LETTER TO THE EDITOR

A phase I/II multicenter, open-label, dose escalation and

randomized trial of BI 836858 in patients with low- or

intermediate-1-risk myelodysplastic syndrome

Treatment for lower-risk myelodysplastic syndromes
(MDS)," defined by the International Prognostic Scoring
System as ‘low-’ and ‘intermediate-1-risk,? is aimed at
managing symptomatic cytopenias.®* Erythropoiesis-
stimulating agents remain the first-line treatment for
most patients, although lenalidomide is an established
treatment option for patients with lower-risk MDS with
deletion 5g and luspatercept has shown efficacy in trans-
fusion-dependent MDS associated with ring sideroblasts
and/or the SF3B7 mutation.* Despite these advances, there
remains a paucity of therapies for patients with lower-risk
MDS that target the ‘natural history’ of the disease course.
Myeloid-derived suppressor cells (MDSC) are a hetero-
geneous group of immature myeloid cells associated with
immunosuppression, inflammation, and cancer. Aberrant
accumulation of MDSC has been observed in the bone
marrow of patients with MDS and is thought to play a pa-
thogenic role in the suppression of hematopoiesis.’” The
myeloid differentiation antigen CD33, an established drug
target in acute myeloid leukemia®® is highly expressed
on MDSC isolated from patients with MDS, thus warrant-
ing assessment of CD33-targeted therapies as a means to
‘suppress the suppressor’ and thereby facilitate erythro-
poiesis.®

Bl 836858 is a fully humanized IgG1 unconjugated anti-
CD33 monoclonal antibody." Preclinically, Bl 836858 re-
duced MDSC by antibody-dependent cellular cytotoxicity
and prevented immune-suppressive cytokine secretion.”
Here, we report the findings of an open-label, phase I/II
dose-escalation study of Bl 836858 in patients with trans-
fusion-dependent low- or intermediate-1-risk MDS
(NCT02240706).

Details of the study methodology are available on request.
Briefly, Bl 836858 was administered as a rate-controlled
intravenous infusion on days 1 and 15 of a 28-day treat-
ment cycle without premedication. In phase |, the starting
dose was 20 mg and, in the absence of dose-limiting
toxicities, dose escalation up to 320 mg was planned. Pa-
tients were eligible to receive up to eight repeated ad-
ministrations of Bl 836858 and could continue treatment
beyond four cycles if they showed clinical benefit and if
tolerability was acceptable, until progressive disease or
other withdrawal criteria occurred. In phase Il, patients
were to be randomized to Bl 836858 plus best supportive
care or best supportive care alone. However, phase Il of
this trial was not conducted due to a decision by the

sponsor to terminate the study based on a lack of single-
agent efficacy (hematologic response) in the dose-esca-
lation phase.

The primary endpoints for the study were the maximum
tolerated dose and number of patients with dose-limiting
toxicities during the period of evaluation of maximum tol-
erated dose. Secondary endpoints included: red blood cell
transfusion independency; neutrophil, platelet and ery-
throid hematologic improvement; time to the erythroid
hematologic response; mean hemoglobin increase >1.5
g/dL; overall objective response; and duration of response.
Thirty-six patients were enrolled and 27 patients were
treated with Bl 836858 (Table 1, Online Supplementary Fig-
ure ST). The median duration of treatment was 114 days
(range, 1-811 days) and a median of five cycles were initi-
ated (range, 1-29). Dose-limiting toxicities were observed
in three of the 24 patients assessed during the period of
evaluating the maximum tolerated dose (3 patients were
excluded from evaluation of the maximum tolerated dose
as they had <2 administrations in cycle 1 [1 patient in the
20 mg cohort and 2 patients in the 320 mg cohort]). One
patient in the 80 mg group had a grade 3 decrease in neu-
trophil count and grade 4 sepsis during cycle 1, leading to
a greater than 8-week delay in starting cycle 2. The pa-
tient recovered and received a reduced dose in cycle 2
(40 mg) but experienced recurrent grade 3 neutropenia
and was unable to start cycle 3 and Bl 836858 was dis-
continued in this patient. Two dose-limiting toxicities oc-
curred during the phase | expansion cohort stage (320
mg): a grade 2 serious infusion-related reaction (IRR)
leading to a dose reduction of Bl 836858 and a grade 2
non-serious IRR leading to discontinuation of Bl 836858.
As only one dose-limiting toxicity was observed during
dose escalation, the maximum tolerated dose was not de-
termined.

No pharmacokinetic parameters were calculated. Individ-
ual plasma concentrations of Bl 836858 were listed by
dose group, cycle and day of treatment, as available. Bio-
analytical results of further cycles were listed when avail-
able and all dose groups were represented in the lists.
Table 2 shows a comparison of maximum plasma concen-
trations at day 1 and day 14 in cycle 1 and day 1 and day 14
in cycle 2. For the 20 mg dose group, the number of avail-
able bioanalytical results was not sufficient to calculate
descriptive statistics at all time points. Maximum plasma
concentrations increased in a more than dose-propor-
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Table 1. Baseline demographics and characteristics of patients with low- or intermediate-1-risk myelodysplastic syndrome

treated with Bl 836858.

Bl 836858 dose

. e 20 mg 40 mg 80 mg 160 mg 320 mg All patients

ULt L N=3 N=3 N=6 N=4 N=11 N=27
Male, N (%) 3 (100) 3 (100) 5 (83.3) 2 (50.0) 7 (63.6) 20 (74.1)
White race, N (%) 3 (100) 3 (100) 6 (100) 4 (100) 11 (100) 27 (100)
Age in years, median 70.0 77.0 79.5 67.0 76.0 76.0
Aged <65 years, N (%) 0 0 1(16.7) 2 (50.0) 0 3 (11.1)
Aged =65 years, N (%) 3 (100) 3 (100) 5 (83.3) 2 (50.0) 11 (100) 24 (88.9)
ECOG PS, N (%)

0/1 2 (66.7)/1 (33.3) 1(33.3)/2(66.7) 1(16.7)/5(83.3) 2 (50.0)/2 (50.0) 0/10 (90.9) 6 (22.2)/20 (74.1)

2 0 0 0 0 1(9.1) 1(3.7)

IPSS category, N (%)

Low/Int-1 3 (100)/0 1 (33.3)/2 (66.7)
Revised IPSS category,
N (%)
Very low 0 1(33.3)
Low 3 (100.0) 1 (33.3)
Intermediate 0 0
High 0 0
Missing 0 1(33.3)
Previous MDS therapy:
yes, N (%) 2 (66.7) 2 (66.7)
N. of previous MDS ther-
apies, median (range) 2.0 (1-3) 2.5 (2-3)

3 (50.0)/3 (50.0)

2 (50.0)/2 (50.0) 4 (36.4)/7 (63.6) 13 (48.1)/14 (51.9)

1(16.7) 1 (25.0) 2(18.2) 5 (18.5)
1(16.7) 0 2(18.2) 7 (25.9)
1(16.7) 1 (25.0) 2(18.2) 4 (14.8)
0 1 (25.0) 0 1(3.7)
3 (50.0) 1 (25.0) 5 (45.5) 10 (37.0)
6 (100) 3 (75.0) 11 (100) 24 (88.9)
2.0 (1-7) 4.0 (4-6) 3.0 (1-5) 3.0 (1-7)

ECOG PS: Eastern Cooperative Oncology Group performance status; Int-1: intermediate-1; IPSS: International Prognostic Scoring System;

MDS: myelodysplastic syndromes.

Table 2. Comparison of maximum plasma concentrations (C__) of Bl 836858 in cycles 1 and 2.

Plasma concentrations

Cycle 1 Cycle 2
Dose (mg) Day 1, 6 h (ng/mL) Day 14, 6 h (ng/mL) Day 1, 6 h (ng/mL) Day 14, 6 h (ng/mL)
20 - - 1550 -
40 5270 5440 6160 6560
80 8310 12,400 14,900 16,700
160 43,600 56,200 57,300 67,100
320 64,200 82,700 88,700 91,900

tional behavior. Steady-state plasma concentration be-
tween cycles 1 and 2 was not proven with statistical sig-
nificance for the 320 mg dose group, suggesting
accumulation which may be expected with repeat IgG
dosing, although pharmacokinetic assessments were not
performed after cycle 2 to confirm achievement of steady
state at later time points nor to confirm the half-life with
this dosing regimen once every 14 days.

All treated patients experienced at least one adverse
event; the most common adverse events were IRR (77.8%),

decreased neutrophil count (29.6%), pyrexia (29.6%) and
hyperglycemia (25.9%) (Table 3). Grade 3 and 4 adverse
events were reported in 15 (55.6%) and six (22.2%) pa-
tients, respectively. There was no relationship between
dose and incidence of adverse events. Twenty-four
(88.9%) patients had adverse events considered related
to Bl 836858 (3 in the 20 mg cohort, 2 in the 40 mg cohort,
6 in the 80 mg cohort, 4 in the 160 mg cohort and 9 in the
320 mg cohort). The most common drug-related adverse
events were IRR (77.8%), decreased neutrophil count
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(22.2%), nausea (11.1%) and decreased white blood cell
count (11.1%) (Online Supplementary Table S7). One patient
(320 mg cohort) had an adverse event leading to dose re-
duction (grade 2 IRR, also reported as a dose-limiting
toxicity). Five (18.5%) patients discontinued treatment due
to adverse events: IRR and decreased white blood cell
count in one patient, and IRR, decreased neutrophil count,
non-cardiac chest pain and muscular weakness (each
n=1). Serious adverse events were reported in 13 (48.1%)
patients. Four serious adverse events were considered re-
lated to treatment (IRR [n=3] and sepsis [n=1]). There were
no adverse events leading to death during the on-treat-
ment period. IRR were generally mild, with only one pa-
tient (3.7%) reporting a grade 3 IRR (Table 3). IRR of grade
2 of higher occurred in 41% of patients.

No objective responses were reported. Furthermore,
based on investigator assessment, hematologic improve-
ment or red blood cell transfusion independence was not

observed in any patients. One patient (160 mg cohort) had
a mean hemoglobin increase of 21.5 g/dL; review of lab-
oratory and transfusion data indicated that this patient
likely qualified as having an erythroid hematologic re-
sponse. This patient had received treatment for the lon-
gest period: 811 days.

The trial included a pharmacodynamic analysis of the im-
pact of Bl 836858 on CD33 expression on MDSC in bone
marrow and peripheral blood by comparing levels of
CD33*HLA-DR-Lin~- MDSC to CD33"HLA-DR-Lin~ leukocytes
before and after treatment by fluorescence-activating cell
sorting. While the absolute number of CD33* MDSC de-
creased with treatment in some patients (Online Supple-
mentary Figure S2), CD33~ leukocytes increased at the
same time (data not shown), indicating that Bl 836858
either masked or internalized CD33 molecules on MDSC
but did not reduce the number of MDSC. Furthermore,
natural killer (NK) cells are effector cells relevant for the

Table 3. All-cause adverse events, described by MedDRA preferred terms, and highest CTCAE grade in patients with low- or
intermediate-1-risk myelodysplastic syndrome treated with Bl 836858 (n=27). On-treatment period.

Adverse events All grades, N (%)

Total with adverse events 27 (100)
Infusion-related reaction 21 (77.8)
Neutrophil count decreased 8 (29.6)
Pyrexia 8 (29.6)
Hyperglycemia 7 (25.9)
Anemia 6 (22.2)
Dizziness 6 (22.2)
WBC count decreased 6 (22.2)
Diarrhea 5(18.5)
Fatigue 5(18.5)
Nausea 5(18.5)
Peripheral edema 5(18.5)
ALT increased 4 (14.8)
Cough 4 (14.8)
Fall 4 (14.8)
Headache 4 (14.8)
Iron overload 4 (14.8)
Muscular weakness 4 (14.8)
Platelet count decreased 4 (14.8)
Bone pain 3(11.1)
Contusion 3(11.1)
Decreased appetite 3 (11.1)
Dehydration 3(11.1)
Dyspepsia 3(11.1)
Upper respiratory tract infection 3(11.1)
Vomiting 3(11.1)

Grade 1/2, N (%)

Grade 3, N (%) Grade 4, N (%)

6 (22.2) 15 (55.6) 6 (22.2)
20 (74.0) 1(3.7) 0

0 5 (18.5) 3 (11.1)
7 (25.9) 1(3.7) 0
4 (14.8) 3 (11.1) 0
1(3.7) 5 (18.5) 0
5 (18.5) 1(3.7) 0

3 (11.1) 2 (7.4) 1(3.7)
5 (18.5) 0 0
5 (18.5) 0 0
5 (18.5) 0 0
5 (18.5) 0 0
4 (14.8) 0 0
4 (14.8) 0 0
2 (7.4) 2 (7.4) 0
4 (14.8) 0 0
3 (11.1) 1(3.7) 0
2 (7.4) 2 (7.4) 0
2 (7.4) 2 (7.4) 0
3 (11.1) 0 0
3 (11.1) 0 0
3 (11.1) 0 0
3 (11.1) 0 0
3 (11.1) 0 0
3 (11.1) 0 0
3 (11.1) 0 0

The adverse events shown are those occurring in >10% of patients for all grades. AE: adverse event; ALT: alanine aminotransferase; CTCAE:
Common Terminology Criteria for Adverse Events; MedDRA: Medical Dictionary for Drug Regulatory Activities; MDS: myelodysplastic syndromes;

WBC: white blood cell.
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proposed Bl 836858 mechanism of action. Accordingly,
changes in NK cell numbers (CD3-CD16* NK cells) and their
activation status (CD3-CD16*CD69* NK cells) were also as-
sessed. NK cell numbers were relatively low in all patients
treated with Bl 836858 and no increase in activated NK
cells was observed (Online Supplementary Figure S2).

In summary, the maximum tolerated dose of Bl 836858
was not reached at doses up to 320 mg in patients with
low- or intermediate-1-risk MDS. The most common ad-
verse event was IRR; the overall adverse event profile was
consistent with that expected for patients with MDS.
While the overall rate of IRR was high, the rate of grade 3
or higher IRR was consistent with that seen with the anti-
CD33 agents gemtuzumab ozogamicin,”® and lintuzumab.®
No conclusions on the efficacy of Bl 835858 in patients
with MDS could be drawn due to premature termination
of the trial; however, we observed an erythroid response
in a single patient. A limitation of this study was the lack
of enrollment of a diverse population of patients, with
100% Caucasian enrollment and imbalanced male/female
representation (74% males/26% females). Nevertheless, in
contrast to preclinical findings, pharmacodynamic ana-
lyses indicated that Bl 835858 did not activate NK cells or
reduce overall MDSC numbers in patients, despite a de-
crease in CD33 expression. These data do not support the
proposed mode of action and are in line with the absence
of clinical activity found in the study. The lack of activity
in this lower-risk MDS population may reflect that other
cell populations, in addition to MDSC, are implicated in
the suppression of NK cells in MDS.® Moreover, MDSC are
less predominant in lower-risk MDS than in higher-risk
MDS, suggesting that they may play less of a role in the
early stages of the natural history of the disease.”

Bl 836858 was also assessed in a phase | dose escalation
study in patients with relapsed or refractory acute mye-
loid leukemia (NCT01690624).* That study was also ter-
minated prematurely. Consistent with our study,
dose-limiting toxicity was not reached (although only
doses up to 40 mg were assessed prior to trial termina-
tion) and Bl 836858 had a predictable and manageable
tolerability profile, with febrile neutropenia, nausea and
IRR being among the most commonly reported all-cause
adverse events. As with the current study, pharmacody-
namic analysis suggested that there may be target en-
gagement but Bl 836858 did not increase activation of
effector NK cells. This lack of effector cell function most
likely underpins the lack of clinical activity. However, pa-
tients’ outcomes may improve by targeting MDSC with
targets other than CD33, or at an earlier stage of disease
development rather than after failure of hypomethylating
agents, as in this cohort, when poor outcomes are likely,
even in patients with lower-risk MDS. Optimization of dos-
ing in future studies may also contribute to improving
hematopoesis in the setting of MDSC depletion.

In conclusion, evidence of CD33* MDSC target engagement
in this study did not translate into a hematologic response
and corresponding clinical efficacy. While development of
Bl 836858 has been discontinued, this trial demonstrates
the feasibility and tolerability of MDSC-targeted ap-
proaches, using CD33, as applied in transfusion-depend-
ent lower-risk MDS. It is unknown whether the lack of
efficacy reflects a feature of the antibody itself, or
whether targeting MDSC is insufficient to elicit an anti-
tumor response. Alternative forms, differing from a ‘naked’
anti-CD33 antibody (e.g., antibody-drug conjugates or bis-
pecific T-cell engaging antibodies) might be required to
induce clinical efficacy. For example, recent preclinical
data indicate that a bispecific CD33/CD3 antibody may
confer anti-MDS activity.® Furthermore, given the com-
plexity of the pathogenesis of lower-risk MDS, novel com-
bination regimens incorporating anti-CD33 antibodies
(e.g., with checkpoint inhibitors)’™ may be required to ac-
tivate an immune response.
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