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FIGURE 1. Representative images of ASC pathology. A, Computed tomography shows a large heterogeneous mass in the head of
the pancreas. In the EUS-FNA specimen, aspirates show atypical keratinized cells with hyperchromatic nucleus and cytoplasmic
orangeophilia (Papanicolaou stain, original magnification x400; B), tissue fragments of neoplastic cells with cytoplasmic opacity and
glandular differentiation against a necrotic background (Diff-Quik stain, original magnification x200; C), and prominent squamous
differentiation (hematoxylin and eosin stain, original magnification x400; D). E, In the surgical specimen, both glandular and squamous
differentiation are present (hematoxylin and eosin stain, original magnification x200).

variables, and using the x> test or the Fisher exact test for cat-
egorical variables. Survival was evaluated using the Kaplan-
Meier method, and hazard ratios (HRs) were calculated using
Cox proportional hazards model. P < 0.05 was considered sta-
tistically significant, and all P values are 2 sided. Data were ana-
lyzed using STATA version 11.1 statistical software (StataCorp,
College Station, Tex).

RESULTS

First, we examined clinical characteristics of ASC based
on our diagnostic criteria. Of the 914 cases of the pancreatic
neoplasms treated between 2001 and 2011, a total of 28 cases
(3.0%) of ASC were identified. Patients’ characteristics are sum-
marized in Table 1. Median age at diagnosis was 64.0 years (range,
44-79 years). The American Joint Committee on Cancer tumor
staging was IIA in 5 patients (17.8%), IIB in 2 patients (7.1%), I
in 5 (17.8%), and IV in 16 patients (57.1%). Adenosquamous
carcinoma of the pancreas was slightly more common in the body-
tail of the pancreas (57.1%). The initial treatment for ASC
was curative resection in 6 patients, palliative chemotherapy
using gemcitabine (Gem) in 16 cases, Gem plus S-1 in 1 case,
5-fluorouracil-based chemoradiotherapy in 1 case, S-1-based
chemoradiotherapy in 1 case, and best supportive care in
3 cases. For the 6 cases of patients (21.4%) who underwent
curative resection, pathological tumor staging was IIA in
4 cases and IIB in 2 cases. Three of these cases were located in
the pancreatic head, and the others were in the pancreatic
body-tail. Five of these cases showed no recurrence, with only
1 case showing recurrence 13.5 months postoperatively (me-
dian observation period, 36.6 months [range, 7-90.7 months]).

Next, we clarified the clinical features and prognosis of
ASC using a matched case-control study. Characteristics of the
control group in the matched case-control study are also shown
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in Table 1. Demographic and baseline disease characteristics
of patients were similar in both ASC and PDAC groups. How-
ever, fewer measurable target lymph nodes metastases were seen
in the ASC group than in the PDAC group (42.8% vs. 17.8%,
P =0.014). In the stage IV patients with ASC, the most com-
mon metastatic sites were the liver (81.2%) and lymph nodes
(75%). In patients with PDAC, the most common sites were the
same, but with different proportions (liver, 59.3%; and lymph
nodes, 31.2%). Median duration of follow-up was 14.9 months
(95% confidence interval [CI], 11.6-18.1). Median overall
survival (OS) was 8.3 months (95% CI, 3.8-16.6 months) in the
ASC group, compared to 15.7 months (95% CI, 12.3-32.7 months)
in the PDAC group (HR for death, 1.94; 95% CI, 1.07-3.51)
(Fig. 2). Overall survival rates at 6, 12, and 24 months were
53.3%, 38.7%, and 12.1%, respectively, in the ASC group com-
pared with 86.9%, 65.3%, and 42.0%, respectively, in the PDAC
group.

In unresected patients, the median OS was 4.6 months
(95% CI, 3.8—11.8 months) in the ASC group and 12.3 months
(95% CI, 8.9-16.0 months) in the PDAC group (HR for death,
2.39; 95% CI, 1.27-4.51) (Fig. 3). Overall survival rates at
6, 12, and 24 months were 43.2%, 24.7%, and 0.0%, respec-
tively, in the ASC group, compared with 83.1%, 55.0%, and
26.9%, respectively, in the PDAC group. Among patients re-
ceiving either chemoradiotherapy or chemotherapy, the objective
response rate was 10.5% in the ASC group and 13.5% in the
PDAC group (P = 1.000). On the other hand, among patients re-
ceiving palliative chemotherapy using Gem, the objective re-
sponse rate was 6.25% in the ASC group and 12.5% in the
PDAC group (P = 0.652). In patients with stage IV disease, the
median OS was 3.9 months (95% CI, 3.1-8.3 months) in the ASC
group and 9.3 months (95% CI, 6.9-14.8 months) in the PDAC
group (HR for death, 2.27; 95% CI, 1.07-4.83). In patients with liver

© 2014 Lippincott Williams & Wilkins

Copyright © 2014 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
I — 496



Pancreas ¢ Volume 43, Number 2, March 2014

Prognosis of Adenosquamous Carcinoma

TABLE 1. Patient Characteristics

ASC PDAC

P
(n=28) (n=56)

ECOG performance status score, %

0-1 27 (96.4) 54 (96.4)

>2 1(3.5) 2.5 1.000
Initial treatment

Curative resection 6 12

Chemoradiation 2 4

Gem 16 32

Gem+S-1 1 2

BSC 3 6 1.000
Tumor stage (AJCC)

1A 5 10

1B 2 4

I 5 10

v 16 32 1.000
Age, mean £ SD, yr 64.5+9.1 63.8+87 0.639
Sex, %

Male 19 (67.8) 38 (67.8)

Female 9(32.1) 18(32.1) 1.000
Location, %

Head 12 (42.8) 24 (42.8)

Body-Tail 16 (57.1) 32 (57.1) 1.000
Measurable metastatic sites, %

Liver 13 (46.4) 19(339) 0.266

Lymph node 12 (42.8) 10 (17.8) 0.014

Lung 1 (3.5) 6 (10.7) 0.416

Peritoneal 5(17.8) 12(21.4) 0.780

40.6+£13.6 35.1+163 0.929

BSC, best supportive care; ECOG, Eastern Cooperative Oncology
Group; GEM, gemcitabine; SD, standard deviation.

Size, mean + SD, mm

metastasis, the median OS was 3.9 months (95% CI, 2.4-8.3 months)
in the ASC group and 10.4 months (95% CI, 7.4-14.8 months) in the
PDAC group (HR for death, 3.03; 95% CI, 1.26-7.28).

DISCUSSION

Adenosquamous carcinoma of the pancreas is a variant of
PDAC that accounts for 3% to 4% of malignant neoplasms of
the pancreas.!$"'® Adenosquamous carcinoma of the pancreas
has been considered to show poor prognosis owing to its ag-
gressive behavior,'®2! but the clinical features of ASC have
been based primarily on case studies® and small surgical series
with early-stage cancers.” Thus, whether ASC is actually more
aggressive than PDAC has remained controversial. Two population-
based analyses of ASC have recently been reported.'®!! Boyd
et al'® described OS after surgical resection of ASC as signifi-
cantly worse compared to that after resection of PDAC. On the
other hand, Katz et al'! reported that median OS for ASC was
4 months, similar to that for PDAC. They also mentioned that
treatment of patients with ASC by surgical resection was associ-
ated with a favorable prognosis.!! These reports about the prog-
nosis of ASC have shown several problems. One is the prejudiced
staging of disease. Although ASC has been regarded as a more
progressive malignancy, reports have mainly mentioned loco-
regional disease, not metastatic disease. The other drawback is a
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FIGURE 2. Kaplan-Meier curve comparing ASC with PDAC.
Kaplan-Meier estimates show overall survival, with median
values of 8.3 months in the ASC group and 15.7 months in the
PDAC group.

lack of specific information about treatment. Based on registry data,
they did not mention detailed palliative treatments in unresectable
cases. This information seems essential to clarify the real clinical
characteristics and behaviors of ASC. This study therefore exam-
ined the clinical characteristics and prognosis of ASC in a matched
case-control study.

The present study examined the clinical characteristics and
prognosis of ASC. Among all pancreatic neoplasms, 28 cases
(3.06%) of ASC were identified. Adenosquamous carcinoma of
the pancreas predominantly affected males (67.8%), and the
mean age at diagnosis was 64.5 years. These findings resemble
the results from other reports for ASC'72?2 and shared clinical
characteristics with conventional PDAC. On the other hand, our
matched case-control study showed that ASC metastasizes to
lymph nodes more frequently than PDAC. Although the dif-
ference was not significant, tumors also tended to be larger in
ASC than PDAC. Boyd et al'” reported in a population-based
analysis that ASC was more likely to be larger and node
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FIGURE 3. Kaplan-Meier curve comparing ASC with PDAC

in unresected patients. Kaplan-Meier estimates show overal
survival, with median values of 4.6 months in the ASC group and
12.3 months in the PDAC group.
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positive compared with PDAC. Results from our matched case-
control study support their findings. Because we used cancer
stage as a matching valuable, we could not examine the fre-
quency of distant metastases in patients with ASC compared
with PDAC. However, ASC being more likely to be larger and
node-positive may indicate more aggressive behavior of ASC
compared with PDAC.

Our results clearly show that ASC was more progressive
than conventional PDAC. The median OS was significantly
worse for ASC (8.38 months) than for PDAC (15.75 months).
Of the 22 unresected cases, OS was significantly worse for
ASC than for PDAC, with an HR 0f 2.39 (95% CI, 1.27-4.51;
P =0.007; median, 4.67 months vs 12.36 months). This seems
attributable to the aggressive behavior of ASC. As previously
mentioned, ASC tends to metastasize to lymph nodes more
frequently than PDAC, even within the same cancer stage.
Furthermore, in patients with stage IV disease, simultaneous
metastases to the liver and lymph nodes were seen more fre-
quently in the ASC group (43.7%) than in the PDAC group
(3.1%, P = 0.001). This aggressiveness may contribute to the
poor prognosis. We suppose that stronger chemotherapy is one
promising option for patients with ASC. In this study, Gem
was the most frequently administered agent as palliative chemo-
therapy. However, Gem shows modest survival benefit in patients
with pancreatic cancer. Other newer combination chemothera-
peutic regimens, such as GEM+erlotinib>® and FOLFIRINOX,?*
may thus offer promising therapies for ASC.

In summary, we investigated the clinical characteristics and
prognosis of ASC using a matched case-control study. The pre-
sent results show that ASC was more progressive than conven-
tional PDAC. Conversely, in resectable cases, surgical resection
can provide a better prognosis for these patients.
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Summary Background. Pancreatic neuroendocrine fumors
{NETs) are rare but are frequently diagnosed at advanced
stages and require systemic therapy. Patients and niethods.
This multicenter, open-label, phase II study evaluated suniti-
nib in Japanese patients with well-differentiated pancreatic
NET. Patients received sunitinib 37.5 mg/day on a continuous
daily dosing (CDD) schedule. The primary endpoint was
clinical benefit rate (CBR; percentage of complete responses
[CRs] plus partial responses [PRs] plus stable disease
[SD] 224 weeks). Secondary endpoinis included objective
response rate (ORR), tumor shrinkage, progression-free sur-
vival (PFS) probability, safety, pharmacokinetics, and
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biomarkers. Results, Twelve patients received treatinent, The
CBR was 75 % (95 % confidence interval [CI], 43-94) and
included 6 patients with a PR and 3 with SD. The ORR was
50 % (95 % CI, 21-79). PFS probability was 91 % (95 % CI,
54-99) at 6 months and 71 % {95 % CI, 34—90) at 12 months.
Commonly reported treatment-emergent (all-causality), any-
grade adverse events included diarthea (2= 10), hand—foot syn-
drome and hypertension (both »=8), fatigue and headache (both
n=T), and neutropenia (#=6). No deaths on study were reported;
one death due to disease progression occurred >28 days afterend
of treatment. Sunitinib on a CDD schedule resulted i sustained
drug concentrations without accunulation across cycles, Tumeor
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responses in all 12 patients did nol appear to correlate with
decreases in chromogranin A levels. Conclusions. Sunitinib
375 mg/day on a CDD schedule demonstrated antitumor activ-
ity in Japanese patients with unresectable, well-differentiated
pancreatic NET. Commonly reported adverse events were con-
sistent with the known safety profile of sunitinib.

Keywords Efficacy - Japanese - Pancreatic neuroendocrine
tumor - Pharmacokinetics - Phase II - Sunitinib

Introduction

Pancreatic neuroendocrine tumors (NETS) are rare malignan-
cies with a prevalence of 2.23 per 100,000 population in Japan
[1]. The incidence rate of pancreatic NET per year in Japan
(1.01 per 100,000 population) appears higher than in Western
countries (0.32/100,000 in the overall US population and 0.25
in Asian Americans [2]). Surgery, if feasible, is the optimal
treatment approach [3). However, the majority of patients pres-
ent with unresectable disease. When the current study was
initiated, treatment options available for symptomatic patients
with unresectable disease included somatostatin analogs (e.g.
octreotide, alone or in combination with interferon-alpha) and
the alkylating agent streptozocin (alone or in combination with
doxorubicin), both of which have limited efficacy in patients
with advanced disease [4-6]. Subsequently, targeted anfi-
cancer agents have been shown to improve progression-free
survival (PFS) compared with placebo in phase I studies that
included primarily Caucasian patients with advanced pancreatic
NET [7-9].

Vascular endothelial growth factor (VEGF) and platelet-
derived growth factor (PDGF) are key drivers of angiogenesis
in pancreatic NETs [10, 11]. Sunitinib malate (SUTENT®), an
oral multitargeted inhibitor of numerous receptor tyrosine
kinases including VEGF receptors and PDGF receptors
[12--14], has been shown to delay tumor growth in a RIPL-
Tag?2 transgenic mouse model of pancreatic islet-cell tumors
[15, 16]. In a phase I trial, sunitinib demonstrated antitumor
activity in patients with pancreatic NET [17], and in a subse-
quent phase IIT trial, oral sunitinib 37.5. mg/day on a contin-
uous daily dosing (CDD) schedule prolonged median PFS
relative to placebo in Caucasian and Asian patients with
locally advanced and/or metastatic, well-differentiated pancre-
ati@NET [7]. Sunitinib was also agsociated with a greater
objective tumor response rate than placebo. In an updated
analysis, median overall survival (OS) favored sunitinib (haz-
ard ratio [HR] 0.71, 95 % confidence interval [CI]: 0.47-1.09;
P=1.11), despite crossover to sunitinib for most of the patients
randomized to placebo, although statistical significance was
not reached [18]. On the basis of these findings, sunitinib has
been approved multinationally for the treatment of patients

‘iﬁ} Springer

with unresectable or metastatic, well-differentiated pancreatic
NET with disease progression.

We carried out a phase 11, open-label, multicenter trial
(NCTO1121562) to evaluate the clinical benefit rate (CBR)
of sunitinib in Japanese patients with pancreatic NET. The
sunitinib dose investigated was 37.5 mg/day on the CDD
schedule, which was the same regimen used in a Western
phase I study [7]. Secondary objectives were to assess
objective response rate (ORR) and PFS, to evaluate safety
and tolerability, and to determine the pharmacokinetic (PK)
profile of sunitinib in this patient population.

Patients and methods
Study population

Japanese patients 220 years old with histologically or cyto-
logically proven, well-differentiated pancreatic NET (accord-
ing to the World Health Organization 2004 classification [197)
and progressive unresectable advanced or metastatic disease
were cligible to participate. Inclusion criteria comprised docu-
mented evidence of disease progression within 12 months of
study start (by computed tomography [CT] or magnetic reso-
nance imaging [MRI]), and disease not amenable to surgery,
radiation, or combined modality therapy with curative infent.
At least one measurable target lesion according to Respornse
Evaluation Criteria in Solid Tumors (RECIST) version 1.0
[20] was required, along with adequate organ function, an
Bastern. Cooperative Oncology Group performance status
(ECOG PS) of 0 or 1, and a life expectancy of at least
3 months. Patients were excluded if they had poorly differen-
tiated tumors, prior treatment with any tyrosine kinase or anti-
VEGF angiogenic inhibitors, brain metastases, cardiovascular
disease <12 months prior to study start, uncontrolled hyper-
tension, an uncontrolled thyroid abnormality, ongoing cardiac
dysrhythmias with medical intervention or a prolonged QT
interval corrected for heart rate (QTc), symptomatic brain
metastases, or a left ventricular gjection fraction of <50 %.

Study design and treatment

In this multicenter, open-label, phase I1 study, all patients
received oral sunitinib37.5 mg/day on a CDD schedule, and
cach treatment cycle lasted 28 days. Patients were monitored
for toxicity, and dose reductions to 25 mg/day were permitted
based on individual tolerability. The sunitinib dose could also
be increased to 50 mg/day (if no.response was observed in the
first 8 weeks and if individual tolerability permitted). The
primary endpoint was CBR, defined ay the proportion of
patients with a confirmed complete response (CR) or partial
response (PR) or stable disease (SD) for >24 weeks. CBR was
selected as the primary endpoint because maintaining
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prolonged SD over about half of a year (24 weeks) was
deemed beneficial and clinically meaningful for patierits with
pancreatic NET, based on the median PFS of 5.5 months
reported for placebo treatment in a previous global, pivotal,
phase III study [7]. Secondary efficacy endpoints included
ORR, defined as the proportien of patients with a confirmed
CR or PR; tumor shrinkage, defined as the percentage change
from baseline in the sum of the longest diameter of target
lesions; PFS; safety; and PK.

The study was conducted in accordance with the
International Conference on Harmonization Good Clinical
Practice guidelines, the Declaration of Helsinki, and applica-
ble local regulatory requirements and laws. Approval from the
institutional review board or independent ethics committee of
cach participating center was required, and written informed
consent was obtained from all patients before screening.

Study assessments

Investigator-assessed tumor imaging by CT, spiral CT, or MRI
was performed at screening and weeks 5 and 9, and then at 8-
week intervals during the study. Additional scans were per-
formed when disease progression was suspected or to confirm
a CR or PR based on RECIST. Safety was assessed at regular
intervals by physical examination and analysis of adverse
events (AEs), laboratory abnormalities (hematology and
blood chemistry), vital signs, 12-lead electrocardiograms
(BECGs), and ECOG PS. AEs were graded using National
Cancer Institute Common Terminology Criteria for Adverse
Events, version 4.0. QTc intervals were determined using 12-
lead ECGs in triplicate at baseline; on day 1 of'cycles 2 and 3,
every 8 weeks thereatter, and as clinically indicated.

Blood samples were collected before dosing on day 15 (£1)
of cycle 1 and on day 1 of cycles 2-4 to evaluate frough
concentrations (Cyougn) of sunitinib and its active metabolite
SU12662 using a validated high- performance liquid chroma-
tography—tandem mass spectrometry method (Bioanalytical
Systems Inc.,, West Lafayette, Indiana, USA). An exploratory
analysis investigated potential differences in steady-state
Crougn values of sunitinib, SU12662, and total drug (sunitinib
plus SU12662) in Japanese versus non-Japanese patient pop-
ulations and in patients with different tumor types. Cyougn
from this Japanese study, a Western pancreatic NET trial
[15], and from studies of Japanese patients with GIST or
RCC [21, 22] were dose~corrected to 37.5 mg and compared.

Blood samples were obtained at screening, week 5, and
week 9, and then svery 8 weeks to assess chromogranin A
(CgA) levels (all patients) and hormone levels (patients with
functional tumors only). Patients were required to fast
for 210 h prior to each scheduled visit. In an exploratory
analysis of Cga levels, a biochemical response was defined
as a 250 % decrease in CgA levels among patients with
elevated CgA levels at baseline.

Statistical methods

As pancreatic NETs are rare, a target sample size of at least
10 patients was determined based on feasibility of study
conduct rather than statistical requirements. All enrolled
patients who received at least one dose of study treatment
were included in the efficacy and safety analyses.

Descriptive statistics were used to summarize patient
characteristics, treatment administration/compliance, safety
parameters, and PK variables. For the analysis of the prima-
ry endpoint, the CBR and its exact 95 % CI were calculated.
For the analysis of the secondary endpoints, the ORR and its
exact 95 % CI, and the percentage change from baseline in
the sum of the longest diameter of target lesions were
calculated. Time-to-event endpoints (PFS and OS) were
summarized using Kaplan—Meier methods.

Results
Patients and treatment

Between July and December 2010, 12 patients (8 male, 4
female) were enrolled in the study at four centers in Japan,
All patients received treatment and were analyzed for effi-
cacy and safety. At data cut-off (March 2012), freatment was
ongoing in 5 patients with a PR (n=4) or SD (#=1), and 7
patients had withdrawn from the trial. Study withdrawals
were due to tumor progression or recurrence {(#=3), with-
drawal of consent (n=1), treatment interruption >4 weeks
due to a serious adverse event (SAE; grade 4 enterocolitis;
n=1), and SAEs (grade 4 convulsion plus. grade 4 loss of
consciousness; n=1). Demographic and baseline disease
characteristics 4re presented in Table 1. All of the patients
had well-differentiated pancreatic NETS, of which 10 were
classified as nonfunctional and 2 as functional (both gastri-
nomas). Six patients had received prior octreotide treatident
and continued octreotide therapy during the study.

The median relative sunitinib dose intensity was 51 %
(range, 26-94); the median number of treatment cycles
started was 16 (range, 3-21; Table 2). The sunitinib dose
was intertupted in 11 patients and reduced in 8 patients. The
most frequently reported cause of dosing interruptions or
reductions was AEs.

Efficacy

Based on investigator asscssments, 6 of the 12 patients
experienced a PR, and none had a CR (Fig. 1). SD
>24 weeks was observed in 3 patients, aid the CBR was
75 % (95 % Cl, 43-94). In total, 5/6 paticnts with prior or
concurrent octreotide treatment and 4/6 patients who did not
receive octreotide met the critéria for experiencing clinical
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‘Table 1 Patient characteristics at baseline

Table 2 Sunitinib treatment

Patient characteristic Sunitinib (V=12)

Sunitinib (M=12})

Age, years

Median 54
Range 34-79
Sex, # (%)

Male 8 (67)
Female 4(33)
ECOG performance status, 1 (%)

g 11 (92)
1 1(8)
Time since diagnosis, years

Median 3
Range 0.2-9.0
Tumor functionality, n (%)

Nonfunctioning 10 (83)
Functioning 207

Gastrinoma 2017)
Number of involved disease sites per patient, n (%)

1 site 4(33)
2 sites 5(42)
3 sites 2017
4 gites 1(8)
Presence of distant metastases, n (%)

Any, including hepatic 12 (100)
Extrahepatic 3(25)
Involved disease sites, n (%)

Liver 12 (100)
Lymph node 4(33)
Pancreas 4 (33)
Lung 2017
Bone 1(8)
Peritoncum 1(8)
Prior surgery, 1 (%)

Yes 9(75)
No 3(23)
Prior radiation therapy, » (%)

Yes 1(8)
No 11 (92)
Number of prior systemic chemotherapy regimens, # (%)

0 6 (50)
1 4(33)
2 0
Z3K 207

ECOG Eastern cooperative oncology group

benefit. The overall ORR was 50 % (95.% Cl, 21-79;
Fig. 1). One patient showed a 100 % decrease in target
lesion size. One PR occurred in a patient with gastrinoma
and was accompanied by a 93 % decrease in plasma gastrin

@ Springer

Treatment cycles started, median (range) 16 (3-21)
Months on treatment, median (range) 10 (0.7-18)
Months on study, median (range) 14 (0.7-19)
No. of patients with 21 dosing interruption, n (%) 11 (92)

No. of patients with =1 dose reduction, # (%) §(67)
Relative dose intensity, median (range), % 51 (26-94)

levels (Patient D; Dala Supplement Table S1; see also be-
fow). In 11/12 patients, some degree of tumor shrinkage was
observed by the first assessment 1 month afier initiation of
sunitinib treatment (Fig. 2). Af the time of data cut-off,
ongoing patients had been observed for at least 16.1 months,
and the median duration of treatment with sunitinib was
9.8 months (range, 0.7-18.1). Although 4/12 patients had
discontinued treatment with sunitinib due to reasons other
than progressive disease (PD), median PES had not yet been
reached. Six-month and 12-month PFS probabilities were
91 % (95 % CI, 54-99) and 71 % (95 % CI, 34-90),
respectively. Median OS had not yet been reached. One
death occurred (due to progression of primary disease) dur-
ing survival follow-up, more than 28 days after the end of
treatiment,

Safety

As of March 2012, the most common freatment-emergent
(all-causality) AEs of any grade were diarthea (n=10;
83 %), hand—foot syndrome and hypertension (both #=8;
67 %); fatigue and headache (both #=7; 58 %), and neu-
tropenia (1=6; 50 %; Table 3). Grade 3 AEs reported in at
least 2 patients were neutropenia (7=6; 50 %) ard leukope-
nia (n=2, 17 %). Four patients (33 %) experienced grade 4
AEs, all of which were judged to be related to treatment
{berpes encephalitis, convulsion, and loss of consciousness
[r=1], increased lipase [#=2], and enterocolitis [n=1]). No
deaths related to sunitinib treatment were reported on study
or within 28 days of the end of treatment. One death due to
disease progression occurred >28 days after end of
{reatment.

Three patients (25 %) experienced SAEs, all of which
resolved. In two cases, the SAEs were assessed as treatment-
related. One patient (patient H; Fig. 2) had a grade 4 con-
vulsion-and grade 4 loss of consciousness that were reported
to be likely due fo herpes encephalitis. These SAEs resulted
in a'sunitinib dose interruption exceeding 4 weeks that led to
study discontinuation, as specified in the protecol, Another
patient (patient K; Fig. 2) experienced an SAE of grade 4
eriterocolitis and temporarily discontinned therapy due to
this SAE.
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Pharmacokinetics

Steady-state concentrations of sunitinib, SU12662, and total
drug (sunitinib plus SU12662) were reached by day 15 of
cycle 1. Subsequent sampling on day 1 of cycles 2-4 showed
the concentrations to be sustained following CDD with suni-
tinib. without disproportionate accumulation across cycles
(data not shown). Mean dose-corrected (veference dose:
37.5 mg) Cpoug: values were within the ranges of 41.7-
53.9 ng/ml, for sunitinib, 19.6-25.7 ng/mL for SU12662,
and 62.9-77.5 ng/mlL for total drug.

We explored potential differences in steady-state Cyougen
values of sunitinib and SU12662 in Japanes¢ versus nori-
Japanese patient populations and in patients with different
tumor types. Dose-corrected steady-state Cyougn levels from
this Japanese study were compared with findings from a
Western pancreatic NET population [17], and from studies
of Japanese patients with gastrointestinal stromal tumor
(GIST) or renal cell carcinoma (RCC) [21, 22]. Steady-
state Cyongn levels of sunitinib, SU12662, or total drug were
not significantly different between Japanese and primar-
ily Western patients with pancreatic NET, or befween
patients with pancreatic NET, GIST, and RCC tumor
types (Fig. 3).

Biomarkers
Chiromogranin A

Plasma CgA levels were measured in all 12 patients (Fig. 2).
At baseline, the median CgA concentration was 9 pmol/mL
(range, 3-86 pmol/mL). Six patients had above-median
CgA levels at baseline, 3 of whom had a maximum percent-
age decrease in CgA concentrations. of at least —50 %.
Among these 3 patients, 2 had a PR and | had a best overall
response of SD. In the patient with SD, the makimum

Best response by RECIST
7} Parlial response

127 Stable disease

#8 Progressive disease

percentage change in tumor size from baseline was —28 %.
Among the 6 patients with below-median CgA levels, 3
experienced a PR and 3 had a best overall response of
SD. Tumor responses in all 12 patients did not appear
to correlate with the maximum percentage decrease in
CgA levels.

Gastrin

Plasma gastrin levels were assessed in the 2 patients with
gastrinomas: a 40-year-old female (patient D) and a 34-year-
old male (patient L; Data Supplement Table S1). In addition,
the relationship between hormonal levels, tumior size, and
objective tumor response (based on investigator assessment)

‘was examined in an exploratory analysis. In the male pa-

tient, neither gastrin levels nor tumor size decreased after
treatment with sunitinib. The best objective response was
PD, and the patient discontinued the study at day 79 due to
lack of efficacy. In the female patient with gastrinoma,
decreases in both gastrin levels (—85 % to —93 %) and tumor
size (31 % to —45 %) were observed during treatment, This
patient had a PR on cycle 2 day | that was maintained
through cycle 7 day 1.

Discussion

This is the first report of sunitinib safety, PK profiles, PFS,
and antitumor activity in Japanese patients with unresect-
able, advanced/metastatic well-differentiated pancreatic
NET. While the data are limited by the small sample size,
antitumor activity was observed in this population, with a
CBR of 75 % and an ORR of 50 %. The ORR was encour-
aging and higher than the 9 % ORR reported for sunitinib in
a randomized, phase 111 frial in a predominantly non-Asian
population [7]. In the presént study, 11 patients had
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< Fig. 2 Individual patient profiles and response to. treatment (V=12). a
Summary of patient profiles and changes in tumor-size and chromog-
ranin A levels. b Percentage change from baseline in target lesion size
over time in individual patients. * Maximum % change = [(minimum
value after dosing — baseline)/baseline] x 100; ® Based on censored
data; F female; M male; PD progressive disease; PES progression-free
survival; PR partial response; SO stable discase

decreases in target lesion measurements and achieved a best
response of a PR or SD. Analysis of the percentage change
in target lesion size over time showed a trend in tumor
shrinkage from the first assessment 1 month after initiation
of treatment with sunitinib. As of March 2012, ongoing
patients had been observed for at least 16.1 months, and
median PFS had not been reached. The probability of being
alive and progression-free at 6 months was 91 % (95 % Cl,
54-99) and at 12 months was 71 % (95 % CI, 34-90). In the
randomized sunitinib phase III trial, median PFS was
11.4 months [7]. These data suggest that PFS in
Japanese patients receiving sunitinib in. our study may
be equivalent to or greater than that observed in the
randomized phase 111 trial,

The potential effect of octreotide therapy was difficult to
evaluate in this study dueto the small sample size. The CBR
was similar among patients with (7=5/6) or without (n=4/6)
octreotide treatment. In an exploratory subpopulation anal-
ysis.reported in the randomized sunitinib phase 111 study; the
efficacy of sunitinib appeared similar in patients who did
and did rot receive somatostatin analogues (PFS hazard

ratios of 0.43 and 0.41, respectively), suggesting that the

, efficacy of sunitinib was not affected by somatostatin ana-

logue treatment [7].

AEs reported during sunitinib treatment were man-
ageable with palliative care measures, such as dosing
interruption. The AEs observed in this study were sim-
ilar to those reported in a phase III study in primarily
Western patients with pancreatic NET {7], and frequent-
ly observed AEs were comparable to those reported in
patients with GIST or RCC [21, 22].

In the current study, the median number of treatment
cycles started was 16. All patients had grade 3/4 AEs and
at least one sunitinib dosing interruption. However, the
therapeutic effect of sunitinib did not appear to be reduced
by temporary dosing interruptions due to AEs. Neutropenia,
the most common grade 3/4 AE, was also the most frequent-
ty reported grade 3/4 toxicity in the predotninantly Western
sunitinib phase Il pancreatic NET study [7], although the
frequency of this event was markedly higher in our study
with Japanese patients (42 % vs. 12 %). Increased rates of
grade 3/4 neutropenia have also been observed in sunitinib-
treated Japanese patients with GIST (37 % vs. 10 %) or
RCC (53 % vs. 18 %), compared with predominantly
Western populations. [21-24]. The frequency of grade 3/4

. thrombocytopenia similarly appeared to be higher in

sunitinib-treated Japanese vs. Western patients (GIST:
20 % vs. 4 %; RCC: 55 % vs. 9 %; pancreatic NET:

Table 3 Treatmerit-emergent
" (all-causality) adverse events
(AEs) reported in 225 % of

Maximum grade (G}, # (%)

I - 505

patients, according to the Na- AB . Gl G2 G3 Total®
tional Cancer Institute Common ~ Any AE 0 0 8 12 (100)
Terminology Criteria for Ad-
verse Bvents. version 4.0 Diarthea 433) 5 (42) 1(8) 10 (83)
Hand—foot syndrome 1(8) 7(58) 0 8(67)
Hypertension 1(8) 7(58) 0 8.(67)
Fatigue 1(8) 6 (50) 0 7 (58)
Headache 4 (33) 3 (25) 0 7 (58)
Neutropenia 0 0 6 (50) 6 (50)
Dysgeusia 5(42) 0 0 5(42)
Nasopharyngitis 4(33) 1(8) 0 5(42)
Nausea 4(33) 1(8) 0 5 (42)
Pyrexia 2(17 2017y 1(8) 5 (42)
Vomiting 5 (42) 0 0 5(42)
“Grade 4 AEs were observed in 4 Decreased appetite 4033 0 0 433)
patights: conviilsion, loss of Edema 325 1 (8) 0 4 (33)
consciousness, and herpca; en- Hypothyroidism 0 4(33) 0 4(33)
cephalitis (#=1), increased li- L N ' g !
pase (n=2), and enterocolitis eukoperiia . 0 ! (g) 2(17) 3@
(n=1); no_grade 5 AEs were Mucosal inflammation 2 ( 7 [ {8) 0 3 (25)
reported Muscle spasms 3 (23) 0 ] 325
Ppaticnts wers counted once, Prolonged elecirocardiogram QT 1 (8) [{8) L (8) 3(25)
‘;Yithdmﬂy the highest grade AE  Thsmbocytopenia 1(8) 18 1(8) 3 (25)
iste
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Fig. 3 Trough concentrations of sunitinib, active metabolite SU12662,
and total drug (sunitinib plus SU12662) in Japanese patients with
pancreatic neuroendocrine tumor (NET; n=11; present study) or gas-
trointestinal stromal fumor (GIST; #=30) [21] and renal cell carcinoma
(RCC; n=38; pooled data) [25], and in predominantly Western patients

17 % vs. 4 %) [21-24]. It should be noted that the
sunitinib GIST and RCC trials used a different dosing
schedule (sunitinib 50 mg/day, for 4 weeks on therapy,
followed by 2 weeks off) than our study and the phase
III, pancreatic NET ftrial.

It is not clear why rates of grade 3/4 hematologic AEs
appear to be higher in Japanese versus Western patients who
receive sunitinib. Analysis of PK parameters has shown that
the area under the concentration-time values of sunitinib
and SU12662 are similar in Japanese and Caucasian patients
with RCC [22]. In addition, when steady-state Cyqug values
from this Japanese study were compared with those from a
Western pancreatic NET population [17] and with Cpougn
values from Japanese patients with GIST or RCC [21, 22],
there were no significant differences in the dose-corrected
Cirougn levels of sunitinib, SU12662, or total drug between
Japanese and primarily Western patients with pancreatic
NET, or among patients with pancreatic NET, GIST, or
RCC. In the absence of racial or ethnic differences in the
PK of sunitinib, Uemura et al. [25] suggested that the
elevated rates of grade 3/4 hematologic AEs in Japanese
patients may be due to differences in the expression levels
and activity of sunitinib-sensitive kinases involved in the
regulation of hematopoiesis.

Bverolimus, an inhibitor of the mammalian target of
rapamyein, is approved for the treatment of pancreatic
NET in Japan, and like sunitinib is commonly associated
with skin and gasifointestinal disorders [9]. Additional AEs
related to sunitinib treatment include hematotoxicity, cardio-
vascular disorders and constitutional symptoms [26], while
pneumonitis and infections are associated with everolimus

@_ Springer

sU12662 Total drug

with pancreatic NET; #=57 [17]. The sunitinib dose in each study was
dose-corrected to 37.5 mg. The upper and lower box boundaries
denote the 75th and 25th percentiles, respectively, with the median
shown as a line within the box. Whiskers indicate minimum and
maximum values. Outlying values are denoted as circles

therapy [27]. These different safety profiles reflect each
compound’s distinct mode of action. No racial differences
between Japanese and Western patients have been reported
for the safety profile of cither drug, based on the current
study and a subgroup analysis of Japanese patients in the
RADIANT-3 everolimus trial [9].

Treatment-emergent changes in CgA levels may pro-
vide a means to select patients with pancreatic NET
likely to benefit from molecular targeted therapy [28].
However, in this study tumor responses in all 12
patients did not appear to correlate with the maximum
percentage decrease in CgA levels, possibly because of
small patient numbers with elevated CgA concentrations
at baseline, Patient D had the highest bassline CgA
levels in the study (86 pmol/mL), and decreased CgA
concentrations (—89 %) were subsequently observed tn
combination with a PR. An increase in CgA levels
(300 %) occurred during the study in 1 patient
{Patient L) who experienced PD. A potential correlation
between changes in CgA levels and clinical benefit was
considered in these 2 patients. In patients with elevated
baseline CgA concentrations, CgA appeared to be a
useful marker in patients with pancreatic NET as
reported previously [291.

The use of sunitinib marks a new phase in the develop-
ment of a more targeted approach to the treatment of
advanced-stage pancreatic NET. Results from the current -
study demonstrate antitumor activity in Japanese
patients with unresectable, well-differentiated pancreatic
NET and cormroborate earlier findings in Western and
Asian populations.
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Purpose

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

Patients and Methods

The participants were chemotherapy-naive patients with locally advanced or metastatic pancreatic
cancer. Patlents 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 cycla).

Results

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

Conelusion

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-  bination regimen, has recently demonstrated a clear

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.®

16840 - © 2013 by American Society of Clinical Onoolugy
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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 cloge momnitoring”

In Japan, dlinical trials of $-1 (TS-1; Taiho
Pharmaceutical, Tokyo, Japan) have been con-
ducted since the early 2000s for patients with PC. S-1

Copyright © 2013 American Sdzldiyl 88 Glinkal Oncology. All rights reserved.



GS or $-1 v Gemcitabine for Pancreatic Cancer

is an oral fluoropyrimidine derivative shown to be effective for gastric
and various other types of cancers,”” Phase 1l 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
Japar in 2006, Development of gemcitabine plus S-1 (GS) studies have
also been initiated, mainly in Japan, and two phase II studies reported
high response rates of 44.4% to 48.5% and good median OS 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 -1 alone is noninferior
to gemcitabine and whether G8 is superior to gemcitabine alone for
locally advanced and metastatic PC with respect to OS,

Study Design

This randomized phase I study, sponsored by Tajho Pharmacentical in
Japan and TTY Biopharm in Taiwan, was conducted as a postmarketing study
inJapan and as a registration study in Taiwan and was in compliance with the
Decdlaration 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. Envollment criteria were
focally 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 <C 80 years after four of the first eight
patients who were = 80 years experienced serious adverse events), an Eastern
Cooperative Oncology Group performance status score of 0 to 1, and adequate
organ functions (see Appendix, online only).

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

using the minimization method. Patients allocated to gemcitabine alone re-

" ceived gemcitabine at a dose of 1,000 mg/m? intravenously aver 30 minutes on

days 1,8, and 15 of a 28-day cycle. Patients allocated to S-1 alone received §-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/ds = 1.5 m?, 120 mg/d) on days 1
through 28 of a 42-day cycle. Patients allocated to GS received gemcitabine at
a dose of 1,000 mg/m” on days 1 and 8 plus S-1 orally twice daily at a dose
according to the BSA (< 1,25 m?, 60 mg/d; 2 1.25 to <0 1L.5m?%, 80 mg/d; = 1.5
m?, 100 mg/d) on days | 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 IT study of
GS, in which L000 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 6f grade 3 or worse
neutropenia was 80%, and the dose was reduced in 56% of the patients (30 of
5S4 patients),'" Consequently, 20 mg/d lower doses of -1 than those used in the
$-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
checlced at 2-week intervals in the $-1 group and at each time of administration
of gemcitabine both in the gemcitabine group and in the G8 group. Alladverse
events. were assessed according to the Common Terminology Criterfa. 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 Responsé Evaluation Criteria
in Solid Tumors (RECIST), version L0, Quality oflife was assessed using the
BuroQol 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 vesponse 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-
sessrent. The median OS was assumed to be 7.5 months in the gemcitabine
group, 8,0 months in the $-1 group, and 10.5 months in the GS group. To
maintaina one-sided significancelevel of 025 for the entire study while testing
two hypotheses (ie, noninferiority and superiority}, the one-sided significance

Fig 1. CONSORT diagrarn. GS, getncit-
abine plus 5-1.
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tevel for each comparison was set at .0125. The statistical considerations are
detailed in the Appendix:

The superiority of GS was evaluated by the stratified log-rank test. To
assess the noninferiority of $-1, we used the Cox proportional hazards model
to caleulate two=sided, 97.5% Cls of the hazard ratio (HR), The noninferiority
margin of §-1 was set at 1.33; that is, the null hypothesis was that the median
0§ with S-1 would be approximately 2 reonths 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. Postexior 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% Clof the median survival time was
calculited 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 hoogeneity
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 wete included in the
fudl analysis set and used to calculate OS and PFS (Pig 1). The three
treatment groups were well balanced with respect to demographicand
baseline characteristics (Table 1).

Study Treatment

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

Table 1. Demographics and Basefine Characteristics of Patients {full-analysis set population)

2 w2 -

Gemcitabine S-1 GS Total
n = 277) {n = 280) (n = 278) (N =832}
Characteristic No. % No., % No. %
170 o700 R0 498 - B99
- Fem 107 Mg 393 334 a0
Ags, years
< 65 134 48.4 145 51.8 137 498 418 50.0
= B5 143 51.6 135 48.2 138 50.2 416 50.0
A 301 362
Extent of disease
Locally advanced 66 238 68 243 3 24.7 207 24.3;
Metastatic 211 76.2 212 75.7 7 75.3 630 76.7
SRR — I . ’ ’ L e .

o 986

" Adenocarc Somn e 986

Adenosquamous carginorna. B eigs 4 R N A
Pancreas excision

No 264 91,7 264 94.3 248 766 92.1

Yes 23 83 18 5.7 27 86 79
Tumor location” LR e R e ' B connT g o
obeRd B 122 440 10 883 116 48 ms

Sody L 88 sg 24 4A3 162 < VA

Tall o : 68 25 55 19.6 66 22,7
Biflary drainage

No 202 72.9 217 77.5 209 78.0 628 75.5

Yos 75 27.1 63 22.5 66 24.0 204 24.5
CEA, ngfmL B = 3 e : ,

Mediaiy 56 S 5.7

QR 25184, 2.520.7 2.6-19.5
CA19:6, UL

Niedian 1,044 726 441 712

QR §2-6,002 64-5,000 45-5,090 55-5,002
CRP, mg/dl. s

Median 0.40 0.50 040 0.43

IOR 0,11-1.38 0.18:1.57 0.15°1.60 0.15:1.67

Abbreviations: CA18-9, carbohydrate antigen 19-8; CEA, carcinoembryonic antigen; CRP, C-reactive protein; ECOG PS, Eastern Cooperative Oncology Group
performance status; GS, gerncitabine plus $-1; IQR, interquartile range.
“including patients with tumors invelving 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 §-1
in the GS group.

Survival

Themedian 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
O8 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 24). 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 8-1 v Gemcitabine: Hazard ratio, 0.86 {97.5% CJ, 0.78 to 1,18}
£ <001 far noninferiority
GS v Gemcltabine: Hazard ratio, 0.88 {97.5% Cl, 0.71 o 1.08)
. 0.8 - P=.15 for superiority
g
e
2.8 06
= == (Gemcitabine
w0 S wx §1
=g w N -GS
&2 044
@O
IS e
Lo ]
0.2
T T T T T T
0 6 12 18 24 30 36
Time {months}
Mo. at risk
Gemeitabme 277 184 97 41 12 3 0
81 280 186 104 45 18 5 1
GS 275 209 108 42 19 3 Q

§-1 v Gamcitabine: Hazard ratio, 1.09 {87.5% Ci, 0.90 to 1.33)
P=.02 for noninferority
GS v Gemcitabine: Hazard ratio, 0,66 {97.5% Cl, 0.54 to 0,81}

1.0

©
=
& 084 | P<.001 for superiority
=
[
ey
@
@ -2 0.6+ .
i B = Gemcitabine
e w84
o 2 -GS
.g w 0.4
28
o
= ,
g o2
o/
. ‘ ; s e
0 [§] 12 18 24 30 36
Time {manths)
Na. at risk
Gemcitabina 277 82 25 10 3 4] Q
S-1 280 73 19 8 3 2 1
GS 275 130 55 21 3 0 (4}

Fig 2. Kapian-Meier estimates of {A) overall survival and {B) progression-free
survival according fo tréatment group. GS, gemicitabine plus §-1,

WY OO 078

noninferiority). The Bayesian posterior probability that the HR.of $-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, 3.0to 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).
PES rates at 6 and 12 months were respectively 29.8% and 9.1% in the
gemcitabine group, 26.9% and 7.2% in the S-1 group, and 47.9% and
20.3% in the GS group. S-1 was shown to be noninferior to gemiit-
abine with respect to PES (HR, 1.09;97.5% CI, 0.90 to 1.33; P = .02 for
noninferiority), and GS significantly improved PES compared with
gemcitabine (HR, 0.66; 97.5% CI, 0.54 to 0.81; P <.001).

Subgroup analyses of survival according to pretreatment charac-
teristics showed no significant interaction between §-1 and gemcit-
abine in any subgroup (Fig 34). 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 §-1 group
(P = .02) and in the GS group (P < .001) than in the gemcit-
abine group.

Second-Line Chemotherapy

Second-line chemotherapy was performed in 184 patients
(66.4%) in the gemcitabine group, 185 (66.1%) in the $-1 group, and
172 (62.5%) in the GS group. In the gemcitabine group, 140 patients
(50.5%) received S-1 alone or S§-1-based regiméns; and in the $-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 Jepan and
Taiwan, the use of treatments such as exlotinib, oxaliplatin, and irino-
tecan for PC was not approved at the time of this study; hence
gemcitabine, $-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 [isted 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 patientsin
the $-1 group. However, the incidence of grade 3 or worse diarthea
was higher in the 5-1 group than in the gemcitabine group. Patients in
the GS group had significantly higher incidences of grade 3 or worse
leukopenia, neutropenia, thrombocytopeiiia, fash, 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 gemeitabine group, one in the 5-1 group (unknown cause), and

€ 2013 by American Society of Clinigal Dicology 16843
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T T T T T Fig 3. Forest plots of treatment effects
¢ 0.5 1.0 1.5 2.0 on overall survival in subgroup analyses.
Forest plots show effects on overall sur-
S-1 Better Gemecitabine Better vival of patients in sach subgroup. {A)
S-1; {B} gemcitabine plus S-1 (GS). Each
B blug circle shows the treatment re-
No. of P sponse. ECOG PS, Eastern Cooperative
Subgroup Patients HR 95% Ct interaction QOncology Group performance  status;
T HR, hazard ratio.
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t
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Male 328 —&—— 0.88 0,70 to 1.11
Female 224 @ 0.83 0.62 to 1.10
Age: 2 .80
< 65 271 ] 0.83 0.64 to 1.08
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H i ¥ T 1 i
¢ 0.5 1.0 1.5 2,0
GS Better Gemcitabine Better

four inthe GS group (unknown cause associated with myelosuppres-
sion, cé?febral 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 PES curves in the S-1 group were nearly identical to
those in the gemcitabine group, confirming the noninferiority of $-1

1644  © 2013 by American Society of Clinical Dncology

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 8-1 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 I1I study to demonstrate the noninferiority of asingle anticancer
agent to gemcitabine alone for locally advanced and metastatic PC.
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Table 2. Objective Response Rates {patients with measurable lesions)
Gerncitabine 81 GS P
n = 241} (n = 248) n = 242) (x* test)
Variable No. Y% No. % No. Y% Germncitabine v 5-1 Gemgcitabine v GS.
-Response
Complete response 1 0.4 0 0 2 0.8
Partial response 3 12.9 52 21.0 69 28.5
Stable disease 119 494 108 42.3 102 421
Progréssive diséase 75 311 69 27.8 37 153
Objective response rate” 32 133 52 21.0 7 29.3 .02 <.001
96% CI 9310182 16.1 to 26.6 23710355
Disease control ratet 161 62.7 157 63.3 173 7.6 88 04
96% Cl 56.2 10 68.8 57.01069.3 65,4 t0 771
Abbreviation: GS, gemcitabine plus -1,
"The objective response rate was defined as the proportion of patients who had a complete response or partial response.
1The 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 I 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 44, 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 $-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 $-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 GS
n = 273} n = 272) n = 267 (Fisher's exact test}
Event No. % Nao. % No. % Gemcitabine v 81 Gemcitabine v G35
Hematologic : i
Letkacytes 51 187 10 37 101 37.8 <001 2001
Neutrophils - 12 41.0 24" 88 166, 822 <001 <001
Platelsts: 30 11.0, 4 S 46 112 <5001 05
Hemoglobin 39 143 26 96 46" 7.2 a1 4
Nonhematologic :
ALT 41 18.0 16 5.9 29 10.9 <.001 18
AST 41 1680 21 7.7 3z 12.0 01 32
Bilirubin 286 9.5 39 14.3 23 8.6 .09 77
Fatigue 10 3.7 18 6.6 13 4.9 A3 .53
Rash 2 0.7 2 0.7 11 4.1 1.00 01
Anocrexia 20 73 31 1.4 25 9.4 1 44
Diarthea 3 1.1 15 55 12 45 004 02
Mucositisfstomatitis 0 0.0 2 0.7 6. 2.2 .25 .01
Nausea 5 1.8 & 1.8 12 4.5 1.00 09
Vorniting 2 0.7 4 1.5 12 4.5 45 008
Fabrile neutropenia i 0.4 1 0.4 5 1.8 1.00 a2
Infection with normal ANC 8 22 7 2.8 8 22 79 1.00
Pneumonitis 5 1.8 0 0.0 2 07 .08 45
NOTE. Grades of adverse events were defined according to the Cammon Terminology Criteria for Adverse Events: {version 3.0).
Abbreviatioits: ANC, absolute neutrophil count; GS, gemtitabine plus S-1.
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1.0 $-1 v Gemeitabine: Hazard ratio, .84 {35% Cl, 0.57 t0 1,22}
: GS v Gemcitabine: Hazard ratio, 0.67 {356% Cl, 0.46 t0 0.39)
Median overall survival: Gemeitabine, 12,7 months
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Time {months)
No. at risk
Gemcitabine 86 52 35 17 5 0 [
51 68 57 38 21 g 2 0
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81 v Gemcitabine: Hazard ratio, 1.00 {95% Cl, 0.8210 1.23)
1.0 GS v Gemeitabine: Hazard ratio, 0,93 [96% CI, 0.76 10 1,15)
Median oversll survival: Gemeitabine, 8.3 monthy
0.8 S-1, 7.4 months

GS, 9.4 months

== Gemcitabina
81

Overall Survival
{proportion)
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0.2
) 6 12 18 24 30 36
Time {months)
Ng. dt risk
Gemeitabina 211 132 62 24 7 3 [i]
81 212 129 86. 24 g 3 1
GS 207 148 85 16 8 2 ]

Fig 4. Kaplan-Meier estimates of overall survival in {4} locally advanced disease
and {B) metastatic disease. GS, gemeitabine plug $-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 §-1 ¢ould 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
11 studies (HR = 0.75 to 1.07).»'®2%?%# Fyrthermore, 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 G§ therapy, depending on the profile of the patients and
further investigations.

Reégarding 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 Oneology
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1II 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 Westernersand
East Asians may be different.*>*” Although S-1 is available for PC only
inJapanat themoment, if $-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. Purthermore, 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 gemeitabine-free combination regimens for fitst-line treat-
ment seems to be warranted. However, because FOLFIRINOX
requires the placement of a central venous access port for continuous
intravenous infusion of flucrouracil, it can be expected that §-1, an
oral fluoropyrimidine, will replace the continuous infusion of fluo-
rouracil in the future,

In conglusion, this study has verified the noninferiority of 8-1 to
gemcitabine, thereby suggesting that 5-1 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 dre
expected to be developed in the future to improve the management of
this formidable disease.
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