Mayahara et al. BMC Cancer 2012, 12:609
http://www.biomedcentral.com/1471-2407/12/609

Page 5 of 10

Table 4 Toxicity during and after salvage chemoradiotherapy

Toxicity Grade 0 Grade1 Grade2 Grade3 Grade4  Toxicity of any grade (%)  Toxicity of grade 3-4 (%)
Hematological toxicity
Leukopenia 6 1" 1 3 0 81 10
Neutropenia 12 13 5 1 0 61 3
Anemia 4 14 10 3 0 87 10
Thrombocytopenia 12 16 3 0 0 61 0
AST/ALT 20 9 2 0 0 35 0
Non-hernatological toxicity
Fatigue 7 17 5 2 0 77 6
Anorexia 4 18 3 5 1 87 19
Nausea 9 15 5 2 0 7 6
Vormiting 24 6 0 1 0 23 3
Diarrhea 21 8 2 0 0 32 0
Abdominal pain 20 9 2 0 0 35 0
Stomatitis 29 2 0 0 0 0
Skin rash 29 2 0 0 0 0
Infection 29 0 1 1 0 6 3
Gastrointestinal ulcer 27 0 2 1 1 13 6

AST aspartate transaminase, ALT alanine transaminase.

non-hematological toxicity included anorexia (19%),
nausea (6%), fatigue (6%), gastrointestinal ulcer (6%),
vomiting (3%) and bile duct infection (3%). After CRT,
three patients developed a gastrointestinal ulcer; of
these, two (grade 2) recovered after conservative treat-
ment, and one (grade 3) required endoscopic hemostasis.
Another patient developed a duodenal fistula involving
the primary tumor at 2 months after completion of CRT
(grade 4). This fistula was possibly caused by the necro-
sis of the huge primary tumor that penetrated the duo-
denal wall. Although the hemorrhage was transient, this
patient needed to undertake long-term fasting and intra-
venous hyperalimentation, but later died of severe bile
duct hemorrhage because of primary tumor progression.

Four patients were diagnosed as having distant metas-
tasis immediately after the completion of salvage CRT.
Because of poor general health and/or the lack of an effi-
cacious chemotherapeutic regimen, these patients did
not undergo further evaluation. The response of the pri-
mary tumor was evaluated radiologically at 2 months
after the completion of CRT in 26 patients. Tumor re-
sponse to CRT included a PR in one patient (3%), stable
disease (SD) in 22 patients (73%) and progressive disease
(PD) in three patients (10%). Among the 24 patients
whose initial CA19-9 level was >100 U/ml, the median
CA19-9 level decreased from 769 U/ml to 479 U/ml at
minimum after CRT. The CA19-9 level decreased more
than 50% in 14 patients (58%) after CRT. Relief of pain
was achieved in 16 out of 19 patients (84%) who had
experienced carcinomatous pain before CRT. After the

completion of salvage CRT, 20 patients (67%) started
maintenance chemotherapy. Maintenance chemotherapy
mainly consisted of the S-1 based regimen. The median
duration of continued maintenance chemotherapy was 4
months.

Overall outcomes

The median overall survival time (MST) of the entire pa-
tient population from the start of salvage CRT was 8.8
(95% CI, 7.8-9.8) months. The 6 month, 1-year and
2-year survival rates from the start of salvage CRT were
76.7%, 33.3% and 26.3%, respectively (Figure 1). At the
time of analysis, four patients were still alive, while 26
patients had died of disease progression. No patients
underwent radical resection of their pancreatic cancer
after CRT. The median progression-free survival (PFS)
time from the start of salvage CRT was 4.9 (95% CI, 3.4-
6.3) months. The 6 month, 1-year and 2-year PFS rates
were 40.0%, 15.2% and 5.7%, respectively. Sites of disease
progression after CRT were documented in all 28
patients with progression; they are summarized in
Table 5. The sites of first failure after CRT included dis-
tant metastases in 17 patients (61%) and locoregional
progression in 10 patients (36%); one patient (3%) had
both sites of first failure after CRT. Although prophylac-
tic nodal irradiation was not undertaken, isolated nodal
recurrence as a first site of recurrence was observed in
only one patient. The median local progression-free time
from the start of CRT was 9.8 (95% CI, 7.2-12.3) months
(Figure 2). The 6 month, 1-year and 2-year local
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Figure 1 Kaplan-Meier survival curve for overall survival from
the start of salvage chemoradiotherapy.

progression-free rates were 82.5%, 39.1% and 13.0%, re-
spectively. The median distant metastasis-free time from
the start of CRT was 6.2 (95% CI: 2.6-9.8) months.

In two patients, the primary tumors showed no re-
sponse to primary chemotherapy and they had PD
{Table 2). The primary tumors of these two patients
remained stable at the completion of CRT. One patient
was not evaluated further because lung metastases
emerged at the completion of CRT. She received best
supportive care owing to her poor general condition.
The primary tumor in the other patient remained stable
for 9.6 months, then progressed locally. Both patients
died of primary disease at 4.0 and 13.7 months after the
start of CRT.

Considered overall, the MST from the start of primary
chemotherapy was 17.8 (95% CI, 12.3-23.3) months. The

Table 5 Sites of first disease progression after salvage
chemoradiotherapy

Disease site No. of patients % patients
None 2 7
Distant metastases 17 57
Liver 12
Peritoneum 2
Liver and peritoneum 1
Lung 1
Liver and lung 1
Locoregional progression 10 33
Local progression 9

Regional lymph node 1
Local progression and distant metastases 1 3

Local and peritoneum 1
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Figure 2 Kaplan-Meier survival curve for the local progression-
free ratio from the start of salvage chemoradiotherapy.

1-, 2-, 3- and 4-year survival rates from the commence-
ment of first-line chemotherapy were 83.3%, 38.8%,
21.7% and 7.2%, respectively (Figure 3).

Univariate and multivariate analysis of pre-CRT factors
influencing survival after CRT

Univariate analysis was performed on 11 different vari-
ables to evaluate their potential value in terms of sur-
vival after salvage CRT (Table 6). Significant prognostic
factors for improved survival included KPS (= 80; p =
0.022); number of regimens of primary chemotherapy
(single; p = 0.006); pre-CRT tumor diameter < 4 cm {p =
0.04); and pre-CRT serum CA19-9 level (< 1000 U/ml;
p = 0.002). The absence of local progression before
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| Figure 3 Kaplan-Meier survival curve for overall survival from
the start of primary chemotherapy.
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Table 6 Results of univariate analysis of survival after salvage chemoradiotherapy

Factors No. of patients  Median survival time (months) 6-month survival (%) 1-year survival (%) 2-year survival (%) p-value
All patients 30 88 77 33 26
Age

<65 14 81 79 29 4

265 16 9.2 75 38 38 02
Gender

Male 16 81 75 31 25

Female 14 9.2 79 36 29 06
Karnofsky performance status

280 28 9.1 79 36 28

< 80 2 48 50 0 0 003
Primary tumor location

Head 15 94 93 40 33

Body / tail 15 85 60 27 18 05
Number of regimens of primary chernotherapy

1 25 94 80 40 32

2 5 6.1 60 0 0 0.006
Best response to primary chernotherapy

PR 9 92 89 33 33

SD or PD 21 85 71 33 24 06
Pre-chemoradiotherapy tumor diameter (crm)

<4 12 108 83 50 50

>4 18 85 72 22 0 004
Pre-chernoradiotherapy serurn CA19-9 level (U/ml)

< 1,000 29 108 90 47 42

> 1,000 11 64 54 9 0 0.002
Local progression before starting chemoradiotherapy

Absent 4 NA 80 60 60

Present 26 88 76 28 19 015
Time from the start of primary chemotherapy to chemoradiotherapy

< 6 months 12 85 75 33 25

> 6 months 18 88 78 33 28 09
Cornbined chemoradiotherapy agents

S-FU 14 72 64 21 14

S-1 16 99 88 44 37 0.09
PR partial response, SD stable disease, PD progressive disease, NA not available.
salvage CRT (p = 0.15) and concomitant use of S-1 dur-  Discussion

ing salvage CRT (p = 0.09) were not significant prognos-
tic factors. The time from the start of primary
chemotherapy to salvage CRT was not associated with
survival (p = 0.73). Using multivariate analysis, a lower
pre-CRT serum CA-19-9 level (< 1000 U/ml; p = 0.009)
and a single regimen of primary chemotherapy (p =
0.004) were found to be independent prognostic factors
for survival after salvage CRT (Table 7).

In the present study, the MST of the entire patient
population from the start of salvage CRT was 8.8
months. The median time to local progression from the
commencement of salvage CRT was 8.9 months. Before
starting CRT, all of the patients experienced failure of
the primary chemotherapy. However, the MST of 8.8
months for this cohort is comparable to the historical
MST achieved after primary CRT combined with 5-FU
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Table 7 Results of multivariate analysis of survival after
salvage chemoradiotherapy

Variables Factors Hazard rate  p-value
(95% Cl)

Pre-chemoradiotherapy < 1000 versus 1 0.009
serum CA19-9 level (U/ml) > 1000 438

(1.45-13.22)
Number of regimens of 1 versus 2 1 0.004
primary chemotherapy 628

(1.78-22.18)
Local progression before absent versus 1 06
chemoradiotherapy present 158

(0.34-7.18)
Pre-chemoradiotherapy < 40 versus 1 09
tumor diarneter (cm) > 40 111

(0.35-3.46)

'[2,14,19]; the median time to local progression was also
similar [13]. In addition, the frequency of grade 3-4
non-hematological toxicity observed in the current study
was also similar to that reported in previous studies.
These findings show that CRT combined with S-1 or 5-
FU had moderate anti-tumor activity and an acceptable
toxicity profile in patients with LAPC, even after failure
of GEM-based primary chemotherapy.

In the literature, the representative MST of patients
with LAPC who were included in prospective clinical
trials was reported to be 8.4-114 months for 5-FU-
based CRT [2,3,14,19], 9.2-15.0 months for GEM mono-
therapy [15,20] and 10.3-11.1 months for GEM-based
CRT [20,21]. Generally, only a few patients with LAPC
survive for 3 years or more. The MST from salvage CRT
in our cohort seems to be inferior to those reported in
recent studies involving primary therapy for LAPC.
However, if we consider primary chemotherapy and sal-
vage CRT as a combined treatment strategy, the MST of
17.8 months from the start of primary chemotherapy is
a promising result. Additionally, long-term survivors
from the start of primary chemotherapy in our cohort
seem to be distinct, with 22% achieving a 3-year overall
survival, In our cohort, only patients who underwent
primary chemotherapy and progressed locally without
distant metastases were selected to receive salvage CRT.
Because of the strong selection bias, we should not com-
pare this outcome to that of prospective clinical trials in
the literature. However, the existence of long-term survi-
vors in our cohort suggests that salvage CRT should
have some benefit in selected patients with LAPC, even
after failure of the primary chemotherapy. The strategy
of using chemotherapy alone as a primary treatment for
LAPC, followed-by CRT for salvage intent, should be
further investigated in prospective clinical trials.

Combined with radiotherapy, S-1 has been demon-
strated to exert a synergistic effect against 5-FU-
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resistant cancer xenografts [22]. We previously con-
ducted a phase I trial to determine the maximum toler-
ated dose of S-1 with concurrent radiotherapy for LAPC
[4]. This dose was 80 mg/m?/day, which is the same as
the full dose of S-1 when administered alone. The tox-
icity of CRT combined with S-1 for LAPC was generally
mild and manageable with conservative treatment. Sev-
eral phase II clinical trials of CRT combined with S-1 for
LAPC achieved MSTs in the range 14.3-16.2 months
[7.8]. These MSTs compare favorably with the historical
MSTs reported for CRT combined with 5-FU of 8.4-11.4
months [2,14]. In the current study, either S-1 or 5-FU
was combined with radiotherapy. Univariate analysis of
survival after subsequent CRT showed a non-significant
trend towards better results when CRT was combined
with S-1 (Table 6). The occurrence of grade 3—4 non-
hematological toxicity during and after CRT was less fre-
quent among the patients who had received CRT com-
bined with S-1, as compared with 5-FU (6% versus 43%).
Because of the retrospective nature of this study, a dif-
ference in baseline characteristics may inhibit a fair
comparison between the two agents. Although a direct
comparison between S-1 and 5-FU has not yet been
undertaken in a prospective clinical trial, CRT combined
with S-1 is an attractive alternative to 5-FU-based CRT.

The value of S-1 in pancreatic cancer is not limited to
its sensitizing effect during CRT. Single agent S-1 has
excellent activity regarding chemo-naive metastatic pan-
creatic cancer, with a response rate of 37.5% and a MST
of 9.2 months [23]. S-1 is the first agent that has not
proved inferior to GEM as a single agent for the treat-
ment of advanced pancreatic cancer in a phase III
randomized-controlled trial [16]. S-1 also retains its ac-
tivity in relation to advanced pancreatic cancer even
after the failure of GEM, with a response rate of 21%
[24]. Accordingly, in the current study, the activity of
salvage CRT with S-1 should be related to the excellent
systematic effect of the agent on subclinical distant me-
tastasis, as well as its local sensitizing effect.

Recently, induction chemotherapy has become a major
component in the treatment strategy for LAPC. Two
well-designed retrospective studies have shown that
induction chemotherapy followed by CRT vyielded a
survival benefit over primary CRT or continued chemo-
therapy alone for LAPC [12,25]. More recently, several
phase II prospective clinical trials have been conducted
to evaluate the value of induction chemotherapy fol-
lowed by CRT, which resulted in MSTs in the range
12.6-19.2 months [26-28]. The optimum duration of in-
duction chemotherapy for LAPC continues to be a mat-
ter of debate. Recent prospective clinical trials that
included induction chemotherapy for LAPC had chosen
to evaluate the effects of 2—-6 months of induction ther-
apy [26-28]. In the current study, the median duration
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of primary chemotherapy was 7 months, which is longer
than those used in these prospective trials. Because
patients with rapidly progressing occult-metastatic dis-
ease were excluded from the present study, the tumors
in our cohort might have deviated to relatively chemo-
responsive tumors. Therefore, the duration of primary
chemotherapy was not associated with survival after
CRT in the current study. We could not draw any con-
clusion with regard to the optimum duration of induc-
tion chemotherapy from this retrospective cohort study.

In agreement with the current study, previous studies
have shown that a highly-elevated CA 19-9 level is a
poor prognostic factor for patients who had received
CRT for LAPC [29,30]. A highly elevated serum CA19-9
level in patients prior to CRT suggests chemo-resistance
of the tumor, as well as the existence of progressive oc-
cult metastasis. These patients might gain little benefit
from the addition of salvage CRT.

Multivariate analysis revealed that the use of two regi-
mens of primary chemotherapy was an unfavorable fac-
tor for survival after CRT. The MST of the patients who
received two regimens of primary chemotherapy was 6.1
months from the start of salvage CRT, and no patient
survived for 12 months or longer thereafter (Table 6). In
all of the patients (n = 5) who underwent two regimens
of primary chemotherapy before CRT, S-1 was used as a
second-line chemotherapy. Of these patients, three
received salvage CRT combined with 5-FU, and two
received salvage CRT combined with S-1. Because both
5-FU and S-1 are fluorinated pyrimidine agents, failure
of the tumor to respond to treatment with S-1 should
cause resistance to salvage CRT combined with either 5-
FU or S-1. If there are any signs of failure to respond to
the primary chemotherapy, without distant metastasis,
salvage CRT could be a treatment of choice as a second-
line therapy.

Because of the retrospective nature of the current
study, there were a number of limitations that affected
the interpretation of our findings. The number of
patients was very limited and the patient population was
not homogeneous because of different clinical back-
grounds, and they received CRT with salvage intent.
Also, the patients were collected for over a period of 7
years, non-consecutively. The clinical response to pri-
mary chemotherapy was generally better than previously
reported, possibly because of the exclusion of patients
with chemo-resistant occult distant metastasis. Only
patients who underwent primary chemotherapy and pro-
gressed locally without distant metastases were selected
and included in the current analysis.

Whether or not the addition of chemotherapy prior to
CRT will contribute to prolonging the survival of
patients with LAPC has not been elucidated with suffi-
clent statistical power in a prospective clinical trial. We
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are now investigating the value of induction chemother-
apy with GEM versus no induction chemotherapy for
LAPC in a multi-institutional randomized phase II study
involving S-1 and concurrent radiotherapy (JCOG1106,
UMINO000006811). A future phase III study will be con-
ducted to compare GEM monotherapy and S-1 based
CRT with or without induction GEM, depending on the
results of the JCOG1106 study. Another phase III study,
the GERCOR LAP 07 phase III trial (www.clinicaltrials.
gov, identifier code NCT00634725) is also ongoing. This
study was designed to elucidate the benefit of induction
chemotherapy followed by CRT combined with capecita-
bine, with or without erlotinib during induction chemo-
therapy and a CRT phase. In future, results from these
prospective clinical trials will become available to further
define the role of chemotherapy followed by CRT for
LAPC.

Conclusions

CRT combined with S-1 or 5-FU had moderate anti-
tumor activity in patients with LAPC even after failure
of GEM-based primary chemotherapy. If there are any
signs of failure to primary chemotherapy without distant
metastasis, salvage CRT could be a treatment of choice
as a second-line therapy. Patients with a relatively low
serum CA19-9 level after primary chemotherapy may
obtain additional survival benefit from salvage CRT. The
strategy of using chemotherapy alone as a primary treat-
ment for LAPC, followed-by CRT with salvage intent
should be further investigated in prospective clinical
trials.
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Pufpose o
The present phase Il study was designed to invest nferiority of S-1 alone and

superiority of gemcitabine plus S-1 compared with ‘gémcitabine “alone with respect to over-
all survival.

Patients and Methods
The subjects 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 enrolied. pa‘uents ‘median overall: survrva! was 8.8:months in the gemcitabine

group, 9.7 ‘Months ini the S41 grolp, and 10:1 months in the gemcnabme 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 nomnferconty) ‘whereas the supenomy of gemcitabine plus S-1 was not (hazard ratio,
0.88; 97.5% Cl, 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 30. ® 2013 by American Society of Clinical Oncology

Fluorouracil/leucovorin plus irinotecan plus
oxaliplatin (FOLFIRINOX), a gemcitabine-free com-
Pancreatic cancer (PC) is currently the eighth lead-  bination regimen, has recently demonstrated a clear
ing cause of cancer-related mortality worldwide,  survival benefit compared with gemcitabine for pa-
with an estimated 266,000 deaths in 2008.' Gem- tients with metastatic PC who have a performance sta-
citabine became the standard treatment for ad-  tus of 0 to 1.* However, because FOLFIRINOX is
vanced PC, improving overall survival (OS)  associated with significant toxicity, this regimen
compared with fluorouracil.? Although various  must be limited to patients with good performance
gemcitabine-based combination regimens have  status and requires close monitorin g’

been evaluated, only erlotinib added to gemcit- In Japan, cl(inical trials of S-1 (TS-1; Taiho
abine showed a survival benefit over gemcitabine, =~ Pharmaceutical, Tokyo, Japan) have been con-
and that was marginal.® ducted since the early 2000s for patients with PC. -1

© 2013 by American Society of Clinical Oncology 1
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isan 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 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 meta-
static PC with respect to OS.

Study Design

This randomized phase II1 study, sponsored by’ Tauho Pharmaceuncal m“; :

Japan and TTY Biopharm in Taiwan, was conducted

in Japan and as a registration study in Taiwan and was'in comphance with the’

Declaration of Helsinki. Data were collécted by a contract research organiza-
tion contracted by the sponsors and were analyzed by a bio-statistician (Y.0.).
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 wﬁ:h strauﬁcauon by ex-

tent of disease (locally advanced disease v metastatic disease) and m st ’tutxonf, :

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 (< 1.25 m?, 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 §-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
5-1 monotherapy group were used in the GS group in the present study.

_In'the event of predeﬁned toxic events, protocol-specified treatment
modxﬁcauons were permltted (see Appendix):

Assessments

of g" ncitabine both in the gemqtabme grou] and in'the GS group. All adverse
events-were assessed accordin “to, the’ Common’ Termmology Criteria for
Adverse Events, version 3.0, Computed tomography or magnetic resonance
imaging was performed eyery el\s‘iintxl disease progression, and response
wasassessed by the investigat otding to the Response Evaluation Criteria
in Solid Tumors (RECIST), version 1.0,'? Quality of life was assessed using the

EQ-5D questionnaire'* at baseline and 6, 12, 24, 48, and 72 weeks after the AQ: C

study treatment had begun.

|[EQ-5D: EuroQol 5 Dimension

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. PFS 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 lypotheses (ie, noninferiority and superiority), the one-sided significance

Fig 1. CONSORT diagram. GS, gemcit-
abine plus S-1.

2 © 2013 by American Society of Clinical Oncology
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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 -1, we used the Cox proportional hazards model
to calculate two-sided, 97.5% Cls of the hazard ratio (HR). The noninferiority
margin of 5-1 was set at 1.33; that is, the null hypothesis was that the median
OSwith S-1 would be approximately 2 months shorter than with gemcitabine.
We decided this setting was justified considering the convenience of S-1 and
the 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 homogenexty
of the effect of treatment on OS.

The primary end point was analyzed for the full analysis set. All Pvalue
evaluations were two-tailed. Data analyses were done with SAS, versxon 9 13
(SAS Institute, Cary, NC). L

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-
cxtabme group, 2.6 months inthe§ group, and 4.3 monthsin the GS
group. The main reasons for treati-n it scontmuatlon were either
chsease progression (202 patlents [72. 9%] m the gemcxtabme group,

Table 1. Demographics and Baséline Characteristics of Patients (full-analysis set ‘ﬁc’i’p&fulation)
Gerncitabine ' k
(n=277) S-1 (n = 280) GS Total (N = 832)
Characteristic No. % No. % No. % No. %
Sex
Male 170 61.4 170 60.7 158 57.5 498 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 62.5 531 63.8
1 96 347 102 36.4 103 37.5 301 38.2
Extent of disease - : T o E )
Locally advanced 66 238 68 - 243 68 24.7 202 24.3
Metastatic 21 76.2 212 75.7 207 75.3 630 75.7
Type of turnor
Adenocarcinoma 272 98.2 276 98.6 272 98.9 820 98.6
Adenosquamous carcinoma 5 1.8 4 1.4 3 1.1 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 39.3 116 422 348 41.8
Body 88 31.8 124 44.3 102 37.1 314 37.7
Tail 68 245 55 19.6 66 24.0 189 22.7
Biliary drainage
No 202 72.9 217 77.5 209 76.0 628 75.5
Yes 75 27.1 63 22.5 66 24.0 204 24.5
CEA, ng/mL
Median 5.7 5.6 5.9 5.7
1OR 3.0-20.1 2.5-184 2.5-20.7 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
QR 0.11-1.38 0.18-1.57 0.15-1.60 0.15-1.57
Abbreviations: CA19-9, carbohydrate antigen 18-8; CEA, carcinoembryonic antigen; CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group
performance status; GS, gemcitabine plus S-1; 1QR, interquartile range.
*Including patients with tumors involving multiple sites.

www.jco.org

© 2013 by American Society of Clinical Oncology 3

F1,
AQD

T1



F2

[ rich4/2lj-jco/zlj-jco/21j99910/21j3294-10z | xppws | S=1| 2/7/13 | 10:47 | 4/Color Figure(s): F1-F4 | Art: 33680 | Input-RAK |

Ueno et al

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 gemcxtabme;
group, 38.7%and 12.7% in the -1 group; and 40.7%and 14.5%inthe

GS group. The noninferiority of $-1to gematabme with respect to OS

was demonstrated (HR, 0.96; 97.5% CI, 0. 78 to 1.18 P < 001 fort

1.0 S-1 v Gemeitabine: Hazard ratio, 0.9 (97.5% Cl, 0.78 to 1.18)
& P <.001 for noninferiority
GS v Gemcitabine: Hazard ratio, 0.88 {97.5% Cl, 0.71 to 1.08})
_ 0.8 4 %’% P=.15 for superiority
s _
=
£.2 06
=2 = Gemcitabine
w o - 81
= .
© 2 04- i
@ o
= —=
o
0.2 4
T T T T T s
0 6 12 18 24 30 36
Time (months)
No. at risk
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S-1 280 186 104 45 18 5 1
GS 275 209 108 42 19 3 4]
1.0 9 $-1 v Gemitabine: Hazard ratio, 1.0 (97.5% C1, 0.90 to 1.33)
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= GS v Gemcitabine: Hazard ratio, 0.66 (87.5% Cl, 0.54 to 0.81)
s 0.8 P<.001 for superiority
S
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Fig 2. Kaplan-Meier estimates of {A) overall survival and (B} progression-free
survival according to treatment group. GS, gemcitabine plus S-1.
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noninferiority). The Bayesian posterjor 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).
PFS 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 PFS (HR, 1.09; 97.5% CI, 0.90 to 1.33; P = .02 for
noninferiority), and GS significantly improved PFS compared with
gemqtabme (HR, 0.66; 97. 5% CI 0.5410 0 81; P <.001).

! ad" anced chsease or péﬁents witha performance status of 1 (Fig 3B).

Response to Therapy ; SRS

The objective response. rate was 3'3% (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 $-1 group, and

| 172 (62 S%) 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- Jine 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, and sto-
matitis 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 caise), and
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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

www.jco.org

to gemcitabine in terms of OS and PFS (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 is the first
phase III study to demonstrate the noninferiority of a single anticancer
agent to gemcitabine alone for locally advanced and metastatic PC.

© 2013 by American Society of Clinical Oncology 5§
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Table 2. Objective Response Rates (patients with measurable lesions)
Gemcitabine —
n = 241) (n = 248) @(n < 2a2) P
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 12.9 52 21.0 69 285
Stable disease 118 49.4 105 423 102 42.1
Progressive disease 75 31.1 69 278 37 18.3
Objective response
rate” 32 13.3 52 21.0 7 29.3 .02 <.001
95% Cl 9.31018.2 16.1 t0 26.6 23.7t035.5
Disease control ratet 1561 62.7 157 63.3 173 715 .88 .04
95% Cli 56.2 10 68.8 57.01068.3
Abbreviation: GS, gemcitabine plus S-1. .
“The objective response rate was defined as the proportion of patlents who had a complete response or partial response;
tThe disease control rate was defined as the proportion of patlents who had a complete response, partial response;” or stab dlsease

At the time of planning this study, the subjects of nearly all phase
111 trials included both patients with locally advanced as well as those -
with metastatic PC. However, because locally advanced and meétastatic
diseases are two clinical entities, it is recently recommended that
patients with locally advanced disease should be studied separately
from those with metastatic disease.'” Although this study included
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

ext Iudmg patients: wrth 'adenosquamous carcinoma, the results for OS
for gematabme versus S- 1 wasu hanged (HR, 0.96; 95% CI, 0.81 to
1.15). The ‘selection of ¢ e 1 treatment-over-the other will depend
primarily on patient preference, , uucal 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.>*'*?* Although the efficacy of second-line

Tahle 3. Grade 3 or Hngher Adverse Events (Safety Populat;on)
Gemcitabine
(n = 273) S1{n= 272) GS ‘(n = 267) P (Fisher's exact test)
Event No. % No. % No. % Gemcitabine v S-1 Gemcitabine v GS
Hematologic
Leukocytes 51 18.7 10 3.7 101 378 < .001 < .001
Neutrophils 112 41.0 24 8.8 166 62.2 < .001 <.001
Platelets 30 11.0 4 15 48 17.2 <.001 .05
Hermoglobin 39 14.3 26 9.6 46 17.2 11 41
Nonhematologic
ALT 41 18.0 16 5.9 29 10.9 < ,001 16
AST 41 15.0 21 7.7 32 12.0 .01 32
Bilirubin 26 9.5 39 14.3 23 8.6 .09 77
Fatigue 10 3.7 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 94 1 A4
Diarrhea 3 1.1 15 55 12 4.5 .004 .02
Mucositis/stomatitis 0 0.0 2 0.7 6 2.2 .25 .01
Nausea 5 1.8 5 1.8 12 4.5 1.00 .09
Vomiting 2 0.7 4 1.6 12 4.5 45 .006
Febrile neutropenia 1 0.4 1 0.4 5 1.9 1.00 12
Infection with normal ANC <] 2.2 7 26 [ 22 79 1.00
Pneumonitis 5 1.8 ] 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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1.0 5-1 v Gemcitabine: Hazard ratio, 0.84 {(85% Cl, 0.57 to 1.22)
: GS v Gemcitabine: Hazard ratio, 0,67 {95% Cl, 0.46 to 0.93)
Median overall survival: Gemcitabine, 12.7 months
. 0.8 - S-1, 13.8 months
g GS, 15.8 months
==
S
= 2 0.6
(%) E =~ Gemcitabine
= o G4
S 2 044 - GS
gs
o i 7
0.2 4 '*%Lj .
T T T T T T
0 6 12 18 24 30 36
Time (months)
No. at risk v
Gemgcitabine 66 52 35 17 5 0 0
S-1 68 57 38 21 .9 2 Y
GS 68 61 43 26 ;,11 1 -0
0 S-1 v Gemcitabine: Hazard ratio, 100 (95% Cl, 0.82 to 1,23)
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Fig 4. Kaplan-Meier estimates of overall survival in (A} locally advanced disease.-

and {B) metastatic disease. GS, gemcitabine plus S-1.

therapy was not analyzed in this study, a phase I study of second-line
S-1 in patients with gemcitabine-refractory PC showed a 15% re-
sponse rate and 58% disease control rate.® Compared with the GS
group, which had no promising second-line therapy, the use of 5-1 as
second-line therapy in the gemcitabine group might have contributed
to prolonged survival.

The lack of a significant difference in OS between gemcitabine
and GS suggests that gemcitabine and S-1 could be used sequentially
rather than concurrently. However, the GS group showed a high
response rate and favorable PFS, with a better HR of 0.66 compared
with other gemcitabine-based combination regimens in other phase
I1I studies (HR = 0.75 to 1.07).>!8202>2* Burthermore, the GS group
showed a favorable HR for OS in patients with locally advanced
disease or patients with a performance status of 1 in the subgroup
analyses. Therefore, it is speculated that there may be room to
select GS therapy, depending on the profile of the patients and
further investigations.

Regarding oral fluoropyrimidines other than S-1, capecitabine
has been studied in patients with PC, mainly in the West. In two phase

www,jco.org

1T studies, a combination of gemcitabine plus capecitabine did
not significantly prolong survival as compared with. gemcitabine
alone.'”*® The results of a meta-analysis of these phase III studies,
however, demonstrated that survival was significantly prolonged by
combined treatment, with an HR of 0.86,° which is similar to the HR
for GS in the present study (0.88).

One limitation of our study is that it is uncertain whether our
results can be simply extrapolated to Western patients because phar-
macokinetics and pharmacodynamics of S-1 between Westerners and
Fast Asians may be different.***” Although S-1 is available for PC only
in Japan at the moment, if S-1 is used in Western patients, its effective-
ness should be monitored and the dose should be carefully adjusted
accordingly. Another potential limitation is that the protocol-
specified noninferiority margin of 1.33 may be large. However, the
result of point estimate of the f S-1 was 0.96 and actual upper
hm "'of the 97. S% CI was L. 18 s sufﬁaently lower than the

that POLFIRIN OX
gemcitabine in a phase III

s demons ated overwhe}mmg superionty to
dy, reporting an HR of 0.57," the devel-
opment of gemcitabine on regimens for first-line treat-
ment seems to be warranted. However, because FOLFIRINOX
requires the placement of a central venous access port for continuous
intravenous infusion of fluorouracil, it can be expected that S-1, an
oral fluoropyrimidine, will replace the continuous infusion of fluo-
rouracil in the future.

In conclusion, this study has verified the noninferiority of S-1 to
gemcitabine, thereby suggesting that S-1 can be used as first-line
therapy for locally advanced and metastatic PC. Because S-1 was
confirmed to be a key treatment for PC, S-1-based regimens are
expected to be developed in the future to improve the management of

" 'this formidable disease.
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Appendix

Members of the Gemcitabine and S-1 Trial (GEST} Group

Steering committee. T.Okusaka, S. Egawa, J. Furuse, T. Yamaguchi, H. Ueno, T. Hatori, S. Ohkawa, N. Boku, K. Yamao, T. Joka, A
Funakoshi, K. Mizumoto, M. Tanaka.

Independent data and safety monitoring committee. A. Nakao, 1. Hyodo, S. Morita; Medical Advisor: A. Sato; Statistical Analyst:
Y. Ohashi.

Principal investigators. National Cancer Center Hospital: T. Okusaka; Osaka Medical Center for Cancer and Cardiovascular
Diseases: T. Ioka; National Cancer Center Hospital East: M. Ikeda, K. Nakachi; Kanagawa Cancer Center: S. Ohkawa; Kansai Medical
University Hirakata-Hospital: H. Yanagunoto, Yokohama C1ty University Medical Center: K. Sugimori; Shizuoka Cancer Center: A.
Fukutomi; Kumamoto University: H. Baba, Saitama Ca.ncer Center: T. Shlmamura, H. Hara, Aichi Center Hospital: K. Yamao;
Nara Medical University: M. Sho; Kinki University Seheel—ef—Med&eme , Department of Gastroente 1d Hepatology: M. Kitano;
Sapporo-Kosei general Hospital: H. Mlyagawa, Kyushu Unlvers1ty Flrst Department of Surgery" K. Miz 4 lhchx Medical University
Hospital: H. Fujii; National Hospital Olgamzatlon Osaka Natlonal Hospital: S. Nakanmrl, , mver51ty SeheeLeﬁMeé&eme,
Department of Medical Oncology'T Satoh, S. Ueda, Tochxgx Cancer Center: Y. Hamamoto E. ‘Warit Kyushu Unwers1ty, Department
of Hepatology and Pancreatology: T. Ito; Teme-I\el]mkax Hospltal H. Maouchl, Kyorin University dieine: ]. Furuse; Kyoto
University Hospital: S. Matsumoto; Saitama Medical University International Medical Center: ] do University Hospital:
Y. Komatsu; Tokyo Women’s Medical University: M. Yamamoto; Saku Central Hospital: T. Hisa; 1fy Juso Hospital: T. Yamazaki,
O. Kurai; Kochi Health Sciences Center: A. Tsuji; National Kyushu Cancer Center: A. Punakosh1 M Purulcawa, Niigata Cancer Center
Hospital: Y. Tsuchiya; Chiba Cancer Center: T. Yamaguchi; Osaka Red Cross Hospital: Y. Okabe; Tohoku University Graduate School-of
Medieine, Division of Gastroenterology: K. Sato; Tohoku University Graduate-School-of-Medicine, Division of Gastroenterological
Surgery: F. Motoi; Matsusaka Chuo General Hospital: H. Naota; Kyoto Second Red Cross Hospital: K. Yasuda; Hyogo College of
Medicine: J. Fujimoto; Toyama University Hospital: A. Hosokawa; Fukuoka University Chikushi Hospital: T. Ueki; Hokkaido Social
Insurance Hospital: K. Furuya; Kameda Medical Center: Y. Oyama; Nagoya Medical Center: H. Iwase; Shinshu University Hospital: N.
Arakura; Yodogawa Christian Hospital: A. Watanabe; Osaka Medical College Hospital: H. Takiuchi; Kitano Hospital: S. Yazumi; Sakai
Municipal Hospital: H. Ohzato; Kawasaki Medical School Hospital: K. Yoshida; Onomichi General Hospital: K. Hanada; Kagawa
University Hospital: F. Goda; Shikoku Cancer Center: H. Iguchi; Keio University Hospital: T: Hibi; Osaka City General Hospital: H.
Nebiki; Chiba University Hospital: T. Ishihara; Nippon Medical School Hospital: E. Uchida; Tokai University Hospital: T. Imaizumi;
Nagoya City University Hospital: H. Ohara; Aichi Cancer Center Aichi Hospital: H. Kojima; Osaka City University Hospital: N. Yamada;
Wakayama Medical University Hospital: H. Yamaue; Tokyo Med1ca1 University Hospltal F. Moriyasu; Showa University Northern
Yokohama Hospital: K. Shimada; Shizuoka General Hospital: K. Matsumura; Hyogo Cancer Center: H. Nishisaki; Kanazawa University
Hospital: S. Yano; Hiroshima Prefectural Hospital: K. Shinozaki; University of Miyazaki Hospital: H. Inatsu; Linkou Chang Gung
Memorial Hospital and Chang Gung University: Jen-Shi Chen; National Taiwan University Hospital: Chiun Hsu; Taipei Veterans
General Hospital: Jin-Hwang Liu; Chang Gung Medical Foundation, Kaohsiung: Kun-Ming Rau; Chung-Ho Memorial Hospital,
Kaohsiung Medical University: Sheng-Fung Lin; China Medical University Hospital: Chang-Fang Chiu; Mackay Memorial Hospital,
Taipei: Ruey-Kuen Hsieh; Changhua Christian Hospital: Cheng-Shyong Chang; Chi Mei Medical Center, Yong Kang: Wei-Shou Huang;
Chi Mei Medical Center, Liou Ying: Wen-Tsun Huang; National Cheng Kung University Hospital: Wu-Chou Su.

Details of Adequate Organ Functions in Enrollment Criteria and Main Exclusion Criteria

Adequate organ functions were defined as follows: leukocyte count = 3,500/uL, neutrophil count = 2,000/uL, platelet count
= 100,000/ L, hemoglobinlevel = 9.0 g/dL, serum creatinine level =< 1.2 mg/dL, creatinine clearance = 50 mL/min, serum AST and ALT
levels = 150 U/L, and serum total bilirubin level =< 2.0 mg/dL or = 3.0 mg/dL if biliary drainage was performed.

Main exclusion criteria were as follows: pulmonary fibrosis or interstitial pneumonia; watery diarrhea; active infection; marked
pleural effusion or ascites; and serious complications such as heart failure, peptic ulcer bleeding, or poorly controlled diabetes. Pancreatic
cancers other than adenocarcinoma or adenosquamous carcinoma {eg, anaplastic carcinoma) were excluded from the study.

Dosage Adjustment Guideline for Toxicities

All treatment cycles were repeated until disease progression, unacceptable toxicity, or patient refusal. If patients had aleukocyte count
of less than 2,000/uL, a neutrophil count of less than 1,000/u1L, a platelet count of less than 70 X 10°/uL, or grade 3 or worse rash, the
administration of anticancer agents was postponed. S-1 was temporarily halted both in S-1 and in GS groups if patients had a creatinine
level of 1.5 mg/dL or higher or grade 2 or worse diarrhea or stomatitis. Treatment was discontinued if these events did not resolve within

10  © 2013 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY
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4 weeks after treatment suspension. In patients who experienced febrile neutropenia, grade 4 leukopenia, neutropenia, or thrombocyto-
penia or grade 3 or worse rash, the dose of gemcitabine was reduced by 200 mg/m”. In patients with febrile neutropenia; grade 4
leukopenia, neutropenia, or thrombocytopenia; a creatinine leve] of 1.5 mg/dL or higher; or grade 3 or worse diarrhea, stomatitis, or rash,
the dose of S-1 was reduced by 20 mg/d.

Sample Size Determination: Statistical Methods

In the initial plan, the total target number of patients was set at 600, given a statistical power of 80%, an enrollment period of 3 years,
and a follow-up period of 2 years. However, because patient enrollment was faster than expected, the target number of patients was revised
to 750 to provide the study with a statistical power of 90%. Consequently, the final analysis was performed after the occurrence of 680
events had been confirmed. An interim analysis was not performed. Although the actual median OS in the gemcitabine group was better
than initially expected, because an adequate number of patients had been enrolled, a power of = 90% was maintained on recalculation of
the power on the basis of the actual results.

Quality of Life

To assess the quality of life, the health status of patients on the EQ-5D questionnaire was converted into a single simple utility index
ranging from 0 for death to 1 for complete health. Quality-adjusted life years (QALYS) for individual patients were estimated as the
product of the utility index during follow-up and survival time and were compared between the groups, using the generalized Wil-
coxon test.

Asa result, median QALYs were 0.401 in the gemcitabine group, 0.420 in the S-1 group, and 0.525 in the GS group. The QALY value
in the S-1 group was similar to that in the gemcitabine group, and there was no statistically significant difference between the two groups
(P = .56). The QALY value in the GS group was significantly better than that in the gemcitabine group (P < .001). The details of

s:H  quality-of-life assessments will be reported elsewhere.
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'Sqmmary Purpose: The aim of this trial was to evaluate the efficacy and toxicity of S-1 and concurrent
radiation therapy for Jocally advanced pancreatic cancer (PC).

S-1is the first single anti- Methods and Materials: Locally advanced PC patients with histologically or cytologically

cancer agent to be judged
non-inferior to gemcitabine
in a large-scale, randomized,
" phase I trial for advanced
pancreatic cancer, and it can
also act as a radiosensitizer.

S-1 with concurrent radiation
therapy showed very favor-

able activity, with mild
toxicity in patients with -
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confirmed adenocarcinoma or adenosquamous carcinoma, who had no previous therapy were
enrolled. Radiation therapy was delivered through 3 or more fields at a total dose of 50.4 Gy
in 28 fractions over 5.5 weeks. S-1 was administered orally at a dose of 80 mg/m? twice daily
on the day of irradiation during radiation therapy. After a 2- to 8-week break, patients received
a maintenance dose of S-1 (80 mg/m?/day for 28 consecutive days, followed by a 14-day rest
period) was then administered until the appearance of disease progression or unacceptable
toxicity. The primary efficacy endpoint was survival, and the secondary efficacy endpoints were
progression-free survival, response rate, and serum carbohydrate antigen 19-9 (CA19-9)
response; the safety endpoint was toxicity.

Results: Ofthe 60 evaluable patients, 16 patients achieved a partial response (27%; 95% confidence
interval (Cl], 16%-40%). The median progression-free survival period, overall survival period, and
1-year survival rate of the evaluable patients were 9.7 months (95% CI, 6.9-11.6 months),
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16.2 months (95% CI, 13.5-21.3 months), and 72% (95%C]1, 59%-82%), respectively. Of the
42 patients with a pretreatment serum CA19-9 level of >100 U/ml, 34 (81%) patients showed

a decrease of greater than 50%. Leukopenia (6 patients, 10%) and anorexia (4 patients, 7%) were
the major grade 3-4 toxicities with chemoradiation therapy.

Conclusions: The effect of S-1 with concurrent radiation therapy in patients with locally advanced
PC was found to be very favorable, with only mild toxicity. © 2013 Elsevier Inc.

Introduction

Pancreatic cancer (PC), one of the most lethal human cancers, has
become the fifth most common cause of death due to cancer in
Japan; it has been estimated that PC was responsible for 26,791
deaths in 2009, representing approximately 3% of all deaths. PC
patients have a dismal prognosis, as their 5-year survival after
diagnosis is less than 5%. Of all treatment modalities available for
PC, only resection offers an opportunity for a cure. However,
approximately half of patients already have metastases at the time
of diagnosis, and approximately one-third of patients are diag-
nosed as having locally advanced disease, whereas only a small
proportion of patients are eligible for surgery, as a result of the
lack of effective screening. Concurrent chemoradiation therapy
with external beam radiation therapy and chemotherapy using
S-fluorouracil (5-FU) is often used in patients who have unre-
sectable PC due to vascular involvement that includes the celiac
artery or supra-mesenteric artery, with no distant metastases on
radiological examination, because it is generally accepted as
a standard therapy for locally advanced PC (1-4). A varety of
anticancer agents, including gemcitabine (5) and capecitabine (6),
and various radiation schedules (7-8) have been examined in
clinical trials, but survival has not been significantly improved.

S-1 is a new oral fluoropyrimidine derivative in which tegafur
is combined with 2 5-chloro-2,4-dihydroxypyridine modulators
and oteracil potassium, a potentiator of 5-FU’s antitumor activity
that also decreases gastrointestinal toxicity. A multi-institutional,
late-phase II trial of S-1 involving metastatic PC patients reported
a good tumor response rate (38%) and improved survival (median,
9.2 months) (9). A phase III trial compared therapy with S-1, with
gemcitabine alone, and with gemcitabine plus S-1 in patients with
unresectable PC in Japan and Taiwan, and S-1 therapy was found
to provide efficacy and toxicity similar to gemcitabine when it was
used as a first-line treatment for advanced PC (median survival:
S-1, 9.7 months; gemcitabine, 8.8 months [hazard ratio, 0.96;
non-inferiority P value <.001]); thus, S-1 was judged to be non-
inferior to gemcitabine (10). S-1 also acts as a radiosensitizer,
and preclinical and clinical studies have demonstrated the radio-
sensitizing potency of S-1 (11). Not only is S-1 a potent radio-
sensitizer that has been shown to have promising antitumor
activity against advanced PC, but also, since it is active orally, it is
also much more convenient for patients than intravenous 5-FU
infusion. Thus, concurrent raditation therapy and oral S-1
instead of 5-FU infusion may be a more efficient treatment that
also improves patients’ quality of life. In a phase I trial conducted
in one of our hospitals, the recommended S-1 dose with concurrent
radiation therapy was found to be 80 mg/m%day on the day of
irradiation; at this dose, S-1 was found to have excellent antitumor
activity with mild toxicity (12). Consequently, a multi-institutional
phase 1l study was conducted to clarify the efficacy and safety
of concomitant radiation therapy with S-1 in patients with locally
advanced PC.

Methods and Materials
Patients and eligibility

Patients eligible for study entry had locally advanced nonresectable
clinical stage 111 (T4NQ-1 and MO) PC, according to International
Union Against Cancer criteria. Eligibility criteria were adenocar-
cinoma or adenosquamous carcinoma confirmed on cytology or
histology; no previous chemotherapy for PC; a square (10 cm x
10 c¢m) radiation field could encompass all pancreatic lesions and
lymph node metastases; age >20 years; Eastern Cooperative
Oncology Group (ECOG) performance status of 0-2; adequate oral
intake; satisfactory hematological functions (hemoglobin concen-
tration, >9.0 g/dl; leukocyte count, 23500/mm3; platelet count,
>100,000/mm?); adequate hepatic function (serum total bilirubin’
<2.0times the upper normal limit [UNL] or <3.0 mg/dl with biliary
drainage); aspartate aminotransferase [AST] and alanine amino-
transferase [ALT] <2.5 times UNL or <5 times UNL with biliary
drainage; serum albumin >3.0 g/dl; and normal renal function
(serum creatinine <UNL). Written informed consent was obtained
from all patients.

Exclusion criteria were active infection; active gastroduodenal
ulcer; watery diarrhea; phenytoin, warfarin potassium, or flucyto-
sine treatment; pleural effusion or ascites; severe complications
such as cardiac or renal disease; psychiatric disorder; history of
drug hypersensitivity; and active concomitant malignancy. In
addition, pregnant and lactating women and women of childbearing
age who were not using effective contraception were also excluded.

Pretreatment evaluation required a complete history and phys-
ical examination and baseline assessments of organ function. In
addition, contrast medium-enhanced computed tomography (CT) or
magnetic resonance imaging of the abdomen and X-ray or CT of the
chest was performed for pretreatment staging to assess the local
extension of the tumor and to exclude the presence of distant
metastases. The criteria for local extension surrounding the
pancreas included tumor invasion to the celiac trunk or superior
mesenteric artery, or both, which corresponded to clinical stage III
according to the International Union Against Cancer (6th edition).
All patients with obstructive jaundice underwent percutaneous
transhepatic or endoscopic retrograde biliary drainage before
treatment. Laparoscopy and laparotomy to rule out occult peritoneal
dissemination prior to study entry were not necessary.

Treatment schedule

The regimen consisted of S-1 with concurrent radiation therapy
and maintenance S-1 chemotherapy.

S-1 with concurrent radiation therapy
Radiation therapy was delivered with >6-MV photons, using
a multiple (three or more) field technique. A total dose of 50.4 Gy



