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ABSTRACT

Background This phase Ib study evaluated the

safety, clinical activity, pharmacokinetics, and
pharmacodynamics (PD) of emactuzumab (anti-colony
stimulating factor 1 receptor monoclonal antibody (mAb))
in combination with selicrelumab (agonistic cluster of
differentiation 40 mAb) in patients with advanced solid
tumors.

Methods Both emactuzumab and selicrelumab

were administered intravenously every 3 weeks and
doses were concomitantly escalated (emactuzumab:
500 to 1000 mg flat; selicrelumab: 2 to 16 mg flat).
Dose escalation was conducted using the product

of independent beta probabilities dose-escalation
design. PD analyzes were performed on peripheral
blood samples and tumor/skin biopsies at baseline

and on treatment. Clinical activity was evaluated using
investigator-based and Response Evaluation Criteria In
Solid Tumors V.1.1-based tumor assessments.

Results Three dose-limiting toxicities (all infusion-
related reactions (IRRs)) were observed at 8, 12 and

16 mg of selicrelumab together with 1000 mg of
emactuzumab. The maximum tolerated dose was not
reached at the predefined top doses of emactuzumab
(1000 mg) and selicrelumab (16 mg). The most common
adverse events were IRRs (75.7%), fatigue (54.1%),
facial edema (37.8%), and increase in aspartate
aminotransferase and creatinine phosphokinase (35.1%
both). PD analyzes demonstrated an increase of Ki67*-
activated CD8" T cells accompanied by a decrease of B
cells and the reduction of CD14%™ CD16°"" monocytes
in peripheral blood. The best objective clinical response
was stable disease in 40.5% of patients.

Conclusion Emactuzumab in combination with
selicrelumab demonstrated a manageable safety profile
and evidence of PD activity but did not translate into
objective clinical responses.

Trialregistration number NCT02760797.

BACKGROUND
Intratumoral immune infiltrates consist of a
variety of lymphoid and myeloid cells. Among
others,  tumor-associated  macrophages
(TAMs) and myeloid-derived suppressor
cells (MDSCs) are thought to contribute to
the escape from immune surveillance and
checkpoint blockade therapy.! Therefore,
for adaptive immune responses to persist,
tumor-infiltrating lymphocytes (TILs) must
overcome a suppressive cytokine milieu and
mechanisms of tolerance propagated by TAMs
to successfully attack cancer cells. TAMs have
been described as either proinflammatory
and anti-tumor (M1) or tumor-promoting
(M2), depending on their functional pheno-
type and cytokine proﬁle.2 % Anti-colony stim-
ulating factor 1 receptor (CSF-1R) signaling
supports recruitment, differentiation and
maintenance of immune suppressive macro-
phages within the tumor." CSF-1R-positive
TAMs in the tumor microenvironment
(TME) correlate with immune dysfunction
and increased immune suppression,” as well
as poor prognosis in a variety of solid malig-
nancies such as breast, ovarian and pancreatic
cancers, as well as in leiomyosarcoma, mantle
cell and Hodgkin lymphoma.*™""

Cluster of differentiation 40 (CD40) is
a co-stimulatory molecule of the tumor
necrosis factor receptor superfamily. CD40
is expressed on antigen-presenting cells
(APCs), for example dendritic cells and
myeloid cells, with B cells showing highest
expression, and is critical for their activation
and proliferation."' '* Activation of CD40 is
triggered by binding of CD40 ligand (CD40L

BM)
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or CD154), which is primarily expressed by activated T
cells, but can also be found on B cells and platelets.'* The
CD40/CD40L axis is essential to initiate effective T-cell-
specific immune responses. CD40 expression on the
surface of APCs greatly increases their antigen presenta-
tion and co-stimulatory capacity, resulting in a more effec-
tive activation of cytotoxic T cells even in the absence
of T helper cell signals."'™"* Hence, the main mode of
action of agonistic cluster of differentiation 40 (aCD40)
monoclonal antibodies (mAbs) may be the induction of
increased tumor-specific antigen presentation via activa-
tion of APCs, resulting in the production of cytotoxic T
cells directed against the tumor.'*'° B cells are also highly
dependent on CD40-CD40L interaction, which stimulates
formation of germinal centers, immunoglobulin isotype
switching, somatic hypermutation and the production of
plasma cells and memory B cells.' It is thought that the
activation of B cells by aCD40 mAbs might contribute to
their antitumor effect as shown in vitro."”

Selicrelumab is a fully human and selective aCD40
mAb, which has been tested clinically as monotherapy,'®
and together with tremelimumab® or chemotherapy.*' **
Emactuzumab is a recombinant, humanized mAb directed
against CSF-IR expressed by macrophages.” * Emac-
tuzumab has been studied clinically as monotherapy in
patients with diffuse-type giant cell tumor and demon-
strated a profound anti-tumor effect through interference
of the CSF-1/CSF-1R axis.*?* It has also been investigated
as a single agent and in combination with chemotherapy
in solid tumors.”” In preclinical experiments, it was
shown that the inhibition of CSF-1R signaling by various
CSF-1R inhibitors acts as an amplifier of aCD40-regulated
general immune activation via TAM reprogramming and
Tecell activation.”®® In the presence of CSF-1R signaling
inhibition, the reprogramming of TAMs resulted in
their hyperactivation and concomitant release of proin-
flammatory cytokines and chemokines. Despite their
short-lived nature, these macrophages were sufficient to
reinvigorate effective anti-tumor T-cell responses in trans-
planted tumors. Notably, transplanted tumor models that
did no longer respond to immune checkpoint blockade
remained sensitive to the myeloid-directed combination
therapy.2® %’

Here, we report for the first time the clinical and immu-
nological impact of simultaneously activating CD40 and
blocking CSF-1R in patients with advanced or metastatic
solid tumors.

METHODS

Study design

This was a phase Ib, open-label, non-randomized, dose
escalation, multicenter study investigating the safety, phar-
macokinetics (PK), pharmacodynamics (PD) and clinical
activity of emactuzumab in combination with selicre-
lumab. The study was designed as a dose-escalation phase
(Part 1) using the product of independent beta probabil-
ities dose-escalation (PIPE) design and an extension part

to further evaluate the highest dose level tested for the
combination. The PIPE design recommended the dose
combination at the latest estimate of the maximum toler-
ated dose combinations contour (product of), with the
greatest uncertainty as to whether it lied above or below
the MTDCC.* As per sponsor decision, the extension
phase (Part 2) has not been executed.

The study was conducted in accordance with Good Clin-
ical Practice guidelines and the Declaration of Helsinki in
six centers in Belgium, France and the USA.

Patients

For Part I, patients had a histologically confirmed diag-
nosis of locally advanced and/or metastatic triple-negative
breast cancer (TNBC), ovarian cancer, pancreatic
cancer, gastric cancer, colorectal cancer (CRC), mela-
noma (MEL) and mesothelioma, all of which were not
amenable to standard treatment. Eligible patients were
=18 years of age, had an Eastern Cooperative Oncology
Group (ECOG) performance status of 0 to 1, and had
adequate hematology, blood chemistry, as well as renal
and liver function. Patients continued treatment until
disease progression, unacceptable toxicity or consent
withdrawal.

Study drug administration

Emactuzumab was administered as an intravenous infu-
sion every 3 weeks (q3w) over 90 min if well-tolerated.
The initial starting-dose of emactuzumab was 500 mg and
the top dose was predefined as 1000 mg (ie, the optimal
biological dose of emactuzumab monotherapy).” The
starting dose of emactuzumab was selected to assure
systemic exposure above 90% target saturation, to
warrant the estimated target exposure of 100 pg/mL for
macrophage depletion and for being safe and tolerable
as shown for treatment with emactuzumab as mono-
therapy.”*’ The selicrelumab infusion was started at least
1 hour after the emactuzumab infusion had ended. Seli-
crelumab was administered as an intravenous infusion
q3w with a starting dose of 2 mg and a top dose of 16
mg (ie, the MTD of selicrelumab monotherapy.”® The
starting dose of selicrelumab was selected to assure appro-
priate risk mitigation for systemic side effects (including
infusion-relatedreaction (IRR), transaminase elevations
and thrombocytopenia) that were seen for monotherapy
with doses of >4mg."® "

Tumor response and safety

Investigator-based tumor response assessment using
Response Evaluation Criteria in Solid Tumors V.1.1
(RECIST V.1.1°" was conducted at screening and every 6
weeks thereafter). Safety assessments included physical
(ECOG performance status and vital signs) and labora-
tory examinations and ECG. Adverse events (AEs) were
defined according to the Common Terminology Criteria
for Adverse Events, V.4.0 (CTCAEv4.0). A dose-limiting
toxicity (DLT) was defined as a related >grade 3 AE occur-
ring during the assessment window of 6 weeks from the
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first administration of emactuzumab and selicrelumab
(online supplemental material).

Pharmacokinetic and immunogenicity assessments

Blood samples for PK assessments were taken for cycle 1
at predose, end of infusion, 5hours, 24hours, 96 hours,
168 hours, 264 hours, 336 hours and 432 hours post infu-
sion for emactuzumab, and at predose, 15 min after infu-
sion start, end of infusion, 4hours, 8hours, 10hours,
24hours, 30hours, 48hours and 168 hours post infusion
for selicrelumab.

Analysis of emactuzumab in human serum was done
with an ELISA assay as described previously.” Similarly,
analysis of selicrelumab was done using an ELISA assay
(online supplemental material).

Non-compartmental analysis was conducted on emactu-
zumab and selicrelumab serum concentration data.

Blood samples for anti-dug antibody (ADA) assessments
were taken predose for cycle 1 to 7. ADAs against emactu-
zumab and selicrelumab were measured in human serum
using an ELISA assay (online supplemental material).

Pharmacodynamic assessments

Paired tumor and skin biopsies were collected during
screening and on day 1 of cycle 2. Analyzes included
immunohistochemistry (IHC) staining and quantitative
assessment of TAMs and TILs in paired-tumor biopsies
and dermal macrophages in paired skin biopsies.

Consecutive 2.5 pm thickness sections of formalin-fixed
paraffin-embedded tumor tissues were stained with the
following in-house developed IHC assays using Ventana
Benchmark XT or Discovery Ultra automated platforms
(Ventana Medical Systems, Tucson, Arizona, USA): Ki67/
CD8, CD163/CD68, CSFIR and FOXP3.

For Ki67/CD8 assay, the RUO Discovery Universal
procedure on Discovery Ultra was used. The tissue sections
were treated with Cell Conditioner 1 for 64 min and then
incubated in primary antibody CD8 (SP239, 1:12.5, Spring
Biosciences, for 32 min at 38°C). Bound CD8 antibody
was detected with UltraMap anti-rabbit alkaline phos-
phatase (AP) secondary antibody and Discovery Yellow
detection kit (Ventana Medical Systems). Subsequently,
after heat denaturation, slides were incubated in primary
antibody Ki67 (30-9, RTU, Ventana Medical Systems) for
8 min at 38°C. Bound primary antibody was detected with
hapten-linked multimer anti-rabbit hydroquinone (HQ)
and anti-HQ horseradish peroxidase secondary antibody,
followed by Discovery Purple detection kit (Ventana
Medical Systems).

For CD163/CD68 assay, the XT IHC DS oDAB-uRed
v4 procedure on Benchmark XT was used. The tissue
sections were treated with Cell Conditioner 1 for 32 min
and then incubated in primary antibody, CD163 (MRQ-
26, RTU, Ventana Medical Systems), for 16 min at 37°C.
Bound primary antibody was detected by the OptiView
DAB IHC detection kit (Ventana Medical Systems).
Subsequently, slides were incubated in primary antibody
CD68 (KP-1, RTU, Ventana Medical Systems) for 16

min at 37°C. Bound primary antibody was detected by
the UltraView Universal AP Red detection kit (Ventana
Medical Systems).

For CSFIR assay, the XT Optiview DAB IHC v4 proce-
dure on Benchmark XT was used. The tissue sections
were treated with Cell Conditioner 1 for 32 min and then
incubated in primary antibody CSFIR (clone 1A10, RTU,
Roche) for 32 min at 37°C. Positive staining was detected
with OptiView DAB detection kit (Ventana Medical
Systems).

For FOXP3 assay, the XT Optiview DAB IHC v4 proce-
dure on Benchmark XT was used. The tissue sections
were treated with Cell Conditioner 1 for 32 min and
then incubated in primary antibody FOXP3 (236A-E7,
1:100, Abcam) for 60 min at 37°C and positive staining
was detected with OptiView DAB detection kit (Ventana
Medical Systems).

All sections were counterstained with hematoxylin II
(Ventana Medical Systems) for 8 min, bluing solution for
8 min and then dehydrated and cover-slipped.

For all assays, appropriate negative and positive controls
were performed.

Algorithms for the detection and classification of
IHC-stained objects on a whole slide basis were written
in MATLAB. The results of automated digital slide anal-
ysis on the IRIS platform were reported for tumor areas
as follows: Ki67-/CD8+, Ki67+/CD8+, total CD8+ and
FOXP3 cell densities (number of cell counts per 1 mm?),
CD68+/CD163+, CD68+/CD163-, total CD163+ and
CSFIR percent of area coverage (area coverage in rela-
tion to the whole tumor area).

Peripheral whole blood was taken at baseline (prior to
cycle 1) and then for each cycle at various time points prior
to and several hours after study drug infusion. Analyzes
included monocytes and circulating lymphocyte popula-
tions in peripheral blood (eg, CD4 and CD8 T cells, and
B cells). Multicolor flow cytometry assays were performed
for immunophenotyping analysis of circulating lympho-
cyte populations in whole blood. The main lymphocyte
populations (CD3, CD4 and CD8 T cells, NK and B cells)
were evaluated by assay 1 (Cyto-Chex) using the following
antibodies: CD3_FITC (Clone SK7); CD4_BV510 (SK3);
CD8_APC (SKI); CDI19_BV421 (HIB19); CDI16_PE
(B73.1); CD56_PE (NCAM16.2); CD14_APC-H7 (M¢P9);
CD45_PerCP-Cy5.5 (2D1) (BD Biosciences, San Jose, Cali-
fornia, USA). The proliferation and activation status of T
cells were evaluated by assay 2 (sodium heparin) using the
following antibodies: CD3_BV421 (SK7); CD4_FITC (SK3
+SK4); HLA-DR_PE (G46-6); CD8_PerCP-Cy5.5 (RPA-
T4); Ki67_AF647 (B56) (BD Biosciences). The profile
and activation status of dendritic cells and monocyte
subsets were evaluated by assay 3 (Cyto-Chex) using the
following antibodies: CD45_APC-H7 (2D1); CD16_BV421
(3G8); CDI123 BV605 (7G3); HLA-DR_FITC (1.243);
CD80_PE (1.307.4); CD83_PE-Cy5 (HB1b5¢); CD86_APC
(2331/FUN-1) (BD Biosciences); CDI11c_APC-AF700
(BU15) (Beckman Coulter); CD14_PE-Cy7 (HCD14)
(BioLegend); lineage exclusion: CD3 BV510 (UCHT1);
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CD19_BV510 (S]J25C1); CD56_BV510 (NCAM16.2) (BD
Biosciences).

Briefly, 100 pL of whole blood were aliquoted and
added to appropriately labeled tubes. Surface and intra-
cellular markers were subsequently stained by adding
fluorochrome-conjugates mAbs according to the specific
panel; to facilitate population identification, respective
isotype/‘fluorescence minus’ conditions were included
as control tubes in panels 2 and 3. Tubes were incubated
20 min in the dark at room temperature. After washing
with phosphate-buffered saline bovine serum albumin
buffer, the pellets were resuspended in 100 pL of cold
cell-staining buffer and kept at 4°C to 8°C till acqui-
sition on a BD FACSCanto II (8 colors/3 lasers) or BD
FACSCanto (10 colors/3 lasers) instruments (BD Biosci-
ences) using BD FACSDiva software V.8.0 for analysis (BD
Biosciences). Application settings were checked daily
using cytometer performance checks with CS&T beads
(BD Biosciences). Compensation values for each fluoro-
chrome were determined using panel-specific antibodies.
A minimal of 50,000 CD3" events were acquired per
sample. For flow cytometry measurements from dendritic
cells and monocytes populations, it was considered as
lower limit of quantification any measurement where the
number of cell events acquired for the specific popula-
tion was less than 50.

Absolute cell counts for each reportable were calcu-
lated indirectly by dual platform using white blood cell
count (WBC) during the clinical trial, and applying the
following calculation: Absolute cell count=% of captured
events (%lymphs)xlymphocyte: leukocyte ratioxWBC. In
the case, CD14" absolute cell counts were calculated by
applying the following calculation: Absolute cell count=%
of captured events (%leuks) xWBC.

Statistical considerations

All patients who received at least one dose of study medi-
cation were included in the safety and efficacy analyzes.
Descriptive statistics were used for demographics, safety,
PK, PD and clinical activity.

Progression-free survival (PFS) was defined as the time
from study treatment initiation (cycle 1, day 1) to the first
occurrence of documented disease progression based
on RECIST V.1.1 according to the investigator’s assess-
ment or death from any cause, whichever occurred first.
For patients who did not have documented progressive
disease or death during the study, PFS was censored at the
day of the last tumor assessment.

RESULTS

Patients

Patient demographics and baseline characteristics are
presented in table 1. Altogether, 37 patients were enrolled
into six dose cohorts for dose escalation (figure 1).
Women constituted 56.8% of patients, with a median age
of 58 years. CRC (29.7%), ovarian cancer and pancreatic

Table 1 Baseline patient demographics and characteristics
All patients
Characteristic n=37
Sex, n (%)
Male 16 (43.2)
Female 21 (56.8)

Age (years), median (range)
ECOG score, n (%)

58 (35 to 78)

0 23 (69.7)
1 10 (30.3)
Prior therapy lines, n (%) 35 (94.6)
Median number (range) 3 (0to 10)
Tumor type, n (%)
Colorectal 11 (29.7)
Ovarian cancer 7(18.9)
Pancreas carcinoma 7 (18.9)
TNBC 3(8.1)
Gastric carcinoma 3(8.1)
Melanoma 1(2.7)
NSCLC 12.7)
Other 4(10.8)
Number of cycles of study treatment
Selicrelumab, median (range) 3(1to16)
Emactuzumab, median (range) 3 (1to 16)

ECOG, Eastern Cooperative Oncology Group; n, number of
patients; NSCLC, non-small cell lung cancer; TNBC, triple-negative
breast cancer.

carcinoma (18.9% for both) were the most prevalent
tumor types.

Overall, 33 patients (89.2%) discontinued the study
due to progressive disease and one patient (2.7%) each
for pregnancy, an AE (grade 4 IRR related to selicre-
lumab), physician’s decision and withdrawal of consent.

Safety
Patients received a median of three treatment cycles
(range: 1 to 16) of emactuzumab and selicrelumab.
Three patients experienced DLTs. One patient of the seli-
crelumab 8 mg+emactuzumab 1000 mg cohort (grade 4
IRR considered resolved and grade 3 proteinuria consid-
ered unresolved); one patient of the selicrelumab 12
mg+emactuzumab 1000 mg cohort (grade 4 IRR consid-
ered resolved); and one patients of the selicrelumab 16
mg+emactuzumab 1000 mg cohort (grade 3 IRR consid-
ered resolved). The MTD was not reached based on the
incidence of DLTs and the previously defined top doses of
1000 mg of emactuzumab (ie, the optimal biological dose
(OBD) of emactuzumab monotherapy® and 16 mg of seli-
crelumab (ie, the MTD of selicrelumab monotherapy).'®
Thirty-six out of 37 patients (97.3%) experienced atleast
one AE during the study (table 2). The most frequently
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Emactuzumab 500 mg Emactuzumab 750 mg Emactuzumab 1000 mg
Selicrelumab 2 mg Selicrelumab 4 mg Selicrelumab 8 mg
N=6 N=5 N=5

Figure 1

Emactuzumab 1000 mg

|

Emactuzumab 1000 mg
Selicrelumab 16 mg
N=10

Emactuzumab 1000 mg
Selicrelumab 10 mg Selicrelumab 12 mg
N=5 N=7

Flow diagram of patient enrolment and emactuzumab/selicrelumab dose cohorts  One patient was planned to

be dosed in the 1000 mg emactuzumab/12 mg selicrelumab cohort but died in the screening phase due to a biopsy-related

hemorrhage.

AEs reported (in 250% of patients) were IRR (75.7%;
related: 75.7%) and fatigue (54.1%; related: 37.8%).
Most IRRs were considered related to selicrelumab only
and only 9 of 55 events (16%) were considered related to
both study drugs. The most common IRR signs and symp-
toms were chills (67.6%) and fever (43.2%). Although
the majority of AEs was of grade 1 or 2 of severity, 23 of 37
patients (62.2%) experienced at least one AE of grade 3
or 4, irrespective of relationship, and 16 patients (43.2%)
had grade 3 or 4 events related to study treatments. No
grade 5 AEs were reported. The most common grade
23 AEs (occurring in 210% of patients) were: fatigue
(13.5%; related: 8.1%), hypertension (13.5%; related:
5.4%) and anemia (10.8%; related: 2.7%). Grade >31ab
abnormalities were frequently seen, including increase in
creatinine phosphokinase (CPK; 16.2%; related: 16.2%),
hypophosphatemia (13.5%; related: none), increase in
aspartate aminotransferase (AST; 10.8%; related: 5.4%)
and increase in gamma glutamyl transferase (10.8%;
related: 2.7%). There was no dose-dependency in the
incidence of grade=3 AEs except the occurrence of IRRs
with increasing doses of selicrelumab with an overall inci-
dence of grade 23 IRRs of 8.1%. One patient deceased
during the screening period before receiving the first
study drug dose due to a biopsy-related hemorrhage.

Pharmacokinetic and immunogenicity analysis
Emactuzumab systemic exposure (area under the curve-
) Showed a greater than dose-proportional increase
from 500 mg to 1000 mg of emactuzumab, accompanied
by an overall trend of total clearance decline (range: 346
to 752mlL/day), indicating that the elimination of emac-
tuzumab was predominantly target-mediated following
500 mg and 750 mg q3w dosing in combination with
selicrelumab (online supplemental figure 1 and table 1).
Systemic exposure was above the 90% target saturation
and resembles the one for monotherapy with emactu-
zumab as shown previously.”

Serum levels for selicrelumab were below the limit of
detection (ie, 50.0 ng/mL) following administration of
a 2 mg dose but were detectable following doses of 4 mg

and 8 mg for some patients. PK profiles showed serum
concentrations increasing more than dose proportion-
ally from 4 mg to 8 mg doses (online supplemental
figure 2a). High variability was observed in selicrelumab
systemic exposure across the different doses used in the
dose escalation (online supplemental figure 2b and table
2). Overlapping systemic exposure across the different
selicrelumab doses was also observed, nevertheless the
exposure resembles the one seen for monotherapy with
selicrelumab."’

No patients had detectable positive ADA titers to emac-
tuzumab. Five patients had detectable ADA titers to seli-
crelumab. Of these, two patients (both in the selicrelumab
2 mg/emactuzumab 500 mg cohort) reached maximum
titers of 16 on cycle 4 day 1 and cycle 3 day 1, respectively.
The remaining three patients with anti-selicrelumab
titers (one in the selicrelumab 4 mg/emactuzumab 750
mg cohort, one in the selicrelumab 8 mg/emactuzumab
1000 mg cohort and one in the selicrelumab 16 mg/
emactuzumab 1000 mg cohort) did not show rises of anti-
selicrelumab titers above 1.

Antitumor activity

No objective clinical responses according to investigator-
based RECIST assessment were observed (figure 2). The
best overall confirmed response was stable disease (SD)
in 15 patients (40.5%) across all dose levels tested. Two
patients showed a tumor decrease during treatment, one
patient in the 500 mg emactuzumab/2 mg selicrelumab
cohort (maximum target lesion decrease by 9%) and one
in the 1000 mg emactuzumab/16 mg selicrelumab cohort
(maximum target lesion decrease by 23%); however, both
patients discontinued the study for progressive disease.
Overall, the median PFS across all dose levels tested was
42 days (90% CI: 40 to 58) with no discernible differences
between dose cohorts.

Pharmacodynamic analyses

Administration of emactuzumab plus selicrelumab
resulted in a transient, dose-dependent trend for
CD3'CD19" B-cell reduction in peripheral blood
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Table 2 Summary of adverse events of any grade and of grade >3 adverse events irrespective of relationship and events

related to study treatments

No. of patients having an adverse event (%)

n=37

Irrespective of relationship Related
Adverse event All grades Grade >3 All grades Grade >3
Infusion-related reaction 28 (75.7) 3 (8.1) 28 (75.7) 3 (8.1)
Fatigue 20 (54.1) 5(13.5) 4 (37.8) 3(8.1)
Facial edema 14 (37.8) 0 4 (37.8) 0
Anemia 12 (32.4) 4(10.8) 4(10.8) 1(2.7)
Dyspnea 12 (32.4) 0 2 (5.4) 0
Nausea 12 (32.4) 0 2 (5.4) 0
Periorbital edema 10 (27.0) 0 9 (24.3) 0
Cough 9 (24.3) 0 2 (5.4) 0
Decreased appetite 9 (24.3) 0 3(8.1) 0
Edema peripheral 9 (24.3) 0 6(16.2) 0
Vomiting 9 (24.3) 0 2 (5.4) 0
Pruritus 8 (21.6) 0 7(18.9) 0
Fever 8 (21.6) 0 4(10.8) 0
Abdominal pain 7(18.9) 2 (5.4) 2 (5.4) 0
Asthenia 7 (18.9) 0 3(8.1) 0
Constipation 7 (18.9) 0 1(2.7) 0
Eyelid edema 7 (18.9) 1(@2.7) 7 (18.9) 12.7)
Rash 6 (16.2) 0 6 (16.2) 0
Hypertension 5(18.5) 5(13.5) 2 (5.4) 2 (5.4)
Proteinuria 5(13.5) 1(2.7) 5(13.5) 1(2.7)
Back pain 4 (10.8) 0 2 (5.4) 0
Chills 4(10.8) 0 4(10.8) 0
Diarrhea 4 (10.8) 0 0 0
Headache 4 (10.8) 0 (10.8) 0
Lacrimation increased 4(10.8) 0 (10.8) 0
Lab abnormalities
AST increased 13 (35.1) 4(10.8) 9 (24.3) 2 (5.4)
CPKincreased 13 (35.1) 6(16.2) 13 (35.1) 6(16.2)
ALT increased 12 (32.4) 2 (5.4) 9 (24.3) 1@2.7)
AP increased 10 (27.0) 0 5(18.5) 0
Hypophosphatemia 8 (21.6) 5(18.5) 0 0
GGT increased 7(18.9) 4(1 4(10.8) 1(2.7)
Hypoalbuminemia 4 (10.8) 0 1(2.7) 0

Only adverse events reported by >10% of the patients are shown.

ALT, alanine aminotransferase; AP, alkaline phosphatase; AST, aspartate aminotransferase; CPK, creatine phosphokinase; GGT, gamma

glutamyl transferase; n, number of patients.

(figure 3A,B). Concurrently, there was a transient
increase of CD3"CD8'Ki67" T cells with a peak on day
8 after administration of study treatments confirming
published data' (figure 3C,D). A trend for a dose-
dependent increase in CD3"CD8'Ki67" T cells can only be
assumed at the highest selicrelumab dose tested (16 mg).

As shown for emactuzumab monotherapy,25 we observed
a peripheral CD14“™CD16""" monocyte reduction
in the periphery after emactuzumab and selicrelumab
treatment (figure 4). However, the kinetic of the mono-
cyte reduction appeared to be different compared with
what has been observed for emactuzumab single-agent
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Figure 2 Spider plot indicating the percentage change from baseline in sum of target lesion diameters per patient.

treatment.”” The peripheral blood analysis showed a
less pronounced reduction kinetic of CD14%™CD16"7¢"
monocytes with increasing doses of selicrelumab.

Paired tumor biopsies at screening and at cycle 2day
1 were assessed for treatment-induced T-cell and TAM
alterations in the TME. Overall, despite the limited
number of patients in the dose escalation cohorts, the
data demonstrated reductions of CD163" and CSF-1R"
cells (figure bA) as previously seen with emactuzumab
monotherapy.” The level of TAM reduction was compa-
rable for increasing doses of selicrelumab with the excep-
tion of patients treated with 1000 mg emactuzumab and
12 mg selicrelumab. Here, data show the lowest TAM
reduction compared with all other dose cohorts. Further
increase of the selicrelumab dose to 16 mg resulted in a
profound reduction of CD163" and CSF-1R" cells in the
TME, comparable to the dose levels below 12 mg. As the
overall hypothesis of the emactuzumab plus selicrelumab
combination was to eventually generate a functional and
effective CD8" T-cell-driven anti-tumor immunity, the
infiltration of overall CD8" T cells as well as CD8'Ki67"
T cells in paired tumor biopsies was assessed (figure 5B).
The data show a more pronounced reduction of CD8"
T-cell infiltrates at higher doses of emactuzumab and seli-
crelumab. Similar to the TAM reduction described above,
for the 12 mg selicrelumab dose level, the lowest decrease
of CD8" T cells compared with the other doses tested was
observed. In the TME, CD8'Ki67" T-cell counts were stable
across dose cohorts or at most showed a slight increase for
higher doses once again with the exception of the 12 mg
selicrelumab dose that showed a decrease of CD8'Ki67" T
cells. We could not generate any tumor T-cell data for the
1000 mg emactuzumab plus 10 mg selicrelumab cohort
due to insufficient evaluable biopsy material. FOXP3" T..
cells showed overall slight decreases over the different
dose cohorts.

Further, paired skin biopsies pre-treatmentand at day 15
post treatment were performed to analyze dermal macro-
phage counts. Reductions of dermal macrophages could
be seen across all dose cohorts (data not shown) similar
to what has been seen for emactuzumab monotherapy.”

DISCUSSION
The combination of aCD40 and anti-CSF-1R mAbs was
associated with synergistic anti-tumor activity in three
independent mouse models.?*?® Based on these data, we
here report for the first time on the clinical translation
of CD40 activation with simultaneous CSFIR blockade in
advanced or metastatic solid tumor patients.
Co-administration of aCD40 selicrelumab and anti-
CSF-1R emactuzumab was generally safe and tolerable
and an MTD was not formally reached. Three DLTs
were observed which were transient: all were grade =3
IRRs in the higher dose cohorts of selicrelumab, which
is in concordance with safety observations reported for
other aCD40 compounds.™ Selicrelumab was previously
tested as monotherapy in phase I studies and revealed
IRRs as the most prominent safety signal in up to 56%
of patients.”® ' For weekly dosing of selicrelumab, the
incidence of grade 3 IRRs was 11% at similar doses used
in the present study.'® Similarly, intravenous administra-
tion of the aCD40 mAb SEA-CD40 led to IRRs in 70%
of patients, with 11% being of grade 3.” This is in line
with the present data where the incidence of IRRs was
75.7% overall and 8.1% for grade >3 events, all consid-
ered related to selicrelumab. This suggests that the
combination with emactuzumab did not increase the
incidence and severity of selicrelumab-related IRRs.
Importantly, there were no signs of liver toxicity shown
in the present study, which is in line with monotherapy
studies of either selicrelumab'™ ' or emactuzumab® in
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Figure 3 Percent change of peripheral B cells from baseline (a) per dose cohort and (b) for individual patients per dose cohort
and percent change of peripheral proliferating CD3*CD8*Ki67* T cells from baseline; (c) per dose cohort and (d) for individual
patients per dose cohort.

solid tumor patients and was also shown in a preclinical
model of the combination treatment.”* Other frequent
AEs for the combination treatment such as liver enzyme

- elevations and edema are likely caused by emactuzumab

& 40 R— only, as shown previously to be a class effect of CSF-1R

g P \\ -t inhibitors.”® Interestingly, selicrelumab was adminis-

T el | @/HEmE/1000 Mg tered subcutaneously in another study in combination

2 e with vanucizumab.’® Here, although injection-site reac-

£ tions were seen for most patients (92%) and one grade

% gt 3 event was considered a DLT at 8 mg, doses up to 72

;%D Pl mg were administered and the incidence of IRRs was

= e reduced. Similarly, an intratumorally injected aCD40
5500 ; : compound (ADC-1013) seemed to lead to improved

C1D1 C1D2 C1D5 cips C1D15 tolerability, with only half of the patients experiencing

IRRs.”” Hence, such administration routes may be

Figure 4 Percent change of peripheral CD14%™ CD16M"d" able to increase the dose of selicrelumab and reduce
monocytes from baseline per dose cohort. AEs secondary to immune activation at the same time.
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Figure 5 Change from baseline of (a) CD163" and CSF-1R* TAMs in paired biopsies and (b) CD8" T cells, Ki67*CD8" TILs
and FoxP3* Tregs in paired biopsies. Doses (emactuzumab/selicrelumab) and tumor types are indicated. Please note: No data
for T-cell analysis in situ for the 1000 mg emactuzumab plus 10 mg selicrelumab cohort were obtained due to insufficiently
evaluable biopsy material. CRC, colorectal cancer; CSF-1R, anti-colony stimulating factor 1 receptor; TAM, tumor-associated

macrophage; TNBC, triple-negative breast cancer.

Whether this results in better efficacy and PD activity
remains to be shown.

PD activity assessments of the combination of emactu-
zumab and selicrelumab were performed in peripheral
blood as well as in paired tissue biopsies. We focused on
PD markers that were identified for both compounds
as monotherapy and confirm the previously reported
dose-dependent transient decrease of peripheral B cells.
Similar dose-dependent decreases were seen with single-
agent selicrelumab,'® ' the combination of selicrelumab
with vanucizumab™ and after intratumoral administra-
tion of the aCD40 ADC-1013.%” Although it was shown that
peripheral B cells after aCD40 therapy showed signs of
activation,18 1937 it remains unclear whether B cells which
marginated from peripheral blood are truly activated by
aCD40 and act as additional APCs. As we did not observe
similar B-cell-related PD effects (eg, increased expression
of CD86 or CD54) for emactuzumab monotherapy (data
not shown), this was likely induced by selicrelumab only.
Further, we observed only a trend for a dose-dependent
transient increase of peripheral activated CD8" T cells
which peaked 8 days after administration of the study
drug combination. This is in contrast to Ruter et al who

described a transient peripheral T-cell reduction for seli-
crelumab monotherapy.' This reduction of peripheral T
cells could be interpreted as an activation-induced margi-
nation effect of T cells and, due to the weekly selicre-
lumab administration in the study of Ruter et al, resulting
in peripheral depletion and hyperacute T-cell activation.
In the present study, the 3-weekly schedule prevented
this hyperactivation-induced loss of T cells. On the other
hand, the observed peripheral T-cell activation pattern in
the present study is similar to the one described for a seli-
crelumab (administered subcutaneously q4w) and vanu-
cizumab (administered IV q2w) combination therapy.”
Transientactivation of CD8" T cells had not been observed
in emactuzumab monotherapy; hence, this effect seems
to be driven by selicrelumab only. Preclinically, it has
been shown that inhibition of CSF-1R signaling sensi-
tizes TAMs to profound and rapid reprogramming in
the presence of a murine aCD40 before their depletion.
Despite the shortlived nature of macrophage hyperacti-
vation, combined treatment with anti-CSF-1R and aCD40
mAbs was sufficient to create a proinflammatory tumor
milieu that reinvigorates a pre-existing T-cell response in
transplanted tumor.”® Clinically, emactuzumab reduced
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circulating CD14”™CD16"8" monocytes in peripheral
blood associated with a profound decrease of the TAM
infiltrate in solid tumor patients.**> Whereas for emactu-
zumab monotherapy this monocyte subset showed a rapid
and sustained depletion from peripheral blood at 1000
mg q3w,” the addition of selicrelumab in the present
study resulted in a delayed and less profound clearance
of CD14”™CD16"" monocytes. This effect could be due
to the selicrelumab-induced transient hyperactivation of
CSF-1R" monocytes that may have resulted in a temporary
independency from CSF-IR-mediated survival signals.
Notably, this peripheral non-classical monocyte subset
most closely resembles the monocytic MDSC subset in the
TME of murine tumors that was retained under CSF-IR
blockade when an aCD40 was present.”® In agreement
with published preclinical data, there was a similar deple-
tion of CD163" and CSF-1R" cells/TAMs as compared
with emactuzumab monotherapy.” To determine a suit-
able on-treatment tumor biopsy time point to detect the
hyperactivation of, for example, TAMs is challenging. In
addition, the detection of soluble cytokines and chemo-
kines that were released by hyperactivated TAMs in very
limited tumor biopsy material is technically not feasible.
However, we used the increased T-cell recruitment and
activation in the TME as a surrogate for potential TAM
reprogramming in the present study. Although there is a
trend for increased activated CD8" T-cell levels in paired
tumor biopsies, the overall number of CD8" T cells in the
TME actually diminished with increasing doses of emac-
tuzumab and selicrelumab. With the available data, it is
difficult to identify the individual contribution of emac-
tuzumab or selicrelumab to the observed PD TIL effects.
However, emactuzumab single-agent treatment did not
increase nor decrease the CD8' infiltrates in a previous
study.”” A direct comparison of this observation with
other published reports is challenging due to differences
in treatment intervals, the timing of the on-treatment
biopsies, concomitant treatment regimen and tumor
types treated. In a combination of an aCD40 agonist with
aCTLA-A4, Bajor et al described a significant increase of
overall CD8" T cells in post treatment biopsies comparing
eight pre-treatment and seven post treatment samples
in melanoma patients; however, only two paired biop-
sies were available.” Malmstrom et al reported a marked
increase of a CD4" T cell infiltrates of the TME combined
with increased CD8" T-cell infiltrates in bladder cancer
patients after therapy with adenoviral vectors expressing
CD40 ligand.™ Further, a recent publication by Kluger
et al reported that the aCD40 mAb APX005M in combi-
nation with nivolumab resulted in an increase of TILs.”
Nevertheless, both reports describe combination thera-
pies with only few biopsy samples, hence, conclusions on
single agent contributions are difficult to draw.

In the present study, we cannot conclude that the
observed PD activity on TILs supports our preclinical
hypothesis. Single-agent control arms or less frequent
dosing intervals with emactuzumab were not pursued.
The prolongation of emactuzumab-free treatment

intervals may allow the macrophages to repopulate the
tumor and to repeat the reprogramming with the subse-
quent aCD40/anti-CSF1R combination therapy.

Despite the proposed biological synergism, there was
no evidence that the observed PD effects translated into
objective tumor responses. The best clinical response
was SD achieved in 40.5% of patients and therefore did
not confer higher activity than what would have been
expected with emactuzumab or selicrelumab alone.
In fact, selicrelumab monotherapy in 29 solid tumor
patients showed an objective response rate of 13.8%,"
although in this study, PRs were unconfirmed and seen
in melanoma patients only. Remarkably, one of the
responding patients continued treatment on a 2-monthly
schedule and remained in complete remission more than
5 years later.'® However, in another monotherapy study
with selicrelumab, no objective responses could be shown
in a 27-patient set.'"® Monotherapy with SEA-CD40 in 34
solid tumor patients showed one PR (2.9%) in a basal
cell carcinoma patient.”” Emactuzumab monotherapy has
no overt clinical activity in solid tumor patients as shown
recently”” and the combination presented here did not
provide any additional activity. Underlying reasons may
be: (1) The 3-weekly and concomitant schedule of seli-
crelumab and emactuzumab administration used in the
present study may not be suitable to generate hyperacti-
vated human TAMs accompanied by a pronounced T-cell
activation as preclinically described in murine models.
While in preclinical models, CD40 activation relies on
FcR-mediated trimerization of the receptor, the human
IgG2 aCDA40 selicrelumab functions independent of FcR
engagement.' (2) Certain tumors express high levels of
CD40 and direct activation of CD40 results in growth inhi-
bition and sensitization to cytotoxic agents."” However,
CD40 expression levels in tumors were not evaluated in
this study and might have been too low to contribute to
any anti-tumor effects. (3) The tumor types enrolled in
the present study was based on the prognostic relevance
of macrophage infiltration. However, responding patients
for selicrelumab monotherapy were exclusively mela-
noma patients,19 in contrast to only one melanoma patient
enrolled in this study. Preclinical data for this combi-
nation therapy suggested that ongoing T-cell response
against the tumor is a prerequisite for the combination
to result in tumor shrinkage. Hence, patients with immu-
nogenic tumors like melanoma, microsatellite instability-
high tumors or renal cell carcinoma who failed immune
checkpoint blockade may derive better clinical benefit
from this combination therapy. (4) The dose of selicre-
lumab for IV administration was limited to 16 mg due to
IRRs. Higher and possibly more efficacious doses may be
administered for different routes such as subcutaneously
or intratumorally®® * but were not pursued in this study.

In summary, combination treatment with aCD40 seli-
crelumab and anti-CSF-1R emactuzumab was tolerable
and triggered B-cell margination, CD8" T-cell increase
and monocyte decrease in the periphery and a decrease
of TAMs in the tumor; however, despite the suggested
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biological rationale, this did not translate into objective
clinical responses in the current study.
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