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Tumor antigen (TA)-targeting monoclonal antibody
(mAb)-based treatments are considered to be one of the
most successful strategies in cancer therapy. Besides
targeting TAs and inducing tumor cell death, such antibodies
interact with immune cells through Fc-dependent
mechanisms to induce adaptive memory immune responses.
However, multiple inhibitory/immunosuppressive pathways
can be induced by tumor cells to limit the establishment of
an efficient antitumor response and consequently a sustained
clinical response to TA-targeting mAbs. Here, we provide an
overview on how TA-targeting mAbs in combination with
conventional cancer therapies and/or inhibitors of key
immunosuppressive pathways might represent promising
approaches to achieve long-term tumor control.

Introduction

Cancer immunotherapy relies on several strategies, including
antibodies, cytokines, and adoptive cell transfer, to promote
tumor cell destruction and develop memory immune responses
with the final aim of ensuring the elimination of residual cancer
cells and avoiding tumor relapse." Among these strategies, advan-
ces in antibody engineering and the development of chimeric,
humanized and fully human monoclonal antibody (mAbs) have
led to the explosive increase of therapeutic antibodies in cancer,
particularly of tumor antigen (TA)-targeting mAbs.> Antibody-
based therapies offer many advantages due to the long half-life,
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good tolerance and broad extracellular fluid bio-distribution of
these biomolecules. Since the introduction of the first effective
chimeric therapeutic mAbs in oncology (the anti-CD20 antibody
rituximab and the HER2 antagonist trastuzumab), mAb-based
antitumor treatments have been playing a major role in cancer
care and mAbs have been the biggest class of new drugs approved
for the treatment of cancer during the last decade.®* The market
of mAb-based products is currently one of the fastest growing
sectors within the biopharmaceutical industry. Indeed, in addi-
tion to the 13 antibodies already approved by the FDA for vari-
ous oncological indications, a pipeline of 165 new anticancer
mAbs are in clinical trials: 89 (54%) in phase I, 64 (39%) in
phase Il and 12 (7%) in phase III studies.’

The immune system has the remarkable ability to detect, elim-
inate and also “remember” cancer cells and an endogenous
immune response against tumor cells has regularly been observed
in patients. However, generally, this endogenous antitumor
immune response cannot prevent a dramatic clinical outcome.
Thus, for curative treatment, immunotherapies must not only
limit cancer growth by killing tumor cells, but also strengthen
the endogenous immune response in order to establish a long-
lasting cancer-specific immunity. Interestingly, several in vivo
pre-clinical models support the concept of vaccine-like effects
induced by TA-targeting mAb treatments (see below). Moreover,
recent observations in patients who have received TA-targeting
mAbs indicate that such treatment can immunomodulate the
innate and adaptive immunity, leading to immune-mediated
tumor cell elimination, in addition to the well-known direct
cytotoxic effects (for a review see ref).® The current challenges are
now to precisely understand how TA-targeting mAbs potentiate
the immune system and to identify the mechanisms that may
limit their immunomodulatory effects in order to better exploit
the potential synergy of TA-targeting mAbs in association with
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other therapeutic agents. In this context, the field of cancer
immunotherapy turned a corner in 2011 with the significant
clinical success of immune checkpoint blockers (the anti-CTLA4
antibody ipilimumab” and the anti-PD-1 antibodies nivolumab
and lambolizumab®’) in patients with metastatic melanoma.
These results not only demonstrate the crucial role of immune
cells within the tumor microenvironment in controlling tumor
development, but also better define the inhibitory mechanisms
leading to tumor immune escape.

In this review, we will focus on TA-targeting mAb therapy
and will discuss the potential of such mAbs to eliminate tumor
cells and interact with the endogenous immune system. We will
then consider some of the most promising strategies in which the
immunomodulatory potential of TA-targeting mAbs is com-
bined with other conventional treatments, such as immune
checkpoint blockers or chemotherapy, to achieve synergistic
effects and generate a sustained and long-term protective antitu-
mor immune response.

TA-targeting mAbs: more than just direct effects

The idea behind TA-targeting mAb-based immunotherapy is
to eliminate cancer cells without harming normal tissues and,
therefore, with no or very few side effects. TA-targeting mAbs are
composed of two distinct functional units: the antigen binding
fragment (Fab) that binds to its specific target molecule expressed
on tumor cells, and the constant fragment (Fc) that can initiate
the host immune response through interaction with Fe-receptors.
For several years, investigators mainly focused on the ability of
TA-targeting antibodies to induce tumor cell lysis by engaging
well-known immune effector mechanisms, such as antibody-
dependent cell cytotoxicity (ADCC),'” antibody-dependent cell
phagocytosis (ADCP)'! and complement-dependent cytotoxicity
(CDC).'? These mechanisms are crucial for the direct effects of
mAbs, particularly for ADCC involving natural killer (NK) cells,
macrophages and probably granulocytes. Experimental evidence
in Fcy receptor-deficient mice supports the view that at least part
of the antitumor effects of clinically relevant antibodies, such as
rituximab (MabThera®), trastuzumab (Herceptin®) and cetuxi-
mab (Erbitux®), is mediated via ADCC."® Based on these obser-
vations, strong efforts have been made to manipulate the Fc
region. For instance, antibody glyco-engineering, to improve
their ADCC and cytotoxicity, and protein-engineering, to
increase the Fc domain affinity for the neonatal Fc receptor
(FcRn) and thus the antibody half-life, are promising approaches
to optimize the direct therapeutic effects of mAbs.'*

However, a new concept has recently emerged. In parallel to
their direct short-term effects, mAbs are now also considered
immunomodulatory molecules that can recruit Fc-receptor-
expressing innate immune cells to induce a long-term endoge-
nous adaptive immune response (vaccine-like effect) that is
responsible for the better and sustained control of tumor devel-
opment observed in some patients.

Several clinical observations made in patients with B-cell non-
Hodgkin’s lymphoma (B-NHL) treated with rituximab argue in
favor of such vaccine-like effects. First, the better efficacy of ritux-
imab in patients carrying the high affinity variant of the IgG
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FeyRlIIla, which displays increased ADCC, compared to those
with the low affinity variant, strongly suggests that host immune
components contribute to the mAb protective effects.">'® Then,
a phase II clinical study on the effect of rituximab alone or com-
bined with interferon a-2a showed that this combination might
improve the rate of long-term molecular complete remission and
prolong relapse-free survival.'” Moreover, rituximab-induced
lysis of lymphoma cells promotes the uptake and cross-presenta-
tion of lymphoma-cell peptides, leading to the generation of a
cytotoxic T lymphocyte response 77 vitro.'® This finding reinfor-
ces the hypothesis that the efficacy of TA-targeting mAbs may
rely on their capacity to activate the adaptive effector immune
response.

Nevertheless, the proof of concept for a vaccine-like effect
induced by TA-targeting mAb treatments was obtained in pre-
clinical mouse models. Mouse xenograft models are generally
used for the preclinical evaluation of mAbs; however, they cannot
take into account the participation of the adaptive immunity to
the therapeutic effects of mAbs because of the immunodeficiency
of the mouse strains used. Thus, the first demonstration that the
endogenous adaptive immunity was essential for tumor regres-
sion after TA-targeting mAb treatment was provided by Stagg
et al. in immunocompetent BALB/c mice bearing established
TUBO (mammary cancer cells) tumors and treated with anti-
TRAIL-R2 and/or anti-ErbB-2 mAbs.'? In this model, depletion
of CD8" T cells resulted in primary and secondary tumor
relapse, demonstrating the role of the mAb-induced antitumor
adaptive immunity in the control of tumor development.
Another study showed that an initial treatment with anti-CD20
mAbs induces Fc-dependent protection against human EL4A
cells that express CD20 and allows immunocompetent mice to
survive after a second tumor Challenge.20 Using this model, the
authors clearly demonstrated that the long-term protective effect
of the mAb therapy requires CD4™ T cells both at the beginning
of the treatment and at the time of the new tumor challenge. A
third study, using immunocompetent mice bearing HER2/neu-
positive tumors, showed that treatment with an anti-neu mAb
induces immunological memory and protection against a new
tumor challenge that rely on the contribution of the cytotoxic
response by IFNy' tumor-specific CD8" T lymphocytes.”!
Other works focused on mAbs that target infected cells, rather
than TA like in the previous studies, in a retroviral-induced leu-
kemia mouse model. Specifically, Gros et al. showed that short
treatment of infected animals with an anti-Env neutralizing mAb
leads to the induction of long-lasting (>1 year) protective antivi-
ral immunity, allowing the treated mice to survive and to resist
to a new viral challenge a long time after the therapeutic mAb
has disappeared. The survival of such mice depends on the
endogenous protection based on both humoral***® and cellular®*
antiviral responses. The development of these immune responses
is not the result of the direct reduction of the viral load by the
mAb that would permit the immune system reaction, but of a
bona fide immunomodulatory effect of the mAb through its
interaction with the IgG Fc-receptors.”>?® Indeed these long-
term protective effects depend on two Fc-dependent mecha-
nisms: (i) the activation of dendritic cells (DC) by cellular
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Table 1. Evidence of vaccine-like effects after TA-targeting mAb treatment
and involved mechanisms.

Evidence of vaccine-like effects
Humoral response induced and maintained
Cellular response induced and maintained
Long-lasting protection against challenge
Adoptive transferable protection

Cellular mechanisms involved
Fc-mediated and isotype-dependent
Tregs inhibition
T cell recruitment in the tumor (21)
Modification of tumor environment (21)

(26)

(22, 25, 26)
(20, 21, 24, 26)
(20, 21, 24, 26)

(20-23)

(20, 21, 25, 26)

Cellular immune complex formation 26

Specific CTL functions improved (21, 24, 26)
Cell populations involved

Macrophages (early stage) (19)

CD41P°* (early stage and late protection) (20)

CD8"P°* (late protection) (19-21, 24)

Dendritic cells (early stage) (26)

Abbreviations: CTL, cytotoxic T lymphocytes; mAb, monoclonal antibody;
TA, tumor-antigen; Tregs, regulatory T cells.

immune complexes composed of the administered mAb and
infected cells?® and (ii) the inhibition of the regulatory T cell
expansion, which is normally observed in untreated animals.””
Altogether, these data suggest that mAbs targeting TA or viral
antigens in infected cells can interact with the host immune sys-
tem in a Fc-dependent manner to induce an adaptive memory
immune response for long-lasting protection 7z vivo (Table 1).
These results represent a real shift in our understanding of the
mechanisms of action of therapeutic TA-targeting mAbs and
open exciting perspectives for their use in combination with clas-
sical anticancer therapies, such as chemotherapy, radiotherapy
and/or specific anticancer drugs (see below). Indeed, anticancer
mAbs should no longer be considered as therapeutics with only
immediate and direct effects, but should rather be qualified as
“immunobiomodulators” based on their ability to recruit cells of
the immune system and create a favorable environment at the
tumor site to stimulate the adaptive immunity (Fig. 1). Although
several preclinical models convincingly demonstrated that long-
lasting antitumor protection can be achieved in wvivo, these
observations need now to be extended with new experimental
and clinical data. Particularly, the precise cellular and molecular
mechanisms involved in the achievement of the long-term effects
following prophylactic or curative immunotherapies with TA-
targeting mAbs need to be better understood. The concept that
the therapeutic efficacy of different anticancer therapies relies
also on their capacity to re-stimulate the patient’s immune sur-
veillance and not only on their tumor cell killing efficiency has
already been demonstrated for chemotherapeutics agents,
although their design and selection was initially based only on
their direct cytostatic and cytotoxic effects toward malignant
cells.”®*” The current understanding of the immune surveillance
mechanisms leads us to speculate that, depending on the
tumor type and the targeted TA, a key step for the establishment
of long-lasting protective effects following treatment with
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TA-targeting mAbs might be their capacity to induce tumor cell
death in such a way to make the dying cells visible to the immune
system. The notion of immunogenic cell death (ICD) has been
very well described in response to chemo- and radio-therapy
treatments; however, to our knowledge, it has never been investi-
gated in the context of TA-targeting mAbs.

Furthermore, as tumor cells can elicit immunosuppressive and
inhibitory signals to escape the endogenous antitumor immunity,
the long-term antitumor immune protection induced by
TA-targeting mAbs could be limited also by their inability to
overcome the tumor immune escape mechanisms. Thus, it will
be essential to determine the impact of TA-targeting mAbs on
the immunosuppressive and inhibitory mechanisms known to
limit the endogenous immune responses. Indeed, although it
does not seem to be the case in the pre-clinical models described
above, such mechanisms may constrain the antitcumor immune
response initiated by TA-targeting immunotherapy. This particu-
lar phase of tumor immune escape is characterized by an increase
in immunosuppressive signals from regulatory T cells (Tregs),
myeloid-derived suppressor cells (MDSC) and M2-polarized
macrophages, but also by the presence of poorly functional or
exhausted T cells that specifically express inhibitory receptors (or
immune checkpoints).3 931 Thus, it will be essential to determine
whether the neutralization of some of these immunosuppressive
signals is required for the long-lasting effects of TA-targeting
mAbs, for instance by combining agents to target both tumor
and immune cells within the tumor microenvironment.

Combining therapeutic strategies to achieve long-term
control of tumor growth with TA-targeting mAbs

The goals of mAb-based immunotherapy are the destruction
of tumor cells and the establishment of an efficient antitumor
immunological memory response. The main reasons of the poor
long-term efficacy of immunotherapy are mostly the lack of
tumor immunogenicity and the strong inhibitory/immunosup-
pressive signals from the tumor environment. To overcome these
two key factors of cancer progression, TA-targeting mAb treat-
ments may need to be combined with other therapeutics.

Specifically, TA-targeting mAbs could be associated with
treatments that induce ICD to strengthen the stimulation of the
innate immunity. For this purpose, chemo- and radio-therapy
appear to be good candidates. Indeed, it has been recently
highlighted that they can stimulate the antitumor immunity
through the release or the expression of damage-associated molec-
ular signals (HMGB1, Calreticulin, ATP) that favor the recruit-
ment and differentiation of antigen-presenting cells’> and
optimal TA presentation.’*>> For instance, the efficacy of trastu-
zumab (anti-HER-2 mADb) and cetuximab (anti-EGFR mAb),
which induce antigen presentation through the formation of
immune complexes,®®*” is enhanced when combined with radio-
or chemo-therapy, thus supporting the concept of a combinato-
rial therapeutic approach.?® Several trials have also demonstrated
that rituximab (anti-CD20 mAb) is more efficient and safe
when combined with the CHOP (cyclophosphamide, hydroxy
doxorubicin, vincristine, prednisone) chemotherapy regimen

(R-CHOP) for the treatment of diffuse large B cell
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Figure 1. Combinatorial strategies based on an immunotherapy using TA-targeting mAbs for the development of
long-term antitumor immunity. TA-targeted mAbs form immune complexes with tumor cells and recruit innate
immune cells through Fc/FcyR interaction. This leads to the lysis and elimination of tumor cells by ADCC, CDC
and ADPC via recruitment of NK cells, complement and macrophages, respectively, and to the release of cellular
immune complexes (cIC) composed of tumor cell debris and TA-targeting mAbs. Together with danger signals,
uptake of these cIC by DCs improves antigen presentation and cross-priming and ultimately leads to the genera-
tion of tumor-specific effector T cells. Both innate and adaptive immune responses in the tumor are potentially
impaired by immunosuppressive/inhibitory mechanisms. Immunosuppressive molecules, such as IL-10 or adeno-
sine, directly inhibit T cell proliferation, the cytolytic functions of NK cells and CD8™ T cells and DC survival. Kynur-
enine and adenosine also promote the recruitment of regulatory cells, such as Tregs, M2 macrophages or MDSC
in the tumor. Expression by tumor cells of ligands (PDL-1, CD8"0, CD876...) for inhibitory receptors or check-
points (PD-1, CTLA-4...) down-modulate the amplitude of T cell activation and limit the antitumor immune
response of effector T cells. Thus, neutralizing immunosuppressive molecules and blocking the immune check-
points represent key strategies to restore the effector functions of T cells and achieve a long-lasting antitumor
immune response following TA-targeting mAb treatment. Another combinatorial approach is based on the use of
ICD-promoting therapies, such as chemotherapy and radiotherapy. The release of danger signals, such as ATP,
HMGB1 and expression of calreticulin, may synergize with TA-targeting mAbs to favor antigen presentation, DC
maturation, cross-priming and development of tumor-specific effector T cells. Through their capacity to reduce
the amount or inhibit the functions of regulatory cells, some chemotherapeutic agents will also facilitate the
establishment of a protective antitumor response. TA, tumor antigen; mAb monoclonal antibody; ADCC, anti-
body-dependent cell cytotoxicity; ADCP, antibody-dependent cell phagocytosis; CDC, complement-dependent
cytotoxicity; NK, natural killer; CTLA4, cytotoxic T-lymphocyte-associated protein 4; PD-1, programmed cell death
1; cIC; cellular immune complexes; Fc/FcyR, Fc/Fcy receptor; ICD, immunologic cell death; DC, dendritic cell;
MDSC, myeloid-derived suppressor cell; Tregs, regulatory T cells; HMGB1, high-mobility group box 1; MHC, major
histocompatibility complex; TCR, T cell receptor; PDL-1, programmed death ligand 1; IL-10, interleukin 10.

lymphoma,3 %40 Another interesting combination might be with
vemurafenib, a specific BRAF inhibitor recently approved for
treatment of some melanomas. Vemurafenib enhances the
expression of several TAs, thus enabling their immune recogni-
tion by T lymphocytes.*! Therefore, it may have interesting syn-
ergistic effects in combination with TA-targeted mAbs.

However, whether associating chemotherapy and mAbs really
improves the antitumor immune response remains unclear and
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burden without inhibiting the

controversial. For example,
the combination of cetuximab
or panitumumab (antd-EGFR
mAb) with oxaliplatin, as
first-line treatment of colorec-
tal cancer in patients with
wild type KRAS, does not
improve the survival benefit
and response rate.*? This sug-
gests that combined therapies
are much more than just the
addition of two separate
effects and that each drug
could affect the efficacy and/
or toxicity of the other. Inter-
estingly, using BALB/c mice
bearing TUBO tumors, Park
et al.  demonstrated  that
depending on the timing of
administration, chemothera-
peutic drugs have a different
impact on the antitumor
immunity induced by treat-
ment with  TA-targeting
mAbs.  Specifically,  they
found that paclitaxel and anti-
HER2/neu mAbs have a syn-
ergistic effect only if chemo-
therapy is administered before
and not after the mAb treat-
ment.”! Indeed, when admin-
istered one day before the
mADbs, paclitaxel not only syn-
ergized with the anti-HER2/
neu mAbs to control the pri-
mary tumor, but also pre-
served the long-lasting
protection. Conversely, mice,
in  which paclitaxel was
administered after the mAbs,
were less resistant to a subse-
quent tumor challenge. As the
half-life of paclitaxel is rather
short, the authors speculated
that there might only be a
window of time when this
chemotherapeutic drug may
effectively reduce the tumor
antibody-induced immunity.

Altogether, these observations underline that more preclinical
studies are needed to identify which type of chemical drugs can
be combined with TA-targeting mAbs as well as their dosage and
timing of administration to obtain synergistic effects.

A second strategy is based on targeting the inhibitory path-
ways (immune checkpoints) that limit the antitumor immune

response. The mADb against CTLA4 (a transmembrane receptor
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expressed predominantly by T cells) was the first successful
immunotherapy drug to target a T cell inhibitory signaling path-
way approved by the FDA in 2011 for the treatment of patients
with advanced melanoma.” Recent preclinical findings offer evi-
dence that the anti-CTLA4 mAb synergizes with several chemo-
therapeutic agents (ixabepilone, paclitaxel, etoposide and
gemcitabine) in various mouse tumor models (fibrosarcoma,
breast, lung and colon cancer). These synergistic effects are asso-
ciated with an increase of activated CD4" and CD8" T cells and
a decrease of MDSCs within tumor-draining lymph nodes, indi-
cating a potential effect on the antitumor immune response.*
Other immune inhibitory receptors, such as PD1 and TIM-3,
have been identified and the efficacy of mAbs against these factors
has been validated in preclinical tumor models.***® Both PD-1
and Tim-3 are involved in dysfunction or suppression of the
cytotoxic CD8" T-cell-mediated immune response.””*® The
PD-1/PD-L1 axis is also involved in tumor-specific CD4™ effec-
tor cell tolerization.*’ Interestingly, it has been shown that che-
motherapy-induced inflammation suppresses CD4"  T-cell
response through the PD1/PD-L1 axis and that disrupting this
pathway augments the efficacy of chemotherapy with durable
antitumor effects.”® Several studies also support the relevance of
Tim3 blockade for treatment of various cancer types and remark-
able synergistic effects have been observed in combined therapies
that target Tim3 and PD-1 (for a review see ref).’! These inter-
esting observations raise the question of whether antibodies/
inhibitors targeting CTLA4, PD-1/PD-L1, Tim3 or other inhib-
itory checkpoints might also increase the therapeutic efficacy of
TA-targeting mAb-based immunotherapy. To our knowledge
only one study suggests that it might be the case. Indeed Stagg ]
et al. recently demonstrated that associating trastuzumab with an
anti-PD-1 mAb enhances the benefits of the immunomodulatory
effect of the ant-HER2/EtbB2 mAb in the MMTV-ErbB-2
transgenic pre-clinical tumor model.”

A limitation of TA-targeting mAb treatment efficiency
might also come from the presence of regulatory cell popula-
tions within the tumor microenvironment. Although mAb-
mediated targeting of infected cells in the retroviral-induced
leukemia model described above can limit the expansion of
Tregs,” it is obvious that Tregs and other immunosuppressive
cells can limit the long-term efficacy of mAb treatments
through inhibition of the antitumor immune response. These
immunosuppressive mechanisms, usually observed in highly
aggressive cancers, may indeed counteract the immune cell
network activated by TA-targeting mAbs and impair their
immunomodulatory functions. Consequently, the exhaustive
identification of immunosuppressive pathways is a necessary
step for designing therapeutic combinations to achieve durable
antitumor protective immunity. In this context, one strategy
that definitively deserves further investigations is the blockade
of molecules within immunosuppressive enzymatic pathways,
such as the tryptophan catabolic enzyme indoleamine 2, 3-
dioxygenase (IDO) and the CD39/CD73 ectonucleotidases.

IDO is expressed by tumor cells, but also by cells of the
immune system, such as macrophages and DCs.”” It has been
proposed to be a key contributor of immunosuppression in many
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malignancies, including melanoma, colorectal, pancreatic, gas-
tric, brain, lung, bladder and ovarian cancer,”® and clinical stud-
ies indicate that high IDO expression by tumor cells correlates
with poor clinical outcome. IDO catabolizes the essential amino
acid tryptophan, leading to the production of the bioactive
metabolite kynurenine that inhibits effector T cells and activates
Tregs.”> Therefore, blocking IDO activity represents an interest-
ing therapeutic strategy to increase the antitumor response and
hinder tumor progression. Indeed, pharmacological inhibition of
IDO with 1-methyl-tryptophan (IMT) stimulates the T-cell
dependent antitumor response in mouse models and delays
tumor outgrowth, but cannot trigger complete tumor regression
on its own.”® However, when combined with chemotherapeutic
drugs or radiotherapy, the antitumor effect is more pronounced.
Whether IDO inhibitors may also favor the antitumor immune
response primed by TA-targeted mAb immunotherapy has
never been tested. Finally, recent data demonstrated that IDO
deficiency/inhibition and blockade of immune checkpoints, such
as CTLA-4 and PD-1/PD-L1, synergize to control tumor out-
growth and enhance the overall survival in different tumor
models.””*® Based on these results, clinical trials are currently
assessing the efficacy of such combined therapies for the treat-
ment of melanoma (see https://ClinicalTrials.gov identifier
NCT01604889).

CD39 is the main ectonucleotidase expressed by selected cell
populations, such as Tregs and myeloid-derived suppressive
cells,” and contributes to their immunosuppressive functions.
CD39 hydrolyzes extracellular ATP and ADP into AMP.**¢!
AMP is then processed into adenosine, a critical regulator of
both innate and adaptive immune responses, by the ecto-5'-
nucleotidase CD73. Upon binding to A2A receptors expressed
by effector CD8" T lymphocytes, NK cells, DC, macrophages
and granulocytes, adenosine induces the accumulation of intra-
cellular cAMP and inhibits the effector functions of all these
cells.*** Adenosine also limits the therapeutic effectiveness of
anti-CTL-4 mAbs.®> Furthermore, extracellular ATP, released by
dying tumor cells following chemotherapy, is essential for the
recruitment and differentiation of DC precursors into mature
DCs with the capacity of presenting tumor-associated antigens
that will initiate the antitumor immune response. Interestingly,
chemotherapeutic agents fail to elicit an immunogenic response
in cancer cells that overexpress CD39, if CD39 is not blocked by
pharmacologic inhibitors.°® In summary, as CD39 inhibition
can induce both immunogenic tumor cell death and prevent
adenosine-mediated immunosuppression by immunoregulatory
cells, the association of CD39 inhibitors with TA-targeting
mAbs could be an attractive strategy to strengthen the mAb-
mediated antitumor immune response and ultimately consolidate
the clinical response. It is important to note that inhibition
of the adenosine pathway with a selective inhibitor of CD73
or of the A2A receptor significantly improves the antitumor
immune response and markedly inhibits tumor growth in mice
treated with anti-CTLA-4%> or anti-PD-1 mAbs.®” This latest
finding clearly shows that these two pathways are not overlapping
and that adenosine limits the therapeutic efficacy of anti-CTLA-4
mAbs.
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Such synergistic effects are encouraging in view of optimizing
strategies with TA-targeting mAbs. We expect that activation of
innate immune cells by immune complexes formed by mAbs and
tumor cells could be enhanced by the concomitant action of mol-
ecules that target several immunosuppressive pathways and of
ICD-promoting therapies. This could favor a better antigen pre-
sentation, leading to a faster and stronger early immune response
responsible for the activation and expansion of specific antitumor
T lymphocytes and the establishment of an antitumor memory
response that reduces the risk of relapse.

Conclusions

Tumor antigen-specific immune responses result from a com-
plex dynamic interplay between the host immune cells and tumor
cells. Often, escape mechanisms developed by tumor cells lead to
the lack of a sustained clinical response in patients following TA-
targeting mAb-based immunotherapy. An efficient antitumor
immune response is certainly linked to the capacity of treatments
to avoid concurrent inhibitory mechanisms. Therefore, combina-
tory therapies may be required for optimal therapeutic effect
(Fig. 1). “Combination therapy is the way of the future,” said
Marc Mansour, chief operating officer at the Canadian vaccine
developer Immunovaccine, in November 2013. The clear clinical
success of the so-called “immune checkpoint” blockers, a new

type of immunotherapeutics that can circumvent the inhibitory
tumor-dependent pressure, in patients with melanoma opens
obvious perspective for combined anticancer therapies. One of
the main challenges will be to combine therapeutic approaches
that disable the immunological brake with TA-targeting mAbs to
recruit effector cells in the tumor environment and induce activa-
tion of the immune system. The use of chemotherapeutic drugs
to stimulate the immunogenicity of tumor cells targeted by
mAbs should also be considered, because it has already been
shown that such combination improves the efficacy of TA-target-
ing mADb treatments in some pre-clinical mouse models. These
promising combinatorial approaches should offer strong oppor-
tunities to increase the effectiveness of biomolecules through syn-
ergistic effects that ultimately generate a sustained antitumor
immunity and vaccine-like antitumor effects.
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