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Abstract

Background and aims Dendritic cell (DC)-based vacci-
nation can induce antitumor T cell responses in vivo. This
clinical pilot study examined feasibility and outcome of
DC-based tumor vaccination for patients with advanced
pancreatic adenocarcinoma.

Methods Tumor lysate of patients with pancreatic carci-
noma was generated by repeated freeze—thaw cycles of
surgically obtained tissue specimens. Patients were eligible
for DC vaccination after recurrence of pancreatic carci-
noma or in a primarily palliative situation. DC were gen-
erated from peripheral blood mononuclear cells (PBMC),
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loaded with autologous tumor lysate, stimulated with
TNF-o and PGE, and injected intradermally. All patients
received concomitant chemotherapy with gemcitabine.
Disease response was the primary endpoint. Individual
immunological responses to DC vaccination were analyzed
by T cell-based immunoassays using pre- and post-vacci-
nation samples of non-adherent PBMC.

Results Twelve patients received DC vaccination and
concomitant chemotherapy. One patient developed a
partial remission, and two patients remained in stable
disease. Median survival was 10.5 months. No severe side
effects were observed. Tumor-reactive T cells could be
detected prior to vaccination. DC vaccination increased
the frequency of tumor-reactive cells in all patients tested;
however, the degree of this increase varied. To quantify
the presence of tumor-reactive T cells, stimulatory indices
(SI) were calculated as the ratio of proliferation-inducing
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capacity of lysate-loaded versus -unloaded DC. The
patient with longest overall survival of 56 months had a
high SI of 6.49, indicating that the presence of a pre-
vaccination antitumor T cell response might be associated
with prolonged survival. Five patients survived 1 year or
more.

Conclusion DC-based vaccination can stimulate an anti-
tumoral T cell response in patients with advanced or
recurrent pancreatic carcinoma receiving concomitant
gemcitabine treatment.

Keywords Immunotherapy - Pancreatic cancer -
Dendritic cell - Vaccination

Abbreviations
APC Antigen-presenting cells
DC Dendritic cells

DOC Died of other causes

DOD Dead of disease

DTH Delayed-type hypersensitivity
ELISPOT Enzyme-linked immunospot

KLH Keyhole limpet hemocyanin
PBMC Peripheral blood mononuclear cells
PMA Phorbol 12-myristate 13-acetate

SI Stimulatory index
TGF-f Transforming growth factor-f

Introduction

Pancreatic carcinoma represents the fifth leading cause of
cancer death in the western world [1]. Chemotherapy with
gemcitabine has been the reference treatment for patients
with advanced pancreatic carcinoma since 1997 [2, 3].
Recent trials have failed to show significant improvement
in survival when gemcitabine was combined with other
chemotherapeutic drugs [4]. Novel therapeutic options are
urgently warranted. Immunotherapy with tumor antigen-
loaded dendritic cells (DC) may represent a promising
approach to cancer treatment [5]. Recently, Sipuleucel-T,
an autologous active cellular immunotherapy, has shown
efficacy in treatment of men with metastatic castration-
resistant prostate cancer [6].

Dendritic cells are professional antigen-presenting cells
(APC) capable of activating T cell responses against tumor
antigens [7]. However, DC in a tumor environment may be
functionally defective due to the induction of immuno-
suppressive cytokines, e.g., transforming growth factor-f
(TGF-f) and IL-10, by the tumor [8, 9]. This limitation can
be overcome by generating DC from peripheral blood
precursors and by the activation of these DC with proin-
flammatory stimuli in vitro.
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In vitro studies indicate that subtype and maturation
status of the DC, as well as the source of tumor antigen,
determines the efficacy of DC-based vaccination [10, 11].
As opposed to single peptides or proteins, whole cell
preparations, such as tumor cell lysate, apoptotic tumor
cells or tumor cell-DC hybrids contain the unaltered
spectrum of known as well as unknown tumor antigens that
are unique to the patient’s tumor. In preparation for a
clinical trial, we previously demonstrated that DC pulsed
with tumor cell lysate and activated with TNF-o and PGE2
can stimulate tumor-reactive CTL in vitro. Loading DC
concomitantly with lysate and the highly immunogenic
protein KLH enhanced the T cell response against tumor
cells [12].

Recent evidence suggests that the combination of che-
motherapy with immunotherapy can mediate synergistic
effects [13]. In mice, gemcitabine reduces the frequency of
myeloid suppressor cells [14] and enhances antitumor T
cell responses in vivo through increased cross-presentation
of tumor antigens by DC [15]. Moreover, we could show
that pancreatic carcinoma cells exposed to gemcitabine are
sensitized toward T cell-mediated killing [16]. In a murine
pancreatic cancer model, DC-based vaccination was com-
bined with gemcitabine to treat orthotopic pancreatic
tumors. A combination of the two strategies significantly
increased survival of tumor-bearing mice [17]. Recently, a
Japanese group reported on the combination of gemcita-
bine with immunotherapy consisting of DC vaccination
and infusion of lymphokine-activated killer cells in five
pancreatic cancer patients [18].

In this pilot trial, we evaluated the feasibility, toxicity,
and clinical outcome of autologous DC-based vaccination
in patients with advanced pancreatic carcinoma receiving
concomitant gemcitabine treatment. The immune response
in individual patients was analyzed prospectively and was
correlated with clinical outcome.

Materials and methods
Study design and patient recruitment

This was a single-institution study performed at the Uni-
versity of Munich between 07/2002 and 12/2009. The
study was conducted in accordance with the ethical prin-
ciples stated in the Declaration of Helsinki and approved
by the local ethics committee. After informed consent,
tumor samples of patients with suspected pancreatic car-
cinoma were obtained during Whipple operation. Tumor
cell lysate was prepared from fresh tumor samples and
cryopreserved. After histological confirmation of the dis-
ease, patients were regularly followed up in the oncology
department of the Medizinische Klinik Innenstadt,
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University of Munich, and monitored for development of
metastases or local recurrence (Fig. 1a). Patients found not
to be curatively operable during surgery proceeded directly
to chemotherapy and DC vaccination within a few weeks
after surgery. All patients included into the study received
concomitant chemotherapy with gemcitabine at a standard
dosage of 1,000 mg/m* body surface in the Oncology
Department of the Medizinische Klinik Innenstadt. To limit
the number of visits required, DC vaccination was applied
immediately after chemotherapy. Eligibility criteria for DC
vaccination included age 18 or older, a Karnofsky index of
60% or greater, and an assumed life expectancy of at least
3 months. Exclusion criteria included pregnancy, severe
mental or cardiopulmonary disorders, HIV infection or
hepatitis, treatment with corticosteroids or other immuno-
suppressive agents, impossibility to take part in follow-up

investigations, as well as the presence of a secondary
malignoma.

Generation of the DC vaccine, treatment protocol,
and follow-up

PBMC were derived by density gradient centrifugation
from 100 ml of venous blood. Non-adherent cells were
cryopreserved and stored at minus 80°C. Adherent cells
were cultured with GM-CSF (Cellgenix, Freiburg, Ger-
many, 1,000 U/ml) and IL-4 (Cellgenix, 500 U/ml) to
generate DC. After 6 days, DC were incubated with
autologous tumor cell lysate generated by repeated freeze—
thaw cycles of tumor fragments (50-150 pg/ml) and with
keyhole limpet hemocyanin (KLH, EMD Chemicals, Gib-
bstown, NJ, USA, 25 pg/ml) for 4 h. After stimulation with
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Fig. 1 Recruitment scheme, study protocol, and illustration of DC
generation. a Tumor samples of patients with confirmed pancreatic
carcinoma were stored for future vaccinations (step 1). In the follow-
up phase (step 2), patients were monitored for recurrence of disease.
After recurrence (or in case of a primary palliative situation), DC
vaccination was initiated (step 3). b The vaccination protocol
consisted of two vaccinations in the first month and subsequent
monthly vaccinations. Immunological assays and staging CTs were
performed after 2, 4, 6, and 12 months as indicated. ¢ Adherent
PBMC were cultured in the presence of IL-4 and GM-CSF for 6 days,

then loaded with KLH and tumor lysate, resulting in cells termed
immature DC. Maturation of DC was induced by stimulation with
TNF-o. and PGE2. Purity of tumor lysate-loaded DC was 89.63% in
median (range 64.89 to 95.49%). Mature DC were CD14 negative
(median 0.61%, range 0.18 to 8.18%), CD80 positive (median
84.48%, range 82.27 to 92.57%), CD83 positive (median 70.87%,
range 51.37 to 83.69%), and expressed high levels of MHCII (median
97.02%, range 84.48 to 98.23%). d Stimulation with TNF-o and PgE2
led to an increase in IL-12 production. Error bars indicate SEM
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TNF-o (Cellgenix, 1,000 U/ml) and PGE, (Pharmacia and
Upjohn, London, UK, 1 uM), cells were counted and
resuspended in 50 pl PBS. The number of mature DC was
documented, and all cells derived from the DC culture
were injected intradermally next to an inguinal lymph
node. Patients were treated in biweekly intervals for the
first 6 weeks, then once every 4 weeks (Fig. 1b). Quality
control of DC included microbiological analysis, FACS
analysis of DC phenotype and maturation status (all anti-
bodies derived from BD Biosciences, Heidelberg, Ger-
many), as well as measurement of IL-12(p40) production
of stimulated and unstimulated DC (BD OptEIA human IL-
12(p40) ELISA Kit, BD Biosciences). Clinical follow-up
on the patients included CT scans 4, 6, and 12 months after
the start of the experimental protocol. At the end of the
one-year experimental protocol staging, CTs were per-
formed irregularly. None of the vaccinated patients were
lost in the course of follow-up.

Clinical response, toxicity assessment, and delayed-
type hypersensitivity (DTH) skin testing

Disease response was defined as the primary study end-
point according to the recent RECIST criteria [19].
Adverse events were recorded according to WHO toxicity
criteria. For DTH skin testing, tumor lysate (10-50 pg) was
injected intradermally into the forearm. KLH (20 pg) was
injected into the contralateral forearm. The DTH response
was evaluated 48 h after injection. A skin induration equal
or greater than 5 mm was considered positive.

Lymphocyte proliferation assay

Non-adherent cells (containing T cells) from patients’
blood samples were cocultured with autologous tumor
lysate-loaded or -unloaded DC in ratios of 20/1, 40/1, 80/1,
160/1, and 320/1 for 5 days. Subsequently, proliferation
was determined by 3H-thymidine incorporation. Results
were expressed as increase in proliferation relative to 3H-
thymidine incorporation into unstimulated PBMC.

ELISPOT assay

For the in vitro assessment of tumor-specific IFN-y-
secreting T cells, an enzyme-linked immunospot (ELI-
SPOT) assay was used. CD8P® cells were enriched from
patients’ PBMC by MACS technology (Miltenyi, Bergisch
Gladbach, Germany) and cocultured with DC for 1 week at
a ratio of 10/1 (T cells/DC). DC were loaded with tumor
lysate or were left unloaded. Cells were restimulated with
DC for 24 h before the ELISPOT assay was performed.
Assays were performed according to manufacturer’s
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instructions. 10E5 T cells were loaded on flat-bottom
96-well ELISPOT plates (Millipore, Bedford, MA, USA)
precoated with capture antibody (BD Pharmingen, Hei-
delberg, Germany). The plate was incubated for 20 h at
37°C. After a washing step, detection antibody was added
to each well and the plates were incubated for 2 h at room
temperature. Avidin-horseradish peroxidase conjugate was
added, and the plate was developed with 3-amino-9-ethyl-
carbazole substrate reagent. Spots were quantified using an
automated ELISPOT reader (Carl Zeiss, Berlin, Germany).

Statistics

Student’s ¢ test was applied to reveal significant differences
in cytokine production, T cell proliferation, and IFN-y
production in the ELISPOT assay. A value of P = 0.05
was accepted as the level of significance. Association
between immune response and survival time was deter-
mined by using Spearman’s Rank Correlation Test.

Results
Patient characteristics, DC vaccination, and toxicity

Patient characteristics, the number of vaccinations, and
immunological as well as clinical responses are summa-
rized in Table 1. Twelve patients received DC-based
vaccination, seven of them in a primarily palliative situ-
ation and five (patients 40, 47, 51, 56, and 61) after
Whipple operation and subsequent recurrence of disease.
Four of these five patients with an assumed tumor-free
interval had received adjuvant radiochemotherapy
(patients 47, 51, 56, and 61). Purity of tumor lysate-loaded
DC was 84.84 + 5.77% (mean + SEM). Median surface
expression of CD83 was 70.77 &= 5.70%, of CD80
87.19 + 2.70%, of CD14 1.95 + 1.45%, and of HLA-DR
93.65 £ 3.21% (Fig. 1c). Unloaded DC had a purity of
90.57 £ 4.55%. Surface expression of CD83 was
73.48 £ 6.64%, of CD80 82.23 £ 3.30%, of CDI14
0.35 &£ 0.17%, and of HLA-DR 94.40 &+ 3.90%. A total
of 27 pairs of immature and mature DC from six patients
were investigated for their capacity to produce IL-12(p40).
All DC pairs showed a significant increase in IL-12(p40)
production after stimulation (Fig. 1d). Patients received
between two and twelve vaccinations. Patients 44, 45, 56,
and 61 received only 2, 2, 4, and 3 vaccinations, respec-
tively, due to rapid progression of disease and death
(patient 45) or individual decision to discontinue partici-
pation in the study as regular visits to the study clinic
became too straining in the context of disease progression.
The total number of DC given to individual patients
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Table 1 Patient characteristics and response to immunotherapy

Status

Survival since

Survival since

Stimulatory ~ Best
index after

Stimulatory

Percent increase

DTH test for

DTH test for

Chemotherapy ~ Number of

Sex

Age

Patient

first diagnosis
of pancreatic

diagnosis of
advanced

clinical

index before
vaccination

over baseline in
ELISPOT after
vaccination

tumor lysate
positive after

KLH positive

vaccinations

during

response

vaccination

after vaccination

number

vaccination

cancer (mo)

disease (mo)

vaccination number

DOD
DOD
DOD
DOD
DOD

85

11

PD
PD
PD
PD
SD
PR
SD
PD
PD
PD
PD
PD

1.97
1.78
n.d.
n.d.
3.30
2.14
8.48
3.67
n.d.
n.d.
n.d.

1.72
1.05
n.d.
n.d.
1.70
1.28
6.49
1.68
1.86
n.d.
n.d.
1.43

n.d.
n.d.
n.d.
n.d.
241
n.d.

Gem

58
62
72
67

40

Never
n.d.
n.d.

Gem

42

n.d.
n.d.

Gem

44

10
39
14
56
12
51

10
38

Gem

45

12

Gem

66
58
67

47

DOC?
DOD
DOD
DOD
DOD
DOD
DOD

Gem

51

56

354
n.d.

Never
n.d.
n.d.
n.d.
n.d.

Never

11

GemOx
GemOx
Gem

M

F

52
53
54
56
61

12
51

64
61

153
n.d.
n.d.
n.d.

11

20
16

14

Gem

61

n.d.

Gem

42
64

1.91

Gem

62

Gem gemcitabine mono, GemOx gemcitabine and oxaliplatin, PD progressive disease, SD stable disease, PR minor response, DOD dead of disease, DOC died of other causes

 Patient 51 succumbed to systemic deterioration without evidence of tumor progression

ranged from 3 x 10ES5 in two vaccinations to 51 x 10E6
in six vaccinations. No severe side effects according to
WHO toxicity criteria >2 were observed following DC
vaccination. Patients showed side effects common to
gemcitabine therapy, nausea being the most frequent one.
All patients received gemcitabine as the first line therapy
after diagnosis of advanced disease. Two patients received
additional oxaliplatin upon diagnosis of progressive dis-
ease during the ongoing vaccination trial (patients 52 and
53). Four patients (52, 53, 56, and 62) received second-
line therapy with the biological erlotinib.

Histology and clinical results

Twelve patients with pancreatic carcinoma were included
into the vaccination protocol. Of these, eleven patients had
ductal adenocarcinoma (supp. fig. 1, supplementary mate-
rials are available on-line). The tumor of one patient
(patient 52) was initially classified as ductal adenocarci-
noma and graded as G3, but then classified as acinar cell
carcinoma after immunohistochemistry demonstrated ol-
AT and CKI19 positivity (supp. table 1). One out of the
twelve patients treated with DC vaccination and concom-
itant chemotherapy achieved a partial remission demon-
strated by the decrease of a hepatic marker lesion after
4 months of therapy. Two patients showed stable disease.
Five patients had survival of 1 year or more since diagnosis
of advanced disease. Patient 52 (who had acinar cell car-
cinoma) survived 56 months. The survival times of patients
47, 53, 54, and 56 were 38, 12, 51, and 14 months,
respectively. The median survival of all vaccinated patients
was 10.5 months (Fig. 2a).

Pre-existing tumor-reactive T cells and survival

T cell proliferation assays were performed with PBMC
derived prior to DC vaccination of eight out of twelve
patients. From four patients, the required blood samples for
immunological analyses could not be obtained due to the
severity and progressive course of disease associated with
relevant anemia, leucopenia, or other significant clinical
conditions (patients 44, 45, 61, 56, compare Table 1).
Proliferation of T cells upon activation with lysate-pulsed
DC was used as a marker of a pre-vaccination antitumor
immune response and expressed as stimulatory index (SI)
in comparison to proliferation of T cells cocultured with
unloaded DC. The presence of a pre-vaccination pool of
tumor-reactive T cells could be correlated with survival
time. Patient 52 showed a pre-vaccination SI of 6.49 and
survived 56 months (Fig. 2b). Using Spearman’s Test, a
significant correlation between the detection of tumor-
reactive T cells before vaccination and survival time could
be observed (r = 0.8862, P = 0.0036).
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Survival after diagnosis of advanced
tumor disease of patients treated
with DC vaccination and gemcitabine

100 +
80
60

40 4

Percent survival

20

0 T T 1

0 20 40 60
A Survival time (months)

Fig. 2 Kaplan—Meier analysis of patients treated with DC and
gemcitabine and correlation of survival with pre-vaccination immune
response. a Three out of twelve patients were long-term survivors
with survival times of more than 2 years. The median survival of all
vaccinated patients was 10.5 months. One-year survival of the 12

Antitumoral immune responses despite concomitant
chemotherapy

Proliferation assays, ELISPOT assays, and DTH skin
testing were used to assess tumor-reactive T cells in
patients’ peripheral blood before, during, and after DC
vaccination. The number of tumor-reactive T cells
increased during the course of DC vaccination, despite
concomitant chemotherapy with either gemcitabine only or
gemcitabine plus oxaliplatin (Table 1, supp. fig. 2). The
three columns “Percent increase over baseline in ELISPOT
after vaccination,” “Stimulatory index before vaccina-
tion,” and “Stimulatory index after vaccination” of
Table 1 allow estimation of individual patient’s immune
response to vaccination.

The increase in tumor-reactive T cells after DC-based
vaccination was not merely an epiphenomenon caused by
reduction of tumor load in response to chemotherapy or—
the other way around—by progression of tumor disease, as
demonstrated by immunomonitoring results of patient 47,
who showed a consistent increase of antitumor immune
response compared to pre-vaccination baseline during
phases of stable disease as well as progression (Fig. 3,
supp. fig. 3). Patient 47 received chemotherapy and DC
vaccination after diagnosis of metastasized tumor disease.
Proliferation and ELISPOT assays indicated that the
patient had a small pool of pre-vaccination tumor-reactive
T cells which increased significantly during the course of
vaccination, confirming results of DTH skin testing.
However, staging CT scans performed after 16 and
24 weeks did not show a relevant objective tumor
response. Immunomonitoring at week 52 confirmed a long-
term increase of tumor-reactive T cells.
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Tumor specific proliferation of T cells
before start of DC vaccination and
correlation with survival
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patients receiving DC vaccination was 42%. b The capacity of lysate-
loaded versus -unloaded DC to induce proliferation of T cells was
used as a marker for the presence of a pre-vaccination antitumor
immune response and expressed as stimulatory index (SI). Higher SIs
correlated significantly with prolonged survival (P = 0.0036)

ELISPOT assays confirmed that DC vaccination led to an
increase in antitumor T cells. Specificity of the ELISPOT
assay for detection of tumor antigen-induced IFN-y pro-
duction of T cells was demonstrated by stimulating samples
with combinations of unloaded and lysate-loaded DC for
activation and restimulation (Fig. 4a). As demonstrated for
patient 47, ELISPOT assays showed an increase in tumor-
reactive T cells during the course of vaccination for patient
52 (Fig. 4b, supp. fig. 4) and patient 54 (Fig. 4c).

Six patients were included into DTH skin testing using
tumor lysate. Of these, four developed a positive response
to tumor lysate after a mean of 5.5 vaccinations. Taken
together, concomitant chemotherapy did not prevent the
expansion of pre-existing tumor-reactive T cells or the
induction of a de novo immune response by DC-based
vaccination.

Correlation of clinical and immunological response

In an attempt to correlate individual pre- and post-vacci-
nation immunological responses with clinical outcome, it is
necessary to divide patients into four groups based on the
detection of tumor-reactive T cells before and after
vaccination: group 1, patients with pre-vaccination tumor-
reactive T cells and immunological response to vaccina-
tion; group 2, patients with pre-existing tumor-reactive T
cells, but without immunological response to vaccination;
group 3, patients without pre-existing tumor-reactive T
cells, but with immunological response to vaccination; and
group 4, patients without any detectable immunological
response. It is difficult to define strict criteria of post-
vaccination immune response or even perform statistical
analyses based on the low number of patients included into
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Fig. 3 DC-induced expansion of tumor-reactive T cells and DTH
skin testing in patients with concomitant gemcitabine therapy.
a Proliferative capacity of T cells stimulated with tumor lysate-
loaded DC was compared to T cells stimulated with unloaded DC.
The four graphs represent T cells derived from a representative
patient (47) prior to, as well as 16, 27, and 52 weeks after, the start of
DC vaccination. The clinical course of the disease is noted in the
figure headlines. Y-axis depicts increase in non-adherent cell prolif-
eration induced by lysate-loaded versus -unloaded DC relative to
proliferation of unstimulated NAC, expressed as index over baseline.

this study. However, some findings seem notable. Four
patients (47, 52, 53, and 54) showed pre-vaccination
tumor-reactive T cells that were expanded by DC vacci-
nation. These patients had survival times between 12 and
56 months. Interestingly, both patients with stable disease
(47 and 52) belonged to this group.

The one patient (patient 51) with a partial response had no
relevant pre-existing tumor-reactive T cells, but developed
an immunological response to vaccination. The CT scan at
4 months showed a regression of the hepatic marker lesion
from 2.3 cm in diameter to 1.5 cm. Reduction of CA19-9
levels confirmed the reduction of tumor cell mass. Before
Whipple operation, the patient had a CA19-9 of 1,010 U/ml
that decreased to 30 U/ml after RO surgery (normal range
<37 U/ml). The patient showed a recurrence of disease
7 months later with hepatic metastases and a CA19-9 of

&
>
&

R
& ¢ ¢

l DC loaded with [7] unloaded DC
tumor lysate

b Tumor lysate was injected subcutaneously into the forearm. Forty-
eight hours after injection, patients were examined for the presence of
a skin induration. Whereas no skin induration was found initially, a
reddish and indurated skin reaction appeared after the three initial DC
vaccinations. Skin reactivity increased over time. ¢ T cells derived at
weeks 0, 19, and 52 after start of therapy were stimulated with
unloaded versus lysate-loaded DC. The number of IFN-y-producing T
cells was quantified in an ELISPOT assay. Error bars indicate SEM,
asterisks indicate P < 0.05 in Student’s 7 test

747 U/ml. After the start of combined DC vaccination and
gemcitabine therapy, CA19-9 decreased to values constantly
below 200 U/ml. This favorable development was associ-
ated with a positive DTH skin test and an increase in T cell
proliferation to autologous tumor lysate (SI increasing from
1.28 to 2.14 at week 22, the biggest increase of all patients).
However, overall survival after diagnosis of advanced dis-
ease was only 7 months (14 months after surgery) when the
patient died of systemic deterioration in an outside hospital
after having not shown signs of disease progression upon the
last visit to our hospital.

Two other patients without a pre-vaccination pool of
tumor-reactive T cells developed low to moderate antitu-
mor responses during vaccination (42 and 62). Both these
patients had progressive disease and a survival time of
8 months.
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Fig. 4 ELISPOT analysis of tumor-reactive T cells. a To validate
ELISPOT analysis, T cells were stimulated with unloaded or lysate-
loaded DC. Only after 7 days of coculture and an additional 24-hour
restimulation with lysate-loaded DC, IFN-y-specific T cells could be
observed. b The antitumor immune response of patient 52, treated
with gemcitabine plus oxaliplatin, in the course of vaccination was
examined by measuring the T cell response to tumor lysate 0, 17, 23,

Proliferation assays after DC vaccination were per-
formed on material from seven of the twelve patients and
ELISPOT assays on material from three patients. The
magnitude of DC-induced immune responses varied. SIs
after vaccination were found to lie between 1.78 and 8.48,
representing increases between 14 and 118%, compared to
the situation before vaccination. There was no correlation
of increased T cell proliferation to better survival. How-
ever, ELISPOT assays demonstrated significant vaccina-
tion responses in three patients (47, 52, and 54) with T cell
counts 241, 354, and 153% over the pre-vaccination
baseline. All three patients had pre-vaccination responses,
and these three were the study participants with longest
overall survival with 38, 56, and 51 months, respectively.
This might indicate a correlation between vaccination
response and survival in patients with pre-vaccination
antitumor immune responses.

Discussion
Here, we report a pilot study using autologous tumor

lysate-pulsed DC to treat patients with advanced pancreatic
carcinoma. We attempted to correlate clinical outcome

@ Springer

Week 23: unloaded DC

Week 23: tumor lysate-loaded DC

34, 54, and 68 weeks after start of DC vaccination by ELISPOT
assay. ¢ Tumor-reactive T cells of a representative patient (54)
receiving concomitant gemcitabine therapy before and after vaccina-
tion were quantified by ELISPOT assay. Error bars indicate SEM.
Asterisks indicate P < 0.05 in Student’s ¢ test, in a in comparison to
the unloaded situation, in b in comparison to IFN-y production at
week 0

with the detection of tumor-reactive T cells analyzed from
pre- and post-vaccination samples of PBMC. DC prepara-
tions of high quality could be reliably generated from the
peripheral blood of pancreatic carcinoma patients. Vacci-
nation was tolerated well. DC vaccination led to a robust
immune response against the neo-antigen KLH, as dem-
onstrated by DTH skin test that indicates that patients were
capable of mounting a DC-induced immune response
despite tumor burden and concomitant chemotherapy. Im-
munomonitoring using DTH testing with autologous tumor
lysate, proliferation assays, and ELISPOT analysis indi-
cated that DC-based vaccination could enhance a pre-
existing antitumoral immune response or induce such a
response de novo. The median overall survival in our pilot
study was 10.5 months. This compares to 5.6 months in the
study of Burris et al. [2] that led to the approval of gem-
citabine. One-year survival was 42% in our study com-
pared to 18% in the Burris trial. A recent metaanalysis on
the use of combination therapies in advanced pancreatic
carcinoma published between 2004 and 2007 reported an
overall survival ranging from 5.0 to 7.1 months in patients
treated with gemcitabine monotherapy [20].

Selection bias is of major importance for the critical
discussion of clinical trials. The twelve patients were
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included into the study protocol directly after diagnosis of
advanced disease. Therefore, selection bias based on the
fact that only long-time survivors have a chance to be
included into a study protocol is limited. However, we
cannot exclude that there is a selection bias toward patients
that are actively involved in their treatment plan and pre-
pared to undergo maximal therapy. These patients might
not only accept frequent study visits, but also side effects
of more aggressive chemotherapy more easily, possibly
resulting in better survival.

It is a matter of ongoing debate if long-time survivors of
pancreatic cancer are in fact suffering from an adenocar-
cinoma of the pancreas or from a more benign tumor entity,
carrying a false diagnosis [21]. In this study, one patient
survived a total of 56 months after diagnosis of advanced
pancreatic carcinoma with pulmonary and liver metastases.
The histology of this patient’s cancer revealed an acinar
cell carcinoma. Prognosis of acinar cell carcinoma is
probably better than ductal adenocarcinoma of the pan-
creas, and rare cases of long-time survival are reported in
the literature. Holen et al. [22] reported a median survival
of 19 months in their patient population. Most experts
suggest an aggressive approach with multimodal chemo-
therapy [23]. Patient 52 received—after completion of the
vaccination study—various combinations of gemcitabine,
5-FU, capecitabine, oxaliplatine, and irinotecan together
with bevacizumab, erlotinib, and SIRT therapy. This makes
evaluation of the contribution of DC vaccination to clinical
outcome difficult. However, particularly long survival of
this patient, together with positive immunomonitoring data,
might indicate that acinar cell carcinoma responds well to
DC vaccination therapy.

We interpreted higher T cell proliferation using lysate-
loaded DC in comparison to unloaded DC (resulting in
higher SIs) in a coculture assay as indication of a pre-
vaccination antitumor T cell response. We cannot formally
rule out that lysate loading of DC resulted in higher anti-
gen-unspecific T cell stimulation capacity. However, the
phenotype of lysate-loaded and -unloaded DC was homo-
geneous, indicating that SIs measure biologically relevant
differences in the patients’ T cell pools. Most patients
demonstrated SIs between one and two. One patient
(patient 52) showed a pre-vaccination SI of 6.49. This
patient had the longest survival time of all patients inclu-
ded in the study. It is problematic to define a cut off for
positive antitumor immune responses in a post-hoc manner.
The limited number of patients tested made grouped
analysis of immune responders versus non-responders
impossible. However, correlation of SIs with survival time
was significant, indicating that a pre-vaccination pool of
tumor-reactive T cells might be associated with better
overall survival.

Patients with particularly long survival tended to show
DC-induced expansion of the antitumor T cell response.
All patients showing either clinical response and/or sur-
vival of 12 months or longer, mounted a relevant antitu-
moral T cell response after DC vaccination, irrespective of
whether a pre-vaccination T cell response was found or not.

We used tumor cell lysate as the antigen source for DC
loading. Various tumor-associated antigens, including
those belonging to the family of cancer testis antigens,
have been described for pancreatic carcinoma [24]. How-
ever, clinical investigation of these candidate antigens is
still in the very beginning. Although whole cell prepara-
tions potentially offer the advantage of a polyvalent vac-
cine, the lack of a defined epitope restricts the use of
immunomonitoring techniques to bulk assays, such as
thymidine incorporation and ELISPOT assay. Here, tumor
lysate-loaded DC were used for the first time in pancreatic
cancer patients to stimulate pre- and post-vaccination
samples of the patient’s T cells in vitro. Using semi-
quantitative analyses, we were able to show an increase in
T cell proliferation and IFN-y secretion upon activation
with lysate-pulsed autologous DC in the course of chemo-/
immunotherapy in the majority of patients. Importantly,
these responses occurred despite concomitant chemother-
apy and were independent from tumor burden.

A concern of concomitant gemcitabine therapy is a
negative impact of chemotherapy-mediated immune sup-
pression on the DC-induced T cell response. However,
there is good reasoning for combining the two approaches
[5, 25, 26]. The release of danger signals by dying tumor
cells after chemotherapy may lead to activation of antigen-
presenting cells and the subsequent enhancement of T cell-
dependent antitumor immune responses. We and others
have shown that chemotherapy and DC-based vaccination
can be combined to achieve additive therapeutic responses
[17]. The initial study protocol would have allowed us to
compare a vaccination-only arm with an arm administering
gemcitabine parallel to DC vaccination. However, clinical
studies published during the past decade demonstrated
efficacy of gemcitabine therapy, making the drug the gold
standard for treatment of patients with advanced pancreatic
carcinoma. Thus, chemotherapy had to be included in the
study protocol for ethical concerns. A major obstacle for
immunotherapy of pancreatic cancer is tumor-mediated
immunosuppression, especially in patients with large tumor
burden [27-29]. Thus, we propose that the application of
vaccination strategies for pancreatic carcinoma may be
particularly effective in an adjuvant setting, potentially in
combination with gemcitabine. Moreover, analysis of a
pre-vaccination antitumor T cell response could be a
promising strategy for select patients who are more likely
to benefit from DC therapy.
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In conclusion, DC-based vaccination in patients with
advanced pancreatic carcinoma is feasible and safe.
Despite concomitant chemotherapy, patients showed an
immunological response to DC vaccination. A high SI,
indicating the presence of pre-vaccination tumor-reactive T
cells, was associated with increased survival after chemo-/
immunotherapy in one patient.
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