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Lu et 4l. (1) introduce a novel chimeric model of prostate
cancer to interrogate the tumor microenvironment and
signaling pathways in response to single targeting agents
given alone or in combination with checkpoint inhibitors.
This provides new preclinical data that reinforces clinical
observations that combinatorial approaches for treating
metastatic castration-resistant prostate cancer (nCRPC)
may be more beneficial when compared with monotherapies
(Figure 1). It also provides a rationale for the combination
of biologic receptor and pathway targeting agents with the
family of different checkpoint inhibitors. While the first
demonstration of survival benefit by an immunotherapy for
a solid tumor was in patients with minimally symptomatic
or asymptomatic CRPC using an autologous dendritic cell
product, sipuleucel-T (Provenge®) (3), immunotherapeutic
approaches with single agent peptide or DNA vaccines using
novel viral platforms, CAR T cells, and checkpoint inhibitors
have all shown limited or minimal impact on the disease.

To date, it remains unclear as to the rationale for
the suboptimal responses to checkpoint inhibitors in
prostate cancer. Studies have suggested prostate cancer
is not a hypermutated disease (4) compared with other
genitourinary malignancies such as bladder and renal
cancers, however, others have postulated that the absence of
or lack of expression of PD1, PD-L1, or polymorphisms in
molecules such as CTLA-4 may have some indistinct role.
Despite these negative results, there are prostate cancer
patients who have had dramatic, durable responses following
treatment with ipilimumab alone or in combination with
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radiation therapy (5-7). Graff et al. (8) reported results
from a pilot trial of prostate cancer patients with late
disease and significant tumor burden demonstrating several
dramatic responses when pembrolizumab was administered
post enzalutamide failure, suggesting that the preclinical
observations of enzalutamide (9) as an immune modulator
may in fact be contributing to the response. The variations
in responses to checkpoint inhibitors have now shown that
not all cancers respond equally to the same checkpoint
inhibitor and that a particular cancer may have unique
responsiveness to a specific checkpoint drug.

In the “Letter” published by Lu ez 4/. (1), the authors
present data to confirm their hypothesis that a combination
of immune checkpoint agents together with a targeted agent
could affect myeloid-derived suppressor cells (MDSCs) in
the setting of preserving normal T cell function. MDSCs
contribute to an immune suppressive environment and
have been implicated in cancer progression. However, how
MDSCs respond to treatment and their role in providing
a mechanism by the tumor microenvironment can be
positively or negative influenced have not been completely
studied. Clinically, MDSCs have been studied as potential
biomarkers to assess response to treatment as well as disease
progression. Preliminary retrospective data presented by
Autio et al. (10) used a novel platform for a biomarker
based assay in whole blood that enumerated MDSC from
36 patients with either metastatic castration sensitive
prostate cancer (CSPC) and mCRPC. The results did not
confirm any impact of chemotherapy on MDSCs nor were
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Figure 1 The interactions of combination immunotherapy, checkpoint and signaling pathways and the tumor environment (TM). AR,

androgen receptor; ACT, adoptive cell transfer. Reproduced from Bryant et a/. (2).

they significantly higher in those with visceral metastases,
though a trend existed (20.3 vs. 24.0, P=0.076). There was
a trend for higher MDSC values in patients with visceral
metastases, which historically are associated with worse
prognoses.

Lu ez al. (1) tested the impact of novel immune
oncology and biologic agents using a chimeric mouse
model of mCRPC that could exhibit autochthonous
tumor evolution. A novel non-germline mCRPC model
in a C57BL/6 background was used via a JH61 and
JHS58 mouse embryonic stem cell clone. These were derived
from several genotypes including the PB-Cre'Pten""
smad4"”" mTmG""LSL-LUC""* genotypes. These animals
developed metastases to lymph nodes and micrometastases
in lungs and could provide an iz vivo window into
mechanism and response to therapies. As such, a panel of
checkpoint inhibitors that have been shown to be safe and
have a clinical signal in selected patients in early phase trials
but did not impact on overall survival in phase III trials,
have some measure of preclinical activity, and/or induce
immunomodulation were studied. Among the drugs studied
sere dasatinib (Sprycel®, a synthetic small molecule-inhibitor
of SRC-family protein-tyrosine kinases), cabozantinib
[Cometriq®, a small-molecule inhibitor of tyrosine kinases,
including MET, VEGF receptors (VEGFRs), and AXL],
BEZ235 [a phosphoinositide 3-kinase (PI3k)/mTOR dual
inhibitor], along with anti-CTLA4 (Yervoy®) and anti-PD1
antibodies. These mCRPC-bearing chimeric mice received
either checkpoint inhibitors alone or in combination
with these drugs. As expected, the respected target agent
monotherapies as well as the immune agents had minimal
impact on the prostate tumor mass but the combination
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of cabozantinib and immune agent or BEZ plus immune
agent showed potent synergistic efficacy both against
the primary and metastatic lesions. Marked reduction of
disease burden in addition to reduced proliferation and
apoptosis were seen histologically. Dasatinib showed
minimal activity when given in combination with a
checkpoint drug. However, there was some impact on the
disease as determined by a significant reduction of tumor-
infiltrating lymphocytes (TILs) T cells suggesting impact
on the tumor microenvironment. Depending on the murine
model used, there was significant impact on the tumor
microenvironment as assessed by a variety of signaling
assays including phospho-receptor tyrosine kinase as well
as cytokine assays. MDSCs showed a significantly higher
sensitivity to cabozantinib and BEZ but not to dasatinib. In
addition, when MDSCs were isolated from CRPC tumors
treated with cytokines that were downregulated as a result
of pretreatment of the tumor with cabozantinib or Bez,
significant upregulation of Argl, Cybb, Necfl and Ncf4
were observed. The authors concluded that prostate cancer
cells were capable of driving immunosuppression-related
gene expression in MDSCs via the secretion of multiple
cytokines. This was extrapolated further to suggest that
there was paracrine signaling that was impaired by using
cabozantinib or BEZ treatment.

These observations provide a real-time window into the
interrogation of novel agents and their combinations with
immune oncology drugs and provide further insight into
the tumor microenvironment, the immune mechanisms at
work, and the signaling pathways that are affected by drugs
given singly or in combination with these immune agents. It
may also explain mechanistically the lack of responsiveness
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to these single agents in prostate cancer. However, it does
not completely explain why the majority of patients using
single agent therapy fail and why individual patients may
have durable responses. Nevertheless, it is a novel foothold
by which the biology of these drugs may or may not show
impact on the tumor microenvironment. Caution should be
exercised that while preclinical models using novel drugs
have often been successful in reducing or eliminating tumor
burden, their use clinically may not similarly translate to
comparable findings.

Despite these caveats, there are multiple studies that
support the use of combinatorial approaches in prostate
cancer many of which have been based on sound preclinical
work. Ardiani er al. (9) studied the combination of drugs
targeting the PI3k/Akt pathway and the androgen-receptor
(AR) axis. They studied the combination of AZD5363, an
adenosine triphosphate-competitive pan-Akt inhibitor and
enzalutamide (9), an AR targeted drug was given at time of
castration similarly and resulted in significant regression of
tumors. The combination of AZD5363 and enzalutamide
significantly delayed the development of resistance to
enzalutamide in preclinical models via synergistic increases
in cell cycle arrest as well as apoptosis. The authors support
the idea that greater efficacy may result with earlier
combination treatment.

In the TRAMP-C2 model, in vitro treatment with
enzalutamide resulted in the up-regulation of MHC-I
and Fas (11). Treatment with enzalutamide also induced a
modest up-regulation of tumor antigens and cell-surface
molecules in AR-expressing LNCaP human prostate
carcinomas. Of note, enzalutamide or the AR-directed
adrenal agent abiraterone when given in vitro, mediated
major changes in several apoptotic genes in LNCaP cells.
NAIP, a member of a family of inhibitors of apoptosis
proteins that inhibit cell death via the inhibition of activated
caspases was markedly down-regulated in LNCaP cells
treated in vitro with enzalutamide (14-fold) or abiraterone
(5-fold) (11). This family of inhibitory proteins has been
shown to be overexpressed in a variety of malignancies
and may contribute to the resistance of apoptosis, drug
resistance, and tumor progression.

Other combinatorial approaches have evaluated sorafenib,
a tyrosine kinase inhibitor along with enzalutamide in a
CRPC model (12), enzalutamide combined with sorafenib
decreased cell proliferation and induced apoptosis in
the prostate cancer line, LNCaP. Tumor growth was
suppressed in castrate-resistant LNCaP xenografts with
the combination of these agents compared with each alone.
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While AR was down-regulated per Western blot, the ERK
pathway was inhibited. Marques et a/. (13). also using
twelve human prostate cancer cells lines to study whether
the combination of hormonal therapy with AZD5363
and AZD8186 could upregulate AR-target genes. The
combination with hormonal therapy improved the efficacy
and resulted in durable remissions. These data suggested
that the combination resulted in upregulation of AR-target
genes upon PI3k/Akt inhibition could result in efficacy
via some form compensatory crosstalk between the AR
and P13K/Akt pathways. Similar observations have been
reported by Toren et a/. (14) who also supported the premise of
crosstalk between the PI3k/Akt/mTOR and RAF/MEK/ERK
signaling pathways. Castration sensitive, castration resistant,
and enzalutamide-resistant prostate cancer cell lines were
treated with AZD5363, an Akt inhibitor and PD0325901,
a MEK inhibitor, either alone or in combination. The
authors confirmed that the co-targeting of these pathways
showed that Akt inhibition induced apoptosis and inhibited
cell growth in PTEN null cell lines; that MEK inhibition
had a greater effect on the 22RV1 cells compared with
AR-expressing LNCaP, or enzalutamide resistant cells. But
there was synergy using Akt and MEK blockade in some of
the cell lines but this was inconsistent among the cell lines
studied.

These studies all serve to highlight the potential for
combinatorial approaches for the treatment of prostate
cancer. The chimeric models introduced by Lu et /. (1)
provide a means to better explore in vivo the effects of
combination drug and immune therapies. However, despite
the usefulness of this approach, the overall heterogeneity (2)
of prostate cancer continues to limit the rapidity by which
preclinical success can translate into clinical implementation.
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