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was delivered in 28 fractions over 5.5 weeks. Primary tumor and
metastatic lymph nodes >1 cm identified on CT were contoured as
gross tumor volumes (GTV). The clinical target volume (CTV)
included the primary tumor with a 0.5-cm margin and metastatic
lymph nodes. Regional lymph nodes were not treated electively.
The definition of planning target volume (PTV) include the CTV
with a 1-cm margin laterally and a 1- to 2-cm margin in the cra-
niocaudal direction to take into account respiratory organ motion
and daily set-up errors. The reference point for the radiation dose
was set at the center of the PTV. The spinal cord dose was main-
tained at <45 Gy. The volume of liver to receive 30 Gy was required
to be <40%, and the volume to receive 20 Gy was required to be
<67%. At least 75% of both kidneys was required to receive less
than 18 Gy.

S-1 was administered orally at a dose of 40 mg/m” twice daily
after breakfast and dinner on the day of irradiation (Monday
through Friday) during radiation therapy. The 3 initial doses were
determined according to the body surface area (BSA) as follows:
patients with a BSA of <1.25 m” received 40 mg/dose; those with
BSA of 1.25 m*<1.5 m? received 50 mg/dose; and those with
BSA of >1.5 m? received 60 mg/dose. The dose of S-1, which is
the standard dose when S-1 is used as a single agent for systemic
therapy (15, 16), had been previously determined in our phase I
trial (19).

The occurrence of grade 4 hematological toxicity, grade 3
non hematological toxicity excluding nausea, anorexia, fatigue,
constipation, and hyperglycemia, or a serum AST or ALT >200
IU/ resulted in the suspension of radiation therapy and S-1
administration. When the toxicities improved by at least 1 grade
compared to the suspension criteria, treatment was resumed.
When suspension criteria were met, dose modification was
allowed as follows: patients with a BSA of <1.25 m? received 25
mg/dose; those with a BSA of 1.25 m*-<1.5 m* received 40 mg/
dose; and those with a BSA >1.5 m? received a 50 mg/dose.
Chemoradiation therapy was discontinued when the patient
developed grade 4 non-hematological toxicities or other unac-
ceptable toxicities, including gastrointestinal ulcer or bleeding,
interruptions in treatment of >15 days, or unequivocal tumor
progression. After treatment discontinuation, patients could
receive other anticancer treatments excluding S-1 with concur-
rent radiation therapy at their physician’s discretion.

Maintenance S-1 chemotherapy

From 2-8 weeks after completion of S-1 with concurrent radiation
therapy, maintenance S-1 chemotherapy was initiated at a dose of
40 mg/m? twice daily orally, after breakfast and dinner, for 28
consecutive days, followed by a 14-day rest period per course.
Treatment cycles were repeated until the appearance of disease
progression, unacceptable toxicities, or the patient’s refusal to
continue treatment. If a grade 3 or higher hematological toxicity
or a grade 2 or higher non hematological toxicity was observed,
temporary interruption or dose reduction of S-1 administration
was allowed as follows: patients with a BSA of <1.25 m” received
25 mg/dose; those with a BSA of <1.25 m*-<1.5 m” received a 40
mg/dose; and those with a BSA of >1.5 m? received a 50 mg/dose.
When grade 4 non hematological toxicities, unacceptable toxic-
ities, a rest period >28 days, or an unequivocal tumor progression
was observed during maintenance S-1 chemotherapy, treatment
was discontinued. After treatment discontinuation, patients could
be given other anticancer treatment, excluding S-1 monotherapy,
at their physician’s discretion.

Response and toxicity assessment

Evaluations of tumor response during chemoradiation therapy and
maintenance therapy were performed at the completion of chemo-
radiation therapy and every 6 weeks thereafter until tumor
progression or 24 weeks from the start of S-1 and radiation therapy,
using the Response Evaluation Criteria in Solid Tumors version 1.0
questionnaire. Responses were evaluated centrally by 3 independent
reviewers. Serum carbohydrate antigen 19-9 (CA19-9) levels were
measured at least every 6 weeks. In patients with a pretreatment
CA19-9 level >100 U/ml, the CA19-9 response was assessed;
a positive response was defined as a reduction of >50% from the
pretreatment level (13). Overall survival was measured from the
date of initial treatment to the date of death or the date of the last
follow-up. Progression-free survival was defined as the time from
the date of initial treatment to the first documentation of progression
or death. Basic laboratory tests thatincluded a complete blood count
with differentials, serum chemistry, and urinalysis were adminis-
tered at least weekly during S-1 therapy and radiation therapy and
then at least once every 2 weeks during S-1 maintenance therapy.
Common Terminology Criteria for Adverse Events, version 3.0,
were used for the assessment of treatment-related toxicities.

Radiation therapy quality assurance

All radiation therapy treatment plans for the enrolled patients were
reviewed centrally by an independent radiation committee con-
sisting of 9 radiation oncologists. To assess radiation therapy
protocol compliance, the following parameters were reviewed:
fraction size, prescribed dose to the reference point, energy, rela-
tionships between GTV, CTV, PTV and radiation field, overall
treatment time, isodose distributions at the transverse section of the
reference points, and doses to organs at risk. The quality assurance
assessment was given as per protocol (PP), deviation acceptable
(DA), and violation unacceptable (VU). After parameter compli-
ance was assessed, overall radiation therapy compliance was clas-
sified as: PPoverall, no DA or VU in any parameter; VUoverall, at
least 1 VU in any parameter; or DAoverall, neither PP nor VU.

Statistical considerations

Primary endpoints of this trial were overall survival for the effi-
cacy evaluation and frequency of adverse events for the safety
evaluation; secondary endpoints were progression-free survival,
response rate, and serum CA19-9 level response.

The enrollment goal was set at 60 eligible patients. The
number of enrolled patients was determined using a statistical
power analysis. Under the assumptions of a median survival
time of 10 months for patients receiving conventional chemo-
radiation therapy (1-4), a 2-year registration period followed by
a 2-year follow-up period and a one-sided alpha level of 5%, the
statistical power of the hazard ratio test was over 70% or 90% with
the expected median survival time of 14 or 16 months, respec-
tively. Therefore, the number of planned enrolled patients, the
registration period, the follow-up period, and the total research
period were set at 60, 2 years, 2 years, and 4 years, respectively.
The full analysis set (FAS) was defined as any patient who
received at least 1 course of study medication. Overall and
progression-free survival curves were calculated using the Kaplan-
Meier method. This open-label, multi-institutional, single arm
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phase II study was approved by the review board of each insti-
tution and was conducted in accordance with the Declaration of
Helsinki and Ethical Guidelines for Clinical Research ( Ministry
of Health, Labour, and Welfare, Japan). The trial was registered at
University Hospital Medical Information Network-Clinical Trial
Registry (UMIN-CTR) (http://www.umin.ac.jp/ctr/index-j.htm),
identification number (UMIN000000486).

Patient registration and data collection were managed by the
Makimoto-han datacenter. The quality of the data was ensured by
a careful review performed by the data center staff and the
coordinating investigator of this study (MI). All data were fixed on
November 13, 2009, and all analyses in this study were performed
by statisticians (NY and TS).

Results
Patient characteristics

Sixty-one patients were enrolled in this trial between July 2006 and
November 2007 at 20 institutions in Japan (see the Appendix in
Supplementary Material). However, 1 patient was excluded before
the start of protocol treatment because distant lymph node metas-
tases were detected during a CT examination for radiation field
planning; this patient received systemic chemotherapy with gemci-
tabine alone. Table 1 shows the characteristics of the 60 FAS patients.

Patient characteristics (n=60)
No. of % of
patients  Value(s) patients

Table 1

Characteristics

Age (y)

Median 64

Range 31-80
Sex

Male 5 58

Female 5 42
Eastern Cooperative Oncology Group performance status

0 34 57

1 20 43
Biliary drainage

Present
Pathology

Adenocarcinoma 59 98

Adenosquamous carcinoma 1 2
Tumor location

Head 33 55

Body or tail 27 45
Maximum tumor size, cm

Median 3.6

Range 2.0-6.5
Regional {ymph node swelling

NO 44 73

NI 16 27
CA19-9 (U/ml)

Median 304

Range 0-4400
Planning target volume (cm®)

Median 240

Range 102-442

Abbreviation: CA19-9 = carbohydrate antigen 19-9.

[T
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Fifty-three patients (88%) completed S-1 therapy and radiation
therapy but the remaining 7 patients (12%) discontinued S-1 and
radiation therapy. Reasons for treatment discontinuation were
disease progression (2 patients), duodenal and bile duct perforation
(1 patient), acute myocardial infarction (1 patient), treatment
interruption for >15 days because of cholangitis (1 patient), severe
confusion (1 patient), and patient refusal to continue treatment
because of grade 3 nausea and vomiting (1 patient). The treatment
delay during chemoradiation therapy was observed in 20 patients
(33%), and the median delay was 3 days (range, 1-17 days).
Compliance with S-1 therapy was high, with a rate of 99% (1170 of
1176 doses). Of the 53 patients who completed chemoradiation
therapy 47 (89%) patients received maintenance S-1 chemotherapy,
but 6 patients did not for the following reasons: disease progression
(3 patients); sudden death because of septic shock of unknown
origin occurring 40 days after the completion of S-1 and radiation
therapy (1 patient); and patient refusal to continue treatment
because of grade 2 nausea and grade 2 diarrhea (1 patient) or grade 3
appetite loss and grade 2 fatigue (1 patient). The median number of
S-1 maintenance chemotherapy courses was 4 (range, 1 to >19). At
the time of the final analysis, S-1 maintenance chemotherapy had
been terminated in 46 (98%) of 47 patients because of disease
progression (29 patients, 63%), adverse events (12 patients, 26%),
patient refusal (2 patients, 4%), or other reasons (3 patients, 7%).
Treatment delay during the first and second courses of maintenance
S-1 therapy was observed in 9 patients (19%) and 7 patients (18%),
respectively. The rate of compliance with S-1 chemotherapy was
91% (2503 of 2744 doses) in the first course and 98% (2149 of 2184
doses) in the second course. After the completion of protocol
treatment, 53 patients (88%) received subsequent therapy including
gemcitabine (47 patients), S-1 (11 patients), radiation therapy for
bone metastases (2 patients), and other treatments (4 patients).

Toxicity

The toxicities of S-1 and radiation therapy observed in the 60 FAS
patients are listed in Table 2. Grade 3 Ileukocytopenia, neu-
tropenia, and anemia occurred in 6 (10%), 3 (5%), and 2 (3%)
patients, respectively; no grade 4 hematological toxicity was seen.
The most common and troublesome non-hematological toxicities
for patients undergoing chemoradiation therapy were usually
gastrointestinal toxicities, including anorexia, nausea, and vomit-
ing. However, grade 3 or higher cases of these toxicities were
observed only in 4 (7%), 3 (5%), and 2 (3%) patients, respectively,
and the toxicities were generally mild and manageable. One
treatment-related death arising from perforation of the duodenum
and biliary tract occurred during chemoradiation therapy.

Toxicities occurring during S-1 maintenance chemotherapy
were also mild and transient (Table 3). Grade 4 leukocytopenia was
the only hematological toxicity, and it was observed in only 1
patient (2%); the incidence of grade 3 or higher gastrointestinal
toxicities was <6%. In addition, no serious adverse events occurred
during S-1 maintenance chemotherapy. No late toxicities that could
be associated with S-1 and radiation therapy were reported.

Efficacy

The response evaluation included all 60 FAS patients, but tumor
response was not evaluable in 1 patient in whom contrast-
enhanced CT examination could not be performed due to deteri-
oration of her general condition following duodenal perforation.



Volume 85 e Number 1 e 2013

S-1 with RT for locally advanced PC 167

Table 2 Toxicity during S-1 and concurrent radiation
therapy (n=060)

No. of patients (%)*

Toxicity Grade 1 Grade 2 Grade 3 Grade 4
Hematologicél
Leukocytes 1525 28¢@7)y 6(10) 0O

Neutrophils 9(15) 1525 3(5 0O

Hemoglobin 16 27y 13(22) 2(3) 0 (0)

Platelets 24 (40) 3(5) 0O 0 (0)
Non hematological

Rash 23) 0@ 0O 00

Pigmentation 6(10) 0(® 0@ 0O

Hand-foot syndrome 1 (2) 0@ 0O 0(0)
Gastric ulcer/gastritis 0 (0) 1(2) 1(2) 0 )

Abdominal pain 0 () 00 1@ 0

Bilirubin 4 (7N 1(2) 1) 0 (©0)

Aspartate 1178 33 0(0) 0 (0)
aminotransferase

Alanine 1007 5@ 00O 0O
aminotransferase

Alkaline phosphatase 4 (7) 0 00 0 (0)

Hypoalbuminemia 1525 702 00 -
Amylase 0 (0) 12 0 -
Creatinine 0 0) 0@ 0w 0(0)
Hyperglycemia 2 (3) 47y 00 0 (0)
Cholangitis 0 (0) 1@ 0O 0 (0)

# Grading followed Common Terminology Criteria for Adverse
Events version 3.0.

Tumor response was evaluated based on the best response as of
24 weeks after S-1 and radiation therapy were started. Overall,
a partial response was seen in 16 patients for an overall response
rate of 27% (95% confidence interval [CI], 16%-40%). The
median survival in patients with partial response was 19.4 months
(range, 9.8-32.6 months; 95% CI, 13.9-25.1 months), with
a median duration of response of 7.3 months (range, 5.5-10.1
months). Forty patients (67%) showed stable disease, and 3
patients (5%) had progressive disease. Additionally, tumor
response was evaluated for all periods because tumor shrinkage
was obtained in some patients after 24 weeks. Of the 40 patients
who were judged to have stable disease on the response evaluation
at 24 weeks, an additional 6 patients were judged to have a partial
response by the central independent reviewers. The median time
to partial response was 4.7 months (range, 1.4-16.8 months) after
chemoradiation therapy commenced. Therefore, the response rate
for all periods was 37% (95% CI, 25%-50%). Of the 42 patients
with a pretreatment serum CA19-9 level >100 U/mi, 34 (81%)
patients had a >50% decrease compared to the pretreatment level.
During this protocol treatment, 2 patients underwent surgical
resection because tumor shrinkage occurred and their tumors
became resectable.

Fifty-four of the 60 patients had disease progression at the time
of the analysis. The median progression-free survival time and the
6-month and 1-year progression-free survival proportions for all
patients were 9.7 months (95% CI, 6.9-11.6 months), 68%, and
32%, respectively (Fig.). The pattern of disease progression was
distant metastases in 26 patients (46%), locoregional recurrence in
16 patients (27%), distant metastases and locoregional recurrence
in 3 patients (5%), and deterioration of general condition in

Table 3  Toxicity during S-1 maintenance therapy (n=47)
No. of patients (%)*
Toxicity Grade 1 Grade 2 Grade 3 Grade 4

Hematological
Leukocytes 49 277 40 1Q)
Neutrophils 5(11) 190y 6(13) 0@
Hemoglobin 8(17) 18(38) 3(6)  0(0)
Platelets 817 2@ 12 0(0)

Non hematological
Malaise 13@7) 8017 24 0 ()
Anorexia 15(32) 11(23) 3(6) 0 (0)
Nausea 7(15) 49 1(2) 0
Vomiting 4(9) 12 0O 0
Diarrhea 3 (6) 36) 00 0 (0)
Stomatitis 4(9) 0@ 0@ 0O
Alopecia 1(2) 00 - -
Rash 24 1(2) 0(0) 0 (0)

Pigmentation 1123 12 0 0 ()
Hand-foot syndrome 1 (2) 0@ 0 0 ()

Duodenal ulcer 0 ) 1(2) 0 0(0)

Taste alteration 1(2) 2 4 - -

Bilirubin 7(15 51 00 0

Aspartate 817 3(6) 1(2) 0 (0)
aminotransferase

Alanine 511 2@ 00 0 (0)
aminotransferase

Alkaline 1(2) 0O 0O 0 (0)
phosphatase

Hypoalbuminemia 10021 501D 0(0) -

Amylase 0 1(2) 0 () -

Creatinine 3(6) 0 (0) 0 ) 0

Hyperglycemia 2 (4 4(9) 0 0 (0)

# Grading followed Common Terminology Criteria for Adverse
Events version 3.0.

9 patients (15%). At the time of analysis, 49 patients had died, and
the median follow-up period was 16.3 months (range, 3.0-34.0
months). The median survival time and the l-year and 2-year
survival proportions for the 60 patients were 16.2 months (95%
CI, 13.5-21.3 months), 72% (95% CI, 59%-82%), and 26%,
respectively (Fig.).
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Fig. Overall survival and progression-free survival curves of the
60 locally advanced PC patients treated with S-1 with concurrent
radiation therapy. Censored cases are shown by tick marks.
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Radiation therapy quality assurance

Radiation therapy quality assurance was reviewed centrally by an
independent radiation committee for all 60 FAS patients. DA was
observed for 2 parameters in 4 patients (relationship between GTV
and radiation field, 2 patients; isodose distribution, 2 patients), but
no instances of VU were seen in this study. Therefore, PPoverall,
DAoverall, and VUoverall were assessed in 56 (93%) patients, 4
(7%) patients, and 0 (0%) patients, respectively.

Discussion

The combination of radiation therapy and 5-FU chemotherapy has *

been acknowledged as a standard therapy for locally advanced PC
(1-4). However, optimal chemotherapeutic regimens continue to
be pursued, as the survival benefit remains modest. S-1 is the first
single anticancer agent to be judged non-inferior to gemcitabine in
a large-scale randomized phase III trial for advanced PC (10), and
it is expected to become a first-line treatment for patients with
advanced PC, at least in Asian countries. In addition, it has been
shown that combined S-1 and radiation therapy has a synergistic
effect against 5-FU-resistant cancer xenografts; thus, S-1 may also
have a radiosensitizing effect (11). With S-1 and standard-dose
radiation therapy (50.4 Gy/28 fractions), the full dose (80 mg/
m?) of S-1 can be given on the day of irradiation (12) with
a reduced risk of distant metastases. Therefore, S-1 may act not
only against systemic tumor spread but also a as a potent radio-
sensitizer to enhance local control. Furthermore, the fact that S-1
can be given orally is an additional benefit over 5-FU infusion.
In the present multicenter trial, the 24-week tumor response
rate was 27%, although the overall tumor response rate for the
complete period was 37%; in fact, tumor resection was possible in
2 patients after treatment. Thus, excellent tumor shrinkage appears
to be an additional benefit of this treatment. Furthermore, other
outcomes, including the serum CA19-9 level response (81%),
progression-free survival (median, 9.7 months), and overall
survival (median, 16.2 months), showed excellent results. As the
subsequent therapy, most patients (78%) received gemcitabine, as
it might lead to favorable overall survival. However, the outcome
of S-1 and concurrent radiation therapy has been reported by other
groups (14-16), which were single institutional studies with small
numbers of enrolled patients and had slight differences in S-1
administration (Table 4). Similar results were obtained, although

such nonrandomized data must be interpreted with caution. Given
the recent reports of chemoradiation therapy (4-8, 17, 18), S-1
with concurrent radiation therapy appears to have a favorable
treatment efficacy for locally advanced PC, and its survival time
will approach that of resected PC patients.

During chemoradiation therapy the major troublesome adverse
events were gastrointestinal toxicities (anorexia, nausea, and
vomiting), which required intravenous fluid infusion and, some-
times, the termination of chemoradiation therapy (4). One
approach to reducing these toxicities that has recently come to be
used in chemoradiation therapy using conventional photons for the
treatment of PC (4, 6), is a limited radiation field, with a PTV
including gross tumor volume alone, without prophylactic nodal
irradiation; this minimizes the irradiation of normal tissue and was
adopted in the present study. Grade 3 or higher of the above-
mentioned toxicities were observed in less than 7% of the
patients, and the gastrointestinal toxicities were very mild and
easily managed. Other grade 3 or higher non hematological and
hematological toxicities of S-1 and concurrent radiation therapy
were observed in only 10% or less of the patients and were mild,
although there was one treatment-related death due to a perforated
duodenum. The toxicities associated with maintenance S-1
therapy were also mild, and this regimen was considered to be
well tolerated.

Regarding the results of the radiation therapy quality assurance
evaluations performed in this study, 93% of the treatments were
assessed as PPoverall; this result is excellent compared with that
of a previous trial (5). This result was achieved thanks to the
efforts made by the radiation oncologists. The radiation technique
that was used in this study was thoroughly explained to all of the
radiation oncologists at each institution before patient registration,
and the radiation therapy records of the enrolled patients were
reviewed by the radiation committee. Results of the review were
returned to the radiation oncologists at each institution if any
problem with the radiation technique was noted. Therefore, a high
quality of radiation therapy was maintained in this study.

There continues to be debate about the role of chemoradiation
therapy for patients with locally advanced PC. Prior to the 1990s,
it was shown that concurrent external-beam radiation therapy and
5-FU chemotherapy offers a survival benefit over radiation
therapy (1, 2) or chemotherapy alone (3). Since the introduction of
gemcitabine, which is acknowledged as the first-line therapy for
advanced PC, 2 randomized controlled trials comparing chemo-
radiation therapy with gemcitabine alone have been reported:

Table 4  Results of phase 11 trials of S-1 and radiation therapy for locally advanced pancreatic cancer

Radiation

No. of Response

Mediun
progression-free

Median
survival

1-y

survival Maintenance

Study (ref.) Y  Chemotherapy therapy patients rate  time (mo) rate (%) survival time (mo)  chemotherapy
Kim 2008 S-1, 80 mg/m?, 50.4 Gy/28 25 24% 12.9 43% 6.5 Gemcitabine-based
et al (20) days 1-14 fractions regimen
and 22-35
Sudo 2011 S-1, 80 mg/m?, 504 Gy/28 34 41% 16.8 70.6% 8.7 S-1
et al (15) days 1-14 fractions
and 22-35
Shinchi 2011 -1, 80 mg/m?, 50 Gy/40 50 30% 14.3 62% 6.7 S-1
et al (16) days 1-21 fractions
Current S-1, 80 mg/m®, 504 Gy/28 60 27% 16.2 72% 9.7 S-1
study on the day of fractions

irradiation
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a French group reported an inferior outcome with radiation
therapy plus 5-FU and cisplatin to chemotherapy with gemcitabine
alone (17); and the ECOG study demonstrated that radiation
therapy plus gemcitabine had a superior survival outcome
compared with gemcitabine alone (18). Thus, these 2 recent
randomized controlled trials comparing chemoradiation therapy
with gemcitabine alone demonstrated opposite survival results,
although both trials were terminated halfway through because of
poor patient accrual. In addition, gemcitabine monotherapy for
locally advanced PC has been reported to have a favorable effi-
cacy (median survival, 15 months) according to our Japanese
group (19), although the time to treatment failure (median, 6.0
months) was not optimal. Thus, in patients with locally advanced
PC, it is not clear whether chemoradiation therapy or chemo-
therapy alone has a better outcome, and there is a need for
a prospective, randomized, controlled study comparing chemo-
radiation therapy with chemotherapy in such patients. Recently,
induction chemotherapy followed by chemoradiation therapy has
been reported (20). The role of induction chemotherapy is to
prevent distant metastases and to define a subset of patients who
are likely to benefit from chemoradiation therapy excluding
patients with chemoresistant and rapidly progressive disease.
Further clinical trials are needed to elucidate the usefulness of this
therapeutic strategy.

Conclusions

S-1 therapy with concurrent radiation therapy had very favorable
activity, with mild toxicity in patients with locally advanced PC,
and the survival time of such patients is expected to approach that
of resected PC patients. This regimen appears to be a good plat-
form for incorporation of biologic agents, and the present results
should be confirmed in a prospective, randomized, controlled
study to elucidate whether chemoradiation therapy or chemo-
therapy alone results in a better treatment outcome.
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Serum levels of IL-6 and IL-1f can predict the
efficacy of gemcitabine in patients with
advanced pancreatic cancer
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Background: With this study, we sought to characterise the impact of pro-inflammatory cytokines on the outcomes
of gemcitabine monotherapy (GEM) in patients with pancreatic cancer (PC).

Methods: Treatment-naive patients with advanced PC and no obvious infections were eligible for enrolment. All of the
patients were scheduled to undergo systemic chemotherapy. Serum pro-inflammatory cytokines were measured using an
electro-chemiluminescence assay method before chemotherapy. High cytokine levels were defined as values greater than the
median. Clinical data were collected prospectively.

Results: Sixty patients who received GEM were included in the analysis. High IL-6 and IL-18 levels were poor prognostic factors
for overall survival in a multivariate analysis (P=0.011 and P=0.048, respectively). Patients with both a high IL-6 level and a high
IL-18 level exhibited shortened overall and progression-free survival, a reduction in the tumour control rate, and a high dose
intensity of GEM compared with patients with low levels of both IL-6 and IL-18.

Conclusion: The serum levels of IL-6 and IL-1§ predict the efficacy of GEM in patients with advanced PC.

An increase in inflammatory markers is associated with poor pro-inflammatory cytokines and contribute to the chemoresistance

prognosis in patients receiving systemic chemotherapy for
advanced pancreatic cancer (PC) (Tanaka et al, 2008; Morizane
et al, 2011). C-reactive protein (CRP) is an index of systemic
inflammation that is synthesised in hepatocytes by pro-inflamma-
tory cytokines, including IL-1f (Young ef al, 2008), IL-6 (Morrone
et al, 1988), IL-8 (Wigmore et al, 1997), and TNF-o (Ganapathi
et al, 1998), via the transcription factor nuclear factor-xB (NF-xB)
and the activation of the signal transducer and activator of
transcription 3 (STAT3) protein (Nishikawa et al, 2008). NF-«B
and STAT3 represent major inflammatory pathways for

of tumours (Aggarwal ef al, 2009). An increase in the effects of pro-
inflammatory cytokines is believed to attenuate the benefits of
chemotherapy and to result in a poor outcome. Recently, the
efficacy of anti-inflammatory therapy has been reported in several
diseases: with canakinumab as an IL-1f blocker in the cryopyrin-
associated periodic syndrome (Kuemmerle-Deschner et al, 2011),
with tocilizumab as an IL-6 receptor blocker in rheumatoid
arthritis (Jones et al, 2010), and with siltuximab as an IL-6 blocker
in prostate cancer (Dorff et al, 2010). In the blockade of
intracellular pathways, ruxolitinib is a Janus kinase inhibitor that
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suppresses STAT3 phosphorylation and has shown clinical benefits
in myelofibrosis (Harrison et al, 2012). The potential for individual
pro-inflammatory cytokines to decrease chemotherapeutic efficacy
suggests that it may be a candidate for testing anti-inflammatory
therapy in advanced PC patients. This study sought to characterise
the impact of pro-inflammatory cytokines on the outcomes of
systemic chemotherapy in patients with advanced PC.

Patients. Treatment-naive patients with advanced PC and no
obvious infections were eligible for enrolment in this study.
Pathological confirmation was obtained from all the patients via
either a fine-needle aspiration biopsy or a cytological examination.
All the patients were scheduled to undergo chemotherapy at the
National Cancer Center Hospital East. A serum sample was
obtained on the morning before chemotherapy and was frozen at
—70°C until analysis. Clinical data were prospectively collected
before chemotherapy, at 1 month after chemotherapy, and every 3
months after the start of chemotherapy. The tumour stage was
evaluated according to the seventh criteria of the International
Union Against Cancer (UICC) (Sobin et al, 2009). This study was
approved by the National Cancer Center Ethics Committee, and
patients who provided written informed consent were examined.

Systemic chemotherapy. Gemcitabine monotherapy (GEM) and
GEM-based regimens were conducted according to previous
reports (Ioka et al, 2011; Kindler et al, 2011). Most of the patients
were scheduled to receive GEM as follows: a dose of 1000 mgm ™2
gemcitabine was administered intravenously for 30 min on days 1,
8, and 15 of a 28-day cycle until the occurrence of disease
progression, unacceptable toxicity, or patient refusal. The dose
intensity of GEM was calculated during the treatment interval
between the date of the first administration and the date of the last
administration. The planned dose intensity of GEM for a 28-day
cycle was 750 mgm ™ per week.

Assessment of the anti-tumour effect. The anti-tumour effect of
the systemic chemotherapy was evaluated using contrast computed
tomography/magnetic resonance imaging images obtained every
4-8 weeks after treatment. The tumour response was determined
as a complete response (CR), partial response (PR), stable
disease (SD), progressive disease, or not evaluated according to
the Response Evaluation Criteria in Solid Tumors (Therasse et al,
2000). The best overall response for each patient was recorded as
the tumour response. The response rate was calculated as CR+
PR/all evaluated patients. Disease control was defined as CR, PR, or
SD. The disease control rate was calculated as CR -+ PR+ SD/all
evaluated patients.

Pro-inflammatory cytokine assays. The serum levels of cytokines
were measured using multiplex assays manufactured by Meso Scale
Discovery (Gaithersburg, MD, USA). On the bottom of each
well of 96-well plate-based assays, antibodies for GM-CSF, IFN-y,
IL-18, IL-2, IL-6, IL-8, I11-10, IL-12p40 (IL-12), and TNF-o were
spotted by the manufacturer. Following the capture of the
cytokines by the spotted antibodies, label detection antibodies
were bound to the antigen. The detection antibodies were coupled
to electrochemiluminescent labels that emitted light when electro-
chemically stimulated via carbon-coated electrodes located in the
bottom of the array wells. The resulting signal was read using a
charge-coupled device. The MSD Multi-Spot Array assay was
performed according to the manufacturer’s instructions. The raw
data were computed as the levels of electrochemiluminescent
signals (light) measured using photodetectors and were analysed
using Discovery Workbench 3.0 software (Meso Scale Discovery).
A four-parameter logistic fit curve was generated for each analyte

using the standards and the calculated concentration of each
sample.

Statistical analyses. Progression-free survival (PFS) was defined as
the time between the start of chemotherapy and either documented
disease progression. or death. Overall survival (OS) was defined as
the interval between the initial administration of chemotherapy
and either death or the last follow-up examination. Survival
differences in the univariate analyses were calculated using
the Cox’s proportional hazards regression model. Factors that
were strongly associated with a short survival period (P<0.01)
were evaluated using a multivariate analysis of the Cox’s
proportional hazards regression model. Survival curves were
drawn using the Kaplan-Meier method, and the difference
between two survival curves was evaluated using the log-rank test.
The frequency of patients in the two groups was compared using
the Fisher’s exact test. A comparison of non-categorical data was
performed using the Mann-Whitney U test. The significance level
was set at P<0.05. All the analyses were performed using the JMP
8 software, Windows version (SAS Institute, Cary, NC, USA).

Patient characteristics. Between 2008 and 2009, 110 patients were
enrolled in the study. Six patients were excluded from the study
analysis because of the presence of inflammation at the start of
chemotherapy, as follows: cholecystitis in three patients, cholangi-
tis in two patients, and thrombophlebitis in both lower extremities
in one patient. Four patients with rapid systemic weakness because
of tumour progression refused to participate in the data collection
after registering in the study. One patient with massive ascites who
required multiple large-volume paracentesis procedures was judged
unable to undergo systemic chemotherapy and was not evaluated
in this study. Sixteen patients receiving S-1 monotherapy and 23
patients receiving GEM doublets were excluded because our focus
was on the relationship between cytokine levels and the efficacy of
GEM. The GEM doublets regimens consisted of GEM plus S-1 in
12 patients, GEM plus a cancer vaccine in 6 patients, and GEM
plus axitinib in 5 patients. The remaining 60 patients were treated
with GEM alone and were analysed in this study. The starting dose
of GEM was 1000mgm ™2 in all the 60 patients. Patient
characteristics and the clinical data obtained before chemotherapy
are summarised in Table 1.

Pro-inflammatory cytokine levels. Each cytokine was studied
in the following numbers of patientss GM-CSF (n=58),
IEN-y (n=60), IL-18 (n=60), IL-2 (n=060), IL-6 (n=60), IL-8
(n=60), IL-10 (n=60), IL-12 (n=59), and TNF-a (n=60)
(Supplementary Table S1). The number of patients from whom
samples were assayed was dependent on the accuracy of the
measurement using the diluted sample. The following rates of
detectable concentrations were observed: GM-CSF (33.5%), IFN-y
(20.0%), IL-18 (33.4%), IL-2 (20.0%), IL-6 (96.7%), IL-8 (100%),
IL-10 (88.3%), IL-12 (37.3%), and TNF-a (98.3%). Undetectable
concentrations of any cytokine were recorded as zero. According to
the median value of each cytokine in all patients (Table 1), patients
with higher concentrations than the median value were defined as
the high cytokine group.

Tumour response and survival in patients with GEM alone.

The tumour response was evaluated in all the 60 patients. None of
the patients (0%) achieved a CR, and two patients (3.3%) had a PR.
Twenty-nine patients (48.3%) were characterised as having SD, and
one patient was categorised as not evaluated. The disease control
rate was 51.6%. One patient was able to receive a pancreaticoduo-
denectomy after tumour reduction because of a good chemother-
apeutic effect. The radiological and symptomatic progression of PC

2064

www.bjcancer.com | DOI:10.1038/bjc.2013.174



IL-6 and IL-1§ predict efficacy of gemcitabine

BRITISH JOURNAL OF CANCER

Variables N (%)
Patients 60 (100)
Age {years) Median (range) 66 (35-85)
Sex Female 32 (53)
ECOG PS 0 32 (53)

1 26 (43)

2o0r3 24
Biliary drainage Present 13 (22)
Opioid Present 19 (32)
UICC-Stage Iy 22 (37)

v 38 (63)
Liver metastasis Present 29 (48)
Ascites Present 21 (35)
Primary site Head 19 32)
Size of primary tumour (cm) Median (range) 3.8(1.8-9.7)
Second-line therapy Chemotherapy 21 (35)

) Surgery 1@

Best supportive care 38 (63)
C-reactive protein (mgdi~'dl) Median (range) 0.36 (0.01-25.0)
GM-CSF (pgmi™" Median (range) 0.00 (0.00-289)
IFN-y (pgml~" Median (range) 0.00 (0.00-16.1)
IL-18 (pgmi™") Median (range) 0.00 (0.00-1.65)
IL-2 fpgml ™" Median (range) 0.00 (0.00-26.7)
IL-6 (pg ml=Y Median (range) 1.93 (0.00-34.3)
IL-8 {pgml=" Median (range) 19.6 (2.31-206)
IL-10 (pg mli—Y Median {range) 1.81 (0.00-383)
IL-12 (pgmi ™" Median (range) 0.00 {0.00-1700)
TNF-z (pgmi ™ B Median (range) 7.69 {0.00-23.0)

Abbreviations: Cl= confidence interval; ECOG PS = Eastern Cooperative Oncology Group
Performance Status; GM-CSF =granulocyte macrophage colony-stimulating factor;
HR=hazard ratio; IFN=interferon; IL=interleukin; TNF=tumour necrosis factor;
UICC-Stage =stage based on the seventh criteria of the International Union Against
Cancer (UICC).

were observed in 48 (80.0%) and 11 patients (18.4%), respectively.
Twenty-one patients (35.0%) received second-line chemotherapy
for advanced PC: S-1 (n=18) and S-1 4 oxaliplatin (n = 2). Fifty-
four patients died from PC before the end of the observation
period (August 2011). The median times for OS and PFS were 228
days (95% confidence interval (CI), 138-299 days) and 91 days
(95% CI, 49-102 days), respectively.

Univariate and multivariate analyses for OS and PFS using
serum levels of cytokines. The univariate and multivariate
analysis for OS identified high IL-18 (HR 1.88; P=0.048) and
high IL-6 (HR 2.10, P=0.011) levels as independent predictors of a
poor OS (Table 2). In the univariate and multivariate analysis for
PFS, a high IL-6 level was an independent risk factor for a short
PES (HR 2.32, P=0.003), and a high IL-1§ level tended to be an
independent risk factor for a poor PFS (HR 1.81, P=0.056).

To obtain detailed information regarding the efficacy of
chemotherapy and the patient’s prognosis according to the IL-6
and IL-1f concentrations, we tested the prognostic values of
classifications based on the serum levels of IL-6 and IL-1f using
survival curves of OS and PES as follows: IL-6%°%/IL-15%%
(n=21), IL-6"Y/IL- 1" (n=5), IL-6"EYIL-18"" (n=15),

and 1L-6™"/1L-15H" (5, = 15) (Figure 1). The OS and PES curves
of the IL-6"*/IL-15™#" group revealed higher risks for death and
tumour progression than those of the IL-6""/IL-18 group
(P<0.001 in OS and P<0.001 in PES). The difference between the
IL-6™€"/1L-18°% and the TL-6"°"/IL-18""" groups was obvious for
PES (P=10.013) and tended to be present for OS (P=10.053).

Prognosis and disease control classified according to the IL-6
and IL-1f status in patients with GEM alone. To identify the
prognostic values of the IL-6/IL-1f classification, we calculated the
risk of death and progression according to the status of the IL-6
and IL-1f levels. The relative risk of death and progression to the
IL-6"*/IL-18% group was increased in the IL-677€%/L-14™igh
group (HR 4.06; P<0.001, HR 4.26; P<0.001) and in the IL-678%/
IL~1ﬁL°W§é'oup (HR 1.90; P=0.074, HR 2.24; P=0.021) but not in
the IL-6""/IL-18™¢" group (HR 148; P=0497, HR 1.68;
P=0.323; Table 3).

Tumour control rates (TCRs) according to the IL-6 and IL-18
classifications were evaluated and are shown in Table 4. The TCRs
of the IL-67"8%/11-1 %" and the IL-6"¢%/IL-15% groups (20.0%
and 40.0%) were lower than that of the IL-6"*/IL-18%°" group
(76.0%, P<0.001 and P=0.042). A significant difference in the
TCR between the IL-678%/IL-15™#" group and the IL-678%/
IL-18%% group was not identified, but the actual value of TCR in
the IL-6"€"/IL-15"€" group was half of that in the IL-6"8%/
IL-18%" group.

GEM exposure according to IL-1f and IL-6 status. The median
value of GEM dose intensity within 90 days after the start of
chemotherapy (GEM-DI) was 737 mgm > per week in patients
with GEM alone. GEM-DI was compared among the groups
assigned the IL-6/IL-1f classification (Supplementary Table S2).
The GEM-DI medians were increased in the IL-678%/L-1™ish
(814mgm ™ per week, P=0.003) and the IL-6"€%/IL-15%"
(781 mgm ™% per week, P=0.012) groups compared with the
IL-6"“/IL-18" group (698 mgm ~ 2 per week).

CRP levels according to IL-1f and IL-6 status. IL-6 and IL-1f8
promote the synthesis of CRP from hepatocyte (Morrone et al,
1988; Young et al, 2008). The serum CRP level is considered to be a
good index for the physiological effects of IL-6 and IL-18. We
compared the CRP levels among the groups assigned to the IL-6/
IL-1p classifications. The CRP level of the TL-6H81 -1 BHE" group
was the highest of the groups with IL-6/IL-1§ classifications
(Table 5). The IL-6""8*/IL-18"" group showed a higher CRP level
than the IL-6"*/IL-18"" group (P=0.001).

IL-6 is a pleiotropic cytokine with a variety of effects on cells and
tissues (Trikha et al, 2003) that is synthesised by many different
cell types, including immune cells, fibroblasts, endothelial cells,
myocytes, adipocytes, a variety of endocrine cells, and PC cells
(Tracey and Cerami, 1993; Van Snick, 1996; Fried et al, 1998;
Martignoni ef al, 2005). IL-6 mRNA is found in 64% of PC cases,
in which the IL-6 mRNA expression ratio in relation to normal
pancreatic tissue is strongly upregulated by a median of 62.4-fold
(Bellone et al, 2006). The immunohistochemical expression of IL-6
in PC tumours is strong in the cytoplasm of PC cells and weak in
inflammatory cells (Martignoni et al, 2005). Furthermore, the
serum IL-6 level in patients with PC is higher than in healthy
individuals (Okada et al, 1998; Barber et al, 1999; Ebrahimi et al,
2004; Martignoni et al, 2005; Talar-Wojnarowska et al, 2009). A
high IL-6 level is correlated with tumour aggressiveness, inflam-
matory response, and systemic weakness, such as large tumour
size, hepatic metastasis, an elevated level of serum CRP, body
weight loss, and poorer performance status (Okada et al, 1998;
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ariate and multivariate an |
ne'monotherapy for advanced Pancreatic cancer -

ession-free survival according to cytoking: level i patients receiving:

I Univariate analysis I Multivariate ahalysis
HR (95% CI) Pualue |  HR(95% CI Pvalue
High 1.84 (1.02-3.21) 0.042
IFN-y High 1.16 (0.53-2.29) 0.686
IL-18 High 2.33(1.27-4.18) 0.007 1.88 (1.01-3.45) 0.048
IL-2 High 2.09 {1.01-4.00) 0.048
IL-6 High 2.41 (1.39-4.20) 0.002 2.10 (1.19-3.74) 0.011
IL-8 High 1.49 (0.87-2.57) 0.149
iL-10 High 1.22 (0.71-2.11) 0.465
IL-12 High 2.06 (1.12-3.72) 0.020
TNF-e High 0.98 (0.57-1.68) 0.939
Progljekssion—freeﬂ, survival - -
GM-CSF High 20 1.61 (0.91-2.76) 0.098
IFN-y High 12 1.27 (0.64-2.33) 0.481
IL-18 High 20 2.33(1.30-4.08) 0.005 1.81 (0.98-3.27) 0.056
IL-2 High 12 2.08 (1.02-3.97) 0.043
-6 High 30 2.67 (1.56-4.56) <0.001 2.32(1.33-4.07) 0.003
IL-8 High 29 1.27 (0.75-2.14) 0.362
IL-10 High 30 1.46 (0.87-2.45) 0.148
IL-12 High 22 2.13 (1.21-3.72) 0.010
TNF-a High 30 1.15 (0.68-1.93) 0.595
Abbreviations: Cl = confidence interval; GM-CSF = granulocyte macrophage colony-stimulating factor; HR = hazard ratio; IFN =interferon; iL = interleukin; TNF = tumour necrosis factor.

Barber et al, 1999; Ebrahimi et al, 2004; Martignoni et al, 2005;
Talar-Wojnarowska er al, 2009). The prognostic impact of the
circulating IL-6 level was demonstrated in a study by Ebrahimi
et al (2004), in which patients underwent either pancreatic
resection or chemotherapy. This study clearly highlights the
independent prognostic value of a high IL-6 level on OS in patients
receiving GEM for PC. The correlation between high IL-6 levels
and a shortened PFS was observed in hepatocellular carcinoma
patients receiving sunitinib monotherapy (Zhu et al, 2009) and in
diffuse large-cell lymphoma patients receiving chemotherapy
(Seymour et al, 1995). To the best of our knowledge, the
association between serum IL-6 levels and PES in patients
undergoing systemic chemotherapy for PC has not been previously
reported. This study clearly showed the impact of a high IL-6 level
on a shortened PFS in patients undergoing GEM for PC.

IL-18 is a pro-inflammatory cytokine that is synthesised by
many cell types, including monocytes, tissue macrophages, and PC
cells (Bellone et al, 2006; Angst et al, 2008). IL-15 mRNA can be
identified in >80% of PC tumour tissues, and the IL-1f mRNA
expression ratio in relation to normal pancreatic tissue in resected
PC specimens is, on average, strongly upregulated by 28.5-fold
(Ebrahimi et al, 2004; Bellone ef al, 2006). IL-1§ from tumour cells
and monocytes contributes to the chemoresistance of PC cells (Arlt
et al, 2002; Angst et al, 2008). The serum levels of IL-1§ are rarely
measured in healthy tissues. In fact, the total daily production of
IL-18 was calculated to be approximately 6 ngday ™! in a study
using a specific antibody to human IL-1§ (Lachmann et al, 2009),
whereas in humans injected with an endotoxin, the levels of IL-1f
were below the detection limit (<2pgml™ 1y at baseline and were
elevated for approximately 2 h, reaching maximal concentrations of
50-60 pgml ™" (Granowitz et al, 1991). No relationship has been
reported between the serum IL-1§ level and its clinical significance
in PC patients because the serum IL-1f levels are usually below the
lower measurable limit of detection (LOD). The LOD for IL-15

was previously found to be 0.3pgml ™! using an enzyme-linked
immunosorbent assay (Ebrahimi ef al, 2004). In this study, the
LOD of IL-18 was 0.19pgml ™ 'ml ™", and the detectable rate of
serum IL-1f was 33.4%. Our assay for the detection of pro-
inflammatory cytokines was based on electrochemiluminescence,
which is a superior detection method compared with enzyme-
linked immunosorbent assay; hence, our LOD was lower. Recent
progress in assay methods has improved the detection of serum
IL-1B, enabling the use of the serum IL-1f concentration for
predicting the efficacy of chemotherapy and the identification of a
patient’s prognosis in this study. A high IL-1f§ serum level was an
independent prognostic factor that, in this study, showed a
tendency toward an association with a shortened PFS. IL-15
promotes metastasis and angiogenesis because of the upregulation
of pro-metastatic genes and molecules, including matrix metallo-
proteinases and endothelial adhesion molecules, along with
vascular endothelial cell growth factor, chemokines, growth factors,
and TGFf (Dinarello, 2010). A high IL-18 level may be related to
an aggressive tumour status and may be correlated with a poor
prognosis.

The IL-6"8"/IL-157%" group had shortened PFS and OS
compared with the TL-6"/IL-1" group. The disease control
rate in the IL-6"8"/IL-18%" group was decreased by one-fourth
compared with that of the IL-6""/IL-18" group. Interestingly,
GEM-DI in the IL-6"#"/IL-15™8" was higher than in the IL-6"°%/
IL-158" group. The CRP serum level, a good index of the IL-6
and IL-1f effects via STAT3 and NF-kB, was higher in the
IL-6"8Y/IL- 188" group. These results may indicate that the
resistance of PC tumour cells against GEM was dependent on the
effects of IL-6 and IL-18 via STAT3 and NF-kB. GEM leads to
DNA damage in PC cells, which results in GEM-induced apoptosis
(Arlt et al, 2010). The resistance of PC cells to chemotherapeutic
agents is due to an altered balance between pro- and anti-apoptotic
proteins, resulting in reduced apoptotic responsiveness
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(Grivennikov and Karin, 2010). Bcl-2 and Bcl-xL are anti- apoptotic
proteins that are activated by STAT3 and NF-xB, whereas
Mcl-1, another of the anti-apoptotic proteins, is primarily

STAT3-dependent (Arlt ef al, 2010). IL-6 and IL-18 can activate
STAT3 and NF-xB (Nishikawa et al, 2008), possibly resulting in an
increase of anti-apoptotic proteins in PC cells. Based on the above
context, the inhibition of STAT3 and NF-xB was expected to

A Overall survival resolve the chemoresistance of PC cells.
The IL-6"¢"/IL-18" group had poor outcomes for OS and
19 H weene 1, [L-BIOW/IL-1 glOW PFS compared with the IL-6""/IL-18Y group. The disease
1 T ow high control rate in the IL-6™¢"/IL-18"" group was reduced to half
0.8 maan =ea2. IL-6°YIL-1p8 of that in the IL-6""/IL-1 %% group, though GEM-DI in the
] w —— 3. IL-MioM| 1 glow IL-6"8"/IL-14%" was higher than in the IL-6"°¥/IL-15°% group.
- 8o ’ CRP was able to be synthesised by the effect of IL-6 alone, and the
£ 0.6+ high high Yo Y Hi Lo
z 7 == 4. |L-6"9IL-15"9 CRP concentration was elevated in the IL-6"8*/IL-18%% group
2 compared with the IL-6"°*/IL-18" group. These results imply
£ 0.4~ 1vs3:F=0.053 that the PC tumour cells were resistant to GEM via IL-6 only.
o Y
1 b=y T . 1vs4: P<0.001
0.2+ PO e e T
R AL AT SO . | Table 4. Tumorcontrol rates according to serum levels ofill-6‘and |1
l e - In patients with gemcitabine monotherapy.for. advanced pancreatic
0+ . cancer. o re - :
° 180 SSSS 540 720 P\ 6/IL-1§ classification | N | Median (95% Cl) (%) | P-value
L6511 glow 25 76.0 (56.6-88.5) Ref.
B Progression-free survival IL-gtew/i -1 gHigh 5 60.0 (23.1-88.2) 0.589
14 werea 1 {L-GOW/IL-1 glOW IL-6™ah/ L1 gtow 15 40.0 (19.8-64.3) 0.042
® n w2, IL-6OW)L -1 ghigh [L-6iehy11 gHigh 15 20.0 (7.0-45.2) <0.001
0.8 -
—— 3. IL-6high/|-q /g’OW Abbrevistions: Cl= confidence interval; IL=interleukin.
2 0.6 wm===a 4, {L-6NOY)L-1 ghigh
=
g 0.4 - Tvs3: P=0.013 Table 5. GRP level dccording to serum levels of -6 and/IL-0/1in patients:
o 1 vs 4: P < 0.001 Lwith gemcitabine monotherapy.for advanced pancreatic cancer. =
0.2+ SLEE L6/ Median (95% Cl)
g Sy . classification N {mgdi~") P-value
0- s ; IL-65%/IL-1 gl 25 0.13 (0.06-0.25) Ref.
0 % 180 570 360 IL-6Low/IL1 gk 5 0.08 (NA) 0.140
Days IL-6Hishyj 1 gtow 15 1.19 (0.17-2.79) 0.001
Figure 1. The OS and PFS curves according to the status of IL-6 and IL-6"9L-1 7" 15 5.61 (2.83-10.09) <0.001
IL-18. (A) OS and (B) PFS curves in the IL-6""/IL-1 B (dotted line), the . ] . ) )
iah . High R Abbreviations: Cl=-confidence interval; CRP = C-reactive protein; HR=hazard ratio;
L6/ L_'1 'BHIQ (b,cld dotted line), the IL-6™"/IL-1 BLOW (solid line), and IL=interleukin; NA = not applicable; OS =overall survival; PFS = progression-free survival.
the IL-c':'L“E’h/lL-U?H‘gh groups (bold line).

able 3. mpacisiofit
onotherapy for advanced pancreatic cancer.

he classification Using 10-6 and: (1.1 Blevels chb,v:{a,r'alrl;sﬂr\/riva!, and progression-free survivalin patients with gemicitabine

Overall survival

IL-6/IL-1p classification N Median OS (95%Cl) (days) HR (95% Cl) P-value
IL-6"w/1L-1 gtow 25 306 (228-355) 1 Ref.
IL-6tow/iL-1 gHigh 5 246 (97-346) 1.48 (0.43-3.97) 0.497
IL-6Mighy|L -1 gtow 15 140 (83-334) 1.90 (0.94-3.72) 0.074
1L-6Migh/j| -1 gHigh 15 79 (61-134) 4.06 (1.96-8.18) <0.001
Progression-free survival

IL-6/IL-1 B classification N Median PFS (95%Cl) (days) HR (95% ClI) P-value
1L-61%/1L-1 gtow 25 158 (96-187) 1 ref
IL-6tew/|L-1 gHish 5 96 (42-229) 1.68 (0.56-4.11) 0.323
IL-6Mgh/1 -1 gtow 15 48 (23-92) 2.24 (1.14-4.29) 0.021
|L-6Migh/| -1 gHigh 15 46 (19-61) 4.26 (2.08-8.55) <0.001
Abbreviations: Cl=confidence interval; HR = hazard ratio; IL=interleukin; OS = overall survival; PFS = progression-free survival.
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1L-6 binds a nonsignalling a-receptor (IL-6 receptor), and the
dimerisation of gp130 (a signalling f-receptor) and the binding of
IL-6 to its receptor lead to the activation of receptor-associated
kinases within the cell. These lead to the phosphorylation of
proximal tyrosine residues within the intracellular portion of gp130
and the subsequent control of STAT1 and STAT3 activity
(Jones et al, 2011). Inhibition of the above IL-6 pathway would
improve the resistance against GEM in PC tumour cells.

In conclusion, this study demonstrated that the serum levels of
IL-6 and IL-1f were predictive of both the efficacy of GEM and the
prognosis of patients with advanced PC. Inhibition of the IL-6 and
IL-18 pathways may be a candidate target for novel therapies
for advanced PC.
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A B S T R A €T

Purpose

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

Patients and Methods

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

Results

In the total of 834 enrolled patients, median overall survival was 8.8 months in the gemcitabine
group, 9.7 months in the S-1 group, and 10.1 months in the gemcitabine plus S-1 group. The
noninferiority of S-1 to gemcitabine was demonstrated (hazard ratio, 0.96; 97.5% Cl, 0.78 to 1.18;
P < .001 for noninferiority), whereas the superiority 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 31:1640-1648. © 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-
ing cause of cancer-related mortality worldwide,
with an estimated 266,000 deaths in 2008." Gem-
citabine became the standard treatment for ad-
vanced PC, improving overall survival (OS)
compared with fluorouracil.? Although various
gemcitabine-based combination regimens have
been evaluated, only erlotinib added to gemcit-
abine showed a survival benefit over gemcitabine,
and that was marginal.?
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bination regimen, has recently demonstrated a clear
survival benefit compared with gemcitabine for pa-
tients with metastatic PC who have a performance sta-
tus of 0 to 1.* However, because FOLFIRINOX is
associated with significant toxicity, this regimen
must be limited to patients with good performance
status and requires close monitoring,®

In Japan, clinical trials of S-1 (TS-1; Taiho
Pharmaceutical, Tokyo, Japan) have been con-
ducted since the early 2000s for patients with PC. S-1
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is an oral fluoropyrimidine derivative shown to be effective for gastric
and various other types of cancers.*” Phase II 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 Il studies reported
high response rates of 44.4% to 48.5% and good median OS of 10.1 to
12.5 months.'%1

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 minutes on
days 1, 8, and 15 of a 28-day cycle. Patients allocated to S-1 alone received S-1
orally twice daily at a dose according to the body-surface area (BSA) (< 1.25
m?, 80 mg/d; = 1.25 to < 1.5 m? 100 mg/d; = 1.5 m>, 120 mg/d) on days 1
through 28 of a 42-day cycle. Patients allocated to GS received gemcitabine at
a dose of 1,000 mg/m* on days 1 and 8 plus S-1 orally twice daily at a dose
according to the BSA (< 1.25m?, 60 mg/d;=1.25t0<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 $-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 $-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/dlower 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 intervalsin the S-1 group and at each tirne of administration
of gemcitabine both in the gemcitabine group and in the GS group. All adverse
events were assessed according to the Common Terminology Criteria for
Adverse Events, version 3.0. Computed tomography or magnetic resonance
imaging was performed every 6 weeks until disease progression, and response
was assessed by the investigators according to the Response Evaluation Criteria
in Solid Tumors (RECIST), version 1.0.* Quality of Iife was assessed using the
EuroQol 5 Dimension questionnaire® at baseline and 6, 12, 24, 48, and 72
weeks after the study treatment had begun.

Statistical Analysis

The primary end point was OS, defined as time from date of random
assignment to date of death from any cause. Secondary end points were
progression-free survival (PFS), objective response rate, safety, and quality of
life, 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

Fig 1. CONSORT diagram. GS, gemcit-
abine plus S-1.
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level for each comparison was set at .0125. The statistical considerations are
detailed in the Appendix.

The superiority of GS was evaluated by the stratified log-rank test. To
assess the noninferiority of S-1, we used the Cox proportional hazards model
to calculate two-sided, 97.5% CIs 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
OSwith S-1 would be approximately 2 months shorter than with gemcitabine.
‘We decided this setting was justified considering the convenience of $-1 and
because there are few effective drugs for the disease. Purthermore, to interpret
the obtained data, the Bayesian analysis of the log HR on the basis of the
noninformative prior distribution was preplanned. Posterior probability with
log HR within a stricter threshold (log 1.15) was also calculated.'®

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

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

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 demographicand
baseline characteristics (Table 1).

Study Treatment

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

Tabie 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 39.3 117 425 334 40.1
Age, years

< 65 134 48.4 145 51.8 137 49.8 416 50.0

= 65 143 51.6 135 482 138 50.2 416 50.0
ECOG PS

0 ' 181 65.3 178 63.6 172 62.5 531 63.8

1 96 34.7 102 36.4 103 37.5 301 36.2
Extent of disease

Locally advanced 66 23.8 68 24.3 68 24.7 202 24.3

Metastatic 211 76.2 212 75.7 207 75.3 830 75.7
Type of tumor

Adenocarcinoma 272 98.2 276 98.6 272 98.9 820 98.6

Adenosquamous carcinoma 5 1.8 4 1.4 3 1.1 12 1.4
Pancreas excision

No 254 N7 264 94.3 248 90.2 766 92.1

Yes 23 8.3 16 57 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 24.5 55 19.6 66 24.0 189 22.7
Biliary drainage

No 202 729 217 77.5 209 76.0 628 755

Yes 75 27.1 63 22.5 66 24.0 204 245
CEA, ng/mL

Median 5.7 5.6 5.8 5.7

1QR 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

10R 52-5,002 64-5,000 45-5,090 55-5,002
CRP, mg/dL

Median 0.40 0.50 0.40 0.43

IGR 0.11-1.38 0.18-1.57 0.15-1.60 0.15-1.57
Abbreviations: CA19-8, carbohydrate antigen 19-8; CEA, carcinoembryonic antigen; CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group
performance status; GS, gemcitabine plus S-1; IQR, interquartile range.
*Including patients with tumors involving multiple sites.
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215 [76.8%] in the S-1 group, and 162 [58.9%] in the GS group) or
adverse events (40 patients [14.4%)] in the gemcitabine group, 38
[13.6%] in the S-1 group, and 76 [27.6%)] in the GS group). The
median relative dose-intensity was 83.0% in the gemcitabine group,
96.1% in the S-1 group, and 83.3% for gemcitabine and 87.4% for S-1
in the GS group.

Survival

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

1.0+ $-1 v Gemcitabine: Hazard ratio, 0.96 (97.5% Cl, 0.78 to 1.18)
P <.001 for noninferiority
GS v Gemcitabine: Hazard ratio, 0.88 (97.5% Cl, 0.71 10 1.08)
. 0.8 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 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 §-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 PES (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% CI, 9.3 to 18.2) in
the gemcitabine group, 21.0% (95% CI, 16.1 to 26.6) in the S-1 group,
and 29.3% (95% CI, 23.7 to 35.5) in the GS group (Table 2). The
objective response rate was significantly higher in the S-1 group
(P = .02) and in the GS group (P < .001) than in the gemcit-
abine group.

Second-Line Chemotherapy

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

Adverse Events and Quality-Adjusted Life-Years

The major grade 3 or worse adverse events are listed in Table 3.
Patients in the gemcitabine group had significantly higher incidences
of grade 3 or worse leukopenia, neutropenia, thrombocytopenia, ele-
vated AST levels, and elevated ALT levels as compared with patients in
the S-1 group. However, the incidence of grade 3 or worse diarrhea
was higher in the -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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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 &era]l and PES curves in the S-1 group were nearly identical to
those in the gemcitabine group, confirming the noninferiority of S-1

1644  © 2013 by American Society of Clinical Oncology

to gemcitabine in terms of OS and 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 Il 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 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 28.5

Stable disease 119 49.4 105 42.3 102 42.1

Progressive disease 75 311 69 27.8 37 15.3
Objective response rate™ 32 13.3 52 21.0 71 20.3 .02 < .001

95% Cl 9.31t018.2 16.1 10 26.6 23.7t035.5
Disease control ratet 151 62.7 167 63.3 173 71.5 .88 .04

95% ClI 56.2 t0 68.8 57.0t069.3 65.4 10 77.1
Abbreviation: GS, gemcitabine plus S-1.
*The objective response rate was defined as the proportion of patients who had a complete response or partial response.
tThe disease control rate was defined as the proportion of patients who had a complete response, partial response, or stable disease.

At the time of planning this study, the participants of nearly all
phase 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 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.>*52* 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 41
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 A 44
Diarrhea 3 1.1 15 5.5 12 4.5 .004 .02
Mucositis/stomatitis 0 0.0 2 0.7 6 22 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 04 1 04 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 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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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 II 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
III studies (HR = 0.75 to 1.07).>*32%?2%* Furthermore, 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

1646 © 2013 by American Society of Clinical Oncology

III 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 pharmacodynarmnics of S-1 between Westerners and
East 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 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 11 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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