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This study aimed to evaluate the feasibility of and immune response to Wilms

tumor gene 1 (WT1) peptide-pulsed dendritic cell vaccination combined with

gemcitabine (DCGEM) as a first-line therapy among patients with advanced pan-

creatic cancer. Ten HLA-A*2402 patients were treated with WT1 peptide-pulsed

DC vaccination (1 3 107 cells) on days 8 and 22 and gemcitabine (1000 mg ⁄m2)

on days 1, 8 and 15. Induction of a WT1-specific immune response was evaluated

using the delayed-type hypersensitivity (DTH) skin test, interferon-c enzyme-

linked immunospot and HLA tetramer assays, along with assays for various

immunological factors. DCGEM was well-tolerated, and the relative dose intensity

of gemcitabine was 87%. Disease control associated with a low neutrophil ⁄ lym-

phocyte ratio was observed in all three patients with DTH positivity; it was also

correlated with a low percentage of granulocytic myeloid derived suppressor cells

in the pretreatment peripheral blood (P = 0.017). Patients with liver metastases

and high levels of inflammatory markers such as C-reactive protein and interleu-

kin-8 (IL-8) showed poor survival even though a WT1-specific immune response

was induced in them. WT1 peptide-pulsed DCGEM is feasible and effective for

inducing anti-tumor T-cell responses. Our results support future investigations

for pancreatic cancer patients with non-liver metastases and favorable immuno-

logical conditions. This trial was registered with the University hospital Medical

Information Network (UMIN) Clinical Trials Registry (http://www.umin.ac.jp/ctr/

number: UMIN-000004855).

T he prognosis of pancreatic cancer (PC) is poor because
most patients have relatively advanced disease at diagno-

sis. Most have either poor-prognostic locally advanced or
metastatic cancer. Gemcitabine monotherapy has been the
mainstay of treatment for advanced PC.(1) In Japan, a phase III
study was designed to determine whether gemcitabine plus S-1
therapy was superior to gemcitabine alone, but gemcitabine
plus S-1 was not found to be more efficacious.(2) However, a
recent study reported that gemcitabine plus nab-paclitaxel
significantly improved the overall survival and the response
rate compared to gemcitabine alone.(3) Although a large
number of randomized trials have been conducted in relation
to PC chemotherapy, very few have demonstrated the bene-
fits of combination therapy over gemcitabine alone. Thus,

there is an urgent need to devise a new strategy for PC treat-
ment.
Dendritic cells (DC) are efficient antigen-presenting cells

responsible for T-cell activation. With the identification of
human tumor antigens, antigen-pulsed autologous DC generated
ex vivo by culturing monocytes with cytokine combinations
have been used for therapeutic cancer vaccination.(4) A previous
study showed that autologous DC vaccines loaded with granulo-
cyte-macrophage colony-stimulating factor (GM-CSF)-used
prostatic acid phosphatase prolonged overall survival in patients
with prostate cancer, and this vaccine has been approved by the
United States Food and Drug Administration.(5)

The selection of tumor antigens for use in DC vaccines is an
important consideration. In a pilot project conducted to prioritize
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75 known cancer antigens for this purpose, Wilms tumor gene 1
(WT1) antigen was listed as the most suitable.(6) WT1 was origi-
nally defined as a tumor-suppressor gene that encodes a zinc fin-
ger DNA-binding protein(7) that is involved in tumorigenesis
through regulation of transcription of growth factor genes (plate-
let-derived growth factor A chain,(8) colony-stimulating factor-
1(9) and insulin-like growth factor II(10)) and other genes.
Additional reports demonstrate that WT1 is expressed in hemato-
logical malignancies and solid tumors, including pancreatic duc-
tal adenocarcinoma(11) and can confer oncogenic functions.(12) A
WT1 peptide vaccine has previously been applied in various solid
tumors.(13,14) In particular, the HLA-A*2402-restricted modified
9-mer WT1 peptide (CYTWNQMNL) has been reported to elicit
tumor-recognizing cytotoxic T lymphocytes more effectively
than the natural 9-mer peptide.(15) Furthermore, the clinical effi-
cacy of treatment with the modified 9-mer WT1 peptide vaccine
in combination with gemcitabine seems to be better than that of
gemcitabine alone, especially in terms of survival.(16)

Gemcitabine has been reported to restore immunocompetence
via various mechanisms, including selective deletion of myeloid
derived suppressor cells (MDSC) that inhibit antitumor immu-
nity.(17–19) A previous study also found that gemcitabine induces
the proliferation of CD14+ monocytes and CD11c+ DC, findings
that could support combination therapy with gemcitabine and
specific immunotherapy.(20) In addition, it has also been reported
to enhance WT1 expression in PC cell lines in vitro and to sensi-
tize with WT1-specific T-cell-mediated anti-tumor immune res-
ponse.(21) Therefore, a combination of WT1 peptide-pulsed DC
vaccination and gemcitabine could enhance anti-tumor effects.
Compared to the survival rates observed in a previous study

using chemotherapy alone, a study reported that DC vaccines
might prolong the survival of advanced PC patients for whom
first-line chemotherapy has failed.(22) However, this compari-
son may have not been accurate: a patient selection bias, such
as exclusion of patients with rapidly progressive PC or a very
poor prognosis, may have existed. Furthermore, some patients
may have experienced immunomodulation because of previous
cancer treatment. Therefore, we conducted the present phase I
pilot study of WT1 peptide-pulsed DC vaccination combined
with gemcitabine (DCGEM) as the first-line therapy in chemo-
na€ıve PC patients with locally advancement or metastasis. In
addition to evaluating the feasibility and safety of this therapy
and possible anti-tumor effects, we also evaluated various

immunological parameters that may be correlated with the
induction of immune responses and anti-tumor effects.

Patients and Methods

Study design. This trial was a phase I pilot study performed
at the Keio University (Tokyo, Japan) and Tokyo Midtown
Clinic (Tokyo, Japan). The primary endpoint was adverse
events graded according to Common Terminology Criteria for
Adverse Events (CTCAE) version 4.0. The secondary end-
points were immune induction to the WT1 peptide, response
rate, and overall survival. The clinical response was evaluated
on the basis of the Response Evaluation Criteria in Solid
Tumors (RECIST) (version 1.1).(23) The planned sample size
was 10. Overall survival duration was from the date of obtain-
ing informed consent to the date of death. This study was
approved by the institutional review board of Keio University,
and informed consent was obtained from all patients. The trial
was registered with the University Hospital Medical Informa-
tion Network (UMIN) Clinical Trials Registry (http://www.u-
min.ac.jp/ctr/ number: UMIN-000004855).

Eligibility. The eligibility criteria were as follows: (i) histo-
logical or cytological diagnosis of PC; (ii) HLA-A*2402; (iii)
a score of 0 or 1 on the Eastern Cooperative Oncology Group
performance scale; (iv) no immediate allergy to the WT1 pep-
tide; (v) lesion that can be evaluated using RECIST; (vi) no
previous treatment; and (vii) adequate hematologic, hepatic,
renal and cardiac function.

Pretreatment assessment and follow-up studies. At the base-
line, all patients underwent complete history examination, a
physical examination, computed tomography or ⁄ and magnetic
resonance imaging, and laboratory tests before treatment was
initiated. Clinicopathological parameters were expressed
according to the TNM classification of the International Union
against Cancer. Radiological imaging was repeated prior to
each cycle and at 4 weeks after the third cycle of treatment.

Dendritic cell vaccination combined with gemcitabine treat-

ment protocol. A fixed dose of 107 WT1 peptide-pulsed DC
was injected intradermally in close proximity to the axillary or
inguinal lymph nodes on days 8 and 22. A dose of 1000 mg
⁄m2 gemcitabine was administered every 4 weeks by intrave-
nous drip infusion for 30 min on days 1, 8 and 15 (Fig. 1). A
total of three cycles of DC vaccination was repeated in

Fig. 1. Dendritic cell (DC) vaccination combined
with gemcitabine protocol. WT1 peptide-pulsed DC
(107 cells ⁄ injection) were injected intradermally on
days 8 and 22 every 4 weeks. Gemcitabine
(1000 mg ⁄m2) was administered on days 1, 8 and
15. A total of three cycles of DC vaccination were
repeated. Immunological monitoring was
performed six times on days 1 and 15 of each cycle
and two times at 4 weeks after the third cycle.
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patients who did not have progressive disease. After comple-
tion or termination of the protocol, post-protocol DC vaccina-
tion continued with patients’ consent.

Dendritic cell vaccine preparation. Procedures for the prepara-
tion and quality control of the DC vaccine have been reported
previously.(22) The phenotypes CD11c+, CD14�, CD40+,
CD80+, CD83+, CD86+, CCR7+, HLA-DR+ and HLA-ABC+

were considered to define mature DC in conformance with the
quality criteria for DC vaccines.(24)

Immunological monitoring. For immunological monitoring,
peripheral venous blood was collected from patients six times
on days 1 and 15 of each cycle before gemcitabine injection
and twice for 4 weeks after the third cycle (Fig. 1). The
immune response to the WT1 peptide was analyzed using the
delayed-type hypersensitivity (DTH) skin test, interferon
(IFN)-c enzyme-linked immunospot (ELISPOT) and HLA tet-
ramer staining assay.

Delayed-type hypersensitivity test. For immunological moni-
toring, the DTH skin test against the WT1 peptide was con-
ducted. The diameters of the erythema and induration were
measured 48 h after injection of the peptide on day 1 of each
cycle and at 4 weeks after the third cycle. An erythema diame-
ter >5 mm was considered a positive result.

Generation of peptide cocktail cultured peripheral blood mono-

nuclear cells in vitro by mixed lymphocyte peptide cul-

ture. Cryopreserved peripheral blood mononuclear cells
(PBMC) from patients were subjected to mixed lymphocyte
peptide culture. After thawing and resting, PBMC were stim-
ulated with 10 lg ⁄mL modified-type WT1 peptide
(CYTWNQMNL) (Merck Bioscience AG, L€aufelfingen, Swit-
zerland) and 16 lg ⁄mL CE control peptide pool HLA-A24
(8 peptides; Biosynthesis, TX, USA) in AIM-V CTS Medium
(Gibco Life Technologies, New York, USA) supplemented
with 10% of human AB serum (MP Biomedicals, Ohio,
USA), 20 U ⁄mL of interleukin-2 (IL-2) (Shionogi, Osaka,
Japan) and 10 ng ⁄mL of interleukin-7 (IL-7) (Peprotech,
NJ, USA). After they were cultured for 9 days, the cells
were individually analyzed by the HLA tetramer assay
using flow cytometry and the WT1-specific IFN-c ELISPOT
assay.

Wilms tumor gene 1 peptide ⁄HLA-A*2402 tetramer assay.

WT1-specific CD8+ T-cells in peripheral blood were assessed
depending on HLA tetramers as described previously.(25) The
results were defined as positive when CD3-positive, CD8-posi-
tive and WT1 ⁄HLA-A24 tetramer-positive cell populations
were detected among the cultured cells and no CD8-positive

and HIVenv ⁄HLA-A24 tetramer-positive cells were detected in
the negative controls.

Wilms tumor gene 1-specific interferon-c enzyme-linked immu-

nospot assay. The IFN-c ELISPOT assay was performed as
described previously.(26) PBMC were defined to be specifically
sensitized when the number of spots indicating IFN-c release
in response to the WT1 peptide was at least two times that in
response to HIVenv peptide-pulsed stimulator cells in the ELI-
SPOT assay.

Surface marker analysis for cell phenotyping. Peripheral blood
mononuclear cell samples were incubated with fluorescent-
conjugated monoclonal antibodies for 45 min at 4°C in the dark.
After they were washed with FACS buffer (2% FBS in phos-
phate-buffered saline), the cells were fixed with stabilizing fixa-
tive (BD Biosciences, CA, USA) and examined on a flow
cytometer (Gallios; Beckman Coulter, CA, USA). Data were
analyzed using the Kaluza software (Beckman Coulter).

Statistical analyses. Statistical analyses were performed using
the SPSS Version 21 software (IBMCorporation, Armonk, USA).
The immune response was analyzed using the t-test. Differences
were considered statistically significant at P-values <0.05.

Results

Patient characteristics. The clinical characteristics of the
patients are shown in Table 1. From January 2011 to Decem-
ber 2012, 24 patients underwent HLA typing. Eleven HLA-
A*2402-positive patients were consecutively enrolled, of
which 1 patient went off-study before the treatment protocol
was initiated because of acute obstructive cholangitis and
tumor hemorrhage. The remaining 10 patients (4 with locally
advanced and 6 with metastatic PC) had a median age of
58 years (range, 41–69 years). Five patients (50%) completed
the protocol, while 5 (50%) terminated the protocol because of
rapid disease progression or a severe adverse event; namely,
interstitial pneumonia, related to gemcitabine treatment. The
relative dose intensity of gemcitabine was 87%. Eight patients
received post-protocol DC vaccination after completion or ter-
mination of protocol treatment. The median frequency of DC
vaccine administration was 8.5 times (range, 3–12 times). S-1
and gemcitabine combination therapy or S-1 monotherapy was
administered as post-protocol chemotherapy in 6 of the 10
patients.

Adverse events. All adverse events that occurred within the
protocol treatment period are shown in Table 2. There were
no adverse skin reactions at the site of vaccination. Two

Table 1. Patient characteristics

Case Age (years) Gender
Clinical

stage
Site of metastasis PS

Protocol

DC (times)

Post-protocol

DC (times)

Total DC

(times)

Post-protocol

chemotherapy

1 64 M IV Peritoneal

dissemination

0 6 6 12 S-1

2 67 F III 0 6 6 12 GEM

3 52 F IV Liver 0 3 5 8 GEM+S-1

4 41 F III 0 6 3 9 None

5 47 F IV Liver, spleen, LN 0 2 2 4 S-1

6 50 M IV Liver, LN 1 3 0 3 None

7 69 F III 0 6 0 6 S-1

8 69 M III 0 4 2 6 None

9 65 M IV LN 0 6 5 11 GEM+S-1

10 50 F IV Liver 0 4 6 10 None

DC, dendritic cell; GEM, gemcitabine; LN, lymph node; PS, performance status.
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patients had grade 4 hematotoxicity, neutropenia and anemia.
One afebrile patient who developed neutropenia was treated
with G-CSF, and the other who developed anemia received a
blood transfusion. One patient (case 8 in Tables 1, 3 and 4)
had a therapy-induced non-hematological adverse event,
namely, hypoxia due to gemcitabine-induced interstitial pneu-
monia at 4 weeks from the last administration of DC vacci-
nation, and this patient terminated the treatment protocol.
Although we conducted a drug-induced lymphocyte transfor-
mation test (DLTT) for gemcitabine for investigating the
cause of interstitial pneumonia, the patient had a negative
DLTT result. After termination of the protocol treatment,
that patient received an additional two doses of the DC

vaccination without gemcitabine, according to the patient’s
request. However, interstitial pneumonia did not recur after
re-exposure to the DC vaccination. The other patients showed
small intestinal obstruction due to peritonitis carcinomatosis
and cerebral infarction due to Trousseau syndrome associated
with disease progression. Overall, DC vaccination along with
gemcitabine did not appear to intensify the hematological
adverse effects of gemcitabine; however, careful attention
was necessary to monitor the development of therapy-induced
interstitial pneumonia.

Immunological monitoring. In terms of induction of WT1
specific T-cell responses, DCGEM elicited a WT1-specific
response in 6 of the 10 patients as detected by the HLA ⁄WT1-
tetramer assay (Table 3). The number of tetramer-positive
WT1-specific T-cells significantly increased after DC vaccina-
tion (P = 0.036; Fig. 2). Furthermore, in the ELISPOT assay,
the WT1-specific T-cell response was found to be enhanced in
7 of the 10 patients (Tables 3 and 4). Cases 1, 4 and 9 showed
a significant increase in the response in both the IFN-c-ELI-
SPOT and HLA-tetramer assays after DC vaccination
(P < 0.05) (Fig. 3 and Table 3). In these 3 patients, the skin
DTH test also showed positivity. In contrast, only 3 of the 7
DTH-negative patients had positive results in both the ELI-
SPOT and the HLA-tetramer assays. Interestingly, as compared
to patients without liver metastases, the WT1-specific T-cell
responses tended not to be enhanced in patients with liver
metastases. Additionally, the DTH skin test was negative in all
cases with liver metastases. Thus, it appears that DC vaccina-
tion can elicit a WT1-specific T-cell response in combination
with gemcitabine as the first-line treatment in chemo-na€ıve PC
patients without liver metastases.

Clinical outcomes. Neither complete response nor partial
response was observed for an objective response rate of 0%
(Table 4). The disease control rate and median overall sur-
vival were 60% and 243 days, respectively. The survival rate
after treatment for patients with stable disease was signifi-
cantly better than that of patients with progressive disease
(P = 0.016; Fig. 4). While DCGEM could control the devel-
opment of cancer progression in all patients with locally
advanced disease or non-liver metastasis, by contrast,
DCGEM did not provide any clinical benefit to patients with
liver metastases. Furthermore, disease control was associated

Table 2. Adverse events

Grade

1 2 3 4 5

Hematotoxicity

Neutropenia 1 1 1

Anemia 2 2 1

Thrombopenia 1 2 2

Non-hematotoxicity

Respiratory disorders

Hypoxia (Interstitial pneumonia) 1

Gastrointestinal disorders

Nausea 1 1

Vomiting 1 1

Abdominal distension 1

Constipation 2 1

Small intestinal obstruction 1

Diarrhea 1

Ascites 2 1

Hiccups 1

Anal fistula 1

Nervous system disorders

Headache 1

Dizziness 2

Dysgeusia 1

Cerebral infarction (Trousseau syndrome) 1

General disorders

Fever 1

Fatigue 1

Malaise 2

Pain 1 2

Edema limbs 2 1

Metabolism and nutrition disorders

Anorexia 1 2 1

Hypoalbuminemia 1 1

Glucose intolerance 1

Musculoskeletal disorders

Myalgia 1

Skin and subcutaneous tissue disorders

Urticaria 2

Cellulitis 1

Reproductive system disorders

Irregular menstruation 1

Investigations

ALT increase 2

AST increase 1 1

Weight loss 3

ALT, alanine aminotransferase; AST, aspartate aminotransferase.

Table 3. Results of WT1-specific immune response

Case DTH

Tetramer (% of

Tetramer-positive cells

⁄ CD8+ cells)

ELISPOT (Spots ⁄ 2.5 9

104 PBMC)

Pre-

treatment

Post-

treatment

Pre-

treatment

Post-

treatment

1 + 0.58 5.57 20 106

2 � 0.16 0.22 110 63

3 � 0.82 1.02 143 184

4 + 0.21 1.17 3 447

5 � 0.55 15.29 27 310

6 � 0.28 2.27 44 248

7 � 0.02 0.61 7 18

8 � 0.27 18.67 0 82

9 + 0.29 20.73 4 502

10 � 0.58 1.76 131 0

DTH, delayed-type hypersensitivity; ELISPOT, enzyme-linked immuno-
spot; PBMC, peripheral blood mononuclear cell.

© 2015 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

Cancer Sci | 2015 | 4

Original Article
WT1 DC vaccination in pancreatic cancer www.wileyonlinelibrary.com/journal/cas



with a low neutrophil ⁄ lymphocyte ratio (NLR) in the periph-
eral blood before treatment (Fig. 5). Additionally, patients
with liver metastases had high levels of various inflammatory
markers and cytokines, such as NLR (P = 0.001), C-reactive
protein (CRP) (P = 0.035) and IL-8 (P = 0.117), in compari-
son with patients with locally advanced disease or non-liver
metastasis. In particular, 2 patients (cases 5 and 6) who had
multiple liver metastases with high NLR, CRP levels and IL-
8 levels before treatment died in <3 months, even though
they showed a WT1-specific T-cell response in the HLA-tet-
ramer and IFN-c-ELISPOT assays. Thus, because of rapid
disease progression, DCGEM appears to play a limited role
in PC patients with liver metastases and poor immunological
parameters.
To identify factors predictive of the immune response to DC

vaccination, we evaluated the various immune cell subsets in
pretreatment peripheral blood by flow cytometry-based com-
prehensive leukocyte immunophenotyping. As shown in Fig-
ure 6, DTH positivity was significantly correlated with a low
percentage of granulocytic MDSC (CD15+ ⁄HLA-
DR� ⁄CD11b+) (P = 0.017) and was associated with a low
NLR. However, no difference in the percentages of Th1
(CD4+CXCR3+CCR6�), Th2 (CD4+CXCR3�CCR6�) and Treg
(CD4+CD25+Foxp3+CD127low) cells was observed between
DTH-positive and DTH-negative patients. These results sug-
gest that DCGEM may be more likely to be effective in PC
patients with a low percentage of granulocytic MDSC and low
NLR before treatment.
Among the DTH-positive patients, case 9 survived more

than 500 days despite multiple metastases to the supraclavicu-
lar and para-aortic lymph nodes. The sizes of the metastatic
lymph nodes and primary tumor were slightly reduced by
DCGEM therapy, but lymph node regrowth and new bone
metastasis developed 6 months after DCGEM. Since then,

Fig. 2. Proportion of WT1-specific T-cells before and after vaccina-
tion in the tetramer assay. Data on the proportion of WT1-specific
cytotoxic T lymphocytes expressed as a percentage of CD8+ cells. The
black horizontal bar shows the median. Differences between values
before and after vaccination achieved statistical significance
(P = 0.036).
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these metastases have progressed slowly, and the patient has
survived more than 11 months after this disease progression.
Thus, DCGEM may contribute to prolongation of the survival

of DTH-positive PC patients with favorable immunological
parameters before treatment, such as a low percentage of gran-
ulocytic MDSC and low NLR.

(a)

(b)

Fig. 3. Enzyme-linked immunospot (ELISPOT) and tetramer assays before and after vaccination. Cases 1, 4 and 9 showed a significant increase
in the response in the IFN-c ELISPOT after vaccination compared to pretreatment (a) (*P < 0.05). The percentage of Wilms tumor 1 tetra-
mer+ ⁄ CD8+ lymphocytes also increased after vaccination (b). PBMC, peripheral blood mononuclear cell.
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Fig. 4. Overall survival (OS) in patients with pancreatic cancer. Disease control correlated with better survival. (P = 0.016; Wilcoxon test).
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Discussion

Safety of dendritic cell vaccination combined with gemcitabine

therapy. In the present study, myelosuppression caused by
DCGEM was temporary and tolerable and was not accompanied
by febrile neutropenia, as is the case gemcitabine alone.(27,28) In
previous studies, relatively high rates of gemcitabine-associated
severe lung injury were observed when this drug was combined
with other drugs, like bleomycin, docetaxel, or paclitaxel or radi-
ation therapy, which is known to cause lung injury.(29) In con-
trast, pulmonary toxicity, including interstitial pneumonia, has
not been reported in a large number of clinical trials for DC vac-
cination and WT1 peptide vaccination.(13,30–32) In our study, 1
patient did experience therapy-induced interstitial pneumonia
4 weeks after the last administration of DC vaccination. The real
cause of interstitial pneumonia was unclear in this patient. How-
ever, we made a clinical diagnosis of gemcitabine-induced inter-
stitial pneumonia in this case, despite a negative DLTT result,
because compelling data as to the sensitivity and specificity of
the DLTT for drug-induced interstitial pneumonia is currently
lacking.(33,34) In addition, interstitial pneumonia did not recur
after re-exposure to the DC vaccine. Overall, DCGEM was as
well-tolerated as gemcitabine monotherapy; however, scrupu-
lous attention was necessary to potentiate the adverse effects of
gemcitabine’s pulmonary toxicity.

First-line use of dendritic cell vaccination in chemo-na€ıve pan-

creatic cancer patients compared to gemcitabine monothera-

py. The efficacy of DCGEM as first-line therapy was
evaluated in chemo-na€ıve patients because previous retrospec-
tive studies on DC-based therapy had various biases that could
lead to misinterpretation of the anti-tumor activity of the DC
vaccine when compared to gemcitabine monotherapy.
In Japan, with regard to the combination of gemcitabine and

cytotoxic agents, a randomized phase III study demonstrated that
gemcitabine plus S-1 failed to improve survival as compared
with gemcitabine monotherapy.(2) By contrast, gemcitabine plus
nab-paclitaxel significantly improved overall survival, while
rates of peripheral neuropathy and myelosuppression
increased.(3) In comparison with each combination therapy, the

rate of disease control was 60% with DCGEM, 72% with gem-
citabine plus S-1 and 48% with gemcitabine plus nab-paclitaxel.
The overall survival was 8.1 months with DCGEM and
8.5 months with gemcitabine plus nab-paclitaxel. Gemcitabine
in combination with a cytotoxic agent tends to have a more
potent effect. However, this combination also increases both
hematological and non-hematological adverse effects. There-
fore, it may be not indicated for patients with poor performance
statuses. In contrast, the important advantage of the DC vaccine
is that it is associated with fewer adverse effects than gemcita-
bine in combination with a cytotoxic agent. Although our study
was planned as a phase I pilot study, the disease control rate and
overall survival rate observed with DCGEM treatment was
promising, and we observed fewer adverse effects compared
with gemcitabine in combination with S-1 or nab-paclitaxel.
However, a randomized controlled study is necessary to evaluate
the superiority of DCGEM to gemcitabine monotherapy.

Factors predicting immune induction by and therapeutic effect

of dendritic cell vaccination. Selection of the appropriate
patients is very important for the development of effective
immunotherapy. For this purpose, we evaluated various immu-
nological biomarkers in our patients before treatment. Disease
control was significantly associated with a low NLR in the pre-
treatment peripheral blood. The pretreatment NLR has been
reported to be an inflammatory predictor of cancer progression
and prognosis.(35) In particular, disease control was observed
in all 3 patients who had positive results in the DTH test for
WT1. Thus, DTH may be one of the reactions reflecting the
status of patients’ in vivo anti-tumor immune responses. Other
studies also demonstrated a correlation between DTH positivity
and a positive clinical outcome in PC,(16) hepatocellular carci-
noma,(36) melanoma(37,38) and prostate cancer.(39) Patients in
the present study with DTH positivity also tested positive in
both the IFN-c-ELISPOT and HLA ⁄WT1-tetramer assays.
Furthermore, DTH was found to be correlated with a low

percentage of granulocytic MDSC in pretreatment peripheral
blood. Rodriguez et al. show that granulocytic MDSC, which
suppress anti-tumor immunity through production of immuno-
suppressive factors such as arginase and vascular endothelial
cell growth factor, are associated with a poor prognosis in can-
cer patients.(40) Therefore, a low percentage of granulocytic
MDSC and low NLR before treatment may be favorable mark-
ers for DCGEM efficacy in advanced PC patients.
Patients with DTH positivity in the present study also had rel-

atively low levels of other inflammatory markers, such as CRP,
IL6 and IL8. In contrast, 2 patients who died only <3 months
after DC vaccination had high levels of these inflammatory
markers. These inflammatory parameters have been reported to
be predictive markers for cancer prognosis.(41–44) Several studies
revealed that active immunization protocols, including DC vac-
cination, were suspected to show delayed clinical effects on sur-
vival, which were not observed until 4–8 months after the
initiation of treatment.(5,45) Therefore, PC patients with high lev-
els of inflammatory markers may not be appropriate candidates
for the DC vaccine. Collectively, the results indicate that it may
be worth continuing the evaluation of DCGEM for patients with
low levels of inflammatory markers, particularly granulocytic
MDSC and NLR, before treatment.
In summary, the present study found that DCGEM therapy

was feasible, tolerable and effective as a first-line therapy for
inducing anti-tumor T-cell responses in patients with advanced
PC without liver metastases. However, WT1 peptide-pulsed
DC vaccine has a limited role in the treatment of PC with liver
metastases and high levels of inflammatory markers. Therefore,

Fig. 5. Correlation of clinical outcome and pretreatment neutrophil
⁄ lymphocyte ratio in the peripheral blood. Disease control was corre-
lated with a low neutrophil ⁄ lymphocyte ratio (P < 0.0003).
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Fig. 6. Pretreatment frequency of various circulating lymphocyte phenotypes in the peripheral blood. The delayed-type hypersensitivity (DTH)
response was correlated to a low neutrophil ⁄ lymphocyte ratio and significantly correlated to a low percentage of granulocytic myeloid derived
suppressor cells (MDSC) (CD15+ ⁄HLA-DR� ⁄ CD11b+). Monocytic MDSC were identified to be CD14+ ⁄HLA-DR� ⁄ CD11b+. CRP, C-reactive protein. IL-6,
interleukin-6; IL-8, interleukin-8.
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we should consider the possibility that our regimen of
DCGEM was inappropriate for initial therapy in patients with
liver metastases and high levels of inflammatory markers. The
results of this phase I pilot study may form the basis of further
evaluation of the anti-tumor activity of DCGEM in DTH-posi-
tive patients with locally advanced or non-liver metastatic PC
and relatively favorable levels of immune parameters.
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