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ABSTRACT

Background. Surgical resection is the only curative
strategy for pancreatic ductal adenocarcinoma (PDAC), but
recurrence rates are high even after purported curative
resection. First-line treatment with gemcitabine and S-1
(GS) is associated with promising antitumor activity with a
high response rate. The aim of this study was to assess the
feasibility and efficacy of GS in the neoadjuvant setting.
Methods. In a multi-institutional single-arm phase 2
study, neoadjuvant chemotherapy (NAC) with gemcitabine
and S-1, repeated every 21 days, was administered for two
cycles (NAC-GS) to patients with resectable and borderline
PDAC. The primary end point was the 2-year survival rate.
Secondary end points were feasibility, resection rate,
pathological effect, recurrence-free survival, and tumor
marker status.

Results. Of 36 patients enrolled, 35 were eligible for this
clinical trial conducted between 2008 and 2010. The most
common toxicity was neutropenia in response to 90 % of
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the relative dose intensity. Responses to NAC included
radiological tumor shrinkage (69 %) and decreases in
CA19-9 levels (89 %). RO resection was performed for
87 % in resection, and the morbidity rate (40 %) was
acceptable. The 2-year survival rate of the total cohort was
45.7 %. Patients who underwent resection without metas-
tases after NAC-GS (n = 27) had an increased median
overall survival (34.7 months) compared with those who
did not undergo resection (P = 0.0017).

Conclusions. NAC-GS was well tolerated and safe when
used in a multi-institutional setting. The RO resection rate
and the 2-year survival rate analysis are encouraging for
patients with resectable and borderline PDAC.

Pancreatic ductal adenocarcinoma (PDAC) is associated
with poor prognosis and an overall 5-year survival rate of
<5 %.'* It is the fourth leading cause of cancer deaths in
the United States and Japan.™ A minority of patients
present with resectable disease at the time of diagnosis.”
Surgery is the most effective treatment and the only chance
for cure of nonmetastatic PDAC, but recurrence rates are
high even after RO resection.™ The ESPAC-1 trial
revealed a significant survival benefit for adjuvant che-
motherapy.” The CONKO-001 and Japanese trials
suggested that adjuvant treatment with gemcitabine offered
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a good chance for prolonged disease-free survival in
patients undergoing curative resection of PDAC.%’
Curative resection followed by adjuvant therapy is now
the standard treatment for resectable PDAC. However, this
strategy is still associated with a 2-year survival of
<50 %.”"'" Neoadjuvant therapy allows for the delivery of
chemotherapy and/or radiotherapy to a vascularized primary
tumor, provides early treatment of micrometastatic disease,
and facilitates the evaluation of biomarkers and surrogate
measures of response that can be exploited in the postoper-
ative period.'' Moreover, a larger proportion of patients may
receive an active systemic treatment in the neoadjuvant
setting compared with the adjuvant setting, which is asso-
ciated with surgical complications and delayed recovery
after surgery.'> A population-based study demonstrated
improved overall survival in patients with PDAC who
underwent neoadjuvant therapy followed by resection
compared with a similar cohort who underwent surgery-first
resection and adjuvant therapy.'’ Several studies reported
that neoadjuvant chemotherapy (NAC) with gemcitabine
and platinum agents was safe and associated with a high
resection rate and an encouraging survival rate.'*'® These
data suggest that NAC is feasible and effective for patients
with resectable PDAC and warrant further investigation.
S-1 (TS-1, Taiho Pharmaceutical) is an oral fluoropyrimi-
dine derivative in which tegafur (the prodrug of 5-fluorouracil,
5-FU), has been combined with two 5-FU-modulating sub-
stances:  S-chloro-2,4-dihydroxypyridine and potassium
oxonate.'” S-1 monotherapy is associated with antitumor
activity in chemonaive patients or in patients with gemcitabine-
refractory metastatic PDAC.'*' The combination of S1 and
gemcitabine (GS) for the first-line treatment of unresectable
PDAC was associated with promising antitumor activity and
acceptable toxicity.”* On the basis of encouraging results in
patients with unresectable PDAC, Miyagi HBPCOG initiated a
multi-institutional phase 2 trial to evaluate the feasibility and
efficacy of NAC-GS for PDAC (UMIN-CTR, #000001504).

PATIENTS AND METHODS
Eligibility Criteria and Patient Evaluation

This multi-institutional phase 2 cooperative group study
was open to patients with PDAC. Between November 2008
and April 2010, a total of 36 patients from nine partici-
pating institutions from northeastern Japan were enrolled
onto this trial.

Inclusion criteria were as follows: (1) newly diagnosed
PDAC; (2) age > 18 years; (3) Eastern Cooperative
Oncology Group performance status of 0-1; (4) complete
history and physical examination, and staging evalua-
tion requiring multidetector-row computed tomography

(MD-CT); (5) no distant metastases; (6) tumor considered
as potentially or borderline resectable; (7) no previous
antitumor treatment except for biliary drainage; and (8)
adequate hematologic, hepatic, renal, and cardiopulmonary
functions. Tumor with encasement of the portomesenteric
vein and/or abutment of major arteries (hepatic or mesen-
teric artery) within 180° was defined as borderline. This
study was approved by the institutional review board of
Tohoku University and each participating institution.
Written informed consent was obtained from all patients
before the initiation of therapy.

Treatment Regimen and Dose Intensity

Gemcitabine was provided at a dose of 1,000 mg/m” on
days 1 and 8 of each cycle. S-1 was administered orally at a
dose of 40 mg/m? twice daily for the first 14 consecutive
days followed by a 7-day rest. Each cycle was repeated every
21 days. Patients received two cycles of this regimen. Dur-
ing the preoperative treatment, patients underwent an interim
medical history, physical examination, and laboratory stud-
ies. Toxicity of the treatment was evaluated by the Common
Toxicity Criteria (CTCAE, version 3.0). After completion of
two cycles of GS, surgery was planned to occur at
1-6 weeks, and all patients underwent restaging studies with
MD-CT to exclude disease progression and to assess
resectability. Relative dose intensity for each individual drug
was calculated and defined as the dose intensity achieved
relative to the standard schedule of each drug. '

Resectability and Surgery

After NAC, patients with disease that demonstrated
potentially or borderline resectability without newly detec-
ted distant metastases were referred for RO-directed
pancreatectomy. After exploration and confirmation of
resectability, subtotal-stomach-preserving pancreatoduode-
nectomy (SSPPD) for neoplasm in the head lesion or distal
pancreatectomy (DP) for neoplasm in the body or tail was
performed. A subtotal-stomach-preserving total pancreatec-
tomy (SSPTP) was performed for the neoplasm extending
from the head to body. When the tumor was not separable from
the superior mesenteric artery or aorta, the case was consid-
ered to be unresectable. For neoplasm infiltrating the portal
vein, en-bloc vascular resection was performed. For neoplasm
in the body or tail involving the common hepatic artery, en-
bloc celiac axis resection (DP-CAR) was performed.”*

Assessment of Treatment Responses and Surgical
Outcomes

Radiographic responses were determined by a compar-
ison of pretreatment MD-CT and preoperative scans.
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Response evaluation criteria in solid tumors (RECIST)
were used to assess the type of response.”* Serum tumor
marker response was determined by a comparison of pre-
treatment and preoperative levels of carbohydrate antigen
19-9 (CA19-9) values. In the case of biliary obstruction,
pretreatment bilirubin level was recorded as total bilirubin
level <3.0 mg/dL after biliary drainage. Level of tumor
marker was also measured within 2 months after operation
to evaluate for normalization.

Information regarding surgery after the completion of
the protocol included the type of operation, duration of the
operation, estimated blood loss, complications, and 30-day
mortality rate. Designated pathologists at each institution
examined resected specimens, and their review included
the size of the primary tumor, resection margins, and
lymph node status. Tumor grade and stage were reported
according to the American Joint Committee on Cancer
staging manual.”’ Pathological response by the chemo-
therapy was evaluated by central review according to the
classification reported by Evans et al.”®

Survival

Patient follow-up was performed by MD-CT every
2 months and serum tumor marker level every month after
resection. Patients not undergoing operation or resection
were followed at the treating institutions or by their pri-
mary physicians.

Statistical Analysis

In this single-arm phase 2 trial, the primary end point
was the 2-year survival rate. The study was designed to
detect an increase in the 2-year survival rate from 25 %
expected NAC to 45 %, with a one-sided alpha of 5 % and
a power of 80 %. Secondary end points were the resect-
ability, histological and tumor marker response, and
disease-free survival. Both the 2-year survival rate and the
disease-free survival were estimated according to the
Kaplan-Meier method. Variables were compared by Stu-
dent’s ¢ test by JMP software, version 10.0.

RESULTS
Patient Characteristics

Of the 36 patients enrolled, 35 were eligible for partic-
ipation in this clinical trial. One ineligible patient had
distant metastases that were discovered after study enroll-
ment (Fig. 1). Feasibility of NAC was assessed in 35
patients, and patient demographics are shown in Table 1.
The treating surgeon determined the initial assessment of

resectability, with subsequent confirmation by the central
reviewer (FM). Among all eligible cases, 19 patients
(54 %) were considered to have resectable disease and 16
patients (46 %) were considered to have borderline disease
according to our criteria, which were similar to those of the
National Comprehensive Cancer Network guidelines.”

Dose Intensity and Toxicity

Of 35 eligible patients, 30 (86 %) received two planned
cycles of NAC. Five patients required termination of NAC,
including two patients who were limited to 0.5 cycles as a
result of grade 3 skin rash and three patients who were
limited to 1.5 cycles as a result of gastritis or cholangitis.
Dose reduction was required in three patients because of
grade 4 neutropenia. Mean relative dose intensity of
gemcitabine and S-1 was 92.2 and 96.5 %, respectively.

All eligible patients were assessable for adverse events.
NAC-related toxicities are listed in Table 2. Four patients
developed grade 3 skin rash, and NAC was terminated
early in two of these patients. Other grade 3 nonhemato-
logical toxicities included cholangitis and gastritis, which
required treatment interruption. The most common

Enrolled and assessed
for eligibility
(n=236)

Excluded (n=1);
- + | Due to distant metastases
detected before treatment (n = I)

Neoadjuvant intervention;
Toxicitiy evaluable (n = 35)

Early termination of NAC (n = 2);
Due to grade 3 Rash (n = 2)

Post-NAC response assessment;
Efficacy evaluable (n = 32)
Unevaluable due to

not measureable (n=1)

Surgery (n = 35)

Not resected (n = 5);
Due to local extension (n = 2)
Due to metastases (n = 3)

Histological assessment; (n = 30}
RO-resection (n = 26)
Rl-resection (n =4)

Metastatic resection (n = 3);
Distant nodal involvment (n = 3)

RO/1 resection, without
metastatic region (n = 27)

FIG.1 Flow chart showing the number of patients proceeding
through each stage of the study with reasons for exclusion
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TABLE 1 Patient demographics

TABLE 2 Treatment-related adverse events (n = 35)

Characteristic Value
Total cohort eligible 35
Gender (Male:Female) 20;15
Age (years), median (range) 65, 47-77
Location
Head 25
Body-tail 9
Whole 1
Tumor size (cm), median (range) 2.5,1.2-7.0
Pretreatment resectability
Resectable 19
Borderline 16
Pretreatment CA19-9 value (U/ml), 157.5, <2.0-5,000

median (range)

nonhematological toxicities were elevations in amino-
transferases. In terms of hematological toxicity,
neutropenia (63 %) and leukopenia (49 %) were com-
monly noted. Three patients who experienced grade 4
neutropenia required dose reduction of gemcitabine. One
patient developed grade 3 thrombocytopenia. All patients
recovered, and there was no treatment-related death in the
preoperative period.

Radiologic Tumor Response

Of the 35 patients, 33 had data pairs for baseline and post-
NAC follow-up MD-CT available for centralized review. In
one patient, tumor size was not measureable as a result of an
inability to radiologically identify the border of the tumor. Of
the remaining 32 patients with evaluable CT, the estimated
median pretreatment size of the tumor was 25 mm, ranging
from 12 to 70 mm. Partial response was documented in six
patients (19 %) as determined by RECIST of the pre- and
post-NAC. The other 26 patients had stable disease. There
was no progressive disease documented radiologically. A
waterfall plot of the response to characterize antitumor
activity demonstrated that 22 patients (69 %) had some
degree of tumor shrinkage (Fig. 2a).

Tumor Marker Response

Of 35 patients, 33 had data pairs for baseline and post-
NAC serum tumor marker levels. Of 33 patients, 27
patients had levels of CA19-9 above the cutoff (37 U/ml).
The median value of CA19-9 for the 27 assessable patients
decreased from 274.9 U/ml at baseline to 83 U/ml after
NAC (P < 0.0001 by Wilcoxon 1 test). A waterfall plot of
the response demonstrated that 24 of 27 patients (89 %)
had some degree of CA19-9 decrease and that 15 (56 %) of

Adverse event Grade®
1 2 3 4 14,n(%) 34,n %)

Hematological
Anemia 7 1 0 0 8(3) 0
Leukopenia 3 10 4 0 17 (49 4(11)
Neutropenia 2 9 3 22(63) 12 (34)
Thrombocytopenia 7 1 0 96 1@2.9)

Nonhematological
Fatigue 4 0 0 0 4qn 0
Diarrhea 2 00 0 267 0
AST elevated 6 4 0 0 10(29) 0
ALT elevate 5 30 0 83 0
Anorexia 3 0 0 0 36 0
Nausea 3 0 0 0 3.6 0
Vomiting 1 0 0 0 129 0
Mucositis 4 1 0 0 5149 0
Hyperpigmentation 4 0 0 0 4dn 0
Constipation 4 200 637 0
Dermatitis 0 1 0 0 129 0
Cholangitis 0 1 2 0 3@.6) 2(5.7)
Rash 3 0 4 0 7Q0 41D
Gastritis 0 02 0 2(7 2(5.7)

AST aspartate aminotransferase, ALT alanine aminotransferase
® Worst grade reported during the preoperative period

27 patients had a more than 50 % decrease in the CA19-9
value (Fig. 2b).

Resectability and Surgical Outcomes

According to operative findings, five patients were
judged to have unresectable disease due to distant metas-
tases and aggressive local extension (Fig. 1). Thirty (86 %)
patients underwent resection with curative intent. Of the
operative procedures performed for resection, 19 SSPPD,
seven DP, and four SSPTP were performed. Half of oper-
ations were standard pancreatectomies with combined
resection of adjacent major vessels. Overall perioperative
morbidity was 40 % for patients who underwent pancrea-
tectomy. The details of the postoperative complications are
listed in Table 3. There was one postoperative death. In
this case, there were no abdominal complications, but the
patient experienced sudden death from suspected arrhyth-
mia at 2 weeks after surgery. Postoperative gemcitabine
was administered in 24 cases (80 %).

Pathological Findings, Including Grade, Stage,
and Response to Neoadjuvant Treatment

Histological assessment of resected specimens in 30
cases treated with NAC-GS is summarized in Table 4.
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FIG. 2 Waterfall plot of reduction rate for radiological tumor size and
serum CA19-9. a Radiological tumor reduction rate (n = 33). The data
represent the rate of tumor size reduction, calculated as [(baseline —
posttreatment)/baseline]. There were 5 cases with 0 % reduction.
b Serum CA19-9 reduction rate (n = 32). The data represent the rate of
CA19-9 reduction, calculated as [(baseline — posttreatment)/baseline]

The majority of the patients had neoplasm with T3. Nodal
involvement was observed in 15 cases (50 %). Three
patients had M1 stage IV disease due to the nodal metas-
tases within resected para-aortic lesions. There was no case
of macroscopic residual tumor (R2) in resected cases. RO
resection was performed in 26 cases (87 % in resected
cases). Histological response evaluation according to
Evans’ classification revealed six cases that were grade I1B.
More than half of the cases were documented as grade IIA.

Survival and Recurrence
The median follow-up time was 19.7 months (95 %

confidence interval 17.2-24.6) for all cohorts. The median
overall survival was 19.7 months (95 % confidence

TABLE 3 Postoperative complications in 30 resections

Complication Grading by Clavien-Dindo

classification”

Any grade (%) Grade 3b or

more (%)

Pancreatic fistula® 3 (10) 0 (0)
Delayed gastric emptyingb 1(3.3) 0
Bile leak 0 (0) 0 (0
Surgical site infection 2(6.7) 13.3)
Catheter-related infection 1@3.3) 0(0)
Lymph leak 267 0
Antibiotic-related enterocolitis 1(3.3) 0 (0)
Cardiovascular complications 1(3.3) 1(3.3)
Pulmonary complications 0(0) 0
Urinary complications 0 () 0(0)
Total 12 (40) 2(6.7)

® Postoperative complications were listed by grading according to the
classification reported by Dindo et al."’

® Pancreatic fistula and delayed gastric emptying were defined
according to the international definition reported by Bassi et al. and
Wente et al.™*"

interval 13.7 to not reached) based on an intent-to-treat
analysis. Actuarial 2-year survival rate was 45.7 %
(Fig. 3a). Patients who underwent resection without distant
metastases (n = 27) after NAC-GS had an increased
median overall survival (34.7 months) compared with
10.0 months for those without resection or resection with
distant metastases (7 = 8, Fig. 3b). The actuarial 2-year
survival rate of the patients with resection was 55.6 %,
which was significantly better that the value (12.5 %) in
those without resection or with resection including metas-
tases. Median recurrence-free survival for resection
without metastases was 20 months. The survival proba-
bility at 2-year for initially resectable tumor (n = 19) was
57.9 %, which was marginally higher than that for bor-
derline tumors (n = 16, 31.5 %) (P = 0.071, Fig. 3c).

DISCUSSION

This study investigated outcomes after NAC-GS for
resectable and borderline PDAC. The adverse effects of
NAC-GS were similar to those of the same regimen when
used for unresectable disease.’’ These adverse effects were
manageable, and loss of operative chance due to toxicity
was not noted, although there were three cases of early
termination of NAC. Compared with other gemcitabine-
based regimens, NAC-GS was acceptably safe.'*'®

One of the potential advantages of NAC is to deliver
high dose intensity without the potential delays caused by
surgical complications and delayed recovery. The relative
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TABLE 4 Pathological findings in 30 resected tumors

Factor Category n (%)
T Tl 1(3)
T2 13)
T3 28 (93)
N NO 15 (50)
N1 15 (50)
M MO 27 (90)
Mi 3(10)
Stage 1A 1(3)
IB 0
1A 13 43)
1IB 13(43)
m 0(0)
v 3(10)
Residual tumor RO 26 (87)
R1 4 (13)
Treatment effect” I 7(23)
1A 17 (57)
1IB 6 (20)
-1V 0O

® Pathological response by the chemotherapy was evaluated by cen-
tral review according to the classification reported by Evans et al.™®

dose intensity of NAC-GS was >90 % for both agents.
Two-thirds of the patients had documented radiological
tumor shrinkage, and most experienced a reduction in

NAC-GS had a modest effect in most patients. A potential
drawback of NAC is that delaying surgery may allow
disease in some patients to progress to an unresectable
stage. In this series, ~10 % of the cases had radiological
tumor progression, although none of the progressive
changes reached the progressive disease criteria defined by
RECIST. All patients, including the patients in whom the
tumor progressed but remained resectable or borderline at
the time of surgery, had a favorably high resection rate
(86 %) and RO resection rate (74 %, intent to treat based)
compared with previous series.’' ™"

The survival impact of neoadjuvant therapy is difficult
to estimate or compare with that from other reports. This is
primarily the result of the heterogeneity of the patient
population in previous studies.™ The optimal strategy for
resectable and borderline PDAC remains controversial.
Surgery followed by postresectional systemic chemother-
apy with gemcitabine provided a 2-year survival rate of
45-50 %, which was significantly better than that provided
by surgery alone.”™™'" Although adjuvant chemotherapy is
the optimal therapy for patients with PDAC that is resected
without macroscopic residual tumor, all patients who
underwent planned resection did not gain a survival benefit.
This is because metastatic and/or severe local extension
was found after laparotomy in some patients or because
these patients experienced delayed recovery from surgical
morbidity.”® Taking these factors into consideration, the
2-year survival obtained with surgery and adjuvant che-
motherapy for eligible patients in this study would be

tumor markers during NAC. These results indicated that  estimated as ~30-40 % based on an estimated
a b c
Proportion Proportion Proportion
surviving surviving P =0.0020 surviving ~ P=0.071
o = B R i 10
- : - Resection - - Resectable
= No resection = Borderline
038 08 o 08 -
0.6 0.6 0.6
04 04 04
02 0.2 ) 0.2
» 0 183 365 548 730 913 1095 0 183 :{6~5 548 730 9l>37 1095 0 183 365 548 730 913 1095

Follow-up time (days)

Number at risk Number at risk
— 35 34 26 20 18 10 3 - 27 26 23
— 8 8 4

FIG. 3 Kaplan-Meier plots of survival. a Overall survival for the
entire cohort (n = 35). b Survival comparison between with and
without resection. Yellow line indicates resection without distant
metastases (n = 27). Green line indicates patients without resection

Follow-up time (days)

Follow-up time (days)

Number at risk
- 19 19 15 14 1) 7 3
—16 16 12 7 6 4 0

18 16 10 3
3 2 0

or resection with distant metastases (n = 8). ¢ Survival comparison
between initially resectable and borderline tumors. Red line indicates
the initially resectable tumors (n = 19). Purple line indicates the
initially borderline tumors (n = 16)
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resectability of 70-80 % (compared with 45.7 % of all
cohorts in this study). Because no controlled randomized
trials have ever compared adjuvant to neoadjuvant therapy,
comparison between subgroups could only be performed in
a descriptive manner.

A phase 3 study was recently initiated to determine the
efficacy of neoadjuvant gemcitabine and platinum for
patients with resectable PDAC.*® GS may also be a good
candidate for control studies comparing adjuvant and
neoadjuvant therapy. In conclusion, NAC-GS was well
tolerated and safe when used in a multi-institutional set-
ting. The RO resection rate and 2-year survival rate are
encouraging for patients with resectable and borderline
PDAC.
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