 9 (1-16 cycles). Treat-
ment with FOLFOX4 was discontinued in 20 patients
(33.3%) owing to disease progression and toxicity, and
mainly to neuropathy and allergic reactions in a further
22 patients (36.7%).

The incidence of toxicity is shown in Tables 4 and 5.
The most commonly reported toxicity was neutropenia.
Grades 3 and 4 neutropenia were observed in 55.2% of
patients, although neutropenic fever was uncommon.
Neutropenia often caused a delay in the start of a sub-
sequent course of treatment. In all, 55 (11.1%) of 495
cycles were delayed due to toxicity, most commonly
hematological: 24 (4.8%) due to neutropenia. However,
no toxicity-related deaths were observed.

Neurological toxicity was also common, with 17
patients (28.3%) experiencing grade 1, 22 patients
(36.7%) grade 2, and 3 patients (5.0%) grade 3 neuro-
toxicity during or after treatment. Only one patient
(1.7%) developed grade 4 neurotoxicity. Grade 4
hypersensitivity reactions occurred in 2 patients during
administration of L-OHP and occurred in cycles 6 and
10. Infusions were stopped immediately, and these
patients were not re-challenged with L-OHP.
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Table 4. Nonhematological toxicity (n = 60)

H. Baba et al.: FOLFOX4 as First-Line Therapy

Toxicity grade

Adverse effect GO Gl G2 G3 G4 G3+G4
Fever 48 (80.0) 8 (13.3) 3 (5.0) 1(1.7) 0 (0.0 1(1.7)
Febrile neutropenia 58 (96.7) 0 (0.0) 0 (0.0) 2(3.3) 0 (0.0) 2(3.3)
Infection 57 (95.0) 0 (0.0) 0 (0.0) 3(5.0) 0 (0.0) 3(5.0)
Fatigue 31 (51.7) 14 (23.3) 12 (20.0) 3(5.0) 0 (0.0) 3 (5.0)
Diarrhea 51 (85.0) 5(83) 2(3.3) 2(3.3) 0 (0.0) 2(3.3)
Nausea 32 (53.3) 16 (26.7) 9 (15.0) 3(5.0) 0 (0.0) 3(5.0)
Vomiting 49 (81.7) 4 (6.7) 7 (1L.7) 0 (0.0 0 (0.0) 0 (0.0)
Anorexia 26 (43.3) 16 (26.7) 12 (20.0) 6 (10.0) 0 (0.0) 6 (10.0)
Stomatitis 44 (73.3) 11 (18.3) 5(83) 0 (0.0) 0 (0.0) 0 (0.0)
Peripheral neurotoxicity 17 (28.3) 17 (28.3) 22 (36.7) 3(5.0) 1(1.7) 4 (6.7)
Allergy 54 (90.0) 4 (6.7) 0 (0.0) 0 (0.0) 2(3.3) 2 (3.3)
Alopecia 47 (78.3) 13 (21.7) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0
Rash 58 (96.7) 2(3.3) 0 (0.0) 0 (0.0 0 (0.0) 0 (0.0)
Hand-foot syndrome 55 (91.7) 4 (6.7) 1(1.7) 0 (0.0) 0 (0.0) 0 (0.0)
"Hyperpigmentation 59 (98.3) 117 0 (0.0) 0 (0.0) 0(0.0) 0 (0.0)
Data are number of patients (%)
Table 5. Hematological toxicity

Toxicity Grade
Adverse effect GO G1 G2 G3 G4 G3+G4
Leukopenia 15 (25.0) 13 (21.7) 22 (36.7) 10 (16.7) 0(0.0) 10 (16.7)
Neutropenia 10 (17.2) 6 (10.3) 14 (24.1) 20 (34.5) 8 (13.8) 28 (48.3)
Thrombocytopenia 17 (28.3) 34 (56.7) 8 (13.3) 1.7 0 (0.0) 1(1.7)
Anemia (Hb) 6 (10.0) 43 (711.7) 9 (15.0) 2 (3.3) 0 (0.0) 2(3.3)
Total bilirubin 44 (74.6) 12 (20.3) 3(5.1) 0 (0.0) 0 (0.0) 0 (0.0)
ALT 34 (56.7) 19 (31.7) 6 (10.0) 1(1.7) 0 (0.0) 1(1.7)
AST 19 (31.7) 33 (55.0) 7 (11.7) 1(1.7) 0 (0.0) 1(1.7)
ALP 26 (45.6) 29 (50.9) 2 (3.5) 0 (0.0) 0(0.0) 0(0.0)
Creatinine 53 (89.8) 5(85) 117 0 (0.0) 0 (0.0) 0 (0.0)

Data are number of patients (%)

Discussion

Since its approval for use in Japan in April 2005, the
attitude toward L-OHP has largely been based on evi-
dence produced by large phase III studies carried out
in Western countries. The results of the present prospec-
tive study demonstrate the efficacy and feasibility of
FOLFOX4 as first-line treatment for Japanese patients
with advanced or metastatic colorectal cancer, similar
to what has already been demonstrated in Western pop-
ulations. The response rate and median PFS in patients
receiving first-line treatment were 45%-53.7% and
8.7-9.4 months, respectively.”*>" Although both the
RR (34.5%, 95% CI: 22.5%-48.1%) and median PFS
(7.0 months, 95% CI: 5.1-9.8 months) in our study were
slightly lower than those observed in previous clinical
studies, with a CI of 95%, the difference was not signifi-
cant. The tumor control rate in our study, at 82.8%, was
comparable to the rate of 80.2%-90.7% seen in previ-
ous clinical studies.”***"

The most impressive finding from this study was an
OS in excess of 30 months. This was probably due to the
fact that most of the patients received further chemo-
therapy including irinotecan or biological agents after
they failed to respond to FOLFOX4. The overall sur-
vival in patients with advanced colorectal cancer was
reported to be strongly correlated with the percentage
of patients who received the three drugs fluorouracil,
irinotecan, and L-OHP in the treatment of their
disease.*> We also investigated the relationship
between the therapeutic regimen used after FOLFOX4
and the survival time in 52 patients for whom informa-
tion was available. In 32 patients, treatment included
molecularly targeted agents, while in 20 patients it did
not. The median survival times were 40.1 and 18.8
months in groups treated with and without the molecu-
larly targeted agents, respectively (data not shown). The
results of this study indicate that the FOLFOX4 regimen
is beneficial as first-line therapy for advanced or meta-
static colorectal cancer in the Japanese population, and
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that subsequent administration of molecularly targeted
agents provides further benefits.

In this study, although grade 3/4 neutropenia occurred
in 48.3% of the patients assigned to receive L-OHP, it
was nonfebrile. Moreover, no patient was affected by
grade 3/4 vomiting or mucositis, and diarrhea affected
only 3.3% of the patients. The cumulative dose-limiting
toxicity of L-OHP is peripheral sensory neuropathy,
which reportedly occurs in about 70% of patients,
usually resolves a few months after discontinuation of
treatment, and may be exacerbated by cold stimula-
tion.”” Severe paresthesia occurs in 16% of patients,
affecting function.” In our study, 3 patients declined
further FOLFOX4 treatment because of unacceptable
paresthesia, even though it was graded moderate. In
general, the paresthesia was reversible upon dose reduc-
tion or cessation of L-OHP. Overall, half of the patients
experienced mild to moderate paresthesia at a median
of 9 cycles.

A small number of case reports describing anaphylac-
tic reactions to L-OHP have been published.'""* Brandi
et al.” reported their experience with L-OHP hypersen-
sitivity in a Caucasian population, where 13% of 124
patients experienced hypersensitivity reactions. The
incidence of hypersensitivity reactions to L-OHP in our
study (3.4%) was lower than that reported in Western
countries. However, the median number of doses
received prior to the hypersensitivity reactions in the
Brandi et al. study was 9 (range 2-17) compared with 8
(range 6-10) in ours. The mechanism of hypersensitivity
reactions to L-OHP has yet to be determined, but could
be similar to that of the immunoglobulin E-mediated
reactions in patients with cisplatin or carboplatin
allergies.

In conclusion, the FOLFOX4 regimen demonstrated
good efficacy in a Japanese population, with an accept-
able overall toxicity profile. This suggests that it should
be used as a standard first-line therapy for patients
with advanced or metastatic colorectal cancer in Japan.
Further studies will be necessary to investigate its
potential benefits when used in combination with tar-
geted agents such as bevacizumab, cetuximab, and
panitumumab.
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