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Phase lll study comparing oxaliplatin plus S-1
with cisplatin plus S-1 in chemotherapy-naive
patients with advanced gastric cancer
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Background: We evaluated the efficacy and safety of S-1 plus oxaliplatin (SOX) as an altemnative to cisplatin plus S-1
(CS) in first-line chemotherapy for advanced gastric cancer {AGC).

Patients and methods: In this randomized, open-label, multicenter phase (il study, patients were randormly assigned
to receive SOX (80120 mg/day S-1 for 2 weeks with 100 mg/m? oxaliplatin on day 1, every 3 weeks) or GS (S-1 for
3 weeks with 60 mg/m? cisplatin on day 8, every 5 weeks). The primary end points were noninferiority in progression-free
survival (PFS) and relative efficacy in overall survival (OS) for SOX using adjusted hazard ratios (HRs) with stratification
factors; performance status and unresectable or recurrent {+adjuvant chemotherapy) diseass.

Results: Overall, 685 patients were randomized from January 2010 to October 2011, In per-protocol population, SOX
{r7=318) was noninferior to CS {n=324) in PFS [msdian, 5.5 versus 5.4 months; HR 1.004, 95% confidence interval (C}
0.840-1.199; predefined noninferiority margin 1.30]. The median OS for SOX and C8 were 14,1 and 13.1 months,
respectively (HR 0.958 with 85% Cl 0.803-1.142). In the intention-to-treat population (SOX, n=339; CS, n=337), the
HRs in PFS and OS were 0.979 (95% Cl 0.821-1.167) and 0.834 (95% Cl 0.786-1.108), respectively. The most common
>grade 3 adverse events (SOX versus CS) were neutropenia (19.5% versus 41.8%), anemia (16.1% versus 32.5%;, hypo-
natremia (4.4% versus 13.4%), febrile neutropenia (0.9% versus 6.9%), and sensory neuropathy (4.7% versus 0%).
Conclusion: SOX is as effective as CS for AGC with favorable safety profile, therefore SOX can replace CS.

Clinical trial number: JapicCTI-101021.

Key words: advanced gastric cancer, oxaliplatin, cisplatin, S-1, phase lll study
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introduction The German Arbeitsgemeinschaft Internistische Onkologie
(AIO) trial showed that 5-fluorouracil (5-FU)/leucovorin plus
oxaliplatin treatment was equivalent to 5-FU/leucovorin plus
cisplatin treatment [5]. The randomized two-by-two phase III
study (REAL-2) of triplet therapy of epirubicin, 5-FU or capeci-
tabine, and cisplatin or oxaliplatin for advanced esophagogastric

] B cancer showed that oxaliplatin was as effective as cisplatin with
*Correspondence to: Dr Yasuhlde Yamadza, Gastrointestinal Oncclogy Diviston, Netiona . . N
Gancer Certer Hosplial 5-1-1 Touk, Chuo-ku, Tokyo 1040045, Japan ~ [esPect to overall survival (OS) and progression-free survival
Tel: +81-3-3542-0611; Fax: +81-3-3545-3567; E-mail: yayamada@ncc.go.jp (PFS) [8].

Combination therapies using cisplatin and fluoropyrimidines
with or without epirubicin or docetaxel have been widely used
as first-line treatments for advanced gastric cancer (AGC) [1-4].

@ The Author 2014, Published by Oxford Universlty Press on behalf of the European Soclety for iedical Oricology.
Allrights reserved. For permissions, please email: journals.permissions@oup.com.
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S-1 is an oral anticancer preparation that combines tegafur, a
pro-drug of 5-FU, with two modulators, i.e. gimeracil and otera-
cil [7]. Phase III clinical trials showed that S-1 was noninferior
to 5-FU, and that cisplatin plus S-1 (CS) was superior to S-1
(SPIRITS trial) [8, 9]. CS is regarded as a standard first-line
treatment of AGC in Japan. A phase III study (FLAGS) sug-
gested that CS could be a substitute for 5-FU plus cisplatin as
first-line chemotherapy for AGC [10, 11]. A phase II trial of
first-line chemotherapy with S-1 plus oxaliplatin (SOX) yielded
promising outcomes, a median PFS and OS of 6.5 and 16.5
months, respectively, with good tolerability [12]. To confirm
and extend these results, we carried out a phase III study com-
paring SOX with CS as first-line chemotherapy for AGC.

methods

patients

The main eligibility criteria included histologically proven, curatively unce-
sectable, advanced or recurrent gastric cancer, age >20 years, an Eastern
Cooperative Oncology Group performance status (ECOG_PS) of 0-2, the
presence of measurable lesions as confirmed by computed tomography
(CT), no previous chemotherapy or radiotherapy, oral intake capability, ad-
equate function of the major organs, and written informed consent of the
patient. The main exclusion criteria were active infection, serious concurrent
disease, markedly impaired cardiac function, gastrointestinal bleeding,
sensory heuropathy, serious diarrhea, ascites beyond the pelvic cavity or
pleural effusion, a history of blood transfusion within 3 weeks before enroll-
ment, interstitial pneumonia, or previous treatment with platinum as adju-
vant chemotherapy.

This study was carried out according to the ethical principles of the
Declaration of Helsinki and Good Clinical Practice Guidelines. Each hospi-
tal’s institutional review board approved this study protocol.

study design

This study was a prospective, multicenter, randomized, open-label, parallel-
group phase III clinical trial conducted at 51 centers in Japan. Eligible
patients were centrally randomized to CS or SOX in a 1: 1 ratio, considering
the institution, PS, and unresectable or recurrent disease with or without
postoperative adjuvant chemotherapy as adjustment factors using the mini-
mization method [13]. The randomization sequence was generated by an in-
dependent team from the trial sponsor and investigators, Enroliment was
done by a local principal or subinvestigator via a web-based system, which
automatically assigned either treatment to a patient. The allocated study
treatments were not masked from the patients and investigators,

treatment

In CS, §-1 was given orally twice daily for the first 3 weeks of a 5-week cycle.
The dose was 80 mg/day for body surface area (BSA) <1.25 m%, 100 mg/day
for BSA 21,25 to <1,5 m® and 120 mg/day for BSA >1.5 m? Cisplatin was
administered at 60 mg/m” as an iv. infusion with adequate hydration on day
8 of each cycle [9]. In SOX, S-1 was given as the same way for the first
2 weeks of a 3-week cycle. Oxaliplatin at 100 mg/m? was infused for 2 h Lv.
on day | of each cycle [12]. The treatments were continued until one of the
criteria for withdrawal of the study treatment was encountered.

In both treatment groups, the dose of ¢ach drug was reduced to ~80%, if
the neutrophil count was <500/mm?>, the platelet count was <25 000/mm? or
>grade 3 febrile neutropenia, diarrhea, stomatitis, or hand-foot syndrome
developed. In CS, the dose of cisplatin was reduced in the event of grade 3
anorexia suspected to be caused by cisplatin. In SOX, the dose of oxaliplatin
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was reduced if the platelet count was <75 000/mm® on day 29 when the treat-
ment was delayed for a week, or grade 2 sensory neuropathy developed on
the first day of a cycle (supplementary Tables $1-S3, available at Ansals of
Oncology online).

assessments

PES was defined as the time from the randomization to documented progres-
sive disease (PD) or death without prior PD, whichever came first. Patients
who were alive and free of progression (i.e. second-line treatment was started
due to any cause) were regarded as censored cases at the date of the last as-
sessment, Lesions were evaluated by CT at the baseline and every 6 weeks
from the randomization to the initiation of second-line treatment. The
assessments were done under the same imaging way as the baseline in all
patients. All images for PFS and tumor responses were reviewed by an inde-
pendent review committee, according to the Response Evaluation Criteria In
Solid Tumors (RECIST) version 1.0 [14]. OS was defined as the interval
from the date of randomization to the date of death from any cause or the
last follow-up date. Adverse events were graded according to the Common
Terminology Criteria for Adverse Events, version 3.0 (CTCAE version 3.0).

statistical considerations

We aimed to assess two primary end points. One primary end point was to
demonstrate noninferiority in PFS for SOX compared with CS which was
used for sample size determination. The other primary end point was to
evaluate the relative efficacy in OS between SOX and CS. The noninferiority
analysis was carried out in the per-protocol population, The noninferiority
margin in PFS was defined at 1.30 in reference to the results of SPIRITS trial
and phase II study of SOX (supplementary Appendix A1, available at Annals
of Oncology online). Since the required number of events was estimated as
456 with a one-sided a value of 0.025 and a power of 80%, we estimated that
600 patients would be needed to achieve the required number of events
within the patient accrual (1.5 years) and follow-up periods (1 year after the
last patient randomization). In Pebruary 2011, it appeared to be difficult to
achieve the required number of events within the preplanned timetable, and
the target number of patients was revised to 680 according to the predefined
procedure in the protocol. For-OS, the noninferiority margin was defined to
be 1.15 as a guide of evaluation. The number of events required for OS ana-
lysis was set as 508 with a one-sided & value of 0.025 and a power of 80%
when median OS for SOX and CS were expected as 14.5 and 13.0 months,
respectively.

Time-to-events were analyzed using the Kaplan-Meier method. Hazard
ratios (HRs) and 95% confidence intervals (CIs) were calculated using the
stratified Cox proportional hazards model. The stratification factors were
unresectable or recurrent disease, with or without postoperative adjuvant
chemotherapy, and PS of 0, 1, or 2, excluding institution from adjustment
factors in randomization, We also did the analyses in the intention—to-treat
(ITT) population: all randomized patients excluding patients who took no
trial medication. In exploratory analyses, subgroup efficacy and multivariate
analyses were carried out on stratification factors and demographic factors in
the Cox proportional hazards model. Statistical analyses were carried out
using SAS v9.1.3.

results

patients disposition and characteristics

From 14 January 2010 through 17 October 2011, 685 patients
were enrolled; 343 and 342 patients were randomly assigned to
SOX or CS (Figure 1). The demographic characteristics in the
per-protocol population were well balanced between SOX and
CS (Table 1).
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Randomly allocated

Excluded from per-protocol population (n=20)

(n=685)
Allocated to C8 {n=342)
Allocated to SOX (n=343)
) i Did not receive treatment (n=5)
Did not receive treatment (n=4)
Had interstitial pneumonia (n=2)
Had liver dysfunction {n=2)
Had brain metastasis (n=1)
Withdrawn consent (n=1)
) . Had double cancers {(n=1}
Receive blood transfusion {n=1)
Other reason (n=1)
Received treatment {n=2339)
Received freatment {n=337)
Ongoing treatment Ongoing treatment
(n=11) (n=5)
Discontinued SOX {n=328) Discontinued CS {n=332)
Progression disease {n=271) Progression disease (n=241)
Adverse event {n=17) Adverse event {(n=230)
Indications for surgery {n=8) Indications for surgery (n=7)
Consent withdrawal (n=86) Consent withdrawal (r=13)
Prohibited treatment {n=5) Prohibited treatment (n=7)
QOther reason (n=21) Other reason {n=234j
Safety analysis population (n=338) Safety analysis population {n=335)
Excluded form safety analysis population  (n=5) Excluded form safety analysis population  (n=7)
Did not receive treaiment (n=4) Did not receive treatment (n=5)
Administered marketing drug (n=1) Administered marketing drug (n=2)
Per-protocol population n=318) Per-protocol population (n=324)

Excluded from per-protocol population (n=11)

Had no measurable disease {(n=12}
Had massive amount of ascites {n=3)
Received prohibited treatment (n=2)
Dosage violation {(n=2)
Received blood transfusion (n=1)

Had no measurable disease {(n=5)
Have not histologically confirmed

gastric carcinoma {n=2)
Had massive amount of ascites (n=1)
Received prohibited treatment (n="1}
Received blood transfusion (n=1)
Had brain metastasis (n=1)

Figure 1. CONSORT diagram. "After PFS analysis was fixed, it was verified that one patient did not have gastric carcinoma. This patient was excluded from
08 analysis but included in safety analyses because some cycles of assigned treatment were given. SOX, §-1 plus oxaliplatin; CS, cisplatin plus S-1.

treatment delivery

The median treatment cycles in SOX and CS were 7.0 (range 1-
43) and 5.0 (range 1-19), respectively. The relative dose inten-
sity was 79.0% [interquartile range (IQR), 62.3-95.1] for oxali-
platin and 78.9% (IQR 65.9-91.3) for S-1 in SOX; it was 80.7%

Volume 26 | No. 1 | danuary 2015

(IRQ 64.2-94.6) for cisplatin and 79.8% (IQR 68.1-90.9) for S-1
in CS.

In SOX, 261 of 308 (84.7%) patients who discontinued treat-
ment received second-line chemotherapies: taxanes-containing
regimens in 131 of 261 (50.2%) patients, irinotecan-containing
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Table 1. Baseline chameteristics

Treatment
SOX (N=318) CS(N=324) P°

Gender

Male 240 (75.5) 237(73.1)

Female 78 (24.5) 87(26.9)
Age (years)
ECOG performance status

65 (21-83) 65 (29-85)
224 (70.4) 228 (70.4)
91 (28.6) 92 (28.4)
3(0.9) 4(1.2)
Unresectable 261 (82.1) 272 (84.0)
Recurrent 57 (17.9) 52 (16.0)
Adjuvant chemotherapy (+) 29 (9.1) 25(7.7)
Adjuvant chemotherapy () 28 (8.8) 27(83)
Tumor histology
Intestinal 144 (45.3)
Diffuse 174 (54.7)
Primary tumor
~ 74 (23.3) 72(22.2)
+ 244 (76.7) 252 (77.8)
No. of metastatic sites
1 102 (32.1) 101 (31L.2)
2 136 (42.8) 141 (43.5)
2% 80 (25.2) 82 (25.3)
Metastatic site®
Liver 124 (39.0) 129 (39.8)
Lung 36 (11.3) 35(10.8)
Lymph node 290 (91.2) 287 (88.6)
Peritoneal 61(19.2) 64 (19.8)

145 (44.8)
179 (55.2)

Data are presented as 1 (%) or median (range).

*%* test; comparing proportion of each characteristic.

PPatients can be included in more than one category.

SOX, S-1 plus oxaliplating CS, cisplatin plus S-1; ECOG, Eastern
Cooperative Oncology Group.

regimens in 87 of 261 (33.3%) patients, and S-1-containing regi-
mens in 20 of 261 (7.7%) patients. In CS, 269 of 319 (84.3%)
patients who discontinued treatment received second-line che-
motherapies: taxanes-containing regimens in 102 of 269
(37.9%) patients, irinotecan-containing regimens in 84 of 269
(31.2%) patients, and S-1-containing regimens in 46 of 269
(17.1%) patients. Other details are shown in supplementary
Appendix A2, available at Annals of Oncology online.

efficacy
The median follow-up for PES was 6.9 months (IQR 2.9-9.6).
The median PFS in SOX and CS were 5.5 months (95% CI 4.4
5.7, 260 events) and 5.4 months (95% CI 4.2-5.7, 249 events),
respectively (Figure 2A). The HR was 1.004 (95% CI 0.840-
1.199, Pyoninferiorisy = 0.0044), and the upper limit of 95% CI was
less than the noninferiority margin of 1.30.

The median follow-up for OS was 25.9 months {(IQR 21.0-
29.2). The median OS in SOX and CS were 14.1 months (95%
CI 13.0-15.8, 249 events) and 13.1 months (95% CI 12.1-15.1,
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259 events), respectively (Figure 2B). The HR was 0.969 (95%
CI 0.812-1.157). However, one eligible patient was not included
in the stratified analysis. The analysis including all eligible
patients resulted in giving that the HR was 0.958 (95% CI 0.803~
1.142) (supplementary Appendix A3, available at Annals of
Oncology online). In the ITT population (SOX, n=339; CS,
n=337), the HRs in PES and OS evaluated by stratified Cox
regression with combining stratum were 0.979 (95% CI 0.821-
1.167) and 0.934 (95% CI 0.786-1.108), respectively.

The response rate and disease control rate were 55.7% and
85.2% (2 complete response, 175 partial response, and 94 stable
disease) in SOX, and 52.2% and 81.8% (4 complete response,
165 partial response, and 96 stable disease) in CS, respectively.
The median time from the randomization to the first date that
documented to reach 30% tumor reduction were 1.5 months
(95% CI 1.4-2.5) in SOX and 1.5 months (95% CI 1.4-1.6)
in CS.

Figure 3 summarizes the subgroup analysis of OS. SOX
showed significantly longer OS in patients with peritoneal me-
tastasis. Multivariate analyses showed that ECOG PS (1, 2),
unresectable disease, diffuse-type, and sum of tumor diameter
(>median) correlated with poor prognosis in OS. The adjusted
HR in treatment efficacy for OS was 0.955 (95% Cl 0. 802—
1.138) (Table 2).

safety

Table 3 summarizes the main adverse events in the safety ana-
lysis population. Grade 3 or worse leukopenia, neutropenia,
anemia, febrile neutropenia, and hyponatremia were more fre-
quently seen in CS than in SOX. Grade 3 or worse sensory neur-
opathy was more frequently observed in SOX than in CS. There
were no remarkable differences in the incidence of thrombo-
cytopenia between the treatment groups. Grade 3 or worse
febrile neutropenia in CS was seen in 12/111 (10.8%) of patients
with a creatinine clearance (Cer) <70 ml/min and 11/224 (4.9%)
of patients with Cer >70 ml/min; and in SOX, in 3/113 (2.7%)
of patients with Cer <70 ml/min and 0/225 (0%) of patients
with Ccr 70 ml/min. Further, grade 3 or worse febrile neutro-
penia in CS was seen in 12/234 (5.1%) of patients aged <70
years and 11/101 (109%) of patients aged >70 years; and in
SOX, in 1/224 (0.4%) of patients aged <70 years and 2/114
(1.8%) of patients aged >70 years. Serious adverse events were
more frequently observed in CS than in SOX [127 (37.9%)
versus 99 (29.3%), P=0.017]. There were 12 treatment-related
deaths (8 in CS and 4 in SOX).

discussion

This randomized phase III study for AGC showed that SOX was
noninferior to CS in terms of PES and OS. As far as we know,
this is the first large comparative study of the oxaliplatin plus
S-1 doublet with CS. The results of CS in the present study are
similar to those observed in the SPIRITS trial that demonstrated
the superiority of CS (median PES 6.0 months and median OS
13.0 months) to S-1, and this suggests the robustness of our
results for noninferiority [9].

The adverse events observed for CS and SOX were consistent
with previously reported results. Notably, in the present study,
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Figure 2. Kaplan-Meier curves for (A) progression-free survival assessed with RECIST and (B) overall survival, SOX, $-1 plus oxaliplatin; CS, cisplatin plus
S-1; HR, hazard ratio; CI, confidence interval. Data cut off for PFS was on | June 2012 and that for OS was on 16 April 2013,

SOX provided considerable advantages in safety over CS:
>grade 3 neutropenia and febrile neutropenia were more fre-
quently observed in CS. All grades of diarrhea, stomatitis,
nausea, anorexia, and renal impairment developed more com-
monly in CS. SOX was safer particularly in patients >70 years

Volume 26 | Na. 1 | January 2015

with Cer <70 ml/min with respect to febrile neutropenia. In
patients with compromised renal function, the decreased
renal clearance of gimeracil {(a dehydropyrimidine dehydro-
genase inhibitor and a component of $-1) increases blood
5-FU concentrations and causes severe adverse effects. Renal

doi:10.1083/annonc/mdud 72 | 145
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Variables N Hazard ratio ( 95% CI) Plnsarn;xlgn
Gender _‘_
Male 476 0.987 (0.807—1.207)  0.362
Female 165 — 0.818 (0.578—1.157)
Age (years)
<70 442 - 0.967 (0.785-1.191)  0.727
>70 199 — . 0.908 (0.662-1.247)
ECOG performance status
0 451 — 0.826 (0.668-1.022)  0.023
1 183 - 1.333 (0.975-1.821)
2 7 0.965 (0.170-5.483)
Tumor status
Unresectables 533 0.984( 0.817-1.186)  0.709
Recurrent (adjuvant+) 54 - 0.492 (0.242—1.002)
Recurrent (adjuvant-) 54 e 1.290 (0.643-2.587)
Tumor histology
Intestinal 290 1.085 (0.833-1.415)  0.159
Diffuse 351 0.848 (0.672-1.069)
Primary tumor
No 146 0.730 (0.485-1.099) 0.141
Yes 495 1.016 (0.837-1.232)
Liver metastasis
No 388 0.916 (0.729-1.150)  0.603
Yes 253 1.029 (0.784-1.351)
Lung metastasis
No 571 0.971 (0.807-1.168)  0.346
Yes 70 0.752 (0.443-1.276)
Peritoneal metastasis
No 516 1.031 (0.849-1.252)  0.032
Yes 125 — 0.646 (0.433-0.964)
Number of metastases
1or2 479 0.971 (0.791-1.192)  0.495
23 162 0.850 (0.610-1.183)
Sum of tumor diameter
<median? 320 0.928 (0.715-1.204) 0.962
>median 321 0.936 (0.740-1.183)
ALP (IU/L)
<median? 320 0.942 (0.733-1.211)  0.967
>median 321 0.934 (0.733-1.190)
Total 641 0.943 (0.792—1.122)
T IS TR G B O 5 K T T T
0.1 0.2 0.5 1.0 2.0 5.06.0
Favors SOX Favors CS

Figure 3. Subgroup analyses of overall survival. SOX, S-1 plus oxaliplatin; CS, cisplatin plus S-1; CI, confidence interval; ECOG, Eastern Cooperative
Oncology Group, *Median of sum of tumor diameter: 76.5 mm. ®"Median of ALP: 258 TU/L

function is likely impaired during treatment with a cisplatin-
containing regimen, even when adequate hydration to prevent
renal toxicity is provided, while oxaliplatin does not affect
renal function. These were the probable reasons underlying
the favorable results of SOX in elderly patients or patients
with renal dysfunction. As expected, the incidence of periph-
eral sensory neuropathy was higher in SOX. Nonetheless,
50% of patients in SOX received a second-line chemotherapy
regimen containing taxanes, suggesting that the peripheral
sensory neuropathy induced by oxaliplatin did not clinically
hinder the administration of subsequent taxanes-containing
chemotherapy.

S-1 has been available for AGC in European and Asian coun-
tries. The pharmacokinetics and toxicities of S-1 are different
among Caucasian and Asian patients [15, 16]. A couple of the
causes are considered as follows; first, the activity of CYP2A6
which is converted to 5-FU from tegafur not only in the liver

but also in intestinal mucosa; second, the effect of food intake
on the metabolism of oxonic acid which should be localized in
the intestinal mucosa and protects mucosal injury by 5-FU, and
is converted to cyanuric acid (CA) by gastric juice; third, the dif-
ference of folic acid levels in diet among Caucasians and Asians.
The larger AUCs of 5-FU and CA in Caucasians than Asians
were correlated to the higher incidence of diarrhea by S-1.
The oral dosing of $-1 before meal might be one of solutions
for avoiding severe diarrhea especially for Caucasians. If dose
of $-1 is adequately adjusted by toxicities with enough patient
education and self-management, SOX provides considerable
improved safety without compromising efficacy for AGC in
Caucasians as well.

During the study period, we did not test HER2 expression in
tumors and could not know its exact influence on our results.
The proportion of patients who received trastuzumab after the
study treatment was small (<10%) and similar in both groups.

Valume 26 || No.

$T0T ‘g Atenuef uo (Y[} 9QU0) J0oue)) [eUOTERN Je /FI0's[RuInolproyXo-suctue,/:diy WOl popeo[usmoq



