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Summary
BI 836826 is a chimeric immunoglobulin G1 antibody targeting CD37, a tetraspanin transmembrane protein predominantly
expressed on normal and malignant B cells. This phase I, open-label study used a modified 3 + 3 design to evaluate the safety,
maximum tolerated dose (MTD), pharmacokinetics, and preliminary activity of BI 836826 in patients with relapsed/refractory B
cell non-Hodgkin lymphoma (NHL; NCT01403948). Eligible patients received up to three courses comprising an intravenous
infusion (starting dose: 1 mg) once weekly for 4 weeks followed by an observation period of 27 (Course 1, 2) or 55 days (Course
3). Patients had to demonstrate clinical benefit before commencing treatment beyond course 2. Forty-eight patients were treated.
In the dose escalation phase (1–200 mg) involving 37 Caucasian patients, the MTD was 100 mg. Dose-limiting toxicities
occurred in four patients during the MTD evaluation period, and included stomatitis, febrile neutropenia, hypocalcemia, hypo-
kalemia, and hypophosphatemia. The most common adverse events were neutropenia (57%), leukopenia (57%), and thrombo-
cytopenia (41%), and were commonly of grade 3 or 4. Overall, 18 (38%) patients experienced infusion-related reactions, which
were mostly grade 1 or 2. Preliminary evidence of anti-tumor activity was seen; three patients responded to treatment, including
one complete remission in a Korean patient with diffuse large B cell lymphoma. BI 836826 plasma exposure increased more than
proportionally with increasing doses. BI 836826 demonstrated preliminary activity; the most frequent adverse events were
hematotoxicity and infusion-related reactions which were manageable after amending the infusion schedule. Although BI
856826 will not undergo further clinical development, these results confirm CD37 as a valid therapeutic target in B cell NHL.
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Introduction

Non-Hodgkin lymphomas (NHLs) are a heterogeneous group
of malignant disorders with variable clinical and biologic fea-
tures that together caused over 248,000 deaths worldwide in
2018 [1, 2]. Most NHLs are of B cell origin, and the most
common form, diffuse large B cell lymphoma (DLBCL), is an
aggress ive subtype tha t i s readi ly curable wi th

immunochemotherapy in the majority of patients but pro-
gresses rapidly if left untreated [1, 3]. In contrast, indolent
follicular lymphoma (FL) is characterized by favorable prog-
nosis but is still considered to be incurable in the vast majority
of cases [4]. Although the addition of the anti-CD20 mono-
clonal antibody, rituximab, to the NHL therapeutic armamen-
tarium more than 20 years ago greatly improved outcomes,
prognosis remains poor for DLBCL patients who are not
cured by first-line therapy or FL patients who suffer early
progression [3, 4]. New treatments able to overcome resis-
tance to standard immunochemotherapy are therefore urgently
needed.

The tetraspanin CD37 is a transmembrane protein that is
expressed on B-cells at multiple stages of development, from
pre-B to peripheral mature B-cells [5, 6]. CD37 appears to
play multiple roles in immune cells, including regulation of
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apoptosis/survival signaling, B/T cell interaction, and T cell
proliferation [5, 7–9]. Notably, CD37 is highly expressed on
malignant B cells, including most subtypes of NHL [10, 11],
making it an attractive therapeutic target. Clinical studies with
the anti-CD37 agents otlertuzumab (TRU-016) [12],
IMGN529 [13], and AGS67E [14] suggest that targeting
CD37 is a viable therapeutic strategy, with evidence of anti-
tumor activity seen in patients with DLBCL, FL and other B
cell NHLs.

BI 836826 is a chimeric immunoglobulinG1 (IgG1)mono-
clonal antibody that targets human CD37. It comprises a high-
affinity mouse antibody to CD37 with an engineered CH2
domain to improve binding to human Fcγ receptors [6].
Preclinical studies demonstrated strong pharmacodynamic
and antitumor effects of BI 836826 [6]. It showed high intrin-
sic proapoptotic activity accompanied by homotypic aggrega-
tion against malignant B cells and promoted antibody-
dependent cell-mediated cytotoxicity (ADCC) against lym-
phoma cells. In blood samples from healthy volunteers, BI
836826 depleted normal B cells and spiked B-lymphoma cells
more potently than rituximab. In experiments in vivo,
BI836826 dose-dependently reduced peripheral B cells in
CD37 transgenic mice and cynomolgous monkeys. It also
suppressed tumor growth in a Ramos mouse B cell lymphoma
model [6]. In a first-in-human study, BI 836826 showed evi-
dence of anti-tumor activity in patients with relapsed or refrac-
tory chronic lymphocytic leukaemia (CLL) [15]. These find-
ings warranted the evaluation of BI 836826 in patients with B
cell NHL. Here we report the results of a phase I, dose-
escalation study to evaluate the maximum tolerated dose
(MTD), safety, and efficacy of BI 836826 in patients with
relapsed or refractory B cell NHL (ClinicalTrials.gov
identifier: NCT01403948).

Patients and methods

Patients

The study enrolled patients with relapsed or refractory NHL of
B cell origin (mature B cell lymphoma according to the World
Health Organization [16]) who were not considered candi-
dates for intensive anti-lymphoma therapy. Patients were re-
quired to have either aggressive NHL and at least one (at least
two for patients enrolled in France) prior anti-CD20-
containing immunochemotherapeutic regimens, or indolent
NHL with previous anti-CD20 therapy and at least two prior
therapies. Other key requirements were age ≥ 18 years,
Eastern Cooperative Oncology Group performance status
(ECOG PS) of <2, and a life expectancy of ≥3 months.
Patients in the expansion cohort were also required to have
measurable disease on computed tomography (CT) scan.

Patients were ineligible if they had primary central nervous
system (CNS) lymphoma or known CNS involvement, or a
prior history of malignancy other than a mature B cell neo-
plasm, basal or squamous cell carcinoma of the skin, or carci-
noma in situ of the uterine cervix or breast, unless free of
disease and without treatment for at least 5 years. In addition,
patients were excluded if they had inadequate organ function;
a significant concurrent medical disease or condition; or
chronic or ongoing infectious disease requiring treatment at
enrollment or within the previous 2 weeks, including CMV
viremia, HIV, or active hepatitis B or C.

The study was conducted in accordance with the
Declaration of Helsinki and GoodClinical Practice guidelines,
and the study protocol was approved by the Institutional
Review Boards or Independent Ethics Committees of all par-
ticipating institutions. Written informed consent was obtained
from all patients.

Study design and treatment

This was an open-label, single-arm, phase I dose-escalation
study. The primary objective was to determine the MTD of BI
836826 in patients with NHL of B cell origin. Secondary
objectives were to assess the safety and tolerability of BI
836826, to perform pharmacokinetic (PK) and pharmacody-
namic (PD) analyses, and to evaluate efficacy.

BI 836826 was administered as an intravenous infusion,
initially at a set rate of 83.4 mL/h. Following the occurrence
of a Grade 4 infusion-related reaction (IRR), the protocol was
amended, and the infusion rate was changed to a slowly in-
creasing dosing schedule beginning at 10mL/h and increasing
every 30 min by 10 mL/h if tolerable, to a maximum of
80 mL/h.

Each patient could receive a maximum of three courses of
treatment. The first treatment course was of 7 weeks duration
and consisted of one infusion per week for 4 weeks, followed
by a 27-day observation period (Supplemental Fig. 1). A sec-
ond, similar course was administered if BI 836826 was well
tolerated and no signs of disease progression were seen at the
first response assessment during week 7. Patients received a
third course, of up to 12 weeks duration, if they continued to
tolerate BI 836826 well, and achieved a response (complete
remission [CR], CR unconfirmed [CRu], partial remission
[PR]) or stable disease according to CT assessment during
the second treatment cycle. Premedication with acetamino-
phen/paracetamol, antihistamine, and glucocorticoid was
mandatory at the start of therapy. Supportive care, such as
granulocyte colony-stimulating factors and prophylactic treat-
ment with antibiotics and antivirals was permitted according
to local guidelines.

In the first part of the study, BI 836826 was administered to
Caucasian patients in escalating dose tiers, starting at 1 mg.
Single-patient cohorts were treated until a drug-related
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adverse event (AE) of Grade ≥ 2 occurred during the MTD
evaluation period (the time from the first administration of
BI 836826 until 7 days after the second administration).
Subsequent cohorts were expanded to three patients following
a fixed dose-escalation design with dose de-escalation steps.
Dose escalation continued until the MTD was reached, de-
fined as the highest dose of BI 836826 for which the incidence
of dose-limiting toxicities (DLTs) was no more than 17% (i.e.,
one out of six patients) during the MTD evaluation period.

DLTs were defined as any drug-related Grade ≥ 3 non-
hematologic AE, except IRRs. Complications resulting from
hematologic AEs, such as bleeding due to thrombocytopenia
or infection due to neutropenia, were classified as non-
hematologic AEs and captured as DLTs. Although not deemed
to be DLTs, hematologic AEs (e.g., neutropenia, thrombocy-
topenia and anemia) were considered for definition of the dose
for further development.

Following the determination of the MTD in Caucasian pa-
tients, a separate cohort was to be enrolled into an expansion
phase at the MTD. Initial enrollment into this cohort included
Korean patients. Early results indicated that the tolerability of
BI 836826 differed between Korean and Caucasian patients,
as three of four Korean patients developed significant drug-
related AEs. Consequently, the protocol was amended to ex-
plore lower dose levels in a designated escalation cohort of
Korean patients, with the aim of defining an MTD in that
population.

Study assessments

The primary endpoint of the study was the determination of
the MTD and the number of DLTs observed during the period
from the first administration of BI 836826 until 7 days after
the second administration. Other safety assessments included
the incidence and severity of AEs, graded according to the
Common Terminology Criteria for Adverse Events, Version
4.0, laboratory parameters, and physical examinations.

Secondary efficacy endpoints were: tumor size reduction;
best overall response, according to Standardized or Revised
Response Criteria for Malignant Lymphoma [17];
progression-free survival (PFS); and failure-free survival
(FFS), defined as the time from first administration of BI
836826 until disease progression, death, or start of next
NHL therapy.

The PK parameters of BI 836826 were evaluated using
non-compartmental analysis methods and included maximum
measured plasma concentration (Cmax); terminal half-life
(t1/2); area under the plasma concentration-time curve over
the time interval of one treatment course (AUC0-tz); area under
the plasma concentration-time curve over the time interval
from zero extrapolated to infinity (AUC0-∞); total plasma
clearance (CL); and volume of distribution after intravenous
infusion at steady state (Vss). Blood samples for PK analysis

were taken in cycle 1 before the start of infusion (pre-dose)
and at 5, 7, 9, 24, and 72 h, and shortly before the start of the
next infusion at 168 h. BI 836826 levels were determined
using a validated enzyme-linked immunosorbent assay.

Exploratory PD evaluations were conducted into the poten-
tial prognostic biomarker β-2 microglobulin, and to investi-
gate the potential predictive value of polymorphisms in the Fc
fragment of the IgG receptor (FCGR) gene.β-2 microglobulin
levels were determined using a routine blood sample obtained
at screening, while FCGR genotyping was conducted using
DNA extracted from a blood sample obtained at the first treat-
ment visit in Cycle 1.

Statistical methods

Statistical analyses were descriptive, and no formal statistical
tests were performed for the dose groups. Exploratory analysis
of time-to-event endpoints (PFS, FFS) was conducted using
Kaplan–Meier methods.

Results

Patients and treatment exposure

A total of 59 patients were enrolled, and 48 treated with BI
836826 in 12 centers across Germany, France, and the
Republic of Korea between 25 January 2012 and 28
February 2018.

Thirty-seven Caucasian patients were treated in the dose
escalation phase. The median age was 69.0 years (range,
25–83), and 70% of patients were male (Table 1). The patients
had been extensively pretreated, with most having received
between three and six prior treatments, and more than half
had FL. Eleven Korean patients were treated. The median
age was 63.0 years (range, 27–79), 36% were male, and more
than half had DLBCL (Table 1). All Korean patients had re-
ceived prior systemic therapy, with most having received two
or three prior treatments.

All patients discontinued treatment; reasons for discontin-
uation among Caucasian patients were progressive disease
(59.5%), AEs other than DLTs (13.5%), patient refusal to con-
tinue with trial medication (5.4%), completion of all 12 infu-
sions (10.8%), or other reasons (8.1%); one patient (2.7%)
was lost to follow-up. Progressive disease was the primary
reason for discontinuation among the Korean patients
(90.9%); the remaining patient discontinued after receiving
the maximum number of infusions. The median number of
infusions was 4 (range, 1–12) and 3 (range, 2–12) in
Caucasian and Korean patients respectively; the mean cumu-
lative BI 836826 dose was 365.0 mg (standard deviation
[SD] = 343.9 mg) and 286.4 mg (SD = 201.2 mg),
respectively.
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MTD and DLTs

For the Caucasian patients, dose escalation proceeded through
1 mg (n = 1), 3 mg (n = 4), 9 mg (n = 3), 25 mg (n = 4), 50 mg
(n = 6), and 100 mg (n = 3) with no DLTs observed. One of
three patients initially enrolled in the 200 mg cohort experi-
enced DLTs (Grade 3 oral herpes, stomatitis, and febrile neu-
tropenia). The 200 mg cohort was subsequently expanded to a
total of seven patients (one of six patients in the initial cohort
withdrew consent and was replaced), and although no further
DLTs were reported, five of the seven patients experienced
Grade 3/4 leukopenia and/or neutropenia lasting more than
1 week and requiring the next infusion to be delayed
(Table 2). As a result, the 200 mg dose was considered to have
exceeded the MTD. Dose de-escalation was subsequently
undertaken.

Three of six patients treated at a dose of 150 mg expe-
rienced a DLT during the MTD evaluation period (grade 4
hypophosphatemia [n = 2] and grade 3 hypokalemia and
hypocalcemia [n = 1]). These AEs were resolved within
24 h with supportive care. In addition, four of the six

patients experienced grade 3/4 leukopenia and/or neutro-
penia lasting >7 days after the MTD evaluation period,
suggesting that this dose exceeded the MTD. The next
lower dose level (100 mg) was subsequently expanded
with an additional three patients (to a total of six patients).
None of the six patients treated at this dose experienced a
DLT during the MTD evaluation period, and the 100 mg
dose was therefore defined as the MTD.

Three of four patients enrolled into the 100 mg expansion
cohort in Korean patients developed significant drug-related
AEs (infections associated with grade 4 neutropenia).
Following the protocol amendment, a separate MTD was to
be defined for Korean patients based on an escalation scheme
starting with 50 mg of BI 836826 administered weekly for
4 weeks, with 75 mg as the next dose step. Of seven patients
treated with 50 mg BI 836826 (one patient had violated the
exclusion criteria and was replaced), one experienced a DLT
of grade 3 herpes zoster virus, and the MTD was not reached.
However, prior to the enrollment of any further patients, the
clinical development of BI 836826 was terminated, and the
study was closed.

Table 1 Patient baseline
characteristics Characteristic Caucasian patients

N = 37

Korean patients

N = 11

Male, n (%) 26 (70.3) 4 (36.4)

Median age, years (range) 69.0 (25–83) 63.0 (27–79)

Race, n (%)

White 33 (89.2) 0

Asian 0 11 (100)

Missinga 4 (10.8) 0

ECOG PS at baseline, n (%)

0 9 (24.3) 4 (36.4)

1 21 (56.8) 7 (63.6)

2 7 (18.9) 0

Ann Arbor stage at screening, n (%)

I 3 (8.1) 0

II 5 (13.5) 0

III 9 (24.3) 2 (18.2)

IV 19 (51.4) 9 (81.8)

Missing 1 (2.7) 0

Lymphoma subtype at screening, n (%)

Follicular lymphoma 19 (51.4) 2 (18.2)

Diffuse large B-cell lymphoma 14 (37.8) 6 (54.5)

Mantle cell lymphoma 3 (8.1) 2 (18.2)

Other 1 (2.7) 1 (9.1)

Patients with prior stem cell transplant, n (%) 7 (18.9) 2 (18.2)

Patients refractory to last therapy, n (%) 23 (62.2) 5 (45.5)

Mean time since first diagnosis, years (SD) 5.6 (4.9) 2.5 (1.6)

ECOG PS Eastern Co-operative Oncology Group performance status, SD standard deviation
a Race data were not recorded for patients treated at study sites in France as per local law
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Safety

All patients experienced at least one AE. Among Caucasian
patients, 7 (18.9%), 21 (56.8%) and 8 (21.6%) experienced a
highest AE grade of 3, 4 and 5, respectively. None of the fatal
AEs were considered related to BI 836826 (lymphoma pro-
gression [n = 6]; pulmonary edema [n = 2]). Of the Korean
patients, 1 (9.1%), 8 (72.7%) and 2 (18.2%) had a highest
AE grade of 3, 4 and 5, respectively. Neither of the fatal
AEs (pneumonia and malignant pleural effusion) were consid-
ered related to study drug by the investigator.

The frequency of treatment-related AEs was 94.6% and
100% among the Caucasian and Korean patients, respectively
(Table 3). The most frequent treatment-related grade 3/4 AEs
among Caucasian patients were hematotoxicities and IRRs
(8.1%; Table 3). Most IRRs were grade 1/2; one patient had
a grade 4 IRR, which led to a protocol amendment resulting in
a change in the infusion schedule. If necessary, the initial dose
could also be split into two infusions. The most common
symptoms associated with IRRs were chills and pyrexia.
Following the change in infusion schedule, two patients had
grade 3 IRRs. The incidence of IRRs was highest in cycle 1,
and decreased over time (Fig. 1).

Similar treatment-related Grade 3/4 AEs were reported in
Korean patients, although the incidence of certain AEs dif-
fered considerably (Table 3). In particular, treatment-related
grade 3/4 febrile neutropenia was much more common in
Korean patients than in Caucasian patients (54.5% vs 5.4%).

Four Caucasian patients (10.8%) had serious AEs (SAEs)
that were considered treatment-related, including broncho-
spasm, respiratory failure, IRR, sepsis, atrial fibrillation, oral
herpes, febrile neutropenia, and stomatitis (none occurred in
more than one patient). Six Korean patients (54.5%) experi-
enced drug-related SAEs. These included five cases of febrile
neutropenia (one patient experienced two separate episodes),

two of pneumonia, and one case each of neutropenia, herpes
zoster, septic shock, and bacteremia.

Eight Caucasian patients (21.6%) had AEs that resulted in
discontinuation of study drug. The only AE leading to treat-
ment discontinuation in more than one patient was IRR (two
patients [5.4%]; both of these patients were treated prior to the
change in the infusion schedule). No AEs occurred in Korean
patients that led to treatment discontinuation. Two Caucasian
patients and one Korean patient received dose reductions due
to AEs.

Based on laboratory data, 20 Caucasian patients (54.1%)
experienced grade 4 neutropenia lasting 1 week or longer (a
total of 48 neutropenia episodes lasting ≥1 week; median 2.0
neutropenia episodes/patient). Eight patients (21.6%) had
grade 4 neutropenia and a concomitant infection, of which
four (10.8%) were grade 3/4. Prolonged grade 3/4 neutropenia
of 1 week or longer was seen in all dose cohorts except 1 mg.
At the MTD (100 mg), one of six patients had one episode of
grade 4 neutropenia that lasted 11 days and delayed the ad-
ministration of the next BI 836826 infusion. This episode did
not require a dose reduction or discontinuation of the study
drug. The platelet and white blood cell counts for a represen-
tative patient are shown in Supplemental Fig. 2. Among the
Korean patients, 10 (90.9%) had grade 4 neutropenia episodes
lasting more than 1 week (a total of 23 neutropenia episodes
lasting ≥1 week, with a median of 2 neutropenia episodes per
patient). Four patients (36.4%) had grade 4 neutropenia and a
concomitant infection, all of which were grade 3/4.

Eight Caucasian patients, all receiving BI 836826 doses of
100 mg or higher, experienced 11 grade ≥ 3 infection epi-
sodes. Of these, two were considered drug-related (one case
of sepsis and one episode of oral herpes), and dose reduction
was required for the case of oral herpes. Among the Korean
patients, six experienced grade ≥ 3 infections; three of seven
patients in the 50 mg dose cohort, and three of four patients in

Table 2 DLTs and hematologic abnormalities in Caucasian patients during the MTD evaluation period

Dose level (mg) Treated patients Evaluable patients DLTs (n) Severe hematologic abnormalities
based on laboratory data (n)

200 7a 6 Grade 3 oral herpes, stomatitis,
and febrile neutropenia (1)

Grade 4 neutropenia, lymphopenia,
thrombocytopenia, and/or leukopenia (5)

150 6 6 Grade 4 hypophosphatemia (2),
Grade 3 hypokalemia and
hypocalcemia (1)

Grade 4 neutropenia and/or leukopenia (4)

100b 6c 6 None None

3 4d 3 None Grade 4 leukopenia and neutropenia

DLTs dose-limiting toxicities, MTD maximum tolerated dose
a One patient withdrew consent during the MTD evaluation period and was replaced
bDetermined to be the MTD
c Three patients in initial cohort plus three additional patients to determine the MTD
dOne patient was replaced because they were not evaluable for DLTs in the MTD evaluation period
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the 100 mg dose cohort. All were considered to be DLTs. One
patient died as a result of pneumonia.

Efficacy

In total, 21 Caucasian and eight Korean patients were
evaluated for best change in the sum of the product of
diameters (SPD) of their indicator lesions. The median
best percentage change from baseline in SPD of indicator
lesions was 11.8% (range, −44.7 to 329.8%) for
Caucasian patients and 68.7% (range, −100.0 to 146.3%)
for Korean patients (Fig. 2).Data from 32 Caucasian

patients and 11 Korean patients were evaluable for best
overall response (Table 4). According to investigator as-
sessment based on imaging data, one Korean patient
(50 mg dose group; DLBCL) achieved CR, while two
Caucasian patients (100 mg dose group; FL and mantle
cell lymphoma) achieved PR. Nine Caucasian patients
(24.3%) and one Korean patient (9.1%) experienced sta-
ble disease. Taking into account all assessment methods
(physical or imaging assessment by the investigator), a
further two Caucasian patients (50 mg dose cohort and
100 mg dose cohort; both FL) had a PR. In the overall
population, median PFS and FFS were 47 days (25th and

Table 3 Treatment-related
adverse events occurring in >10%
of patients

Caucasian patients

n = 37

Korean patients

n = 11

Any grade

n (%)

Grade 3/4

n (%)

Any grade

n (%)

Grade 3/4

n (%)

Any treatment-related AE 35 (94.6) 29 (78.4) 11 (100.0) 11 (100.0)

Leukopenia 21 (56.8) 20 (54.1) – –

Neutropeniaa 21 (56.8) 20 (54.1) 8 (72.7) 8 (72.7)

Thrombocytopenia 15 (40.5) 5 (13.5) 5 (45.5) 1 (9.1)

Febrile neutropenia 2 (5.4) 2 (5.4) 6 (54.5) 6 (54.5)

Infusion-related reaction 15 (40.5) 3 (8.1) 3 (27.3) 0

Chills 13 (35.1) 0 3 (27.3) 0

Lymphopenia 10 (27.0) 10 (27.0) – –

Decreased CD4 lymphocytes 8 (21.6) 8 (21.6) – –

Anemia 6 (16.2) 2 (5.4) 1 (9.1) 1 (9.1)

Fatigue 6 (16.2) 0 3 (27.3) 0

Pyrexia 4 (10.8) 0 – –

Elevated C-reactive protein 4 (10.8) 0 – –

Hypophosphatemia 4 (10.8) 2 (5.4) – –

Tachycardia 4 (10.8) 0 – –

Pneumonia – – 2 (18.2) 2 (18.2)

Headache 1 (2.7) 0 2 (18.2) 0

Decreased neutrophil counta 2 (5.4) 2 (5.4) 3 (27.3) 3 (27.3)

AE adverse event, −, not listed, a Different preferred terms, no difference per definition
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75th percentiles; 24 days, 169 days), and 46 days (24 days,
116 days), respectively.

Pharmacokinetics

Non-compartmental PK parameters, analyzed for the com-
bined population of Caucasian and Korean patients, were de-
termined after the first intravenous infusion of BI 836826 for
all patients in the study (Table 5). Maximum plasma concen-
tration increased with dose up to 100 mg, but not in a dose-
proportional manner. The highest individual value for Cmax

was reached in the 100 mg dose group (Supplemental
Fig. 3). The volume of distribution (Vss) slightly decreased
from 5.07 L in the 25 mg dose group to 2.82 L in the
100 mg dose cohort, and increased to 4.50 L for 200 mg,
displaying overall a rather stable level and indicating that BI
836826 was primarily distributed in plasma at steady state.

T1/2 was variable, ranging from a mean of 8.95 h in the
25 mg dose cohort to 33.8 h in the 200 mg dose group. A
preliminary comparison of PK data from patients who re-
ceived 100 mg BI 836826 suggested that Korean patients
achieved approximately 4-fold higher plasma exposure to BI
836826 than Caucasian patients (Table 6).

Pharmacodynamics

Two potential prognostic biomarkers were investigated in the
study: β-2 microglobulin and FCGR. At screening, 43.8% of
patients had elevated serum β-2 microglobulin levels
(≥3.5 mg/L). No correlation was observed between baseline
β-2 microglobulin levels and best percentage change in SPD
of indicator lesions. Similarly, no association was observed
between FCGR genotypes (polymorphisms FCGR2A,
FCGR3A) and best overall response.

Table 4 Best overall response in Caucasian and Korean patients

Patients with
response, n (%)

Caucasian patients Korean patients Total

BI 836826 dose BI 836826 dose

1 mg 3 mg 9 mg 25 mg 50 mg 100 mg 150 mg 200 mg Total 50 mg 100 mg Total
n = 1 n = 4 n = 3 n = 4 n = 6 n = 6 n = 6 n = 7 n = 37 n = 7 n = 4 n = 11 n = 48

ORR 0 0 0 0 0 2 (33.3) 0 0 2 (5.4) 1 (14.3) 0 1 (9.1) 3 (6.3)

CR 0 0 0 0 0 0 0 0 0 1 (14.3) 0 1 (9.1) 1 (2.1)

CRu 0 0 0 0 0 0 0 0 0 0 0 0 0

PR 0 0 0 0 0 2 (33.3) 0 0 2 (5.4) 0 0 0 2 (4.2)

SD 1 (100) 1 (25.0) 1 (33.3) 0 3 (50.0) 1 (16.7) 0 2 (28.6) 9 (24.3) 1 (14.3) 0 1 (9.1) 10 (20.8)

PD 0 2 (50) 2 (66.7) 4 (100.0) 2 (33.3) 2 (33.3) 5 (83.3) 4 (57.1) 21 (56.8) 5 (71.4) 4 (100.0) 9 (81.8) 30 (62.5)

NE 0 1 (25.0) 0 0 1 (16.7) 1 (16.7) 1 (16.7) 1 (14.3) 5 (13.5) 0 0 0 5 (10.4)

ORR overall response rate, CR complete remission, CRu complete remission unconfirmed, PR partial remission, SD stable disease, PD progressive
disease, NE not evaluable
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Discussion

This study defined an MTD and demonstrated preliminary
activity of BI 836826 in patients with B cell NHL, thus further
validating CD37 as a therapeutic target in this setting.
Notwithstanding the fact that few of the 48 treated patients
received dose levels where activity may be expected, signals
of efficacy were observed in this study. Out of 48 treated
patients, one Korean patient had a best overall response of
CR, and two Caucasian patients had a best overall response
of PR, with SD the best overall response in 10 more patients.

The MTD in Caucasian patients was defined as 100 mg of
BI 836826 administered weekly for 4 weeks. The clinical
development of BI 836826 was stopped shortly after the
50 mg Korean cohort was completed, which prevented formal
establishment of the MTD of BI 836826 in Korean patients.
The MTD in this study was lower than observed in a previous
phase I trial undertaken in patients with CLL [15]. While a
formal MTD of BI 836826 in patients with CLL was not

determined, doses of 400 mg administered every 2 weeks
were tolerable and recommended for further development.
The discrepancy between studies could be related to differ-
ences in target expression in different patient populations lead-
ing to different pharmacokinetic behavior due to target-
mediated drug disposition. In both settings, the half-life of
BI 836826 was short but clearance was more rapid in CLL
than NHL. As reduction of circulating B cells and other blood
cells expressing CD37 (e.g. T cells) underpins the mechanism
of action of BI 826826 in both CLL and NHL, differences in
clearance rate probably reflect the differences in the expres-
sion profile of CD37 in the two diseases, with higher expres-
sion in blood, spleen and bone marrow of patients with CLL
compared to NHL. The short half-life of BI 826826 was un-
likely to be attributable to its chimerism. While anti-drug an-
tibodies were detectable in 19% of patients by the end of
treatment, they were mostly detected after several infusions.
However, rapid clearance was already observed after the first
administration.

All Caucasian patients treated in the dose-escalation phase
experienced at least one AE. These AEs were most frequently
hematologic, particularly leukopenia, neutropenia, and throm-
bocytopenia, commonly of Grade 3/4. The occurrence of neu-
tropenia and leukopenia tended to increase with increasing
dose and was dose-limiting at the 200 mg and 150 mg doses.
Although growth factor support was permitted, prolonged
Grade 4 neutropenia lasting at least 1 week was seen in 54%
of Caucasian patients and 91% of Korean patients, including
eight cases of Grade 4 neutropenia and a Grade 3/4 concom-
itant infection. The tolerability profile of BI 836826 in this
study was similar to that observed in patients with CLL [15].

The rapid kinetics of neutropenia and thrombocytopenia,
with steep declines in neutrophil and platelet counts immedi-
ately after administration of BI 836826 and recovery prior to
the next infusion 7 days later (Supplemental Fig. 2) suggest

Table 5 Overview of PK parameters after the first intravenous infusion of 1 mg to 200 mg BI 836826, for the combined population of Caucasian and
Korean patients

PK parameter BI 836826 dose

1 mg 3 mg 9 mg 25 mg 50 mg 100 mg 150 mg 200 mg
n = 1 n = 4 n = 3 n = 4 n = 7 n = 10 n = 6 n = 7

Cmax, norm (ng/mL/mg) NC 88.6 150 176 206 302 208 210

AUC0-tz (ng•h/mL) NC 1670 (216) 13,100 (135) 75,000 (65.3) 204,000 (166) 770,000 (137) 1,520,000 (28.5) 1,870,000 (74.9)

t1/2 (hours) NC NC NC 8.95 (112) 15.9 (62.2) 27.6 (108) 22.3 (41.8) 33.8 (122)

AUC0-∞,norm (ng•h/mL/mg) NC NC NC 2990 6990 15,200 10,200 12,600

CL (mL/min) NC NC NC 5.58 (90.6) 2.38 (74.6) 1.10 (101) 1.63 (28.4) 1.32 (84.9)

Vss (L) NC NC NC 5.07 (13.1) 3.68 (33.9) 2.82 (26.6) 3.92 (20.8) 4.50 (22.8)

Data are shown as geometric mean (coefficient of variation, %)

AUC0-tz area under the curve over the time interval of one treatment course, AUC0-∞ area under the curve over the time interval from zero extrapolated to
infinity, CL clearance, Cmax maximum concentration, norm normalized, NC not calculated, PK pharmacokinetic, t1/2 apparent terminal half-life of the
analyte, Vss volume of distribution at steady state

Table 6 Comparison of PK parameters in Caucasian and Korean
patients after the first intravenous infusion of 100 mg BI 836826

PK parameter Caucasian patients Korean patients

n = 6 n = 4

Cmax, norm (ng/mL/mg) 207 532

AUC0-tz (ng•h/mL) 419,000 (106) 1,920,000 (24.7)

n = 3 n = 3

AUC0-∞ (ng•h/mL/mg) 829,000 (63.9) 2,780,000 (61.5)

AUC0-∞,norm (ng•h/mL/mg) 8290 27,800

Data are shown as geometric mean (coefficient of variation, %)

AUC0-tz area under the curve over the time interval of one treatment
course, AUC0-∞ area under the curve over the time interval from zero
extrapolated to infinity, Cmax maximum concentration, norm normalized,
PK pharmacokinetic
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that cytopenia may be related to direct effects of BI 836826 on
mature peripheral leukocytes and platelets, and not due to
toxicity on bone marrow precursor cells. CD37 is known to
be expressed in megakaryocytes, platelets, and neutrophils
[18–20]; further, preclinical data suggest that BI 836826 does
not impact on myeloid progenitor colony formation (unpub-
lished data).

Fifteen Caucasian patients (40.5%) and three Korean pa-
tients (27.3%) experienced IRRs, with one Caucasian patient
experiencing a Grade 4 event under the initial protocol-
defined infusion rate of 83.4 mL/h over 3 h. These events
occurred despite mandatory treatment with acetaminophen/
paracetamol, antihistamine, and glucocorticoid prior to the
infusion.

While this study suggests that BI 836826 may have a differ-
ent tolerability profile between Caucasian and Korean patients,
it must be noted that only 11 Koreans were treated. Hence the
observations may merely reflect the small sample size.
Nevertheless it was noteworthy that the PK of BI 836826 in
Korean patients differed considerably from the PK seen in
Caucasian patients. Exposure and maximum plasma concentra-
tion levels reached after intravenous administration of the
100 mg dose showed an almost 4-fold increase compared with
the exposure in Caucasian patients. The finding of PK variabil-
ity between Korean and Caucasian patients may be attributable
to possible differences in drug metabolism between East Asians
and Caucasians, which is a common phenomenon that may be
related to differences in allelic frequencies of drug metabolism
genes such as CYP2D6 and the CYP2C subfamily [21].

Although the sponsor has decided not to pursue further
clinical development of BI 836826, primarily due to
changes in strategy reflecting recent changes in the treat-
ment landscape for CLL, the results of this study support
further clinical investigation of CD37 as a therapeutic
target in B cell NHL. There was high rates of treatment-
related AEs, particularly hematotoxicities, and this needs
to be considered for future clinical development programs
targeting CD37. However, recent promising results from a
phase I/II study of 177Lu-lilotomab satetraxetan, an anti-
CD37 antibody-radionuclide conjugate, in which 65% of
patients with FL responded, including CR in 24% of pa-
tients, also confirm the value of targeting CD37 [22]. As
with our study, the incidence of Grade 3/4 neutropenia
(53%) was high; grade 3/4 thrombocytopenia was also
common (48%). Further clinical investigation of
AGS57E is ongoing [14], along with preclinical studies
investigating CD37 as a target for chimeric antigen recep-
tor T cell therapy [14, 23].
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