
Abstract. Background/Aim: Wilms’ tumor 1 (WT1) is a
tumor-associated antigen highly expressed in cancer. We
examined the safety of WT1-peptide pulsed dendritic cell
(WT1-DC) vaccine in combination with chemotherapy in
patients with surgically resected pancreatic cancer. Patients
and Methods: Eight patients with resectable pancreatic cancer
undergoing surgery either combined with S-1 or S-1 plus
gemcitabine therapy were enrolled. Immunohistochemical
analysis of WT1 was performed in 34 cases of pancreatic
cancer. Results: No serious side-effects were observed, except
grade I fever in five and grade I reactions at the injection site
in all patients. WT1-specific cytotoxic T-lymphocytes were
detected in seven patients, and WT1 and human leukocyte
antigen class I antigens were positive in all 34 cases.
Conclusion: Our study clarified the safety and potential
acquisition of immunity after vaccination targeting WT1.
Further efficacy of WT1-DC vaccine to improve prognosis
would be determined by a prospective clinical trial for
resectable pancreatic cancer.

Although several treatment approaches, such as surgery and
chemotherapy, have been used for treating pancreatic cancer,
its prognosis remains poor, and further improvement in the
treatment outcome is required (1-4). Recently,
immunotherapy has been put forward as a new treatment
approach for such cancer types with poor prognosis, and
various methods have been examined in practice (1, 2, 5-7).
In immunotherapy, selection of the tumor-associated antigen
(TAA) is important. It has been reported that the Wilms’
tumor 1 (WT1) antigen is highly expressed in various
malignancies (8), including pancreatic cancer (8, 9).
Therefore, WT1 has been used as one of the targets of
immunotherapy for pancreatic cancer (1, 7). For advanced
pancreatic cancer, a WT1-peptide vaccine and WT1-peptide
pulsed-dendritic cell (WT1-DC) vaccine have already been
used in combination with chemotherapy agents, such as
gemcitabine and S-1, in multiple studies, and its safety has
been verified (10-16). Additionally, its clinical effects have
been reported (11-13). Positive findings, such as WT1-
specific delayed-type hypersensitivity after administration of
the WT1-DC vaccine, reduced neutrophil/lymphocyte ratio
in peripheral blood before or after administration, increased
expression of CD83/human leukocyte antigen (HLA)-DR on
DCs after administration, and no increase in interleukin-6
levels in peripheral blood after administration, have been
reported as prognostic factors (13, 15, 16).

Acquired immunity responses to cancer antigens may not
always be easily achievable; thus, concurrent use of
adjuvants with WT1-DC vaccine is considered important.
For example, montanide ISA51 is an adjuvant used in the
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treatment of cancer (10, 15). However, Hailemichael et al.
reported that due to persisting vaccine depots induced by
cancer peptide vaccines in incomplete Freund’s adjuvant,
montanide ISA51 could trigger specific T-cell sequestration,
dysfunction, and deletion at the vaccination site (17).
Picibanil (OK-432) has potent immunomodulation and
therapeutic properties when used in cancer treatment as a
biological response modifier (18). Several studies have
demonstrated that OK-432 induces the activation of a variety
of effector cells, such as DCs, macrophages, natural killer
cells, and cytotoxic T-lymphocytes (CTLs) (18-23).
Furthermore, Hirayama et al. reported that OK-432 can
inhibit the function of regulatory T-cells and contribute to
activation of high-avidity tumor antigen-specific naive T-cell
precursors (24). In fact, several studies have used OK-432
as an adjuvant for WT1-DC vaccine in patients with
advanced pancreatic cancer (11, 12).

For patients diagnosed with primary pancreatic cancer,
resection is the most important treatment, and implementation
of postoperative chemotherapy can improve prognosis. In a
recent report, the administration of S-1 alone was shown to
be superior to that of gemcitabine for pancreatic cancer after
resection (25). However, recurrence after surgery remains a
serious problem. Therefore, the use of immunotherapy in
combination with standard chemotherapy in the early phase
can be considered as a strategy for the prevention of the
recurrence of pancreatic cancer. Thus, in this study, we
examined the safety of WT1-DC vaccine and acquisition of
WT1-specific CTLs after administration of the vaccine with
OK-432 as an adjuvant combined with chemotherapy (mainly
S-1) in patients with surgically resected pancreatic cancer.

Materials and Methods
Patient selection. Between August 2013 and March 2016, patients
with pancreatic cancer were consecutively enrolled in this study.
During this period, patients with several types of cancer received
the WT1-DC vaccine at the Center for Advanced Cell Therapy in
Shinshu University Hospital (26). We selected those with pancreatic
cancer who underwent resection after initial diagnosis and then
received chemotherapy. We excluded patients who received
chemotherapy before surgery. Other eligibility criteria have been
previously described (27). The following competent standards were
adhered to for DC therapy and eligibility: (I) Age, 20-70 years; (II)
performance status, 0/1; (III) normal organ function and absence of
infectious disease, blood abnormality, and bleeding tendency; (IV)
no history of cardiovascular disease or respiratory disorders
tolerable for blood apheresis; (V) toleratant to chemotherapy and
radiotherapy as standard cancer treatments; and (VI) diagnosed less
than 6 months prior, or with recurrence of cancer sensitive to
chemotherapy.

WT1-DC vaccine. The WT1-DC vaccine was prepared according to
a previously reported method (27, 28). Briefly, we used HLA-
A*24:02-restricted WT1 (235–243:CYTWNQMNL), HLA-
A*02:01/02:06-restricted WT1 (126–134:RMFPNAPYL), and HLA

class II-restricted peptides (332–347: KRYFKLSHLQMHSRKH)
compatible with either DRB1*04:05, DRB1*08:03, DRB1*15:01,
DRB1*15:02, DPB1*05:01, or DPB1*09:01 according to the
compatibility of each patient’s HLA typing (27). WT1-DCs were
suspended in a total volume of 1 ml of OK-432, and 1-4×107 WT1-
DCs were injected at each time according to the number of DCs in
each case. The vaccine was intradermally and bilaterally
administered near the axillary region and groin. As a course, it was
administered seven times every 2 weeks. For OK-432,
administration was initiated at a dose of 1 Klinische Einheit (KE;
clinical unit) and increased to 2 KE if no side-effects occurred.

Criteria of DC vaccine release. Flow cytometry was utilized to
determine the antigenic profiles of mature DCs. Mature DCs were
defined as CD11c+, CD14–, HLA-DR+, HLA-ABC+, CD80+,
CD83+, CD86+, CD40+, and CCR7+ cells. The following criteria
were met for DC vaccine administration: purity (proportion of
CD11c+, CD14–, CD86+, HLA-DR+) >90%; >80% viability; mature
DC phenotype; negative for bacterial and fungal infection after 14
days; endotoxin ≤0.05 EU/ml; and negative for mycoplasma (27).

Evaluation of adverse events and clinical response. Safety
evaluations were undertaken for the following: (I) allergic reactions
post intradermal injection of DC vaccine (presence of reduced blood
pressure, tachycardia, breathing difficulties, or rash); and (II) local
reactions, fever, nausea, vomiting, diarrhea, appetite loss, mucosal
ulcer, damage of the central nervous system, anemia, decreased
white blood cell count, decreased platelet count, abnormal kidney
function, or abnormal liver function during or after treatment
completion (27). Adverse effects, including fever and skin reactions
at the injection site, were monitored and graded according to the
National Cancer Institute’s Common Terminology Criteria for
Adverse Events Version 4.0 (29). Fever and skin reactions at the
injection site were examined after each vaccination in all patients.
Reactions at the injection site were assessed after 24, 48, and 72 h.

Evaluation of clinical response. We evaluated the duration of overall
survival (OS) at 2 years post-surgery concomitant with the induction
of WT1-specific CTLs during DC vaccination targeting WT1 in
pancreatic cancer. We also utilized various imaging techniques (such
as computed tomography and positron-emission tomography/
computed tomography) for the post-surgical assessment of lesions. The
clinical response after administration of the WT1-DC vaccine was
determined according to the evaluation method of the Response
Evaluation Criteria in Solid Tumors (version 1.1) (RECIST v1.1) (30).

Evaluation of WT1-specific CTLs. Peripheral blood mononuclear
cells were obtained before initiating the first vaccination and at the
completion of the seventh vaccination. The phenotypes of
circulating T-cell populations were determined through
fluorescence-activated cell sorting by measuring the total CD3+
population, CD4+ subpopulation, CD8+ subpopulation, activation
markers HLA-DR on CD3+ cells, and other cell populations such as
those of CD19-positive and CD56-positive cells. Enzyme-linked
immunosorbent spot (ELISPOT) assays were performed using
precoated human IFN-γ ELISPOT PLUS kits (Mabtech, Nacka
Strand, Sweden) to examine WT1-specific interferon (IFN)-γ
production by T-cells referred to as CTLs (27, 28). The WT1
tetramer assay was performed only in patients who received the
HLA-A*24:02-restricted mutant WT1 peptide. WT1 tetramer was
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assessed in the CD3/CD8 double-positive population using WT1-
modified peptides/HLA-A*24:02 tetramers (MBL, Medical &
Biological Laboratories Co., Ltd., Nagoya, Japan) (27).

Immunohistochemical analysis of the primary tumor samples. We
analyzed WT1, HLA-ABC, and epithelial membrane antigen (EMA)
protein expressions in primary tumor samples using a previously
described method (27). We used a mouse monoclonal antibody for
WT1 (6F-H2; DakoCytomation, Carpinteria, CA, USA); HLA-ABC
antigen (class I, W6/32; DakoCytomation); and EMA (Clone E29;
DakoCytomation) for each analysis (27). In addition to this panel,
we analyzed transporter associated with antigen processing (TAP)
1 using rabbit polyclonal anti-TAP1 (ADI-CSA-620-E; Enzo Life
Sciences, Inc., Farmingdale, NY, USA). Expressions were
determined as negative if positive tumor cells were <25%, 1+ if
positive cells were from 25% to 50%, 2+ if positive cells were from
50% to 75%, and 3+ if cells were >75% (31). Along with samples
from patients with resectable pancreatic cancer, we analyzed all
available samples from patients with pancreatic cancer who received
the WT1-DC vaccine at our institution.

Statistical analysis. We compared the results of ELISPOT and
tetramer assays before and after administration of the WT1-DC
vaccine using the Wilcoxon signed-rank test. We used a Kaplan–
Meier curve to evaluate OS. All statistical analyses were performed
using EZR (Saitama Medical Center, Jichi Medical University,
Saitama, Japan) (32). Statistical significance was defined as a p-value
of less than 0.05.

Participants and ethics statement. The protocol followed for WT1-
DC vaccination therapy at the Shinshu University Hospital was
approved by the Ethics Committee of Shinshu University School of
Medicine (approval numbers 1123 and 1199). The Act on the Safety
of Regenerative Medicine in Japan was enforced on November 25,
2014. Class III technologies are regarded as low risk since they use
somatic cells with accumulated clinical experiences. The DC
vaccination therapy (Class III technology) at the Shinshu University
was approved on November 25, 2015 (approval numbers:
PC3150643 and PC3150645). The application and conditions for
WT1-DC vaccine therapy were approved under “Advanced Medical
Care” in September 2012. We obtained written informed consent
from all patients. All procedures performed in this study were in
accordance with the Ethical Guidelines for Medical and Health
Research involving Human Subjects proposed by the Ministry of
Health, Labour and Welfare in Japan. http://www.mhlw.go.jp/
file/06-Seisakujouhou-10600000-Daijinkanboukouseikagakuka/
0000080278.pdf (2015)].

Results

Patient characteristics. During the study period, the WT1-
DC vaccine was used for pancreatic cancer in a total of eight
patients. Patient information is presented in Table I.
Although commencement of WT1-DC vaccination after
resection differed in each patient, S-1 was commenced after
resection as early as was feasible. Of the eight patients,
seven received S-1 alone after surgery (combined with WT1-
DC vaccination) and one received a combination therapy of
S-1 and gemcitabine. HLA compatibility was confirmed in

six patients with HLA class I and class II. In the remaining
two patients (patient 7 and 8), compatibility was noted for
only the HLA class II peptide. The interval from surgical
resection to apheresis of peripheral blood mononuclear cells
ranged from 49 to 238 days (median=102.5 days). The
interval from surgical resection to initial vaccine
administration ranged from 105 to 261 days (median=153.5
days). All patients completed seven administrations of the
WT1-DC vaccine. Furthermore, three out of the eight
patients (patient 2, 3, and 8) repeated the second WT1-DC
vaccine course. Although six out of the eight patients
underwent S-1 chemotherapy treatment of at least 16 weeks
(excluding rest periods), two of the eight patients
discontinued S-1 treatment because of early recurrence
(patient 7) and side-effects (pancytopenia; patient 5).

Adverse events of WT1-DC vaccine. Reactions at the
injection site were observed in all eight patients, and all were
grade I and reversible. Grade I fever was observed in five
patients, and the fever quickly declined with only
symptomatic treatment. No other adverse events were
observed (Table II). 

Clinical outcome. Of the eight patients, four died because of
recurrence and disease progression after completion of
vaccine administration, and four are currently alive (Table
II). OS at 2 years after the operation was 62.5±17.1% (95%
confidence interval=22.9-86.1%).

Analysis of WT1-specific CTLs before and after administration
of WT1-DC vaccine. ELISPOT assays were performed for all
eight patients. WT1-specific CTLs were evaluated in five out
of the eight patients using tetramer analysis before and after
administration of the vaccine. Although no significant
immunological responses were detected before administration
of the vaccine, positive results in WT1-specific CTLs in
tetramer assay or ELISPOT were detected after vaccine
administration in seven of the eight patients (Tables II, Figure
1). Statistical analysis showed no significant difference in the
tetramer assay results before and after WT1-DC vaccination
in five patients (p=0.1250). On the other hand, a significant
rise in score was observed on comparison of ELISPOT assay
results for all patients (p=0.0156). One patient (no. 5) without
any WT1-specific immune response showed rapid recurrence
of pancreatic cancer and died at 330 days. The analysis results
of WT1-specific CTLs in all patients in each clinical course
are shown in Figure 2. Although several differences were
noted in each clinical course, WT1-specific CTLs were
confirmed more than once in patients who lived more than 2
years after surgery. Although we had a limited number of
patients, OS at 2 years after surgery was significantly better
in patients with immunological response than in non-
responders (71.4% vs. 0.0%, p=0.008).
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Immunohistochemical analysis of the primary tumor samples.
Expression of WT1 and HLA-ABC were confirmed in the
surgical specimens of all the eight patients with pancreatic
cancer (Table I). The immunohistochemical analysis findings
of two patients (patient 4 and 6) are shown in Figure 3. Table
IV shows the results of immunohistochemical analysis of
available samples from 34 cases of pancreatic cancer that
were treated with the WT1-DC vaccine in our institution.
Although WT1 and HLA-ABC in pancreatic cancer cells
showed different degrees of expression, expression was
confirmed in all the cases. EMA and TAP1 were highly
expressed in most cases (Table IV). In addition, no staining
was observed in any sample stained with the non-reactive
mouse IgG (negative control).

Discussion

We demonstrated the safety of the WT1-DC vaccine
combined with chemotherapy, mainly involving S-1 and
adjuvant OK-432, after resection in patients with an initial
diagnosis of pancreatic cancer. The adverse events only
included reactions at the injection site and fever. Thus, it was
possible to complete the scheduled administrations of the
vaccine in all the patients. WT1 was highly and frequently
expressed, and thus can be an immunotherapy target for
pancreatic cancer (9).

Cancer cells can evade immune recognition and
destruction through loss or down-regulation of the
expression of antigen-processing and antigen-presenting
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Table I. Clinical characteristics of patients treated with the Wilms’ tumor 1(WT1)-pulsed dendrititic cell (DC) vaccine after pancreatic cancer
resection.

Patient       Age                          Pre-DC vaccination                                                          HLA typing                                                      IHC for primary 
no.           (years)                                    status                                                                                                                                                 tumor samples
                     
                               Gender       Stage        Chemotherapy                     A                                DRB1                                DPB1                   WT1      HLA 
                                                                                                                                                                                                                                      -ABC
                                                                                                                                                                                       
1                  37             F              III                    S-1                 2402              -               0901               -                 0501                -               1+          2+
2                 65             F              IIb                   S-1                 0206           1101            0405            0901              0201                -               1+          1+
3                 57            M             IIb                   S-1                 2402           0206            0901            1454              0501            0901            1+          2+
4                 66            M             III                    S-1                 2402              -               0101            1502              0402            1301            2+          2+
5                 57            M             III                    S-1                 2402              -               1502            0802              0501            0901            1+          3+
6                 60            M             IIa                    S-1                 2402           0201            0403            0803              0501                -               1+          3+
7                 55            M             III             S-1 + GEM          2601           3101            1403            1405              0202            0501            1+          3+
8                 62            M             III                    S-1                 2601              -               0406            0803              0201            0501            2+          3+

D: Dendritic cell; F, female; GEM, gemcitabine; HLA: human leukocyte antigen, IHC, immunohistochemistry; M, male.

Table II. Vaccine implementation details and results of Wilms’ tumor 1 (WT1)-pulsed dendrititic cell (DC) vaccine in each case.

Patient                          DC                                               Adverse                  Immunological                RECIST                Survival              Outcome
no.                           vaccination                                         effects*                        responses                      criteria

                 Total no. of      Total dose of        Injection-site        Fever     ELISPOT    Tetramer      At 1         At 2       Duration after 
                 DCs (×107)      OK-432 (KE)      reaction (grade)     (grade)                                              year         years       surgery (days)                 

1                      25.1                    12                              I                      0                +                 +              SD           NE                 662                      Dead
2                      11.3                    12                              I                       I                 +               NE            SD           PD               1301                      Dead
3                      22.5                    13                              I                       I                 +                 +              SD           PD             >1393                      Alive
4                      27.8                      7                              I                      0                +                 +              PD           PD               >930                      Alive
5                      19.7                      7                              I                       I                 −                 −              NE           NE                 330                      Dead
6                      18.3                      7                              I                       I                 +                 +              SD           PD               >826                      Alive
7                      22.6                    13                              I                      0                +               NE            PD           NE                 508                      Dead
8                      26.0                    13                              I                       I                 +               NE            SD           SD               >782                      Alive

DC(s), Dendrititic cell(s); ELISPOT, enzyme-linked immunospot assay; NE, not evaluated; PD, progressive disease; RECIST: Response Evaluation
Criteria in Solid Tumors (30); SD, stable disease. *According to the Common Terminology Criteria for Adverse Events version 4.0 (29). 
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Figure 1. Results of immunological evaluation in two of eight patients (patient 4 and 6). A, B: Analysis of Wilms’ tumor 1 (WT1)-specific cytotoxic
T-lymphocytes (CTLs) before and after administration of the WT1-peptide pulsed dendritic cell (WT1-DC) vaccine using the WT1 tetramer assay
for each patient. C, D: Analysis of WT1-specific CTLs before and after administration of the WT1-DC vaccine using enzyme-linked immunosorbent
spot (ELISPOT) assay in each patient. Interferon-γ (IFNγ) spot-forming cells (SFC) are shown after subtraction of the control analysis of peripheral
blood mononuclear cells (PBMCs) without addition of WT1 peptide. Each score is shown as the mean of duplicated wells in each analysis. FITC:
Fluorescein isothiocyanate label; PE: phycoerythrin label; HLA: human leukocyte antigen.

Table III. Evaluation of Wilms’ tumor 1 (WT1)-specific cytotoxic T-lymphocytes before and after WT1-peptide pulsed dendrititic cell (WT1-DC)
vaccine treatment. Although enzyme-linked immunospot (ELISPOT) assays were performed in all cases, the WT1-tetramer assay was performed
only in patients expressing human leukocyte antigen (HLA)-A*24:02. The results of the ELISPOT are presented as the number of positive spots of
WT1-specific interferon gamma production in peripheral blood mononuclear cells (PBMCs) per 106 cells. The score is the result of subtraction of
the control analysis of PBMCs without addition of WT1 peptide from that of PBMCs with peptide. Each score is shown as the mean of duplicate
wells in each analysis. The results of the WT1-tetramer assay are given as the percentage of WT1-specific CD8+ T-cells in PBMCs. Immunological
evaluation was performed based on the previous reports (27, 28).

Patient number                                            ELISPOT                                                                                             WT1 tetramer

                                    Before                        After                     Immunological                    Before                         After                   Immunological 
                                vaccination                vaccination                     evaluation                     vaccination                 vaccination                   evaluation

1                                       1                            10040                                 +                                 0.01%                        13.20%                             +
2                                       0                                195                                 +                                   NE                              NE                               NE
3                                       1                                  22                                 +                                 0.00%                         0.13%                              +
4                                       0                                125                                 +                                 0.00%                         2.40%                              +
5                                       8                                    1                                 −                                 0.01%                         0.00%                               -
6                                       0                                  71                                 +                                 0.01%                         0.09%                              +
7                                       2                              4095                                 +                                   NE                              NE                               NE
8                                       2                                  18                                 +                                   NE                              NE                               NE

NE, Not evaluated.



molecules, such as class I and TAP (33, 34). Therefore, the
application of TAA peptide-specific CTL-based
immunotherapy for cancer is thought to be difficult.
However, as the expression of HLA molecules is maintained
in pancreatic cancer, CTL therapy targeting various TAA
factors, including WT1, is considered a promising method
for treating pancreatic cancer.

It was possible to confirm the immunological response
using WT1-specific CTLs in seven of the eight patients in
our study. To date, the use of peptide vaccines has been
convenient, but there have been concerns about their
efficiency with regard to immunological induction. On the
other hand, DCs have a strong antigen-presenting ability,
and it is expected that cancer-specific CTLs can be induced
more efficiently when DCs pulsed with several TAAs are
used as a vaccine (1, 7). Although the presence of TAA-
specific CTLs cannot guarantee the efficacy of
immunotherapy, it is desirable that a high rate of immunity
acquisition is assured in patients who receive treatment. As
this verification was performed in a limited number of
cases, the immunologically induced efficiency of the
vaccine for resected pancreatic cancer should be further
verified in the future.

Although positive results were obtained with regard to
safety and induction efficiency of WT1-specific CTLs in this
study, progress of the disease state was inevitable in many
cases, and further therapeutic strategies should be devised.
To date, studies have been conducted for the use of
gemcitabine and DC vaccine therapy for advanced pancreatic
cancer (13, 14, 16). Gemcitabine administration leads to
increased expression of WT1 in pancreatic cancer cells (35)
and enhances the efficacy of DC-based immunotherapy (36,
37). Additionally, the combined use of gemcitabine and DC
therapy may have synergistic effects (13, 14, 16). Although
the use of chemotherapy, including S-1, and WT1-DC
vaccines for advanced pancreatic cancer has been reported
(11, 12), the effectiveness of this combination therapy
remains unknown. Recently, a prospective study reported
that the prognosis for advanced pancreatic cancer improves

with the use of immunotherapy involving DCs and cytokine-
induced killer cells administered with S-1 (38), thus
suggesting the synergistic efficacy of S-1 therapy combined
with immunotherapy. For resected pancreatic cancer, S-1 has
better efficacy in preventing recurrence than that of
gemcitabine (25). The use of immunotherapy, including the
WT1-DC vaccine, may be another treatment option in the
future. Furthermore, in recent years, therapy targeting
various factors has been examined for pancreatic cancer (2,
5); thus, combinations of our approach with new treatment
modalities might be considered.
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Figure 2. Clinical information regarding the analysis of Wilms’ tumor 1
(WT1)-specific immunological responses and outcomes after the
resection of pancreatic cancer. Numbers indicate all patients listed in
Table I. Each rectangle indicates the periods of WT1-pulsed dendritic
cell (WT1-DC) vaccination. Three out of the eight patients received the
second course of WT1-DC vaccination (patient 2, 3, and 8). The WT1-
specific immunological responses in each patient’s clinical course are
also shown. White circles indicate negative response. Black circles
indicate positive response for the analysis of WT1-specific cytotoxic T-
lymphocytes (CTLs) using the WT1 tetramer assay and/or enzyme-linked
immunosorbent spot (ELISPOT).

Table IV. Immunohistochemical analysis of Wilms’ tumor 1 (WT1) and antigen presentation-related molecules in 34 pancreatic cancer cases.

Score of IHC                           WT1                                       HLA-ABC                                             TAP1                                                EMA

                       No. of patients       Frequency       No. of patients        Frequency         No. of patients       Frequency        No. of patients       Frequency

3+                                0                       0.0%                    10                     29.4%                        3                         8.8%                     27                     79.4%
2+                                6                     17.6%                    19                     55.9%                      20                       58.8%                       5                     14.7%
1+                              28                     82.4%                      5                     14.7%                      11                       32.4%                       1                       2.9%
0                                  0                       0.0%                      0                       0.0%                        0                         0.0%                       1                       2.9%
                                    
EMA, Epithelial membrane antigen; HLA, human leukocyte antigen; IHC, immunohistochemistry; TAP1, transporter associated with antigen
processing 1.



A phase I study that evaluated WT1-DC vaccination in
combination with chemotherapy (S-1) in patients with resected
pancreatic cancer demonstrated its safety and immunogenicity
as an adjuvant setting. Prospective clinical trials are required
for evaluating the efficacy of the immunity acquired in
response to adjuvant WT1-DC vaccination in improving the
prognosis of pancreatic cancer. On the basis of the results of
our pilot study, we plan to continue the designated phase II
clinical trials in patients with resected pancreatic cancer.

Future Prospects
We are preparing an advanced WT1-DC vaccine for the treatment
of resected pancreatic cancer under a clinical trial (covered by

Advanced Medical Care System; investigator-initiated clinical
trial) using WT1 peptide and DC manufacturing according to the
standard grade of Good Gene, Cellular, and Tissue-based
Products.
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Figure 3. Results of immunohistochemical analysis of the primary tumor samples in two out of eight patients (patient 4 and 6). Hematoxylin and
eosin (HE), human leukocyte antigen (HLA)-ABC, and Wilms’ tumor 1 (WT1) staining of each patient’s samples are shown.  
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