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ABSTRACT

Background The prostate tumor microenvironment
(TME) is immunosuppressive, with few effector T cells

and enrichment of inhibitory immune populations, leading
to limited responses to treatments such as immune
checkpoint therapies (ICTs). The immune composition of
the prostate TME differs across soft tissue and bone, the
most common site of treatment-refractory metastasis.
Understanding immunosuppressive mechanisms specific
to prostate TMEs will enable rational immunotherapy
strategies to generate effective antitumor immune
responses. Daratumumab (anti-CD38 antibody) and
edicotinib (colony-stimulating factor-1 receptor (CSF-1R)
inhibitor) may alter the balance within the prostate TME to
promote antitumor immune responses.

Hypothesis Daratumumab or edicotinib will be safe and
will alter the immune TME, leading to antitumor responses
in localized prostate cancer.

Patients and methods In this presurgical study, patients
with localized prostate cancer received 4 weekly doses of
daratumumab or 4 weeks of daily edicotinib prior to radical
prostatectomy (RP). Treated and untreated control (Gleason
score >8 in prostate biopsy) prostatectomy specimens and
patient-matched pre- and post-treatment peripheral blood
mononuclear cells (PBMCs) and bone marrow samples
were evaluated. The primary endpoint was incidence

of adverse events (AEs). The secondary endpoint was
pathologic complete remission (pCR) rate.

Results Twenty-five patients were treated (daratumumab,
n=15; edicotinib, n=10). All patients underwent RP without
delays. Grade 3 treatment-related AEs with daratumumab
occurred in 3 patients (12%), and no >grade 3 treatment-
related AEs occurred with edicotinib. No changes in

serum prostate-specific antigen (PSA) levels or pCRs were
observed. Daratumumab led to a decreased frequency

of CD38™* T cells, natural killer cells, and myeloid cells in
prostate tumors, bone marrow, and PBMCs. There were no
consistent changes in CSF-1R* immune cells in prostate,
bone marrow, or PBMCs with edicotinib. Neither treatment
induced T cell infiltration into the prostate TME.
Conclusions Daratumumab and edicotinib treatment was
safe and well-tolerated in patients with localized prostate

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Prostate cancer has limited responses to treat-
ments such as immune checkpoint therapies due
to an immunosuppressive prostate tumor microen-
vironment (TME) that differs across soft tissue and
bone, the most common site of treatment-refractory
metastasis.

= Understanding immunosuppressive mechanisms
specific to prostate TMEs will enable rational immu-
notherapy strategies to generate antitumor immune
responses.

WHAT THIS STUDY ADDS

= We present findings from the first presurgical trial
of an anti-CD38 antibody (daratumumab) or colony-
stimulating factor-1 receptor (CSF-1R) inhibitor
(edicotinib), with analysis of primary tumor, bone
marrow, and peripheral blood.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Decreases in CD38™* immune cells were observed in
prostate tumors, bone marrow, and peripheral blood
mononuclear cells with daratumumab, but changes
in CSF-1R* immune cells were not consistently ob-
served with edicotinib.

= Although treatment was safe and well-tolerated,
neither agent alone was sufficient to generate an-
titumor responses in prostate cancer; thus, combi-
nations with agents to induce T cell infiltration will
be needed to overcome the immunosuppressive
prostate TME.

cancer but did not induce pCRs. Decreases in CD38*
immune cells were observed in prostate tumors, bone
marrow, and PBMCs with daratumumab, but changes in
CSF-1R* immune cells were not consistently observed
with edicotinib. Neither myeloid-targeted agent alone was
sufficient to generate antitumor responses in prostate
cancer; thus, combinations with agents to induce T cell
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infiltration (eg, ICTs) will be needed to overcome the immunosuppressive
prostate TME.

INTRODUCTION

Prostate cancer harbors an immunosuppressive tumor
microenvironment (TME), characterized by low tumor
mutational burden and neoantigen load associated with
few intratumoral T cells.' * In keeping with this, the pros-
tate TME is enriched in anti-inflammatory myeloid cells
(eg, myeloid-derived suppressor cell (MDSC) subsets)
and immunosuppressive cytokines and pathways (eg,
adenosine signaling).” * Our group has shown that
presurgical (‘window of opportunity’) trials can reveal
biologically relevant mechanisms of immune responsive-
ness within this immunosuppressive prostate TME.””
However, the prostate TME differs across organ sites,
including primary prostate tissue, lymph nodes (ie, soft
tissue) and bone, the most common site of treatment-
refractory metastases in prostate cancer.” Through eval-
uation of patient-matched pre- and post-treatment bone
marrow samples, our group has previously identified
candidate mechanisms of resistance to immunothera-
pies within the bone TME, such as immunosuppressive
myeloid cell subsets.”? We therefore designed a presur-
gical trial in patients with prostate cancer, incorporating
matched evaluation of the primary tumor, bone marrow
and peripheral blood microenvironments, testing two
therapies targeting immunosuppressive populations
within the TME: daratumumab (an anti-CD38 antibody)
and edicotinib (a small-molecule inhibitor of colony-
stimulating factor-1 receptor (CSF-1R)).

CD38 is widely expressed on immune cells, including
myeloid cells (macrophages, monocytes, neutrophils,
and dendritic cells), T cells, natural killer (NK) cells, and
plasma B cells.'’!! Functionally, CD38 catalyzes the conver-
sion of nicotinamide adenine dinucleotide (NAD") to
ADP-ribose (ADPR) and cyclic ADPR (cADPR), substrates
for non-canonical adenosine production.'’ ' Adenosine
receptor signaling promotes differentiation of myeloid
cells such as tumor-associated macrophages (TAMs) into
a suppressive phenotype, inhibits NK cell maturation and
function, and limits effector T cell activation and prolifera-
tion, supporting an immunosuppressive TME.* Adenosine
receptor antagonists are currently being evaluated clin-
ically with evidence of durable responses in subsets of
patients.'* " Daratumumab is a fully human monoclonal
antibody targeting CD38 that prolonged overall survival
in multiple myeloma, a plasma cell dyscrasia arising from
bone marrow, which led to its approval by the U.S. Food
and Drug Administration (FDA).'" " Daratumumab has
been shown to deplete immunosuppressive cell popula-
tions, including CD38" myeloid-derived suppressor cells
(MDSCs), regulatory T (T, ) cells, and regulatory B
(B,,) cells. 151 1) the bone marrow and peripheral blood
of patlents with multiple myeloma, daratumumab led to
increased frequency of CD3', CD4" and CD8' T cells.”
Furthermore, it increased T cell receptor clonality and

the frequency of effector memory CD8" T (T, ) cells in
PBMCs of patients with multiple myeloma.'?

Edicotinib (JNJ-40346527) is an orally bioavailable inhib-
itor of CSF-1R, a receptor tyrosine kinase that is primarily
expressed on the myeloid lineage (on macrophages and
granulocytes) and controls macrophage differentiation
and function.'” ' CSF-1R promotes polarization of TAMs
into a suppressive phenotype and restrains antitumor
Th1 cells." In preclinical models (including the autoch-
thonous transgenic TRAMP model of prostate cancer),
edicotinib reduced CD11b*Gr-1F4/ 80" tumor-associated
macrophages within the TME.*" Edicotinib has shown
evidence of safety and target engagement in humans, with
>80% inhibition of CSF-1R phosphorylation in a phase
I/1I trial in patients with relapsed or refractory Hodgkin
lymphoma.?!

Based on these preclinical and clinical data, we hypoth-
esized that daratumumab or edicotinib would be safe and
well-tolerated as presurgical therapy for prostate cancer
and deplete suppressive immune populations within the
TME, leading to antitumor responses. Here, we present
findings from the first presurgical trial of an anti-CD38
antibody or CSF-1R inhibitor, with analysis of the immune
microenvironments within the primary tumor, bone
marrow, and peripheral blood.

EM

METHODS

Study design and patients

This study (NCT03177460) was an open-label, single-
center phase I trial in patients with high-risk, localized
prostate cancer. Key inclusion criteria included histologic
evidence of prostate adenocarcinoma (small cell, neuro-
endocrine, or transitional cell histologies were excluded),
high-risk disease defined by at least one prostate biopsy
core with Gleason score >8 (with at least three core biop-
sies involved with cancer), no radiographic evidence
of distant metastatic disease as assessed by CT scan and
technetium-99m-MDP bone scintigraphy, and localized or
locally advanced disease deemed by the treating surgeon
to be resectable and appropriate for radical prostatec-
tomy. Full inclusion and exclusion criteria are provided
in the clinical protocol (online supplemental appendix
1). Patients were consented to the MD Anderson Institu-
tional Review Board (IRB)-approved laboratory protocol
PA13-0291 for immune monitoring analyses on periph-
eral blood, bone marrow, and tumor tissue. A separate
cohort of patients with Gleason sum score =8 on pros-
tate biopsy who proceeded directly to standard of care
prostatectomy without systemic therapy were consented
to PA13-0291 and provided prostate tumor specimens as
untreated controls.

Treatment

For the open-label treatment phase, patients were
enrolled into either Arm A (daratumumab 16 mg/kg as
per the FDA-approved dosing for multiple myeloma for 4
weekly doses prior to surgery)**** or Arm B (edicotinib
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Weeks Week | Week | Week | Week Radical Weeks
-4 to -1 1 2 3 4 Prostatectomy 7 to 18
Arm A:
_(n=15) Daratumumab 16 mg/kg QW
Arm B: o
(n=10) Edicotinib 150 mg BID

Bone
marrow

et t 11t

Figure 1 Study schema. BID, two times per day; QW, weekly.

150 mg two times per day based on a prior clinical trial
indicating pharmacodynamic activity at this dose for
4 weeks prior to surgery)21 (figure 1). Patients were
assigned alternating treatments in cohorts of five, with
patients 1-5 treated with daratumumab, patients 6-10
treated with edicotinib, patient 11-15 treated with dara-
tumumab, and so on. Daratumumab was discontinued
after week 4 of the open-label treatment phase. Edico-
tinib was discontinued at the end of week 4 with a 3-day
wash-out prior to surgery. In the surgical phase, radical
prostatectomy (open or robotic-assisted laparoscopic)
was performed on or after week 6. The end of study visit
occurred at week 18. Complete discontinuation criteria
and adverse event management guidelines are provided
in the protocol (online supplemental appendix 1).

Assessments and end points

The primary objective was to evaluate safety and tolera-
bility of the study drugs in men with high-risk localized
prostate cancer. The primary endpoint was incidence
of adverse events (AEs). The secondary objective was to
assess the proportion of patients who achieved patholog-
ical complete response (pCR) with the study drugs. The
secondary endpoint was pCR rate (pT0). The exploratory
objective was to study immunological changes in tumor
tissue, bone, and peripheral blood in response to the
study drugs. The exploratory endpoints were immuno-
logical variables measured in tumor tissue, bone marrow,
and peripheral blood. Treated and untreated (Gleason-
matched control) prostate tumors and patient-matched
pre- and post-treatment peripheral blood mononuclear
cells (PBMGs) and iliac crest bone marrow biopsies and
aspirates were obtained. Detailed end point definitions
are provided in the clinical protocol (online supple-
mental appendix 1).

Statistical analyses and safety monitoring

The trial was designed as a pilot study with an intended
size of 15 patients in each treatment arm to establish safety
and allow descriptive analysis of secondary endpoints to

L]
]

plan future trials (operating characteristics are presented
in the protocol in online supplemental appendix 1).
No formal hypotheses were planned as these patients
were intended to form the basis for designing a future
hypothesis-driven study. Interim safety monitoring rules
were implemented with enrollment alternating between
arms to accommodate the AE assessment period. The
following AEs at least possibly related to study therapy
were considered a trial limiting toxicity (TOX): grade
3 infusion reactions lasting >6 hours; grade 2 toxicity
lasting >14 days; any grade 3—-4 events except asymptom-
atic grade 3—-4 neutropenia or anemia lasting <5 days or
asymptomatic grade 3 thrombocytopenia lasting <5 days;
major surgical complications; or surgery delay >4 weeks.
A Bayesian sequential monitoring design was used to
monitor the trial for toxicity separately for each treat-
ment group in cohorts of 5 for each arm.” ** Each arm
would be independently terminated if Prob(TOX>0.10l-
data) >0.80, which equated to stopping if >2/5 or 23/10
patients had a TOX.

Patient characteristics were tabulated at the time of
starting initial therapy. AEs were tabulated for all grades
and high grades (grade 3 or higher) for events related
to study treatment based on the final determination of
relation for each event in each patient. TOX events were
tabulated by arm. Pathologic response was tabulated with
90% credible intervals assuming an uninformative prior
of beta(0.5, 0.5). Tables were prepared in SAS V.9.4 (SAS
Institute). Posterior estimates were calculated in Param-
eter Solver V.3.0 (MDACC Department of Biostatistics,
Houston, Texas, USA).

Immunohistochemistry

Representative formalin-fixed paraffin-embedded blocks
from daratumumab-treated and edicotinib-treated
prostatectomy specimens and untreated prostatectomy
control specimens (Gleason sum score =8 on prostate
biopsy) were sectioned at 4 pm. Pretreatment and post-
treatment bone marrow biopsy cores were decalcified in a
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working solution of equal parts 8% hydrochloric acid and
8% formic acid at 20x volume, with daily solution changes
until decalcification was completed. The specimens were
rinsed in water, neutralized with a concentrated ammonia
solution, and washed. The bone marrow biopsy cores and
clots were fixed in 10% formalin, embedded in paraffin
and cut into 4 pm serial sections for downstream staining
and analysis. H&E and immunohistochemical staining
was performed using CD38, CSF-1R, CD3, CD8, CD20,
CD68, CD45RO, FOXP3, PD-1 and PD-L1 antibodies
(online supplemental table 1). Slides were scanned and
digitized using the Aperio Scan Scope XT system (Leica
Technologies). Quantification analysis was done using
Halo software (V.3.2.1851) and cell densities (cells/mm?)
were plotted. Statistical significance was determined
by the Mann-Whitney test for prostate tissue samples
(untreated vs treated) and Wilcoxon test for bone marrow
specimens (pre- and post-treatment) (GraphPad Prism
software V.8.0). P value <0.05 was considered statistically
significant.

Flow cytometry

Flow cytometry was performed as previously described”
on daratumumab or edicotinib-treated prostatectomy
specimens, untreated prostatectomy control specimens
(Gleason sum score =8 on prostate biopsy), and pre- and
post-treatment bone marrow aspirates and PBMCs. Pros-
tatectomy samples were dissociated with the gentleMACS
Dissociator (Miltenyi Biotec) and cultured overnight
in complete RPMI media. Single cell suspensions were
processed for the flow cytometry assay. Expression of the
following markers was assessed: CD45, CD3, CD4, CDS8,
CD127, CD25, CD19, CD11b, CD14, HLA-DR, FoxP3,
CD56, CD38 and CSF1-R (online supplemental table 2).
Flow analysis was performed using FlowJo V.10 (BD). The
flow cytometry gating strategy is shown in online supple-
mental figure 1. Data were analyzed with GraphPad Prism
software V.8.0. Statistical significance was determined by
the Mann-Whitney test for prostate tissue samples and
Wilcoxon sign rank test for bone marrow aspirate and

PBMC samples. P value <0.05 was considered statistically
significant.

NanoString transcriptional profiling

Stored cells from prostatectomy specimens were processed
with RiboPure RNA Purification Kit (Thermo Fisher
Scientific) according to the manufacturer’s protocol.
Extracted RNA was quantified by ND Nanodropl000
spectrometer (Thermo Scientific, Wilmington, Massa-
chusetts, USA). For NanoString assay, 100 ng of RNA was
used to detect immune gene expression using nCounter
PanCancer Immune Profiling panel along with custom
CodeSet. Counts of the reporter probes were tabulated
for each sample by the nCounter Digital Analyzer and
raw data output was imported into nSolver (http://www.
nanostring.com/products/nSolver, V.4.0). nSolver data
analysis package was used for normalization, cell type anal-
ysis and differential gene expression analysis, and Gene
set enrichment analyses (GSEA) were performed with
Qlucore Omics Explorer V.3.5 software (Qlucore, New
York, USA).?” % Data were plotted using GraphPad Prism
V.8 (GraphPad Software V.8.4.3). Statistical analysis was
performed using the two-tailed Student’s t-test to compare
two groups. P values <0.05 denote significant differences.

RESULTS

Patients

Twenty-five patients (Arm A, daratumumab, n=15; Arm B,
edicotinib, n=10) were enrolled between June 2017 and
November 2019 and received at least 1 dose of protocol
therapy (figure 1). Interim analysis was performed after
10 patients, and due to an observed absence of immu-
nological changes in the edicotinib arm, further enroll-
ment was halted in Arm B. Baseline demographics were
similar in the two arms, with a median age of 63 years
(range 47-69) and primarily white/non-Hispanic descent
(table 1).

Safety and efficacy
AFEs related to daratumumab and edicotinib treatment
are listed in table 2.

Table 1 Baseline characteristics by treatment arm
All Arm A: Daratumumab Arm B: Edicotinib
Patient characteristics n (%) n (%) n (%)
All 25 (100%) 15 (100%) 10 (100%)
Age, median (min, max) 63.0 (47.0,69.0) 63.0(47.0, 69.0) 63.5 (51.0, 69.0)
Race/ethnicity
Black/non-Hispanic 2 (8%) 2 (13%) 0 (0%)
Other/Hispanic 1 (4%) 0 (0%) 1 (10%)
White/non-Hispanic 22 (88%) 13 (87%) 9 (90%)
Gleason score at biopsy 8 (4+4)
9 (4+5 or 5+4)
10 (5+5)
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Table 3 Toxicity (TOX) events and clinical outcomes

Arm A: Daratumumab

Arm B: Edicotinib

Outcome (n=15) (n=10)
TOX
Patients with any TOX event 2 (13%) 2 (20%)
Surgery delay 0 (0%) 0 (0%)
Surgical complications 0 (0%) 1(10%)
Grade 3 infusion reactions >6 hours 0 (0%) NA
Related grade 2 lasting >14 days 1 (7%)—infection 1 (10%)—lymphocyte count decrease
Related grade 3, not excepted 1 (7%)—urticaria 0 (0%)
PCR
pPCR empirical estimate N (%) 0 (0%) 0 (0%)

pCR, pathologic complete remission.

Grade 3 or higher treatmentrelated AEs (TRAEs)
occurred in 20% of patients (n=3) in the daratumumab
arm and none in the edicotinib arm. In the daratu-
mumab arm, the most common grade 3 or higher TRAEs
were infusion reaction (n=2, 13%) and urticaria (n=1,
7%). The most common TRAE of any grade in patients
receiving daratumumab was infusion reaction (n=b,
33%), in line with previously published studies of dara-
tumumab in multiple rnyeloma.29 No grade 3 or higher
TRAEs were observed on the edicotinib arm, consistent
with previously reported phase I trials with this agent.21
The most common TRAE among patients on the edico-
tinib arm was grade 1 increase in aspartate aminotrans-
ferase (n=4, 40%). Online supplemental table 3 provides
all treatment-emergent events regardless of attribution to
study therapy. The trial did not stop for TOX events. Two
patients on each arm experienced TOX events (Arm A:
13%, Arm B, 20%) (table 3), and it should be noted that
no patients experienced a delay in surgery. One patient
receiving daratumumab experienced grade 2 infection
lasting greater than 14 days and one experienced grade
3 urticaria (table 3). Another patient receiving edico-
tinib experienced grade 2 lymphocyte count decrease
exceeding 14 days (table 3). No patients achieved pCRs
in either arm (table 3). There was no evidence of effect
on serum prostate-specific antigen (PSA) levels or patho-
logic downstaging, although this study was not designed
to formally evaluate these endpoints (online supple-
mental tables 4-6).

Evaluation of target modulation within the primary tumor,
bone, and peripheral blood microenvironments

To evaluate the pharmacodynamic activity of daratu-
mumab and edicotinib, respectively, we first performed
quantitative immunohistochemistry (IHC) of treated
versus untreated prostate tumors and patient-matched
post-versus pre-treatment bone marrow biopsies for CD38
and CSF-1R. A lower density of CD38" cells was observed
in both the primary tumor and bone microenvironments
following treatment with daratumumab (figure 2A,B). By

contrast, there was no statistically significant difference
in density of CSF-IR" cells in edicotinib-treated versus
untreated prostate tumors or post- and pre-treatment
bone marrow specimens (figure 2C,D). Minimal differ-
ences in overall immune cell density were observed in
prostate tumors or bone marrow specimens in the dara-
tumumab (online supplemental figure 2) or edicotinib
(online supplemental figure 3) arms.

To determine if specific CD38" or CSF-1R" immune
cell subsets were affected by daratumumab or edico-
tinib, respectively, we performed flow cytometry on
prostate tumors, bone marrow aspirates, and PBMCs.
Daratumumab treatment was consistently associated
with a decreased frequency of CD38" immune cells,
including CD8" T cells, CD4" T cells, CD4'CD25'FoxP3"
Treg cells, CD11b"CD14"HLA-DR" myeloid cells, and CD3
CD19CD56" NK cells in prostate tumors, bone marrow
aspirates, and PBMGs (figure 3A-G & online supple-
mental figure 4). No consistent changes were observed
in the frequency of total (CD38" and CD38 combined)
immune cell subsets in prostate tumors, bone marrow,
and PBMCs at the protein or transcriptional levels, with
the exception of a decrease in NK cells in blood, which
is a known pharmacodynamic biomarker for daratu-
mumab treatment (online supplemental figure 5-7).1%
Among the most highly differentially expressed genes
in daratumumab-treated prostate tumors was CDS80,
consistent with prior data from co-culture experiments
indicating that daratumumab induced upregulation of
costimulatory T cell surface antigens (CD80 and CD86)
on monocytes in the presence of NK cells (online supple-
mental figure 6).” These data suggest that daratumumab
may promote a stimulatory effect within the prostate
TME, but is insufficient to generate antitumor activity in
the absence of infiltrating effector T cells. In edicotinib-
treated patients, no changes in the frequency of CSF-1R"
immune cells were observed in edicotinib-treated pros-
tate tumors or bone marrow specimens, including in
CD11b"CD14"HLA-DR" myeloid cells, a high frequency
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immunohistochemistry (IHC). (A) Quantitative CD38 IHC. (B) Representative H&E and CD38 IHC. (C) Quantitative CSF-1R IHC.
(D) Representative H&E and CSF-1R IHC. Daratumumab-treated versus untreated prostate tumors and patient-matched pre-
daratumumab and post-daratumumab bone marrow cores were assessed. CSF-1R, colony-stimulating factor-1 receptor; TME,

tumor microenvironment.

of which expressed CSF-1R (figure 4A,B &online supple-
mental figures 8,9). Consistent with these findings, no
significant changes were observed in the frequency of
total (CSF-1R" and CSF-IR° combined) immune cell
subsets, in prostate tumors, bone marrow, or PBMCs with
edicotinib (online supplemental figure 10,11).

To ensure that these findings were not skewed by differ-
ences in Gleason score assessed at prostatectomy versus at
the time of biopsy (due to limited sampling by biopsy), we
stratified by Gleason score (Gleason 7 vs Gleason 8-10)
and observed no changes in the overall findings (online
supplemental figure 12).

DISCUSSION

Here, we present data from the first presurgical trial of an
anti-CD38 antibody (daratumumab) or a CSF-1R inhibitor
(edicotinib) in patients with prostate cancer with matched
pre- and post-treatment evaluation of the primary tumor,
bone marrow, and peripheral blood microenvironments.
We confirmed that the presurgical treatments were
safe, and all patients completed surgery without delay.
Daratumumab demonstrated evidence of target modu-
lation, with consistent depletion of CD38" immune cell
subsets (CD4" and CD8" T cells, CD4'CD25'FoxP3" T,

cells, CD11b'CD14'HLA-DR" myeloid cells, and CD3
CD19CD56" NK cells) in prostate tumors, bone marrow,
and peripheral blood. No consistent changes in CSF-1R"
immune cells were observed with edicotinib treatment.
We did not observe pCRs with either treatment. No
changes in overall immune cell density were observed in
prostate tumors and bone marrow specimens with either
treatment, with the exception of a decrease in PD-1" cells
in the prostate following both treatments and lower levels
of CD45RO in the prostate tumor of patients treated with
edicotinib. Given that changes were only observed in the
tumor samples and not the bone marrow, this could be
due to baseline cohort differences.

At the time this study was designed, the distribution
of CD38 expression and the consequences of CD38" cell
depletion within the human prostate TME had not been
defined. Recently, increased CD38 expression within the
prostate TME has been shown to associate with poorer
survival in prostate cancer.”’ Consistent with this nega-
tive prognostic association, CD38 mRNA expression in
metastatic castration-resistant prostate cancer (CRPC)
tumor biopsies correlated with immunosuppressive tran-
scriptional signatures, including adenosine signaling
(currently being targeted clinically in prostate cancer
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Figure 3 Target modulation by daratumumab in evaluable prostate tumors and bone marrow as assessed by flow cytometry.
Flow cytometric analysis gated on CD45" live cells showing frequency of CD38* cells in (A) CD45* immune cells; (B) CD3* T
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CD19-CD56" NK cells. Daratumumab-treated versus untreated prostate tumors and patient-matched pre-daratumumab and
post-daratumumab bone marrow aspirates were assessed. NK, natural Killer.

via the CD39, CD73, A2A and A2B receptors), IL-23
signaling, and T cell exhaustion.?' ** These findings are
consistent with prior studies correlating CD38 expres-
sion with PSA-specific CD8" T cells expressing TIM-3 (a
marker of exhaustion) in peripheral blood from patients
with prostate cancer.”” In patient-matched biopsies from
castration-sensitive prostate cancer (CSPC) primary
tumors and CRPC metastatic tumors, CD38 was expressed
on myeloid cells (CD15" or CD33") and B cells (CD19",
CD20", or CD138")."" The lack of pathologic responses
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in our study despite effective target modulation by dara-
tumumab indicates that depletion of immunosuppressive
CD38" lymphoid and myeloid cells alone is insufficient to
induce effective antitumor responses. Therefore, a combi-
natorial or sequential approach with a drug to induce T
cell infiltration into the prostate TME, such as vaccines
(eg, sipuleucel-T*"), immune checkpoint therapies (eg,
anti-CTLA-4),” or T cell bispecifics, is likely to be neces-
sary to generate effective antitumor immune responses
with daratumumab. This strategy may warrant further
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Figure 4 Absence of target modulation by edicotinib in evaluable prostate tumors and bone marrow as assessed by flow
cytometry. Flow cytometric analysis gated on CD45" live cells showing frequency of CSF-1R* cells in (A) CD45" immune cells;
(B) CD11b*CD14*"HLA-DR* myeloid cells. Edicotinib-treated versus untreated prostate tumors and patient-matched pre-
edicotinib and post-edicotinib bone marrow aspirates were assessed. CSF-1R colony-stimulating factor-1 receptor.
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evaluation in the CRPC setting, which has been shown to
have higher CD38 expression on immune cells compared
with CSPC primary tumors.”'

For edicotinib, as changes in CSF-1R levels were not
observed in the prostate tumor, bone marrow, or periph-
eral blood microenvironments (including in CSF-1R"
CD11b"CD14"HLA-DR" myeloid cells), the treatment had
limited impact on TME remodeling. Based on previous
data that edicotinib 150 mg two times per day demon-
strated pharmacodynamic activity in patients (as assessed
by CSF-1R phosphorylation), we selected this dose for our
study and directly evaluated depletion of CSF-1R" cells
(rather than CSF-1R phosphorylation or soluble CSF-1
levels) as this was anticipated to be the most biologically
relevant consequence of treatment with edicotinib.?! ¥
We also chose the timing of the wash-out period of edic-
otinib prior to surgery (72 hours) based on the apparent
elimination half-life of edicotinib of approximately 60
hours (unpublished data, Janssen Research & Develop-
ment, Edicotinib Investigator’s Brochure). A potential
explanation is that inhibition of CSF-1R kinase by edic-
otinib is sufficient to deplete CSF-1R-expressing myeloid
cells (eg, CD11b'Gr-1'F4/80") in murine models, but not
in humans; although it should be noted that the preclin-
ical study used a higher dose of 20 mg/kg of edicotinib
than the 150 mg flat dose in our trial.*’

These findings are consistent with the overall limited
clinical benefit of CSF-1R-targeted agents observed to
date.”® Currently, pexidartinib is the only FDA-approved
CSF-1R inhibitor for the treatment of tenosynovial giant
cell tumors, which are characterized by overexpression of
CSF-1R.* A recent study of an anti-CSF-IR monoclonal
antibody that decreased CD14”™CD16"8MHT cells in the
peripheral blood of patients with CRPC did not lead to
clinical responses. Data from post-treatment biopsies
from the patients with CRPC were not reported; there-
fore, it is unknown if these cells were depleted within the
prostate TME.”” The differences in markers for mouse
and human myeloid cell subsets and the heterogeneity of
these populations may have also contributed to the chal-
lenges in translating preclinical observations with CSF-1R
blockade to patients.” For example, a study in colorectal
cancer demonstrated that CSF-IR blockade depleted
proinflammatory TAMs, but spared certain protumori-
genic TAMs.” CSF-IR inhibition was also shown to lead
to upregulation compensatory mechanisms, such as
increased recruitment of MDSCs into the TME.* Future
studies with CSF-1R inhibition should therefore account
for these potential redundant mechanisms as well as
ensure that myeloid subsets evaluated in preclinical
models are relevant to human tumor biology.

A potential limitation to our study was that although
patient-matched pre- and post-treatment samples were
used for bone marrow and peripheral blood assessments,
treated prostate tumors were compared with non-patient-
matched untreated prostate tumors. This was done
because prostate tumors harbor few infiltrating CD45"
immune cells and therefore pre-treatment biopsies

provide insufficient cells for flow cytometric analyses.
Nevertheless, the findings in prostate tumors were consis-
tent with those in bone marrow and peripheral blood.

In conclusion, daratumumab and edicotinib were safe
and well-tolerated prior to surgery for primary prostate
cancer. This study is the first presurgical trial of an anti-
CD38 antibody or CSF-1R inhibitor in prostate cancer
with evaluation of the immune microenvironments within
the primary prostate tumor, bone marrow, and periph-
eral blood. Target modulation was consistently observed
with daratumumab, but not edicotinib. Myeloid-targeted
agents such as daratumumab alone are insufficient to
generate effective antitumor responses in prostate cancer,
and combinations with agents to induce T cell infiltration
(such as anti-CTLA-4 immune checkpoint therapy, T cell
bispecifics, or vaccines) will be needed to overcome the
immunosuppressive TME. In immune-sensitive tumors
like clear cell renal cell carcinoma (RCC) and urothe-
lial cancer (UC), daratumumab monotherapy may be
more effective. Analyses of the TME in patients with RCC
and UC treated with daratumumab are ongoing from a
recently completed partner clinical trial (NCT03473730).
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