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In a mastocytoma model expressing mutant c-KIT, a combination of the ¢-KIT inhibitor dasatinib and an OX40-specific
monoclonal antibody synergized in triggering a strong antitumor T-cell response that promoted curative therapeutic
effects. Along with a number of other recent studies, these data support the notion that combining targeted agents with
immunotherapy may constitute a promising approach for cancer therapy.

The identification of cellular proto-onco-
genes, one of the most important achieve-
ments in biomedical history, has quickly
led to the development of a number of tar-
geted drugs that can specifically eradicate
neoplastic cells. ¢-KIT is a proto-onco-
genic tyrosine kinase receptor that is over-
expressed or mutated in several human
malignancies, including gastrointestinal
stromal tumors (GISTs), melanoma, mast
cell leukemia, mastocytoma and germ
cell tumors. The administration of ¢-KIT
inhibitors has significantly improved the
prognosis of GIST patients bearing ¢-KIT
mutations, and has altered the natural his-
tory of this disease.! However, although
most targeted agents are capable of induc-
ing dramatic responses in some patients,
they rarely promote complete or durable
antitumor effects. Indeed, due to the
heterogeneous nature of cancer cells and
the emergence of secondary resistance,
most patients receiving targeted therapy
eventually relapse. Still, accumulating
evidence suggests that combining tar-
geted therapy with immunotherapeutic
regimens may improve disease outcome in
cancer patients.

There are a number of rationales for
combining immunotherapy with molecu-
larly targeted drugs. First, although some
targeted agents have been shown to induce
very high response rates, these responses

are most often transient. By contrast,
immunotherapeutic approaches, which
generally result in low response rates, can
sometimes lead to complete responses that
can last for years. Therefore, the combina-
tion of these two approaches may achieve
both potent and long-lasting antitumor
effects. In addition, targeted agents and
immunotherapy  exert  antineoplastic
effects by completely distinct mecha-
nisms, raising the possibility that targeted
drug-resistant tumor cells might be eradi-
cated by cytotoxic lymphocytes, resulting
in improved therapeutic effects. Second,
recent studies have supported the notion
that the constitutive activation of onco-
gene signaling upregulates a number of
immunosuppressive mechanisms in vivo.?
Thus, the efficacy of immunotherapy
may be increased by oncogene-targeting
agents. In addition, some tyrosine kinase
inhibitors exert beneficial off-target effects
on immunosuppressive immune cells. For
example, sunitinib treatment results in
the inhibition of myeloid-derived suppres-
sor cells (MDSCs) and FOXP3* regula-
tory T cells (Tregs).> Third, a number of
cytotoxic regimens have been shown to
induce antitumor immune responses by
promoting massive tumor cell death and
hence an intense release of tumor-associ-
ated antigens. In fact, there is very good
evidence indicating that the development
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of an antitumor immune response might
significantly contribute to the therapeutic
benefits of chemotherapy, radiotherapy
and targeted therapy.* Thus, immunos-
timulatory strategies that augment such
an immune response might result in
improved antitumor effects. Our recent
results demonstrate that such a combina-
torial approach can indeed generate potent
antitumor immunity, resulting in a supe-
rior therapeutic outcome.’

Using P815 mastocytomas as a model,
we demonstrated that a 3-day dasatinib
course triggers a strong antitumor T-cell
response that significantly contributes to
the therapeutic effects of this targeted
agent. Tumor antigens from dying tumor
cells likely promoted the development of
this response, and decreased Treg levels
following treatment may have also played a
role in such an enhanced antitumor effect.
We also found that dasatinib can signifi-
cantly enhance T-cell responses upon vac-
cination of tumor-free mice.’ Similarly,
other tyrosine kinase inhibitors including
sunitinib, imatinib, sorafenib and nilo-
tinib have been shown to significantly
inhibit Tregs.® Therefore, they are all
potential candidates for reversing immu-
nosuppression in the setting of targeted
therapy-immunotherapy combinations.

A number of agonistic antibodies spe-
cific for T cell co-stimulatory molecules
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Figure 1. Mechanisms underlying the antineoplastic effects of dasatinib combined with anti-OX40 antibody. Dasatinib leads to the demise of tumor
cells expressing mutant c-KIT, hence promoting the release of tumor antigens. Antigen-presenting cells take up the tumor-cell debris, process them
and present tumor-associated antigens to T cells, thus promoting tumor-specific T-cell priming. Co-stimulatory signals provided by anti-OX40 helps
circulating cytotoxic T lymphocytes (CTLs) to migrate into the tumor microenvironment. In response to interferon vy (IFNy) released by T cells, CXCL9,
CXCL10 and CXCL11 are produced, recruiting further CTLs to the tumor site. Besides, both dasatinib and anti-OX40 exert inhibitory effect on FOXP3*

have generated promising results both
in animal studies and in clinical trials.
Among these molecules, OX40 is known
to play an important role in the regulation
of T-cell proliferation, activation, differen-
tiation and migration. Notably, most mice
in our study were cured when treated with
dasatinib plus anti-OX40. We found that
the major effect of anti-OX40 in this model
is the enhanced recruitment of effector
T cells into the tumor microenvironment.
Significantly higher levels of tumor-spe-
cific T cells were present in the neoplastic
lesions of mice receiving the combination
regimen, and high levels of interferon +y
(IFNvy)-induced T 1 cytokines such as
CXCL9, CXCL10 and CXCL11, correlated
with the local amounts of tumor-specific T
cells. These data support a model in which
a positive feedback loop composed of cyto-
toxic T lymphocytes (CTLs), IFNv, and
T,1 cytokines favors the migration of
CTLs into malignant lesions (Fig. 1). Since
dasatinib and anti-OX40 antibodies have
both been shown to negatively interfere
with the suppressive function of Tregs, this
may have also contributed to the antitu-
mor activity of our combination regimen.’
With the recent development of antibodies
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targeting CTLA-4 and PD-1/PD-LI,
resulting in checkpoint blockade, a num-
ber of clinical trials combining these
agents with oncogene-targeted therapies
have been launched. It remains to be deter-
mined whether a similar positive feed-
back loop leading to antitumor immunity
can be generated with these combination
therapies.

Potential deleterious off-target effects of
tyrosine kinase inhibitors on lymphocytes
are of concern for immunotherapy-based
approaches. Dasatinib has been reported
to negatively regulate T-cell proliferation
and function, by interfering with signal-
ing of Src family members.” However,
our study demonstrates that a short-term
(3 days) dasatinib course elicits potent
tumor-specific T-cell responses, while pro-
longed (8 days) administration does not.’
These data suggest that short-term pulses
or the intermittent administration of tyro-
sine kinase inhibitors might be optimal.
Hence, preserving the immune response
elicited by molecularly targeted agents
may be achieved with careful dosing and
scheduling.

Recently, several publications have

reported  synergistic effects between
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oncogene-targeted agents and immu-
notherapy. For example, the oncogenic
B-RAF inhibitor vemurafenib plus adop-
tive T-cell transfer resulted in superior
antitumor effects in a mouse melanoma
model.® Imatinib, another ¢-KIT inhibi-
tor, was shown to synergize with anti-
CTLA-4 antibodies in a GIST mouse
model’ Finally, the combination of
imatinib with IFNa has also generated
promising results in a recent clinical trial
enrolling GIST patients.” These stud-
ies support our experimental results and
suggest that combinations of targeted
therapy and immunotherapy may result
in improved antitumor responses. Future
potential clinical trials may combine
oncogene-targeted agents with adoptive
T-cell transfer, cancer vaccines, or co-
stimulatory/checkpoint blockade antibod-
ies. Based on the accumulated evidence,
we believe that the general strategy of
combining targeted therapies with immu-
notherapies will provide benefits to many
cancer patients in the years to come.
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