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Fig. 2. Detection of FGFR2 rearrangements. (A) Schematic representation of FGFR2 gene rearrangements: FGFR2-AHCYL1 (left) and FGFR2-
BICC1 (right). Arrows indicate the position and direction of the fused genes. Green and red spots indicate the genomic location of 5" and 3’
FISH probes for the FGFR2 gene. (B) Representative FISH pattern of FGFR2 probes in FGFR2-AHCYL1 and FGFR2-BICC1-positive cases. Arrows

indicate a split of 5" green and 3’ red signals.

also showed no great distinction between the two
groups. However, fusion positive cases had a propen-
sity for hepatitis virus infection (Table 2). Expression
of FGFR2 mRNA was significantly higher in fusion-
positive cases than in fusion-negative ones (Supporting
Fig. 2). Especially, KRAS/BRAF mutant cases showed
reduced FGFR2 expression. This might afford collat-
eral evidence of mutually exclusive relationships
between FGFR2 fusion and KRAS/BRAF mutation.
Immunohistological revealed  prominent
FGFR2 protein expression at both cytoplasm and
plasma membrane in fusion-positive cases (Supporting
Fig. 3). We further screened 212 gastric cancers, 149
colorectal cancers, and 96 hepatocellular carcinomas by
RT-PCR for the presence of these FGFR2 fusion tran-
scripts. The FGFR2-BICCI fusion gene was detected
in one colorectal cancer (0.7%) and one hepatocellular
carcinoma (1.0%). These fusion-positive non-ICC
cases were also hepatitis virus-positive (Table 1).
FGFR?2 Fusions Transform NIH3T3 Cells Both In
Vitro and In Vivo. To assess the oncogenic activity
of the FGFR2 fusion proteins, stable NIH3T3 clones
expressing the retrovirally transfected wild-type fusion
proteins or their kinase activity-deficient mutants (KD
mutant) were established. As shown in Fig. 4A,
wild-type FGFR2-AHCYL1 or FGFR2-BICCI1-
expressing cells showed anchorage-independent colony
formation in soft agar, which was severely suppressed in
KD mutant expressing cells. Subcutaneous transplanta-
tion of these clones into immunodeficient mice resulted

analysis

in the formation of tumors from FGFR2-AHCYLI and
FGFR2-BICC1 expressing clones, whereas those
expressing KD mutants did not form tumors (Fig. 4B).
To investigate the mechanisms by which the FGFR2
fusion drives oncogenesis, downstream FGFR signaling
was analyzed iz vitro (Fig. 5A; Supporting Fig. 4). The
wild-type fusion expressing cells showed constitutive tyro-
sine phosphorylation in the activation loop of the FGFR
kinase domain. FGFR2 signaling activates multiple down-
stream pathways, including RAS/MAPK and PI3K/
AKT." Immunoblot analysis revealed that activation of
MAPK, but not AKT or STAT3, was induced in clones
expressing FGFR2-AHCYL1 and FGFR2-BHCCI. These
results indicate that FGFR2 fusion proteins activate

Table 1. Clinical Features of FGFR2 Fusion Positive Cases

Virus
FGFR2 fusion Gender Age status Pathlogy Differentiation
FGFR2-AHCYL F 72 HCV ICC mod
FGFR2-AHCYL F 59 ICC well
FGFR2-AHCYL M 62 HCV ICC mod
FGFR2-AHCYL M 73 ICC well
FGFR2-AHCYL F 52 ICC mod
FGFR2-AHCYL M 59 ICC well
FGFR2-AHCYL F 49 ICC mod
FGFR2-BICC1 M 65 HBV ICC mod
FGFR2-BICC1 F 68 ICC well
FGFR2-BICC1 F 66 HCV CRC mod
FGFR2-BICC1 F 46 HBV HCC por

ICC: Intrahepatic cholangiocarcinoma
CRC: colorectal cancer
HCC: hepatocellular carcinoma
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Fig. 3. Clinical subtypes in cholangiocarcinoma. (A) Distribution of genomic alterations. FGFR2 fusion, KRAS mutation, and BRAF mutation
among ICC and ECC cases are indicated by red, green, and blue, respectively. (B) Overall survival curve stratified by FGFR2 fusions in all cholan-
giocarcinoma cases and ICC cases (Kaplan-Meier method). The outcome was not significantly different between FGFR2 fusion-positive and -nega-

tive cases (log-rank test).

canonical FGFR signaling and confer anchorage-
independent growth and in vivo tumorigenesis, both of
which are hallmarks of cellular transformation.

FGFR?2 Fusions Are Potential Therapeutic Targets
in Cholangiocarcinoma. Next, we examined the sen-
sitivity of FGFR2 fusion-driven tumor cells to two spe-
cific FGFR inhibitors, BGJ398 and PD173074, which
selectively inhibit FGFR tyrosine kinase activity.'®'?
These compounds significantly inhibited the phospho-
rylation of MAPK and reduced in vizro anchorage-
independent colony formation to the level observed in
KD mutant expressing cells (Fig. 5B).

Discussion

FGFR genes are involved in multiple biological
processes, ranging from cell transformation, angiogene-
sis, and tissue repair, to embryonic development. Acti-
vating point mutations and amplification of FGFR
gene members have been explored as therapeutic tar-
gets in a wide range of tumors, including bladder, gas-
tric, and lung cancers?!; however, amplification of
FGFR genes is uncommon in ICC.** Diverse fusions
involving the FGFR gene family have also been
reported in hematological and solid cancers'®!"?3%
and some have shown sensitivity to FGFR inhibition.

The identification of two recurrent FGFR2 fusions
(FGFR2-AHCYLI and FGFR2-BICCI) that are mutu-
ally exclusive with KRAS/BRAF mutations warrants a
new molecular classification of cholangiocarcinoma
and suggests a novel therapeutic approach in cholan-
giocarcinomas driven by these fusions. Wu et al.'!
recently detected the FGFR2-BICCI fusion gene in
two cholangiocarcinoma cases, although its prevalence

Table 2. Association Between Clinical Features
and FGFR2 Fusion

Number of Number of
fusion positive fusion
Clinical factors case negative case P Value
Gender Male 4 61 0.207
Female 5 32
Age (average) 62.1 66.1 0.104
Virus status Hepatitis virus 3 9 0.035
positive
Hepatitis virus 6 84
negative
Differentiation Well 4 21 0.367
Mod 5 60
Poor 0 5
Stage | 1 2 0.463
Il 2 14
1] 2 30
[\ 4 23
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Fig. 4. Oncogenic activity of FGFR2 fusion proteins. (A) Soft agar colony formation in kinase activity-deficient (KD) mutants. The percentage
(*SD) of colonies with FGFR2 fusions and their KD mutant transfectants are plotted. *P < 0.05. A representative image of colonies expressing
wild-type and KD FGFR2 fusions is shown (scale bar= 100 um). (B) Representative images of mice subcutaneously transplanted with NIH3T3
cells expressing wild-type and KD FGFR2 fusions. The number of tumors per injection in each transfectant is shown.

in cholangiocarcinoma has been lacking. The present
study showed a high prevalence of FGFR2 fusion genes
in the intrahepatic subtype of cholangiocarcinoma.
Although two cases of another kinase fusion, FI/G-
ROSI (2/23, 8.7%), have been reported by other
researchers in CC,'° we did not detect such fusion in
this study. As cholangiocarcinoma is a heterogeneous
disease, some epidemiological or clinical specificity
may be ascribable to the FIG-ROSI fusion. However,
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no detailed pathological information of the patients
was stated in that study. Further investigation is
needed to clarify the whole picture of driver fusion
genes in CC. Association between FGFR2 fusion posi-
tivity and hepatitis virus infection may suggest an
involvement of the virus in the chromosomal rear-
rangements in CC. However,
FGFR2 fusion in hepatocellular carcinoma argues for
further  analysis  of  genetic  rearrangements.

rare observation of

-
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Fig. 5. FGFR inhibitors block signaling in FGFR2-fusion-expressing cells. (A) Activation of FGFR2 and MAPK by FGFR2-AHCYL1 and its suppres-
sion by FGFR inhibitors. Lysates from NIH3T3 cells expressing FGFR2-AHCYL1 or EZR-ROS1 (control) treated with vehicle (DMSO), 0.2 and 1 uM
BGJ398, and 0.2 and 1 uM PD173074 were immunoblotted with the relevant antibodies. f-Actin was used as a loading control. (B)
Anchorage-independent growth of NIH3T3 cells expressing FGFR2 fusions and its suppression by FGFR inhibitors (BGJ: BGJ398 and PD:
PD173074). The percentage (=SD) of colonies formed in the presence of FGFR2 inhibitors (0.2 uM) with respect to those formed by DMSO-
treated cells are plotted. The NIH3T3 clone expressing EZR-ROS1 was used as a negative control for FGFR inhibitors. *P < 0.05.
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Overexpression of the FGFR2 fusion protein hyperac-
tivate one of the canonical signaling events down-
stream of FGFR. This contrast with other FGFR
fusion proteins, FGFR1-TACC1 and FGFR3-TACC3
in glioblastomal,24 which fail to activate canonical
downstream MAPK signaling, but induce aneuploidy
and oncogenic transformation.”

Based on the specific relevant genomic alterations,
TKIs have been developed into effective therapies.”®
We showed that small molecule FGFR inhibitors,
BGJ398 and PD173074, efficiently blocked the down-
stream signaling and oncogenic activity of ICC-specific
FGFR2 fusions. By the high-throughput cell line
profiling assay, amplifications or mutations of FGFR
genes in cancer cell lines have been reported to predict
sensitivity to the selective pan-FGFR inhibitor
BGJ398.%° This drug is currently in a phase I study in
patients of advanced solid tumors with FGFR1/2
amplification or FGFR3 mutation  (Novartis,
Basel, Switzerland;  ClinicalTrials.gov  identifier:
NCT01004224). Clinical investigations, akin to those
conducted in other solid tumors with oncogenic fusion
kinases, such as EML4-ALK,*® are warranted to exam-
ine the efficacy of FGFR inhibitors for the treatment
of defined subset of cholangiocarcinoma harboring

FGFR?2 fusions.
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Purpose

The present phase Il study was designed to investigate the noninferiority of S-1 alone and
superiority of gemcitabine plus S-1 compared with gemcitabine alone with respect to over-
all survival.

Patients and Methods

The participants were chemotherapy-naive patients with locally advanced or metastatic pancreatic
cancer. Patients were randomly assigned to receive only gemcitabine (1,000 mg/m? on days 1, 8,
and 15 of a 28-day cycle), only S-1 (80, 100, or 120 mg/d according to body-surface area on days
1 through 28 of a 42-day cycle), or gemcitabine plus S-1 (gemcitabine 1,000 mg/m? on days 1 and
8 plus S-1 60, 80, or 100 mg/d according to body-surface area on days 1 through 14 of a
21-day cycle).

Results

In the total of 834 enrolled patients, median overall survival was 8.8 months in the gemcitabine
group, 9.7 months in the S-1 group, and 10.1 months in the gemcitabine plus S-1 group. The
noninferiority of S-1 to gemcitabine was demonstrated (hazard ratio, 0.96; 97.5% Cl, 0.78 t0 1.18;
P < .001 for noninferiority), whereas the superiority of gemcitabine plus S-1 was not (hazard ratio,
0.88; 97.5% ClI, 0.71 to 1.08; P = .15). All treatments were generally well tolerated, although
hematologic and Gl toxicities were more severe in the gemcitabine plus S-1 group than in the
gemcitabine group.

Conclusion

Monotherapy with S-1 demonstrated noninferiority to gemcitabine in overall survival with good
tolerability and presents a convenient oral alternative for locally advanced and metastatic
pancreatic cancer.

J Clin Oncol 31:1640-1648. © 2013 by American Society of Clinical Oncology

Fluorouracil/leucovorin plus irinotecan plus

 INTRODUCTION

Pancreatic cancer (PC) is currently the eighth lead-
ing cause of cancer-related mortality worldwide,
with an estimated 266,000 deaths in 2008." Gem-
citabine became the standard treatment for ad-
vanced PC, improving overall survival (OS)
compared with fluorouracil.” Although various
gemcitabine-based combination regimens have
been evaluated, only erlotinib added to gemcit-
abine showed a survival benefit over gemcitabine,
and that was marginal.’

1640 © 2013 by American Society of Clinical Oncology

Information downloaded from jco.ascopubs.org and provided by at Kokuritsu Gan Center on February 18, 2014 from
Copyright © 2013 American Sotfiétyl 80 QUdical Oncology. All rights reserved.

oxaliplatin (FOLFIRINOX), a gemcitabine-free com-
bination regimen, has recently demonstrated a clear
survival benefit compared with gemcitabine for pa-
tients with metastatic PC who have a performance sta-
tus of 0 to 1.* However, because FOLFIRINOX is
associated with significant toxicity, this regimen
must be limited to patients with good performance
status and requires close monitoring.”

In Japan, clinical trials of S-1 (TS-1; Taiho
Pharmaceutical, Tokyo, Japan) have been con-
ducted since the early 2000s for patients with PC. S-1
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GS or S-1 v Gemcitabine for Pancreatic Cancer

is an oral fluoropyrimidine derivative shown to be effective for gastric
and various other types of cancers.” Phase IT studies of S-1 as first-line
therapy for metastatic PC resulted in good response rates of 21.1% to
37.5%.%° Consequently, S-1 was approved for the indication of PC in
Japan in 2006. Development of gemcitabine plus S-1 (GS) studies have
also been initiated, mainly in Japan, and two phase II studies reported
high response rates of 44.4% to 48.5% and good median OS of 10.1 to
12.5 months.'*"

Because S-1 and GS have shown promising activity in PC, the
present randomized phase III study (GEST [Gemcitabine and S-1
Trial] study) was designed to evaluate whether S-1 alone is noninferior
to gemcitabine and whether GS is superior to gemcitabine alone for
locally advanced and metastatic PC with respect to OS.

Study Design

This randomized phase III study, sponsored by Taiho Pharmaceutical in
Japanand TTY Biopharm in Taiwan, was conducted as a postmarketing study
in Japan and as a registration study in Taiwan and was in compliance with the
Declaration of Helsinki. Data were collected by a contract research organiza-
tion contracted by the sponsors and were analyzed by a bio-statistician (Y.O.).
An independent data and safety monitoring committee reviewed efficacy and
safety data. The study was approved by the ethics committee or institutional
review board of each participating center.

Patients

All patients provided written informed consent. Enrollment criteria were
locally advanced or metastatic PC, histologically or cytologically proven diag-
nosis of adenocarcinoma or adenosquamous carcinoma, no prior chemother-
apy or radiotherapy for PC, age of more than 20 years (the protocol was
amended to restrict the eligible age to << 80 years after four of the first eight
patients who were = 80 years experienced serious adverse events), an Eastern
Cooperative Oncology Group performance status score of 0 to 1, and adequate
organ functions (see Appendix, online only).

Treatment
Random assignment was performed centrally with stratification by ex-
tent of disease (locally advanced disease v metastatic disease) and institution

using the minimization method. Patients allocated to gemcitabine alone re-
ceived gemcitabine at a dose of 1,000 mg/m? intravenously over 30 minutes on
days 1, 8, and 15 of a 28-day cycle. Patients allocated to S-1 alone received S-1
orally twice daily at a dose according to the body-surface area (BSA) (< 1.25
m?, 80 mg/d; = 1.25 to < 1.5 m?, 100 mg/d; = 1.5 m?, 120 mg/d) on days 1
through 28 of a 42-day cycle. Patients allocated to GS received gemcitabine at
a dose of 1,000 mg/m* on days 1 and 8 plus S-1 orally twice daily at a dose
according to the BSA (< 1.25m?, 60 mg/d; = 1.25to < 1.5m? 80 mg/d; = 1.5
m’, 100 mg/d) on days 1 through 14 of a 21-day cycle. The dose levels of S-1
used in the GS group were based on the results of a previous phase II study of
GS, in which 1,000 mg/m? of gemcitabine was combined with 120 mg/d, 100
mg/d, and 80 mg/d of S-1. In that study, the rate of treatment withdrawal due
to adverse events was 41% (22 of 54 patients), the rate of grade 3 or worse
neutropenia was 80%, and the dose was reduced in 56% of the patients (30 of
54 patients).'" Consequently, 20 mg/d lower doses of S-1 than those used in the
S-1 monotherapy group were used in the GS group in the present study.

In the event of predefined toxic events, protocol-specified treatment
modifications were permitted (see Appendix).

Assessments

Physical examinations, CBCs, and biochemistry tests were usually
checked at 2-week intervals in the S-1 group and at each time of administration
of gemcitabine both in the gemcitabine group and in the GS group. All adverse
events were assessed according to the Common Terminology Criteria for
Adverse Events, version 3.0. Computed tomography or magnetic resonance
imaging was performed every 6 weeks until disease progression, and response
was assessed by the investigators according to the Response Evaluation Criteria
in Solid Tumors (RECIST), version 1.0."* Quality of life was assessed using the
EuroQol 5 Dimension questionnaire'” at baseline and 6, 12, 24, 48, and 72
weeks after the study treatment had begun.

Statistical Analysis

The primary end point was OS, defined as time from date of random
assignment to date of death from any cause. Secondary end points were
progression-free survival (PFS), objective response rate, safety, and quality of
life. PES was counted from the date of random assignment to the date of death
without progression or of progression as confirmed by the investigator’s as-
sessment. The median OS was assumed to be 7.5 months in the gemcitabine
group, 8.0 months in the S-1 group, and 10.5 months in the GS group. To
maintain a one-sided significance level of .025 for the entire study while testing
two hypotheses (ie, noninferiority and superiority), the one-sided significance

Patients enrolled
(N = 834)

Assigned to receive (RE=27} Assigned to receive S-1 (n = 280)
gemcitabine Did not receive S-1 (n=8)
Did not receive (n= 4) Adverse events {n=7)

gemcitabine before treatment
Adverse events (n=4) Disease progression (n=1)
before treatment

Assessed Assessed
For overall and (n=277) For overall and (n = 280)

progression-free progression-free

survival survival
For safety (n=273) For safety (n=272)
For response (n=241) For response (n = 248)
For quality of life (n = 244) For quality of life (n = 245)

Assigned to receive GS (n = 277)

Withdrew consent {h=3)
Disease progression  (n=1)
Assessed
For overall and {n = 275)
progression-free
survival
For safety (n = 267)
For response (n = 242)
For quality of life (n =247)

Excluded from the (n=2)
study because of
informed consent
violation

Did not receive GS (n=8)

Fig 1. CONSORT diagram. GS, gemcit-

Adverse events before (n=4) 4
abine plus S-1.

treatment
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level for each comparison was set at .0125. The statistical considerations are
detailed in the Appendix.

The superiority of GS was evaluated by the stratified log-rank test. To
assess the noninferiority of S-1, we used the Cox proportional hazards model
to calculate two-sided, 97.5% ClIs of the hazard ratio (HR). The noninferiority
margin of S-1 was set at 1.33; that is, the null hypothesis was that the median
OS with S-1 would be approximately 2 months shorter than with gemcitabine.
We decided this setting was justified considering the convenience of S-1 and
because there are few effective drugs for the disease. Furthermore, to interpret
the obtained data, the Bayesian analysis of the log HR on the basis of the
noninformative prior distribution was preplanned. Posterior probability with
log HR within a stricter threshold (log 1.15) was also calculated."*

In each assigned group, the time-to-event distribution was estimated
with the Kaplan-Meier method. The 95% CI of the median survival time was
calculated by the method of Brookmeyer and Crowly."> In addition, the
Greenwood formula’® was used to calculate the 95% CI for survival rates. In
subgroup analyses, interaction tests were performed to assess the homogeneity
of the effect of treatment on OS.

The primary end point was analyzed for the full analysis set. All P value
evaluations were two-tailed. Data analyses were done with SAS, version 9.1.3
(SAS Institute, Cary, NC).

 RESULTS

Patients

Between July 2007 and October 2009, a total of 834 patients were
enrolled from 75 institutions in Japan and Taiwan (768 in Japan and
66 in Taiwan). Two patients in the GS group were excluded from the
study because enrollment was conducted before obtaining written
informed consent. The remaining 832 patients were included in the
full analysis set and used to calculate OS and PFS (Fig 1). The three
treatment groups were well balanced with respect to demographic and
baseline characteristics (Table 1).

Study Treatment

The median duration of treatment was 2.6 months in the gem-
citabine group, 2.6 months in the S-1 group, and 4.3 months in the GS
group. The main reasons for treatment discontinuation were either
disease progression (202 patients [72.9%] in the gemcitabine group,

Table 1. Demographics and Baseline Characteristics of Patients (full-analysis set population)
Gemcitabine S GS Total
(n = 277) (n = 280) (n = 275) (N = 832)
Characteristic No. % No. % No. % No. %

Sex

Male 170 61.4 170 60.7 158 5725 498 59.9

Female 107 38.6 110 39.3 117 42,5 334 40.1
Age, years

< 65 134 48.4 145 51.8 137 49.8 416 50.0

= 65 143 51.6 135 48.2 138 50.2 416 50.0
ECOG PS

0 181 65.3 178 63.6 172 62.5 53l 63.8

1 96 34.7 102 36.4 103 375 301 36.2
Extent of disease

Locally advanced 66 238 68 24.3 68 24.7 202 24.3

Metastatic 2711 76.2 212 75.7 207 75.3 630 75.7
Type of tumor

Adenocarcinoma 272 98.2 276 98.6 272 98.9 820 98.6

Adenosquamous carcinoma 5 1.8 4 1.4 3 17211 12 1.4
Pancreas excision

No 254 91.7 264 94.3 248 90.2 766 92.1

Yes 23 8.3 16 5.7 27 9.8 66 7.9
Tumor location®

Head 122 44.0 110 8918 116 42.2 348 41.8

Body 88 31.8 124 44.3 102 37.1 314 Byl

Tail 68 245 5h, 19.6 66 24.0 189 2957,
Biliary drainage

No 202 72.9 217 775 209 76.0 628 7855

Yes 7B 271 63 225 66 24.0 204 24.5
CEA, ng/mL ;

Median 5.7 5.6 5.9 57

QR 3.0-20.1 2.5-18.4 2.56-20.7 2.6-19.5
CA19-9, U/mL

Median 1,044 726 441 712

IQR 52-5,002 64-5,000 45-5,090 55-5,002
CRP, mg/dL

Median 0.40 0.50 0.40 0.43

IQR 0.11-1.38 0.18-1.57 0.15-1.60 0.15-1.57
Abbreviations: CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group
performance status; GS, gemcitabine plus S-1; IQR, interquartile range.
*Including patients with tumors involving multiple sites.
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215 [76.8%] in the S-1 group, and 162 [58.9%] in the GS group) or
adverse events (40 patients [14.4%] in the gemcitabine group, 38
[13.6%] in the S-1 group, and 76 [27.6%] in the GS group). The
median relative dose-intensity was 83.0% in the gemcitabine group,
96.1% in the S-1 group, and 83.3% for gemcitabine and 87.4% for S-1
in the GS group.

Survival

The median duration of follow-up for surviving patients was 18.4
months (range, 0.3 to 36.9 months) as of July 31, 2010. The analysis of
OS was based on 710 deaths (85.3%) among the 832 patients. The
median OS was 8.8 months (95% CI, 8.0 to 9.7) in the gemcitabine
group, 9.7 months (95% CI, 7.6 to 10.8) in the S-1 group, and 10.1
months (95% CI, 9.0 to 11.2) in the GS group (Fig 2A). OS rates at 12
and 24 months were respectively 35.4% and 9.2% in the gemcitabine
group, 38.7% and 12.7% in the S-1 group, and 40.7% and 14.5% in the
GS group. The noninferiority of S-1 to gemcitabine with respect to OS
was demonstrated (HR, 0.96; 97.5% CI, 0.78 to 1.18; P < .001 for

1.0 S-1 v Gemcitabine: Hazard ratio, 0.96 (97.5% Cl, 0.78 to 1.18)
P <.001 for noninferiority
B GS v Gemcitabine: Hazard ratio, 0.88 (97.5% Cl, 0.71 to 1.08)
0.8 1 3 P=.15 for superiority
— 3
[+ Y
> — LS
S5 N
= = Gemcitabine
» o
= o
S 2 04+
L O
S —
o
0.2 4
T T T T T T
0 6 12 18 24 30 36
Time (months)
No. at risk
Gemcitabine 277 184 97 41 12 3 0
S-1 280 186 104 45 18 B i
GS 275 209 108 42 19 3 0

S-1 v Gemcitabine: Hazard ratio, 1.09 (97.5% Cl, 0.90 to 1.33)
P =.02 for noninferiority

GS v Gemcitabine: Hazard ratio, 0.66 (97.5% Cl, 0.54 to 0.81)

0.8 1 P <.001 for superiority

== Gemcitabine

Progression-Free Survival
(proportion)

S-1
= GS
T T T T T T
0 6 12 18 24 30 36
Time (months)
No. at risk
Gemcitabine 277 82 25 10 3 0 0
S-1 280 73 19 6 3 2 1
GS 275 130 55 21 3 0 0

Fig 2. Kaplan-Meier estimates of (A) overall survival and (B) progression-free
survival according to treatment group. GS, gemcitabine plus S-1.

Wwww.jco.org

noninferiority). The Bayesian posterior probability that the HR of S-1
relative to gemcitabine would be less than 1.15 was calculated to be
98% on the basis of the noninformative prior distribution. However,
GS failed to improve OS at a statistically significant level as compared
with gemcitabine (HR, 0.88; 97.5% CI, 0.71 to 1.08; P = .15).

The analysis of PFS was based on 793 events (95.3%) among the
832 patients. The median PFS was 4.1 months (95% CI, 3.0 to 4.4) in
the gemcitabine group, 3.8 months (95% CI, 2.9 to 4.2) in the S-1
group, and 5.7 months (95% CI, 5.4 to 6.7) in the GS group (Fig 2B).
PES rates at 6 and 12 months were respectively 29.8% and 9.1% in the
gemcitabine group, 26.9% and 7.2% in the S-1 group, and 47.9% and
20.3% in the GS group. S-1 was shown to be noninferior to gemcit-
abine with respect to PES (HR, 1.09; 97.5% CI, 0.90 to 1.33; P = .02 for
noninferiority), and GS significantly improved PES compared with
gemcitabine (HR, 0.66; 97.5% CI, 0.54 to 0.81; P < .001).

Subgroup analyses of survival according to pretreatment charac-
teristics showed no significant interaction between S-1 and gemcit-
abine in any subgroup (Fig 3A). However, GS showed a favorable HR
compared with gemcitabine in the subsets of patients with locally
advanced disease or patients with a performance status of 1 (Fig 3B).

Response to Therapy

The objective response rate was 13.3% (95% CI, 9.3 to 18.2) in
the gemcitabine group, 21.0% (95% CI, 16.1 to 26.6) in the S-1 group,
and 29.3% (95% CI, 23.7 to 35.5) in the GS group (Table 2). The
objective response rate was significantly higher in the S-1 group
(P = .02) and in the GS group (P < .001) than in the gemcit-
abine group.

Second-Line Chemotherapy

Second-line chemotherapy was performed in 184 patients
(66.4%) in the gemcitabine group, 185 (66.1%) in the S-1 group, and
172 (62.5%) in the GS group. In the gemcitabine group, 140 patients
(50.5%) received S-1 alone or S-1-based regimens, and in the S-1
group 162 (57.9%) received gemcitabine alone or gemcitabine-based
regimens as second-line chemotherapy. The most common second-
line regimens in the GS group were gemcitabine alone (61 patients),
GS (53 patients), S-1 alone (24 patients), irinotecan (six patients), and
fluorouracil/leucovorin plus oxaliplatin (four patients). In Japan and
Taiwan, the use of treatments such as erlotinib, oxaliplatin, and irino-
tecan for PC was not approved at the time of this study; hence
gemcitabine, S-1, or both were used in most patients as second-
line chemotherapy.

Adverse Events and Quality-Adjusted Life-Years

The major grade 3 or worse adverse events are listed in Table 3.
Patients in the gemcitabine group had significantly higher incidences
of grade 3 or worse leukopenia, neutropenia, thrombocytopenia, ele-
vated AST levels, and elevated ALT levels as compared with patients in
the S-1 group. However, the incidence of grade 3 or worse diarrhea
was higher in the S-1 group than in the gemcitabine group. Patients in
the GS group had significantly higher incidences of grade 3 or worse
leukopenia, neutropenia, thrombocytopenia, rash, diarrhea, vomit-
ing, and stomatitis than patients in the gemcitabine group.

There were three deaths considered possibly related to the proto-
col treatment (interstitial lung disease, sepsis, and acute hepatitis B) in
the gemcitabine group, one in the S-1 group (unknown cause), and
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0 0.5 1.0 1.5 2.0
GS Better Gemcitabine Better

four in the GS group (unknown cause associated with myelosuppres-
sion, cerebral infarction, cerebrovascular disorder, and interstitial
lung disease). The results of quality-adjusted life-years (QALYs) are in
the Appendix and the details of quality-of-life assessments will be
reported elsewhere.

The overall and PFS curves in the S-1 group were nearly identical to
those in the gemcitabine group, confirming the noninferiority of S-1

1644 © 2013 by American Society of Clinical Oncology

to gemcitabine in terms of OS and PES (Fig 2A, 2B). Toxicity profiles
of these two drugs differed slightly: gemcitabine tended to show he-
matologic toxicity, whereas S-1 tended to show GI toxicity. However,
both S-1 and gemcitabine were generally well tolerated. Furthermore,
the results of QALY evaluation demonstrated that S-1 and gemcit-
abine were equivalent. Hence our results suggest that S-1 can be used
as first-line therapy as a convenient oral alternative for locally ad-
vanced and metastatic PC. To the best of our knowledge, this s the first
phase III study to demonstrate the noninferiority of a single anticancer
agent to gemcitabine alone for locally advanced and metastatic PC.
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Table 2. Objective Response Rates (patients with measurable lesions)
Gemcitabine S GS P
(n = 241) (n = 248) (n = 242) (X test)
Variable No. % No. % No. % Gemcitabine v S-1 Gemcitabine v GS

Response

Complete response 1 0.4 0 0 2 0.8

Partial response 31 1129 52 21.0 69 28.5

Stable disease 119 494 105 42.3 102 42.1

Progressive disease 743) it 69 278 37 156:8
Objective response rate* 32 13.3 B2 21.0 71 28.3 .02 < .001

95% Cl 9.3t018.2 16.1 to0 26.6 23.7t0 36.56
Disease control ratet 151 62.7 157 63.3 173 71.5 .88 .04

95% Cl 56.2 to 68.8 57.0 to 69.3 65.4to 77.1
Abbreviation: GS, gemcitabine plus S-1.
*The objective response rate was defined as the proportion of patients who had a complete response or partial response.
tThe disease control rate was defined as the proportion of patients who had a complete response, partial response, or stable disease.

At the time of planning this study, the participants of nearly all
phase IIT trials included both patients with locally advanced as well as
those with metastatic PC. However, because locally advanced and
metastatic diseases are two clinical entities, it is recently recommended
that patients with locally advanced disease should be studied sepa-
rately from those with metastatic disease.'” Although this study in-
cluded locally advanced disease, subgroup analysis of extent of disease
showed no significant interaction between S-1 and gemcitabine (Fig
3A). Moreover, the OS curve in the S-1 group was still similar to those
in the gemcitabine group in both locally advanced and metastatic
disease (Fig 4A, 4B). Regarding pathologic diagnosis, our study in-
cluded adenosquamous carcinoma, although its percentage was very
low (1.4% of whole population). When the data were reanalyzed after

excluding patients with adenosquamous carcinoma, the results for OS
for gemcitabine versus S-1 was unchanged (HR, 0.96; 95% CI, 0.81 to
1.15). The selection of one treatment over the other will depend
primarily on patient preference, clinical factors, or drug costs, as bio-
markers indicating effective use of S-1 or gemcitabine do not exist at
this time.

Regarding GS, the OS did not differ significantly from gemcit-
abine, although the PFS was significantly longer in the GS group.
Second-line chemotherapy mainly with S-1 in the gemcitabine group
may be one reason for this discrepancy. The median OS in the gem-
citabine group was 8.8 months, which is longer than those previously
reported for gemcitabine in other phase III studies for locally ad-
vanced and metastatic PC.>>'3* Although the efficacy of second-line

Table 3. Grade 3 or Worse Adverse Events (safety population)
Gemcitabine S-1 GS '
(n = 273) (n = 272) (n = 267) (Fisher's exact test)
Event No. % No. % No. % Gemcitabine v S-1 Gemcitabine v GS
Hematologic
Leukocytes 51 18.7 10 357 101 37.8 <.001 < .001
Neutrophils 112 41.0 24 8.8 166 62.2 < .001 < .001
Platelets 30 11.0 4 1.5 46 1572 < .001 .05
Hemoglobin 39 14.3 26 9.6 46 15752 Sl 41
Nonhematologic
ALT 41 15.0 16 5.9 29 10.9 <.001 16
AST 41 15.0 21 7.7 82 12.0 .01 32
Bilirubin 26 9.5 39 14.3 23 8.6 .08 77
Fatigue 10 37 18 6.6 13 4.9 13 53
Rash 2 0.7 2 0.7 1 4.1 1.00 .01
Anorexia 20 7.3 31 1.4 25 9.4 1 A4
Diarrhea 3 141 18 5.5 12 4.5 .004 .02
Mucositis/stomatitis 0 0.0 2 0.7 6 22 25 .01
Nausea 5 1.8 b 1.8 12 4.5 1.00 .09
Vomiting 2 0.7 4 1.8 12 45 .45 .006
Febrile neutropenia 1 0.4 1 0.4 5 1.9 1.00 A2
Infection with normal ANC 6 2.2 7 2.6 6 2.2 79 1.00
Pneumonitis B 1.8 0 0.0 2 0.7 .06 45
NOTE. Grades of adverse events were defined according to the Common Terminology Criteria for Adverse Events (version 3.0).
Abbreviations: ANC, absolute neutrophil count; GS, gemcitabine plus S-1.
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