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Postoperative Adjuvant Therapy for Resectable Pancreatic
Cancer With Gemcitabine and Adoptive Immunotherapy
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Objectives: We previously described adoptive immunotherapy (AIT)
with cytotoxic T lymphocytes (CTLs) stimulated by the mucin 1 (MUC1)—
expressing human pancreatic cancer cell line YPK-1 (MUC1-CTLs) and
demonstrated that MUC1-CTLs might prevent liver metastasis. In the pres-
ent study, we combined gemcitabine (GEM) and AIT for the treatment of
pancreatic cancer.

Methods: A total of 43 patients who underwent radical pancreatectomy
received treatment with MUC1-CTLs and GEM. After surgery, MUC1-
CTLs were induced and administered intravenously 3 times, and GEM ad-
ministered according to the standard regimen for 6 months. The patients
whose relative dose intensity of GEM was 50% or more and who received
2 or more MUCI1-CTL treatments were used as the adequate treatment
group (n=21).

Results: In the adequate treatment group, disease-free survival was
15.8 months, and overall survival was 24.7 months. Liver metastasis
was found only in 7 patients (33%), and local recurrence occurred in
4 patients (19%). The independent prognostic factor of long-term
disease-free survival on multivariate analysis was the average number of
CTLs administered (P = 0.0133).

Conclusions: The combination therapy with AIT and GEM prevented
liver metastasis and local recurrence. Moreover, the disease free-survival
was improved in patients who received sufficient CTLs.
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ancreatic cancer has a poor prognosis owing to the inability to
detect the tumor at an early stage, its high potential for early
dissemination, and its relatively poor sensitivity to chemotherapy
or radiation therapy. The ratio of overall mortality to incidence is
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almost 98%. Only a minority of patients present with localized
disease that allows for tumor resection with curative intent. How-
ever, even after microscopically pathologically complete removal
of the tumor (RO), the vast majority of patients relapse within
2 years, leading to a 5-year survival rate of less than 25%."

In 2005, a large phase III study, Charit¢ Onkologie 001
(CONKO-001), was presented at the American Society of Clinical
Oncology Annual Meeting by Oettle et al.> They compared a
gemcitabine (GEM) therapy group with a surgery-only group after
macroscopically curative resection of pancreatic cancer, and
disease-free survival (DFS) was significantly longer in the GEM
group than in the observation group. However, overall survival
(OS) did not differ significantly between the GEM and surgery-
only groups. Hence, novel therapies are needed.

Immunotherapy has an advantage over radiation and chemo-
therapies because it can act specifically against the tumor with-
out damaging normal tissue. Mucin 1 (MUC1) is overexpressed
in an incompletely glycosylated form in various human can-
cers.> We previously reported that MUC1 was expressed in can-
cer cells from all pancreatic ductal adenocarcinomas and liver
metastases, as determined by immunohistochemistry. In con-
trast, MUC1 was not expressed in specimens from normal pan-
creas, chronic pancreatitis, or ductal hyperplasia of the pancreas.*
We also found that MUCI is a tumor-associated antigen that
is overexpressed in invasive ductal carcinomas of the pancreas
and that MUC1-specific cytotoxic T lymphocytes (CTLs) rec-
ognize MUC1 molecules in a human leukocyte antigen (HLA)—
unrestricted manner.*

Based on these reports, we developed an adoptive immunity
therapy that targets MUC1 antigen. We previously described adop-
tive immunotherapy (AIT) with CTLs stimulated by a MUC1-
expressing human pancreatic cancer cell line YPK-1 (MUC1-CTLs)
for unresectable pancreatic cancer.’ Mucin 1-CTLs monotherapy
against unresectable pancreatic cancer did not improve prognosis
significantly but suppressed development of liver metastasis, and
no adverse event was observed. Thus, we performed adjuvant
therapy in the postsurgical treatment of pancreatic cancer.” Al-
though this treatment was safe and decreased the incidence of
liver recurrence (only 5.0%), local recurrence remained high
(65%) and the 3-year survival was only 19.4%.°

Gemcitabine, which is a standard chemotherapeutic agent for
pancreatic cancer,’® is not immunosuppressive and may enhance
responses to specific vaccines or immunotherapy administered
to activate or support immune responses directed toward driving
effector immunity to cancer cells.*” To create a more effective
therapy for pancreatic cancer, we combined AIT with MUCI-
CTLs plus GEM.

Here, we present a preliminary study of AIT plus GEM as
adjuvant therapy for resectable pancreatic cancer. We evaluated
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DFS and OS retrospectively and also compared this study with
other previous adjuvant therapy reports.

MATERIALS AND METHODS

Patients

From 2007 to 2013, a total of 44 patients with pancreatic can-
cer were enrolled in this therapy, and leukapheresis was performed
preoperatively. One patient was excluded because dissemination
was found during surgery. The remaining 43 patients were treated
with the combination of MUC1-CTLs and the standard chemo-
therapeutic agent, GEM (Table 1). This treatment was approved
as “advanced health care” by the Japanese Ministry of Health, La-
bor, and Welfare (acceptance number: Senn-121-1) and was pro-
vided for all patients who could pay the treatment cost; therefore,
this study was not registered in the Clinical Trials Registry.
This study was approved by the Research Ethics Committee of
Yamaguchi University Graduate School of Medicine (IRB num-
ber: 1999-05-12) and performed in accordance with the Declara-
tion of Helsinki. Written informed consent was obtained from
all patients before administering this therapy.

Eligibility Criteria

Patients who had been preoperatively diagnosed with resect-
able pancreatic cancer by clinical and pathological findings were
eligible for the study. The criteria for operability were diagnosed
by computed tomography and endoscopic ultrasonography, and
inclusion criteria are as follows: no tumor involvement of the ce-
liac axis or the superior mesenteric artery; no extra-regional me-
tastasis except for paraaortic lymph node involvement at a level
as low as the left renal vein; and no distant metastasis. The loca-
tion of the primary tumor did not matter. In brief, further eligibility

included the following: age, 20 years and older; and adequate he-
patic, renal, and bone marrow function (serum creatinine level,
<2.0 mg/dL; bilirubin level, <3.0 g/dL; platelet count, 275,000/mL;
total white blood cell count, 23000/mL and <15,000/mL). All pa-
tients had to have an Eastern Cooperative Oncology Group perfor-
mance status of 0 to 2 at the time of initial consultation.

Treatment Protocol

Cytotoxic T lymphocytes were induced before surgery and
administered intravenously within a week after surgery. The initial
treatment with intravenous GEM (1000 mg*/m) was administered
on postoperative day 28. Gemcitabine was administered on days
1, 8, and 15, every 4 weeks for 6 cycles (Fig. 1). If patients devel-
oped leukocyte counts of less than 2000/mm® or more than
12,000/mm?, or platelet counts of less than 75,000/mm> during
chemotherapy, GEM administration was stopped until recovery.
When patients developed grade 4 leukopenia or neutropenia, fe-
brile neutropenia or infection with grade 3 leukopenia or neutrope-
nia, a platelet count of less than 25,000/mm?, or nonhematological
toxic effects of grade 3 or greater, the dose of GEM was reduced
from 1000 mg/m? to 700 mg/m?. For the second and third CTL
treatments, CTLs were re-induced and administered in about
1-month intervals in parallel with GEM. Recurrence was evaluated
by computed tomography and/or magnetic resonance imaging ev-
ery 3 months, or autopsy.

CTL Induction

The human pancreatic cancer cell line used for CTL induc-
tion was YPK-1, which was established in our department and ex-
presses HLA-A24. YPK-1 cells were maintained in Dulbecco
modified Eagle medium (Nissui Pharmaceutical Co, Ltd, Tokyo,

TABLE 1. Patient Characteristics and Treatment Adequacy

All Patients Adequate Treatment Group Inadequate Treatment Group

No. patients 43 21 22
Age, mean (range), y 66.7 (42-86) 61.7 (42-74) 71.6 (60-86)
Sex, n

Male 20 11 9

Female 23 10 13
Type of surgery, n

Dp 12 6

PD or TP 31 15 16
Stage (UICC), n

1A 1 0 1

1B 1 0 1

A 15 8 7

11B 20 9 11

v 6 4 2
Resectability, n

RO 37 18 19

R1 6 3 3
HLA, n

HLA-A24 25 13 12

Others 12 6 6

Unknown 6 2 4
Follow-up time, mean (range), mo 26 (4-85) 36 (6-85) 16 (4-30)

DP indicates distal pancreatectomy; PD, pancreatoduodenectomy; TP, total pancreatectomy; RO, no residual tumor; R1, microscopic residual tumor,

UICC, Union for International Cancer Control.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Treatment regimen of postoperative AIT with MUC1-CTL plus GEM for pancreatic cancer. POD indicates postoperative day.

Japan) containing 10% fetal bovine serum (Sigma-Aldrich, St
Louis, Mo) in 5% COs,.

Peripheral blood mononuclear cells (PBMCs) were har-
vested with the COBE Spectra Apheresis System (COBE BCT,
Inc, Lakewood, Colo). Peripheral blood mononuclear cells from
3000 mL of blood were enriched by density gradient centrifuga-
tion with Ficoll-Paque (Amersham Pharmacia Biotech, Uppsala,
Sweden). The PBMCs were cultured in serum-free medium
(AIM-V) (Gibco, Paisley, Scotland) with the MUC1-expressing
pancreatic cancer cell line YPK-1 (HLA-A*24:02) inactivated
with 0.2 mg/mL mitomycin C (Kyowa Hakko Kogyo Co, Ltd,
Tokyo, Japan). The PBMC to YPK-1 cell ratio was 1000:1. After
3 days of culture, the cells were cultured with 10 Japan reference
unit/mL interleukin (IL)-2 (Shionogi Pharmaceutical Co, Tokyo,
Japan) in a CO, incubator for 7 days. Cultures were checked
for bacterial contamination. Induced CTLs were washed 3 times
with saline, suspended in 100 mL saline, and administered
intravenously (Fig. 2).

Leukapheresis

| PBMC |"
Coculture for 3 days (E/T=1:1000)
day 3

Inactivated with MMC

I YPK-1

rhIL-2 (10 JRU/mL)=>
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= Check for contamination
day 10

A 4

MUCI1-CTL

FIGURE 2. Induction of MUC1-CTLs. MUC1-CTLs were induced
by coculture with YPK-1, a human pancreatic cancer cell line, and
then with IL-2. MMC, mitomycin C; rhiL-2, recombinant human
interleukin 2; JRU, Japan reference unit.
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Flowchart of the Study Population and Selection of
the Adequate Treatment Group

Because this study is a retrospective cohort study, dose re-
duction and discontinuation of GEM were not strictly determined.
Therefore, the average relative dose intensity (RDI) of GEM in
this study is lower than in previous reports,>® and not all patients
received sufficient numbers of CTLs. Thus, it was difficult to as-
sess the synergic effect of GEM and MUC1-CTL. We selected pa-
tients with an RDI of greater than or equal to 50% who received at
least 2 MUCI-CTL treatments as the adequate treatment group
(n = 21, Fig. 3). A summary of the adequate patient profiles is
shown in Table 2. Other patients were classified as the inadequate
treatment group (n = 22, Fig. 3).

Analysis of PBMCs and CTL Subsets

Lymphocyte subsets were analyzed with monoclonal anti-
bodies against surface antigens of human lymphocytes. All mono-
clonal antibodies were purchased from Coulter Immunology
(Hialeah, Fla). Fluorescein isothiocyanate—conjugated anti-CD3
(T3), -CD4 (T4), -CD20 (B1), -CD25 (IL-2R1), -CD56 (NKH-1),
—HLA-DR (I2), and -CD11b (MO1) were used. Phycoerythrin-
conjugated anti-CDS8 (T8) and -TQ1 (cluster unknown) were also
used. A 2-color analysis was performed with a combination of
TQ1/CD4 (suppressor-inducer T and helper T-cell) and CD8/
CD11b (cytotoxic T and suppressor T-cell). Samples were analyzed
with an EPICS flow cytometer (Coulter Electronics, Inc, Hialeah,
Fla) at a fluorescence excitation wavelength of 488 nm at 200 to
500 mW. For each sample, 5000 lymphocytes were analyzed.

Analysis of Prognostic Factors

We investigated whether parameters such as clinicopatohlogical
status, biochemical examination, lymphocyte subset, tumor markers,
RDI of GEM, and average number of administrated CTLs are bio-
markers of therapeutic effect in the adequate treatment group. The
cut-off value of each parameter was determined by using the re-
ceiver operating characteristic curve. Using these cutoff values,
univariate and multivariate analyses were performed to determine
the prognostic factors.

Statistical Analysis

Changes in surface markers were assessed by using the
Student’s #-test for paired or unpaired means. A P value of less
than 0.05 was considered significant. Values are presented as
mean + standard error (SE). A Kaplan-Meier analysis was used

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 3. Flowchart of the study population.

to estimate the cumulative survival. Univariate analysis was per-
formed using the log-rank test. Significant univariate factors were
included in a Cox proportional hazards regression model to deter-
mine multivariate significance. Statistical analysis was performed
by using JMP version 9.0 (SAS Institute Japan, Tokyo, Japan).

RESULTS

Patient Characteristics

From 2007 to 2013, we postsurgically treated 43 patients with
resectable pancreatic cancer. Patient characteristics and treatment
are detailed in Table 1. Tumor, nodes and metastases stages according

to the Union for International Cancer Control for these patients
were between IA and IV, and their HLA-A phenotype varied.

Surgical Treatments

Resection was performed in the absence of hematogenous
metastases, peritoneal dissemination, gross retroperitoneal tumor
infiltration, and complex vascular infiltration. A limited invasion
of the portal or superior mesenteric veins was regarded as an indi-
cation for portal vein resection. All patients received pancreatoduo-
denectomy, pylorus preserving pancreatoduodenectomy, or distal
pancreatectomy with extended retroperitoneal lymphadenectomy.
Five of the 11 patients who underwent resection of the portal vein

TABLE 2. Patient Demographics and Clinical Outcomes of the Adequate Treatment Group

No. Age,y Sex HLA-A Status TNM Stage  Operation Curability Recurrence DFS,mo  Survival OS, mo
1 73 Male 24/26 A DP 0 + 30 Dead 41
2 72 Male 02/02 1B DP 0 + 51 Dead 71
3 42 Male 02/33 1B PD 0 + 60 Alive 80
4 54 Male 02/24 A PD 0 - 87 Alive 87
5 60 Male Unknown 1B PD 0 + 36 Alive 87
6 57 Male Unknown v PD 1 + 15 Dead 20
7 71 Female 24/24 1IB PD 0 + 4 Dead 10
8 53 Female 02/02 1B PD 0 + 17 Alive 68
9 60 Female 24/24 A PD 0 + 28 Alive 46
10 56 Female 26/24 1A TP 0 + 7 Dead 13
11 57 Male 02/24 v PD 1 + 45 Alive 45
12 67 Female 1124 1A PD 0 + 16 Dead 20
13 46 Female 02/26 v PD 0 + 7 Dead 17
14 62 Male 02/26 1A DP 0 + 16 Alive 42
15 48 Female 24/31 1A DP 1 + 7 Dead 34
16 68 Female 02/24 1IB DP 0 + 6 Dead 10
17 71 Male 24/26 1B PD 0 + 8 Dead 18
18 71 Female 24/24 1IB PD 0 + 12 Dead 20
19 74 Female 02/24 v PD 0 + 2 Dead 6
20 70 Male 24/31 A PD 0 - 43 Alive 43
21 64 Male 03/26 1B PD 0 + 15 Dead 25

DP indicates distal pancreatectomy; PD, pancreatoduodenectomy; TNM, tumor, nodes and metastases; TP, total pancreatectomy.

© 2017 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 4. Kaplan-Meier curves for DFS. A, The adequate treatment group. B, The inadequate treatment group.

showed histological invasion. Thirty-seven patients underwent cu-
rative resection (R0). Six patients underwent noncurative resec-
tion in which microscopic involvement of the resection margin
(R1) was found. All patients had histologically confirmed inva-
sive ductal carcinoma. The histological classifications were as fol-
lows: well-differentiated adenocarcinoma (n = 4), moderately
differentiated adenocarcinoma (n = 31), poorly differentiated ade-
nocarcinoma (n = 6), adenosquamous carcinoma (n = 1), and an-
aplastic carcinoma (n = 1).

CTL Treatments

Thirty-two patients received 3 CTL treatments; 6 patients re-
ceived 2 treatments; and 3 patients received 1 treatment. The total
number of CTLs administered was between 2.0 x 10® and
1.7 x 10°. The CTL treatment was completed within 2 months af-
ter surgery for 5 patients, within 3 months after surgery for
10 patients, within 4 months after surgery for 22 patients, and be-
tween 4 and 15 months after surgery for 7 patients.

GEM Treatments

For administration of GEM, 4 patients (10.3%) discontinued
treatment within 1 cycle, and 15 patients (38.5%) completed the
scheduled treatment. The reasons for withdrawal from treat-
ment included adverse events (23 patients), surgical complica-
tions (1 patient), and patient preference (4 patients). The dose of
GEM was decreased in 18 patients because of hematological tox-
icity. The median number of cycles was 3, and the median number
of GEM doses was 8. The median dose intensity of GEM was
377 mg/m? per week, and the median RDI was 50.8%. The median
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E 60 Median OS: 24.7 months
-
3
= 40
g
© 2

0 i

0 12 24 36 48 60
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(range) time from surgery to the start of chemotherapy was 36 days
(22-183 d).

Clinical Outcomes

The median DFS and OS of the adequate treatment group
were 15.8 months and 24.7 months, respectively, and the median
DEFS and OS of the inadequate treatment group were 5.1 months
and 14.7 months, respectively (Figs. 4 and 5).

Safety

During the entire treatment period, no adverse event was ob-
served arising from MUC1-CTLs administration such as rash, fe-
ver, or autoimmune reactions.

Further Analysis in the Adequate Treatment Group

We have further analyzed in patients whose RDI of GEM
was greater than or equal to 50% and who received at least 2
MUCI-CTL treatments as the adequate treatment group (Fig. 3).
Average RDI of the adequate treatment group was 72%, and the
average number of MUC1-CTL treatments was 2.7. A summary
of patient profiles in the adequate treatment group is shown
in Table 2.

The major grades 3 and 4 adverse events, according to the
Common Terminology Criteria for Adverse Events, are summa-
rized in Table 3. The most common grade 3 or 4 hematologic ad-
verse event was leukocytopenia (35%). Nonhematologic adverse
events of grade 3 or 4 were not seen. No AlT-related adverse
events such as rash, fever, chills, or injection site reaction were
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FIGURE 5. Kaplan-Meier curves for OS. A, The adequate treatment group. B, The inadequate treatment group.
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TABLE 3. Grades 3 and 4 Adverse Events in the Adequate
Treatment Group (n = 21)

TABLE 5. Lymphocyte Subset Changes Before and After the
Culture of MUCT1-CTLs in the Adequate Treatment Group

Adequate Treatment Group (n = 21) Subset Before (%) After (%) P
Adverse Event n (%) CD3+ 702 +4.9 84.0+3.9 0.0001
Leukocytopenia 735) CD4+ 44,1 +45 56.6 +6.3 0.0016
Neutrocytopenia 6(29) CD8+ 345+4.7 33.1+53 0.6863
Thrombocytopenia 0 (0) CD20+ 13.5+19 73+14 0.0001
Anemia 0 (0) CD4+/CD25+ 10.5+£2.0 129+24 0.0383
Elevated AST 0 (0) CD56+ 21.1+£3.7 126 +£2.7 0.004
Elevated ALT 0(0) Data expressed as mean + SE.
Elevated ALP 0(0) CD indicates cluster of differentiation.
Fatigue 0(0)
Anorexia 0(0) DFS of the patients who received an average of at least
Diarrhea 0(0) 1.3 x 10° CTLs was significantly improved (Fig. 6).
Mucositis/stomatitis 0(0)
Nausea 0(0) DISCUSSION
Vomiting 0(0)

AST indicates aspartate aminotransferase; ALT, alanine transaminase;
ALP, alkaline phosphatase.

observed. There was no clinical or radiological evidence of auto-
immune reactions in any of the patients.

The 1-, 2-, 3-, and 5-year survival rates of the adequate treat-
ment group were 86.3%, 54.6%, 49.6%, and 44.1%, respectively.
Liver metastasis was found in 7 patients (33%), and local recur-
rence was found in 4 patients (19%) (Table 4).

There was no significant difference in OS between the
RO group and R1 group [median survival time; 32.7 mo vs
19.8 mo (P =0.15)].

Changes in lymphocyte subsets before and after the culture
of PBMC:s are detailed in Table 5. The proportions of CD3+ and
CD4+ cells increased significantly after treatment (P < 0.05),
whereas CD20+, CD56+, and CD4+/CD25+ cells decreased
significantly (P < 0.05).

Changes of lymphocyte subsets of PBMCs before treatment
and at the third pheresis are detailed in Table 6. None the subsets
changed significantly.

The parameters investigated as possible prognostic factors
are shown in Table 6. When the average number of administered
CTLs was at least 1.3 x 10°, there was a significant difference
in both the univariate and multivariate analysis (Table 7). The

TABLE 4. Recurrence Sites in the Adequate Treatment Group

Adequate Treatment Group (n = 21)

Recurrence Site n (%)
Liver metastasis 7 (33)
Local recurrence 4(19)
Other
Peritoneum 6 (29)
Lung 10 (48)
Bone 1(4.8)
Lymph node 3(14)
Total 19 (90)

© 2017 Wolters Kluwer Health, Inc. All rights reserved.

In the present study, a combination of systemic GEM admin-
istration and AIT with MUCI-CTL was performed in patients
with advanced pancreatic cancer as adjuvant therapy after radical
pancreatectomy. This therapy was performed safely, and there
were no adverse events specific to the immunotherapy. As com-
pared with previous clinical trials with adjuvant setting GEM,>®
adverse events such as myelosuppression or autoimmune disease
were not increased.

Next, we analyzed patients whose RDI of GEM was greater
than or equal to 50% and who received at least 2 treatments with
MUCI1-CTL as the adequate treatment group. The average RDI of
GEM in the adequate treatment group is still lower than in previ-
ous clinical trials>®; thus, there might be some problems in the
management of adverse effects of GEM in the present study. Al-
though the number of cases in the adequate treatment group of
present study was very small and, thus, exact comparison is diffi-
cult, the prognosis of these patients seemed to be better than in
previous clinical trials (Table 8).>® That is, DFS of the adequate
treatment group was better than the qualified analysis group in
CONKO-001 (median DFS of 15.8 mo vs 13.7 mo, respectively),
which excluded the cases that did not reflect the true therapeutic
potential, such as cases with an administration frequency of less
than 1 cycle. In recent years, a European group (European Study
Group for Pancreatic Cancer-4) reported the favorable results of
large clinical trials of adjuvant therapy for pancreatic cancer.” This
result showed that the adjuvant combination of GEM and capecit-
abine significantly improved prognosis than GEM monotherapy,
but adverse events of grades 3 and 4 were increased in the combi-
nation group. Disease-free survival of the adequate treatment
group of our study was not inferior to combination group of
European Study Group for Pancreatic Cancer-4 without increas-
ing adverse events. This result might be influenced by MUCI1-
CTLs because an average administration of at least 1.3 x 10°
CTLs was the only independent factor of long DFS in both univar-
iate and multivariate analysis (Table 5). As we reported previously,
median survival time of adjuvant AIT with MUC1-CTLs was bet-
ter than of surgery alone,” and MUC1-CTLs may achieve en-
hanced effects in combination with standard adjuvant GEM in
the present study.

The effects of GEM on immunity were reported: GEM does
not inhibit the activity of lymphokine-activated killer cells or
CTLs,' GEM suppresses regulatory T-cell induction,” and GEM
directly inhibits myeloid-derived suppressor cells (MDSCs) and
augments expansion of T-cells.!! Hence, GEM therapy is not im-
munosuppressive and may enhance the response to specific
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TABLE 6. Lymphocyte Subset Changes of PBMCs Before and After Treatment in Adequate Treatment Group

Subset Before Treatment (%) At 3rd Pheresis (%) P
CD3+ 702 +£4.9 70.7 £ 4.1 0.387
CD4+ 44,1 +4.5 44.7+£45 0.6828
CD8+ 345+47 334+43 0.4059
CD20+ 127 +1.7 102 +1.7 0.417
CD4+/CD25+ 10.5+2.0 11.0+1.5 0.1997
CD56+ 21.1+£3.7 188 +£2.9 0.9321

Data expressed as mean + SE.
CD indicates cluster of differentiation.

vaccines or AIT to activate or support immune responses directed
toward driving effector immunity to cancer cells.'? Thus, we ex-
pected the synergistic effect of GEM and immunotherapy.

We have also reported that MUC1-CTL monotherapy after
radical pancreatectomy could be expected to suppress liver metas-
tasis,” but local recurrence after MUC1-CTL monotherapy was
high (65.0%).° In the present study, we observed 33% of liver re-
currence rate during the OS, while liver recurrence rate is typically
about 60%."*'* It has been reported that administrated lymphokine-
activated killer cells localized primarily in the lungs after 2 hours
after injection and then redistributed to the liver and spleen
24 hours after injection.'>!® In the present study, lymphocytes
are considered to take a similar migration, which might be in-
volved in liver metastasis inhibition.

The local recurrence in the present study was lower than in
our previous report® (19% vs 65%). The mechanism of local recur-
rence inhibition by GEM is not clear, but R1 patients who received
adjuvant chemotherapy with GEM after surgery showed DFS
comparable with RO cases. Thus, GEM is suggested to be involved

in local control.> Hence, we speculated that MUC 1-CTLs prevent
hepatic metastasis and GEM possibly reduces local recurrence, as
well as MUC1-CTLs and GEM have the synergic effect.
Inflammation, immune exhaustion, and immunosuppression
might be involved in disturbance of the effect of CTLs. Inflamma-
tion was previously shown to be strongly related to the development
and progress of pancreatic cancer.!” Regulatory T-cells increase and
immunization are suppressed in pancreatic cancer patients.'s Al-
though MDSCs are not found in the pancreas of a healthy person,
they are easily detected in the stroma of pancreatic ductal adenocar-
cinoma, comprising approximately 67% of the infiltrating leuko-
cytes.'® Myeloid-derived suppressor cells are also found in the
blood and bone marrow of pancreatic ductal adenocarcinoma pa-
tients and are significantly higher in cases of metastatic disease as
compared with patients with local tumors,'®! which supports a
previous report that the MDSC count correlates with disease
stage.?? Exhaustion of CD8+ T-cells in solid tumors has also been
reported.?> Because of these immunosuppressive mechanisms and
immune exhaustion in pancreatic cancer patients, immunotherapy

TABLE 7. Prognostic Factors of Long DFS in the Adequate Treatment Group

Univariate Multivariate

Factor Number Median DFS, mo P HR 95% CI P
UICC stage Ta/Mb/TV 6/9/4 22/15/11 0.423
Differentiation Well, moderate/poorly, 17/4 16/21 0.985

adenosquamous
Lymph node metastasis NO/N1 8/13 22/14 0.308
Resection status RO/R1 18/3 16/15 0.685
WBC, cells/uL <5000/25000 7/14 30/14 0.352
NLR <3/23 13/8 16/16 0.462
Lymphocytes, % <30/230 10/11 16/30 0.29
CD3+ of PBMCs, % <74/274 4/17 22/16 0.042* 1.07 0.32-3.63 09112
CD4+ of PBMCs, % <43/243 8/13 33/15 0.18
CD8+ of PBMCs, % <33/233 9/12 15/17 0.394
CA 19-9, U/mL <300/2300 14/7 16/15 0.173
Monocyte count, cells/uL <350/2350 17/4 71/15 0.0043* 025 0.057-1.08 0.0622
RDI of GEM, % <70/270 12/7 8/41 0.0811
Average number of <1.3/z1.3 17/4 15/55 0.0072* 922 1.51-176.8 0.0133*

administered CTLs (x 10° cells)

*Significant P values (P < 0.05).

Cl indicates confidence interval; UICC, Union for International Cancer Control; WBC, white blood cell; NLR, neutrophil to lymphocyte ratio; CD, clus-
ter of differentiation; NO, no of metastasis of regional lymph node; N1, regional lymph node metastasis present; R0, no residual tumor; R1, microscopic
residual tumor; CA 19-9, cancer antigen 19-9.
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FIGURE 6. Kaplan-Meier curves compared by average number of administered CTLs. A, DFS. B, OS.

would not be expected to exhibit a sufficient effect. Examination
of immune checkpoints is important, and it is necessary to plan
to check these factors when performing similar trials in the future.

Prognostic factors after radical pancreatectomy for pancre-
atic cancer were reported to include the clinical factors such
as carbohydrate antigen (CA) 19-9, CEA,* tumor size, tumor dif-
ferentiation, > lymph node metastasis,?® and the surgical margin®’
as well as the immunological factors of neutrophil to lymphocyte
ratio,”® CD4+ and CD8+ T-cell infiltration of cancer tissue,?® and
circulating mesothelin. > In the present study, the average number
of administered CTLs was an independent prognostic factor for
long-term DFS. This result suggests that a sufficient dose of CTLs
improves prognosis and that the potential immunity of the host
might be involved in cell proliferation. This result might indicate

that introducing more CTLs, such as by using induced pluripotent
stem cells, would enhance the effect of this therapy.>!

On the other hand, as described above, MUC1-CTLs mono-
therapy for unresectable pancreatic cancer did not improve
significantly.® Thus, we combined MUCI peptide pulsed den-
dritic cells with MUC1-CTLs, and this therapy improved prognosis
with no severe adverse event.>? Then, we used MUC1-messenger
RNA transfected dendritic cells and MUC1-CTLs with GEM for
unresectable pancreatic cancer.>® This combination therapy showed
no severe toxicities associated with immunotherapy and further
improved the prognosis. Thus, adding MUC1-messenger RNA
transfected dendritic cells to MUC1-CTLs plus GEM because ad-
juvant therapy for resectable pancreatic cancer might be expected
to improve prognosis.

TABLE 8. Comparison Between the Current Study and Previous Report

Current Study

Our Previous Report*

CONKO-001" JSAP-02*

GEM + MUC1-CTL

(Adequate Treatment Group) MCUI1-CTL Surgery Alone GEM Surgery Alone GEM Surgery Alone

Patient characteristics

No. patients 21 20
Age, median, y 62 66
Sex, males, % 52 60
Resection status: RO, % 86 90
Number of GEM cycles 6 cycles -
Results
DFS, median, mo 15.8 -
1-year DFS rate, % 67 -
2-year DFS rate, % 38 -
0OS, median, mo 24.7 17.8
1-year OS rate, % 86 83
2-year OS rate, % 52 32
5-year OS rate, % 43 -

- 179 175 58 60
- 62 61 65 64
- 59 56 69 57
- 81 85 81 87
- 6 cycles 3 cycles
- 13.4 6.9 11.4 5
- 58 31 49 27
- 31 15 27 17
14.0 22.1 20.1 223 18.4
61 73 73 78 75
21 48 42 48 40
- 23 12 24 11

*Previously reported by Kawaoka et al (2008).
Previously reported by Oettle et al (2007).2
*Previously reported by Ueno et al (2009).®
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CONCLUSIONS

In conclusion, our cancer immunochemotherapy in combi-

nation with MUC1-CTL and GEM was safe, and effectiveness
was suggested in the group with administration of sufficient dose
of GEM and CTLs. Although this preliminary result must be ver-
ified by a much larger prospective randomized study, we believe
that these findings will lead to a novel therapeutic strategy for
pancreatic cancer.
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