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Combined OX40 ligation plus CTLA-4 blockade
More than the sum of its parts
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It is becoming clear that combination strategies will be necessary to augment cancer immunotherapy. We report that
combination anti-OX40/anti-CTLA-4 mAb immunotherapy improves survival by enhancing effector T cell expansion and
function, even while inducing Th2 cytokine production. Furthermore, IL.-4 blockade in addition to combination therapy
significantly improved anti-tumor efficacy.

Co-stimulatory (OX40, 4-1BB) and
co-inhibitory (CTLA-4, PD-1) recep-
tors promote or restrict T cell activation,
respectively, and play a vital role in regu-
lating the course of an immune response.
Numerous studies have demonstrated
that modulation of these pathways can
dramatically enhance T cell activation.
One such method to achieve this is
through the use of monoclonal antibod-
ies (mADb) targeting T cell co-inhibitory
receptors, known as checkpoint inhibi-
tors. Pre-clinical studies demonstrated
that CTLA-4 blockade with an anti-
CTLA-4 mADb was effective at improv-
ing tumor regression and enhancing
survival. While this was true for more
immunogenic tumors, additional thera-
pies were needed to induce regression of
poorly immunogenic tumors. Recently,
it was demonstrated that anti-CTLA-4
mAb (ipilimumab) improved survival
in patients with metastatic melanoma.'
Although only 10-20% of patients
respond to anti-CTLA-4, combined anti-
CTLA-4/anti-PD-1  therapy

in ~50% response rates demonstrating

resulted

the clinical potential of combination
immunotherapy.?

An alternative strategy to augment
anti-tumor immunity is to promote T cell
activation directly through co-stimulatory
receptors. Our group and others have
shown that ligation of the TNF receptor
family member, OX40, with an agonist
anti-OX40 mAb significantly enhanced
T cell cytokine production, expansion,
and anti-tumor immunity.’ A recently
completed phase I clinical trial dem-
onstrated the immunologic effects of
anti-OX40 in patients with cancer, high-
lighting the therapeutic potential of OX40
agonists.” Despite similarities in their abil-
ity to elicit anti-tumor immunity, there
are notable differences in the immune
response following treatment with anti-
OX40 or anti-CTLA-4 mAb. OX40 liga-
tion elicited more cytokine-producing
and memory CD4 T cells than CTLA-4
blockade, while CTLA-4 blockade specif-
ically depleted Treg cells in the tumor.>®
Whether anti-OX40 similarly depletes
intratumoral Treg cells is unknown.
Anti-OX40 and anti-CTLA-4 seem to
have differing mechanisms for boost-
ing CD8 T cell expansion and survival.
CTLA-4 blockade indirectly enhanced
CD8 T cell function through cell extrinsic
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effects, while agonist anti-OX40 mAb
directly and indirectly boosted CD8 T cell
function.”® Therefore, we hypothesized
that OX40 ligation plus CTLA-4 block-
ade would greatly enhance anti-tumor
immunity by enhancing effector T cell
survival and function, while inhibiting the
function of Treg.

A recent study examining intratu-
moral injection of anti-OX40 and anti-
CTLA-4 along with the TLR agonist
CpG demonstrated enhanced overall sur-
vival and Treg cell depletion in a murine
lymphoma model.” Our data take this in
a different direction, demonstrating that
systemic administration of anti-OX40/
anti-CTLA-4 mADb, in the absence of TLR
agonists, significantly improves survival
and primary tumor regression in the poorly
immunogenic TRAMP-C1 mouse model
of prostate cancer and in MCA-205 sar-
coma tumor-bearing mice."” Monotherapy
with either agent alone was insuffi-
cient to enhance survival. Combination
therapy augmented the frequency of
proliferating polyclonal effector CD8
T cells. Furthermore, combination ther-
apy induced Tbet""Eomes" CD8 T cells,
which is associated with effector CD8
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macrophages. (C) IL-4 blockade with combined anti-OX40/anti-CTLA-4 mAb significantly enhances tumor regression
large tumor burden.

Figure 1. Schematic representation of the mechanisms by which combined anti-OX40/anti-CTLA-4 mAb immunotherapy enhances tumor regression
and survival. (A) Untreated tumors exhibit minimal T cell infiltration, resulting in 100% mortality due to unchecked tumor growth. (B) Combined anti-
OX40/anti-CTLA-4 mAb therapy induces tumor regression and enhances survival by augmenting effector CD4 and CD8 T cell survival and expansion.
This is in spite of Th2 cytokine production, which may promote the proliferation of cancer cells and the induction of suppressive tumor-associated

and survival in the presence of a
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T cell differentiation (Fig. 1). Moreover,
we observed a significant expansion in
tumor-associated antigen-specific (SPAS-
1) CD8 T cells in the TRAMP-C1 model,
which was accompanied by increased
IFN-y production. These data suggest
that combining anti-OX40 and anti-
CTLA-4 therapy with tumor-specific
vaccination may further enhance the anti-
tumor CD8 T cell response. With numer-
ous vaccination strategies currently being
evaluated in clinical trials, the potential
synergy of this triple combination holds
great promise.

Further mechanistic studies revealed
that combination therapy enhanced the
expansion of effector (FoxP3") CD4
T cells as compared with either mono-
therapy alone. Interestingly, while
intratumoral injection of anti-OX40/
anti-CTLA-4 mAb depleted Treg cells,’
we found that systemic therapy led to a
slight increase in Treg cells within the
lymph nodes, while the tumor remained
unchanged relative to controls. Likewise,
we observed no change in the suppres-
sive capacity of Treg cells isolated from
mice receiving combination immuno-
therapy. One noticeable difference was
an increase in ICOS expression on CD4
effector and Treg cells, which has been
linked to long-term survival in patients
and may be one explanation for why we
observed enhanced survival despite no
effect on Treg cells present within the
tumor.

Perhaps the most striking finding of
our study was regarding cytokine expres-
sion. While we observed an increase in
IL-2 and IFN-y production by CDS8
T cells, we were surprised to find an
increase in both Thl (IFN-vy and IL-2)
and Th2 (IL-4, IL-5, IL-13) cytokines
by CD4 T cells following combination
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therapy (Fig. 1). We noted that these
were distinct populations of CD4 T
cells, as they were either IFN-y*Th2
IFN-yTh2

Moreover, the increase in IL-4 expres-

cytokine’, or cytokine*.
sion could not be attributed to Treg or
NKT cells. Increased Gata-3 expression,
which is associated with Th2 polariza-
tion in CD4 T cells, corresponded with
increased IL-4 production and was pri-
marily detected in the T-bet™ CD4
effector population.

To determine whether IL-4 expression
following combination therapy was impor-
tant for enhancing survival and tumor
regression in the TRAMP-C1 model, we
examined the effects of combination ther-
apy with IL-4 blockade. IL-4 blockade in
conjunction with either anti-OX40 or anti-
CTLA-4 alone had no effect. However,
IL-4 blockade delivered with combination
anti-OX40/anti-CTLA-4 therapy led to a
profound increase in long-term survival.
The mechanism by which IL-4 restricts
the efficacy of combination therapy is
unknown, but may reflect the proliferative
effects of IL-4 directly on the tumor or the
induction of suppressive tumor-associated
macrophages (Fig. 1). Together, these data
indicate the efficacy of combined anti-
OX40/anti-CTLA-4 therapy and suggest
that the induction of potentially detrimen-
tal Th2 responses should be considered
when translating these studies into patients.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were
disclosed.

References

1. Hodi FS, O’Day SJ, McDermott DF, Weber RW,
Sosman JA, Haanen JB, Gonzalez R, Robert C,
Schadendorf D, Hassel JC, et al. Improved sur-
vival with ipilimumab in patients with metastatic
melanoma. N Engl ] Med 2010; 363:711-23;
PMID:20525992; http://dx.doi.org/10.1056/
NEJMoal003466

Oncolmmunology

10.

Wolchok JD, Kluger H, Callahan MK, Postow
MA, Rizvi NA, Lesokhin AM, Segal NH, Ariyan
CE, Gordon RA, Reed K, et al. Nivolumab plus
ipilimumab in advanced melanoma. N Engl ] Med
2013; 369:122-33; PMID:23724867; http://dx.doi.
0rg/10.1056/NEJMoal302369

Moran AE, Kovacsovics-Bankowski M, Weinberg
AD. The TNFRs OX40, 4-1BB, and CD40 as tar-
gets for cancer immunotherapy. Curr Opin Immunol
2013; 25:230-7; PMID:23414607; http://dx.doi.
0rg/10.1016/j.c0i.2013.01.004

Curti BD, Kovacsovics-Bankowski M, Morris
N, Walker E, Chisholm L, Floyd K, Walker J,
Gonzalez I, Meeuwsen T, Fox BA, et al. OX40 is
a potent immune-stimulating target in late-stage
cancer patients. Cancer Res 2013; 73:7189-98;
PMID:24177180; http://dx.doi.org/10.1158/0008-
5472.CAN-12-4174

Evans DE, Prell RA, Thalhofer CJ, Hurwitz AA,
Weinberg AD. Engagement of OX40 enhances anti-
gen-specific CD4(+) T cell mobilization/memory
development and humoral immunity: comparison of
alphaOX-40 with alphaCTLA-4. ] Immunol 2001;
167:6804-11; PMID:11739496

Selby MJ, Engelhardt JJ, Quigley M, Henning KA,
Chen T, Srinivasan M, etal. Anti-CTLA-4 Antibodies
of IgG2a Isotype Enhance Antitumor Activity
through Reduction of Intratumoral Regulatory T
Cells. Cancer Immunol Res 2013; (Forthcoming);
1:32-42; http://dx.doi.org/10.1158/2326-6066.
CIR-13-0013

Redmond WL, Gough MJ, Charbonneau B, Ratliff
TL, Weinberg AD. Defects in the acquisition of CD8
T cell effector function after priming with tumor or
soluble antigen can be overcome by the addition of
an OX40 agonist. ] Immunol 2007; 179:7244-53;
PMID:18025166

Shrikant P, Khoruts A, Mescher MF. CTLA-4
blockade reverses CD8+ T cell tolerance to tumor
by a CD4+ T cell- and IL-2-dependent mechanism.
Immunity 1999; 11:483-93; PMID:10549630;
http://dx.doi.org/10.1016/S1074-7613(00)80123-5
Marabelle A, Kohrt H, Sagiv-Barfi I, Ajami B, Axtell
RC, Zhou G, Rajapaksa R, Green MR, Torchia J,
Brody J, et al. Depleting tumor-specific Tregs at a sin-
gle site eradicates disseminated tumors. J Clin Invest
20135 123:2447-63; PMID:23728179; http://dx.doi.
org/10.1172/]JCI64859

Redmond WL, Linch SL, Kasiewicz, MJ. Combined
Targeting of Costimulatory (OX40) and Coinhibitory
(CTLA-4) Pathways Elicits Potent Effector T Cells
Capable of Driving Robust Antitumor Immunity.
Cancer Immunol Res 2014; (Forthcoming);
2:142-53; hetp://dx.doi.org/10.1158/2326-6066.
CIR-13-0031-T

€28245-3

Do not distribute.

I0Science.

©2014 Landes B





