Cancer Immunol Immunother (2009) 58:317-324
DOI 10.1007/s00262-008-0576-4

REVIEW

Combinatorial treatments including vaccines, chemotherapy
and monoclonal antibodies for cancer therapy

Constantin N. Baxevanis - Sonia A. Perez -
Michael Papamichail

Received: 14 July 2008 / Accepted: 30 July 2008 / Published online: 15 August 2008

© Springer-Verlag 2008

Abstract Accumulating evidence suggests that despite
the potency of cytotoxic anticancer agents, and the great
specificity that can be achieved with immunotherapy, nei-
ther of these two types of treatment by itself has been suffi-
cient to eradicate the disease. Still, the combination of these
two different modalities holds enormous potential for elicit-
ing therapeutic results. Indeed, certain chemotherapeutic
agents have shown immunomodulatory activities, and sev-
eral combined approaches have already been attempted. For
instance, chemotherapy has been proven to enhance the
efficacy of tumor cell vaccines, and to favor the activity of
adoptively transferred tumor-specific T cells. A number of
mechanisms have been proposed for the chemotherapy-
triggered enhancement of immunotherapy response. Thus,
chemotherapy may favor tumor cell death, and by that
enhance tumor-antigen cross-presentation in vivo. Drug-
induced myelosuppression may induce the production of
cytokines favoring homeostatic proliferation, and/or ablate
immunosuppression mechanisms. Furthermore, the recently
reported synergy between monoclonal antibodies and
chemotherapy or peptide vaccination is based upon the
induction of endogenous humoral and cellular immune
responses. This would suggest that monoclonal antibodies
may not only provide passive immunotherapy but can also
promote tumor-specific active immunity. This article will
review several strategies in which immunotherapy can be
exploited in preclinical and clinical studies in combination
with other agents and therapeutic modalities that are quite
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unique when compared with “conventional” combination
therapies (ie, treatments with chemotherapeutic drugs or
chemotherapy and radiotherapy based protocols). The
results from these studies may have significant implications
for the development of new protocols based on combinato-
rial treatments including vaccines, chemotherapy and
monoclonal antibodies, suggesting an exciting potential for
therapeutic synergy with general applicability to various
cancer types. Given the complicity of immune-based thera-
pies and cancer pharmacology, it will be necessary to bring
together cancer immunologists and clinicians, so as to pro-
vide a robust stimulus for realizing the successful manage-
ment of cancer in the near future.
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Introduction

Conventional anti-cancer therapies (surgery and radio- and
chemotherapy) have gained a considerable clinical success
over the past years. Because of the limitations imposed by
the given current treatments, tumor-free survival is not
always accomplished. For instance, surgery and radiother-
apy are quite effective in the treatment of localized tumors,
but they usually play a palliative role in the treatment
of disseminated diseases. Chemotherapy in these cases
remains the treatment modality of choice, but severe toxic
effects toward normal tissues often limit its use. The identi-
fication of tumor-specific antigens, tumor-specific lympho-
cytes, and tumor-specific T cell responses in cancer patients
led to the development of immunotherapies aimed at
augmenting antitumor immune responses. Studies mostly
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performed in preclinical studies have indicated that both
active and adoptive immunotherapies are quite effective
against small tumor burdens, but seem to be incapable of
controlling large tumor masses. The major limitation for
combining antiblastic chemotherapy and immunotherapy is
that cytotoxic drugs are generally regarded as immunosup-
pressive because of toxicity to the dividing immune cells in
the bone marrow and peripheral lymphoid tissues.

However, there is now increasing evidence to suggest
that the immune system can be activated variously by
conventional therapies. Some therapeutic programmes
can elicit specific cellular responses that render tumor-
cell death immunogenic. Other drugs may have side
effects that stimulate the immune system through tran-
sient lymphodepletion, by the subversion of immuno-
suppressive mechanisms or through direct or indirect
stimulatory effects on immune effectors. Moreover, vac-
cination against cancer-specific antigens can sensitize
the tumor to subsequent chemotherapeutic treatment.
The challenge is to arm the host immune system so that it
can control any residual disease. When taken together,
the results from these studies indicate that there is a
strong and developing case for combining chemotherapy
and immunotherapy in cancer treatment. Together, the
available information indicates that both conventional
treatment and immunotherapeutic strategies might
benefit from combined treatments aimed at controlling
tumor growth, while allowing vaccine-induced immune
responses to develop and eliminate the minimal residual
disease.

Immunostimulatory properties of cytotoxic drugs
Drug-induced apoptosis

There is now increasing evidence that, under the right cir-
cumstances, chemotherapy-induced tumor-cell death can
set the stage for an effective antitumor immune response.
Anticancer drugs can induce apoptosis both by death-recep-
tor-dependent and -independent pathways. Some anticancer
drugs increase the expression of death receptors, including
FAS, tumor-necrosis factor (TNF) receptors and TNF-
related apoptosis inducing ligand receptors [50]. Other
drugs do not alter expression of death receptors, but trigger
apoptosis by inducing release of cytochrome ¢ from mito-
chondria. Although chemotherapeutic drugs induce their
primary damage in many different ways, most of them
induce apoptosis not only in vitro but also in vivo [30, 41].
For example, a diverse set of agents, including cytarabine,
mitoxantrone, etoposide and topotecan, have been shown to
increase the number of apoptotic blasts in leukemia [34].
Importantly, the degree of apoptosis was found to correlate
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with clinical outcome for several different tumor types [11,
55]. Gemcitabine has been also shown to induce apoptosis
of established tumors and through this to enhance the DC-
dependent cross-presentation of tumor antigens to T cells
[47, 48]. Human colon carcinoma cell lines that were
treated with S-fluorouracil acquired CD95 and ICAMI1
expressions and became more sensitive to lysis by CTLs
[62].

Lymphodepletion and adoptive immunotherapy

The onset of homeostatic T-cell proliferation via cyto-
toxic drug-induced lymphopenia has been described as a
mechanism driving naive T cells to differentiate into
memory ones [67]. Reconstituted T cell repertoire follow-
ing lymphoablative treatment may be manipulated during
vaccination towards a more robust tumor-specific immune
response. In support of this, Hu et al. [29] reported that
tumor-specific T cells preferentially expanded in tumor
vaccine-draining lymph nodes after a melanoma vaccine
given to RAG1 mice reconstituted with naive T cells from
normal mice. T cells derived from reconstituted RAG1
hosts exhibited a higher level of melanoma-specific cyto-
toxicity in vitro. These cells were significantly more
potent at mediating tumor regression in vivo after adop-
tive transfer into mice bearing established pulmonary
metastases. In more clinically relevant models Teshima
et al. [64], have tested a novel treatment strategy to stimu-
late specific antitumor activity against a solid tumor after
bone marrow transplantation by vaccination with irradi-
ated tumor cells engineered to secrete granulocyte macro-
phage colony-stimulating factor (GM-CSF). They found
that vaccination was effective in stimulating potent and
long-lasting antitumor activity in recipients of T-cell-
depleted allogeneic bone marrow. This strategy may have
implications in the treatment of patients with solid malig-
nancies. The phenomenon of homeostatic proliferation
was reported in patients with metastatic melanoma treated
with in vitro expanded tumor-infiltrating lymphocytes
(TILs) and IL-2 following a lymphodepleting non-
myeloablative preparative regimen of cyclophosphamide
and fludarabine [54]. This significant achievement was
attributed to the key realization that the host’s immune
system needs to be properly conditioned, in order to
create an appropriate lymphoid compartment that is
devoid of regulatory mechanisms. Thus, lymphodepletion
enables the host to accommodate transferred T lympho-
cytes and gives these cells an advantage over other
competing cellular populations [44]. Moreover, lymph-
odepletion when combined with passive (ie, adoptive T
cell transfer) or active (ie, vaccination) immunotherapy,
may be most useful for generating effective antitumor
responses [42].
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Potentiation of antitumor immunity by chemotherapeutic
drugs

It has been long recognized that some chemotherapeutic
agents can modulate the immune response [51]. For exam-
ple, pretreatment with agents such as cyclophosphamide
had been shown to enhance the efficacy of adoptive transfer
of antigen-specific lymphocytes [26]. Later on, a number of
reports have demonstrated that some chemotherapeutic
agents can enhance the antitumor activity of adoptively
transferred T cells [5, 18, 28, 36, 40, 48]. The immunopo-
tentiation of T cell-mediated immune response by cyclo-
phosphamide has been suggested in various animal tumor
models as well as in Phase I/II clinical trials [5-7, 18, 20,
23-25, 28, 36, 37, 40, 48]. The potentiation of tumor vac-
cines by cytotoxic drugs was first reported by Berd et al.
[6, 7], who have showed that cyclophosphamide pretreatment
markedly augments the development of DTH to melanoma-
associated antigens, and that the resultant immunity can
cause regression of metastatic tumors. In an other important
study, Machiels et al. [36] found that cyclophosphamide,
paclitaxel, and doxorubicin, when given in a defined
sequence with a GM-CSF-secreting, HER-2/neu-express-
ing whole-cell vaccine, enhanced the vaccine’s potential
to delay tumor growth in HER-2/neu transgenic mice.
Furthermore, paclitaxel and cyclophosphamide appeared
to amplify the T helper 1 neu-specific T-cell response.
These findings suggested that the combined treatment
with immune-modulating doses of chemotherapy and the
GM-CSF-secreting HER-2/neu vaccine can overcome
immune tolerance and induce an antigen-specific antitumor
immune response.

These data provided the immunological rationale for
testing immune-modulating doses of chemotherapy in com-
bination with tumor vaccines in patients with cancer.
Another important finding was reported by Lutsiak et al.
[35] who found that low doses of cyclophosphamide
decrease the number and inhibitory function of CD4+
CD25+ regulatory T cells (Tregs) by downregulating the
expression of key functional markers of Tregs, forkhead
box P3 (FOXP3) and glucocorticoid-induced TNF-recep-
tor-related protein (GITR). The effects of cyclophospha-
mide on Tregs and cyclophosphamide-stimulated type I
IFN production [56] might account for the augmented anti-
body responses and the persistence of memory T cells. All
these effects contribute to the eradication of immunogenic
tumors in synergy with specific immunotherapies [19].
Other chemotherapeutics affecting vaccine-induced antitu-
mor immunity include Gemcitabine that was found to
induce apoptosis of established tumor cells in vivo, thereby
increasing tumor antigen cross-presentation, leading to
priming of tumor-specific CD8+ T cells [47]. Gemcitabine
can also synergize with non-specific immunotherapy, medi-

ated by CD40 ligation, to cure mice with established solid
tumors [48]. This drug was also shown to have a selective
detrimental effect on B lymphocytes inhibiting tumor-specific
antibody production [46], which may skew antitumor
immunity towards therapeutic T cell responses [53]. More-
over, Gemcitabine reduces the numbers of myeloid -derived
suppressor cells potentiating antitumor immunity [60]. Con-
sistent with this data, Gemcitabine can function in synergy
with immunotherapeutic modalities to cure spontaneous
tumors in HER-2/neu transgenic mice [31].

The combination of DC administration with repeated
cycles of paclitaxel and dexamethasone (conditions similar
to real clinical practice) resulted in the induction of antitu-
mor immune response despite the immunosuppression
induced by such a treatment [68]. This combined treatment
led to a significant antitumor effect. The clinical success of
this method may depend on careful selection of the dosage
of the drugs to decrease chemotherapy-induced immuno-
suppression. In a mouse model, docetaxel when combined
with a GM-CSF producing tumor vaccine, induced a sig-
nificant tumor rejection and prolonged mice survival [12].
The administration of taxane-based adjuvant chemotherapy
to women surgically treated for regional breast cancer was
associated with higher phytohemmaglutinin-induced T-cell
blastogenesis and NK cell lytic activity relative to a com-
parison group at long-term follow-up [9].

5-Flourouracil (5-FU) can sensitize breast and colon
cancer cells to the cytotoxic effects of CEA peptide-specific
CTL lines by increasing CEA expression in target cells [14,
15]. Similarly, when tested the immune sensitizing effects
of 5-FU in vivo, Correale et al. [16] observed that this drug
is able to enhance the antitumor activity of a thymidylate
synthase (TS) polyepitopic peptide vaccine (TS/PP). Patho-
logic analyses of tumors from the vaccinated mice showed
that lymphocytes infiltrated tumor cells and that expression
of intracellular TS was reduced, which strongly suggested a
vaccine-activated immune response. Because 5-FU treat-
ment alone did not prevent or slow EL-4/HHD tumor
growth in vivo, it seems likely that 5-FU may enhance the
antitumor action of TS/PP vaccination by modulating TS
expression in these target cells. Most recently, this group
has found that the combination of 5-Fu with gemcitabine
and oxaliplatin potentiated the killing efficacy of tumor
peptide-specific CTL only when added at a later time-point
after the in vitro stimulations with the cognate peptide
[17].These results were translated in an in vivo therapeutic
model where HLA-A2.1 transgenic mice with established
syngeneic tumors showed prolonged survival and high cure
rates when receiving a peptide vaccine and a multidrug che-
motherapy administered late after vaccination [17]. Fur-
thermore, 5-FU combined with cisplatin was investigated
for the in vivo antitumor effects of intratumoral administra-
tion of dendritic cells after low-dose chemotherapy using
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these two drugs. Combination of injection of dendritic cells
and systemic chemotherapy induced complete rejection of
the treated tumor. Moreover, the antitumor effects were also
observed on a distant tumor inoculated in the contralateral
flank of the animal [62].

5-Aza-2'-deoxycitydine (DAC) is a potent and specific
inhibitor of DNA methyltransferase able to reinduce gene
expression and cellular differentiation by mechanism involv-
ing DNA hypomethylation [52, 61]. DAC was demonstrated
to restore expression of HLA class I genes frequently
switched off during cancer progression and to abolish resis-
tance of tumor cells to lysis by antigen-specific cytotoxic T
lymphocytes [59]. Expression of tumor-associated antigens
such as MAGE, GAGE, BAGE, SSX, and LAGE-1/NY-
ESO-1 can be easily restored in tumor cells after treatment
with DAC [8, 33, 58]. Because DAC facilitates signal trans-
duction through IFN-y receptor [21] and because of its mul-
tiple immunomodulatory actions, Kozar et al. [32] evaluated
the antitumor effectiveness of this methylation inhibitor with
IL-12, a cytokine that induces tumor regression through
induction of IFN-y secretion [45].Treatment with DAC or
IL-12 given alone produced moderate antitumor effects.
Combined treatment resulted in potentiated antitumor effects
and produced 70% long-term survivors among mice inocu-
lated with L1210 leukemia cells.

Potentiation of cellular immune responses in cancer
patients by anthracyclines has been studied for decades [2,
49]. Moreover, effective chemo-immunotherapy of L1210
leukemia cells in vivo was achieved using doxorubicin
combined with IL-12 [69]. In a more recent report [10],
tumor cells dying in response to anthracyclins were shown
to elicit an effective antitumor immune response that sup-
pressed the growth of inoculated tumors or led to the
regression of established neoplasia. In this model, anthracy-
clin-induced apoptosis via caspase activation was immuno-
genic. Caspase inhibition by Z-VAD-fmk or transfection
with the baculovirus inhibitor p35 did not inhibit anthracy-
clin (doxorubicin)-induced cell death, yet suppressed the
immunogenicity of dying tumor cells in several rodent
models of neoplasia. Freshly excised tumors became
immunogenic upon doxorubicin treatment in vitro, and
intratumoral inoculation of doxorubicin could trigger the
regression of established tumors in immunocompetent
mice. These results delineated a procedure for the generation
of cancer vaccines and the stimulation of anti-neoplastic
immune responses in vivo.

Combining chemotherapy with vaccination
in clinical trials

The in vivo preclinical data by Machiels et al. [36] address-
ing the issue of chemotherapy and cancer vaccines
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indicated that taxane therapy (employing taxol) may in fact
increase T-cell precursors rather than deplete them. Later
on, Arlen et al. [3] designed one phase II study of patients
with metastatic androgen-inhependent prostate cancer ran-
domized to receive vaccine either alone or with low-dose
docetaxel. The vaccination regimen was composed of: (a)
recombinant vaccinia virus (rV) that expresses the prostate-
specific antigen gene (rV-PSA) admixed with (b) rV that
expresses the B7.1 costimulatory gene (rV-B7.1), and (c)
sequential booster vaccinations with recombinant fowlpox
virus (rF-) containing the PSA gene (rF-PSA).

Patients received granulocyte macrophage colony-stimu-
lating factor with each vaccination. The median increase in
T-cell precursors to PSA was equal in both arms following
3 months of therapy. In addition, immune responses to
other prostate cancer-associated tumor antigens were also
detected postvaccination. Eleven patients who progressed
on vaccine alone crossed over to receive docetaxel at time
of progression. Median progression-free survival on doce-
taxel was 6.1 months after receiving vaccine when com-
pared with 3.7 months with the same regimen in a historical
control. This was the first clinical trial to show that doce-
taxel can be administered safely with immunotherapy with-
out inhibiting vaccine specific T-cell responses. Based on
their findings, the authors hypothesized that patients previ-
ously vaccinated with an anticancer vaccine may respond
longer to docetaxel compared with a historical control of
patients receiving docetaxel alone. In another phase I study
[27], 17 patients with different types of advanced cancer
were immunized with antigen cytochrome P450 1B1
(CYPI1B1), which is overexpressed in almost all human
tumors [38]. Six patients developed immunity to CYP1BI,
three of whom developed disease stabilization. All but 1 of
the 11 patients who did not develop immunity to CYP1B1
progressed and did not respond to salvage therapy. Five
patients who developed immunity to CYP1BI1 required sal-
vage therapy for progressive metastatic disease and showed
marked response to their next treatment regimen, most of
which lasted longer than 1 year.

Antonia et al. [1] vaccinated 29 patients with extensive
stage small cell lung cancer, with a DC-based p53 vac-
cine.Objective clinical response to vaccination as well as
subsequent chemotherapy was evaluated. p53-specific T
cell responses to vaccination were observed in 57.1% of
patients. One patient showed a clinical response to vaccina-
tion, whereas most of the patients had disease progression.
However, they observed a high rate of objective clinical
responses to chemotherapy (61.9%) that immediately
followed vaccination. Clinical response to subsequent che-
motherapy was closely associated with induction of immu-
nologic response to vaccination. Furthermore, Wheeler
et al. [66] analyzed survival and progression times in 25
vaccinated (13 with and 12 without subsequent chemotherapy)
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and 13 nonvaccinated de novo glioblastoma (GBM) patients
receiving chemotherapy. Vaccinated patients receiving
subsequent chemotherapy exhibited significantly longer
times to tumor recurrence after chemotherapy relative to
their own previous recurrence times, as well as significantly
longer postchemotherapy recurrence times and survival
relative to patients receiving isolated vaccination or
chemotherapy. These data suggest that vaccination against
cancer-specific antigens can sensitize the tumor against
subsequent chemotherapeutic treatment. Although the
mechanisms that underlie such a synergistic effect have not
been elucidated, we speculate that the vaccination-induced
increase in the frequency of primed T cells, although by
itself irrelevant for tumor progression, may constitute a major
advantage as soon as the tumor is insulted by cytotoxic
drugs.

Combinatorial treatments utilizing monoclonal
antibodies

Recent reports have provided strong evidence for the role
of the Fc domain in the efficacy of antitumor mabs. In par-
ticular, Fcy receptors have been demonstrated to signifi-
cantly modulate the biologic activity of IgG anti-HER-2/
neu antibodies in mouse/tumor models [13]. Moreover, a
positive correlation between the presence of FcyRIIa and
FcyRIIIa allelels and the outcome of rituximab combined
with chemotherapy has been found in patients with malig-
nant hematological diseases [64, 65]. These studies have
suggested that the interaction between Fc and Fcy receptors
is critical to antibody efficacy and is correlative with the
clinical outcome in patients. Indeed, in a recent study [4],
the combination of trastuzumab plus taxanes, but not tax-
anes alone, induced a recruitment of natural killer cells to
tumor sites, providing supportive evidence for the involve-
ment of ADCC by Fcy receptor-bearing effector cells in
situ. Furthermore, treatment with trastuzumab plus paclit-
axel exhibited enhanced endogenous humoral and cellular
anti-HER-2/neu responses, which associated with favorable
clinical outcomes in patients with advanced breast cancer

[63]. The combination of mab treatment and peptide vacci-
nation may also have a potential clinical utility. To this end,
it has been recently reported that antibody-mediated inter-
nalization of HER-2/neu receptors increases the sensitivity
of HER-2/neu expressing tumor cells by PBMCs stimulated
with HER-2/neu-derived vaccine peptides [43]. In the same
study, it was shown that PBMCs from patients who have
been vaccinated with HER-2/neu peptides were more sensi-
tive to the effects of trastuzumab on autologous breast
tumor cells (even if the latter expressed low levels of HER-
2/neu). Schuurhuis et al. [57] have recently reported that
immune complexes (IC)-loaded DCs induce a remarkable
protective immunity against tumors expressing the antigen
present in the IC. Based on this finding, it is reasonable to
suggest that uptake of HER-2/neu-trastuzumab complexes
by DCs in vivo may result in more efficient CD8 HER-2/
neu-specific responses. Cellular vaccines combined with
monoclonal antibodies also offer an attractive approach for
cancer treatment. To this end, promising preliminary results
of ipilimumab in combination with a whole tumor-cell vac-
cine have been seen in patients with asymptomatic andro-
gen-independent prostate cancer [22]. Chemotherapy naive
patients were treated with a GM-CSF transduced allogeneic
prostate cancer cell line vaccine (GVAX; Cell Genesys,
South San Francisco, CA) every 2 weeks and with ipi-
limumab. The combination therapy resulted in a greater
proportion of patients with declines in PSA and increased
cellular immunity to the vaccine, than seen with vaccine
alone. Clinical trials using ipilimumab combined with a
peptide vaccine showed antitumor activity in patients with
melanoma, though severe but reversible immune break-
through events were seen [39]. The induction of endogenous
cellular and humoral immunity through the combinatorial
treatment with mabs and chemotherapy or vaccines
(peptide- or cell-based vaccines) suggests that therapeutic
antibodies not only provide passive immunotherapy through
ADCC but also can promote active immunity resulting in
augmentation of immunologic memory. This may dramatically
increase the clinical utility and potential therapeutic benefit
of antibody treatment when combined with other modalities
(Table 1).

Table 1 Chemotherapy can
augment immunotherapy by

multiple pathways

5. Inhibition of immunosuppressive

cells

6. Upregulation of recognition
molecules

Drugs References
1. Increased antigen cross-presentation ~ Gemcitabine [33, 47, 48]
2. Activation of dendritic cells Paclitaxel [47, 48, 69]
3. Homeostatic proliferation Alkylating agents, fludarabine [42, 49, 54]
4. Increased homing to tumors Gemcitabine, antivascular [33, 48, 62]

flavonoids

Gemcitabine, cyclophosphamide,
taxanes

Cisplatin, 5-FU,
5-aza-2' deoxycitidine

[31, 35, 42, 47, 48, 56, 60]

[33, 42, 50, 59]
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Conclusion

Despite major advances in the field of cancer immunother-
apy and, in particular, in vaccine technology, the outcomes
from clinical trials are far inferior to that anticipated. Accu-
mulating evidence suggests that although vaccines exist
with potent antitumor potential, still vaccinated patients are
not in the position to mount robust vaccine-specific immune
responses.However, many experimental studies and a few
clinical trials have suggested that standard chemotherapy
may synergize with active immunization for eliciting more
effective antitumor immunity. The scenario of such combi-
natorial treatments is that vaccination towards tumor-asso-
ciated antigens can sensitize the tumor against subsequent
therapy with cytotoxic drugs although the reciprocal situa-
tion may also be true (i.e., chemotherapy preceding immu-
notherapy). At present, conclusive information is lacking
about the exact mechanisms responsible for the chemother-
apy-mediated potentiation of antitumor immune respon-
siveness. Nevertheless, in general, we may speculate that
chemotherapy, by disrupting tolerogenic mechanisms and
destructing tumor cells, paves the way for the vaccine-spe-
cific T cell clones to mediate more efficient antitumor
responses. To this end, it is worth mentioning that the com-
promised immunity in patients with advanced cancer pro-
vides a serious obstacle for successful treatment. This holds
true even in cases where conventional anticancer therapies
are being used to generate minimal residual disease for fur-
ther treatment with immunotherapy. With this consideration
in mind it is reasonable to propose the application of combi-
natorial treatments for cancer therapy at earlier stages of
tumorigenesis. Furthemore the precise characterization of
immunoregulatory circuits that form the platform for thera-
peutic synergy will clear the paths for rationally designed
combinatorial vaccine trials and will bring scientists and
clinicians together in the fight against cancer.

References

1. Antonia SJ, Mirza N, Fricke I, Chiappori A, Thompson P,
Williams N, Bepler G, Simon G, Janssen W, Lee JH, Menander K,
Chada S, Gabrilovich DI (2006) Combination of p53 cancer
vaccine with chemotherapy in patients with extensive stage small
cell lung cancer. Clin Cancer Res 12:878-887

2. Arinaga S, Akiyoshi T, Tsuji H (1986) Augmentation of the
generation of cell-mediated cytotoxicity after a single dose of adri-
amycin in cancer patients. Cancer Res 46:4213-4216

3. Arlen PM, Gulley JL, Parker C, Skarupa L, Pazdur M, Panicali D,
Beetham P, Tsang KY, Grosenbach DW, Feldman J, Steinberg
SM, Jones E, Chen C, Marte J, Schlom J, Dahut W (2006) A
randomized phase II study of concurrent docetaxel plus vaccine
versus vaccine alone in metastatic androgen-independent prostate
cancer. Clin Cancer Res 12:1260-1269

4. Arnould L, Gelly M, Penault-Llorca F, Benoit L, Bonnetain F,
Migeon C, Cabaret V, Fermeaux V, Bertheau P, Garnier J, Jeannin

@ Springer

10.

11.

12.

13.

14.

15.

16.

17.

18.

JF, Coudert B (2006) Trastuzumab-based treatment of HER2-
positive breast cancer: an antibody-dependent cellular cytotoxicity
mechanism? Br J Cancer 94:259-267

. Belardelli F, Ferrantini M, Parmiani G, Schlom J, Garaci E (2004)

International meeting on cancer vaccines: how can we enhance
efficacy of therapeutic vaccines? Cancer Res 64:6827-6830

. Berd D, Maguire HC Jr, Mastrangelo MJ (1986) Induction of cell-

mediated immunity to autologous melanoma cells and regression
of metastases after treatment with a melanoma cell vaccine pre-
ceded by cyclophosphamide. Cancer Res 46:2572-2577

. Berd D, Mastrangelo MJ (1988) Effect of low dose cyclophospha-

mide on the immune system of cancer patients: depletion of CD4+,
2H4+ suppressor-inducer T-cells. Cancer Res 48:1671-1675

. Boel P, Wildmann C, Sensi ML, Brasseur R, Renauld JC, Coulie

P, Boon T, van der Bruggen P (1995) BAGE: a new gene encoding
an antigen recognized on human melanomas by cytolytic T lym-
phocytes. Immunity 2:167-175

. Carson WE 3rd, Shapiro CL, Crespin TR, Thornton LM, Andersen

BL (2004) Cellular immunity in breast cancer patients completing
taxane treatment. Clin Cancer Res 10:3401-3409

Casares N, Pequignot MO, Tesniere A, Ghiringhelli F, Roux S,
Chaput N, Schmitt E, Hamai A, Hervas-Stubbs S, Obeid M, Cou-
tant F, Metivier D, Pichard E, Aucouturier P, Pierron G, Garrido
C, Zitvogel L, Kroemer G (2005) Caspase-dependent immunoge-
nicity of doxorubicin-induced tumor cell death. J Exp Med
202:1691-1701

Cassinelli G, Supino R, Perego P, Polizzi D, Lanzi C, Pratesi G,
Zunino F (2001) A role for loss of p53 function in sensitivity of
ovarian carcinoma cells to taxanes. Int J Cancer 92:738-747

Chu Y, Wang LX, Yang G, Ross HJ, Urba W], Prell R, Jooss K,
Xiong S, Hu HM (2006) Efficacy of GM-CSF-producing tumor
vaccine after docetaxel chemotherapy in mice bearing established
Lewis lung carcinoma. J Immunother 29:367-380

Clynes R (2006) Antitumor antibodies in the treatment of cancer:
Fc receptors link opsonic antibody with cellular immunity. Hema-
tol Oncol Clin North Am 20:585-612

Correale P, Aquino A, Giuliani A, Pellegrini M, Micheli L, Cusi
MG, Nencini C, Petrioli R, Prete SP, De Vecchis L, Turriziani M,
Giorgi G, Bonmassar E, Francini G (2003) Treatment of colon and
breast carcinoma cells with 5-fluorouracil enhances expression of
carcinoembryonic antigen and susceptibility to HLA-A(*)02.01
restricted, CEA-peptide-specific cytotoxic T cells in vitro. Int J
Cancer 104:437-445

Correale P, Cusi MG, Tsang KY, Del Vecchio MT, Marsili S, Pla-
ca ML, Intrivici C, Aquino A, Micheli L, Nencini C, Ferrari F,
Giorgi G, Bonmassar E, Francini G (2005) Chemo-immunother-
apy of metastatic colorectal carcinoma with gemcitabine plus
FOLFOX 4 followed by subcutaneous granulocyte macrophage
colony-stimulating factor and interleukin-2 induces strong immu-
nologic and antitumor activity in metastatic colon cancer patients.
J Clin Oncol 23:8950-8958

Correale P, Del Vecchio MT, Di Genova G, Savellini GG, La
Placa M, Terrosi C, Vestri M, Urso R, Lemonnier F, Aquino A,
Bonmassar E, Giorgi G, Francini G, Cusi MG (2005) 5-fluorouracil-
based chemotherapy enhances the antitumor activity of a thy-
midylate synthase-directed polyepitopic peptide vaccine. J Natl
Cancer Inst 97:1437-1445

Correale P, Del Vecchio MT, La Placa M, Montagnani F, Di
Genova G, Savellini GG, Terrosi C, Mannucci S, Giorgi G,
Francini G, Cusi MG (2008) Chemotherapeutic drugs may be used
to enhance the killing efficacy of human tumor antigen peptide-
specific CTLs. J Immunother 31:132-147

Dudley ME, Wunderlich JR, Robbins PF, Yang JC, Hwu P, Sch-
wartzentruber DJ, Topalian SL, Sherry R, Restifo NP, Hubicki
AM, Robinson MR, Raffeld M, Duray P, Seipp CA, Rogers-Freez-
er L, Morton KE, Mavroukakis SA, White DE, Rosenberg SA



Cancer Immunol Immunother (2009) 58:317-324

323

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

(2002) Cancer regression and autoimmunity in patients after
clonal repopulation with antitumor lymphocytes. Science
298:850-854

Emens LA, Jaffee EM (2005) Leveraging the activity of tumor
vaccines with cytotoxic chemotherapy. Cancer Res 65:8059-8064
Fehervari Z, Sakaguchi S (2004) Development and function of
CD25+ CD4+ regulatory T cells. Curr Opin Immunol 16:203-208
Feinstein E, Druck T, Kastury K, Berissi H, Goodart SA, Overha-
user J, Kimchi A, Huebner K (1995) Assignment of DAP1 and
DAPK—genes that positively mediate programmed cell death
triggered by IFN-gamma—to chromosome regions 5p12.2 and
9q34.1, respectively. Genomics 29:305-307

Gerritsen W, Eertwegh A, De Gruijl T (2006) A dose-escalation
trial of GM-CSF-gene transduced allogeneic prostate cancer cellu-
lar immunotherapy in combination with a fully human anti-CTLA
antibody (MDX-010, ipilimumab) in patients with metastatic hor-
mone refractory prostate cancer (mMHRPC). J Clin Oncol 24:2500
Ghiringhelli F, Larmonier N, Schmitt E, Parcellier A, Cathelin D,
Garrido C, Chauffert B, Solary E, Bonnotte B, Martin F (2004)
CD4+ CD25+ regulatory T cells suppress tumor immunity but are
sensitive to cyclophosphamide which allows immunotherapy of
established tumors to be curative. Eur J] Immunol 34:336-344
Ghiringhelli F, Menard C, Terme M, Flament C, Taieb J, Chaput
N, Puig PE, Novault S, Escudier B, Vivier E, Lecesne A, Robert
C, Blay JY, Bernard J, Caillat-Zucman S, Freitas A, Tursz T, Wag-
ner-Ballon O, Capron C, Vainchencker W, Martin F, Zitvogel L
(2005) CD4+ CD25+ regulatory T cells inhibit natural killer cell
functions in a transforming growth factor-beta-dependent manner.
J Exp Med 202:1075-1085

Ghiringhelli F, Menard C, Puig PE, Ladoire S, Roux S, Martin F,
Solary E, Le Cesne A, Zitvogel L, Chauffert B (2007) Metronomic
cyclophosphamide regimen selectively depletes CD4+ CD25+
regulatory T cells and restores T and NK effector functions in end
stage cancer patients. Cancer Immunol Immunother 56:641-648
Glaser M (1979) Regulation of specific cell-mediated cytotoxic re-
sponse against SV40-induced tumor associated antigens by deple-
tion of suppressor T cells with cyclophosphamide in mice. J Exp
Med 149:774-779

Gribben JG, Ryan DP, Boyajian R, Urban RG, Hedley ML, Beach
K, Nealon P, Matulonis U, Campos S, Gilligan TD, Richardson
PG, Marshall B, Neuberg D, Nadler LM (2005) Unexpected asso-
ciation between induction of immunity to the universal tumor anti-
gen CYPIB1 and response to next therapy. Clin Cancer Res
11:4430-4436

Hermans IF, Chong TW, Palmowski MJ, Harris AL, Cerundolo V
(2003) Synergistic effect of metronomic dosing of cyclophospha-
mide combined with specific antitumor immunotherapy in a mu-
rine melanoma model. Cancer Res 63:8408-8413

Hu HM, Poehlein CH, Urba WJ, Fox BA (2002) Development of
antitumor immune responses in reconstituted lymphopenic hosts.
Cancer Res 62:3914-3919

Kaufmann SH, Earnshaw WC (2000) Induction of apoptosis by
cancer chemotherapy. Exp Cell Res 256:42-49

Ko HJ, Kim YJ, Kim YS, Chang WS, Ko SY, Chang SY, Sakagu-
chi S, Kang CY (2007) A combination of chemoimmunotherapies
can efficiently break self-tolerance and induce antitumor immunity
in a tolerogenic murine tumor model. Cancer Res 67:7477-7486
Kozar K, Kaminski R, Switaj T, Oldak T, Machaj E, Wysocki PJ,
Mackiewicz A, Lasek W, Jakobisiak M, Golab J (2003) Interleukin
12-based immunotherapy improves the antitumor effectiveness of a
low-dose 5-Aza-2'-deoxycitidine treatment in 11210 leukemia and
B16F10 melanoma models in mice. Clin Cancer Res 9:3124-3133
LiJ, Yang Y, Fujie T, Baba K, Ueo H, Mori M, Akiyoshi T (1996)
Expression of BAGE, GAGE, and MAGE genes in human gastric
carcinoma. Clin Cancer Res 2:1619-1625

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Li X, Gong J, Feldman E, Seiter K, Traganos F, Darzynkiewicz Z
(1994) Apoptotic cell death during treatment of leukemias. Leuk
Lymphoma 13(Suppl 1):65-70

Lutsiak ME, Semnani RT, De Pascalis R, Kashmiri SV, Schlom J,
Sabzevari H (2005) Inhibition of CD4(+)25+ T regulatory cell
function implicated in enhanced immune response by low-dose
cyclophosphamide. Blood 105:2862-2868

Machiels JP, Reilly RT, Emens LA, Ercolini AM, Lei RY, Weintraub
D, Okoye FI, Jaffee EM (2001) Cyclophosphamide, doxorubicin, and
paclitaxel enhance the antitumor immune response of granulocyte/
macrophage-colony stimulating factor-secreting whole-cell vaccines
in HER-2/neu tolerized mice. Cancer Res 61:3689-3697

MacLean GD, Miles DW, Rubens RD, Reddish MA, Longenecker
BM (1996) Enhancing the effect of THERATOPE STn-KLH cancer
vaccine in patients with metastatic breast cancer by pretreatment
with low-dose intravenous cyclophosphamide. J Immunother
Emphasis Tumor Immunol 19:309-316

Maecker B, Sherr DH, Vonderheide RH, von Bergwelt-Baildon
MS, Hirano N, Anderson KS, Xia Z, Butler MO, Wucherpfennig
KW, O’Hara C, Cole G, Kwak SS, Ramstedt U, Tomlinson AJ,
Chicz RM, Nadler LM, Schultze JL (2003) The shared tumor-
associated antigen cytochrome P450 1B1 is recognized by specific
cytotoxic T cells. Blood 102:3287-3294

Maker AV, Phan GQ, Attia P, Yang JC, Sherry RM, Topalian SL,
Kammula US, Royal RE, Haworth LR, Levy C, Kleiner D,
Mavroukakis SA, Yellin M, Rosenberg SA (2005) Tumor regression
and autoimmunity in patients treated with cytotoxic T lympho-
cyte-associated antigen 4 blockade and interleukin 2: a phase I/II
study. Ann Surg Oncol 12:1005-1016

Mastrangelo MJ, Berd D, Maguire H Jr (1986) The immunoaug-
menting effects of cancer chemotherapeutic agents. Semin Oncol
13:186-194

Mesner PW Jr, Budihardjo II, Kaufmann SH (1997) Chemother-
apy-induced apoptosis. Adv Pharmacol 41:461-499

Mihich E (2007) Anticancer drug induced immunomodulation and
cancer therapeutics. Curr Cancer Ther Rev 3:174-193

Mittendorf EA, Storrer CE, Shriver CD, Ponniah S, Peoples GE
(2006) Investigating the combination of trastuzumab and HER2/
neu peptide vaccines for the treatment of breast cancer. Ann Surg
Oncol 13:1085-1098

Muranski P, Boni A, Wrzesinski C, Citrin DE, Rosenberg SA,
Childs R, Restifo NP (2006) Increased intensity lymphodepletion
and adoptive immunotherapy—how far can we go? Nat Clin Pract
Oncol 3:668-681

Nastala CL, Edington HD, McKinney TG, Tahara H, Nalesnik
MA, Brunda MJ, Gately MK, Wolf SF, Schreiber RD, Storkus WJ
etal (1994) Recombinant IL-12 administration induces tumor
regression in association with IFN-gamma production. J] Immunol
153:1697-1706

Nowak AK, Robinson BW, Lake RA (2002) Gemcitabine exerts a
selective effect on the humoral immune response: implications for
combination chemo-immunotherapy. Cancer Res 62:2353-2358
Nowak AK, Lake RA, Marzo AL, Scott B, Heath WR, Collins EJ,
Frelinger JA, Robinson BW (2003) Induction of tumor cell apop-
tosis in vivo increases tumor antigen cross-presentation, cross-
priming rather than cross-tolerizing host tumor-specific CD8 T
cells. J Immunol 170:4905-4913

Nowak AK, Robinson BW, Lake RA (2003) Synergy between
chemotherapy and immunotherapy in the treatment of established
murine solid tumors. Cancer Res 63:4490-4496

Orsini F, Pavelic Z, Mihich E (1977) Increased primary cell-med-
iated immunity in culture subsequent to adriamycin or daunorubi-
cin treatment of spleen donor mice. Cancer Res 37:1719-1726
Ozoren N, El-Deiry WS (2003) Cell surface Death Receptor sig-
naling in normal and cancer cells. Semin Cancer Biol 13:135-147

@ Springer



324

Cancer Immunol Immunother (2009) 58:317-324

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Polak L, Turk JL (1974) Reversal of immunological tolerance by
cyclophosphamide through inhibition of suppressor cell activity.
Nature 249:654-656

Qin T, Youssef EM, Jelinek J, Chen R, Yang AS, Garcia-Manero
G, Issa JP (2007) Effect of cytarabine and decitabine in combina-
tion in human leukemic cell lines. Clin Cancer Res 13:4225-4232
Qin Z, Richter G, Schuler T, Ibe S, Cao X, Blankenstein T (1998)
B cells inhibit induction of T cell-dependent tumor immunity. Nat
Med 4:627-630

Robbins PF, Dudley ME, Wunderlich J, E1-Gamil M, Li YF, Zhou
J, Huang J, Powell DJ Jr, Rosenberg SA (2004) Cutting edge: per-
sistence of transferred lymphocyte clonotypes correlates with
cancer regression in patients receiving cell transfer therapy.
J Immunol 173:7125-7130

Salomons GS, Smets LA, Verwijs-Janssen M, Hart AA, Haarman
EG, Kaspers GJ, Wering EV, Der Does-Van Den Berg AV, Kamps
WA (1999) Bcl-2 family members in childhood acute lymphoblas-
tic leukemia: relationships with features at presentation, in vitro
and in vivo drug response and long-term clinical outcome. Leukemia
13:1574-1580

Schiavoni G, Mattei F, Di Pucchio T, Santini SM, Bracci L,
Belardelli F, Proietti E (2000) Cyclophosphamide induces type 1
interferon and augments the number of CD44(hi) T lymphocytes
in mice: implications for strategies of chemoimmunotherapy of
cancer. Blood 95:2024-2030

Schuurhuis DH, van Montfoort N, loan-Facsinay A, Jiawan R,
Camps M, Nouta J, Melief CJ, Verbeek JS, Ossendorp F (2006)
Immune complex-loaded dendritic cells are superior to soluble im-
mune complexes as antitumor vaccine. J Immunol 176:4573-4580
Serrano A, Garcia A, Abril E, Garrido F, Ruiz-Cabello F (1996)
Methylated CpG points identified within MAGE-1 promoter are
involved in gene repression. Int J Cancer 68:464-470

Serrano A, Tanzarella S, Lionello I, Mendez R, Traversari C,
Ruiz-Cabello F, Garrido F (2001) Rexpression of HLA class I anti-
gens and restoration of antigen-specific CTL response in mela-
noma cells following 5-aza-2'-deoxycytidine treatment. Int J
Cancer 94:243-251

Suzuki E, Kapoor V, Jassar AS, Kaiser LR, Albelda SM (2005)
Gemcitabine selectively eliminates splenic Gr-1+/CD11b+ mye-

@ Springer

61.

62.

63.

64.

65.

66.

67.

68.

69.

loid suppressor cells in tumor-bearing animals and enhances anti-
tumor immune activity. Clin Cancer Res 11:6713-6721

Szyf M (2006) Targeting DNA methylation in cancer. Bull Cancer
93:961-972

Tanaka F, Yamaguchi H, Ohta M, Mashino K, Sonoda H, Sadana-
ga N, Inoue H, Mori M (2002) Intratumoral injection of dendritic
cells after treatment of anticancer drugs induces tumor-specific
antitumor effect in vivo. Int J Cancer 101:265-269

Taylor C, Hershman D, Shah N, Suciu-Foca N, Petrylak DP, Taub
R, Vahdat L, Cheng B, Pegram M, Knutson KL, Clynes R (2007)
Augmented HER-2 specific immunity during treatment with trast-
uzumab and chemotherapy. Clin Cancer Res 13:5133-5143
Treon SP, Hansen M, Branagan AR, Verselis S, Emmanouilides
C, Kimby E, Frankel SR, Touroutoglou N, Turnbull B, Anderson
KC, Maloney DG, Fox EA (2005) Polymorphisms in FcgammaRI-
IIA (CD16) receptor expression are associated with clinical re-
sponse to rituximab in Waldenstrom’s macroglobulinemia. J Clin
Oncol 23:474-481

Weng WK, Levy R (2003) Two immunoglobulin G fragment C
receptor polymorphisms independently predict response to ritux-
imab in patients with follicular lymphoma. J Clin Oncol 21:3940-
3947

Wheeler CJ, Das A, Liu G, Yu JS, Black KL (2004) Clinical
responsiveness of glioblastoma multiforme to chemotherapy after
vaccination. Clin Cancer Res 10:5316-5326

Wrzesinski C, Paulos CM, Gattinoni L, Palmer DC, Kaiser A, Yu
Z, Rosenberg SA, Restifo NP (2007) Hematopoietic stem cells
promote the expansion and function of adoptively transferred anti-
tumor CD8 T cells. J Clin Invest 117:492-501

Yu B, Kusmartsev S, Cheng F, Paolini M, Nefedova Y, Sotomayor
E, Gabrilovich D (2003) Effective combination of chemotherapy
and dendritic cell administration for the treatment of advanced-
stage experimental breast cancer. Clin Cancer Res 9:285-294
Zagozdzon R, Golab J, Stoklosa T, Giermasz A, Nowicka D,
Feleszko W, Lasek W, Jakobisiak M (1998) Effective chemo-
immunotherapy of L1210 leukemia in vivo using interleukin-12
combined with doxorubicin but not with cyclophosphamide,
paclitaxel or cisplatin. Int J Cancer 77:720-727



	Combinatorial treatments including vaccines, chemotherapy and monoclonal antibodies for cancer therapy
	Abstract
	Introduction
	Immunostimulatory properties of cytotoxic drugs
	Drug-induced apoptosis
	Lymphodepletion and adoptive immunotherapy
	Potentiation of antitumor immunity by chemotherapeutic drugs

	Combining chemotherapy with vaccination in clinical trials
	Combinatorial treatments utilizing monoclonal antibodies
	Conclusion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


