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Table 3 Toxicities

A: 5-FU—-PTX B: $-i—=PTX C: 53-FU+PTX D: S-14+PTX
(n = 38) (n = 40) (n=39) (n = 40)

Hematological toxicities

CTC Grade >=3 >=3 >=3 >=3
Leucopenia (%) 79 75 10.3 7.5
Neutropenia (%) 13.2 12.5 25.6 22.5
Thrombocyte (%) 0.0 2.5 0.0 2.5
Hemoglobin (%) 105 325 10.3 20.0
Total Bil (%) 2.6 2.5 0.0 5.0
Hepatic Tox (%) 79 5.0 2.6 7.5

Non-hematological toxicities

CTC Grade >=3 >=3 >=3 >=3
Weight loss (%) 2.6 0.0 2.6 0.0
Fatigue (%) 0.0 0.0 0.0 0.0
Lassitude (%) 7.9 12.5 5.1 10.0
Anorexia (%) 10.5 12.5 7.7 10.0
Nausea (%) 2.6 5.0 5.1 2.5
Vomiting (%) 0.0 0.0 2.6 0.0
Stomatitis (%) 53 0.0 2.6 2.5
Diarrhea (%) 2.6 2.5 5.1 2.5
Neuropathy (%) 0.0 2.5 5.1 5.0

CTC Common Toxicity Criteria

sequential regimens were 4 (range 1-26) and 3 (range 1-8)
in arm A and 6 (range 1-24) and 4 (range 1-30) in arm B,
respectively. For the concurrent regimens, these numbers
were 6 (range 1-24) and 7.5 (range 1-30) in arms C and D,
respectively.

Discussion

The strategy for the chemotherapy of gastric cancer differs
from country to country. In Japan, according to community
standards, fluoropyrimidine monotherapy has been widely
used as the first-line of a sequential strategy, whereas most
western countries use doublet or triplet concurrent regi-
mens without second-line treatment. In fact, little is known
about whether concurrent regimens or a sequential strategy
with satisfactory second- and greater-line treatments would
be better. Although one trial has shown the superiority of
doublet (S-1 with CDDP) treatment compared with S-1
alone even in Japan [7], other pivotal trials have failed to
show the superiority of concurrent regimens [17, 18]. This
suggests that sequential strategies may not be so bad if we
can use adequate second- (and more)-line therapies in
sequence. Thus, when we decided to evaluate PTX in a
clinical trial, we created the study plan so as to evaluate
whether PTX should be used in second-line (sequential) or
in first-line (concurrent) treatment.

In accordance with the general rule in a randomized
phase-II trial, in the present study we assumed that we

@ Springer

should choose the best regimen in the aspect of 10-month
overall survival (OS). However, as shown in the results, all
four arms showed good survival times with very small
differences. This finding suggests that the difference
between concurrent and sequential strategies may be very
small if we take enough care with the timing of regimen
changes and are meticulous in surveying for clinical dis-
ease progression. Similar trends have been observed with
some other malignancies; breast cancer is one of the
examples. Several studies have been conducted to show the
survival superiority of concutrent regimens, but superiority
was seen only in TTF and the response rate (RR) [19, 20].
As a result, the sequential strategy is still used. Recently,
the result of the GEST trial in pancreatic cancer showed a
superior RR and a superior TTF in the combination arm.
Despite this superiority, this concurrent sirategy also failed
to improve OS [21]. Our phase-II trial with its small sample
size nevertheless suggests that the sequential strategy could
be considered for the treatment of gastric cancer, along
with other types of cancer, and that the sequential use of
S-1 followed by paclitaxel (PTX) remains as an alternative
for patients who are for some reason not indicated for the
S-1/CDDP combination.

One more issue to be evaluated in our trial was the
difference between infusional 5-FU and oral S-1. The
results of a worldwide advanced gastric cancer trial
(FLAGS trial) comparing S-1 plus CDDP (SF) versus 5-FU
plus CDDP (CF) failed to show a superior effect of SF over
CF [22]. The JCOGY9912 trial has already shown no
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inferiority of S-1 compared to infusional 5-FU in the first-
line setting [6]. However, that trial did not limit the post-
treatment, so the setting of PTX use in first- or second line
mandatorily might show different results. The present
study had started before the results of these two trials were
disclosed. Consequently, it is important to check whether
our results are in line with the data obtained in the
JCOG9912 and the FLLAGS trials. In our study, the OS,
PFS, and RR for the 5-FU-containing and S-1-containing
regimens were almost the same, without any significant
differences, suggesting both oral and infusional fluorinated
pyrimidine regimens have similar potency, a finding which
would be confirmatory of the previous trials. In general,
treatment with an oral agent would be more preferable both
for the patients and for medical staff than a treatment
requiring continuous intravenous infusion, with its risks of
infection and thrombotic events.

In conclusion, our study did not show sufficient pro-
longation of survival with a concurrent strategy to proceed
to a phase-III trial; however, the sequential arms showed
survival comparable to that in the concurrent arms, with a
lower incidence of neutropenia. In patients who are ineli-
gible for CDDP, sequential treatment starting from S-1 and
proceeding to PTX would be a good alternative strategy,
considering the quality of life (QOL) and cost-benefits of
an oral agent as first-line treatment.
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Abstract

Purpose To evaluate the efficacy and safety of FOLFOX4
using “wait and go” strategy in treating metastatic colorectal
cancer.

Methods The conventional FOLFOX4 was repeated
every 2 weeks. We waited until the recovery of symptoms
from persistent neurotoxicity within an added period of
2 weeks, before performing the next cycle (“wait and go”
strategy).

Results We enrolled 58 patients, in whom a total of 481
cycles were administered (median 8 per patient; range
1-16). Toxicity was evaluated in 58 patients and response
in 55. The major toxic effect was grade 3/4 neutropenia
(33%). Painful paresthesia or persistent functional impairment
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was observed in 4 patients (7%). The response rate was
40% (95% confidence interval; 27.1-52.9%). The median
progression-free survival time was 10.2 months, the 1-year
survival rate was 89%, and the median overall survival time
was 27.6 months.

Conclusions These findings indicate that this “wait and
go” strategy reduces the frequency of persistent neuropathy
while maintaining efficacy against metastatic colorectal
cancer.
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Background

Ogxaliplatin, a third-generation platinum anticancer drug,
has been shown to be effective for the treatment of meta-
static colorectal cancer (CRC) [1, 5, 9, 21]. Currently, the
FOLFOX chemotherapy regimen, consisting of oxaliplatin,
5-fluorouracil (5-FU), and leucovorin (LV), has become the
standard regimen as first-line treatment for metastatic colo-
rectal cancer [5, 9, 21]. The European adjuvant trial for
colon cancer (MOSAIC) demonstrated significant improve-
ment in 3-year disease-free survival when oxaliplatin was
added to infusional 5-FU and LV [1].

One of the well-known dose-limiting factors of oxaliplatin
is a delayed-onset, cumulative, dose-related peripheral
neuropathy, characterized by persistent paresthesias affecting
the hands and feet, and which does not remit between
cycles of treatment [5, 18]. Persistent peripheral neuropathy
with pain or function impairment interfering with activities
of daily living (grade 3) occurs in 10-20% of patients
receiving total oxaliplatin doses >750-850 mg/m? [5, 9, 211.
Of great concern is the development of persistent peripheral
neuropathy that requires complete discontinuation of oxalipl-
atin, regardless of its efficacy, to avoid a debilitating neu-
ropathy, which may take 6—10 months to resolve [5, 7.
Although this neuropathy is largely reversible, safety data
from the MOSAIC trial determined that at 4 years, a small
minority of patients (<5%) have grade 3 persistent peripheral
neuropathy after 6 months of adjuvant FOLFOX4 treatment
[2]. Various schedules have been pursued to reduce neurop-
athy, A randomized trial of FOLFOX4 versus scheduled
intermittent oxaliplatin (OPTIMOX 1) was associated with
a slight reduction in grade 3 neuropathy (17.9% versus
13.3%, P =0.12) without lack of efficacy in response or
progression-free survival [22]. Despite equivalent efficacy,
the OPTIMOX 1 “stop and go” strategy has not been
widely adopted for all patients. This is probably as a result
of variability in management of patients by different physi-
cians, heterogeneity of the disease, and inability to reinsti-
tute oxaliplatin at the time of progression, often because of
persistent neuropathy [7].

For patients with unresectable metastatic disease, the
duration of treatment is indefinite, extending until disease
progression or until the treatment is no longer tolerated.
Hence, it is imperative to manage appropriately the persistent
peripheral neuropathy, which causes deteriorating in the
quality of life during treatment. No single strategy, including
calcium (Ca)-magnesium (Mg) supplementation [8, 11, 12]
and various antineuropathic and antiepileptic medications [4,
10}, has proven effective for preventing or reducing the
cumulative neuropathy associated with oxaliplatin.

One possible approach to prevent grade 3 sensory neuro-
toxicity during treatment is to wait for the complete recovery
of paresthesia or dysesthesia from persistent neurotoxicity
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until 29 days, followed by the subsequent course without
dose modification. If paresthesia or dysesthesia continues
over 29 days, the dose of oxaliplatin is reduced in the
subsequent course, to maintain the antitumor effect of
FOLFOX. We conducted the present phase II study to
investigate this novel “wait and go” strategy.

Methods

The eligibility criteria for inclusion onto the study were as
follows: adenocarcinoma of the colon or rectum; unresec-
table metastases; at least one measurable lesion of 1 cm or a
residual nonmeasurable lesion; adequate bone marrow
(hemoglobin >9.0 g/dl, leukocyte count lower limits of nor-
mal —12,000/mm?, neutrophils <1,500/mm?, platelet count
100,000/mm®), liver (AST and ALT 2.5 upper limits of nor-
mal [UNL], total bilirubin 1.5 UNL, alkaline phosphatases
2.5 UNL), and renal function (creatinine less than UNL);
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) of 0-2; and age 20-80 years. Previous adjuvant
fluoropyrimidine chemotherapy, if given, must have been
completed at least 2 weeks before inclusion. Patients with
uncontrolled infection, massive ascites or pleural effusion,
brain metastases, second malignancies, bowel obstruction,
current watery diarrhea, a history of oxaliplatin-based adju-
vant chemotherapy, or disease confined to previous radiation
fields were excluded. Written informed consent was required
and the Ethical Committee approved the study.

Chemotherapy

Eligible patients were treated with the FOLFOX4 regimen
[1, 9, 21]. Each cycle comprised oxaliplatin 85 mg/m? and 1-
LV 100 mg/m2 intravenously (IV) administered simulta-
neously for 2 h followed by 5-FU 400 mg/m* IV bolus fol-
lowed by 5-FU 600 mg/m?® infusion for 22 h on day 1, and
the same therapy, without the oxaliplatin, administered on
day 2 (total 46 h after the initial 2 h IV) of a 14-day treatment
cycle. Pretreatment with a 5-hydroxytryptamine-3 antagonist
and dexamethasone was strongly recommended, although
the administration of intravenous calcium and magnesium
was not permitted in order to prevent oxaliplatin-induced
neuropathy. Treatment was continued until disease progres-
sion (PD), unacceptable toxicity, or patient choice.

Toxicity was assessed before starting each 2-week cycle
using the National Cancer Institute-Common Toxicity Crite-
ria NCI-CTC) version 3.0. A specific scale was used for sen-
sory neurotoxicity: grade 1 is brief paresthesia with complete
regression before the next cycle, grade 2 is persistent pares-
thesia or dysesthesia without functional impairment over the
next cycle, and grade 3 is painful paresthesia or persistent
functional impairment (Table 1).
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Table I Specific scale for sensory neurotoxicity

Grade Sensory neurotoxicity
1 Brief paresthesia with complete
regression before the next cycle (<15 days)
2 Persistent paresthesia or dysesthesia
without functional impairment over
the next cycle (=15 days)
3 Painful paresthesia or persistent

functional impairment

Chemotherapy was delayed until recovery if neutrophils
<1,500/mm?, platelets <75,000/mm?, or for significant per-
sistent non-hematological toxicity. If grade 4 neutropenia,
grade 3/4 thrombocytopenia, or grade 3/4 gastrointestinal
toxicities occurred, the FU dose was reduced to 300 mg/m?
for the bolus component and 500 mg/m?* for the infusion
component and the oxaliplatin dose was reduced to 65 mg/m2.
In the case of grade 2 paresthesia at a new cycle of treat-
ment, the next cycle of FOLFOX4 was delayed until the
recovery of paresthesia from persistent neurotoxicity for up
to 2 additional weeks (<29 days). If it persisted for 29 days,
the oxaliplatin was reduced to0 65 mg/m?. If grade 3
paresthesia was present during treatment, oxaliplatin was
omitted from the regimen.

Treatment was discontinued if subsequent reduction was
indicated.

Evaluation

Pretreatment evaluation included complete patient histories,
physical examinations, complete blood cell counts,
biochemistry involving liver and renal functions, urinalysis,
tumor markers including CEA and CA19-9, chest roentgen-
ogram, electrocardiogram, and compuied tomographic
scans of the abdomen and chest. According to NCI-CTC
version 3.0, toxicity and laboratory variables in complete
blood cell counts, biochemistry, and urinalysis were
assessed weekly during the first course, on days 1 and 15
from the second through to the sixth course and at least
once during subsequent courses. CT scans were repeated to
evaluate lesions every two courses and tumor markers were
measured at the same time. Responses were evaluated
according to the RECIST criteria [20]. To confirm partial
response (PR) (30% or greater decrease in the sum of the
longest dimensions of target lesions, referenced against the
baseline sum of the longest dimensions of target lesions
together with stabilization or decrease in size of nontarget
lesions) or complete response (CR) (disappearance of all
target and nontarget lesions together with normalization of
tumor marker levels), tumor measurements were repeated
no less than 4 weeks after objective response was firstly
obtained. Responses were assessed by external review.

Overall survival (OS) was defined as the time from treat-
ment initiation to death from any cause. Progression-free
survival (PFS) was the time from treatment initiation to first
documentation of disease progression detected by the exter-
nal review or death from any cause (censored at second-line
chemotherapy). Time-to-treatment failure (TTF) was the
time from treatment initiation to discontinuation of
treatment, first documentation of disease progression by the
external review, or death from any cause.

Statistical evaluations

The phase II study was designed to test the null hypothesis
that the true response probability is less than the clinically
significant level of 25%. The response rate of first-line
FOLFOX was reported to be from 45 to 50%. The alternative
hypothesis of the response rate in this study was >45%,
because the “wait and go” strategy to prevent grade 3 pares-
thesia might diminish the response. The probability of
accepting treatment with a response probability (25%) was
P =0.05. The probability of rejecting treatment with a
response rate of 45% was P =0.2; therefore, the required
number of patients was estimated to be 49. Allowing for a
patient ineligibility rate of about 20%, we planned to enroll
60 patients. The 95% confidence interval (CI) was calcu-
lated for the RR, PFS, and TTF. OS, PFS, and TTF were
calculated by the Kaplan—Meier method.

Results
Patients’ characteristics

We enrolled 58 patients between March 2006 and April
2008, all of whom metall eligibility requirements and
received at least one course of treatment. Patient character-
istics are summarized in Table 2, and all patients were eval-
uated for toxicity and response. The median age of patients
was 67.5 years (range, 37-80 years); 48 patients had an
ECOG PS of 0 and 10 patients had an ECOG PS of 1. There
were 13 patients with advanced disease with primary
tumors and 45 patients in recurrent status. Primary sites
were the colon in 35 patients and the rectum in 23 patients.
Metastatic sites were in the liver in 39 patients, lungs in 17,
lymph nodes in 21, and peritoneum in 11.

Safety

All 58 patients enrolled in the phase II study were assessable
for safety and received 481 treatment courses (median, 8
courses; range, 1-16 courses). The median relative dose
intensity was 76.9% for oxaliplatin, 76.7% for bolus FU, and
77.8% for infusion FU. The causes of treatment discontinua-
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Table 2 Patients’ profile (n = 58)

Table 3 Observed adverse events according to number of patients

Characteristic No. of patients %
Median age, years (range) 67.5 (37-80)
Sex
Male 36
Female 22
ECOG PS
0 48
1 10
2 0
Disease status
Advanced 3
Recurrent 45
Primary tumor
Colon 35
Rectum 23
Differentiation
Well 11
Moderate 42
Poor
Metastatic sites
Liver 39
Lymph node 21
Lung 17
Peritoneum 11
Others 4
No. of metastatic sites
0 0
1 25
>1 33

tion were disease progression in 20 patients (34.5%), delayed
recovery from toxicity such as neutropenia, thrombocytope-
nia, and liver dysfunction in 6 patients, withdrawal of con-
sent, mainly due to economic issues, in eight cases, surgery
for metastases in five patients, allergic reaction in five
patients, subsequent reduction in four patients, and grade 3
paresthesia in four patients (6.9%). There were no serious
unexpected adverse events and no treatment-related deaths.
The overall incidences (%) of hematological and non-
hematological toxicities in the phase II study are listed in
Table 3. Grade 3/4 neutropenia was the most common
adverse event and occurred in 32.8% of all 58 patients. No
patient had febrile neutropenia. With the exception of
paresthesia, major non-hematological toxicities were liver
dysfunction, anorexia, stomatitis, and diarrhea. Grade 3
non-hematological toxicities were diarrhea (1.7%) and
nausea (1.7%). We observed grade 1 paresthesia in 24
patients (41.4%), grade 2 in 13 patients (22.4%), and grade
3 in four patients (6.9%). Cumulative incidence of pares-
thesia is shown in Fig. 1. The median times to onset of
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Event Number of patients (12 = 58)
NCI-CTC grade, version 3
1 2 3 4 3/4, %
Leucopenia 10 28 6 0 103
Neutropenia 0 9 9 10 32.8
Anemia 12 14 1 0 1.7
Thrombocytopenia 28 6 2 0 34
Anorexia 12 9 0 0 0
Nausea 15 6 0 0 0
Vomiting 6 2 0 0 0
Fatigue 12 6 0 0 0
Diarthea 4 2 1 0 1.7
Constipation 1 0 0 0 0
Stomatitis 4 0 0 0 0
Abnormal AST 27 5 1 0 1.7
Abnormal ALT 17 4 0 0 0
Hyperbilirubinemia 7 1 0 0 0
Neuropathy?® 24 13 4 - 6.9
2 A specific scale was used for neuropathy (Table 1)
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Fig. 1 Cumulative incidence of neuropathy. Solid line, grade 3
neuropathy (n = 4); broken line, grade 2 neuropathy (n = 13); dotted
line, grade 1 neuropathy (n = 24)

paresthesias were 54.5 days for grade 1 and 213.5 days for
grade 2, respectively. Grade 3 paresthesia was observed
from 162 to 237 days from the start of chemotherapy. The
median cumulative doses of oxaliplatin associated with par-
esthesia were 255 mg/m? for grade 1,764 mg/m? for grade
2, and 973 mg/m? for grade 3.

The dose reductions were required in 16 of all 58
patients (27.6%). Among these 16 patients, the reasons for
dose reduction were grade 4 neutropenia in eight patients,
grade 3/4 gastrointestinal toxicities in one patient, grade 3/4
thrombocytopenia in three patients, and grade 2 paresthesia
in only one patient. The treatment delay within 2 weeks
was observed in 50 of all 58 patients (86.2%) among 171 of
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Fig. 2 The frequency of treatment delays in terms of treatment cycle.
Black bar, numbers of patients who started the treatment within
29 days from the initial day of the previous chemotherapy cycle; White
bar, numbers of patients who started the treatment over 29 days from
the initial day of the previous chemotherapy cycle

all 481 treatment courses (35.6%). The frequency of
treatment delay over 2 weeks was from 40.9 to 100% after
the fourth treatment course (Fig. 2).

Efficacy

The response was assessed as CR, PR, stable disease (S5D)
(less than a 30% reduction and less than a 20% increase in
the sum of the longest dimensions of target lesions, refer-
enced against the baseline sum of the longest dimensions of
target lesions together with stabilization or decrease in size
of nontarget lesions), and progressive disease (PD) in 2, 20,
25, and 8, respectively, of the 55 patients in the efficacy
analysis set (three were not assessable). The RR was 40.0%
(95% CI 28.1-53.2%) and the disease control rate
(CR + PR + SD) was 85.5% (95% C173.8-92.4%).

The median follow-up period was 15.5 months as of the
data cut-off date, October 15, 2009. The median PFS was
10.2 months (95% CI 6.4-14.0 months) (Fig.3), median
overall survival time (MST) was 27.6 months (95% CI 20.6—
35.6 months) (Fig. 4), and median TTF was 5.0 months (95%
(1 3.6-5.1 months). The patients who received the second-line
chemotherapy or the surgery for metastases without PD were
censored at the date of image examination immediately before
the second-line chemotherapy or the surgery for metastases in
PFS analysis. The 1- and 2-year survival rate of MST was
89.0% (95% CI 80.7-97.3%) and 57.8% (95% CI 42.3-
73.4%), respectively. Of the 58 patients, 46 (79.3%) discontin-
ued treatment and received second-line chemotherapy.

Discussion

We set out to determine whether the “wait and go” strategy
for FOLFOX4 in the treatment of metastatic colorectal

Estimated probability
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Fig. 3 Kaplan-Meier estimates of progression-free survival (2= 58)
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Fig. 4 Kaplan—Meyer estimates of overall survival (n = 58)

cancer would be effective, This is the first study of FOL-
FOX4 with the novel “wait and go” strategy, which mini-
mizes painful paresthesia or persistent functional impairment
during treatment by a 2-week wait for the recovery of pares-
thesia or dysesthesia from persistent neurotoxicity at the new
cycle of treatment. Using this strategy, a very promising
efficacy, low incidence of painful paresthesia or persistent
functional impairment of 6.9% was obtained in our phase II
study: an RR of 40.0%, a median PFS of 10.2 months, and an
MST of 27.6 months with a 1-year survival rate of 89.0%.
Our efficacy results are comparable to those of other recently
reported FOLFOX4 regimens for metastatic colorectal can-
cer, although the RR of 40.0% is slightly lower than previ-
ously reported rates of 45% [9] to 49.5% [5]. One possible
explanation might be that the frequency of treatment delay of
up to 2 weeks in almost 40% of cases in the fourth and fifth
treatment course might diminish the confirmation rate of
response (Fig. 2). However, it is true that the RR of 40.0%
with 95% CI from 28.1 to 53.2% met the primary endpoint of
this study.
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In this study, the allowance for a patient ineligibility rate
was set at 20%, which is twice the ordinary rate of 10%,
because the aim of this study was to evaluate the new “wait
and go” strategy concept. Fortunately, all 58 accrued
patients were treated with this strategy. During this study,
the new molecular targeting drug, bevacizumab, was
approved at April 2007 by the Japanese regulatory authori-
ties, and the combination of bevacizumab and chemother-
apy including the FOLFOX4 regimen became one of the
standard therapies for metastatic colorectal cancer in Japan.
The introduction of bevacizumab to clinical practice
slowed patient accrual in this trail. At 2 years from the start
of this study, the number of enrolled patients reached 58
patients, which was more than the required 49 patients ini-
tially estimated as necessary for statistical evaluation of this
trial. We halted accrual of patients in April 2008 in accor-
dance with the recommendation of the safety monitoring
committee.

The grading system, originally developed by Levi and
co-workers [16], takes into account both intensity and dura-
tion of symptom-related oxaliplatin-induced neurological
toxicity. At present, the most commonly used neurological
toxicity scale is the NCI-CTC, which considers only the
intensity of neuropathy. Our grading system used in this
study was consistent with that by Levi etal. [16, 17], in
terms of the consideration of both intensity and duration of
symptom-related oxaliplatin-induced neurological toxicity.
The duration reported by Levi et al. was within 1 week or
2 weeks [16, 17]. Because the new cycle of FOLFOX4 is
begun every 2 weeks, we decided on 2 weeks as an appro-
priate period to evaluate grade 1 or 2 paresthesia. However,
the criteria for grade 3 neurological toxicity (painful pares-
thesia or persistent functional impairment) used in our
study are similar to that of the NCI-CTC. Thus, our criteria
are appropriate to indirectly compare the frequency of
grade 3 neurological toxicity between other clinical trials
and this trial.

The frequency of grade 3 neurological toxicity was 6.9%
in this trial. In a European trial in advanced colorectal can-
cer, 18% of patients assigned to the FOLFOX4 regimen
had grade 3 neurosensory toxicity during treatment [5]. The
same rate was observed among patients assigned to the
FOLFOX4 regimen in a North Central Cancer Treatment
Group study in metastatic colorectal cancer [9]. In the Mul-
ticenter International Study of Oxaliplatin/5-Fluorouracil,
Leucovorin in the Adjuvant Treatment of Colon Cancer
(MOSAIC), 12.4% of patients treated with FOLFOX4
developed grade 3 paresthesia during therapy [1]. The rates
of grade 3 neurotoxicity in those studies are higher than the
6.9% observed in this study. In the National Surgical Adju-
vant Breast and Bowel Project (NSABP) C-07 study, the
incidence of grade 3 neurotoxicity was reported to be 8.4%
among patients treated with the FLOX regimen (500 mg/m>

@ Springer

FU intravenous (IV) bolus weekly for 6 weeks plus
500 mg/m? LV IV weekly for 6 weeks with 85 mg/m?
oxaliplatin IV administered on weeks 1, 3, and 5 of each
8-week cycle for three cycles [13, 14]). This lower inci-
dence of grade 3 neurological toxicity was speculated to be
partly due to the scheduled rest in the FLOX regimen. The
2-week wait in the FOLFOX4 regimen depending on the
persistency of neurological toxicity might prevent grade 3
neurological toxicity, even in metastatic disease.

The dose reduction and discontinuation of oxaliplatin
due to neurological toxicity has varied in different trials.
Rothenberg et al. reported the 85 mg/m’ oxaliplatin in
FOLFOX4 was reduced to 65 mg/m? in cases of persistent
paresthesia or dysesthesia with preserved function, but not
activities of daily living (grade 2), or temporary (7-14 days)
paresthesia or dysesthesia with pain or function impairment
that interferes with activities of daily living (grade 3) [18].
Oxaliplatin was omitted from the regimen until recovery in
the case of grade 2 persistent paresthesia or dysesthesia, or
grade 3 temporary (1-14 days) paresthesia or dysesthesia.
The incidence of grade 3 cumulative neuropathy is reported
to be 3%. This lower incidence might be explained by the 6
cycles as the median number of treatment cycles, due to the
second-line setting for progressive colorectal cancer after
the irinotecan-containing regimen. In the study on first-line
FOLFOX reported by de Gramount et al. [5], oxaliplatin
was reduced in cases of persistent (>14 days) paresthesia
or temporary (7-14 days) painful paresthesia or temporary
functional impairment. In cases of persistent (>14 days)
painful paresthesia or persistent functional impairment,
oxaliplatin was omitted from the regimen until recovery.
Paresthesia with pain and cumulative paresthesia interfer-
ing with function occurred in 10.5 and 16.3% of patients,
respectively. The dose intensity was 76% for FU and 73%
for oxaliplatin during all cycles, which is similar to the
76.7% for bolus FU and 77.8% for infusion FU and 76.9%
for oxaliplatin in our study. Considering the similar dose
intensity of oxaliplatin, the “wait and go” strategy might
effectively prevent painful paresthesia or persistent func-
tional impairment compared with previously reported con-
ventional methods to reduce the dose and to discontinue
oxaliplatin.

Our data have some limitations. First, our results were
obtained in a single-armed phase II study including small
number of patients. Additionally, FOLFOX4 was used
without molecular targeting drugs such as bevacizumab
[19] or anti-human epidermal growth factor receptor mono-
clonal antibodies [3, 6]. The independent studies are
warranted to extrapolate this “wait and go” strategy to
molecular targeting drug-containing regimens. Second, the
primary endpoint in this trial was the RR, not the reduction
in neurotoxicity. Prospective phase III trials, including
larger numbers of patients, are needed to corroborate our
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results. However, we believe that our results suggest that
this “wait and go” strategy could be a treatment of choice
for patients who are reluctant to encounter persistent neuro-
logical toxicity, especially in the palliative setting, with or
without molecular targeting drugs. Third, we evaluated the
neurological toxicity based on clinicians’ reports. In 2006,
the FDA recommended that patient-reported outcomes
should be considered the gold standard in addition to physi-
cian observation. Written in layman language, patient-
reported outcomes have been advocated by the NCI since
2006 alongside NCI-CTC. Patients’ assessment tools
should be used for greater accuracy of interpretation of
patient-reported outcomes [15, 231.

in conclusion, the “wait and go” strategy may be effec-
tive to prevent painful paresthesia or persistent functional
impairment during ireatment while maintaining the
efficacy of the FOLFOX4 regimen for metastatic colorectal
cancer. Further evaluation is needed to examine whether
this strategy can be compared with the “stop and go”
strategy [22].
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Summary

The pharmacokinetics of oxaliplatin in plasma and as-

citic fluid was investigated in 5 gastrointestinal cancer pa-

tients with malignant ascites. Oxaliplatin was administered
at 85 mg/m? by 2-hour infusion in the FOLFOX4 regimen,
and the concentrations of total and free platinum were
measured. There was a trend of lower plasma C___ values
of total platinum in patients with a larger volume of ascitic
fluid. The AUC,, values of mean concentration curves of
total plasma platinum, total ascites platinum, free plasma
platinum, and free ascites platinum were 31.15, 7.96,

4.93 and 2.93 pg-h/mlL, respectively. The concentrations
of free ascites platinum were similar to those of free
plasma platinum at the last sampling time of 26 h in each
patient. The decrease or disappearance of ascitic fluid was
observed in 4 patients. These results suggest that oxali-
platin exerted a beneficial effect in gastrointestinal cancer
patients with malignant ascites, even when administered
intravenously.

Key words: Gastrointestinal cancer, ascites, oxaliplatin,
FOLFOX4, pharmacokinetics.

INTRODUCTION

The peritoneal dissemination of gastrointestinal cancer oc-
curs mainly as a direct invasion of cancer cells 1. It is more com-
mon in advanced gastric cancer and causes many serious
complications including massive ascitic fluid, resulting in the
poor prognosis of the patient 2. For the treatment of malignant
ascites, the antitumor activity and pharmacokinetics of in-
traperitoneal administration of cisplatin have been studied 34.
However, its usefulness still remains unclear. Oxaliplatin is a
third-generation platinum consisting of the diaminocyclohexane
carrier ligand and the leaving group of oxalate. lts antitumor
spectrum in tumor models differs from that of cisplatin 56. The
combination treatment of oxaliplatin with leucovorin (LV) plus
5-fluorouracil (FU), designated as FOLFOX4 regimen, has been
widely used for the first- and second-line therapy of metastatic
colorectal cancer 7°. The effectiveness of such combination
therapies including FOLFOX4 has also been reported against
gastric cancers in phase Il or IIl studies 1913, Oxaliplatin has also
been used for the treatment of colorectal peritoneal carcinomas
by intraperitoneal administration %15, Recently the modified
FOLFOX4 regimen was reported to be effective against gastric
cancer patients with malignant ascites 1. However, as far as we
know, no clinical studies have been conducted to investigate the
pharmacokinetics of oxaliplatin administered systemically in pa-
tients with malignant ascites. This study was planned to investi-
gate the pharmacokinetics of oxaliplatin in both plasma and
malignant ascitic fluid. Furthermore, the efficacy of the FOL-
FOX4 treatment was preliminarily examined against measura-
ble lesion and ascites.

PATIENTS AND METHODS

This study was carried out in accordance with the Declara-
tion of Helsinki, as amended in Edinburgh, Scotland, October
2000, and the good clinical practice. The study protocol was
approved by the Institutional Review Board of Nihon University
School of Medicine.

© E.S.LF.T. srl - Firenze

Inclusion criteria and study design: This study was a
prospective and open clinical trial. The primary objective was to
investigate the pharmacokinetics of oxaliplatin in both plasma
and malignant ascites. Furthermore, the efficacy of FOLFOX4
treatment was preliminarily examined against measurable lesion
and ascites. The inclusion criteria were: (1) histologically proven,
unresectable gastrointestinal cancer with malignant ascites; (2)
age 20-74 years old; (3) Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0-2; (4) adequate organ
functions defined as white blood cell count of 4-12 x 10°/L,
platelet count >100 x 10°%/L, serum transaminase (aspartate
aminotransferase and alanine aminotransferase) levels <100 U,
serum bilirubin level <1.5 mg/dL and serum creatinine < upper
limit of normal range; (5) no prior FOLFOX chemotherapy; (6)
no other severe medical conditions; and (7) provision of written
informed consent.

Treatment and sample collection: FOLFOX4 consisted of
2-h infusion of oxaliplatin, 85 mg/m? in 250 ml of 5% dextrose
solution and I-LV 100 mg/m? followed by bolus 5-FU 400
mg/m? and 22-h infusion of 5-FU 600 mg/m? on Day 1, and
the same therapy without oxaliplatin on Day 2, and this was re-
peated every 2 weeks. A drain was implanted in the peritoneum
of patients for the collection of ascitic fluid prior to FOLFOX4
treatment. The volume of ascitic fluid was estimated by apply-
ing the method reported for automated hepatic volumetry for
living related liver transplantation 7. Briefly, an experienced ra-
diologist manually traced the contours of ascitic fluid on a Digi-
tal Imaging and Communications in Medicine viewer. The
circumscribed areas were then multiplied by the CT section
thickness. In Patient No.1, blood and ascitic fluid were collected
at pre-dose, 15, 60 min, 2, 2.3, 2.75, 3.0 and 4.0 h after the
initiation of the first oxaliplatin administration. In other patients,
they were collected at pre-dose, 60 min, 2.0, 2.3, 4.0, 6.0 and
26 h similarly. Samples were collected into a heparinized tube
at a volume of 8 mL at each sampling time, centrifuged at
1,050 x g for 10 min at 4°C, and 1 mL of each supernatant
was stored at -20°C. The remaining samples were used for the
ultrafiltration to measure free platinum concentration. Namely
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the plasma and ascites samples were centrifuged at 1,050 X g
for 30 min at 4°C by using the Amicon MPSI micropartition
systemn with YMT membranes (30,000 MW cut-off) 8. The su-
pernatant was stored at -20°C.

Drug assay: The platinum concentration of plasma, plasma
ultrafiltrate, ascitic fluid, and ascitic fluid ultrafiltrate kept at -
20°C was determined by flameless atomic absorption spec-
trophotometric analysis according to the method previously
described °. The lower limit of quantification of platinum was
25 ng/mL for plasma ultrafiltrate, ascitic fluid, and ascitic fluid
ultrafiltrate, and 100 ng/mL for plasma.

Pharmacokinetic parameters: Peak concentration (C__)
and time to reach peak concentration (T__) were recorded di-
rectly from plasma/ascites concentration-time data. Area under
the plasma/ascites concentration-time curve between 0 h and
the last sampling time (AUC,) was calculated by the linear
trapezoidal method by using l\/?icrosoft Excel software.

Safety and efficacy: The adverse events were graded using
the National Cancer Institute Common Toxicity Criteria version
3. The response of measurable and assessable disease sites was
evaluated according to Response Evaluation Criteria in Solid Tu-
mors (RECIST) version 1.

RESULTS

From July 2006 to April 2009, FOLFOX4 was administered
to a total of 5 patients, 2 with gastric cancer and 3 with col-
orectal cancer, who had malignant ascites. The patient demo-
graphics and characteristics are shown in Table 1. The patients
consisted of 3 men and 2 women, with a median age of 58
years (range: 50-65 years). The median body surface area was
1.54 m? (range: 1.22-1.73 m?), and the median dose of oxali-
platin was 134 mg/body/day (range: 100-150 mg).

Pharmacokinetics of oxaliplatin

Plasma and ascites concentrations of oxaliplatin in each pa-
tient are shown in Figure 1. From the results obtained in Patient
N. 1, the last sampling time of 4 h measured was indicated to
be not enough. Therefore, in Patients N. 2-5, the last sampling
time was extended to'26 h. The mean plasma and ascites con-
centration curves of oxaliplatin in these patients are shown in
Figure 2. The pharmacokinetic parameters of C___and T__,
which are expressed as actual values observed in each patient or
in a mean concentration curve, and AUC,, are shown in Table
2. There was a trend of lower plasma C__ values of total plat-
inum in patients with a larger volume of ascitic fluid (Patients
N. 1 and 2). The C__ values of the mean concentration curve

and their ranges in the 5 patients of total plasma platinum, total
ascites platinum, free plasma platinum, and free ascites plat-
inum were 2.74 (1.10-2.95), 0.31 (0.18-0.51), 0.52 (0.25-
1.37) and 0.12 (0.11-0.20) pg/mL, respectively. The T __
values of ascites platinum concentration were later than those of
plasma platinum concentration. Among 4 patients excluding
Patient N. 1, the AUC,, values of the mean concentration curve
and their ranges of total plasma platinum, total ascites platinum,
free plasma platinum, and free ascites platinum were 31.15
(18.30-37.31), 7.96 (5.43-10.44), 4,93 (3.58-6.33) and 2.93
(2.38-3.54) ugeh/mL., respectively. Although the difference in
total platinum C___values between plasma and ascites was con-
siderable, that of free platinum AUC,, values was less than C___
values. This may be associated with the similar concentration
of free platinum between plasma and ascites at the last sam-
pling time (26 h) in each patient.

Clinical effect

In Patients N. 2, 3 and 5, malignant ascites decreased clearly
and disappeared after 1 to 4 cycles of FOLFOX4 treatment
(Table 3). The treatment was continued up to 10 to 17 cycles.
According to RECIST, a partial response was observed in Pa-
tients N. 2, 3 and b5, stable disease in Patient N. 4, and pro-
gression disease in Patient N. 1.

Four adverse events were observed; one grade-3 neutrope-
nia in Patient N. 4, one grade-2 nausea/vomiting in Patient N.
3, one grade-2 diarrhea and one grade-1 neuropathy in Patient
N. 1. These were not critical and could be managed easily.

DISCUSSION

The recently modified FOLFOX4 regimen with 85 mg/m? of
oxaliplatin has been reported to be effective against gastric can-
cer patients with malignant ascites 6. Forty-eight patients with
malignant ascites were enrolled in this study, and 22 patients
{45.8%) received mFOLFOX4 therapy as first-line treatment.
The disappearance or improvement of ascites was seen in 17
patients (35.4%). However, the pharmacokinetics of oxaliplatin
in patients with malignant ascites remains undetermined.

The results of our study show that FOLFOX4 can be given
safely to gastrointestinal cancer patients with malignant ascites.
Although the total platinum C__ values of ascites are consider-
ably lower than those of plasma (0.31 vs 2.74 pug/mL by mean
value), the free platinum AUC,, values of ascites are close to
those of plasma (2.93 vs 4.93 ugeh/mL by mean value) (Table
2). This may be associated with the similar concentration of free

TABLE 1 - Patient demographics and characteristics

Patient number

Clinical features . No.1 No. 2 No. 3 No. 4 No. 5
Gender Male Female Female Male Male
Age (Year) 50 65 - 55 62 58
Cancers Colorectal Colorectal Gastric Gastric Colorectal
Previous operation Stoma "No No Stoma No
Histological type

Differentiation Moderately Moderately Poorly Poorly Moderately
Organ involvement

Lymph node + + - - +

Liver + - - - -

Skin - - + - -
Prior chemotherapy -S-1+CPT-11 None S-1+Docetaxel S-1+Docetaxel None
Ascites (mL) 5396 4856 340 1469 3299
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FIGURE 2 - Mean plasma and ascites concentration of platinum in Pa-
tients 2-5. Total platinum in plasma (filled circles, solid line), free plat-
inum in plasma (open circles, dotted line), total platinum in ascites (filled
squares, solid line), and free platinum in ascites (open squares, dotted
line). Bars show the standard deviation.

platinum between plasma and ascites at the last sampling time
(26 h) in each patient (Figure 1). Such a profile of free platinum
concentration in both plasma and ascites after oxaliplatin ad-
ministration may have resulted in its antitumor activity against
malignant ascites (Table 3). Of the 5 patients enrolled, the as-
citic fluid disappeared in 3 patients and decreased in 1 patient.
It is speculated that oxaliplatin transferred from the plasma to

FIGURE 1 - Plasma and as-
cites concentration of platinum
in each patient. Total platinum
in plasma (filled circles, solid
line), free platinum in plasma
(open circles, dotted line), total
platinum in ascites  (filled
squares, solid line), and free plat-
inum in ascites (open squares,
dotted line).

the abdominal cavity after the intravenous administration and
persisted in ascites. Then the ascites oxaliplatin concentration
reached an equilibrium state with the plasma concentration, and
oxaliplatin exerted an antitumor activity against peritoneal can-
cer cells.

Although the last sampling time in our study was 26 h, it
was reported that free plasma platinum was detected even 21
days after the oxaliplatin administration of 130 mg/m?%. Fur-
thermore, it was reported that the terminal half-life of free plat-
inum after the oxaliplatin administration was long and its
distribution volume was large ?'. Although the free platinum
concentration detected by our method might include platinum
bound to low molecular weight proteins or peptides 2021, these
pharmacokinetic profiles of oxaliplatin may be associated with
its antitumor activity observed in our study. While it would have
been ideal to investigate the pharmacokinetic profile of oxali-
platin in the plasma and ascitic fluid over a longer period, we
limited the last sampling time to 26 h in this study to avoid the
excessive burden caused by sampling procedure on the patients.

There was a trend of lower plasma C___values of total plat-
inum in patients with a larger volume of ascites (Tables 1 and
2). The volumes of ascitic fluid in Patients N. 1 and 2 were 5396
and 4856 mL, and the total plasma platinum C___values were
1.10 and 1.17 ug/mL, respectively. On the other hand, the
volumes of ascetic fluid in Patients N. 3 and 4 were 340 and
1469 mL, and the total plasma platinum C__ values were 2.95
and 2.08 pug/mL, respectively. Although the difference of C__
values between Patients N. 1/2 and 3/4 is not marked, it is
noteworthy that the volume of ascitic fluid may affect the phar-
macokinetics of oxaliplatin in plasma after FOLFOX4 treat-
ment.
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TaBLE 2 - Pharmacokinetic parameters of each patient and mean concentration.

Patient Samples Total platinum Ultrafiltrated platinum
number C,... T AUC,, C T AUC,,
(ng/mL) 52 (wgeh/mL) (ng/mL) (& (wgeh/mL)
1 Plasma 1.10 2.0 3.49 0.25 1.0 0.58
Ascites 0.37 2.3 0.64 0.11 2.0/2.3* 0.31
2 Plasma 1.17 2.0 18.30 0.47 2.0/2.3* 3.58
Ascites 0.51 2.3/6.0* 9.07 0.20 2.3 3.27
3 Plasma 2.95 2.0 36.07 1.37 2.0 5.88
Ascites 0.44 26 10.44 0.15 2.0/26* 3.54
4 Plasma 2.08 2.3 37.31 1.12 2.0 6.33
Ascites 0.18 6.0 543 0.17 26 2.50
5 Plasma 2.74 2.0 32.51 0.52 2.0 3.87
Ascites 0.31 26 6.74 0.12 26 2.38
Mean Plasma 2.74 2.0 31.15 0.52 2.0 4.93
Ascites 0.31 26 7.96 0.12 26 2.93

T and C_ are actual values. AUC, was calculated as described in “PATIENTS AND METHODS”. Mean pharmacokinetic parameters were
calculated from mean concentration data of Patients No. 2-5 in Figure 2. * The same C,.., value was observed at two time-points.

TABLE 3 - Antitumor activity.

Site of tumor Response N. (%) Patient N.
Ascites Disappeared 3 (60) 2,3,5
Decreased 1(20) 4
No change 1(20) 1
Increased 0 -
Measurable lesion CR 0(0) -
PR 3(60) 2,3,5
SD 1(20) 4
PD 0(0) 1
CONCI.USION

The AUC,, values of free platinum in the ascitic fluid were
relatively similar to those in the plasma in patients with gas-
trointestinal cancers treated with the FOLFOX4 regimen. The
decrease in ascitic fluid was observed in 4 of 5 patients, sug-
gesting that oxaliplatin exerts a beneficial effect in gastroin-
testinal cancer patients with malignant ascites. Further study is
required to confirm the efficacy and safety of FOLFOX4 treat-
ment in this patient population.
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Purpose
The first planned interim analysis (median follow-up, 3 years) of the Adjuvant Chemotherapy Trial

of S-1 for Gastric Cancer confirmed that the oral fluoropyrimidine derivative S-1 significantly
improved overall survival, the primary end point. The results were therefore opened at the
recommendation of an independent data and safety monitoring committee. We report 5-year
follow-up data on patients enrolled onto the ACTS-GC study.

Patients and Methods
Patients with histologically confirmed stage Il or Il gastric cancer who underwent gastrectomy

with D2 lymphadenectomy were randomly assigned to receive S-1 after surgery or surgery only.
S-1 (80 to 120 mg per day) was given for 4 weeks, followed by 2 weeks of rest. This 6-week cycle
was repeated for 1 year. The primary end point was overall survival, and the secondary end points
were relapse-free survival and safety.

Results

The overall survival rate at 5 years was 71.7% in the S-1 group and 61.1% in the surgery-only
group (hazard ratio [HR], 0.669; 95% Cl, 0.540 to 0.828). The relapse-free survival rate at 5
years was 65.4% in the S-1 group and 53.1% in the surgery-only group (HR, 0.653; 95% Cl,
0.537 to 0.793). Subgroup analyses according to principal demographic factors such as sex,
age, disease stage, and histologic type showed no interaction between treatment and
any characteristic.

Conclusion
On the basis of 5-year follow-up data, postoperative adjuvant therapy with S-1 was confirmed to

improve overall survival and relapse-free survival in patients with stage Il or Ill gastric cancer who
had undergone D2 gastrectomy.

J Clin Oncol 29:4387-4393. © 2011 by American Society of Clinical Oncology

otherapy have been implemented to prevent post-
operative recurrence.

In 2008, there were 737,000 deaths from gastric can-
cer worldwide. Gastric cancer is the second leading
cause of cancer-related death, with the highest mor-
tality rates in East Asia, including Japan, Korea, and
China (28.1 per 100,000 in males; 13.0 per 100,000
in females).! Approximately 60% of gastric cancers
in the world are diagnosed in this area. The mainstay
of treatment for gastric cancer is surgery. However,
in stages II (excluding T1 disease) and IIT (moder-
ately advanced), an appreciable proportion of pa-
tients have recurrence, even after curative resection.
Consequently, various regimens for adjuvant chem-

— 333 —

Although the results of many randomized,
controlled studies conducted to verify the effective-
ness of postoperative adjuvant chemotherapy for
gastric cancer were negative on an individual study
basis, meta-analyses of these results have suggested
that postoperative adjuvant chemotherapy is thera-
peutically useful in patients with gastric cancer.*”
However, no regimens have been clearly recom-
mended for adjuvant chemotherapy after gastrec-
tomy with D2 lymphadenectomy (D2 gastrectomy),
established as the standard procedure for advanced
gastric cancer in East Asia.

© 2011 by American Society of Clinical Oncology ~ 4387
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Fig 1. CONSORT diagram. D1 gastrec-
tomy; ITT, intent-to-treat.

The Adjuvant Chemotherapy Trial of S-1 for Gastric Cancer
(ACTS-GC) isarandomized phase ITI trial to confirm the effectiveness
of 1-year postoperative treatment with S-1 compared with surgery
alone in patients with stage I or IIT gastric cancer who underwent D2
gastrectomy. S-1 (TS-1; Taiho Pharmaceutical, Tokyo, Japan) is a
dihydropyrimidine dehydrogenase inhibitory fluoropyrimidine prep-
aration combining tegafur, gimeracil, and oteracil potassium in a
molar ratio of 1:0.4:1.*>° Two phase II studies'®'" in patients with
advanced or recurrent gastric cancer obtained high response rates
exceeding 40%. Postoperative adjuvant chemotherapy with S-1 was
thus expected to be effective.

In this phase Il trial, 1,059 patients with histologically confirmed
stage II or III gastric cancer who underwent D2 gastrectomy were
enrolled. A protocol-based interim analysis performed 1 year after the

completion of enrollment (median follow-up, 3 years) confirmed that
S-1 was effective. Because statistical analysis indicated that there was
minimal probability that the results of this study would turn out to be
negative after 5 years of follow-up, an independent data and safety
monitoring committee recommended that the results should be dis-
closed at that time. An analysis of the results available at that time
showed that the 3-year overall survival (OS) was 80.1% in the S-1
group compared with 70.1% in the surgery-only group. S-1 was dem-
onstrated to reduce the risk of death by 32% (hazard ratio [HR], 0.68;
95% CI, 0.52 to 0.87; P = .003)."? Although the study results were
disclosed early because of these promising results, we considered it
important to have 5-year follow-up data available. Such data would
facilitate a comparison of our results for 5-year OS and other out-
comes with those of previous trials. Moreover, this analysis may justify
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Fig 2. Kaplan-Meier estimates of (A) overall survival and (B) relapse-free survival for all randomly assigned patients. HR, hazard ratio.
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5-Year Results of S-1 Adjuvant Therapy in Gastric Cancer

Overall Survival Relapse-Free Survival
Total No. Interaction Interaction
of Patients HR 95% Cl P HR 95% Cl P
Sex 8147 .5032
Male 720 0.679  0.524 to0 0.880 b= 0.700 0.554 to 0.885
Female 314 0.642  0.429 to0 0.959 R 0.604 0.419 to 0.869
Age, years 4424 .5460
<60 383 0.550 0.3781t0 0.799 Aanand 0.568 0.405 to 0.797
60-69 404 0.678  0.467 to 0.983 Ean 0.726 0.523 to 1.008
70-80 247 0.779  0.527 to 1.151 Raatand 0.706 0.490 to 1.017
Cancer stage (Japanese classification) .2945 2771
i} 465 0.509 0.338t00.765 R 0.521 0.362 to 0.750
HIA 397 0.708 0.510 to 0.983 P 0.696 0.514 t0 0.941
B 172 0.791 0.520 to 1.205 ke nd 0.788 0.5639 to0 1.151
Cancer stage (UICC 6th) 4129 6611
HA 538 0.518 0.356 to 0.7563 sty 0.570 0.408 to 0.796
A 318 0.665  0.460 to 0.962 o) 0.629 0.446 10 0.886
B 106 0.855 0.510to 1.431 R o 0.712 0.445 to 1.139
[\ 72 0.784  0.422 10 1.458 s i 0.834 0.486 to 1.432
Tumor stage (UICC 6th) 7789 .9026
T2 565 0.652  0.471 to 0.902 o] 0.658 0.489 to 0.886
T3 444 0.690 0.511to0 0.932 S 0.655 0.500 to 0.859
T4 25 0.412  0.098 to 1.733 D e 0.868 0.264 to 2.858
Nodal stage (Japanese classification) .0882 .0729
NO 112 0.317  0.127 to 0.790 e e 0.308 0.139 to 0.681
N1 563 0.608  0.440to 0.840 ety 0.651 0.487 to 0.869
N2 359 0.839 0.6121to0 1.150 e 0.806 0.603 to 1.078
No. of nodal metastasis (UICC 6th) 2119 .2106
0 112 0.317 0.127 t0 0.790 ety 0.308 0.139 to 0.681
1-6 642 0.606 0.444 t0 0.828 ] 0.677 0.511 to 0.897
7-15 224 s 0.779 0.534to 1.138 S 0.693 0.488 to 0.984
>16 56 ! ) 0.927 0.477 to 1.799 R 0.874 0.486 to 1.570
No. of nodal metastasis (UICC 7th} .0861 .0431
0 112 0.317 0.127 to 0.790 B e 0.308 0.139 to 0.681
1-2 334 0.454  0.2751t0 0.749 et 0.482 0.309 to 0.752
3-6 308 0.740  0.494 10 1.108 i 0.877 0.606 to 1.268
>7 280 0.820 0.5901t0 1.138 e 0.729 0.540 to 0.984
Histrologic type .9806 7339
Differentiated 423 0.670  0.478to 0.938 S 0.706 0.515 to 0.967
Undifferentiated 608 Q0.673 0.506 to 0.896 e 0.657 0.510 to 0.847
T T ' ‘
0.1 1.0 10.0 0.1 1.0 10.0
S-1 Better Surgery Only Better S-1 Better Surgery Only Better

Fig 3. Subgroup analysis: overall survival and relapse-free survival for eligible population. In the surgery-only group, cancers in three patients could not be classified
as differentiated or undifferentiated. HR, hazard ratio; UICC, International Union Against Cancer (UICC) TNM Classification of Malignant Tumours.

the present controversial use of 3-year relapse-free survival (RFS) as
the primary end point in clinical trials of adjuvant chemotherapy for
potentially curable gastric cancer.

The trial was conducted in accordance with the World Medical Association
Declaration of Helsinki and Japanese Good Clinical Practice guidelines.
This protocol was approved by the institutional review board of each
participating hospital (see Data Supplement). Written informed consent
was obtained from all patients. Tumor stage classification and D classifica-
tion were in accordance with the Japanese Classification of Gastric Carci-
noma (Second English Edition)."

Patients and Treatment

Eligibility criteria were as follows: a histopathologically confirmed diag-
nosis of stage II (except for T1 disease), ITTA, or IIIB gastric cancer; RO resection
(with no tumor cells at the margin) with D2 or more extensive lymph node
dissection; no evidence of hepatic, peritoneal, or distant metastasis; nno tumor
cells in peritoneal fluid on cytologic analysis; age 20 to 80 years; no previous
treatment for cancer except for the initial gastric resection for the primary
lesion; and adequate organ function. Patients were enrolled within 6 weeks

www.jco.org

after surgery over the telephone or by means of facsimile. Patients were ran-
domly assigned to either the S-1 group or the surgery-only group. The assign-
ments were made by the minimization method according to disease stage (I,
IIIA, or IIIB) at the ACTS-GC data center.

Patients assigned to the S-1 group received S-1 in a daily dose of 80, 100,
or 120 mg in two divided doses. The dose of S-1 was assigned on the basis of
body surface area. S-1 was given for 4 weeks, followed by 2 weeks of rest.
Treatment was continued for 1 year after surgery. Patients assigned to the
surgery-only group received no anticancer treatment postoperatively until the
confirmation of recurrence. The criteria for dose reduction and toxicity were
described previously.'?

Follow-Up

In the S-1 group, the results of blood tests and clinical findings were
assessed at 2-week intervals during treatment with S-1. In the surgery-only
group, patients came to the hospital for re-examination at least once every 3
months for the first year after surgery. From the second year onward, all
patients were followed up in the same manner. Relapse was confirmed by
imaging studies, including ultrasonography, computed tomography, and GI
radiography, as well as endoscopy. Patients underwent at least one imaging
study at 6-month intervals for the first 2 years after surgery and at 1-year
intervals until 5 years after surgery. Individual patients were followed up for 5
years from the date of random assignment.
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Statistical Analysis

The sample size was calculated as follows. Given that the 5-year survival
rate would be 70% in the surgery-only group, with an HR of 0.70, « = .05
(two-sided), and a statistical power of 80%, we estimated that 1,000 patients
would be required. OS and RFS were estimated on the basis of all randomly
assigned patients. The results in eligible patients were analyzed according to
disease stage. OS was defined as the interval from the date of random assign-
ment to the date of death from any cause. RFS was defined as the interval from the
date of random assignment to the date of confirming recurrence or death from any
cause, whichever came first. Data for up to 5 years from the date of random
assignment were analyzed. Data obtained after 5 years were not included in this
analysis. The survival rate was estimated by using the Kaplan-Meier method. The
Cox proportional hazards model was used to calculate HRs. All statistical analyses
were done with SAS, version 9.1 (SAS Institute, Cary, NC).

Patients

From October 2001 through December 2004, a total of 1,059
patients were enrolled at 109 centers throughout Japan; 529 were
assigned to the S-1 group and 530 to the surgery-only group
(intention-to-treat population; Fig 1). In both groups combined,
474 patients (44.8%) had stage II disease, 409 (38.6%) had stage
IITA disease, and 175 (16.5%) had stage ITIB disease. The numbers
of patients with each stage of disease were similar in the two
treatment groups. The groups were also well balanced with respect
to the type of gastrectomy performed, the combined resection of
other organs, and other factors. Details of the patient demograph-
ics and baseline characteristics have been reported previously."

Fourteen patients in the S-1 group and 11 in the surgery-only group
were ineligible, as shown in Figure 1. In the S-1 group, 12 patients did not
receive S-1. In the surgery-only group, four patients received adjuvant
treatment at their strong request, violating the protocol.

Safety

Details of the safety analysis have been reported previously."” In
brief, except for anorexia (incidence, 6%), grade 3 or 4 adverse events
occurred in less than 5% of the patients in the S-1 group.

08 and RFS in All Randomly Assigned Patients

Among 1,059 patients, 145 and 199 died, 32 and 42 patients are
alive with recurrence, and 352 and 289 patients are alive without
recurrence in the S-1 and the surgery-only groups, respectively. Data
on 131 patients lost to follow-up within 5 years from the date of
random assignment were censored.

OS and RFS were analyzed in all 1,059 randomly assigned patients.
The 5-year OS rate was 71.7% (95% CI, 67.8% to 75.7%) in the S-1 group
and 61.1% (95% CI, 56.8% to 65.3%) in the surgery-only group. The HR
for death in the S-1 group compared with the surgery-only group was
0.669 (95% CI, 0.540 to 0.828), indicating that S-1 reduced the risk of
death by 33.1% (Fig 2A). The 5-year RFS rate was 65.4% (95% CI, 61.2%
t0 69.5%) in the S-1 group and 53.1% (95% ClI, 48.7% to 57.4%) in the
surgery-only group. The HR for relapse in the S-1 group compared with
that in the surgery-only group was 0.653 (95% CI, 0.537 to 0.793). Treat-
ment with S-1 thus reduced the risk of relapse by 34.7% (Fig 2B).

Subgroup Analysis

OS and RFS in eligible patients were analyzed according to sex,
age, disease stage (Japanese Classification, 13th edition), and histo-
logic type. There was no interaction between treatment and any of
these factors (Fig 3). Kaplan-Meier estimates of OS and RFS are shown
according to disease stage, which was used as a stratification factor
when patients were randomly assigned (Figs 4, 5, and 6).

The 5-year OS rates of the patients with stage II disease were
84.2% (95% CI, 79.5% to 89.0%) in the S-1group and 71.3% (95% CI,
65.3% to 77.2%) in the surgery-only group, with an HR 0f 0.509 (95%
CI, 0.338 to 0.765; Fig 4A). Their 5-year RFS rates were 79.2% (95%
CI, 73.8% to 84.6%) in the S-1 group and 64.4% (95% CI, 58.1% to
70.7%) in the surgery-only group, with an HR 0f0.521 (95% CI, 0.362
t00.750; Fig4B). The 5-year OS rates of stage IIIA patients were 67.1%
(95% CI, 60.4% to 73.8%) in the S-1 group and 57.3% (95% CI, 50.3%
to 64.2%) in the surgery-alone group, with an HR 0f0.708 (95% CI,
0.510 to 0.983; Fig 5A). Their 5-year RFS rates were 61.4% (95% CI,
54.5% to 68.4%) in the S-1 group and 50.0% (95% CI, 42.9% to
57.0%) in the surgery-alone group, with an HR of 0.696 (95% CI,
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Fig 4. Kaplan-Meier estimates of (A) overall survival and (B) relapse-free survival for eligible patients with stage |l gastric cancer. HR, hazard ratio.
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Fig 5. Kaplan-Meier estimates of (A) overall survival and (B) relapse-free survival for eligible patients with stage IlIA gastric cancer. HR, hazard ratio.

0.514100.941; Fig 5B). As for stage ITIB disease, we enrolled 90 patients
in the S-1 group and 85 in the surgery-only group; the 5-year OS rates
were 50.2% (95% CI, 39.5% to 61.0%) in the S-1 group and 44.1%
(95% CI, 33.1% to 55.0%) in the surgery-alone group, with an HR of
0.791 (95% CI, 0.520 to 1.205; Fig. 6A). Their 5-year RES rates were
37.6% (95% CI, 27.0% to 48.2%) in the S-1 group and 34.4% (95% CI,
24.1% to 44.7%) in the surgery-alone group, with an HR of 0.788
(95% CI, 0.539 to 1.151; Fig 6B).

Site of First Relapse

Common sites of first relapse were the peritoneum, hema-
togenous sites, and lymph nodes (Table 1). Rates of metastasis
and relapse were consistently lower in the S-1 group than in the

surgery-only group for all sites. In particular, the rates of recur-
rence in lymph nodes and of peritoneal relapse were markedly
lower in the S-1 group.

To the best of our knowledge, the ACTS-GC study is the first large
clinical trial of adjuvant chemotherapy enrolling more than 1,000
patients who underwent D2 gastrectomy for gastric cancer. The results
of this follow-up study showed that 1-year treatment with S-1 im-
proved OS and RFES at 5 years compared with surgery alone, thus
reconfirming the conclusions reached on early publication of the
study results after a median follow-up of 3 years.
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Table 1. Site of First Relapse (all randomly assigned patients)*
Surgery
S-1 Only
(n = 529) (n = 530)
Site No. % No. % HR 95%Cl

Total Mo, of relapses 1627 306 221 417 —
Local 11 21 17 3.2 0.572 0.268to0 1.221
Lymph nodes 3087 54 102 0505 0.323100.789
Peritoneum 77 146 100 189 0.687 0.5111t00.925
Hematogenous 61 115 71 134 0784 0.557 t0 1,105,
Abbreviation: HR, hazard ratio.
“Some patients had a first relapse at more than one site.

Our present results confirmed that postoperative adjuvant
chemotherapy with S-1 alone reduced the risk of death by 33.1%,
thereby demonstrating that effectiveness was maintained since the
previous analysis. This reduction in the risk of mortality is comparable
with that obtained with combined regimens for adjuvant chemotherapy
in the Medical Research Council Adjuvant Gastric Infusional Chemother-
apy (MAGIC) trial"* and the Intergroup 0116 (INT-0116) trial."”

Whether the results of this study can be extrapolated to countries
outside East Asia remains uncertain because of possible differences in
pharmacokinetics of S-1 between whites and East Asians. If S-1 is used as
adjuvant chemotherapy in whites, the dose should be carefully adjusted. A
second reason is that all patients in this study underwent D2 gastrectomy
although more limited surgery (D0/1) is commonly performed in the
United States and some parts of Europe. In the surgery-only group, OS at
5 years was 61.1%, which was much better than that of patients undergo-
ing D2 gastrectomy in Europe (33%) in a Dutch trial.'® One of the reasons
for this large difference may be the high level and widespread use of
diagnostic technology in Japan, potentially leading to stage migration
between Japan and Western countries."”” Another important reason
might be the high quality of D2 gastrectomy in Japan, whereas DO or D1
gastrectomy remains the standard procedure in the United States and was
the standard in Europe until recently. Although a Dutch trial comparing
DI with D2 gastrectomy reported negative results,'®'® a 15-year
follow-up study showed that the rate of mortality from gastric cancer was
significantly lower in the D2 gastrectomy group.'® Thus, the most recent
European Society for Medical Oncology (ESMO) clinical practice guide-
lines recommend D2 gastrectomy as the standard procedure for curable
advanced gastric cancer.”®

The primary end point of this study was 5-year OS, although that of
an ongoing adjuvant chemotherapy study in Korea and China is 3-year
disease-free survival. The latter is designed to evaluate the efficacy of
postoperative adjuvant chemotherapy with capecitabine and oxaliplatin
compared with surgery alone. To justify the use of RES or disease-free
survival as the primary end point for adjuvant chemotherapy after cura-
tive resection of gastric cancer, more evidence is needed, but the results of
this study may strongly suggest that RES can be used as the primary end
pointof such studies. (In this follow-up analysis, the 3-year RFS rates were
72.4% and 61.1%, and the 5-year OS rates were 71.7% and 61.1% in the
S-1 group and surgery-only group, respectively.)

To compare our results with those of other foreign studies, we also
report the stage-specific 3- and 5-year OS and RFS according to the
International Union Against Cancer (UICC) TNM Classification of Ma-
lignant Tumours, Sixth Edition. Three-year OS rates according to UICC

4392 © 2011 by American Society of Clinical Oncology

staging in the S-1 and surgery-only groups were 91.1% and 80.9% (stage
10), 77.8% and 68.3% (stage ITA), 66.6% and 56.8% (stage IIIB), and
59.1% and 45.7% (stage IV). Three-year RFS rates were 84.3% and 73.5%
(stage IT), 69.1% and 56.7% (stage ITIA), 44.8% and 28.9% (stage I1IB),
and 46.0% and 37.1% (stage IV). Five-year OS rates were 83.4% and
70.8% (stage II), 68.9% and 56.2% (stage ITIA), 43.7% and 40.1% (stage
IIIB), and 45.1% and 42.7% (stage IV). Five-year RES rates were 77.9%
and 65.4% (stage II), 64.3% and 48.7% (stage IIIA), 35.9% and 28.9%
(stage I1IB), and 26.8% and 25.0% (stage IV).

The approach for adjuvant chemotherapy differs among East
Asian countries, including Japan, in which D2 gastrectomy has long
been the standard procedure, and Western countries, in which DO or

- D1 gastrectomy used to be or currently is standard. As Cunningham

and Chua®' stated, “surgery alone” is no longer standard treatment
anywhere in the world for advanced gastric cancer. Some type of
adjuvant chemotherapy, including the use of radiotherapy after D0/1
resection, can thus be considered standard treatment at present.

A meta-analysis by the Global Advanced/Adjuvant Stomach Tumor
Research International Collaboration (GASTRIC) group’ showed that
some form of postoperative chemotherapy is associated with a higher
survival rate than surgery alone; moreover, the use of monotherapy for
postoperative adjuvant treatment resulted in good outcomes. The
ACTS-GC trial demonstrated that S-1 monotherapy improved OS and
RES. In patients with early-stage (II and IIIA) tumors, the benefits of
treatment with S-1 were considerable. However, the 5-year OS rate in
patients with stage ITIB disease was 50.2% in the S-1 group and 44.1% in
the surgery-only group, suggesting that there remains some room for
improvement. Future studies should evaluate the effectiveness of inten-
sive preoperative and/or postoperative chemotherapy with multiple
agents in patients at high risk for relapse.

The results of the S-1 plus cisplatin versus S-1 in randomized con-
trolled trial in the treatment for stomach cancer (SPIRITS) trial,”* dem-
onstrating that S-1 plus cisplatin is superior to S-1 alone with respect to
survival in patients with unresectable or recurrent gastric cancer, and the
V325 study [a randomized, multinational phase II/II trial of patients with
untreated advanced gastric cancer],”*** showing that the addition of do-
cetaxel to cisplatin plus fluorouracil prolongs survival, indicated that S-1
plus csplatin and S-1 plus docetaxel are candidate regimens for postop-
erative adjuvant chemotherapy. These regimens were confirmed to be
feasible in a postoperative setting,”>® and further studies should be per-
formed to examine whether such regimens are superior to S-1 alone.

The Japan Clinical Oncology Group (JCOG) is now performing the
JCOG 0501 study to compare S-1 plus cisplatin as neoadjuvant chemo-
therapy with surgery followed by S-1 monotherapy in patients with clini-
cally resectable Borrmann type 4 (linitis plastica) and large type 3 gastric
cancer. This trial is expected to be a landmark study, determining the
future direction for preoperative chemotherapy in Japan.

The use of molecular targeted agents for gastric cancer has been
studied extensively. In the Trastuzumab in Combination with Chemo-
therapy Versus Chemotherapy Alone for Treatment of HER2-Positive
Advanced Gastric or Gastro-Esophageal Junction Cancer (ToGA) study,
trastuzumab combined with cisplatin and either fluorouracil or capecit-
abine significantly prolonged OS in patients with HER2-positive gastric
cancer.” The effectiveness of adjuvant chemotherapy with molecular
targeted agents such as trastuzumab also needs to be assessed in patients
with HER2-positive gastric cancer.

In conclusion, this 5-year follow-up study confirmed that adju-
vant chemotherapy with S-1 given for 1 year after surgery improved
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