
1Razak ARA, et al. J Immunother Cancer 2020;8:e001006. doi:10.1136/jitc-2020-001006

Open access�

Safety and efficacy of AMG 820, an anti-
colony-stimulating factor 1 receptor 
antibody, in combination with 
pembrolizumab in adults with advanced 
solid tumors

Albiruni RA Razak,1 James M Cleary,2 Victor Moreno,3 Michael Boyer,4 
Emiliano Calvo Aller,5 William Edenfield,6 Jeanne Tie,7 R Donald Harvey,8 
Annemie Rutten,9 Manish A Shah,10 Anthony J Olszanski,11 Dirk Jäger,12 
Nehal Lakhani,13 David P Ryan,14 Erik Rasmussen,15 Gloria Juan,15 Hansen Wong,16 
Neelesh Soman,15 Marie-Anne Damiette Smit,15 Dirk Nagorsen,15 
Kyriakos P Papadopoulos  ‍ ‍ 17

To cite: Razak ARA, Cleary JM, 
Moreno V, et al.  Safety 
and efficacy of AMG 820, 
an anti-colony-stimulating 
factor 1 receptor antibody, 
in combination with 
pembrolizumab in adults with 
advanced solid tumors. Journal 
for ImmunoTherapy of Cancer 
2020;8:e001006. doi:10.1136/
jitc-2020-001006

►► Additional material is 
published online only. To view 
please visit the journal online 
(http://​dx.​doi.​org/​10.​1136/​jitc-​
2020-​001006).

Accepted 30 June 2020

For numbered affiliations see 
end of article.

Correspondence to
Dr Kyriakos P Papadopoulos;  
​kyri.​papadopoulos@​startsa.​com

Original research

© Author(s) (or their 
employer(s)) 2020. Re-use 
permitted under CC BY-NC. No 
commercial re-use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Background  To determine the safety and efficacy of the 
anti-colony-stimulating factor 1 receptor (anti-CSF1R) 
monoclonal antibody AMG 820 in combination with 
pembrolizumab in patients with select solid tumors.
Patients and methods  Patients had advanced, refractory 
mismatch repair-proficient colorectal cancer, pancreatic 
cancer, or non-small cell lung cancer (NSCLC) with 
low (<50%) programmed cell death-ligand 1 (PD-L1) 
expression and were naïve to anti-programmed cell 
death-1 (PD-1)/PD-L1 or had relapsed/refractory NSCLC 
after anti-PD-1/PD-L1 treatment with low or high (≥50%) 
PD-L1 expression; all were anti-CSF1/CSF1R naïve. 
Patients received 1100 mg or 1400 mg AMG 820 plus 
200 mg pembrolizumab intravenously every 3 weeks. 
The primary endpoints were incidence of dose-limiting 
toxicities (DLTs) and adverse events (AEs) and objective 
response rate per immune-related Response Evaluation 
Criteria in Solid Tumours at the recommended combination 
dose.
Results  Overall, 116 patients received ≥1 dose of  
AMG 820 plus pembrolizumab (18 at 1400 mg AMG 820; 
98 at 1100 mg AMG 820). Most patients (64%) were 
male; the median age was 64 (range 30–86) years. Seven 
patients had DLTs (1 at 1400 mg AMG 820; 6 at 1100 mg 
AMG 820). Almost all patients (99.1%) had AEs, 87.9% 
with grade ≥3 AEs. The most common AEs were increased 
aspartate aminotransferase (59.5%), fatigue (48.3%), 
periorbital/face edema (48.3%), and rash/maculopapular 
rash (37.1%). The best response was immune-related 
partial response in 3 patients (3%; duration of response 
9.2, 10.0, 12.5 months) and immune-related stable 
disease in 39 patients (34%). None of the completed 
phase II cohorts met the predefined threshold for efficacy. 
Post-treatment there was accumulation of serum colony-
stimulating factor 1 (CSF1) and interleukin-34, reduction 
in CSF1-dependent CD16-expressing monocytes, and 
increased PD-L1 expression and CD4 and CD8 cell 
numbers in tumor biopsies.

Conclusions  The recommended combination dose of 
1100 mg AMG 820 plus 200 mg pembrolizumab had an 
acceptable safety profile. Although pharmacodynamic 
effects were observed, antitumor activity was insufficient 
for further evaluation of this combination in selected 
patient populations.
Trial registration number  NCT02713529

BACKGROUND
Immune checkpoint inhibitors that target 
cytotoxic T-lymphocyte antigen 4 or the 
programmed cell death-1 (PD-1) and 
programmed cell death-ligand 1 (PD-L1) 
axes have been approved for treatment of 
several cancers.1 Despite durable responses 
in a subset of patients, many fail to respond 
or acquire resistance to these agents,2–4 high-
lighting the need to understand resistance 
mechanisms and assess combination treat-
ment strategies.

One potential mechanism of resistance to 
anti-PD-1 therapy is the immunosuppressive 
activity of tumor-associated macrophages 
(TAMs), which can prevent T cells from 
entering the tumor, inhibit intratumoral T cell 
activation, and directly limit PD-1 blockade by 
removing anti-PD-1 antibodies from T cells.5–9 
TAM recruitment and survival are regulated 
by binding of colony-stimulating factor 1 
(CSF1) to the CSF1 receptor (CSF1R)7 8 10; 
therefore, inhibition and depletion of TAMs 
through CSF1R blockade may enhance T cell 
responses against tumors when combined 
with PD-1 inhibition.

AMG 820 is an investigational, fully human 
IgG2 monoclonal antibody directed against 
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human CSF1R that inhibits binding of CSF1 and inter-
leukin (IL)-34 and subsequent ligand-induced receptor 
activation. In the first-in-human study of AMG 820 in 
adult patients with relapsed or refractory advanced solid 
tumors, toxicities were manageable and there was limited 
evidence of antitumor activity.11

We hypothesized that the combination of AMG 820 with 
the anti-PD-1 antibody pembrolizumab may overcome 
the lack of response to anti-PD-1 inhibition and resis-
tance to prior anti-PD-1 therapy, resulting in enhanced 
antitumor activity. We therefore conducted a phase Ib/II  
study to determine the safety and efficacy of the combi-
nation of AMG 820 and pembrolizumab in patients with 
select advanced solid tumors that are historically resistant 
or refractory to PD-1 inhibitors.

MATERIALS AND METHODS
Key eligibility criteria
Eligible patients were ≥18 years old with pathologically 
documented, advanced colorectal cancer (CRC), pancre-
atic cancer, or non-small cell lung cancer (NSCLC) refrac-
tory to or intolerant of standard treatment. A complete 
list of eligibility criteria is provided in the online supple-
mentary appendix.

Patients were grouped by tumor type. Group 1 had 
advanced mismatch repair-proficient (pMMR) CRC, 
group 2 had advanced pancreatic cancer, and group 3 
had advanced NSCLC and low (<50%) tumor PD-L1 
expression. Groups 1‒3 were naïve to anti-PD-1/PD-L1 
therapies. Patients in groups 4 and 5 had advanced 
NSCLC and low (<50%) or high (≥50%) tumor PD-L1 
expression, respectively, and either had no response or 
had relapsed during monotherapy with anti-PD-1/PD-L1 
therapies. All groups were naïve to anti-CSF1/CSF1R 
therapies. PD-L1 expression was assessed by immunohis-
tochemistry using the PD-L1 companion diagnostic test 
(Agilent, Santa Clara, California, USA).

Study design
This phase Ib/II study was conducted at 15 centers in 
Australia, Belgium, Canada, Germany, Spain, and the 
USA. Patients provided a signed informed consent before 
the start of any study-related procedures.

The phase Ib part of the study had a dose-finding 6+3 
design with a planned enrollment of 6–18 patients with 
CRC, pancreatic cancer, or NSCLC to evaluate the safety 
of the AMG 820 plus pembrolizumab starting dose. The 
phase II part enrolled patients in five predefined groups 
(online supplementary table 1) using a Simon two-stage 
design to further evaluate safety and to test whether  
AMG 820 plus pembrolizumab can enhance the anti-
tumor activity of pembrolizumab alone and/or overcome 
lack of response to pembrolizumab monotherapy.

The starting dose of AMG 820 in phase Ib was 1400 mg 
every 3 weeks (Q3W), based on results from the first-in-
human study.11 Pembrolizumab was administered 200 mg 
Q3W.12 AMG 820 and pembrolizumab were administered 

intravenously on the same day, with pembrolizumab 
administered 15 min after completion of the AMG 820 
infusion. If 1400 mg AMG 820 was not tolerated, the dose 
could be reduced to 1100 mg and then to 800 mg; the 
pembrolizumab dose remained unchanged. In phase II, 
patients received the recommended combination dose 
based on results from the phase Ib part of the study.

Study treatment was discontinued for patients who 
had a dose-limiting toxicity (DLT; defined in the online 
supplementary appendix) within the 21-day DLT evalu-
ation period and for those who required >6 weeks from 
the last dose to recover from DLTs that occurred after the 
21-day window. Specific criteria for hepatic toxicity were 
established based on AMG 820 monotherapy safety data 
and are detailed in the online supplementary appendix.

Study treatment was withheld for grade ≥3 toxicities or 
serious adverse events (AEs) unrelated to AMG 820 and/
or pembrolizumab until the toxicity resolved to grade 1 
or baseline value. AMG 820 could then be administered 
at the same or a lower dose level. If one study drug was 
delayed/discontinued, patients could continue to receive 
the other study drug. Patients continued to receive study 
drugs until confirmed disease progression (per modified 
immune-related Response Evaluation Criteria in Solid 
Tumours (irRECIST)), intolerance to study treatment, 
clinically significant health deterioration, or withdrawal 
of consent.

Study endpoints
The primary endpoints were the incidence of DLTs and 
AEs in phase Ib and objective response rate (ORR; defined 
as immune-related complete response or immune-related 
partial response (irPR) rate) per irRECIST in patients 
treated with the recommended combination dose.

The secondary endpoints included time to response, 
duration of response, time to progression, overall survival 
(OS), and progression-free survival (PFS); pharmacoki-
netics (PK) of AMG 820; and number of CD4, CD8, and 
CD68 cells in fresh pretreatment biopsies.

The exploratory endpoints were incidence of potential 
anti-AMG 820 and antipembrolizumab antibodies and 
biomarker levels before and during treatment.

Study procedures
Assessments included vital signs, complete medical 
history, physical examination, ECG, laboratory tests, 
and paired tumor biopsies (if feasible) for PD-L1 and 
biomarker analysis.

Safety was monitored throughout the study, and AEs 
were graded according to the Common Terminology 
Criteria for Adverse Events version 4.0. Events of clinical 
interest for pembrolizumab (drug-induced liver injury) 
and AMG 820 (immune-mediated events) were recorded.

Tumor responses per irRECIST were performed by 
local investigator assessment within 28 days before enroll-
ment, at week 10 (±1 week), and then every 10 weeks  
(±2 weeks) until confirmed disease progression or start of 
new anticancer treatment.
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Pharmacokinetics
Serum samples for evaluation of AMG 820 PK were 
collected during cycle 1 on day 1 (predose, end of infu-
sion, 1 hour, and 6 hours) and days 2, 5, 8, and 15; during 
cycle 2 on day 1 (predose, end of infusion, 2 hours, 
4 hours) and days 2, 5, 8, and 15; and during cycle 3 on 
day 1 (predose and end of infusion). AMG 820 concen-
trations were measured using an ELISA (lower limit of 
quantification, 10 ng/mL). Non-compartmental analysis 
of AMG 820 concentration–time data was conducted 
using Phoenix WinNonlin v6.3 (Pharsight, Mountain 
View, California, USA).

Biomarkers
Changes in macrophage populations were evaluated in 
paired tumor biopsies taken at screening and week 10 
(predose in cycle 4). Samples were processed for immu-
nohistochemical analysis of PD-L1, CD4-expressing and 
CD8-expressing T cells, and CD68-expressing and CD163-
expressing macrophages.

Blood samples collected during cycle 1 (predose on  
day 1 and days 8 and 15) and cycles 2–5 (predose on day 
1) were analyzed for circulating biomarkers (CSF1, IL-34) 
using standard ELISA methods and immune cell popula-
tions (lymphocytes (T cells and B cells) and natural killer 
cells and monocytes with the markers CD4, CD8, CD14, 
CD16, and CD56) using flow cytometry.

Immunogenicity
A ‘collect-and-hold’ strategy for antibody testing was 
followed.13 No specific triggers were observed; therefore, 
anti-AMG 820 and antipembrolizumab antibody testing 
was not performed.

Statistical methods
The planned sample size was 6–18 patients in phase Ib 
and ≤185 in phase II. In phase Ib, six patients per cohort 
provided a 47%–91% probability of observing ≥1 DLT if 
the true DLT rate was 10%–33%. Sample size consider-
ations for phase II are shown in online supplementary 
table 1. The Simon two-stage design of groups 1, 2, 3, 
4, and 5 provided 80% power if the true ORR was 25%, 
20%, 30%, 20%, and 20%, respectively, while maintaining 
a one-sided, 5% alpha error if the true ORR was ≤10%, 
≤5%, ≤15%, ≤5%, and ≤5%, respectively. Enrollment into 
each group could be stopped early; decisions for early 
termination were made after reviewing all available data.

Patients who received ≥1 dose of AMG 820 were 
included in the analysis. Descriptive statistics are provided 
for demographics, safety, PK, and biomarker data. Kaplan-
Meier (KM) estimates of PFS and OS at 6 and 12 months 
with corresponding 90% CI are provided.

RESULTS
Enrollment, disposition, and baseline characteristics
A total of 116 patients, 15 in phase Ib and 101 in phase II, 
were enrolled between April 14, 2016 and March 8, 2018; 

all patients received ≥1 dose of AMG 820 plus pembroli-
zumab (figure 1).

Based on a safety review conducted after 18 patients 
(6 in phase Ib and 12 in phase II) received ≥1 dose of 
1400 mg AMG 820 plus pembrolizumab, the dose of  
AMG 820 was reduced to 1100 mg; 98 patients received 
≥1 dose of 1100 mg AMG 820 plus pembrolizumab.

Baseline patient characteristics categorized by dose 
of AMG 820 received are summarized in table  1. Most 
patients (64%) were male, the median age was 64 (range 
30‒86) years, and all patients had received ≥1 line of prior 
therapy.

Exposure to study drugs and AEs
The dose of AMG 820 was reduced to 1100 mg based 
on safety data from 18 patients who received 1400 mg  
AMG 820 plus pembrolizumab. Seventeen of these 
patients had aspartate aminotransferase (AST) elevations 
(15 with grade 2 and 2 with grade 3) and 12 had alanine 
aminotransferase (ALT) elevations (6 with grade 2 and 2 
with grade 3). Nine patients had periorbital edema (one 
with grade 3), which was associated with grade 2 uveitis in 
two patients. Three patients had immune-mediated events 
(one with fatal pneumonitis) or worsening of previously 
reported events (two with grade 3 periorbital edema), 
with onset >6 weeks after the last dose of study treatment. 
Four patients discontinued from the study, one withdrew 
consent due to toxicities, and thirteen discontinued due 
to progressive disease.

The median number of doses received was 2 (range 
1–5) with a median treatment duration of 0.7 (range 
0.03–2.92) months for patients in the 1400 mg AMG 820 
group, and the median number of doses received was 3 
(range 1–22) with a median treatment duration of 1.0 
(range 0.03–14.4) months for patients in the 1100 mg 
AMG 820 group.

One of 18 patients who received 1400 mg AMG 820 
plus pembrolizumab had DLTs of treatment-related 
grade 3 immune-related hepatitis and pancreatitis, 
grade 2 cholecystitis, and grade 4 electrolyte imbalance. 
Six of 98 patients who received 1,100mg AMG 820 plus 
pembrolizumab had DLTs: grade 3 maculopapular rash, 

Figure 1  Flow of patients through the study.
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grade 2 increased lipase, grade 4 epileptic seizure, grade 
4 elevated AST, grade 3 elevated AST with grade 1 fatigue 
that lasted for 147 days and grade 3 generalized rash.

Almost all patients had ≥1 treatment-emergent AE 
(TEAE), most (88%) had grade ≥3 TEAEs, and approxi-
mately half had grade ≥3 treatment-related AEs (table 2). 
The most frequently reported TEAEs (in ≥30% of patients) 
were increased AST, fatigue, periorbital/face edema, and 
rash/maculopapular rash; the most frequently reported 
grade ≥3 AEs (in ≥10% of patients) were increased AST, 
rash/maculopapular rash, anemia, increased lipase, and 
hypophosphatemia (table  3). Approximately two-thirds 
of patients had treatment-related AEs of clinical interest, 
the most common of which were increased AST, ALT, 
amylase, and lipase (online supplementary table 2).

Overall, 12% (14 of 116) of patients discontinued 
AMG 820 and 13% (15 of 116) of patients discontinued 
pembrolizumab due to TEAEs. Two fatal AEs were consid-
ered related to treatment: tumor flare in a female patient 
who received one dose of combination treatment and 
pneumonitis in a female patient who received two doses 
of combination treatment. Four fatal AEs (unrelated to 
treatment) were due to gastrointestinal hemorrhage 

(n=1), cardiac arrest (n=1), cerebrovascular accident 
(n=1), and pulmonary embolism (n=1).

Efficacy
None of the completed phase II cohorts, namely groups 
1, 2, and 4, met the predefined threshold for efficacy; 
enrollment to groups 3 and 5 was stopped early. Of 116 
patients evaluable for response, 3 (3%) patients who 
received 1100 mg AMG 820 plus pembrolizumab had 
a best response of irPR, including 2 of 41 patients with 
pMMR metastatic CRC (duration of response, 9.2 and 
12.5 months) and 1 of 19 patients with NSCLC who had 
progressed following prior treatment with nivolumab and 
had low PD-L1 expression (duration of response, 10.0 
months). Thirty-nine (34%) patients had a best response 
of immune-related stable disease (irSD; table 4). Among 
patients with a best response of irSD, 13 (2 with pancreatic 
cancer, 5 with CRC, and 6 with NSCLC) had a decrease 
in the sum of the longest diameters of lesions compared 
with baseline (figure 2).

The median time to progression was longest among 
patients with NSCLC: 5.4, 5.1, and 7.8 months for groups 
3, 4, and 5, respectively. The median time to progression 

Table 1  Baseline demographics and disease characteristics

1100 mg AMG 820 + 200 mg 
pembrolizumab (n=98)

1400 mg AMG 820 + 200 mg
pembrolizumab (n=18)

All patients
(N=116)

Sex, n (%)

 � Male 65 (66.3) 9 (50.0) 74 (63.8)

 � Female 33 (33.7) 9 (50.0) 42 (36.2)

Ethnicity, n (%)

 � Hispanic/Latino 4 (4.1) 1 (5.6) 5 (4.3)

 � Not Hispanic/Latino 90 (91.8) 17 (94.4) 107 (92.2)

 � Unknown 4 (4.1) 0 (0.0) 4 (3.4)

Race, n (%)

 � White 88 (89.8) 15 (83.3) 103 (88.8)

 � Asian 3 (3.1) 2 (11.1) 5 (4.3)

 � Black (or African–American) 4 (4.1) 0 (0.0) 4 (3.4)

 � Other 3 (3.1) 1 (5.6) 4 (3.4)

Age, median (range), years 64 (37–86) 58 (30–72) 64 (30–86)

ECOG performance status, n (%)

 � 0 38 (38.8) 5 (27.8) 43 (37.1)

 � 1 60 (61.2) 13 (72.2) 73 (62.9)

Number of prior lines of therapy, n (%)

 � 1 7 (7.1) 2 (11.1) 9 (7.8)

 � 2 30 (30.6) 5 (27.8) 35 (30.2)

 � 3 29 (29.6) 7 (38.9) 36 (31.0)

 � 4 16 (16.3) 2 (11.1) 18 (15.5)

 � 5 16 (16.3) 2 (11.1) 18 (15.5)

Includes data for all enrolled patients.
ECOG, Eastern Cooperative Oncology Group.

https://dx.doi.org/10.1136/jitc-2020-001006
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for patients with CRC or pancreatic cancer was 2 months 
(table 4).

For the overall patient population, the KM median 
(90% CI) PFS time was 2.1 (1.9–2.3) months and the KM 
median (90% CI) OS time was 5.3 (3.5–6.7) months. The 
KM estimate of OS rate (90% CI) at 6 and 12 months was 
44% (36–52) and 30% (23–38), respectively.

Pharmacokinetics
PK analyses included 115 patients, 97 patients in the 
1100 mg AMG 820 plus pembrolizumab group and 18 
patients in the 1400 mg AMG 820 plus pembrolizumab 
group. Following intravenous Q3W administration of 
AMG 820 in cycles 1 and 2, AMG 820 exposures appeared 
to increase in an approximately dose-proportional 
manner over the dose range of 1100–1400 mg. No marked 
accumulation of serum AMG 820 (less than twofold) was 
observed between cycles 1 and 2 (online supplementary 
figure 1).

Biomarkers
CSF1 (44 patients) and IL-34 (40 patients) accumulated 
in serum after treatment (figure 3A,B). There was a reduc-
tion in CD14+ CD16+ monocytes (CSF1-dependent popu-
lation) in the peripheral blood of patients (48 patients) at 
day 8 after dosing (figure 3C).

Paired pretreatment and post-treatment tumor biopsies 
from five patients were available for analysis of immune 
infiltrate and PD-L1 expression, including three patients 
who achieved irPRs and two patients who had disease 
progression. One post-treatment biopsy from a patient 
with irPR contained tumor tissue, two biopsies contained 
necrotic tissue, and two contained no tumor tissue. Three 

paired tumor biopsies, including those from one patient 
with irPR, showed an increase in PD-L1 expression and 
doubling of CD4 and CD8 cell numbers after three doses 
of AMG 820 plus pembrolizumab; there was an increase 
in CD68 and CD163 macrophages in two patients (online 
supplementary table 3).

DISCUSSION
In our study, the combination of AMG 820 and pembroli-
zumab showed preliminary evidence of activity (clinical 
benefit rate (irPR and irSD) of 36%). However, only 
three (3%) patients, two with pMMR CRC and one with 
NSCLC and low expression of PD-L1, achieved an irPR; 
thus, none of the phase II cohorts met the predefined 
threshold for efficacy.

Two of the most common AEs reported in our study 
were increased AST and periorbital/facial edema, 
both of which are class effects of CSF1R inhibitors. In 
non-clinical studies of AMG 820, reversible periorbital 
swelling likely due to increased extracellular matrix was 
observed (Amgen Inc., data availability statement). In 
addition, there were reversible increases in serum ALT, 
AST, and glutamate dehydrogenase in the liver with no 
evidence of liver injury. Increases in these enzymes result 
from decreased clearance due to inhibition of macro-
phages (ie, Kupffer cells).14 In three clinical studies of 
CSF1R inhibitors, the incidence of all-grade facial edema 
ranged from 13% to 64% and grade ≥3 increase in AST 
ranged from 3% to 16%.11 15 16 As demonstrated in our 
study, the incidences of these toxicities do not appear 
to substantially differ when a CSF1R and a PD-1/PD-L1 

Table 2  Summary of adverse events

1100 mg AMG 820 + 
200 mg pembrolizumab 
(n=98)

1400 mg AMG 820 + 200 mg
pembrolizumab (n=18)

All patients
(N=116)

All TEAEs, n (%) 97 (99.0) 18 (100.0) 115 (99.1)

 � Grade ≥3 87 (88.8) 15 (83.3) 102 (87.9)

 � Grade ≥4 23 (23.5) 4 (22.2) 27 (23.3)

 � Serious AEs 60 (61.2) 10 (55.6) 70 (60.3)

 � Leading to discontinuation of AMG 820 11 (11.2) 3 (16.7) 14 (12.1)

 � Leading to discontinuation of pembrolizumab 12 (12.2) 3 (16.7) 15 (12.9)

 � Fatal AEs 5 (5.1) 1 (5.6) 6 (5.2)

Treatment-related TEAEs, n (%) 85 (86.7) 17 (94.4) 102 (87.9)

 � Grade ≥3 58 (59.2) 10 (55.6) 68 (58.6)

 � Grade ≥4 13 (13.3) 3 (16.7) 16 (13.8)

 � Serious AEs 25 (25.5) 8 (44.4) 33 (28.4)

 � Leading to discontinuation of AMG 820 9 (9.2) 3 (16.7) 12 (10.3)

 � Leading to discontinuation of pembrolizumab 10 (10.2) 3 (16.7) 13 (11.2)

 � Fatal AEs 1 (1.0) 1 (5.6) 2 (1.7)

Analysis of safety included patients who received at least one dose of AMG 820 plus pembrolizumab.
AE, adverse event; TEAE, treatment-emergent adverse event.

https://dx.doi.org/10.1136/jitc-2020-001006
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inhibitor are combined. However, the temporal relation-
ship between AMG 820 plus pembrolizumab adminis-
tration and grade ≥3 elevations in enzymes underscores 
the importance of safety surveillance. In addition, distin-
guishing the class effect of CSF1R inhibition as it pertains 
to normal Kupffer cell function from clinically relevant 
immune-related toxicities requiring therapeutic interven-
tion, particularly immune-related hepatitis, is especially 
challenging.

The observed pharmacodynamic effects of AMG 820 
plus pembrolizumab were consistent with clinically rele-
vant inhibition of CSF1R and PD-1, including elevation 
of CSF1R ligand (CSF1 and IL-34) serum concentrations 
and reduced frequency of CD16+ monocytes. While 
no decrease in CD68+ or CD163+ intratumoral macro-
phages was observed following treatment in the limited 
number of available paired biopsies, this observation may 
be confounded by the potential inflammatory effects of 
pembrolizumab treatment, leading to increased mono-
cyte recruitment and macrophage differentiation in the 
tumor. Notably, in the first-in-human study, AMG 820 
monotherapy resulted in increases in CSF1 concentration 
and reduced the number of skin macrophages.11 There 

appeared to be no effect of pembrolizumab on AMG 820 
exposures, which were similar to those observed when 
AMG 820 was administered as monotherapy.11

Only 3% of patients who received AMG 820 plus 
pembrolizumab in our study achieved an irPR. Notably, 
two of these heavily pretreated patients had pMMR CRC, 
a disease for which limited responses have been observed 
with single-agent checkpoint inhibitors.17 18 There were 
no baseline or on-treatment biomarker results that were 
predictive of response. In a phase I study of another 
CSF1R inhibitor, cabiralizumab, in combination with 
nivolumab, 3 of 31 (10%) patients with advanced pancre-
atic cancer achieved partial response.19 In a phase I study 
of durvalumab in combination with pexidartinib in 19 
patients with CRC or pancreatic cancer, preliminary 
results showed a clinical benefit rate of 21% (uncon-
firmed stable disease in four patients), although this 
included two PD-1 inhibitor-naïve patients with high-level 
microsatellite instability CRC.20

Because we were interested in overcoming checkpoint 
inhibition, we intentionally selected patient populations 
with tumor types that are known to be resistant to check-
point inhibition. This study did not investigate whether 

Table 3  Treatment-emergent adverse events*

1100 mg AMG 820 + 200 mg 
pembrolizumab (n=98)

1400 mg AMG 820 + 200 mg 
pembrolizumab (n=18)

All patients
(N=116)

 �  All grades Grade ≥3 All grades Grade ≥3 All grades Grade ≥3

Patients reporting treatment-
emergent adverse events, n 
(%)

97 (99.0) 87 (88.8) 18 (100.0) 15 (83.3) 115 (99.1) 102 (87.9)

 � Aspartate aminotransferase 
increased

58 (59.2) 28 (28.6) 11 (61.1) 4 (22.2) 69 (59.5) 32 (27.6)

 � Fatigue 48 (49.0) 4 (4.1) 8 (44.4) 2 (11.1) 56 (48.3) 6 (5.2)

 � Periorbital/face edema 46 (46.9) 1 (1.0) 10 (55.6) 1 (5.6) 56 (48.3) 2 (1.7)

 � Rash/maculopapular rash 37 (37.8) 12 (12.2) 6 (33.3) 1 (5.6) 43 (37.1) 13 (11.2)

 � Anemia 31 (31.6) 19 (19.4) 3 (16.7) 1 (5.6) 34 (29.3) 20 (17.2)

 � Nausea 27 (27.6) 1 (1.0) 6 (33.3) 0 (0.0) 33 (28.4) 1 (0.9)

 � Constipation 20 (20.4) – 9 (50.0) – 29 (25.0) –

 � Diarrhea 23 (23.5) 1 (1.0) 5 (27.8) 0 (0.0) 28 (24.1) 1 (0.9)

 � Pyrexia 24 (24.5) 2 (2.0) 3 (16.7) 0 (0.0) 27 (23.3) 2 (1.7)

 � Decreased appetite 19 (19.4) 0 (0.0) 8 (44.4) 0 (0.0) 27 (23.3) 0 (0.0)

 � Hypophosphatemia 18 (18.4) 9 (9.2) 7 (38.9) 3 (16.7) 25 (21.6) 12 (10.3)

 � Alanine aminotransferase 
increased

21 (21.4) 3 (3.1) 4 (22.2) 0 (0.0) 25 (21.6) 3 (2.6)

 � Amylase increased 19 (19.4) 9 (9.2) 5 (27.8) 2 (11.1) 24 (20.7) 11 (9.5)

 � Dyspnea 21 (21.4) 5 (5.1) 3 (16.7) 0 (0.0) 24 (20.7) 5 (4.3)

 � Pruritus 19 (19.4) – 4 (22.2) – 23 (19.8) –

 � Abdominal pain 17 (17.3) 4 (4.1) 5 (27.8) 1 (5.6) 22 (19.0) 5 (4.3)

 � Lipase increased 18 (18.4) 12 (12.2) 4 (22.2) 3 (16.7) 22 (19.0) 15 (12.9)

 � Vomiting 13 (13.3) – 4 (22.2) – 17 (14.7) –

 � Blood alkaline phosphatase 
increased

12 (12.2) 3 (3.1) 4 (22.2) 1 (5.6) 16 (13.8) 4 (3.4)

*In ≥20% of patients in the 1100 mg or 1400 mg group.
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addition of AMG 820 can enhance responses in PD-1 
inhibitor-naïve tumor types known to be responsive to 
checkpoint inhibition. Furthermore, 90% of patients in 
this study had received at least two prior lines of therapy 
for their disease. The effects of prior therapies and its 
implications in altering the tumor microenvironment 
are unclear. There are several potential explanations 
for the lack of efficacy observed in this study. First, there 
could be the lack of efficient depletion of intratumoral 
macrophages, either due to the inflammatory response 
associated with pembrolizumab treatment, as discussed 
above, or the inherent resistance of some protumori-
genic macrophage populations to the effects of CSF1R 
blockade.21 Second, emerging studies in mice have 
suggested multiple adaptive resistance mechanisms to 
CSF1R inhibition, including activation of regulatory  
T cells and increased recruitment of other suppressive 
myeloid populations.22–24 These mechanisms of resis-
tance could have been responsible for the lack of efficacy 
of AMG 820 and may have been exacerbated by the addi-
tion of pembrolizumab.

In summary, the recommended combination dose of 
1100 mg AMG 820 plus 200 mg pembrolizumab had an 
acceptable safety profile. Although pharmacodynamic 
effects of both AMG 820 and pembrolizumab were 
observed, antitumor activity was insufficient for further 

evaluation of this combination in the selected patient 
populations.
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