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Macrophages are critical proponents of the growth and development of pancreatic ductal adenocarcinoma. How-
ever, if properly instructed, macrophages can acquire anti-tumor properties, including the capacity to degrade the
fibrous matrix that surrounds neoplastic lesions and to eliminate malignant cells, eventually leading to tumor regression.

In pancreatic ductal adenocarcinoma
(PDAC), reciprocal interactions between
malignant cells and host cells including
fibroblasts as well as inflammatory and
vascular endothelial cells orchestrate a
microenvironment that is immunosup-
pressive, fibrotic, and poorly vascular.!
This desmoplastic reaction that surrounds
PDAC lesions constitutes a major obstacle
to the efficacy of therapy.? Indeed, cyto-
toxic drugs poorly penetrate this dense
stromal matrix. Conversely, inflammatory
cells, including macrophages, efficiently
infiltrate PDAC lesions. Macrophages are
the principal leukocyte infiltrating many
solid malignancies. However, the presence
of tumor-infiltrating macrophages most
often portends a poor prognosis, mainly
reflecting the ability of these cells to sup-
port oncogenesis and tumor progression
(as they promote proliferation, invasion,
and metastasis) and to inhibit adaptive
immunosurveillance. >

To reverse the tumor-supporting
phenotype of PDAC-infiltrating macro-
phages, we have targeted CD40, a mem-
ber of the tumor necrosis factor receptor
(TNEFR) superfamily. CD40 is expressed
on macrophages and other antigen-pre-
senting cells (APCs), including B cellsand

dendritic cells, as well as some non-hema-
topoietic cells. CD40 agonist antibodies
have been shown to “license” APCs for
tumor-specific T-cell priming and activa-
tion.’ Preclinical studies also suggest that
chemotherapy can synergize with CD40
agonists in the induction of productive
tumor-specific T-cell immunity.® Based
on these data, we hypothesized that
combining chemotherapy with a CD40
agonist in PDAC would reverse immu-
nosuppression induced by macrophages
and restore productive T-cell immuno-
surveillance. To test this hypothesis, we
studied gemcitabine chemotherapy in
combination with a CD40 agonist anti-
body in the Kras®"?PTrp53R172H/ Pdx-
1-Cre (KPC) mouse model of PDAC as
well as in a Phase I clinical trial enrolling
patients with advanced PDAC.”® This
combinatorial regimen induced tumor
regression in some KPC mice. Along
similar lines, we observed major tumor
PDAC patients
treated with gemcitabine in combination
with a fully human CD40 agonist mono-
clonal antibody. In the KPC model, this
therapeutic effect could be reproduced
with a CD40 agonist alone, but not with
gemcitabine alone, and was determined
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to be independent of T cells, which failed
to infiltrate neoplastic lesions in response
to therapy.

To understand
tumor regression triggered by agonist
CD40 therapy, we examined the tumor
microenvironment of KPC mice receiving

the mechanism of

a CD40 agonist. In this setting, tumor-
infiltrating macrophages were found to
upregulate
consistent with a shift from a pro-tumor

co-stimulatory molecules,

to an anti-tumor phenotype. To test the
functional relevance of macrophages in
the anti-tumor response induced with
agonist CD40 therapy, we treated KPC
mice with clodronate encapsulated lipo-
somes (CELs), which deplete systemic,
but not tumor-associated, macrophages.
CELs abrogated the ability of CD40 ago-
nist antibodies to induce tumor regres-
sion, pointing to a role for extratumoral
macrophages as mediators of the anti-
tumor immune response triggered by
systemic CD40 activation. Consistent
with this finding, tumor biopsies from
2 PDAC patients responding to gem-
citabine combined with a CD40 agonist
revealed a robust infiltrate of myeloid
cells, in particular macrophages, coupled
to an absence of T cells.
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Figure 1. Re-directing the phenotype of tumor-infiltrating macrophages induces the regression of pancreatic adenocarcinoma lesions. Peripheral
blood monocytes are routinely recruited to neoplastic lesions, where they can support tumor growth and development. The systemic administration of
an agonist CD40 antibody shifts the phenotype of tumor-infiltrating macrophages from pro-tumor to anti-tumor. Anti-tumor macrophages induce the
regression of some malignant lesions by eliminating cancer cells and degrading the extracellular matrix (ECM) that generally surrounds tumors. Tumor
response is associated with changes in glucose metabolism as measured by [*¥F]-fluorodeoxyglucose (FDG) uptake detected on positron emission

In our analysis of macrophages
responding to agonist CD40 therapy, we
observed a rapid disappearance of mono-
cytes from the peripheral blood of both
KPC mice and patients within 24 h after
treatment. In KPC mice, we determined
that monocytes responding to CD40
activation rapidly infiltrated neoplastic
lesions, acquired tumoricidal proper-
ties, and facilitated the depletion of Type
I collagen, a major component of the
extracellular matrix (ECM) of the tumor
microenvironment. However, such effects
were limited to focal areas of neoplastic
lesions, suggesting that some regions of
the tumor are resistant to therapy. We
used changes in glucose metabolism, as
detected on  ['®F]-fluorodeoxyglucose
(FDG)-based positron emission tomog-
raphy/CT (PET/CT) imaging, as a sur-
rogate marker of a therapeutic response
to compare responses observed within
primary and metastatic lesions in PDAC
patients receiving a CD40 agonist in
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combination with chemotherapy. Using
semi-automated imaging software, we
quantified glucose metabolism within
individual tumor lesions, within organs,
and throughout the entire body of
patients, in order to determine lesion,
organ, and total body tumor burden. Our
analysis revealed that primary pancreatic
tumors tend to respond uniformly with
each treatment cycle. Conversely, meta-
static lesions varied in their response to
treatment, with some lesions displaying
a complete response and others within
the same patient exhibiting no improve-
ment with therapy. Treatment responses
on FDG-PET/CT imaging, which were
monitored within 2 weeks after the ini-
tiation of therapy, correlated with tumor
responses detected on subsequent CT
imaging and with improved overall
survival.

Our findings suggest a role for macro-
phages in regulating the ECM that sur-
rounds PDAC lesions. We believe that
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strategies designed to shift macrophages
from stroma-supporting to stroma-
degrading may enhance the delivery of
chemotherapy to PDACs. In this way,
macrophage-directed therapies may be
effective at improving tumor debulking.
However, long-term immunity will be
necessary to prevent relapse/recurrence.
In this regard, we found that CD40 ago-
nist-based therapy was unable to restore
productive T-cell immunosurveillance.
This may reflect the presence of other
immunosuppressive mediators or cell
types, such as regulatory T cells, or a
requirement for additional signals to shift
macrophages toward fostering rather than
suppressing T-cell immunity.

The heterogeneity in the treatment
response that we observed with FDG-
based imaging implies that some tumors
are resistant to macrophage-based immu-
notherapy. This resistance mechanism is
unknown but may reflect differences in
various factors, including the propensity
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of specific PDAC lesions to attract
myeloid cells, the amount and/or com-
position of tumor-associated ECM, or
the sensitivity of malignant cells to the
tumoricidal activity of macrophages.

In summary, we believe that macro-
phages are attractive targets for PDAC
immunotherapy due to their tropism for
desmoplastic tissues and their decisive
impact on tumor biology. Macrophages
can be induced to directly eliminate
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