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Local immunomodulation for cancer therapy
Providing treatment where needed
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In murine models of cancer, we have achieved efficient systemic activation of tumor-specific T cells by the local
administration of a CTLA4-blocking antibody at low doses. Using a slow-release formulation, we could drastically lower
the serum levels of the antibody, hence decreasing adverse effects and the risk of autoimmune reactions, without losing

systemic efficacy.

Immunomodulation with monoclonal
antibodies is a powerful new approach
to anticancer immunotherapy. Recently,
several antibody-based therapies have
shown promising results in pre-clinical
and  clinical investigations, leading
to the approval by the US FDA of a
cytotoxic T lymphocyte-associated
protein 4 (CTLA4)-blocking antibody,
ipilimumab (Yervoy®), for the treatment
of metastatic melanoma  patients.
CTLA4 is upregulated by CD4* and
CD8* T cells upon activation, hence
obstructing the positive co-stimulatory
signals mediated by CD28 by binding
to the same ligands: B7.1 (CD80) and
B7.2 (CD86).! CTLA4 has also been
the
functions of regulatory T cells, on which
it is constitutively expressed.! CTLA4 is
one of the best-characterized molecules
for T-cell
responses against self tissues. Indeed,
CTLA4 blockade improves antitumor
T-cell responses, yet this is usually

involved in immunosuppressive

responsible controlling

associated with severe autoimmune
and inflammatory disorders, including

dermatitis, colitis, and hypophysitis.!

This risk of autoimmune and
inflammatory ~ complications  upon
the  systemic  administration  of

immunomodulatory antibodies has led to
exploration of local intervention strategies.
This concept coincides with growing

evidence defining the suppressive effects
of the tumor microenvironment and the
unique position of tumor-draining lymph
nodes (TDLNs). TDLNs can facilitate
the priming of antitumor T cells but at
the same time are directly influenced
by the tumor microenvironment. In
addition, TDLNs can serve as routes for
malignant cells toward their metastatic
distant
Immunological processes of relevance for

dissemination  to organs.?
the tumor, be they immunostimulatory or
immunosuppressive, mainly occur within
neoplastic lesions and TDLNs.?

We have previously demonstrated that
the delivery of a low dose of CD40 agonist
antibodies in the slow-release formulation
Montanide ISA-51 to the close proximity
of malignant lesions efficiently activates
antigen-specific CD8* T-cell responses
leading to tumor eradication. Importantly,
the toxicity of this approach was strongly
reduced as compared with the systemic
We
that this treatment was strictly local.
the

specific T-cell response was systemic and

administration. demonstrated

Nevertheless, resulting  tumor-
capable of eradicating distant tumors.
We hypothesized that this protocol of
administration could also be applicable to
CTLA4-blocking antibody.

More recently, we demonstrated in
several mouse models of cancer that the

local injection of a CTLA4-blocking
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antibody in Montanide ISA-51 leads
CD8* T-cell

responses and tumor eradication while

to effective anti-tumor

the serum levels of the antibody remain
low. The treatment-elicited tumor-specific
T-cell response consisted predominantly
of CD8* T cells, whereas CD4* T cells
did not play a major role in this setting.
Similar to what was seen with the CD40
agonist antibody, the administration of
CTLA4-targeting antibody was local
but the effect on tumor-specific T-cell
expansion was systemic (Fig. 1).

In line with our findings, other
reported on  the
successful use of local CTLA4-
blocking antibodies. Combined with
either Toll-like receptor (TLR) ligands
CpG

plus antibodies specific for the tumor

researchers  have

such as oligodeoxynucleotides

necrosis factor a receptor family member
OX40 (CD134), or with a granulocyte
macrophage colony-stimulating factor
(GM-CSF)-secreting  cellular  vaccine,
the local administration of CTLA4-
targeting antibodies was very successful in
activating tumor-specific T cell responses
and eradicating established lesions.®” In
one of these studies, the intratumoral
administration of both CTLA4- and
OX40-targeting antibodies was shown
to deplete regulatory T cells more
efficiently than the systemic treatment,
presumably through antibody-dependent

Citation: Fransen MF, Ossendorp F, Arens R, Melief CJM. Local immunomodulation for cancer therapy: Providing treatment where needed. Oncolmmunology

2013; 2:226493; http://dx.doi.org/10.4161/0nci.26493

www.landesbioscience.com

Oncolmmunology

€26493-1



Administration

T cell expansion

Therapeutic mAb levels and tumor eradication

Tumor Q

Systemic, high dose
antibody administration

//'_"--a.f\.

LY
G\
— Jer 2

|'i|/-- g
\\‘::?::——__ _
=

Circulating tumor-specific T cells,
tumor eradication,
high risk of auto-immunity

High serum levels

Local, low dose,
slow-release,
antibody administration

Y . __;""f'\.
N
—_— | .
~—§
N o
—

Circulating tumor-specific T cells,
tumor eradication,
low risk of auto-immunity

Low serum levels

Figure 1. Effects of systemic vs. local administration of immunomodulatory antibodies on their circulating levels and therapeutic activity. Importantly,
in both cases distant neoplastic lesions are also rejected by CD8* T-cell responses (not shown).

cell-mediated cytotoxicity. Both these
studies showed that local delivery results
in strongly decreased circulating levels of
therapeutic antibodies.

Local administration seems
especially  fitted for combinations
of immunomodulatory  antibodies,

including antibodies against additional
inhibitory receptors such as PD-I1
(CD279) or against the TNFR family
members CD27 and 4-1BB (CD137),

because the risk of adverse effects
including autoimmune reactions
is  drastically lowered.  Moreover,

therapies that are deemed too powerful
(e.g., potentially causing a cytokine
storm) are perhaps feasible upon local
administration. Finally, combining this
approach with other immunostimulatory
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the efficacy of local treatments and the
therapeutic potential of combinatorial

agents such as TLR ligands, cytokines,
selected chemotherapeutics or synthetic
long peptide vaccines is a possibility
worth exploring.’

regimens involving this approach.'

The tumor microenvironment and
Local approaches to cancer therapy are  even more so TDLNGs are key sites for the
not novel. Surgical resection is local for elicitation of optimalantitumorresponses,

obvious reasons, and new radiotherapy andare therefore the quintessential targets

techniques, including  photon-based of immunomodulatory interventions in
radiation therapy, have significantly subjects affected by solid tumors. Both
increased the spatial accuracy of the priming of tumor-specific T-cell

this strategy. Even the possibility of responses and  immunosuppression

administering chemotherapy locally is occur in this area. Local therapies
being tested, for instance by isolated designed to tip this equilibrium toward

perfusions or targeted delivery particles” an effective antitumor response while

Especially upon radiotherapy, systemic
effects termed
“abscopal effects,” have been observed,

of a local treatment,

possibly due to the activation of systemic

immune responses. This emphasizes
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not causing adverse effects are to be
preferred over systemic regimens. The
immunomodulation of TDLNs
and the tumor microenvironment (as

local

opposed to the systemic administration
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of immunotherapeutic agents), as well as
the possibility to combine this approach
with other local or systemic therapies
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