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Abstract

CD70 is expressed in up to 80% of nasopharyngeal carcinoma (NPC) cases.
Cusatuzumab is a humanized anti-CD70 monoclonal antibody, with dual action
mechanisms: induction of cytotoxicity against CD70* tumor cells and reduc-
tion in CD70-CD27 signaling mediated immune evasion. The aim of this study
was to assess the safety, pharmacokinetic profile, immunogenicity, pharmaco-
dynamic profile, and preliminary activity of cusatuzumab in advanced NPC.
Eleven patients were enrolled: one patient was assigned to arm A (adjuvant cu-
satuzumab monotherapy after curative chemoradiation), nine patients to arm
B (cusatuzumab monotherapy; noncurative setting), and one patient to arm C
(cusatuzumab + chemotherapy; noncurative setting); irrespective of tumoral
CD70 expression. Both patients in arms A and C completed the study. All pa-
tients in arm B discontinued at an early stage. Five patients experienced grade
greater than or equal to 3 nondrug related treatment-emergent adverse events,
most commonly fatigue and pneumonia (18%). An infusion-related reaction was
observed in two of 11 patients. Laboratory results showed no trend over time.
Seven patients were eligible for response evaluation. No objective response to cu-
satuzumab was observed with stable disease being the best response. The current
study indicates that the safety profile of cusatuzumab (with or without concur-
rent chemotherapy) is manageable in patients with advanced NPC, which is con-
sistent with known safety profile. Limited activity of cusatuzumab in advanced
NPC was observed. Combination therapies of cusatuzumab and other types of
therapy should be explored for the improvement of activity in NPC and other
CD70-expressing malignancies.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?

Currently, a multitude of immunotherapies are studied for their possible use in
various solid carcinomas. Extensive research of the tumor microenvironment is
done to determine possible immunological key mechanisms, which are related to
tumor growth and progression. In this matter, chronic tumoral CD70 expression
enhances proliferation of inhibitory regulatory T-cells within the tumor microen-
vironment via activation of the CD70/CD27 axis. Upregulated CD70 expression,
reported in high incidence in Epstein-Barr virus-related nasopharyngeal carci-
noma (NPC), is considered a possible key pathophysiologic mechanism of NPC
carcinogenesis and has emerged as a potential target.

WHAT QUESTION DID THIS STUDY ADDRESS?

This study evaluated if cusatuzumab, an anti-CD70 antibody, administered in
patients with NPC at 5 mg/kg every 3 weeks intravenously, is safe and shows
any clinical activity. Next, several biomarkers related to NPC (Epstein-Barr virus
DNA copy numbers) or the tumor microenvironment (soluble CD27) were as-
sessed for any possible indication for clinical activity of cusatuzumab.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?

A manageable safety profile was observed, comparable to previously reported
grade greater than or equal to three treatment-emerging adverse events for cusat-
uzumab. No response was observed with stable disease as best overall response,
and median progression-free survival was 11.6 weeks. No changes in biomarkers
were observed, which may indicate the beneficial effect of cusatuzumab given
5 mg/kg every 3 weeks intravenously.

HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR
TRANSLATIONAL SCIENCE?

In light of these results, activity of cusatuzumab should be evaluated in com-
bination with other therapies, such as chemotherapy or an anti-PD-(L)1 agent.
This should be done especially in Epstein-Barr virus-induced malignancies with
confirmed high tumoral CD70 expression as this might increase the chance of
clinical activity of cusatuzumab. Moreover, as a manageable safety profile was ob-
served for the administration of cusatuzumab at 5 mg/kg every 3 weeks intrave-
nously, it should be considered to evaluate activity of cusatuzumab doses higher
than 5 mg/kg every 3 weeks. This as recent data in other malignancies shows an
acceptable safety profile at a dose as high as 20 mg/kg every 2 weeks.

INTRODUCTION

Nasopharyngeal carcinoma (NPC) arises from the epi-
thelial lining of the nasopharynx, which is the narrow
passage behind the nasal cavity. It represents up to 95%
of malignancies originating from the nasopharynx. The
treatment of choice for early stage NPC is single-modality
radiotherapy. However, most patients are diagnosed
with locally advanced stage disease and thus, require a
more aggressive approach, based on concurrent chemo-
radiotherapy, combined with neoadjuvant or adjuvant
(platinum-based) chemotherapy. In recurrent or meta-
static disease, chemotherapy-based systemic therapy is
the most common strategy, although with limited suc-
cess." Advances in the treatment of NPC have been

hampered by its relatively low prevalence. Comparative
studies indicate that such advances are unlikely to arise
from variations in radiochemotherapy regimens.>> On
the other hand, immune checkpoint inhibition with anti-
programmed cell death protein-1 (PD-1) agents for met-
astatic NPC is being tested in phase I and II trials, with
acceptable safety profiles and promising response rates
up to 34%.*° Currently, the molecular underpinnings of
Epstein-Barr virus (EBV)-induced malignancies, which
are correlated to poor prognosis,’ are being unraveled and
upregulated CD70 expression was reported as a potential
target in NPC.®

CD70 is a member of the tumor necrosis factor ligand
family. In physiological conditions, CD70 is upregulated on
activated T-cells, B-cells, and dendritic cells, serving as a
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unique ligand of CD27, which is expressed on early thymo-
cytes, naive T-cells, and activated B-cells. The CD70/CD27
costimulatory pathway plays a crucial part in the develop-
ment of T- and B-cells.”"" Interaction between CD70 and
CD27 acts as a transient, rapid-response component of the
normal immune response. Conversely, the chronic expres-
sion of CD70 on tumor cells has been shown to enhance
proliferation of regulatory T-cells (Tregs), known for host-
ing an immunosuppressive environment and, subsequently,
promoting tumor survival and progression.'*™* CD70 is
expressed at very low levels in normal tissues, including all
vital organs, but increased CD70 expression has been doc-
umented in a broad range of malignancies.’>™"” Anti-CD70
immunotherapy may therefore induce direct tumor cytotox-
icity and stimulate an antitumor immune response.'*"

Cusatuzumab (ARGX-110) is a humanized mono-
clonal antibody (mAb) of camelid origin, that binds to
human CD70. It has been glyco-engineered (through
de-fucosylation) using Potelligent technology to induce
enhanced Ab-dependent cell-mediated cytotoxicity
(ADCC).**?! It was demonstrated that cusatuzumab has
a dual mechanism of action: induction of cytotoxicity
against CD70* tumor cells via various effector functions
(enhanced ADCC, complement-dependent cytotoxicity
and Ab-dependent cellular phagocytosis), and improv-
ing the antitumor immune response by interrupting
the CD70-CD27 signaling with Tregs.”* The tolerability
of cusatuzumab, pharmacokinetics (PKs), and prelim-
inary antitumor activity in heavily pretreated patients
with advanced CD70" malignancies have already been
demonstrated.”® The relative contribution of these two
mechanisms of action regarding antineoplastic activity is
yet to be established.

Inhibition of CD70 signaling, reducing immunosup-
pression by Tregs and eradication of NPC cells expressing
CD70, aims at a possible key pathophysiologic mechanism
of NPC carcinogenesis and may be associated with clini-
cal benefit. The primary objective of this study was to de-
termine the safety profile of cusatuzumab in a cohort of
patients with advanced NPC. Secondary objectives were
determining the PK profile, immunogenicity, pharmaco-
dynamic profile, and preliminary activity.

METHODS
Study design

This single-site open-label, nonrandomized, phase Ib
feasibility trial was conducted in Belgium. The inclu-
sion and exclusion criteria for the study are provided as
Supplementary Information. The study was approved
by an independent ethics committee, the Belgian health

authorities, and was conducted in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from every patient. Inclusion of 15 patients with
high-risk or advanced NPC was planned. After conduct-
ing the trial for over 2 years, enrollment was discontinued
as it was concluded based on the interim results that the
outcome of the study would not change the assessment of
the risk-benefit profile for cusatuzumab observed to date.

Patients were assigned to one of the following three
arms:

e Study arm A: Patients with locally advanced NPC, who
recently completed radiochemotherapy with curative
intent. Cusatuzumab was given as adjuvant therapy
within 12 weeks of the primary therapy.

e Study arm B: Patients with recurrent or metastatic NPC.
Cusatuzumab was given in second- or later-line setting
as monotherapy.

e Study arm C: Patients with recurrent or metastatic NPC.
Cusatuzumab was given in second- or later-line setting
as add-on to chemotherapy chosen by the treating phy-
sician following standard of care (capecitabine 1500 mg
daily every 2 of 3 weeks).

Cusatuzumab, provided by argenx B.V., was given
5 mg/kg intravenously every 3 weeks on day 1 of each cycle
(Q3W dosing regimen). Given the absence of toxicity asso-
ciated with peak concentrations, a 3-weekly dosing inter-
val was chosen to minimize the clinical burden of frequent
infusions and to support an eventual pharmacoeconomic
benefit. The PK data confirm that drug concentrations
are active in experimental models with a 5 mg/kg Q3W
dosing regimen, as suggested by the results of the phase I
dose-escalation study of cusatuzumab.*® All treatment cy-
cles were administered in the outpatient setting following
premedication with an antihistamine (diphenhydramine
50 mg equivalent orally, 12 h and 30 min prior to study
mediation infusion) and a glucocorticoid (hydrocortisone
100 mg equivalent intravenously 30 min prior to study me-
diation infusion) to minimize the risk of infusion-related
reactions (IRRs). In addition to minimize the risk for IRRs,
the infusion ratio of cusatuzumab during cycle 1 was set
at 10 ml/h and doubled every 30 min for a maximum in-
fusion ratio of 160 ml/h. Total infusion time during cycle
one was approximately 3 h. From cycle two onward, the
infusion rate was set at 160 ml/h for a total infusion time
of ~ 100 min.

For every arm, administration of cusatuzumab was
continued for a maximum of 18 cycles. Premature discon-
tinuation was allowed in case of progressive disease (PD)
according to immune-related response criteria (irRC),**
intolerable drug-related toxicity (as per physician assess-
ment), or withdrew consent to receive further treatment.
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Study objectives

The primary study objective was to determine the safety
and feasibility of administering cusatuzumab as a mono-
therapy or in combination with chemotherapy. Treatment-
emergent adverse events (TEAEs) were characterized
using Common Terminology Criteria for Adverse Events
(CTCAE), version 4.03. Clinical laboratory parameters,
electrocardiograms, and vital signs were followed up.
Patients were included in the safety analysis if adminis-
tered at least one dose of cusatuzumab.

Secondary objectives included characterization of
the cusatuzumab PK profile, immunogenicity to cusatu-
zumab, and characterization of pharmacodynamic bio-
markers of cusatuzumab activity through EBV DNA copy
number as well as soluble CD27 (sCD27). Quantification of
cusatuzumab in serum for PK analysis was done via a vali-
dated enzyme-linked immunosorbent assay (ELISA) assay
(M08.ARGX-110.huse.1; ICON Laboratory Services, USA)
with a lower limit of quantification of 0.5 pg/ml. Serum for
PK analysis was collected at cycle one predose, cycle one
postdose (within 60 min of end of cusatuzumab infusion
for determination of the maximum concentration [C,,.]),
cycle one 168 h postdose, cycle three predose, and onward
every odd cycle predose. Immunogenicity via the measure-
ment of antidrug antibodies (ADAs) to cusatuzumab was
evaluated in serum samples using an electrochemilumi-
nescent assay method that can detect any class of ADA.
Reactive samples were analyzed in a confirmatory assay
for verification of specificity (ICON Laboratory Services,
USA). An extensive method description for PK and ADA
analysis is provided as Supplementary Information. Serum
for ADA analysis was collected predose at every odd cycle.
EBV DNA was measured as this is a causative agent for
NPC and can upregulate CD70 expression. Changes in
EBV viral load may therefore be related to an improved
clinical activity. EBV was measured in EDTA blood sam-
ples through an in-house DNA amplification test. Samples
were considered positive if higher than the lower limit of
quantification (LLOQ; =300 copies/ug DNA). The sCD27
was measured using the human CD27/TNFRSF7 DuoSet
ELISA kit (cat no. DY382-05, R&D systems) as this would
give an insight into the inhibition of the CD70/CD27 axis
by cusatuzumab. Serum samples were measured in rep-
licate at a 1/10 dilution, next to control serum samples
with an sCD27 concentration in serum of 2045 + 520 pg/
ml. Measurement runs with a control sample value out-
side of the range 1525 pg/ml (min) to 2561 pg/ml (max)
were be repeated. Urine samples were measured in repli-
cate at a 1/100 dilution, next to control urine samples with
an sCD27 concentration in urine of 67,689 + 2248 pg/ml.
Measurement runs with a control sample value outside the
range of 46,705 pg/ml (min) to 102,210 pg/ml (max) were
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be repeated. All samples for the pharmacodynamic analysis
were collected predose during every odd cycle. Preliminary
evidence of cusatuzumab-mediated antitumor activity in
different subsets of patients with NPC was documented
through assessment of tumor response via computed to-
mography (CT) and/or magnetic resonance imaging (MRI)
at the start of the study and every 12 weeks until disease
progression or treatment termination. Antitumor activity
was reported by objective response rate (ORR) according
to irRC,** progression-free survival (PFS), and disease-free
survival (defined as time from start of therapy to PD or
death due to any cause, whichever occurred first).

Statistical Methods

Formal statistical calculation of sample size was not ap-
plied to this pilot feasibility study, due to the limited in-
cidence of NPC in the Belgian population. PK analyses
were performed using R 3.3.1 (R Foundation for Statistical
Computing). All statistical analyses were performed using
SAS 9.3 or higher. All patients who received at least one
dose, complete or incomplete, of cusatuzumab were in-
cluded in the analysis. The majority of statistical analyses
were descriptive and exploratory. Relative dose inten-
sity (RDI) was calculated as the delivered dose intensity
divided by the standard dose intensity. A comparison of
sCD27 concentrations in serum and urine between base-
line and cycle three was made using a Wilcoxon test. The
correlation between EBV DNA copy number, sCD27 in
serum, and sCD27 in urine was evaluated using Pearson’s
correlation coefficient, r. The PFS estimate was calculated
using Kaplan-Meier analysis.

RESULTS
Patient characteristics

A total of 11 patients were enrolled in the study between
March 2015 and December 2017. The Consolidated
Standards of Reporting Trials diagram is shown in Figure 1.

Detailed patient demographics per study arm are pre-
sented in Table 1. All patients were White, and the ma-
jority were men (82%). Median weight was 75.0 kg (range
49.4-94.5 kg) and median body mass index was 24.5 kg/
m? (range 16.3-31.3 kg/m?).

Treatment exposure

Patients received a median number of four cycles (range
1-18). The dose of cusatuzumab administered per visit
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11 patients received treatment

Y

!

1 patient with locally advanced NPC
received cusatuzumab as adjuvant
therapy within 12 weeks of the primary

9 patients with recurrent or metastatic NPC
received cusatuzumab in second- or
further-line setting as monotherapy

1 patient with recurrent or metastatic NPC
received cusatuzumab in second- or
further-line setting as add-on to

complete treatment

curative chemo-radiotherapy = Study arm B chemotherapy (5-fluorouracil)
= Study arm A = Study arm C
» 0 patients did not »1 9 patients did not »| 1 patient did not

complete treatment
2 TEAESs unrelated to drug
1 Withdrawal of consent
6 Disease progression

complete treatment
1 Disease progression

Y A 4

Y

1 patient completed study treatment

0 patients completed study treatment

0 patients completed study treatment

FIGURE 1 Consolidated Standards of Reporting Trials (CONSORT) Diagram. Patients were not randomized between different study
arms. Patients completed study treatment if all 18 cycles were completed. Monotherapy (arm B) and combination therapy (arm C) in

palliative noncurative setting were not comparator arms. TEAES, treatment-emerging adverse events; NPC, nasopharyngeal carcinoma

ranged between 243.5 and 473.6 mg, and median dose was
377 mg (median doses of 387.4, 369.6, and 473.6 mg for
arms A, B, and C, respectively). The median treatment
duration was 9.1 weeks (range 0.1 to 66.1 weeks; median
duration of 66.1, 6.9, and 15.6 weeks for arms A, B, and
C, respectively). The RDI could be calculated for 10 of 11
patients and median RDI was equal to 98.7%, ranging be-
tween 70.7% and 100% (median RDI of 70.7%, 99.9%, and
97.5% for arms A, B, and C, respectively).

Safety

A total of 96 TEAESs were reported in all patients, of which
four patients (36%) experienced serious TEAEs (1 patient
in arm A and 3 patients in arm B). A total of nine serious
TEAEs were reported in these patients of which none were
drug related. Eight of nine serious TEAEs were considered
severe (grade >3) of which two resulted in subsequent non-
drug-related deaths of two patients (both arm B, due to
pneumonia and embolism, respectively). In addition, one
patient also reported a nonserious grade greater than or
equal to 3 TEAEs.

In total, five patients (45%) encountered grade greater
than or equal to 3 TEAEs, of which all received cusat-
uzumab in monotherapy, with a total of 14 non-drug-
related grade greater than or equal to 3 TEAEs (fatigue
and pneumonia being the most frequent; both 18%). An
IRR was observed in two of 11 patients (18%, both grade
2). Back pain (36%), diarrhea (27%), and productive cough

(27%) were the most frequent grade 1-2 TEAEs. All ob-
served TEAEs are shown in Table 2.

No clinically significant changes in hematology or
biochemistry were noticed, nor was any trend toward ab-
normal values observed. There was only a clinically sig-
nificant aberration increase in total bilirubin value from
0.7 to 1.3 mg/dl in one patient (arm C, cycle 6, day 1). All
other liver enzymes were within normal ranges.

PK and immunogenicity

The cusatuzumab concentration-time profiles are
shown in Figure 2. Following the first administra-
tion, the median C,, of cusatuzumab was 123.0 ug/
ml (range 72.2-152.0 ug/ml), with a median volume
of distribution equal to 3.28 L (range 2.26-5.15 L).
The median total drug exposure (area under the
curve [AUC]) during the first 336 h following study
drug administration was 16.8 pug X h/ml (range 6.8-
24.0 pug X h/ml). Median trough serum concentra-
tion (Ciougn) Was 12.6 ug/ml (range 0.7-58.7 pg/
ml) from cycle three onward, and 48.6 pg/ml (range
27.8-92.8 ug/ml) for patients who reached cycle five.
The patient in arm C showed no increase in cusatu-
zumab serum concentration at cycle five due to an
unevaluable postdose sample. The observed PK pro-
file appeared similar between cusatuzumab mono-
therapy and when cusatuzumab was administered
in combination with chemotherapy. An overview of
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TABLE 1 Patient characteristics

Characteristic Study arm A Study arm B Study arm C
Patients included, N (%) 1 (100) 9 (100) 1 (100)
Completed treatment, N (%) 1 (100) 0(0) 1 (100)
Gender, N (%)

Male 1(100) 7(78) 1 (100)

Female 0(0) 2(22) 0(0)
Age (years)

Median (range) 39 (-) 47 (23, 76) 60 (-)
Weight (kg)

Median (range) 80.8 (-) 74.4 (49.4, 94.5) 93.7 (<)
Body mass index (kg/ m?)

Median (range) 26.4 (-) 24.2 (16.3, 31.3) 30.2 (-)
Time since diagnosis (days)

Median (range) 130 (-) 623 (185, 6066) 1156 (-)
Eastern Cooperative Oncology Group performance status, N (%)

0 0(0) 2(22) 0(0)

1 0(0) 4(44) 1 (100)

2 1 (100) 3(33) 0(0)
Laterality, N (%)

Right 1(100) 2(22) 1(100)

Left 0(0) 4 (44) 0(0)

Bilateral 0(0) 1(11) 0(0)

Unknown 0(0) 2(22) 0(0)
Differentiation, N (%)

Good 0(0) 1(11) 0(0)

Moderate 0(0) 0(0) 0(0)

Poor 0(0) 3(33) 1 (100)

Undifferentiated 1 (100) 2(22) 0(0)

Not specified 0(0) 3(33) 0(0)
Recurrent disease, N (%)

No 0(0) 3(33) 0(0)

Yes 1(100) 6 (67) 1(100)
Clinical T stage, N (%)

1 0(0) 3(33) 0(0)

2 1 (100) 1(11) 0(0)

3 0(0) 1(11) 0(0)

4 0(0) 3(33) 1 (100)

Unknown 0(0) 1(11) 0(0)
Clinical N stage, N (%)

0 0(0) 1(11) 0(0)

1 0(0) 1(11) 0(0)

2 1 (100) 4(44) 1 (100)

3 0(0) 2(22) 0(0)

Unknown 0(0) 1(11) 0(0)

(Continues)
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TABLE 1 (Continued)

Characteristic Study arm A
Clinical M stage, N (%)
0 1 (100)
1 0(0)
Unknown 0(0)
Prior cancer surgery, N (%)
No 1(100)
Yes 0(0)
Prior lines of chemotherapy, N (%)
0 0(0)
1-2 1 (100)
3-4 0(0)
Prior radiotherapy, N (%)
1 1(100)
2 0(0)
3+ 0(0)

Study arm B Study arm C
6(67) 1 (100)
2(22) 0(0)
1(11) 0(0)
7(78) 0(0)
2(22) 1 (100)
1(11) 0(0)
4(44) 1 (100)
4 (44) 0(0)
4(44) 1(100)
3(33) 0(0)
2(22) 0(0)

Note: All data are N = number of patients (% = percentage of patients), except for age, weight, body mass index, and time since diagnosis: median (range).

the noncompartmental PK analysis is provided as
Supplementary Information Table S1.

Some immunogenicity against cusatuzumab was
shown in four patients (36%; all in arm B). One pa-
tient was ADA positive at baseline and showed sec-
ond lowest C,, among patients (72.4 ug/ml). The
three remaining patients were ADA negative at base-
line and ADA positivity was observed at the start
of cycle three (n = 2) and cycle seven (n = 1). All
patients that were ADA positive at the beginning of
cycle three (n = 3), showed Cyy,yq, (range 0.7-8.7 pg/
ml) lower than the median Cy,,,, observed for the
study (12.6 ug/ml) as well as lower postdose concen-
tration at cycle three (range 78.6-111.0 ug/ml) than
the median concentrations (139.0 pg/ml). No dif-
ference for these patients was observed in the max-
imum exposure between cycle one and cycle three.
Aforementioned patients were all ADA positive at
the conclusion of the study.

Pharmacodynamics

All pharmacodynamics profiles are shown in Figure 3.
Six patients in arm B had measurable sCD27 serum
concentrations at baseline and in cycle three. These pa-
tients had a baseline median sCD27 serum concentration
of 6.52 pg/ml (range 1.29-16.86 pg/ml), which was com-
parable to the median sCD27 serum concentration at the
start of cycle three (8.74 ug/ml; range 1.25-19.98 pg/ml;
p = 0.5625). One patient had a baseline sCD27 serum con-
centration due to onset of a serious TEAE and subsequent

death. The sCD27 serum concentration was below the
lower detection limit for all other patients (in arm A, in
arm C, and in 3 patients in arm B) throughout the study.

All patients had measurable sCD27 urine concen-
trations, except for one patient in arm B with missing
sCD27 urine concentration at baseline and in cycle
three. Baseline median sCD27 urine concentration was
63.49 ng/ml (range 14.83-312.33 ng/ml). Comparable
to sCD27 in serum, no change in sCD27 urine concen-
trations were found at the beginning of cycle three (me-
dian sCD27 urine concentration = 67.74 ng/ml; range
19.14-240.11 ng/ml; p = 0.8203).

Limit of detection for EBV DNA copy number was
not reached for the patient in arm A and for four patients
in arm B at baseline. The baseline number of EBV DNA
copies in all other patients ranged between 1.7 X 10°
and 1.883 x 10° copies/ug DNA. For the case of the five
patients with no measurable baseline EBV DNA copy
number, the number of EBV DNA copies remained un-
measurable during the study for all but one patient. The
sudden and extreme increase in EBV DNA copy numbers
for one patient at cycle three was attributed to progressive
disease, rather than to an EBV reactivation.

At baseline, EBV DNA copy number is borderline sig-
nificantly correlated to the sCD27 serum concentration
(r = 0.8367, p = 0.0773; n = 6). No correlation exists
between EBV DNA copy number and sCD27 urine con-
centration (r = 0.5021, p = 0.3101), nor between sCD27
serum concentration and sCD27 urine concentration
(r=0.4817, p = 0.3334). After one administration of cu-
satuzumab, no correlation could be found between EBV
DNA copy number and sCD27 serum concentration
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TABLE 2 Overview of TEAEs

TEAE Monotherapy (Arm A + B; N = 10) Combination therapy (Arm C; N =1)
Any 1-2 3-5 Any 1-2 3-5
Grade description n, N (%) n, N (%) n, N (%) n, N (%) n, N (%) n, N (%)
Number of TEAES 88, 10 (100) 74,10 (100) 14, 5 (50) 8,1(100) 8,1 (100) 0,0(0)
Number of serious TEAEs 9, 4 (40) 1,1 (10) 8, 4 (40) 0,0(0) 0,0(0) 0,0(0)
Blood and lymphatic system disorders
Anemia 5,1 (10) 3,1(10) 2,1(10) 0,0(0) 0,0(0) 0,0 (0)
Cardiac disorders
Palpitations 1,1(10) 1,1(10) 0,0 (0) 0,0(0) 0,0(0) 0,0(0)
Ear and labyrinth disorders
Deafness 1,1(10) 1,1(10) 0,0(0) 0,0 (0) 0,0(0) 0,0(0)
Ear disorder 0,0(0) 0,0 (0) 0,0 (0) 2,1 (100) 2,1 (100) 0,0(0)
Vertigo 1,1(10) 1,1(10) 0,0(0) 0,0(0) 0,0(0) 0,0 (0)
Eye disorders
Dry eye 1,1(10) 1,1(10) 0,0 (0) 0,0(0) 0,0(0) 0, 0 (0)
Gastrointestinal disorders
Abdominal pain 1,1(10) 0,0(0) 1,1(10) 0,0 (0) 0,0(0) 0,0(0)
Constipation 1,1(10) 1,1(10) 0,0 (0) 0,0 (0) 0,0(0) 0,0(0)
Diarrhea 3,2(20) 3,2(20) 0,0 (0) 1,1 (100) 1,1(100) 0,0 (0)
Dyspepsia 2,2 (20) 2,2(20) 0,0 (0) 0,0(0) 0,0 (0) 0,0 (0)
Gastritis 1,1(10) 1,1 (10) 0,0 (0) 0,0(0) 0,0(0) 0,0(0)
Nausea 1,1(10) 1,1(10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)
Toothache 3,2(20) 3,2(20) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)
Vomiting 1,1(10) 1,1 (10) 0,0(0) 0,0(0) 0,0 (0) 0,0 (0)
General disorders and administration site conditions
Asthenia 1,1 (10) 0,0 (0) 1,1 (10) 0,0 (0) 0,0 (0) 0,0 (0)
Chills 1,1 (10)* 1,1 (10)* 0,0 (0) 0,0(0) 0,0(0) 0, 0 (0)
Fatigue 4,2 (20) 2,1(10) 2,2 (20) 1,1 (100) 1,1 (100) 0,0(0)
Influenza-like illness 4,2 (20) 4,2 (20) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)
Malaise 1,1 (10) 1,1(10) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)
Mucosal inflammation 1,1(10) 1,1 (10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)
Infections and infestations
Abdominal infection 1,1(10) 0,0 (0) 1,1(10) 0,0 (0) 0,0 (0) 0,0 (0)
Bronchitis 3,2(20) 3,2(20) 0,0(0) 0,0(0) 0,0(0) 0, 0 (0)
Erysipelas 1,1(10) 0,0 (0) 1,1 (10) 0,0(0) 0,0(0) 0,0(0)
Mucosal infection 1,1(10) 0,0 (0) 1,1(10) 0,0 (0) 0,0(0) 0,0 (0)
Nasopharyngitis 1,1(10) 1,1(10) 0,0 (0) 0,0(0) 0,0 (0) 0,0 (0)
Pharnyngitis 1,1(10) 0,0(0) 1,1 (10) 0,0(0) 0,0 (0) 0,0 (0)
Pneumonia 2,2 (20) 0,0 (0) 2,2 (20)° 0,0 (0) 0,0 (0) 0,0(0)
Rhinitis 1,1(10) 1,1(10) 0,0 (0) 0,0(0) 0,0(0) 0, 0 (0)
Skin infection 1,1(10) 1,1(10) 0,0(0) 0,0(0) 0,0(0) 0,0(0)
Viral infection 1,1(10) 1,1(10) 0,0 (0) 0,0(0) 0,0(0) 0,0(0)
Injury, poisoning and procedural complications
Infusion-related reaction 1,1 (10)* 1,1 (10)* 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)

(Continues)
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TABLE 2 (Continued)

TEAE Monotherapy (Arm A + B; N = 10) Combination therapy (Arm C; N =1)
Any 1-2 3-5 Any 1-2 3-5

Grade description n, N (%) n, N (%) n, N (%) n, N (%) n, N (%) n, N (%)
Investigations

Blood bilirubin increased 0,0 (0) 0,0(0) 0,0(0) 1,1 (100) 1,1 (100) 0,0 (0)

Neutrophil count increased 1,1(10) 1,1(10) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)
Metabolism and nutrition disorders

Decreased appetite 2,2(20) 1,1 (10) 1,1 (10) 0,0(0) 0,0(0) 0,0(0)
Musculoskeletal and connective tissue disorders

Arthralgia 3,2(20) 3,2(20) 0,0 (0) 0,0(0) 0,0(0) 0,0 (0)

Back pain 5, 4 (40) 5, 4 (40) 0,0 (0) 0,0(0) 0,0(0) 0,0(0)

Bone pain 2,1(10) 2,1(10) 0,0 (0) 0,0 (0) 0,0(0) 0,0 (0)

Musculoskeletal chest pain 1,1(10) 1,1(10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)

Pain in extremity 1,1(10) 1,1(10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0(0)
Nervous system disorders

Anesthesia 0,0 (0) 0,0 (0) 0,0(0) 1,1 (100) 1,1 (100) 0,0 (0)

Dysesthesia 1,1 (10) 1,1 (10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)

Facial neuralgia 1,1 (10) 1,1 (10) 0,0(0) 0,0(0) 0,0 (0) 0,0 (0)

Headache 1,1 (10) 1,1 (10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)

Hypoesthesia 1,1(10) 1,1(10) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)

Third nerve disorder 0,0 (0) 0,0 (0) 0,0 (0) 1,1 (100) 1,1 (100) 0,0 (0)

Neuropathy peripheral 1,1 (10) 1,1 (10) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)

Peripheral sensory neuropathy 1,1 (10) 1,1(10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)

Tremor 1,1(10) 1,1(10) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)
Psychiatric disorders

Insomnia 1,1(10) 1,1(10) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)
Renal and urinary disorders

Urinary retention 1,1 (10) 1,1 (10) 0,0(0) 0,0 (0) 0,0 (0) 0,0 (0)
Respiratory, thoracic, and mediastinal disorders

Cough 2,2(20) 2,2 (20) 0,0(0) 0,0(0) 0,0 (0) 0,0 (0)

Dysphonia 1,1(10) 1,1(10) 0,0 (0) 0,0 (0) 0,0(0) 0,0(0)

Dyspnea 2,1(10) 2,1(10) 0,0(0) 0,0(0) 0,0(0) 0,0(0)

Epistaxis 1,1(10) 1,1(10) 0,0 (0) 0,0(0) 0,0(0) 0,0(0)

Laryngeal inflammation 3,2(20) 3,2(20) 0,0 (0) 0,0 (0) 0,0(0) 0,0(0)

Nasal congestion 1,1(10) 1,1(10) 0,0 (0) 0,0(0) 0,0(0) 0,0(0)

Productive cough 2,2(20) 2,2(20) 0,0 (0) 1,1 (100) 1,1 (100) 0,0(0)
Skin and subcutaneous tissue disorders

Pruritus 1,1(10) 1,1(10) 0,0 (0) 0,0 (0) 0,0 (0) 0,0 (0)

Skin ulcer 1,1 (10) 1,1 (10) 0,0 (0) 0,0(0) 0,0(0) 0,0(0)
Surgical and medical procedures

Removal of inert matter from 1,1(10) 1,1(10) 0,0(0) 0,0(0) 0,0 (0) 0,0 (0)

skin or subcutaneous tissue
Vascular disorders
Embolism 2,2(20) 1,1(10) 1,1(10)° 0,0 (0) 0,0 (0) 0,0 (0)

Note: All data are n = number of events, N = number of patients, (% = percentage of patients per therapy cohort).
Abbreviation: TEAEs, treatment-emerging adverse events.
Considered treatment-related adverse events.

"Two not drug-related deaths occurred (grade 5 TEAES), one due to pneumonia and one due to embolism.
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FIGURE 2 Concentration-time PK profile of cusatuzumab 5 mg/kg. (a) PK profile after the first administration of cusatuzumab.
Cusatuzumab serum concentrations are represented for all ADA-negative patients (n = 8, full black dots), ADA-positive patients at start
of cycle one (n = 8, open black dots) and ADA-positive patients at start of cycle three (n = 2, open grey dots). The black line represents
median cusatuzumab serum concentration with 95% confidence interval (in grey). (b) PX profile throughout study treatment. Round black
and reactangle grey dots represent patient cusatuzumab serum concentrations for monotherapy (arm A plus B), and combination therapy
(arm C), respectively. Dashed black and full grey lines represent median cusatuzumab serum concentrations for monotherapy (arm A

plus B), and combination therapy (arm C), respectively. Per cycle, the predose and postdose concentrations are depicted. For the patient

in the combination therapy arm (arm C), the postdose PK sample during cycle five was not evaluable. ADAs, anti-drug antibodies; PK,

pharmacokinetic

(r =0.4718, p = 0.5282; n = 5), EBV DNA copy number
and sCD27 urine concentration (r = 0.6988, p = 0.3012),
and sCD27 serum concentration and sCD27 urine con-
centration (r = 0.0509, p = 0.9352).

Preliminary clinical activity

Seven of 11 patients were eligible for evaluation of pre-
liminary activity (6 in arm B and 1 in arm C). No ob-
jective response according to irRC was observed in all
cusatuzumab-treated patients. Two subjects in arm B
experienced stable disease, which was considered the
best overall response (BOR). All other evaluable patients
showed PD. Four patients were not evaluable. One pa-
tient in arm A received additional local therapy prior to
start of the trial and was categorized as “disease-free”;
in three other patients from arm B, treatment was dis-
continued early (due to TEAEs [n = 2] and withdrawal
of consent [n = 1]). BOR rate is given in Table 3 and a
waterfall plot for BOR and swimmer plot are depicted in
Figure 4.

Of all patients with recurrent/metastatic disease (arm
B and C), seven of 10 showed PD during the course of
their treatment. Median PFS was equal to 11.6 weeks
(95% confidence interval = 6.4-24.9 weeks). Median PFS
was prolonged in patients who received three or four
prior lines of chemotherapy compared to those who re-
ceived a maximum of two prior lines of chemotherapy,

although this observation lacked statistical significance
(7.7 vs. 11.6 weeks, p = 0.6193). Similar results were
found for the number of prior radiotherapies received (7.7
vs. 14.1 weeks for one versus two or more radiotherapies
received, p = 0.1328) and for total prior radiotherapeutic
dose received (7.7 vs. 24.9 weeks for 70 or less Gy vs. more
than 70 Gy, p = 0.1351).

DISCUSSION

The objective of this study was to determine the safety
profile of cusatuzumab in patients with NPC when ad-
ministered at a 5 mg/kg Q3W dosing regimen. Secondary
objectives included PK, pharmacodynamics, immuno-
genicity, and preliminary activity.

As NPC remains a rare disease in Europe, the distribu-
tion among the different arms depended on the number
and disease state of the patients who were referred to the
trial. The rarity of NPC explains why the number of pa-
tients in this phase I study was relatively low.

Cusatuzumab was generally well-tolerated. All pa-
tients had TEAEs that were mostly mild or moderate
and manageable. Two non-drug-related deaths were
observed, which was as expected in this heavily pre-
treated and advanced cancer population. The serious-
ness, frequency, and severity of TEAEs reported in this
study were consistent with the safety profile of cusatu-
zumab in a previous trial in solid carcinoma conducted
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FIGURE 3 Concentration-time biomarker profile throughout
study treatment. Rectangle, round, and triangle dots represent
patient concentrations in arms A, B, and C, respectively. Dotted,
full, and dashed lines represent intrapatient concentration
changes in arms A, B, and C, respectively. All samples were taken
predose. Asterisk indicates baseline measurement for comparison.
(a) Pharmacodynamic profile for sCD27 in serum. Serum
concentrations were undetectable in arms A and C, as well as for
two patients in arm B (not depicted). (b) Pharmacodynamic profile
for sCD27 in urine. No sCD27 urine concentrations at baseline and
at cycle three are depicted for one patient in arm B due to missing
values. (c) Pharmacodynamic profile for EBV DNA. EBV DNA
copy numbers were below the limit of detection in arm A, as well
as for three patients in arm B, and are depicted at a concentration
of 10% copies/ug DNA (below limit of detection). EBV, Epstein-Barr
virus; sSCD27, soluble CD27

by Aftimos et al.>* In our study, 36% of patients had
a serious TEAE and 15% of TEAEs were grade greater
than or equal to 3. These numbers are similar to the
number observed by Aftimos et al. (38% and 18%, re-
spectively).”> Fatigue was the most frequent grade
greater than 3 TEAE (in 18% of patients) observed in
current trial, which is comparable to the findings from
the phase I dose-escalation study of cusatuzumab in
advanced malignancies, reporting grade 3-4 fatigue in
12% of patients. IRRs were the only drug-related TEAE
and were observed in two of 11 patients (18%). This
was lower than the number of IRRs (38%) reported
by Aftimos et al.”® but equivalent to the data (17%) re-
ported by Riether et al.?® The difference in these results
could be attributed to the use of premedication prior
to cusatuzumab administration, which effectively low-
ered the occurrence of IRRs.

PK analysis of cusatuzumab demonstrated median
serum Cp,,, of 123.0 pg/ml and Cy,qg, 0f 12.6 pg/ml. This
is similar to previous data reported for cusatuzumab ad-
ministration in a variety of advanced malignancies.*®
Although the PK profile appeared to be similar with and
without chemotherapy, no conlusion can be drawn with
regard to drug-drug interaction. In contrast to this previ-
ous study, some immunogenicity was observed in 36% of
patients (n = 4), two of which showed positive postdosing
ADA titers after the first two dose administrations of cu-
satuzumab (18%). To our knowledge, ADA titers were not
previously reported in the context of cusatuzumab admin-
istration. Therefore, ADA should be evaluated in future
administrations of cusatuzumab with regard to PX profile
and antitumoral activity.

Pharmacodynamic evaluation consisted of the mea-
surement of sCD27 in serum, sCD27 in urine, and EBV
DNA copy number. Measurement of sCD27 in serum
and urine showed no trends over time. Note that sCD27
concentrations in urine are highly dependent on the cor-
responding volume of urine obtained from each patient,
and may therefore be biased as no data were available
about the collected urine volume. The sCD27 in serum
was lower than the detection limit in four of 11 patients.
It can be hypothesized that the low serum levels are likely
due to the fact that these patients demonstrated no to
very low EBV DNA copy numbers. This was a somewhat
peculiar finding as NPC is considered to be mainly an
EBV-induced malignancy,® especially in other (endemic)
regions of the world. In addition, EBV DNA copy num-
bers were positively correlated to sCD27 in serum at base-
line in patients with measurable EBV DNA copy number
(borderline significant), which might be attributed to
the fact that an EBV infection triggers CD70 expression
which, in turn, increases activity of CD27-CD70 axis.®
Interestingly, this correlation was absent following the
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TABLE 3 Preliminary efficac
results for cusatuzumab?rfl altien}t’s with Study A Study B Study arm C
pati Outcome N (%) N (%) N (%)

advanced nasopharyngeal carcinoma

Complete response 0(0) 0(0) 0(0)

Partial response 0(0) 0(0) 0(0)

Stable disease 0(0) 2(22) 0(0)

Progressive disease 0(0) 4 (44) 1 (100)

Not evaluable 0(0) 3(33) 0(0)

No disease 1 (100) 0(0) 0(0)

Note: Best overall response was determined using the immune-related response criteria (24). The patient
in study arm A had no measurable disease at baseline and was therefore categorized as “no disease.”
Three patients in study arm B were not evaluable due to early treatment discontinuation. All data are

N = number of patients (% = percentage of patients).
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FIGURE 4 Preliminary activity results. (a) Waterfall plot for BOR. Waterfall plot shows the change in baseline for total measured
tumor burden in evaluable patients. Only seven patients (arm B [red bars] and C [blue bars]) were eligible for efficacy evaluation. No
response (complete or partial) was observed. Patients reaching stable disease as BOR according to immune-related response criteria (24)

are highlighted with an asterisk. (b) Swimmer plot. Each bar represents one (eligible) study patient. X-axis depicts treatment time in weeks.
Items are explained in the figure legend. BOR, best overall response; PD, progressive disease; SD, stable disease

first two administrations of cusatuzumab. This could in-
dicate that cusatuzumab possibly exerted some subopti-
mal effect in the tumor. Nevertheless, our sample size is to
small to allow strong statistical inference and to validate
this hypothesis in the current study.

Unfortunately, no objective response to treatment with
cusatuzumab according to irRC was observed, with stable
disease as BOR in two of seven evaluable patients. This
might be due to the upfront use of a glucocorticoid prior
to study mediation, as has been hypothesized that gluco-
corticoid medication may limit the activity of immune-
oncology agents,”® and low EBV positivity as only half
of patients (n = 6) showed measurable EBV DNA copy
numbers. As it has been proven that EBV presence can up-
regulate CD70 expression, one can hypothesize that there
was insufficient tumoral CD70 expression to target with
an anti-CD70 immunotherapy.”’ The link between low
EBV copy number and tumoral CD70 expression should

be further validated by determination of CD70 expression
via immunohistochemistry or reverse transcription quan-
titative polymerase chain reaction (RT-qPCR). Moreover,
as we evaluated a heavily pretreated and advanced patient
population, this can account for the fact that some patients
showed rapid progression on therapy (within 9 weeks),
prior to any possible effect of treatment with cusatu-
zumab. In addition, median PFS was 11.6 weeks, which
correlated to almost four cycles of cusatuzumab adminis-
tration. This corresponds to the median PFS of 12.0 weeks
that has been reported for anti-PD-1 therapy in NPC, but
is lower compared to the median PFS of 22.3-23.1 weeks
reported for various chemotherapeutic regimens studied
in similar patient populations.>**

When subdividing patients among the number of prior
chemotherapies, the number of prior radiotherapies,
and total prior therapeutic dose received, patients who
received higher number of treatments and higher doses
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had numerically longer PFS, although not statistically
significant. It could be hypothesized that having received
numerous prior chemo- and radiotherapies, which are
known to have immunomodulating effects, can trigger
the CD70-CD27 axis."® CD70 blockade in these patients
might be more effective, although no statements can be
made due to the limited patient sample size. Nevertheless,
this would indicate that cusatuzumab might function
as a treatment regimen in heavily pretreated patients.
Moreover, including cusatuzumab in a combination reg-
imen could further boost therapeutic activity with regard
to ORR and survival rate, as combinations of Ab-based
therapies have been shown superior over Ab-based mono-
therapies in various solid and hematological malignancies.
Combinations of mAbs, such as cetuximab, trastuzumab,
or rituximab, were already successfully applied in the
treatment of patients with colorectal cancer, breast cancer,
or non-Hodgkin’s lymphoma; respectively.*>*! To this end,
several NPC-related studies investigated combinations of
radiotherapy or chemotherapy with targeted therapies
or immune checkpoint inhibitors.>**? Even more, it has
been reported that EBV tumors can also upregulate PD-L1
expression in tumors. Therefore, it would be worthwhile
to evaluate the activity of cusatuzumab in combination
with chemotherapy or an anti-PD-(L)1 agent in patients
with NPC or other EBV-induced malignancies with con-
firmed high tumoral CD70 expression. In addition, it
should be considered to evaluate activity of doses of cu-
satuzumab higher than the dose of 5 mg/kg every 3 weeks
studied in our trial, as cusatuzumab even showed an ac-
ceptable safety profile at a dose as high as 20 mg/kg every
2 weeks.” Increasing the dose frequency to, for example,
once weekly might also be an opportunity as this would
align the treatment exposure to the previously determined
half-life of the compound. To our knowledge, this can be
done safely as all grade greater than or equal to 3 TEAEs
were not considered to be treatment related.

Major factors affecting this study were the low number
of patients in the study, although this is attributable to the
low incidence of NPC in Belgium (0.5-2 cases per 100,000)."
Next, the majority of patients were heavily pretreated and
no control arm was established, which may also affect the
safety profile and activity assessment. Last, no patient selec-
tion based on tumoral CD70 expression was done before ad-
ministration of the anti-CD70 therapy. As EBV titers were
unmeasurable in five patients, it is possible that these pa-
tients also would have low or absent tumoral CD70 expres-
sion and might therefore have resulted in bias in the activity
assessment of this trial. Similarly, patients were adminis-
tered an immunotherapeutic agent irrespective of lympho-
cyte count, which is currently more and more a criterion in
clinical trials. This might also reflect why no response was
observed in this setting.

In summary, the current study indicates that cusatu-
zumab, when administered at 5 mg/kg every 3 weeks with
or without concurrent chemotherapy, is safe and tolerable
in patients with advanced NPC. The safety data collected
affirm the risk-benefit profile for cusatuzumab observed to
date. Unfortunately, only a limited activity of cusatuzumab
in advanced NPC was observed. Nonetheless, the results on
outcome seem to be in line with those documented in pa-
tients with NPC who have been treated with other targeted
therapies. As chemotherapy and radiotherapy can have
immunomodulatory properties, combination therapies of
cusatuzumab and chemotherapy/targeted therapy/immu-
notherapy should be explored for the improvement of ac-
tivity in NPC as well as other CD70-positive malignancies.
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