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ABSTRACT
◥

Purpose: ARRY-382 (PF-07265804) is a selective inhibitor of
colony-stimulating factor-1 receptor. We evaluated the safety and
preliminary efficacy of ARRY-382 plus pembrolizumab in patients
with advanced solid tumors.

Patients andMethods: This was an open-label, multicenter, Phase
1b/2 study (NCT02880371) performed over September 1, 2016 to
October 24, 2019. In the Phase 1b dose-escalation, patients with
selected advanced solid tumors received ARRY-382 [starting dose
200 mg once daily (QD) orally] plus pembrolizumab [2 mg/kg intra-
venously (IV) every 3 weeks (Q3W)]. Phase 2 patients had: Pancreatic
ductal adenocarcinoma (PDA); programmed cell death protein-1
(PD-1)/PD-ligand 1 (PD-L1) inhibitor-refractory (PD-1/PD-L1 IR)
advanced solid tumors; or platinum-resistant ovarian cancer
(prOVCA). Patients received ARRY-382 at the maximum tolerated
dose (MTD) of 300 mg QD plus pembrolizumab 200 mg IV Q3W.

Results: Primary endpoints of dose-limiting toxicities (DLT;
Phase 1b) and objective response rate (Phase 2) were met. In
Phase 1b, 19 patients received ARRY-382 200–400 mg. Three
patients reported DLTs. The MTD of ARRY-382 (plus pem-
brolizumab) was 300 mg QD. In Phase 1b, 2 patients (10.5%)
had confirmed partial response (PR): 1 with PDA and 1 with
ovarian cancer, lasting 29.2 and 3.1 months, respectively. In
Phase 2, there were 27, 19, and 11 patients in the PDA, PD-1/
PD-L1 IR, and prOVCA cohorts, respectively. One patient
(3.7%) with PDA had a PR lasting 2.4 months. The most
frequent ARRY-382–related adverse events were increased
transaminases (10.5%–83.3%) and increased creatine phospho-
kinase (18.2%–50.0%).

Conclusions: Although limited clinical benefit was observed,
ARRY-382 plus pembrolizumab was well tolerated.

Introduction
Cancer immunotherapies, which work by overcoming the barriers

to an antitumor immune response, have transformed modern oncol-
ogy treatment (1, 2). Pembrolizumab is a potent and highly selective
humanized monoclonal antibody that blocks the interaction between
programmed cell death protein-1 (PD-1) and its ligands, programmed
death-ligand 1 and 2 (PD-L1 and PD-L2; refs. 3, 4). On the basis of the
results from a number of pivotal KEYNOTE clinical trials, pembro-
lizumab, as monotherapy or as part of a combination regimen, is

approved for the treatment of a variety of tumor types, including
melanoma, non–small cell lung carcinoma (NSCLC), head and neck
squamous cell cancer (HNSCC), classical Hodgkin’s lymphoma, and
urothelial carcinoma (3, 4).

Intrinsic or primary resistance to anti–PD-1 therapymay arise from
immune regulatory factors in the tumor microenvironment that
suppress specific immune responses to the tumor or allow tumor cells
to evade recognition (5, 6). Tumor-associated macrophages (TAM)
and myeloid-derived suppressor cells (MDSCs) are critical drivers of
immune escape in the tumor microenvironment (7). Mouse models
have shown that depleting or modifying TAMs and MDSCs reverses
immunosuppression and/or improves the efficacy of anti–PD-1
agents (7, 8).

ARRY-382 (PF-07265804) is a potent, highly specific, small-molecule
inhibitor of colony-stimulating factor 1 receptor (CSF-1R). CSF-1,
which signals via CSF-1R, regulates both TAMs and MDSCs (8).
Inhibition of CSF-1R with ARRY-382 in preclinical models decreased
the number of tumor infiltrativemacrophages (e.g., TAMs) in the tumor
microenvironmentand reprogrammedmacrophages to increase antigen
presentation and support T-cell activation (7). In a Phase 1 dose-
escalation study, ARRY-382 monotherapy was well tolerated and dem-
onstrated CSF-1 pathway suppression in patients with advanced or
metastatic cancers (9).

In a pancreatic cancer model, the combination of anti–PD-1 with
CSF-1R inhibitors improved the response to anti–PD-1 therapy versus
anti–PD-1 alone (7). In addition, preliminary data from clinical studies
of anti–PD-1/PD-L1 therapies in combination with other CSF-1 path-
way inhibitors have shown encouraging antitumor responses (10–13).
Therefore, the rationale for exploring ARRY-382 in combination with
pembrolizumab is to inhibit both TAMs and MDSCs, two immune
populations that negatively regulate immune-mediated tumor control,
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resulting in a double-blockade of cancer-induced immune suppression.
The overall objectives of this Phase 1b/2 study were to determine the
MTDofARRY-382 plus pembrolizumab inpatientswith advanced solid
tumors, as well as to assess the safety, efficacy, pharmacokinetics (PK),
and pharmacodynamics of the combination regimen. The primary
objective for the Phase 1b study (MTD) was assessed by the incidence
of dose-limiting toxicities (DLT). The primary objective of the Phase 2
study (efficacy) was assessed by evaluation of the objective response rate
(ORR), per RECIST v1.1, as determined by the investigator.

Patients and Methods
Study design

This was an open-label, multicenter Phase 1b/2 study (Clinical-
Trials.gov identifier: NCT02880371) at 12 centers in the United States
between September 1, 2016 and October 24, 2019. The Phase 1b
portion was a dose-escalation study in adult patients with selected
advanced solid tumors. The starting dose of ARRY-382 was 200 mg
orally (PO) once daily (QD), with planned escalation to 400 mg PO
QD. Pembrolizumab was administered intravenously (IV) at 2 mg/kg
every 3 weeks (Q3W). The Phase 2 portion included patients with:
Pancreatic ductal adenocarcinoma (PDA); advanced solid tumors that
were refractory to PD-1 or PD-L1 inhibitor therapy (PD-1/PD-L1 IR);
or platinum-resistant ovarian cancer (prOVCA). Across all cohorts in
Phase 2, ARRY-382 was administered orally at 300 mg PO QD (MTD
from the Phase 1b portion). Pembrolizumab was administered at the
approved fixed dose of 200 mg IV Q3W.

The study was approved by institutional review boards and inde-
pendent ethics committees at each center. The study was conducted in
accordance with all local legal and regulatory requirements, as well as
the general principles set forth in the International Ethical Guidelines
for Biomedical Research Involving Human Subjects, Guidelines for
Good Clinical Practice, and the Declaration of Helsinki. All patients
provided written informed consent.

Patients
All patients were ≥18 years with a histologically or cytologically

confirmed cancer diagnosis. All patients had an Eastern Cooperative

Oncology Group performance status (ECOG PS) of 0 or 1 with
adequate bone marrow, renal, and hepatic function at screening.
Patients had measurable or evaluable, non-measurable disease per
RECIST v1.1. Patients were excluded if they had symptomatic brain
metastases, a history of autoimmune disease, impaired gastrointestinal
function or disease that could significantly alter the absorption of
ARRY-382, or any other clinically significant disease.

In the Phase 1b portion, solid tumor patients had one of the
following cancer types: Ovarian cancer, triple-negative breast cancer,
HNSCC, bladder cancer, metastatic colorectal cancer, gastric cancer,
or PDA that was refractory to currently available therapies, for which
no standard therapy was available or the patient declined standard
therapy; or advanced, unresectable, or metastatic melanoma with or
without prior treatment; or advanced/metastatic PD-L1þ NSCLC
[defined as tumor proportion score (TPS) ≥50% according to the
initial accelerated approval for pembrolizumab in NSCLC; this was
later updated to TPS >1% to reflect the updated pembrolizumab label].

In the Phase 2 portion, patients were assigned to 1 of the following 3
cohorts. Cohort 1 (PD-1/PD-L1 IR): Advanced/metastatic solid tumor
with progressive disease [PD; per RECIST or immune-related
Response Criteria (irRC)] on anti–PD-1/PD-L1 therapy. Cohort 2
(prOVCA): Advanced/metastatic epithelial ovarian, peritoneal, or
fallopian tube cancer that progressed ≤6 months following ≥4 cycles
of platinum-based therapy. Cohort 3 (PDA): Advanced/metastatic
PDA in patients who had received ≥1 prior line of systemic therapy.

Patients previously treated with an immune checkpoint inhibitor
were excluded from the Phase 1b study and Cohorts 2 and 3 of the
Phase 2 study. Patients previously treated with CSF-1R or CSF-1 (or
macrophage colony-stimulating factor,MCSF) inhibitors were exclud-
ed from the Phase 2 study.

Endpoints
The primary endpoint of the Phase 1b study was the incidence of

DLTs. The primary endpoint across cohorts in the Phase 2 study was
ORR per RECIST v1.1 as determined by the investigator. Secondary
efficacy endpoints across the Phase 1b and 2 studies were: ORR per
RECIST v1.1 as determined by the investigator (Phase 1b only);
duration of response (DOR), progression-free survival (PFS), and
overall survival (OS) per RECIST v1.1 as determined by the investi-
gator; immune-related (ir) response rate (irRR) and PFS (irPFS) as
determined by the investigator. Safety parameters were assessed as
secondary endpoints and included adverse events (AE), serious AEs
(SAE), laboratory evaluations, and vital signs. PK parameters for
ARRY-382 and metabolites were also assessed as secondary endpoints
and included area under the plasma concentration–time curve (AUC)
over the dosing interval (AUCtau), maximum observed plasma con-
centration (Cmax), pre-dose concentration (Ctrough), and time to first
occurrence of Cmax (Tmax).

Several exploratory endpoints were evaluated in both the Phase 1b
and 2 portions. Biomarkers were assessed across the Phase 1b and 2
studies, for example, levels of growth factors, cytokines (CSF-1), C-
terminal telopeptide of type 1 collagen (CTX), urinary N-terminal
telopeptide of type I collagen (NTX), and non-classical monocytes
(NCM). Antitumor activity in relation to PD-L1 expression (Phase 1b
only) and pharmacodynamic and tumor genomic alterations and/or
gene expression profiles (Phase 2 only) were also evaluated.

Pharmacokinetic and pharmacodynamic analyses
Blood samples for PK analyses of ARRY-382 and metabolites

[AR00469099 (an N-oxide metabolite), AR00469100 (an N-desmethyl
metabolite), and AR00470870 (a sulfate metabolite)] were collected

Translational Relevance

Resistance to programmed cell death protein-1 (PD-1) pathway
therapies may arise from immune regulatory factors in the tumor
microenvironment that suppress specific immune responses to the
tumor or allow tumor cells to evade recognition. In preclinical and
preliminary clinical studies, combining PD-1 pathway inhibitors
with colony-stimulating factor 1 (CSF-1) pathway inhibitors
showed synergistic antitumor responses. This Phase 1b/2 study
evaluated the selective CSF-1 receptor (CSF-1R) inhibitor,
ARRY-382, plus the anti–PD-1 agent, pembrolizumab, in patients
with advanced solid tumors. Although no further evaluation of
these drugs in combination is planned, the safety profile of the
combination was generally tolerable, manageable, and consistent
with the known safety profiles of ARRY-382 and single-agent
pembrolizumab. Despite on-target modulation of CSF-1R activity
by ARRY-382, limited clinical benefit was observed. Confirmed
partial responses were observed in 2 patients in the dose-escalation
portion and 1 patient in the Phase 2 pancreatic ductal adenocar-
cinoma cohort.
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pre-dose and at 1, 2, 4, and 8 hours after administration of ARRY-382
onday 1 of cycles 1 and 2. TroughPKblood sampleswere collectedpre-
dose (≤120 minutes before ARRY-382 administration) on cycle 1 day
15 and day 1 of cycles 3–6. Blood samples for circulating cytokines
(CSF-1), growth factors, and markers of bone turnover (CTX), and
urine sample for markers of bone turnover (NTX), were collected pre-
dose, and at treatment discontinuation. Further details on both PK and
PD analyses can be found in the Supplementary Materials.

Molecular biomarkers
At screening, a fresh biopsy or archived tissue samples, plus a blood

sample were assessed for PD-L1 expression (Phase 1b only), tumor
genomic alterations (including microsatellite instability (MSI) status/
mismatch repair (MMR) proficiency), tumor mutational burden
(TMB), and/or gene expression profiling (Phase 2 only). Results were
reported by local testing laboratories based on validated thresholds for
the test at the time of analysis. Blood and urine samples for biomarkers
were collected on cycle 1 days 1, 8, and 15; on day 1 of subsequent
cycles; and at treatment discontinuation.

Statistical analyses
Overall, 90 patients were planned for enrollment. The full analysis

set (FAS) population included all patients who received ≥1 dose
(partial or full) of ARRY-382 or pembrolizumab. The safety analysis
set was the same as the FAS. Additional details on sample size and
analysis populations can be found in the Supplementary Materials.

All safety analyses were based on the safety analysis set and
summarized descriptively. All AEs and laboratory abnormalities were
graded using CTCAE version 4.03. Definitions for DLTs can be found
in the Supplementary Materials. All efficacy analyses were based on
the FAS. Definitions for efficacy endpoints can be found in the
Supplementary Materials. ORR was based on confirmed responses
and 2-sided 95% confidence intervals (CI) calculated using the
Clopper–Pearson exact binomial method. DOR, PFS, and OS were
estimated using the Kaplan–Meier method and 2-sided 95% CIs
calculated using the Brookmeyer–Crowley method. All PK analyses
were based on the PK analysis set. Non-compartmental PK parameters
were estimated for each patient with Phoenix WinNonlin v8.0 or
higher (Certara USA, Inc.), and PK parameters were summarized
descriptively. No formal tests were performed on the biomarker
analyses. Pharmacodynamic outcomes were summarized descriptive-
ly; data with outliers excluded were reported.

Statistical analyses were conducted using SAS v9.4 or higher (SAS
Institute, Inc.). Original sample size calculations for Phase 2 were
conducted using R v3.4.3. The data cutoff date for these analyses was
March 3, 2020.

Data availability
Upon request, and subject to review, Pfizer will provide the data that

support thefindings of this study. Subject to certain criteria, conditions
and exceptions, Pfizer may also provide access to the related individual
de-identified participant data. See https://www.pfizer.com/science/
clinical-trials/trial-data-and-results for more information.

Results
Patients and disposition
Phase 1b

In Phase 1b, 20 patients were enrolled and 19 patients were treated
and included in the FAS (Supplementary Fig. S1). Most patients were
male (52.6%) and white (94.7%), with a median age of 59 years (range,

32–77;Table 1). Overall, 63.2% and 36.8% had an ECOGPS of 0 and 1,
respectively.

In Phase 1b, 6 patients received ARRY-382 200 mg plus pembro-
lizumab, 6 received ARRY-382 300 mg plus pembrolizumab, and 7
received ARRY-382 400 mg plus pembrolizumab. The median dura-
tion of ARRY-382 treatment was 3.3, 2.9, and 1.3 months in the 200,
300, and 400 mg cohorts, respectively. Corresponding median dura-
tion of pembrolizumab treatment was 2.8, 3.1, and 1.4 months. Four
patients in each cohort had ≥1 dose reduction or interruption of
ARRY-382; all were due to AEs, with 3 patients also having other
reasons. Two patients in the 200-mg cohort, and 1 each in the 300 and
400-mg cohorts, had ≥1 dose interruption of pembrolizumab; 3 were
due toAEs and 1was due to other reasons. Respectively in the 200, 300,
and 400 mg cohorts, treatment discontinuations occurred in 6
(100.0%), 6 (85.7%), and 7 (100.0%) patients, most commonly due
to disease progression [4 (66.7%), 6 (100.0%), and 6 (85.7%) patients].
One patient (16.7%) in the 200-mg cohort discontinued due to AEs
(primary reason).

Phase 2
In Phase 2, 59 patients were enrolled and 57 were treated and

included in the FAS (Supplementary Fig. S2). Therewere 27, 19, and 11
patients in the PDA, PD-1/PD-L1 IR, and prOVCA cohorts, respec-
tively (Table 1). Most patients were female (61.4%) and white (82.5%),
with amedian age of 63 years (range, 30–87). Overall, 28.1% and 71.9%
had an ECOG PS of 0 and 1, respectively.

In total, one patient (1.8%) was MSI-High, occurring in the PD-1/
PD-L1 IR cohort. Across cohorts, most patients were MSI-Stable
[PDA: 14 (51.9%); PD-1/PD-L1 IR: 10 (52.6%); prOVCA: 11
(100%)] or other/unknown/test not done [PDA: 13 (48.1%); PD-1/
PD-L1 IR: 8 (42.1%); prOVCA: 0 (0.0%)]. In the PDA, PD-1/PD-L1 IR,
and prOVCA cohorts, respectively, 5 (18.5%), 4 (21.1%), and 0 (0.0%)
were MMR proficient, whereas 22 (81.5%), 15 (78.9%), and 11 (100%)
were other/unknown/test not done, and 7 (25.9%), 5 (26.3%), and 3
(27.3%)were TMB-Low. Themajority of patients were PD-L1 negative
[19 (70.4%), 14 (73.7%), and 11 (100.0%) in the PDA, PD-1/PD-L1 IR,
and prOVCA cohorts, respectively]. No patients had CSF-1R
mutations.

The median duration of ARRY-382 treatment was 1.1, 2.0, and
1.4 months in the PDA, PD-1/PD-L1 IR, and prOVCA cohorts,
respectively. Corresponding median duration of pembrolizumab
treatment was 1.4, 2.8, and 2.0 months. In the PDA, PD-1/PD-L1 IR,
and prOVCA cohorts, respectively, 16 (59.3%), 15 (78.9%), and 7
(63.6%) patients had ≥1 dose reduction or interruption of ARRY-382;
of which 10 (37.0%), 13 (68.4%), and 7 (63.6%) were due to AEs. One
patient in each dose cohort had ≥1 dose interruption of pembrolizu-
mab; all were due to AEs. Respectively in the PDA, PD-1/PD-L1 IR,
and prOVCA cohorts, treatment discontinuations occurred in 27
(96.4%), 19 (95.0%), and 11 (100.0%) patients; most commonly due
to disease progression [16 (57.1%), 14 (70.0%), and 7 (63.6%) patients].
Corresponding discontinuations due to AEs (primary reason)
occurred in 5 (17.9%), 3 (15.0%), and 2 (18.2%) patients.

Safety
MTD and recommended phase 2 dose

The Phase 1b primary endpoint was met. Overall, 3/19 patients
reportedDLTs (primary endpoint) in the Phase 1b portion. DLTs were
observed in 2/7 patients in the 400-mg cohort: Grade 2 increased blood
creatine phosphokinase (CPK) in 1 patient, and Grade 3 increased
alanine aminotransferase (ALT), aspartate aminotransferase (AST),
and bilirubin in another patient. In the 300-mg cohort, 1/6 patients

Phase 1b/2 Study of ARRY-382 Plus Pembrolizumab
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Table 1. Baseline demographics and characteristics: Phase 1b and Phase 2.

Phase 1b Phase 2

n (%)

ARRY-382
200 mg
(N ¼ 6)

ARRY-382
300 mg
(N ¼ 6)

ARRY-382
400 mg
(N ¼ 7)

Total
(N ¼ 19)

PDA
(N ¼ 27)

PD-1/PD-L1
IR (N ¼ 19)

prOVCA
(N ¼ 11)

Total
(N ¼ 57)

Sex
Male 4 (66.7) 3 (50.0) 3 (42.9) 10 (52.6) 15 (55.6) 7 (36.8) 0 (0.0) 22 (38.6)
Female 2 (33.3) 3 (50.0) 4 (57.1) 9 (47.4) 12 (44.4) 12 (63.2) 11 (100.0) 35 (61.4)

Median (range) age, y 66 (42–77) 51 (32–76) 51 (40–76) 59 (32–77) 65 (46–87) 63 (30–80) 58 (35–81) 63 (30–87)
Race

White 5 (83.3) 6 (100.0) 7 (100.0) 18 (94.7) 23 (85.2) 15 (78.9) 9 (81.8) 47 (82.5)
Black — — — — 2 (7.4) 3 (15.8) 0 (0.0) 5 (8.8)
Asian — — — — 0 (0.0) 0 (0.0) 1 (9.1) 1 (1.8)
Other 1 (16.7) 0 (0.0) 0 (0.0) 1 (5.3) 2 (7.4) 1 (5.3) 1 (9.1) 4 (7.0)

ECOG PS
0 5 (83.3) 5 (83.3) 2 (28.6) 12 (63.2) 5 (18.5) 7 (36.8) 4 (36.4) 16 (28.1)
1 1 (16.7) 1 (16.7) 5 (71.4) 7 (36.8) 22 (81.5) 12 (63.2) 7 (63.6) 41 (71.9)

Prior radiation therapy 1 (16.7) 2 (33.3) 4 (57.1) 7 (36.8) 5 (18.5) 13 (68.4) 2 (18.2) 20 (35.1)
Prior surgery 4 (66.7) 6 (100.0) 7 (100.0) 17 (89.5) 18 (66.7) 18 (94.7) 11 (100.0) 47 (82.5)
Prior lines of systemic therapy 6 (100.0) 5 (83.3) 6 (85.7) 17 (89.5) 26 (96.3) 19 (100.0) 11 (100.0) 56 (98.2)

0 0 (0.0) 1 (16.7) 1 (14.3) 2 (10.5) 1 (3.7) 0 (0.0) 0 (0.0) 1 (1.8)
1 1 (16.7) 0 (0.0) 1 (14.3) 2 (10.5) 4 (14.8) 2 (10.5) 0 (0.0) 6 (10.5)
2 4 (66.7) 2 (33.3) 1 (14.3) 7 (36.8) 8 (29.6) 6 (31.6) 3 (27.3) 17 (29.8)
≥3 1 (16.7) 3 (50.0) 4 (57.1) 8 (42.1) 14 (51.9) 11 (57.9) 8 (72.7) 33 (57.9)

MSI status
MSI-S — — — — 14 (51.9) 10 (52.6) 11 (100.0) 35 (61.4)
MSI-H — — — — 0 (0.0) 1 (5.3) 0 (0.0) 1 (1.8)
Othera — — — — 13 (48.1) 8 (42.1) 0 (0.0) 21 (36.8)

MMR deficiency
pMMR — — — — 5 (18.5) 4 (21.1) 0 (0.0) 9 (15.8)
Othera — — — — 22 (81.5) 15 (78.9) 11 (100.0) 48 (84.2)

TMBb

Low — — — — 7 (25.9) 5 (26.3) 3 (27.3) 15 (26.3)
Intermediate — — — — 7 (25.9) 5 (26.3) 8 (72.7) 20 (35.1)
High — — — — 0 (0.0) 1 (5.3) 0 (0.0) 1 (1.8)
Othera — — — — 13 (48.1) 8 (42.1) 0 (0.0) 21 (36.8)

PD-L1 statusc

Positive — — — — 1 (3.7) 4 (21.1) 0 (0.0) 5 (8.8)
Negative — — — — 19 (70.4) 14 (73.7) 11 (100.0) 44 (77.2)
Othera — — — — 7 (25.9) 1 (5.3) 0 (0.0) 8 (14.0)

BRCA1 positive — — — — 1 (3.7) 0 (0.0) 3 (27.3) 4 (7.0)
BRCA2 positive — — — — 0 (0.0) 0 (0.0) 1 (9.1) 1 (1.8)
Tumor type

PDA 2 (33.3) 2 (33.3) 2 (28.6) 6 (31.6) 25 (92.6) 0 (0.0) 0 (0.0) 25 (43.9)
Metastatic CRC 2 (33.3) 1 (16.7) 2 (28.6) 5 (26.3) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Ovarian 1 (16.7) 2 (33.3) 0 (0.0) 3 (15.8) 0 (0.0) 0 (0.0) 10 (90.9) 10 (17.5)
Gastric 1 (16.7) 0 (0.0) 1 (14.3) 2 (10.5) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Melanoma 0 (0.0) 1 (16.7) 1 (14.3) 2 (10.5) 0 (0.0) 3 (15.8) 0 (0.0) 3 (5.3)
Breast 0 (0.0) 0 (0.0) 1 (14.3)d 1 (5.3) 0 (0.0) 2 (10.5) 0 (0.0) 2 (3.5)
Pancreatic 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 2 (7.4) 0 (0.0) 0 (0.0) 2 (3.5)
Bladder 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 1 (1.8)
CRC 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 1 (1.8)
Hepatocellular 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 1 (5.3) 0 (0.0) 1 (1.8)
NSCLC 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 4 (21.1) 0 (0.0) 4 (7.0)
Othere 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 7 (36.8) 1 (9.1) 8 (14.0)

Note: Full analysis set.
Abbreviations: CRC, colorectal carcinoma; ECOG PS, Eastern Cooperative Oncology Group performance score; IR, inhibitor refractory; MMR, mismatch repair; MSI,
microsatellite instability; MSS, MSI-Stable; MSI-H, MSI-High; NSCLC, non–small cell lung cancer; PDA, pancreatic ductal adenocarcinoma; PD-1, programmed cell
death protein 1; PD-L1, programmed death-ligand 1; pMMR, MMR proficient, intact, normal; prOVCA, platinum-resistant ovarian cancer; TMB, tumor mutational
burden; TNBC, triple-negative breast cancer.
aIncludes unknown, other, test not done/unsure.
bLow ¼ 1–6 mutations/Mb; Intermediate ¼ 6–16 mutations/Mb; High ¼ ≥17 mutations/Mb.
cPositive staining defined as ≥5% immune cells for TNBC; ≥1% immune cells for urothelial carcinoma; and 2þ/5% in tumor cells for all other indications.
dTNBC.
eIn the PD-1/PD-L1 IR cohort, patients had penile cancer, anal cancer, neuroendocrine carcinoma, leiomyosarcoma, anaplastic sacral ependymoma, endometrium
cancer, and small-cell carcinoma (n ¼ 1 each). In the prOVCA cohort, 1 patient had a diagnosis of peritoneal carcinoma.
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experienced a DLT of Grade 3 acute pancreatitis. TheMTD and RP2D
of ARRY-382 in combination with pembrolizumab were determined
to be 300mgQD. This was based on reported DLTs in 2 patients at the
400-mg QD dose, 1 patient at the 300-mg QD dose, and consideration
by the investigators of the overall safety profile for all treated patients.
Pancreatitis was the only DLT not previously identified in the safety
profile of ARRY-382; however, increased amylase and lipase were
reported with ARRY-382. Pancreatitis is a known toxicity during
pembrolizumab treatment. In Phase 2, the pembrolizumab dose was
changed from 2 mg/kg to 200 mg to reflect a change in the pem-
brolizumab prescribing information.

Phase 1
In Phase 1b, the majority of patients (94.7%) had ≥1 treatment-

emergent AE (TEAE), and 2 (10.5%) permanently discontinued due
to AEs of pneumonitis in the 200-mg cohort (considered pembro-
lizumab-related by the investigator) and peritonitis and ascites in
the 400-mg cohort (neither event was considered related to study
treatment; Supplementary Table S1). Overall, 9 (47.4%) patients
had a Grade 3 AE, and 6 (31.6%) had a Grade 4 AE. Fifteen deaths
occurred during Phase 1b, of which 3 occurred within 30 days of the
last dose and were attributable to disease progression. Of the
remaining 12 deaths, 9 were due to disease progression and 3 for
reasons unknown.

AEs considered to be related to ARRY-382 were reported in 16
(84.2%) patients: 5 (83.3%), 6 (100.0%), and 5 (71.4%) patients in the
200, 300, and 400-mg cohorts, respectively. Corresponding rates of
ARRY-382–related grade ≥3 AEs were 50.0%, 100.0%, and 42.9%. One
patient (16.7%) in the 300-mg cohort reported a SAE that was
considered to be related to ARRY-382: Grade 3 ALT and AST
increased. The most frequently reported AEs considered to be related
to ARRY-382 treatment were increased AST (42.1%), increased ALT
(36.8%), and increased CPK (36.8%; Table 2).

AEs considered to be related to pembrolizumab were reported in 12
(63.2%) patients. The most frequently reported AEs were increased
AST (36.8%) and increased lipase (26.3%; Supplementary Table S2).
AE causalitywas determined by the Investigator at the time of the event
and based on their clinical judgment.

Phase 2
In Phase 2, the majority of patients (>90%) in each cohort had ≥1

TEAE (Supplementary Table S3). Permanent discontinuations due to
AEs occurred in 4 (14.8%), 1 (5.3%), and 1 (9.1%) patients in the PDA,
PD-1/PD-L1 IR, and prOVCA cohorts, respectively. The AEs were:
Ileus and pneumonia in 1 patient, and abdominal pain and ascites in 1
patient, aspiration, and anal fistula in the PDA cohort; somnolence in
the PD-1/PD-L1 IR cohort; and autoimmune hepatitis increased AST
in 1 patient in the prOVCA cohort. None of the AEs were considered
related to study treatment, except the prOVCA cohort, where both
events were considered by the investigator to be related to ARRY-382
and pembrolizumab. Overall, 33 (57.9%) patients had a grade 3 AE, 7
(12.3%) patients had a Grade 4 AE, and 3 (5.3%) patients had a grade 5
AE. Deaths occurred in 20 (74.1%), 10 (52.6%), and 5 (45.5%) patients
in the PDA, PD-1/PD-L1 IR, and prOVCA cohorts, respectively,
mostly due to disease progression. A total of 16 deaths occurred
during treatment or within 30 days of the last dose; 3 of these deaths
(5.3% of patients) were attributed to fatal AEs (enterocolitis, gastric
perforation, and aspiration), and none were considered related to
study treatment.

AEs considered to beARRY-382 relatedwere reported in 43 (75.4%)
patients: 17 (63.0%), 17 (89.5%), and 9 (81.8%) in the PDA, PD-1/
PD-L1 IR, and prOVCA cohorts, respectively (Table 3). Rates of
ARRY-382–related SAEs and grade ≥3 AEs were 11.1% and 25.9% in
the PDA cohort, 15.8% and 57.9% in the PD-1/PD-L1 IR cohort,
and 0.0% and 45.5% in the prOVCA cohort. The most frequent
ARRY-382–related AEs were fatigue (33.3%), and increased CPK,
nausea, and increased AST (18.5% each) in the PDA cohort. Similarly,
the most frequent ARRY-382–related AEs were fatigue (47.4%),
increased CPK (47.4%), and nausea (42.1%) in the PD-1/PD-L1 IR
cohort. In the prOVCA cohort, the most frequent ARRY-382–related
AEs were increased AST (36.4%), increased ALT (36.4%), and
increased CPK and pyrexia (18.2% each).

AEs considered to be related to pembrolizumab were reported in
36 (63.2%) patients. The most frequently reported AEs were fatigue
and increased AST in the PDA and PD-1/PD-L1 IR cohorts, and
increased transaminases in the prOVCA cohort (Supplementary
Table S4).

Table 2. Most common ARRY-382–related AEs reported in ≥10% of patients overall: Phase 1b.

n (%)

ARRY-382
200 mg
(N ¼ 6)

ARRY-382
300 mg
(N ¼ 6)

ARRY-382
400 mg
(N ¼ 7)

Total
(N ¼ 19)

All AEs 5 (83.3) 6 (100.0) 5 (71.4) 16 (84.2)
AST increased 1 (16.7) 5 (83.3) 2 (28.6) 8 (42.1)
ALT increased 2 (33.3) 3 (50.0) 2 (28.6) 7 (36.8)
Blood CPK increased 2 (33.3) 3 (50.0) 2 (28.6) 7 (36.8)
Lipase increased 1 (16.7) 4 (66.7) 1 (14.3) 6 (31.6)
Amylase increased 1 (16.7) 3 (50.0) 1 (14.3) 5 (26.3)
Blood alkaline phosphatase increased 1 (16.7) 2 (33.3) 2 (28.6) 5 (26.3)
Fatigue 2 (33.3) 2 (33.3) 0 (0.0) 4 (21.1)
Pruritus 2 (33.3) 2 (33.3) 0 (0.0) 4 (21.1)
Rash maculo-papular 1 (16.7) 2 (33.3) 1 (14.3) 4 (21.1)
Nausea 0 (0.0) 1 (16.7) 2 (28.6) 3 (15.8)
Chills 1 (16.7) 0 (0.0) 1 (14.3) 2 (10.5)
Pyrexia 1 (16.7) 0 (0.0) 1 (14.3) 2 (10.5)
Thrombocytopenia 0 (0.0) 1 (16.7) 1 (14.3) 2 (10.5)

Note: Safety set.
Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phosphokinase.
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Efficacy
Phase 1b

In Phase 1b, both confirmedORR and confirmed irORRwere 10.5%
(95% CI, 1.3–33.1; Table 4). One patient with MSI-High PDA in the
200-mg cohort had a confirmed PR, with a DOR of 29.2 months.
Several genomic alterations were detected in this patient, including
those inAKT2,KRAS,MTOR, PI3KCA, FANCC, SMARCB1, andTP53
genes. Further details on prior therapy were unknown. One patient
with ovarian cancer in the 300-mg cohort also had a confirmed PR,
with a DOR of 3.1 months. Details on TMB, MSI, and prior therapy
were unknown.

Median PFS was 4.7 (95% CI, 1.4–33.1), 2.3 (95% CI, 1.3–5.7), and
1.4 (95% CI, 0.5–2.6) months in the 200, 300, and 400-mg cohorts,
respectively. Corresponding median irPFS per irRC was 3.0 (95% CI,
1.4–16.1), 2.5 (95% CI, 1.4–7.1), and 1.3 (95% CI, 0.5–1.5) months.
Median OS was 14.7 [95% CI, 5.2–not reached (NR)], 6.5 (95% CI,

1.0–NR), and 7.4 (95% CI, 2.1–14.1) months in the 200, 300, and
400-mg cohorts, respectively.

Phase 2
In Phase 2, the primary endpoint of confirmed ORR, as well as

confirmed irORR per irRC, was 3.7% (95% CI, 0.1–19.0) for the PDA
cohort (Table 4). ConfirmedORR and irORRwere 0.0% for each of the
PD-1/PD-L1 IR and prOVCA cohorts. One patient (3.7%) in the PDA
cohort had a confirmed PR, with a DOR of 2.4 months (Fig. 1). This
patient was MSI-Stable, TMB-Low, and PD-L1 negative (based on
historical data). Stable disease (SD) was the best response observed for
patients in the PD-1/PD-L1 IR and prOVCA cohorts: 8 (42.1%) and 4
(36.4%) patients, respectively. In the PDA cohort, 5 patients (18.5%)
had SD. Confirmed PD was observed in 7 (25.9%), 9 (47.4%), and 5
(45.5%) patients in the PDA, PD-1/PD-L1 IR, and prOVCA cohorts,
respectively.

Table 3. Most common ARRY-382–related AEs reported in ≥10% of patients overall: Phase 2.

n (%)
PDA
(N ¼ 27)

PD-1/PD-L1
IR (N ¼ 19)

prOVCA
(N ¼ 11)

Total
(N ¼ 57)

All AEs 17 (63.0) 17 (89.5) 9 (81.8) 43 (75.4)
Fatigue 9 (33.3) 9 (47.4) 0 (0.0) 18 (31.6)
BloodCPK increased 5 (18.5) 9 (47.4) 2 (18.2) 16 (28.1)
Nausea 5 (18.5) 8 (42.1) 3 (27.3) 16 (28.1)
AST increased 5 (18.5) 6 (31.6) 4 (36.4) 15 (26.3)
ALT increased 4 (14.8) 2 (10.5) 4 (36.4) 10 (17.5)
Vomiting 2 (7.4) 7 (36.8) 1 (9.1) 10 (17.5)
Diarrhea 4 (14.8) 5 (26.3) 0 (0.0) 9 (15.8)
Decreased appetite 5 (18.5) 3 (15.8) 0 (0.0) 8 (14.0)
Amylase increased 2 (7.4) 4 (21.1) 0 (0.0) 6 (10.5)

Note: Safety set.
Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; IR, inhibitor refractory; PDA,
pancreatic ductal adenocarcinoma; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; prOVCA, platinum-resistant ovarian cancer.

Table 4. Summary of efficacy endpoints: Phase 1b and Phase 2.

Phase 1b Phase 2

n (%)

ARRY-382
200 mg
(N ¼ 6)

ARRY-382
300 mg
(N ¼ 6)

ARRY-382
400 mg
(N ¼ 7)

Total
(N ¼ 19)

PDA
(N ¼ 27)

PD-1/PD-L1
IR (N ¼ 19)

prOVCA
(N ¼ 11)

Best overall response
CR 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
PR 1 (16.7) 1 (16.7) 0 (0.0) 2 (10.5) 1 (3.7) 0 (0.0) 0 (0.0)
SD 3 (50.0) 2 (33.3) 0 (0.0) 5 (26.3) 5 (18.5) 8 (42.1) 4 (36.4)
PD 1 (16.7) 3 (50.0) 5 (71.4) 9 (47.4) 7 (25.9) 9 (47.4) 5 (45.5)
NE 1 (16.7) 0 (0.0) 2 (28.6) 3 (15.8) 14 (51.9) 2 (10.5) 2 (18.2)

ORR, % (95% CI) 16.7 (0.4–64.1) 16.7 (0.4–64.1) 0.0 (0.0–41.0) 10.5 (1.3–33.1) 3.7 (0.1–19.0) 0.0 (0.0–17.6) 0.0 (0.0–28.5)
Immune-related best overall response

CR 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
PR 1 (16.7) 1 (16.7) 0 (0.0) 2 (10.5) 1 (3.7) 0 (0.0) 0 (0.0)
SD 3 (50.0) 3 (50.0) 2 (28.6) 8 (42.1) 7 (25.9) 7 (36.8) 6 (54.5)
PD 1 (16.7) 0 (0.0) 1 (14.3) 2 (10.5) 0 (0.0) 1 (5.3) 0 (0.0)
NE 1 (16.7) 2 (33.3) 4 (57.1) 7 (36.8) 19 (70.4) 11 (57.9) 5 (45.5)

ir-ORR, % (95% CI) 16.7 (0.4–64.1) 16.7 (0.4–64.1) 0.0 (0.0–41.0) 10.5 (1.3–33.1) 3.7 (0.1–19.0) 0.0 (0.0–17.6) 0.0 (0.0–28.5)

Note: Full analysis set. Exact 2-sided 95% CI using the Clopper–Pearson method. Tumor assessment was based on investigator assessment. Confirmed best overall
response was derived per visit-level overall response.
Abbreviations: CI, confidence interval; CR, complete response; ir, immune-related; IR, inhibitor refractory; NE, not evaluable; ORR, objective response rate; PD,
progressive disease; PDA, pancreatic ductal adenocarcinoma; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PR, partial response;
prOVCA, platinum-resistant ovarian cancer; SD, stable disease.

Johnson et al.

Clin Cancer Res; 28(12) June 15, 2022 CLINICAL CANCER RESEARCH2522



Median PFSwas 1.4 (95%CI, 0.9–2.8), 1.6 (95%CI, 1.3–4.4), and 2.1
(95% CI, 1.2–4.1) months in the PDA, PD-1/PD-L1 IR, and prOVCA
cohorts, respectively (Supplementary Fig. S3). Corresponding median
irPFS per irRCwas 1.3 (95%CI, 0.9–2.7), 1.5 (95%CI, 1.3–4.3), and 2.5
(95% CI, 1.2–NR) months. Median OS was 2.2 (95% CI, 1.5–4.9)
months in the PDA cohort, 12.4 (95% CI, 3.6–NR) months in the
PD-1/PD-L1 IR cohort, and NR (95% CI, 5.3–NR) months in the
prOVCA cohort (Supplementary Fig. S4).

Pharmacokinetics
In Phase 1b, ARRY-382 exposure based onCmax and AUC from time

0 to last measurable timepoint (AUClast) increased on day 1 of cycles 1
and 2 with increasing doses (Table 5). A similar trend was observed for
the exposures of the metabolites (Supplementary Table S5). The expo-
sures of the 3 metabolites were <20% that of the parent compound.

In Phase 2, ARRY-382 exposure based on Cmax and AUClast on
cycle 1 day 1 were similar in all 3 cohorts, and accumulated about

PD-1/PD-L1 IR (N = 19)

PDA (N = 27)

prOVCA (N = 11)
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Best percentage change frombaseline
in sumof longest diameters in Phase 2.
A, PDA cohort; B, PD-1/PD-L1 IR
cohort; C, prOVCA cohort.
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2- to 3-fold on cycle 2 day 1 (Table 5). ARRY-382 metabolite
exposures were <20% of the parent compound on day 1 of cycles 1
and 2 across the 3 cohorts, except for the exposures of the
AR00469099 metabolite in the PD-1/PD-L1 IR and PDA cohorts
on cycle 2 day 1, and the exposure of the AR00470870 metabolite in
the prOVCA cohort on cycle 2 day 1 (Supplementary Table S5).
Plasma concentration–time profiles for ARRY-382 and metabolites
across the Phase 1b and 2 studies are shown in Supplementary
Fig. S5.

Pharmacodynamics
In the Phase 1b portion, mean serum CSF-1 increased 4.5-fold

on cycle 1 day 15 versus cycle 1 day 1 (P < 0.05). There were no
changes in mean CTX or NTX on cycle 1 day 15 compared with
cycle 1 day 1. This is likely due to the small number of patients
treated in Phase 1b.

Across cohorts in Phase 2, mean serumCSF-1 increased 6.7-fold on
cycle 1 day 15 versus cycle 1 day 1 (P < 0.05). In addition, mean serum
osteoprotegerin (OPG) increased 1.5-fold on cycle 1 day 15 compared
with cycle 1 day 1 (P < 0.001). Overall, mean NCM decreased by 70%
on cycle 1 day 15 versus cycle 1 day 1 (P < 0.05). There were no
significant changes in mean CTX or NTX on cycle 1 day 15 compared
with cycle 1 day 1.

Corresponding to the biomarker analysis, the correlation of trough
concentrations of ARRY-382with a percentage of change of biomarker
levels from the baseline at cycle 1 day 1 (CSF-1, CTX, NCM, NTX, and
OPG) were evaluated in the pooled patients of Phase 1b Part A and
Phase 2. Higher levels of NCM were generally associated with lower
trough concentrations of ARRY-382, whereas higher levels of circu-
lating CSF-1 and OPG were associated with higher trough concentra-
tions of ARRY-382. No obvious relationships were observed between
trough concentrations of ARRY-382 with the percentage of changes of
circulating CTX or NTX.

Discussion
In Phase 1b, the MTD/RP2D of the selective CSF-1R inhibitor,

ARRY-382, in combination with pembrolizumab was determined to
be 300 mg QD. This was based on reported DLTs in 2 patients at the
400-mgQDdose and in 1 patient at the 300-mgQDdose. Pancreatitis
was the only DLT not previously identified in the safety profile of
ARRY-382; however, increased amylase and lipase were reported
with ARRY-382. Pancreatitis is a known toxicity during pembroli-
zumab treatment.

Overall, themost commonTEAEs included fatigue, pyrexia, nausea,
vomiting, and increase in AST, ALT, and blood CPK. These events are
consistent with the known safety profiles of ARRY-382, pembrolizu-
mab, or the underlying disease, or were isolated events (3, 4, 9, 14). The
TEAEs observed in the current study are in line with the safety profiles
of CSF-1 pathway inhibitors (both small molecules and monoclonal
antibodies; refs. 14, 15), as well as the TEAEs reported in other clinical
trials investigating CSF-1 pathway-targeting agents in combination
with immune checkpoint inhibitors (10–13, 16). In particular, trans-
aminase elevations are believed to be a class effect of CSF-1 pathway-
targeting agents and are thought to occur as a result of Kupffer cell
depletion or senescence within the liver (15). Increased ALT and AST
have also been reported with pembrolizumab—both as monotherapy
and in combination with other medications (3, 4). Periorbital edema
has been reported during treatmentwithCSF-1R–targeting antibodies;
data from the current study are consistent with this finding, with
periorbital edema occurring in <10% of patients overall in both the
Phase 1b (5.3%) and Phase 2 portions (7.0%; ref. 15).

Preliminary clinical activitywas observed during the Phase 1b study,
with a confirmed ORR of 10.5%. PRs were observed in 1 patient with
MSI-High PDA in the 200-mg cohort (DOR 29.2 months) and 1
patient with ovarian cancer in the 300-mg cohort (DOR 3.1 months).
Although no patients with TMB-High pancreatic cancer were treated
with pembrolizumab in KEYNOTE-158, a recent retrospective study

Table 5. Summary of ARRY-382 PK parameters: Phase 1b and Phase 2.

Phase 1b Phase 2
ARRY-382
200 mg
(N ¼ 6)

ARRY-382
300 mg
(N ¼ 6)

ARRY-382
400 mg
(N ¼ 7)

PDA
(N ¼ 27)

PD-1/PD-L1
IR (N ¼ 19)

prOVCA
(N ¼ 11)

Overall
(N ¼ 57)

Cycle 1 day 1
N 6 6 7 26 18 11 55
AUClast, h�ng/mL 3,720 (44.4) 4,890 (58.8) 6,790 (39.5) 6,350 (70.4) 6,320 (53.2) 6,210 (48.8) 6,310 (59.7)
Cmax, ng/mL 773 (60.2) 995 (68.9) 1,330 (39.6) 1,290 (75.6) 1,240 (62.1) 1,260 (53.9) 1,270 (65.8)
Tmax, h 2.00 (1.00–7.95) 4.01 (1.25–4.05) 4.07 (0.98–8.00) 2.00 (0.97–8.00) 1.97 (0.95–4.17) 2.00 (1.00–4.10) 2.00 (0.95–8.00)
Cycle 2 day 1
N 4 4 3 4 6 5 15
AUClast, h�ng/mL 22,800 (44.2) 30,600 (26.6) 30,800 (130) 47,100 (10.2) 26,600 (80.3) 20,700 (70.6) 28,500 (70.8)
AUCtau, h�ng/mL 22,800 (44.2) 30,600 (26.6) 30,800 (130) 47,100 (10.2) 32,100 (65.7) 20,700 (70.6) 30,600 (65.2)
Cmax, ng/mL 1,560 (41.3) 2,260 (36.6) 2,560 (117) 2,820 (15.1) 2,130 (60.4) 1,580 (64.8) 2,080 (55.7)
Ctrough, ng/mL 576 (59.5) 667 (27.7) 627 (126) 1,480 (17.5) 878 (70.1) 438 (86.5) 796 (86.9)
RAUCa 3.03 (47.9) 1.92 (NC) 3.52 (NC) 3.41 (23.6) 2.67 (36.2) 1.87 (16.7) 2.49 (35.6)
RCmax 2.53 (48.2) 2.51 (95.7) 2.28 (54.2) 2.07 (53.6) 2.52 (39.9) 1.62 (24.7) 2.06 (41.9)
Tmax, h 2.00 (2.00–7.95) 4.18 (1.85–7.48) 1.98 (1.97–2.00) 3.03 (2.00–4.08) 2.00 (1.00–7.50) 2.00 (1.83–4.17) 2.00 (1.00–7.50)

Note: PK Set. Geometric mean (geometric %CV) reported for all except median (range) for Tmax.
Abbreviations: AUClast, area under the concentration–time curve from zero to the last measurable time point; AUCtau, area under the plasma concentration–time
curve over the dosing interval; Cmax, maximum observed concentration; Ctrough, pre-dose concentration; CV, coefficient of variation; IR, inhibitor refractory; NC, not
calculated; PDA, pancreatic ductal adenocarcinoma; PD-1, programmed cell death protein 1; PD-L1, programmed death-ligand 1; PK, pharmacokinetic; prOVCA,
platinum-resistant ovarian cancer; R, accumulation ratio; Tmax, time to Cmax.
an ¼ 3, 2, and 2 for 200-, 300-, and 400-mg cohorts, respectively; n ¼ 3, 3, and 4 for PDA, PD-1/PD-L1 IR, and prOVCA cohorts, respectively.
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in Japanese patients reported an ORR of 4% in patients with
TMB-High pancreatic cancer treated with anti–PD-1/PD-L1 thera-
py (17). In the Phase 2 portion, patients received ARRY-382 300-mg
QD with pembrolizumab 200-mg Q3W. No confirmed objective
responses were observed in the PD-1/PD-L1 IR and prOVCA
cohorts, but 1 patient in the PDA cohort had a PR; this patient
was MSI-Stable, TMB-Low, and PD-L1 negative. Given the lack of
genomic instability, low mutational burden, absence of PD-L1
staining, and the limited clinical activity of immune checkpoint
inhibitor therapy in patients with pancreatic cancer, the patho-
physiology for this patient’s tumor response is not clear, although
the DOR was limited (2.4 months; refs. 18, 19). Median PFS ranged
from 1.4 to 2.1 months across cohorts in Phase 2, whereas median
OS ranged from 2.2 to NR months. No patients in the Phase 2
portion had a mutation in CSF-1R.

The results from the current study are consistent with other
combination studies evaluating CSF-1 pathway inhibitors and suggest
that although some antitumor activity has been observed, it is unclear if
the efficacy of the combination is greater than that expected for single-
agent immune checkpoint inhibitors. In a Phase 1 study of cabirali-
zumab, a CSF-1R–targeting antibody, plus nivolumab (anti–PD-1) in
pancreatic cancer (N ¼ 31), 3 patients who were MSI-Stable had a
PR (16). However, the Phase 2 trial (NCT03336216) failed to meet its
primary endpoint and the combination is no longer under investiga-
tion. Another CSF-1R–targeting antibody, AMG 820, was evaluated in
combination with pembrolizumab in a Phase 1b/2 study in patients
with advanced solid tumors. Two patients with metastatic colorectal
cancer (MMR-proficient) had an irPR and 1 patient with NSCLC (low
PD-L1 expression) had an irPR; however, none of the Phase 2 cohorts
met the predefined efficacy threshold and the combination is no longer
under evaluation (10). In a Phase 1 study in patients with advanced/
metastatic PDA or colorectal cancer, 4 patients had stable disease
following treatment with the multikinase inhibitor, pexidartinib (tar-
gets CSF1-R, cKIT, and FLT3), plus durvalumab (anti–PD-L1; ref. 11).
The anti–PD-1 agent, spartalizumab, has been investigated in 2 Phase
1/2 clinical trials in combination with CSF-1 pathway inhibi-
tors (12, 13). One patient with HNSCC and 2 patients with
relapsed/refractory glioblastoma had a PR when treated with BLZ945,
a brain-penetrant CSF-1R kinase inhibitor, plus spartalizumab (12).
One patient with pancreatic cancer had a PR following treatment with
lacnotuzumab, a CSF-1–targeting monoclonal antibody, plus sparta-
lizumab (13). A number of trials investigating CSF-1 pathway inhi-
bitors in combination with anti–PD-1/PD-L1 therapies (or other
immune checkpoint inhibitors) are ongoing (15).

Although modest antitumor activity was observed in the current
study and in studies of other combination regimens, there are several
possible reasons why the response rates were lower than expected.
Across cohorts, the majority of patients in this study had received ≥2
prior therapies and/orwere relapsed/refractory to previous treatments;
therefore, it is difficult to evaluate response, and response evaluation
should ideally be performed in Phase 2 tumor type-specific studies.
Prior therapies could also have had an impact on alterations in the
tumormicroenvironment and/or promoted the development of cancer
cell populations with resistance to CSF-1 pathway blockade. The
current trial aimed to investigate whether the addition of CSF-1R
inhibitor could re-invigorate the immune system in patients who had
been previously treated with anti–PD-1/PD-L1 or activate the primary
antitumor immune response in patients with traditionally “less sen-
sitive” tumors. Therefore, it is possible that this combination strategy
was insufficient to overcome exhausted T cells and/or deplete immu-
nologically “cold” tumors of TAMs and MDSCs.

In Phase 1b, the exposure of ARRY-382 and metabolites increased
with increasing doses, with metabolite exposures <20% of the parent
compound. In Phase 2, ARRY-382 exposure was similar across the 3
cohorts on cycle 1 day 1 and accumulated about 2- to 3-fold on cycle
2 day 1. Serum CSF-1 increased with ARRY-382 plus pembrolizu-
mab, indicating inhibition by ARRY-382 of CSF-1R (consistent with
previous studies) and CSF-1R kinase (9, 20). Decreased peripheral
NCM with the combination therapy is also consistent with CSF-1R
inhibition and resulting downstream effects of CSF-1R inhibition on
macrophage cellular maturation (9). However, there was no signif-
icant correlation between trough concentrations of ARRY-382 and
the percentage of changes of circulating CTX or NTX osteoclast
bone resorption markers upon treatment with ARRY-382 plus
pembrolizumab; based on previous results with ARRY-382 mono-
therapy, it was expected that both biomarkers would decrease (9).
Therefore, although the observed effects on CSF-1 and NCM levels
indicate robust CSF-1R target downmodulation by ARRY-382, it is
possible that combination treatment with pembrolizumab may be
altering downstream processes in a different manner to ARRY-382
monotherapy.

Conclusion
In this 2-part Phase 1b/2 study, the selective CSF-1R inhibitor,

ARRY-382, was combined with the anti–PD-1 agent, pembrolizumab.
The MTD and RP2D of ARRY-382 plus pembrolizumab were deter-
mined to be 300 mg QD. ARRY-382 and ARRY-382 metabolites
exposures increased in a dose-dependent manner. The safety profile
of ARRY-382 plus pembrolizumab was generally tolerable, manage-
able, and consistent with the known safety profiles of ARRY-382 and
single-agent pembrolizumab.Despite on-targetmodulation of CSF-1R
activity by ARRY-382, as evidenced by increased serum CSF-1 and
decreased peripheral NCM, limited clinical benefit was observed.
Confirmed PRs were observed in 2 patients (1 MSI-High PDA; 1
ovarian cancer) in the dose-escalation portion and 1 patient (MSI-
Stable, TMB-Low, and PD-L1 negative) in the Phase 2 PDA cohort. No
confirmed responses were observed in the Phase 2 PD-1/PD-L1 IR or
prOVCA cohorts. No further evaluation of these drugs in combination
is planned.
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