
Introduction

Several adult tumors remain a major challenge for the
patients and physicians. Amongst these tumors, pancre-
atic carcinoma (PC) and high grade glioma (HGG) are
tumors with very poor prognosis in spite of optimal
oncological treatment. During the last years, novel treat-
ment approaches include targeted therapy, anti-angio-
genesis, gene therapy and immunotherapy. 

General aspects of tumor immunology

Immunotherapy is aimed to modulate the interaction
between the patient’s immune system and the tumor so
that the immune system acquires the capacity to eradicate
tumor cells (1). Tumor antigens are recognized by CD8+
cytotoxic T cells (CTL), which are activated by antigen-
presenting cells that express the antigen in the context of
MHC class I molecules. CD4+ T helper cells are activat-
ed by antigens presented in the context of MHC class II
molecules. CD4+ T cells produce cytokines which
 provide help for CTL activation. Activated CD4+ T cells
stimulate antigen-presenting cells (cognate interaction),
again resulting in improved CTL activation. CD4+ T cells
play also a role in NK cell stimulation and B cell activa-
tion (antibody production). The most potent antigen-
presenting cells are dendritic cells (DC). Immature DC
(DCi) reside everywhere in the body and continuously
transport antigens to the lymph node T cell zone to keep
peripheral tolerance via maintenance of immune suppres-
sive regulatory T cells (Treg). Only in case of danger
signals , DC become mature (DCm) and activated, and
induce CD4+ and CD8+ T cell activation and effector
functions to the antigens presented by the DCm. 

In most tumors, tumor-specific antigens are
expressed. However, for full T cell activation, besides
triggering of the T cell receptor by antigens, costimula-
tory signals are required. The necessary costimulatory
ligands to induce T cell costimulation are usually not
expressed on tumor cells, thereby inducing T cell anergy
instead of T cell activation. Moreover, within the tumor
microenvironment, a lot of immune suppressive mecha-
nisms are active amongst which TGF-b, PGE2 and IL-10
are well known. Besides the existence of tumor-induced
Treg, T cell anergy, and immune suppressive cytokines,
a whole panel of mechanisms are present within the
tumor microenvironment, and all these mechanisms
together make tumor immune escape possible (2,3). 

Since recent years, several groups were able to pro-
duce ex vivo patient-derived DCm, and to load these
cells with tumor antigens (peptides, RNA, or proteins).
Most of the technical aspects of the production of the
vaccines are still in debate (4). Nevertheless, a lot of
early clinical experiences with immunotherapy in gener-
al and DC vaccination particularly have been obtained
for different types of tumors (5). These clinical trials are
mostly early phase I/II clinical trials which conclude that
the therapy is feasible without major toxicity but with
only very limited clinical effect (6). Injection of these
vaccines are aimed to re-inforce the immune system to
act against the tumor cells. 

Immunotherapy for high grade glioma

Since 2000, we have set-up a complete translational
clinical research program to develop immunotherapy for
patients with malignant glioma. We are accepted interna-
tionally as leader in this field (7). The prognosis of
malignant glioma is dismal in spite of maximal neuro-
surgery, radiochemotherapy and maintenance chemo -
therapy with Temozolomide (TMZ) (8). At relapse, the
prognosis is really poor, and all patients die within
18 months in spite of TMZ treatment (9). 

In vitro characteristics of the cellular product

We developed DCm loaded with lysate of high grade
glioma (DCm-HGG-L). In a preclinical in vitro model,
we have demonstrated that DC are able to internalize
proteins of the lysate, and present tumor protein frag-
ments in the context of MHC molecules. DCm-HGG-L
are able to stimulate T cell proliferation, switch to IFN-g
production and generation of MHC-restricted MHC-
dependent tumor antigen-specific CTL activity (10). A
delicate cytokine balance was responsible for the gener-
ation of the tumor growth-suppressive functions (11). 
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Long-term (> 24 months up to 7 years) survival after
relapse is possible in a substantial group of patients.
Especially total resection seemed to be an independent,
favourable prognostic variable for both PFS and OS after
multivariable analysis. The vaccination schedule seems
to play a role in building up the immune-mediated
 control mechanisms in adults with relapsed GBM.
Further improvement of the PFS in these patients could
be realised by stimulating in vivo the ex vivo generated
DC with Imiquimod. Data from these cohorts have been
published (13-15). 

DC vaccination integrated in the primary treatment for
GBM : surgery, radiochemotherapy, immunotherapy,
maintenance chemotherapy plus boost vaccines

Methods. After (sub)total resection of glioblastoma
multiforme (GBM, grade IV HGG), leukapheresis was
performed prior to radiochemotherapy (RCT), and
4 weekly vaccinations with autologous GBM lysate-
loaded dendritic cells were given after RCT. Boosts with
GBM lysates were given during TMZm. Immuno -
monitoring, feasibility and toxicity and progression free
(PFS) and overall (OS) survival were assessed. National
Cancer Institute Common Toxicity Criteria were used
to grade the adverse events. Results. Serious adverse
events during FU included an ischemic cerebral event,
epilepsia with humerus fracture after fall due to epileptic
fit, grade IV thrombopenia, short bowel perforation and
cerebral abces. ELISPOT for tumor antigen-reacting
IFN-g-producing T cells was performed on stored blood
samples at different time points and results are pending.
In the pilot patients (n = 8) with an actual FU of
32 months, median PFS is 17.8 months and median OS
24.3 months, with 3-year OS of 37.5%. In the phase
I/II trial, with a median FU of 11.3 months, the pre -
liminary median PFS = 11 months and median OS =
17.3 months for the per protocol analysis (n = 53). At
the time of the joint meeting, data will be available for
the full study group. Conclusion. Tumor vaccination
integrated within the standard primary postoperative
treatment for patients with newly diagnosed GBM is fea-
sible, well tolerated and possibly beneficial for patients
with minimal residual tumor burden. Perspectives. These
early experiences with postoperative radio-chemo-
immunotherapy provide good hope that integrating
immunotherapy as fourth treatment modality in patients
with primary diagnosis of HGG might result in a better
disease control.

Organisation model for patient care

The implementation of immunotherapy for HGG in
Belgium via one well-defined vaccination centre has an
enormous impact on the organisation of the health care
for patients with HGG in general. The current experience
in UZ Leuven is very obvious. Putting patients in clini-
cal treatment optimalisation protocols as such influences
survival and quality of life of patients. This is a well
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In vivo murine GL261 orthotopic mouse model

We have developed an orthotopic mouse model with
GL261 tumor cells. We first developed a method to
measure the tumor load with bioluminescence imag-
ing (12). Next the mice were treated before tumor chal-
lenge with DC loaded with GL261 RNA. This model was
chosen because in the clinical setting, DC vaccination is
also provided at time of minimal residual disease after
resection. 

In the experimental condition (treatment with DCm-
GL261-RNA), half of the mice could be cured, in con-
trast to untreated mice or mice treated with DC loaded
with RNA from splenocytes or Lewis Lung Cancer. After
depletion of CD8+ effector cells, mice in the control
untreated group died earlier (demonstrating some spon-
taneous CD8+ T cell-mediated anti-tumor effect), and
none of the DCm-GL261-RNA treated animals could be
cured. After depletion of Treg, all mice survived without
or with DC vaccination. However, upon rechallenge,
only the mice that got DC vaccination prior to first tumor
challenge were protected, while none of the surviving
mice after Treg depletion showed any long-term protec-
tive antitumoral immune activity. These data demon-
strate that only DC vaccination leads towards immuno-
logical memory (resubmitted after minor revision).

DC vaccination for patients with relapsed HGG

Methods. DC were injected intradermally according
to 3 different vaccination schedules (cohort A, B, C).
Cohort D consisted of cohort C with addition of local
application of Imiquimod at the injection site. Adverse
events were registered and scored according to the
National Cancer Institute Common Toxicity criteria.
Univariable and multivariable analyses were performed
for progression free (PFS) and overall (OS) survival with
age, extent of resection, pathology and cohort as prog-
nostic variables. Results. 152 patients entered these
cohorts. All patients received their vaccinations in an
ambulatory setting. There were no serious adverse events
except in one relapsed patient with gross tumoral disease
prior to vaccination, who developed repetitive vaccine-
related peritumoral edema. There is a significant better
PFS and OS for total resection and significant worse PFS
for GBM. There is no evidence that the effect of total
resection and pathology differs between the cohorts.
Both in the univariable analysis (stratified on cohort) and
the multivariable analysis, the effect of age differs signif-
icantly between the four cohorts : throughout the
cohorts, the beneficial effect for children (HR = 0.20 ;
95%CI = 0.08-0.52 in cohort A) progressively weakened
in cohort D. Considering PFS in adult patients with
relapsed GBM, the vast majority of the included patients,
the PFS differed significantly between the 4 cohorts
(p = 0.0097) with cohort D leading to the best PFS. This
difference between cohorts was not present anymore for
OS. Conclusion. Immunotherapy for patients with
relapsed HGG is feasible without major adverse events.
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known general phenomenon (16). But in the proposed
structure, there is an important further impact in the
health care in general. Because the vaccination centre is
qualified at the highest level not only for performing the
immunotherapy but also for their advanced knowledge of
the field of (pediatric) neuro-oncology in general, all
patients, even those who got resection in regional
 centres, can ultimately receive upon presentation in the
vaccination centre a multidisciplinary oncological con-
sult, eventually as second opinion, by experts in the dif-
ferent fields from the multimodal anticancer treatment
(neurosurgery, radiotherapy, chemotherapy, immuno -
therapy, imaging, pathologists). The current experience
in UZ Leuven definitely demonstrates that also patients
who would never had come to the university hospital
obtain now an organised access to the multidisciplinary
consult by experts in the field, even when it has to be
decided that vaccination as such is not a therapeutic
option for a particular patient. These patients at least
receive a personalized advise on further (novel) treat-
ment possibilities. The organisation model guarantees
thereby that only patients with the appropriate indication
have access to the innovative treatment approach inte-
grated in standard multimodal anticancer therapy, and
counterbalances the potential risk of uncontrollable com-
mercially-induced expensive “cell traffic” outside the
non-profit sector. 

Immunotherapy for pancreatic cancer

Although we have no direct experience in the treat-
ment of patients with pancreatic cancer (PC), we can
offer our technology to the Belgian Pancreatic Club, and
set-up a collaborative effort for this group of patients.
Because we face also in PC with a variety of known and
unknown antigens, similar to HGG, our SOP of produc-
ing clinically effective DCm loaded with lysate might be
of high value for these patients. The rationale for explor-
ing immunotherapy for patients with PC has been
reviewed (17-19) and is based on the response to four
critical questions. This mini-review is derived from a
PubMed search with Mesh terms “Pancreatic neo-
plasms” (Majr) AND (“Immunotherapy, Active” OR
“Dendritic cells”) without limitations. 

Is there a spontaneous interaction between pancreatic
cancer and the immune system

High frequencies of functional tumor-reactive T cells
have been found in PC patients (20). Some of these T
cells are responsive to mesothelin (21,22) or to HER-
2/Neu peptides (23). A spontaneous specific immune
recognition of PC by patient-derived CD4 and CD8 T
cells could be improved by IFN-g (24). In case of exten-
sive infiltration of T cells and DC, the prognosis of
patients with PC seems improved (25). However, in most
of the tissues, DC infiltration is rather minimal (26). If
present, DC are sequestered in human PC by IL-8 (27).

PC cells also produce IL-6 and G-CSF which suppress
DC differentiation and activation (28). DC cultured in
cytokines secreted by PC cells obtained a tolerogenic
phenotype (29). MUC1 mucins interact with differentiat-
ing monocytes and induce also tolerogenic DC (30).
Other studies similarly report on impaired function of
circulating DC in patients with PC (31). After surgery,
the function and count of circulating DC in patients with
PC is improved (32). Phagocytosis of apoptotic PC cells
by functional DC has been described (33). Finally, there
are case reports which described prolonged survival with
massive lymphocyte and DC infiltration after immune
stimulation with rIL-2 demonstrating a potential re-
directing of the immune response to the tumor cells (34). 

Preclinical evidence of DC as functional antigen-pre-
senting cells in the context of immunotherapy against
pancreatic cancer

DC pulsed with PC total tumor RNA generated
 specific anti-PC T cell function (35). DC pulsed with
tumor-derived RNA and CA 19-9 induced NK-like T cell
activation that could overcome resistance of tumor
cells (36). Other studies showed DC loading with apop-
totic pancreatic tumor cells to be superior to lysate load-
ing for cross-priming to activate CD8+ T cells and NK
cells (37). Nevertheless, tumor cell lysate-pulsed human
DC were able to induce T cell responses against PC
cells (38). Functional DC could be generated ex vivo
from patients who had surgical procedure for PC (39). In
some conditions, the use of patient-derived CA 19-9 con-
taining serum increased the immunostimulatory effect of
the DC (40). This was further enhanced by using CA 19-
9 protein (41). Other studies are exploring the use of
allogeneic DC to generate peptide-specific CTL (42). 

Preclinical evidence of immunotherapy for pancreatic
cancer

Preclinical in vivo models of active specific
immunotherapy have been generated in mice, rats and
hamsters. Activation of DC by CD40L transfected in
tumor cells could induce tumor suppression in an ortho-
topic mouse model of PC, suggesting that in vivo
immune responses might induce tumor control (43). DC
pulsed ex vivo with heat-treated tumor lysate could
induce antitumor immunity in a murine PC model (44).
DC pulsed with alpha-galactosylceramide induced anti-
tumor immunity against PC (45). RNA-pulsed DC could
also induce antitumor immunity in the pancreatic murine
tumor model (46). The combination of lysate pulsed DC
vaccination and anti-angiogenic treatment was efficient
to induce tumor control in murine PC (47). DC pulsed
with tumor lysate and transfected with adenoviral vector
encoding IL-18 gene resulted in a specific and effective
immune response against PC (48). DC-tumor cell fusion,
combined with the activation signal SEB induced
MUC1-specific T cells to enhance survival in a sponta-
neous PC tumor model (49). Finally, DC loaded with
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three facts strongly invite us to set-up a collaborative
effort to implement DCm-PC-L into an early phase I/II
clinical trial. Maximal surgical reduction of the tumor
load thereby obtaining enough tumor material for the
production of the lysate and thereby modulating the
immune suppressive intratumoral milieu might be a pre-
requisite for optimal immune therapeutic efficacy. 
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apoptotic tumor cells and used as vaccine in combination
with gemcitabine increased the survival of murine
PC (50). As an alternative to the generation of an in vivo
T cell immune response, telomerase-specific T cells
were stimulated ex vivo with telomerase peptide pulsed
DC and were able to induce tumor control in a syngene-
ic PC mouse model (51). In a subcutaneous model of rat
duct-like PC, intratumoral injection of Flt3 ligand led to
increased activation of DC and NK cells resulting in
moderate reduction of tumor growth (52). In hamsters,
DC loaded with lysate served as effective immunothera-
py against established pancreatic cancer (53). DC pulsed
with tumor lysate were also able to induce antitumor
effect against peritoneal dissemination of the hamster
PC (54).

Active specific immunotherapy in clinical practice

There are only a few clinical trials published yet,
which show mainly the feasibility and toxicity of active
specific immunotherapy. The first series of trials used
peptides with adjuvants to generate immune responses.
Four studies report on the clinical and immunological
responses induced by ras peptide vaccination (55-58).
Immune responses could also be measured in patients
treated with personalized peptide vaccinations even com-
bined with gemcitabine treatment (59). As an alternative
to peptides, lethally irradiated allogeneic pancreatic
tumor cells transfected with the GM-CSF gene have been
used for the treatment of pancreatic adenocarcino-
ma (60). However, the optimal adjuvant to present tumor
antigens are the DC. Injection of immature DC in
advanced PC refractory to gemcitabine was feasible (61).
Adoptive immunotherapy for PC using MUC1 peptide-
pulsed DC and activated T cells was feasible and effec-
tive for PC (62). Immunotherapy with DC loaded with
CEA mRNA was also reported as feasible and safe (63).
Autologous DC pulsed with allogeneic tumor lysate was
not toxic and resulted in an immunological anti-tumor
response in a single patient (64). To our knowledge, there
is no trial yet reported on immunotherapy with autolo-
gous mature DC loaded with autologous tumor lysate. Of
note, two manuscripts report on DC vaccination for neu-
roendocrine PC (65,66).

Conclusion

We have established a world leading translational
research program on the development and improvement
of active specific immunotherapy for HGG based on
autologous DC loaded with autologous tumor lysate. We
are running larger-scale phase I/II clinical trials for chil-
dren and adults with (relapsed) HGG according to a
newly developed model of patient care that include
advanced personalised cellular therapy. A review of the
literature provide a strong rationale on the potential
applicability of autologous DC loaded with autologous
tumor lysate for patients with pancreatic cancer. These
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