Cancer Chemother Pharmacol (2017) 79:775-781
DOI 10.1007/s00280-017-3274-0

CrossMark

@

ORIGINAL ARTICLE

A phase 1 study of gemcitabine/nab-paclitaxel/S-1 (GAS)
combination neoadjuvant chemotherapy for patients with locally
advanced pancreatic adenocarcinoma

Naru Kondo' - Yoshiaki Murakami' - Kenichiro Uemura’ - Takeshi Sudo? -
Yasushi Hashimoto® - Naoya Nakagawa' - Shinya Takahashi' - Hiroki Ohge' -

Taijiro Sueda’

Received: 20 December 2016 / Accepted: 1 March 2017 / Published online: 14 March 2017

© Springer-Verlag Berlin Heidelberg 2017

Abstract

Purpose To determine a recommended dose for a
biweekly combination neoadjuvant chemotherapy includ-
ing gemcitabine, nab-paclitaxel, and S-1 (GAS) for patients
with locally advanced pancreatic ductal adenocarcinoma
(LAPC).

Methods Patients with borderline resectable or unresect-
able LAPC without distant metastasis were eligible for this
study. The planned dosages of gemcitabine (mg/m?, day 1),
nab-paclitaxel (mg/m?, day 1), and S-1 (mg/day, days 1-7)
were 800/100/60-100 at level 1, and 1000/125/60-100 at
level 2. The treatment cycle was repeated every 2 weeks,
and patients were assessed for resectability and response to
the treatment after 6 cycles. This study was registered with
UMIN Clinical Trial Registry (UMIN0O00016630).

Results We enrolled 16 patients with LAPC in this study.
At dose level 1, one of 8 patients experienced dose-limiting
toxicity (DLT). One of the next 8 patients also experienced
DLT at dose level 2. Based on these results, level 2 was
considered the recommended dose for this regimen. Pan-
createctomy with curative intent could be performed in 13
of the 16 patients. RO resection was performed in 12 of 13
patients.
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Conclusion In conclusion, recommended doses for a
biweekly GAS chemotherapy regimen were determined
as nab-paclitaxel: 125 mg/m? gemcitabine: 1000 mg/
m? on day 1, S-1: <1.25 m?, 60 mg; 1.25-1.5 m?, 80 mg;
>1.5 m?, 100 mg twice a day on days 1-7. GAS chemother-
apy showed good preliminary efficacy with mild toxicity in
this study, and warrants a further phase 2 trial to investigate
the efficacy of the GAS regimen for LAPC.
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Introduction

Pancreatic cancer is one of the most lethal human cancers
worldwide and is the fourth leading cause of cancer-related
death in Japan and the USA [1, 2]. Overall 5-year survival
rates for patients with pancreatic cancer are reported as 6%
[3, 4]. The only way to cure patients with pancreatic cancer
is complete surgical resection. In addition, a survival bene-
fit of adjuvant chemotherapy has been proven in large-scale
randomized-controlled trials [5, 6]. However, more than
70% of patients are not candidates for these standard thera-
peutic strategies for resectable pancreatic cancer because
they have locally advanced or metastatic pancreatic cancer
at the time of diagnosis [7]. Of these patients, about 40%
suffer from locally advanced, but nonmetastatic PDAC [8].
Standard therapy for these patients remains controversial,
whereas chemotherapy is recognized as standard therapy
for patients with distant metastatic pancreatic cancer.

To increase the number of patients with locally advanced
pancreatic cancer (LAPC) who can be offered a chance of
cure after radical pancreatectomy, efforts are being made
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to develop a more effective preoperative therapeutic strat-
egy including chemo- and chemoradiotherapy for LAPC
[9-13]. Recently, the MPACT trial found that nab-pacli-
taxel combined with gemcitabine prolonged the median
survival time (MST) from 6.4 to 8.5 months over gemcit-
abine monotherapy in patients with metastatic pancreatic
cancer [14]. By contrast, subanalysis in the GEST study,
a randomized phase 3 study from Japan, revealed that the
MST of patients with LAPC treated with gemcitabine+S-1
combination therapy was 15.9 months [15]. Moreover, a
meta-analysis revealed that gemcitabine+S-1 improved
objective response rate and survival over gemcitabine mon-
otherapy in patients with LAPC [16]. Thus, gemcitabine,
nab-paclitaxel, and S-1 are good candidates for LAPC
treatment. Based on these findings, a triple chemotherapeu-
tic regimen including gemcitabine, nab-paclitaxel, and S-1
was designed for a neoadjuvant setting expecting a promis-
ing efficacy for LAPC. The aim of this phase 1 study was
to determine a recommended dose for a biweekly combi-
nation neoadjuvant chemotherapy including gemcitabine,
nab-paclitaxel, and S-1 (GAS) for patients with LAPC.

Patients and methods
Patients and eligibility

Patients eligible for study entry had LAPC which was clas-
sified into borderline resectable or unresectable pancreatic
cancer without distant metastasis based on the resectabil-
ity status of the National Comprehensive Cancer Network
(NCCN) 2016, version 2 [17]. Eligibility criteria were as
follows: (1) a histologically or cytologically proven diag-
nosis of adenocarcinoma or adenosquamous carcinoma;
(2) tumor with contact with the major arteries includ-
ing the superior mesenteric artery, celiac artery, or com-
mon hepatic artery on pretreatment computed tomogra-
phy (CT); (3) no previous antitumor treatment except for
biliary drainage; (4) age between 20 and 79; (5) Eastern
Cooperative Oncology Group (ECOG) performance sta-
tus of 0-1; (6) adequate hematological, hepatic, and renal
functions by hemoglobin >8.0 g/dL, leucocytes >3000/
mm> and <12,000/mm?>, neutrophils >1500/mm?>, plate-
lets >100,000/mm?>, total bilirubin <2.0 mg/dL, aspartate
aminotransferase and alanine aminotransferase <100 U/L,
serum creatinine <1.2 mg/dL, and albumin <3.0 g/dL; and
(7) adequate oral intake.

This phase 1 study was conducted in compliance with
the ethical principles of the Declaration of Helsinki, and
the protocol was approved by the institutional review board
at each participating institution. All patients provided writ-
ten informed consent before their enrollment in the study.
This clinical study was registered in the University Medical
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Information Network—Clinical Trial Registry (UMIN-
CTR), identification number 000016630.

Treatment and efficacy assessment

This study was an open label, single arm, phase I study
for patients with LAPC conducted at three institutions in
Hiroshima. The primary endpoints were to evaluate the
frequency of dose-limiting toxicities (DLTs) and to deter-
mine recommended doses for the GAS chemotherapy regi-
men. The secondary endpoints were to evaluate the effi-
cacy of the regimen for LAPC. Patients were assigned to
two levels of GAS regimens. Nab-paclitaxel was adminis-
tered intravenously at 100 mg/m? over 30 min in level 1,
and 125 mg/m? in level 2, followed by intravenous gemcit-
abine at 800 mg/m? over 30 min on day 1 in level 1, and
1000 mg/m? in level 2. A daily dose of S-1 in both levels
was defined based on the patient’s body surface area as
follows: <1.25 m?, 60 mg; 1.25-1.5 m?, 80 mg; >1.5 m2,
100 mg. S-1 dose was fixed in both levels and administered
orally twice a day on days 1-7. The treatment cycle was
repeated every 2 weeks. After 6 cycles of the GAS chemo-
therapy regimen, patients were reevaluated to assess resect-
ability and response to the treatment. Tumor response was
evaluated using multidetector CT after completion of a 6
cycle GAS regimen according to the Response Evaluation
Criteria in Solid Tumors (RECIST) version 1.1 [18, 19].
If deemed resectable for cure, patients underwent surgical
exploration, whereas those in whom the PDAC progressed
to being unresectable received additional chemotherapy.
Tumor stage, lymph node metastasis, and final stage were
classified based on the 7th edition of the International
Union Against Cancer (UICC)/American Joint Committee
on Cancer (AJCC) tumor-node-metastasis (TMN) classifi-
cation [20, 21].

Dose escalation and definition of dose-limiting toxicities

DLTs were determined during the 6 cycles of neoadju-
vant chemotherapy. DLT was defined based on the com-
mon toxicity criteria adverse event (CTCAE) version
4.0, as one or more of the following events: (1) grades
3-4 of neutropenia complicated by fever, (2) grade 4 of
leucopenia or neutropenia, (3) grades 3—4 of anemia or
thrombocytopenia, (4) grades 3—4 of nonhematological
toxicities, and (5) more than 2 weeks of drug withdrawal
during the first cycle. Eight patients were enrolled for
each dose level. If DLTs occurred in three of the initial
eight patients enrolled in level 1, this phase I study was to
be discontinued as an intolerable regimen. If DLTs were
observed in 2 or fewer patients among the initial eight
enrolled in level 1, the next eight patients were enrolled
in level 2. If DLTs were observed in two or fewer patients
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among the eight enrolled in level 2, level 2 was to be
defined as the recommended dose. If DLTs were observed
in three patients in level 2, level 1 was to be defined as
the recommended dose. The protocol chemotherapy
was started and repeated on day 1 when the neutrophils
>1000 /mm>, platelets >75,000 /mm?, serum creati-
nine <1.2 mg/dL, no stomatitis or diarrhea of grade 2 or
higher. An additional course was delayed until recovery
if a patient’s condition did not meet the eligibility crite-
ria described above. Moreover, in the case of more than
21 days of postponement, this protocol treatment was
discontinued.

Table 1 Patient Characteristics (n=16) (range where noted, other-
wise %)

Age

Median (range) 66.5 (51-78)
Gender

Male 9 (56)

Female 7 (44)
Performance status (ECOG)

0 13 (81)

1 3(19)
Tumor location

Head 8 (50)

Body/tail 8 (50)
Maximum tumor size (mm)

Median (range) 39 (20-73)
Resectability status (NCCN 2016 version 2)

Resectable 0(0)

Borderline 14 (88)

Unresectable 2(12)
Biliary drainage

Yes 3(19)

No 13 (81)

Baseline CA19-9 level (U/L)
Median (range)

Baseline DUPAN-II level (U/L)
Median (range)

542 (2-29,300)

170 (25-2300)

ECOG eastern cooperative oncology group, NCCN national compre-
hensive cancer network

Results
Patient characteristics

Sixteen patients with LAPC were enrolled in this study
between March 2015 and June 2016. Characteristics of
these 16 patients are summarized in Table 1. Of the 16
patients, nine were male and seven were female with
a median age of 67 years (range, 51-78). The median of
maximum tumor size at registration was 39 mm (range,
20-73). According to the resectability status of NCCN
2016 version 2, 14 patients were diagnosed as having bor-
derline resectable pancreas cancer, whereas two were diag-
nosed as having unresectable LAPC. Of the two patients
with unresectable LAPC, one had a tumor contacting the
common hepatic artery with extension to the hepatic artery
bifurcation, and the other had a tumor contacted with supe-
rior mesenteric artery more than 180°.

Toxicity

Occurrence of DLTSs is listed in Table 2. At dose level 1,
one of eight patients experienced DLT: grade 4 neutrope-
nia that recovered within a few days and did not require
suspension of the treatment protocol. Therefore, the next
eight patients were enrolled in level 2. As in level 1, one
patient experienced a DLT: grade 4 neutropenia for a short
time that did not require suspension of the treatment pro-
tocol. Based on these results, level 2 was considered as a
recommended dose for this regimen. Details of toxicities
observed in the 16 enrolled patients during the 6-cycle
course are listed in Table 3. Two patients experienced
grade 3 leukopenia (level 1: n=1, level 2: n=1) and 3
experienced grades 3—4 neutropenia (level 1: n=1, level
2: n=2). Nonhematological toxicity included only grade 3
cholangitis observed in only one patient at the level 1 dos-
age. There was no occurrence of other grade 3—4 nonhema-
tological toxicity or treatment-related death at either level.
No patient needed dosage reduction or required more than
2 weeks of drug withdrawal during any cycle.

Treatment response

All patients were included in the response evaluation,
and the possibility of surgical resection was explored.

Table 2 Dose level

Dose level (mg/ No. of Gemcitabine Nab-pacli- S-1 Dose-limiting toxicity details
body twice a day)  patients (mg/m?) taxel (mg/m?)

Level 1 8 800 100 60-100* 1; Grade 4 neutropenia
Level 2 8 1000 125 60-100* 1; Grade 4 neutropenia

* Body surface area <1.25 m?, 60 mg; 1.25-1.5 m?, 80 mg; >1.5 m?, 100 mg
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Table 3 Toxicity profile Dose level Level 1 (n=8) Level 2 (n=38) All patients Grades 3/4  All
(n=16)

Grade 1 2 3 4 1 2 3 4 1 2 3 4 (%) (%)

Hematological toxicity
Leukopenia o 1 1 0 2 3 1 0 2 4 2 0 213 8 (50)
Neutropenia 2 1 0 1 0 4 1 1 2 5 1 2 3(19 10 (63)
Febrile neutropenia o 0 o0 o O O o0 o0 o 0O 0 0 0@ 0(0)
Anemia 21 0 0 5 2 0 O 7 30 0 0@ 10 (63)
Thrombocytopenia o 0 o0 o 3 0 0 o 3 0O 0 0 0( 3(19)

Nonhematological toxicity
Anorexia 30 0 0 3 0 O O 6 0 0 0 0@ 6 (38)
Nausea O 0 0 0 4 0 O 0 4 0O 0 0 0@ 4 (25)
Vomiting o 0 0 0 0 0 O 0 O 0 0 0 0@ 0(0)
Diarrhea o 0o o0 0 0O 0O o0 o0 O 0 0 0 0@ 0(0)
Fatigue o 0o 0o 0 5 0 0 o0 5 0 0 0 0@ 530D
Rash 1 0 0 0 1 0 0 0 2 0O 0 0 0( 2(13)
Pigmentation o 0 0 0 0 O o0 0 O 0 0 0 0( 0(0)
Peripheral neuropathy 0 1 O O 1 O 0 O 1 1 0 0 0@ 2(13)
Cholangitis o 0o 1 0 O 1 O O O 1 1 0 1() 2(13)
Hair loss O 8 0 0 0 8 0 O O 16 0 0 0@ 16 (100)
AST/ALT elevation o o0 o o0 2 1 0 0 2 1 0 0 0( 3(19)
Creatinine elevation o 0 0 0O O 0O O o0 O 0 0 0 0( 0(0)
Hyperbilirubinemia o 0 0 0 O 0 O 0 O 0 0 0 0@ 0(0)

AST aspartate aminotransferase, ALT alanine aminotransferase

An outline of the overall response to protocol treatment
including surgical resection is summarized in Table 4.
No patient had a complete response as determined by
RECIST version 1.1. Partial response was achieved in
five patients, and ten patients had stable disease. Progres-
sion of the disease occurred in one patient with initially
borderline resectable pancreatic cancer, which contacted
the celiac artery at more than 180°. Peritoneal metastasis
was found in this patient by CT imaging when 5 cycles
of GAS chemotherapy had been completed. Therefore,
resectability status of this patient was changed from bor-
derline resectable to unresectable after the treatment pro-
tocol. By contrast, resectability status was not changed
from pre- to post-GAS chemotherapy in the other 15
patients. Pancreatectomy with curative intent was per-
formed in 13 patients. The other three patients did not
undergo surgical resection: one patient had a distant
metastasis; one was not a surgical candidate because of
severe liver cirrhosis at the time of surgical evaluation;
and one refused surgical resection. Median reduction
rates of CA19-9 and DUPAN-II from baseline to post-
GAS chemotherapy were 75.0 and 40.5%, respectively.
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Surgical outcomes

Of the 13 patients who underwent surgical resection, 12
had borderline resectable PC and one had unresectable
PC. Surgical procedures included pylorus-preserving
pancreatoduodenectomy (PPPD) with portal or superior
mesenteric vein resection in six patients, distal pancrea-
tectomy (DP) in 2, and DP with celiac artery resection
(DP-CAR) [22] in 4. One patient who had unresectable
LAPC underwent PPPD with hepatic artery resection and
reconstruction using arterial graft interposition. Patho-
logical examination of resected specimens demonstrated
that 12 patients had T3 tumors, and one had a T4 tumor.
Eleven patients had lymph node metastases. Twelve
patients underwent RO resection. Histological response
evaluation based on the Evans classification [23] revealed
five patients with grade I, four with grade IIA, three with
grade IIB, and one with Grade III.
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Table 4 Outcomes of GAS
combination neoadjuvant
chemotherapy (n=16) (%)

Discussion

This phase 1 study evaluated the safety and dose for a
biweekly schedule of GAS chemotherapy, a triple regimen

Post-treatment resectability status (NCCN 2016 version 2)

Borderline
Unresectable
RECIST response
Complete response
Partial response
Stable disease
Progression of disease
Radical pancreatectomy
Yes
No
Tumor marker response, median change rate %
CA19-9 (range)
DUPANC-II (range)
Resection after GAS chemotherapy (n=13) (%)
Surgical procedure
PPPD
PPPD + hepatic artery resection
DP
DP-CAR
Pathological differentiation
Well
Moderately
Poorly
Adenosquamous
UICC T factor
T3
T4
UICC N factor
NO
N1
R factor
RO
R1

Pathological response (evans classification) (n (%))

I
ITA
1IB
11T

Nonresection after GAS chemotherapy (n=3) (n (%))

Reasons of nonresection
Metastasis (peritoneum)
Liver cirrhosis

Patient wish

13 (81)
3(19)

0(0)
5@31)

10 (63)
1(6)

13 (81)
3(19)

~75.0 (-99.5 to —3.4)
~40.5 (-90.9 to 96)

6 (46)
1(8)

2(15)
431

3(23)
7(54)
2(15)
1(8)

12 (92)
1(8)

2(15)
11 (85)

12 (92)
19)

5(38)
431
3(23)
1(8)

1(33)
1(33)
1(33)

GAS gemcitabine/nab-paclitaxel/S-1, NCCN national comprehensive cancer network, RECIST response
evaluation criteria in solid tumors, PPPD pylorus-preserving pancreatoduodenectomy, DP distal pancrea-

tectomy, DP-CAR DP with celiac axis resection

of gemcitabine, nab-paclitaxel, and S-1, for patients with
LAPC. A high response rate without severe toxicity is

required for an ideal preoperative therapeutic regimen for
LAPC. A marked shrinking of tumor size can increase the
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chance of curative resection for LAPC. By contrast, the
physical condition of patients with LAPC who receive pre-
operative therapy should be maintained during the treat-
ment protocol to enable tolerance of subsequent major
pancreatectomy for LAPC, such as PPPD with major ves-
sel resection or DP-CAR. Considering the remarkable effi-
cacy of the GEST Study and MPACT trial [14, 15], a triple
regimen including gemcitabine, nab-paclitaxel, and S-1 is
attractive for LAPC. However, toxicities making this treat-
ment unacceptable are also of concern if these drugs are
simultaneously administered at the same dose as used in
the previous trials. Actually, a recent phase I / II study of
gemcitabine plus nab-paclitaxel (125 mg/m? of nab-p plus
1000 mg/m2 of gemcitabine on day 1, 8, 15 every 4 weeks)
for Japanese patients with metastatic pancreatic cancer
revealed that 85.3% of patients have experienced grade 3
or higher toxicity [24]. Therefore, a biweekly schedule was
adopted to minimize the severe adverse events in this study,
while keeping the dose at each administration identical to
that in standard therapy.

In the current study, DLT was observed in only two
patients (one at each level). Both of these patients experi-
enced grade 4 neutropenia. The first patient enrolled in level
1 suffered from grade 3 cholangitis because of obstruction
of biliary drainage at cycle 2, which occurred just before
the appearance of grade 4 neutropenia. This cholangitis
probably worsened the neutropenia. This patient recov-
ered quickly after exchange of biliary drainage. The second
patient enrolled in level 2 experienced grade 4 neutropenia
at cycle 1, and quickly recovered without specific treat-
ment. Grade 3 leukopenia was observed in these patients
at the same time as their grade 4 neutropenia. No patient
experienced febrile neutropenia. Consequently, level 2
(nab-paclitaxel: 125 mg/m?, gemcitabine: 1000 mg/m* on
day 1, S-1: <1.25 m?, 60 mg; 1.25-1.5 m?, 80 mg; >1.5 m?,
100 mg twice a day on days 1-7) was selected as the rec-
ommended dose for a subsequent phase 2 study. Only one
severe adverse event related to nonhematological toxicity
(grade 3 of cholangitis in one patient) occurred during the
treatment protocol. Notably, grades 3—4 of peripheral neu-
ropathy, which is a common adverse event during use of
nab-paclitaxel, was not observed in any enrolled patient.
Severe peripheral neuropathy frequently detracts from a
patients’ quality of life and forces reduction or discontinu-
ation of nab-paclitaxel. The overall rate of adverse events
during levels 1 and 2 of the GAS chemotherapy was 19%,
which was less than those reported in previous clinical
studies of gemcitabine and nab-paclitaxel, or gemcitabine
and S-1. This mild toxicity of the GAS regimen is favora-
ble because it maintains a heathy physical condition of the
patients for subsequent major pancreatectomy.

Although assessment of efficacy was not the main
objective of this phase 1 study, the GAS chemotherapy

@ Springer

regimen showed a favorable anticancer activity. This regi-
men showed a response in 31% and disease control in
94%, which was comparable to those of FOLFIRINOX or
gemcitabine plus S-1 in patients with unresectable LAPC
[16, 25]. Pancreatectomy with curative intent could be per-
formed in 12 of 14 patients with initially borderline resecta-
ble PDAC and 1 of the two patients with initially unresecta-
ble PDAC. Moreover, curative resection (R0) was achieved
in 12 of 13 patients who underwent surgical resection. This
RO resection rate was comparable to or higher than that
of previous neoadjuvant trials based on chemoradiation
therapy, in which the RO resection rate was 65-100% [12,
26-28]. By contrast, interest in application of FOLFIL-
INOX as a neoadjuvant has been increasing since its high
response rate and disease control rate for metastatic pan-
creatic cancer were demonstrated [29]. However, concern
remains that patients treated with FOLFILINOX may drop
out and lose the chance of surgical resection because of the
severe toxicity of this treatment. Indeed, a review of neo-
adjuvant FOLFILINOX for borderline or unresectable pan-
creatic cancer by Petrelli et al. [30] reported the cumulative
rate of grades 3—4 toxicity ranging from 28.7 to 75% in 9
studies. Compared with FOLFILINOX, the toxicity of the
GAS regimen appeared to be mild. Because both the effi-
cacy and toxicity profile of the GAS regimen were attrac-
tive, a phase 2 trial is warranted to clarify the anticancer
activity, toxicity, and prognostic impact of the GAS level 2
regimen for LAPC.

In conclusion, recommended doses for a biweekly GAS
chemotherapy regimen were determined as nab-paclitaxel:
125 mg/m?, gemcitabine: 1000 mg/m? on day 1, S-1:
<1.25 m%, 60 mg; 1.25-1.5 m?, 80 mg; >1.5 m% 100 mg
twice a day on days 1-7. GAS chemotherapy showed good
preliminary efficacy with mild toxicity in the present study.
These findings warrant a phase 2 trial, which is now under-
way in multiple institutions, to investigate further the effi-
cacy of GAS chemotherapy for LAPC.
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