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is an oral fluoropyrimidine derivative shown to be effective for gaétn'cf

and various other types of cancers.®” Phase Il 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
Japanin 2006. Development of gemcitabine plus S-1 (GS) studies have
also been initiated, mainly in Japan, and two phase I1 studies reported
high response rates of 44.4% to 48.5% and good median OS 0f 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 I1I study, sponsored by Taiho Pharmaceutical in
Japan and 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.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 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 ata dose of 1,000 mg/m® intravenously over 30 niinutes 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; = 1.25t0 < 1.5 m?%, 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 oflife 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 (PES), 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 hypotheses (ie, noninferiority and superiority), the one-sided significance
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Fig 1. CONSORT diagram. GS, gemcit-
abine plus S-1.

2 © 2013 by American Society of Clinical Oncology

JOURNAL OF CLINICAL ONCOLOGY

Information downloaded from jco.ascopubs.org and provided by at Kokuritsu Gan Center on April 1, 2013 from
Copyright © 2013 American Sotféyl 80 Qididal Oncology. All rights reserved.



GS or S-1 v Gemcitabine for Pancreatic Cancer

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% Cls 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.’5 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).

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 PES (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 5-1 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-1 GS Total
{n = 277) (n = 280) (n = 275) (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 i
0 181 65.3 178 63.6 172 62.5 531 63.8
1 96 347 102 36.4 103 375 301 36.2
Extent of disease
Locally advanced 66 238 68 243 68 247 202 243
Metastatic 211 76.2 212 75.7 207 75.3 630 75.7
Type of turmor
Adenocarcinoma 272 98.2 276 98.6 272 98.9 820 98.6
Adenosquamous carcinoma 5 1.8 4 14 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 42.2 348 41.8
Body 88 31.8 124 443 102 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 5.8 5.9 5.7
IOR 3.0-20.1 2.5-18.4 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
IQR 0.11-1.38 0.18-1.57 0.15-1.60 0.16-1.57
Abbreviations: CA19-9, carbohydrate antigen 18-9; 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

S-1 v Gemcitabine: Hazard ratio, 0.96 {97.5% Cl, 0.78 t0 1.18)
P <.001 for noninferiority
GS v Gemcitabine: Hazard ratio, 0.88 (97.5% Cl, 0.71 to 1.08)
— P = .15 for superiority
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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 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 PES 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 t0 6.7) in the GS group (Fig 2B).
PFES 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
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% ClI, 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% Cl, 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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No. of P
Subgroup Patients HR 95% Cl Interaction
All patients 557 }-—-ﬁj—{ 0.96 0.80t0 1.15
Sex : .63
Male 340 l——ﬁi——-l 0.98 0.78 t0 1.23
. Female 217 !——-—%—:—-—f 0.90 0.68 to 1.21
Age : 69
<65 279 P 0.92 0.71 t0 1.19
=65 278 P 0.99 0.77 10 1.28
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Metastatic 423 —— 1.00 0.8210 1.23
ECOG PS ' .82
0 359 @ 0.93 0.74 t0 1.17
1 198 . 0.98  0.731t0 1.31
Biliary drainage E .87
No 419 —— 0.96 0.78 10 1.18
Yes 138 gt 0.94 0.66 to 1.34
T T T T T Fig 3. Forest plots of treatment effects
0 0.5 1.0 1.5 2.0 on overall survival in subgroup analyses.
Forest plots show effects on overall sur-
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S-1; (B) gemcitabine plus S-1 {GS). Each
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Sex H .76
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=65 281 F—@—— -0.88 0.68 to 1.13
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Locally advanced 134 ik 0.67 0.46 t0 0.99
Metastatic 418 —@— 0.93 0.76t0 1.15
ECOG PS H .10
0 353 it 0.94 0.75t0 1.18
1 199 —e— . 0.69 0.51 to 0.92
Biliary drainage E .85
No 411 g 0.86 0.69 t0 1.06
Yes 141 gt 0.87 0.62to0 1.24
T T : T T
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

www.jco.org

to gemcitabine in terms of OS and PFS (Fig 24, 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 ITI 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-1 GS P
(n = 241) (n = 248) (n = 242) (x? test)
Variable No. % No. % No. % Gemcitabine v $-1 Gemcitabine v GS

Response

Complete response 1 0.4 0 o] 2 .08

Partial response 31 12.9 52 21.0 . 69 28.5

Stable disease 119 49.4 105 42.3 102 42.1

Progressive disease 75 31.1 69 27.8 37 15.3
Objective response rate” 32 13.3 52 21.0 71 29.3 .02 < .001

95% ClI 9.31t018.2 16.1 to 26.6 23.710 355
Disease control ratet 1561 827 157 63.3 173 71.5 .88 .04

95% Cl 56.2 to 68.8 57.0t0 69.3 65.41t077.1
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.
1The di_sease 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 I1I 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 PES 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

Table 3. Grade 3 or Worse Adverse Events (safety population)
Gemcitabine S-1 GS P
{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 3.7 101 37.8 <.001 <.001
Neutrophils 112 41.0 24 8.8 166 62.2 < .001 < .001
Platelets 30 11.0 4 1.5 46 17.2 - <.001 .05
Hemoglobin 39 14.3 26 9.6 46 17.2 11 A1
Nonhematologic
ALT 41 15.0 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 11 4.1 1.00 .01
Anorexia 20 7.3 31 11.4 25 9.4 BRI A4
Diarrhea 3 11 15 5.5 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 1.5 12 4.5 45 .006
Febrile neutropenia 1 0.4 1 0.4 5 1.9 1.00 12
Infection with normal ANC 6 2.2 7 2.6 6 2.2 79 1.00
Pneumonitis 5 1.8 0 0.0 2 Q.7 .06 A5
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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S-1 v Gemcitabine: Hazard ratio, 0.84 (95% Cl, 0.57 to 1.22)
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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 IT 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 S-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
ITI studies (HR = 0.75 to 1.07).>'%2%222* Eurthermore, the GS group
showed a favorable HR for OS in patients with Jocally 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
hasbeen studied in patients with PC, mainly in the West. In two phase

wwhw.jco.org

Il 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
East Asians may be different.”**’ Although S-1 is available for PC only
inJapan 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 HR of S-1 was 0.96 and actual upper
limit of the 97.5% CI was 1.18, which was sufficiently lower than the
prespecified margin of 1.33. Furthermore, Bayesian posterior proba-
bility with log HR within a stricter threshold (log 1.15) was 98%.

Given that most gemcitabine-based combination regimens have
not been shown to be significantly superior to gemcitabine alone and
that FOLFIRINOX has demonstrated overwhelming superiority to
gemcitabine in a phase III study, reporting an HR of 0.57,* the devel-
opment of gemcitabine-free combination 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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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, hemoglobin level = 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 a leukocyte 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
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
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leukopenia, neutropenia, or thrombocytopenia; a creatinine level 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.

As a 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
quality-of-life assessments will be reported elsewhere.
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1. Introduction

ABSTRACT

Objectives: A global consensus on how to treat recurrent pancreatic cancer after adjuvant chemotherapy
with gemcitabine (ADJ-GEM) does not exist.

Methods: We retrospectively reviewed the clinical data of 41 patients with recurrences who were
subsequently treated with chemotherapy.

Results: The patients were divided into two groups according to the time until recurrence after the
completion of ADJ-GEM (ADJ-Rec): patients with an ADJ-Rec < 6 months (n = 25) and those with an ADJ-
Rec > 6 months (n = 16). The disease control rate, the progression-free survival after treatment for
recurrence and the overall survival after recurrence for these two groups were 68 and 94% (P = 0.066),
5.5 and 8.2 months (P = 0.186), and 13.7 and 19.8 months (P = 0.009), respectively. Furthermore, we
divided the patients with an ADJ-Rec < 6 months into two groups: patients treated with gemcitabine
(n = 6) and those treated with alternative regimens including fluoropyrimidine-containing regimens
(n = 19) for recurrent disease. Patients treated with the alternative regimens had a better outcome than
those treated with gemcitabine. .

Conclusions: Fluoropyrimidine-containing regimens may be a reasonable strategy for recurrent disease
after ADJ-GEM and an ADJ-Rec < 6 months.

Copyright © 2012, IAP and EPC. Published by Elsevier India, a division of Reed Elsevier India Pvt. Ltd. All
rights reserved.

pancreatic cancer. Adjuvant chemotherapy with gemcitabine (ADJ-
GEM) significantly improved the disease-free survival period,

Pancreatic cancer patients have an extremely poor prognosis.
Although surgical resection is the only curative treatment, only
15%—20% of patients are candidates for resection. Even if a curative
resection is performed, the 5-year-survival rate is only 10%—25%,
and the median survival period is 11—20 months [1,2].

Various adjuvant chemotherapy or chemoradiotherapy regi-
mens after surgical resection have been evaluated [2—6]. Recently,
The Charite’ Onkologie (CONKO)-001 trial was designed to deter-
mine the benefits of gemcitabine for patients with resected

* Corresponding author. Tel.: +81 3 3542 2511; fax: +81 3 3542 3815.
E-mail address: cmorizan@ncc.go.jp (C. Morizane).

compared with surgery alone, in patients with resected pancreatic
cancer. Although no significant difference in overall survival was
seen at the time of publication, analysis after a longer follow-up
period demonstrated a survival advantage for gemcitabine over
observation-only (median progression-free survival, 22.8 months
for ADJ-GEM vs. 20.2 months for observation-only; P = 0.005). At
approximately the same time as the CONKO-001 trial, the Japanese
Study Group of Adjuvant Therapy for Pancreatic Cancer (JSAP)
conducted a randomized clinical trial evaluating adjuvant gemci-
tabine. Although no significant difference in overall survival was
seen, the patients in the gemcitabine arm demonstrated a signifi-
cantly longer disease-free survival period than the patients in the
observation-only arm. These results were similar to those of the
CONKO-001 trial and supported the concept that adjuvant
chemotherapy using gemcitabine was effective in an Asian

1424-3903/$ — see front matter Copyright © 2012, JIAP and EPC, Published by Elsevier India, a division of Reed Elsevier India Pvt. Ltd. All rights reserved.
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population [2,5]. Therefore, adjuvant therapy using gemcitabine for
resected pancreatic cancer is now firmly established as a therapy
that offers a modest but real improvement in overall survival [5,7].

In approximately 50% of patients, recurrent disease was
reportedly seen within a year, even after receiving AD]-GEM [5],
and no global consensus exists regarding treatment strategies for
recurrent disease after ADJ-GEM. If the length of time from the
completion of adjuvant therapy until the detection of recurrence is
less than 6 months, the NCCN guidelines recommend alternative
chemotherapy using a fluoropyrimidine-based chemotherapy
regimen. When this period is 6 months or greater, they recommend
an alternative regimen or the same regimen as the previous therapy
[8]. However, these recommendations have not been substantiated
by actual clinical data.

In Japan, the oral fluoropyrimidine derivative S-1 is often used
as an alternative regimen for gemcitabine-refractory cases. S-1
showed a non-inferiority to gemcitabine in terms of overall survival
in a phase III trial and is considered an alternative to gemcitabine
for chemonaive patients with advanced pancreatic cancer [9].
Additionally, in gemcitabine-refractory metastatic cases, a recent
phase Il study of S-1 yielded results that demonstrated preferable
activity, including a response rate of 9.5%—15% and a median overall
survival time of 4.5—6.3 months [10,11]. Therefore, S-1 is widely
used for the treatment of advanced pancreatic cancer in first-line
and second-line settings in Japan.

We studied the current status of treatments for recurrent
pancreatic cancer after curative resection followed by ADJ-GEM.
The objective of this study was to examine the adequacy of the

Table 1
Patient characteristics at resection (n = 41).
R n (%)

Variables All patients n = 41 ADJ-Rec < 6 months n = 25 ADJ-Rec > 6 months n = 16 Pvalue

Age (years) Median (range) 65 (38-78) 64 (38—78) 65 (50-77) 0.96

Gender, Male 27 (66) 16 (64) 11 (69) 1.00
Female 14 (34) 9 (36) 5(31)

PS? at recurrence 0 30(73) 20 (80) 10(63) 0.34
1 5(12) 3(12) 2(12)
Unknown 6 (15) 2(8) 4(25)

Primary site Head 26 (63) 17 (68) 9 (56) 0.51
Body or -tail 15(37) 8(32) 7 (44)

Type of Resection PD" 26 (64) 17 (68) 9 (56) 0.66
DP¢ 12 (29) 6 (24) 6(38)
TP¢ 3(7) 2(8) 1(6)

Resection status RO 36 (88) 22 (88) 14 (88) 1.00
R1 5(12) 3(12) 2(12)

Histology Adenocarcinoma 39 (95) 23 (92) 16 (100) 0.51
Adenosquamous carcinoma 2(5) 2(8) 0(0)

Stage® at resection ItA . 5(12) 0(0) 5(31) 0.006
HB 36 (88) 25 (100) 11 (69)

CEA' (ng/mL) Median (range) 2.7 (0.7-51.8) 2.7 (0.7-21.0) 2.4(1.2-51.8) 0.98

CA19-98 (U/mL) Median (range) 202 (0.5—6450) 212 (0.5—-6450) 138 (17-3203) 0.56

Histological grade Well 5(12) 3(12) 2(125) 0.83
Moderately 28 (71) 17 (68) 12 (75)
Poorly 7(17) 5(20) 2(12.5)

Lymph node ratio" 0 5(12) 0(0) 5(31) 0.008
0.1-0.199 23 (56) 14 (56) 9(57)
0.2—0.299 8 (20) 7(28) 1(6)
03— 4(10) 4(16) 0(0)
Unknown 1(2) 0(0) 1(6)

Recurrent pattern’ Locoregional 21 (51) 10 (40) 11 (69) 0.15
Liver 18 (44) 14 (56) 4(25)
Peritoneum 4(10) 4 (16) 0(0)
Lungs 11(27) 7(28) 4(25)
Bones 1(2) 1(4) 0(0)

Cycles of ADJ-GEM Median (range) 6 (3-9) 6 (3-6) 6(3-9) 0.88

ADJ-Red (months) Median (range) 3.7(0.1-36.1) 1.3 (0.1-4.9) 11,5 (6.3—36.1)

Chemotherapy* GEM 21(51) 6(24) 15 (94) 0.00
Alternatives' 20 (49) 19 (76) 1(6)
(s1) 17 (41) 17 (68) 1(6)
(GEM + §1) 1(2) 0(0) 0(0)
(S1 + Radiation) 1(2) 1(4) 0(0)
(S1 + oxaliplatin) 1(2) 1(4) 0(0)

4 PS, performance status.

b pp, pancreaticoduodenectomy.

¢ DP, distal pancreatectomy.

d TP, total pancreatectomy.

e

Stage, UICC 7th.
f CEA, carcinoembryonic antigen at resection.
CA-19-9, carbohydrate antigen 19-9 at resection.

ADJ-Rec, period between the last date of ADJ-GEM and recurrence.

Ko e T (@

Chemotherapy, chemotherapy for recurrent disease after adjuvant chemotherapy.

Lymph node ratio, number of metastatic lymph nodes divided by number of examined nodes.
Recurrent pattern, numbers of locoregional, extra-pancreatic, and combined recurrences were 11, 20, and 10 patients.

! Alternatives, all alternative regimens consisted of fluoropyrimidine-containing regimens.
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NCCN guidelines for recurrent pancreatic cancer after adjuvant
chemotherapy, which recommend that the treatment options
should be determined by the period between the last date of ADJ-
GEM and recurrence (ADJ-Rec), with a threshold of 6 months.

2. Patients and methods
2.1. Patients

A retrospective review was conducted for 113 pancreatic cancer
patients who underwent curative resection followed by ADJ]-GEM
at the National Cancer Center Hospital (NCCH) and NCCH East in
Japan between April 2002 and October 2010. Forty-two patients
with no recurrence after ADJ-GEM, 10 patients with withdrawal
from ADJ-GEM within 2 cycles, 6 patients with recurrence during
ADJ-GEM, and 14 patients who changed hospitals after recurrence
were excluded. We finally retrieved the clinical data of 41 patients
with recurrences who were subsequently treated with chemo-
therapy at our hospitals.

2.2. Treatment

After resection, we started ADJ-GEM within 10 weeks. An initial
gemcitabine dose of 1000 mg/m? was administrated intravenously
for 30 min on days 1, 8 and 15 every 4 weeks for 3 to 6 cycles, in
principle. A computed tomography examination was performed
every 3—6 months. Once evidence of recurrence was revealed,
treatment for recurrent disease was initiated.

2.3. Data collection and evaluation of tumor response

The following data were collected from the medical records:
patient characteristics at resection, the resection status, the ADJ~
Rec, the treatment regimen, and the outcome of treatment after
the recurrence. We also compared the treatment outcomes
according to the length of the ADJ-Rec and the treatment regi-
mens. Tumor responses were evaluated according to the RECIST
criteria, Ver.1.1. We evaluated the best overall response and the
disease control rate (DCR). The DCR was defined as the rate of
complete response -+ partial response + stable disease. When the
disease status was stably maintained for more than 8 weeks, the
patient was considered to have stable disease.

2.4. Statistical analysis

The Fisher exact test was used to assess the hypothesis of
independence between categorical variables. For quantitative
data such as age and the carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) levels, we used the Man-
n—Whiney test. ADJ-Rec was defined as the period between the
last date of the administration of ADJ-GEM and the date on which
local or distant recurrence was noted. The date of recurrence was
defined as the date of documentation of recurrent disease using
diagnostic imaging techniques. Progression-free survival (PFS)
was defined as the period between the start of treatment for
recurrent disease and the date of progression, the last follow-up
visit, or death from any cause. Overall survival after recurrence
(r-0S) was defined as the period between the start of treatment
for recurrent disease and death from any cause or the last follow-
up. Patients who were lost to follow-up were treated as censored
cases. Survival curves were estimated using the Kaplan—Meier
method, and the significances were evaluated using a log-rank
test. All the analyses were performed using Stata/SE, Version
11.1 (StataCorp, USA).

3. Results
3.1. Patient characteristics

The characteristics at resection of the 41 eligible patients are
listed in Table 1. RO resection (complete resection with no micro-
scopic residual tumor) was performed in 36 patients (88%). Con-
cerning the pathological stage, 5 (12%) of the patients had stage 1A
disease and 36 (88%) had stage IIB. The sites of recurrence
were locoregional (21 patients), the liver (18 patients), and the lung
(11 patients). Patients with an ADJ-Rec > 6 months (16 patients)
had a significantly better status than patients with an ADJ-Rec < 6
months (25 patients) with regard to disease stage (P = 0.006) and
the lymph node ratio (the number of metastatic lymph nodes
divided by the number of examined nodes) (P = 0.0075). As for the
treatments for recurrent disease, 21 patients were treated with
gemcitabine monotherapy and 20 patients were treated with
alternative regimens. All the alternative regimens were
fluoropyrimidine-containing regimens (17 patients received $-1
and 1 patient each received GEM + S-1, S-1 + radiation, and
S-1 + oxaliplatin). The treatment strategy after recurrence depen-
ded on each oncologist's plan, without a unified policy. Among the
25 patients with an ADJ-Rec < 6 months, 6 were treated with
gemcitabine monotherapy and 19 were treated with alternative
regimens. Among the 16 patients with an ADJ-Rec > 6 months, 15
were treated with gemcitabine monotherapy and 1 was treated
with an alternative regimen.

3.2. Treatment efficacy and survival analysis of treatments for
recurrence

Overall, 2 of the 41 patients responded to the treatments for
recurrent disease (4.9%; 2 partial responses; 95% confidence
interval (95% CI), 0.60%—16.53%). The DCR was 78% (32 of the 41
patients; 95% Cl, 62.39%—89.44%). The median PFS and median r-0$
were 5.5 months (95% CI, 3.7—8.1 months) and 18.3 months (95% CI,
13—19.8 months), respectively (Fig. 1).

We divided the patients into two groups according to the length
of the ADJ-Rec: patients with an ADj-Rec < 6 months (n = 25), and
patients with an ADJ-Rec > 6 months (n = 16). The DCRs were 68%
and 94% (P = 0.066), and the median PFS periods were 5.5 and 8.2
months (P = 0.186; Fig. 2A), respectively. The median r-0S of the
patients with an ADJ-Rec < 6 months was significantly shorter than

Progression—free survival and overall survival after recurrence
(n=41)
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Fig. 1. Progression-free survival (PFS) and overall survival after recurrence (r-0S) in all
patients (n = 41). The median PFS and r-OS were 5.5 and 18.3 months, respectively.
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Fig. 2. Progression-free survival (PFS) and everall survival after recurrence (r-0S)
according to the length of the ADJ-Rec: patients with an ADJ-Rec < 6 months (n = 25,
and patients with an ADJ-Rec > 6 months (n = 16). (A) The median PFS for each group
was 5.5 and 8.2 months (P = 0.186), respectively. (B) The median r-OS was 13.7 and
19.8 months (P = 0.009), respectively.

that of the patients with an ADJ-Rec > 6 months (13.7 and 19.8
months, P = 0.009; Fig. 2B).

Additionally, we divided the patients with an ADJ-Rec < 6
months into two groups according to the treatment regimens for
recurrent disease: patients treated with gemcitabine (n = 6) and
patients treated with alternative regimens (n = 19). The outcomes
are shown in Table 2 and Fig. 3. For the patients treated with
gemcitabine and those treated with alternative regimens, the DCR,
median PFS and median r-OS were 67% and 68% (P = 0.651), 2.9 and

6.5 months (P = 0.065; Fig. 3A), and 7.7 and 13.0 months (P = 0.242;
Fig. 3B), respectively.

4. Discussion

In this study, at first we examined the current status of the
treatment strategy for pancreatic cancer patients with recurrence
after adjuvant chemotherapy. Most patients with ADJ-Rec > 6
months were placed on gemcitabine. Even for patients with an ADJ-
Rec < 6 months, gemcitabine was resumed in 24% of these patients.
Generally, patients who relapse within a short period after receiving
adjuvant chemotherapy should be considered as being resistant to
those drugs. The NCCN guidelines also recommend that the options
for recurrent disease after adjuvant therapy should be assessed
according to the ADJ-Rec. However, these guidelines are only the
recommendation of the panel, and these strategies have not yet been
substantiated by actual clinical data. In the case of ovarian cancer,
a consensus based on actual clinical data exists with regard to the
treatment strategy for relapsed disease. Patients who have relapsed
within an interval of less than 6 months since the previous
paclitaxel-plus-platinum chemotherapy should be considered as
platinum resistant [12,13]. However, the chemosensitivity and the
key drugs are quite different between pancreatic cancer and ovarian
cancer. Therefore, actual clinical data for pancreatic cancer is needed.

The outcome of patients with a short ADJ-Rec was worse than
that of the patients with a long ADJ-Rec. This finding suggests that
patients with a long ADJ-Rec may owe their period of prolonged
sensitivity to the adjuvant gemcitabine treatment, slow tumor
growth, and a smaller quantity of residual tumor. Concerning
advanced pancreatic cancer, similar findings have been reported in
a previous study, which indicated that the progression-free survival
period after first-line chemotherapy was an independent prognostic
factor [14]. Additionally, patients with pathological stage 1IA or
a lymph node ratio of 0 had a long ADJ-Rec in the present study,
possibly influencing the outcome. However, our results should be
interpreted with caution because biases introduced by the different
selection of treatment regimens between the two groups may exist.

Among the patients with an ADJ-Rec > 6 months, we were
unable to compare the treatment outcome according to regimens,
since most of them (15 out of 16) received gemcitabine mono-
therapy and seldom received alternative options such a fluoropyr-
imidine-based regimens. In the present study, the patients
treated with gemcitabine had a better DCR, PFS and r-OS than the
metastatic or recurrent pancreatic cancer patients treated with
gemcitabine in past studies [15,16]. Even after considering the
possibility that an ADJ-Rec > 6 months may be a good prognostic
factor, these preferable outcomes suggest the appropriateness of
a re-challenge with gemcitabine.

Among the patients with an ADJ-Rec < 6 months, patients
receiving alternative regimens tended to have a better DCR, PFS,

Table 2
Outcomes of patients according to ADJ-Rec and treatment regimens.
<6 months >6 months
ADJ-Rec All GEM Alternative P value All GEM Alternative Pvalue
n 25 6 19 16 15 1
DCR (%) 68 67 68 1.00 94 93 (100) 1.00
95% Cl 62.4—-89.4 22.3~95.7 43.5-87.4 69.8—99.8 68.1-99.8 2.5-100
Median PFS {(m) 5.5 2.9 6.5 0.06 8.2 8.2 (12.2) 0.69
95% C1 2.6—-6.6 1.5— 2.1-8.1 34-122 3.0-13.8
Median r-OS(m) 13.7 7.7 13.0 0.24 19.8 20.9 (19.8) 0.67
95% Cl 6.5~15.3 29— 6.5— 9.6-314 9.6-314

ADJ-Rec, period between the last date of ADJ-GEM and recurrence; DCR, disease control rate; PFS, progression-free survival time; r-0S, survival time from recurrence;

Alternative*, including S-1, GEM + S-1, S-1 + radiation, and 5-1 + oxaliplatin.
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and r-OS than those receiving gemcitabine monotherapy. Although
the optimal ADJ-Rec threshold was not clarified, the present results
support the recommendations of the NCCN guidelines, which

., recommend alternative regimens for patients with an ADJ-Rec < 6
months after previous treatment with gemcitabine. These findings
suggest that a certain proportion of patients with a short ADJ-Rec
may already have a gemcitabine-refractory status at the time of
ADJ-GEM.

This study had some limitations. This study was a retrospective
analysis with an insufficient sample size, and the treatment strategy
after recurrence depended on each oncologist’s plan, with no unified
policy. Another limitation concerns the alternative treatment
options after recurrence. The NCCN guidelines recommend alter-
native regimens as second-line therapies for metastatic disease. The
recommended regimens consist of fluoropyrimidine-based thera-
pies, such as 5-FU/leucovorin (LV)/oxaliplatin (Oxal) [17] or capeci-
tabine/Oxal [18]. The CONKO-003 study revealed the survival
advantage of 5-FU + LV + Oxal for gemcitabine-refractory pancreatic
cancer. In Japan, these drugs have not yet been approved under the
Japanese medical insurance system for the treatment of pancreatic
cancer. S-1 monotherapy was mainly used as the alternative option
in our study. Although S-1 demonstrated a non-inferiority to gem-
citabine as a first-line treatment [8,9] and had a marginal activity as
a second-line regimen for gemcitabine-refractory pancreatic cancer

A Progressionfree survival
by the treatments tor recurrent disease in patients with ADJ-Rec<ém

[=3
Q
p=0.065
z
£
[5)
=
5
a Lo
‘_l...
t
T
10 15 20
Time (months)
I GEM —~=——- Alternative
B Overall survival after recurrence

by the treatments for recurrent disease in patients with ADJ—Rec<6m

Prabability
0.50 0.75 1.00
1 1 1

0.25
)

0.00
i

0 5 ~ 1o 15 20
Time {months)

GEM  ————- Alternative ]

Fig. 3. Progression-free survival (PFS) and overall survival after recurrence (r-0S)
according to treatments for recurrent disease in patients with an ADJ-Rec < 6 months:
patients treated with gemcitabine (n = 6), and patients treated with alternative regi-
mens (n = 19). (A) The median PFS for each group was 2.9 and 6.5 months (P = 0.065),
respectively. (B) The median r-0S was 7.7 and 13.0 months (P = 0.242), respectively.

[10,11], it has not been accepted as a global standard therapy for
gemcitabine-refractory pancreatic cancer.

In conclusion, patients with an ADJ-Rec > 6 months had a rela-
tively favorable outcome when treated with a gemcitabine re-
challenge. Among the patients with an ADJ-Rec < 6 months,
those patients receiving alternative regimens tended to have
a better DCR, PFS, and r-OS, compared with those receiving gem-
citabine. As a result, our results did not deny the appropriateness of
strategies outline in the NCCN guidelines. A well-designed
prospective study with a sufficient sample size is needed to iden-
tify the optimal regimen for the treatment of recurrent pancreatic
cancer after postoperative adjuvant chemotherapy.
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Abstract

Purpose There is no standard regimen for gemcitabine
(Gem)-refractory pancreatic cancer (PC) patients. In a
previous phase II trial, S-1 was found to exhibit marginal
efficacy. Gem administration by fixed dose rate infusion of
10 mg/mz/min (FDR-Gem) should maximize the rate of
intracellular accumulation of gemcitabine triphosphate and
might improve clinical efficacy. We conducted the phase
/Il of FDR-Gem and S-1 (FGS) in patients with Gem-
refractory PC.

Methods The patients received FDR-Gem on day 1 and
S-1 orally twice daily on days 1-7. Cycles were repeated
every 14 days. Patients were scheduled to receive Gem
(mg/mz/week) and S-1 (mg/mzlday) at four dose levels in
the phase I: 800/80 (level 1), 1,000/80 (level 2), 1,200/80
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(level 3) and 1,200/100 (level 4). Forty patients were
enrolled in the phase II study at recommended dose.
Results The recommended dose was the level 3. In the
phase II, a partial response has been confirmed in seven
patients (18%). The median overall survival time and
median progression-free survival time are 7.0 and
2.8 months, respectively. The common adverse reactions
were anorexia, leukocytopenia and neutropenia.
Conclusion This combination regimen of FGS is active
and well tolerated in patients with Gem-refractory PC.

Keywords Chemotherapy - Pancreatic carcinoma -
Second-line - Gemcitabine - S-1 - Salvage - Fixed dose rate
infusion

Introduction

Gemcitabine monotherapy or gemcitabine-containing
combination chemotherapy is the standard first-line therapy
for advanced pancreatic cancer. In the recent phase III
study, the first-line FOLFIRINOX regimen (5-fluorouracil,
leucovorin, irinotecan and oxaliplatin) led to a median
survival of 11.1 months compared with 6.8 months in the
gemcitabine group [4]. However, the FOLFIRINOX regi-
men was quite toxic (e.g., 5.4% of patients had grade 3 or 4
febrile neutropenia), and a survival benefit was shown only
among a highly select population with a good performance
status, an age of 75 years or younger, and normal or nearly
normal bilirubin levels [13]. Therefore, this combination
therapy was considered to be one of the treatment options
for patients in good general condition, and gemcitabine
remains the mainstay of care for patients with advanced
pancreatic cancer. However, after disease progression
during first-line gemcitabine-containing chemotherapy, the
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options for further anticancer treatment are limited. S-1 is
an orally administered anticancer drug that consists of a
combination of tegafur, 5-chloro-2,4-dihydroxypyridine
and oteracil potassium in a 1 : 0.4 : 1 molar ratio [27]. The
antitumor effect of S-1 has already been demonstrated in a
variety of solid tumors including pancreatic cancer [7, 11,
12, 14, 20, 21, 25, 26, 32, 33]. In patients with chemo-naive
pancreatic cancer, an overall response rate of 21.1% was
achieved, and the median time-to-progression and median
overall survival period were 3.7 and 8.3 months, respec-
tively [32]. In gemcitabine-refractory metastatic pancreatic
cancer, our recent phase II study of S-1 yielded results that
demonstrated marginal activity including a response rate
of 15%, a median progression-free survival time of
2.0 months and a median overall survival time of
4.5 months, with a favorable toxicity profile [17]. In
addition, other reports also demonstrated marginal antitu-
mor activity [1, 28]. Gemcitabine administration via infu-
sion at a fixed dose rate of 10 mg/m*/min (FDR-Gem) has
been found to increase the intracellular drug concentra-
tions, compared with gemcitabine at a standard dose rate
infusion over a period of 30 min. A recent phase II study
of combination therapy consisting of FDR-Gem and
oxaliplatin (GEMOX) yielded results that demonstrated
activity in gemcitabine-refractory advanced pancreatic
cancer [5], although oxaliplatin is inactive against pan-
creatic cancer when used as a single agent [6]. The
increased intracellular concentrations of gemcitabine as a
result of FDR infusion and/or the synergistic effect of
gemcitabine and oxaliplatin may play an important role in
the antitumor effect of GEMOX. This finding is of
interest when considering the effect of combination
therapy consisting of FDR-Gem and some other agent that
exhibits a synergistic effect with gemcitabine in patients
with metastatic pancreatic cancer who failed standard
dose rate gemcitabine.

The inhibition of ribonucleotide reductase by gemcita-
bine is considered to enhance the effect of the 5-FU
metabolite 5-FAUMP by reducing the concentration of its
physiological competitor [10]. Preclinical studies have
demonstrated a synergy between gemcitabine and 5-FU in
tumor cell lines, including pancreatic cancer cells [3, 23].
S-1 is a fluoropyrimidine, and several phase II studies of
S-1 and gemcitabine combination therapy have yielded
results that demonstrated a promising activity in chemo-
naive advanced pancreatic cancer patients, including a
response rate of 32-48% and a median survival times of
7.89-12.5 months [16, 18, 19, 31].

Therefore, we conducted the present phase I/Il study to
determine the recommended doses of FDR-Gem and S-1
(FGS) to use for combination therapy and to evaluate the
toxicity and efficacy at the recommended doses in patients
with gemcitabine-refractory pancreatic cancer.

@ Springer

Materials and methods
Eligibility criteria

The eligibility criteria were histologically proven pancreatic
adenocarcinoma with measurable metastatic lesions, disease
progression during gemcitabine-based first-line chemother-
apy, age 20 years or over, ECOG performance status of 0-2
points, more than 2-week interval between the final dose of
the prior chemotherapy regimen and study entry, adequate
bone marrow function (leukocyte count > 3,500/mm>
neutrophil count > 1,500/mm3, platelet count > 100,000/
mm®, hemoglobin concentration > 9.0 g/dL), adequate
renal function (serum creatinine level < 1.1 mg/dL) and
adequate  liver function (serum total bilirubin
level < 2.0 mg/dL, transaminase levels < 100 U/L).
Patients with obstructive jaundice or liver metastasis were
considered eligible if their total bilirubin level < 3.0 mg/dL
and transaminase levels could be reduced to 150 U/L by
biliary drainage. The exclusion criteria were regular use of
phenytoin, warfarin or flucytosine, history of fluorinated
pyrimidine use, severe mental disorder, active infection,
ileus, watery diarrhea, interstitial pneumonitis or pulmonary
fibrosis, refractory diabetes mellitus, heart failure, renal
failure, active gastric or duodenal ulcer, massive pleural or
abdominal effusion, brain metastasis, and active concomi-
tant malignancy. Pregnant or lactating women were also
excluded. Written informed consent was obtained from all
patients. This study was approved by the institutional review
board of the National Cancer Center of Japan.

Treatment

Considering the patients’ quality of life, we adopted
biweekly schedule. Gemcitabine (Eli Lilly Japan KK,
Kobe, Japan) was administered by FDR intravenous infu-
sion of 10 mg/m*/min on day 1. S-1 (Taiho Pharmaceutical
Co., Ltd., Tokyo, Japan) was administered orally twice
daily on day 1 to day 7, followed by a 1-week rest.
Treatment cycles were repeated every 2 weeks until dis-
ease progression or unacceptable toxicity occurred. If
blood examination revealed leukocytopenia < 2,000/mm”,
thrombocytopenia < 75,000/mm?>, total bilirubin >
3.0 mg/dL, aspartate aminotransferase or alanine amino-
transferase level > 150 U/L, or creatinine > 1.5 mg/dL,
both gemcitabine and S-1 were withheld until recovery. If a
patient experienced dose-limiting toxicity (DLT), the dose
of gemcitabine and S-1 was reduced by one level in the
subsequent cycle. If a rest period of more than 15 days was
required because of toxicity, the patient was withdrawn
from the study. Patients were scheduled to receive gem-
citabine and S-1 at four dosage levels (Table 1). Two
dosage levels of S-1 were established according to the body
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Table 1 Dosage levels of gemcitabine and S-1

Dosage level Gemcitabine S-1

Level O 600 mg/m*/60 min Dosage A
Level 1* 800 mg/m%80 min Dosage A
Level 2 1,000 mg/m*/100 min Dosage A
Level 3 1,200 mg/m*/120 min Dosage A
Level 4 1,200 mg/m*/120 min Dosage B

* Starting dosage

surface area as dosage A, about 80 mg/m?/day, and dosage
B, about 100 mg/mzlday (Table 2). At the first dose level
(level 1), gemcitabine was administered at a dosage of
800 mg/m? administered as a 80-min infusion, and S-1 was
administered at dosage A. At the next dose level (level 2),
the gemcitabine dosage was increased to 1,000 mg/m?
administered as a 100-min infusion, and S-1 was admin-
istered at the same dosage. At the next dose level (level 3),
the gemcitabine dosage was increased to 1,200 mg/m?
administered as a 120-min infusion, and S-1 was admin-
istered at the same dosage. At the final dosage level (level
4), gemcitabine administered at the same dosage, and S-1
was administered at dosage B.

Study design

This study was an open-label, four-center, single-arm phase
/11 study performed in two steps. The objective of step 1
(phase 1) was to evaluate the frequency of DLT during first 2
cycles (4 weeks) and then use the frequency of DLT to
determine which of the four dosages tested to recommend
(Table 1). At least 3 patients were enrolled at each dosage
level. If DLT was observed in the initial three patients, up to
three additional patients were entered at the same dosage
level. The highest dosage level that did not cause DLT in 3
of the 3 or >3 of the 6 patients treated at that level during
the first two cycles of treatment was considered the maxi-
mum-tolerated dosage (MTD). DLT was defined as (1)
grade 4 leucopenia or grade 4 neutropenia or febrile
neutropenia, (2) grade 4 thrombocytopenia or thrombocy-
topenia requiring transfusion, (3) grade 3 or 4 non-hema-
tological toxicity excluding hyperglycemia and electrolyte
disturbances, (4) serum transaminases levels, y-glutamyl

Table 2 Dosage of S-1 (tegafur equivalent)

Body surface Dosage A Dosage B

area (m?) (=80 mg/mz/day) (=100 mg/m""/day)
<1.25 40 mg x 2/day 50 mg x 2/day
1.25—<1.5 50 mg x 2/day 60 mg x 2/day
>1.5 60 mg x 2/day 75 mg x 2/day

transpeptidase level and alkaline phosphatase level >10
times UNL, (5) serum creatinine level > 2.0 mg/dL and (6)
any toxicity that necessitated a treatment delay of more than
15 days. Toxicity was graded according to the Common
Terminology Criteria for Adverse Events (CTCAE) version
3.0. In step 2, the recommended dosages (RD) of FGS were
then administered, and the effect of this combination ther-
apy on objective tumor response was evaluated in patients
who were given the RD (phase II). The number of patients
to be enrolled in phase II was determined by using a
SWOG's standard design (attained design) [8, 9]. The phase
II included the patients who received the RD in the step 1.
The null hypothesis was that the overall response rate would
be <5%, and the alternative hypothesis was that the over-
all response rate would be >20%. The o error was 5%
(one-tailed), and the § error was 10% (one-tailed). The
alternative hypothesis was established based on the pref-
erable data in previous reports [5, 15, 24, 30, 34]. Interim
analysis was planned when 20 patients were enrolled. If
none of the first 20 patients had a partial response or com-
plete response, the study was to be ended. If a response was
detected in any of the first 20 patients, an additional 20
patients were to be included in a second stage of accrual to
more precisely estimate the actual response rate, If the
number of objective responses after completing the trial was
5 or more among the 40 patients, then we would reject the
null hypothesis and conclude that FGS was effective, and
we would proceed to the next large-scale study. The
severity of adverse events and progression-free survival and
overall survival were investigated as secondary objectives
in phase II.

Results
Patient characteristics

Between June 2006 and March 2009, 49 patients were
enrolled in this study. Fifteen patients (level 1: 3 patients,
level 2: 3 patients, level 3: 6 patients, level 4: 3 patients)
were enrolled into the phase I (STEP 1), and an additional
34 patients were enrolled into the phase II (STEP2) at dose
level 3. Table 3 shows the baseline characteristics of the
patients in step 1 and step 2. A total of the 40 patients who
were given the recommended dose, 6 patients and 34
patients who entered into the study at phase I and phase II,
respectively, were evaluated for efficacy and detailed
safety profile.

Phase I (STEP 1)

No DLT occurred during the first 2 cycles (4 weeks) at
level 1 or level 2. At dose level 3, three patients were
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Table 3 Patient characteristics

Characteristic Step 1 Step 2 Total at the recommended
dose (level 3)
Level 1 Level 2 Level 3 Level 4 Level 3
No. of patients 3 3 6 3 34 40
Age, years
Median 66 58 64 62 63.5 64
Range 55-69 - 51-38 48-71 52-70 40-80 40-80
Sex, n (%)
Male 1 (33) 3 (100) 4(67) 1 (33 19 (56) 23 (58)
Female 2(67) 0 2(33) 2(67) 15 (44) 17 (48)
ECOG performance status, n (%)
0 2.(67) 2(67) 5 (83) 2 .(67) 22 (65) 27 (68)
[ 1 (33) [ (33) I (17 1 (33) 12 (35) (3 (33)
Primary tumor, n (%)
Head 1 (33) 2(67) 2 (33) 2 (67) 17 (50) 19 (48)
Body/tail 2(67) 1 (33) 4 (67) 1 (33) 17 (50) 21 (83)
Metastatic site, n (%)
Liver 3 (100) 3 (100) 6 (100) 1 (33) 25 (74) 31 (78)
Lung 1 (33) 0 0 2 (67) 720D 7 (18)
Peritoneum 1 (33) I (33) 0 [ (33) i1 (32) 11 (28)
Lymph node 0 267 0 0 11(32) 11 (28)
Tuimor stage at the start of prior treatinent, i (%)
Locally advanced 0 0 0 1 (33) 7 (21) 7 (18)
Metastatic 3(100) 3 (100) 6 (100) 2.(67) 27 (79) 33 (83)
Prior treatment, n (%)
Gemcitabine alone 3 (100) 3(100) 5 (83) 3 (100) 26 (76) 31 (78)
Gem + Axitnib 0 0 0 0 2(6) 2(5
Gem -+ Erlotinib 0 0 1(17) 0 6 (18) 7 (18)

evaluated first, and none developed DLT. Since all 3
patients experienced DLT at dose level 4 (grade 4 neu-
tropenia in two patients, grade 3 stomatitis in one patient),
3 additional patients were evaluated at dose level 3. A DLT
(grade 4 neutropenia) was experienced by 2 of the 3
patients in this additional cohort in dose level 3, and dose
level 3 was determined to be the MTD. Based on these
results, the RD was determined to be level 3.

Phase II (efficacy and safety profile in the 40 patients
treated at dose level 3)

In step 2, the RD of FDR-Gem and S-1 was administered to
an additional 34 patients, and a total 40 patients were
treated at dose level 3 to evaluate the objective tumor
response to this combination therapy. As of the date of the
analysis, the protocol treatment had been concluded in 39
of the 40 patients, and a total of 286 courses (median: 5
courses; range 1-31 courses) had been administered at
level 3. The actual mean weekly dose administered were
gemcitabine 545 mg/m*/week (90.8% of planned dosage)

@ Springer

and 90.1% of planned dosage of S-1. Dose reduction was
required in 10 patients because of grade 4 neutropenia (five
patients), grade 3 fatigue (I patient), grade 2 fatigue with
grade 2 appetite loss (one patient), grade 2 nausea (two
patients) and grade 3 rash (1). The reasons for treatment
discontinuation in phase II were radiological disease pro-
gression (33 patients), clinical disease progression (two
patients), recurrent grade 4 neutropenia despite dose
reduction due to grade 4 neutropenia (two patients), grade
4 myocardial infarction (one patients) and patient request
to return to his distant hometown (one patient). All patients
who discontinued treatment because of adverse events
recovered from the toxicities after discontinuation. Twelve
patients received third-line chemotherapy after discontin-
uation of FGS: S-1 monotherapy in four patients, gemcit-
abine + S-1 combination therapy on another treatment
schedule in three patients, chemoradiotherapy with S-1 in
one patient and new molecularly targeted agents in four
patients who participated in a different clinical trial.
Twenty-two patients received best supportive care, the
other five patients transferred to another hospital, and no



