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Abstract
Relapsed/refractory (r/r) acute myeloid leukemia (AML) and myelodysplastic 
syndrome (MDS) outcomes remain poor. A targeted cluster of differentiation 
(CD)33 × CD3 bispecific antibody, JNJ-67571244, was assessed to identify the 
maximum tolerated dose (MTD), recommended phase II dose (RP2D), safety 
and tolerability, and preliminary clinical activity in patients with r/rAML or r/
rMDS. This first- in- human, open- label, phase I, dose- escalation/dose- expansion 
study included patients with r/rAML or r/rMDS who were ineligible for or had 
exhausted standard therapeutic options. JNJ- 67571244 was administered in-
travenously or subcutaneously using step- up dosing until ≥1 discontinuation 
condition was met. Outcomes included safety/tolerability, preliminary clinical 
activity, and systemic pharmacokinetics and pharmacodynamics. The study was 
terminated after evaluating 10 dose- escalation cohorts (n = 68) and before start-
ing dose- expansion. Overall, 11 (16.2%) patients experienced ≥1 dose- limiting 
toxicity; all experienced ≥1 treatment- emergent adverse event (TEAE; treatment 
related: 60 [88.2%]); and 64 (94.1%) experienced ≥1 TEAE of Grade ≥3 toxicity 
(treatment related: 28 [41.2%]). Although some patients had temporary disease 
burden reductions, no responses were seen. JNJ- 67571244 administration in-
creased multiple cytokines, which coincided with incidence of cytokine release 
syndrome, infusion- related reactions, and elevated liver function tests. A pro-
longed step- up strategy was tested to improve tolerability, though this approach 
did not prevent hepatotoxicity. T- cell activation following treatment suggested 
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INTRODUCTION

Acute myeloid leukemia (AML) is a heterogeneous dis-
ease characterized by uncontrolled clonal expansion of 
immature hematopoietic cells (blasts).1,2 Despite success 
with initial treatments, relapse remains common, and 
most patients succumb to their disease. Myelodysplastic 
syndromes (MDS) represent clonal hemopathies, with 
major morbidities caused by cytopenias and risk of trans-
formation to AML.1 Unfortunately, relapsed disease after 
prior response or nonresponse to initial treatment (refrac-
tory)—referred to as relapsed/refractory (r/r) disease—is 
common in AML and MDS.3,4

Patients with r/rAML or r/rMDS have poor prog-
noses, and treatment remains challenging. For most r/
rAML, salvage therapy then allogeneic hematopoietic 
stem cell transplantation (HSCT) is the only curative ap-
proach.5 However, salvage therapy response generally is 
low, precluding HSCT for many patients. While 40%–50% 
of patients with higher risk MDS respond to hypometh-
ylating agents (HMAs),6,7 responses are generally tran-
sient (<2 years), and prognoses post- HMA failure are 
grim.6,8,9 Despite new therapeutic strategies, r/rAML and 
r/rMDS represent high unmet medical needs;10,11 no sin-
gle standard- of- care approach exists.

Cluster of differentiation (CD)33, a transmembrane 
protein absent on pluripotent hematopoietic stem cells,12,13 
is expressed abundantly on AML blasts,13- 15 MDS blasts,16 
and myeloid- derived suppressor cells (MDSCs).17- 19 CD33- 
positive MDSC depletion using two different anti- CD33 
agents increased colony- formation capacity in primary 
MDS bone marrow samples, suggesting improved he-
matopoiesis20,21 and providing a rationale for MDSC and 
blast depletion in patients with MDS. Abundant CD33 
expression on AML and MDS blasts, and absence on nor-
mal hematopoietic stem cells, has driven development 
of CD33- targeting agents. Gemtuzumab ozogamicin 
(GO)—an anti- CD33, antibody–drug conjugate—is indi-
cated for treatment of newly- diagnosed, CD33- positive 
AML (adults and children ≥1 month) and CD33- positive  
r/rAML (adults and children ≥2 years)22 but can have a 
risk of hepatotoxicity.23,24 Alternatively spliced CD33 iso-
forms include a common polymorphism that produces a 
variant lacking the V- set domain, the binding site for sev-
eral anti- CD33 antibodies, including GO.25,26 Thus, inter-
est in developing alternative CD33- targeting approaches, 
such as bispecific antibodies (BsAbs) targeting CD3 and 
CD33, has increased.

The CD3- T- cell receptor provides the first signal 
needed for T- cell activation.27 CD3 supports signal 

target engagement but did not correlate with clinical activity. Safely reaching the 
projected exposure level for JNJ- 67571244 efficacy was not achieved, thus MTD 
and RP2D were not determined.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Immunotherapeutics such as cluster of differentiation (CD)33 × CD3- targeted 
therapies may potentially impact the treatment landscape of acute myeloid leuke-
mia (AML) and myelodysplastic syndromes (MDS). The goal of such an approach 
is to try to simultaneously target CD33, a protein expressed on the surface of leu-
kemic and myeloid cells, and CD3, a protein found on T- cells, to attempt to se-
lectively eliminate cancerous cells while largely sparing nonhematopoietic cells.
WHAT QUESTION DID THIS STUDY ADDRESS?
This study evaluated whether CD33 × CD3- targeted therapy in AML and MDS 
with JNJ- 67571244 was safe and associated with preliminary efficacy.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
While such an approach has potential promise, toxicities such as cytokine release 
syndrome and hepatotoxicity were found to limit dose escalation.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Further research is needed to optimize this type of targeted therapeutic approach 
to safely allow optimal dosing, improve efficacy and limit toxicities, and improve 
outcomes and quality of life in patients with AML and MDS, particularly in 
chemotherapy- resistant disease.
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transduction necessary for T- cell activation, and the T- 
cell receptor confers binding specificity. An anti- CD3, T- 
cell- redirecting BsAb bridges T- cells and cancer cells so 
that CD3- positive T- cell cytolytic activity can be directed 
towards tumor cells independent of major histocompati-
bility complex binding.28 For example, blinatumomab—
an anti- CD3 × anti- CD19 BsAb—has clinical activity in 
CD19- positive, B- cell precursor, acute lymphoblastic leu-
kemia (B- ALL) that is r/r or in remission with measurable 
residual disease.29,30

JNJ- 67571244 is an investigational, anti- CD33 × an-
ti- CD3 BsAb with effector function- silencing mutations 
in the fragment crystallizable (Fc) portion to reduce off- 
target, immune- cell recruitment. JNJ- 67571244 binds 
the CD33 C2 domain, which is conserved among known 
isoforms. In vitro, JNJ- 67571244 bound CD33- expressing 
cells, induced T- cell activation, and redirected T- cells to 
induce cytotoxicity of CD33- expressing cells.31 In non-
clinical studies, JNJ- 67571244 bound specifically to 
CD33- expressing cells in AML cell lines and primary 
AML patient samples; mediated specific in  vitro T- cell- 
dependent cytotoxicity; induced potent in vivo antitumor 
activity in AML murine models; cross- reacted with cyno-
molgus monkey CD33 and CD3; and mediated decrease of 
cynomolgus monkey CD33 leukocytes in vivo.31 This first- 
in- human study aimed to identify the maximum tolerated 
dose (MTD) and recommended phase II dose (RP2D) of 
JNJ- 67571244, and evaluate the safety and preliminary 
clinical activity of JNJ- 67571244 in patients with r/rAML 
or r/rMDS.

METHODS

Study design and treatment

This first- in- human, open- label, multicenter, phase I, 
dose- escalation/dose- expansion study was designed 
to identify the RP2D, administration route, schedule, 
and MTD; evaluate safety and tolerability at the RP2D; 
characterize systemic pharmacokinetics and pharma-
codynamics; and evaluate preliminary clinical activity 
of JNJ- 67571244 monotherapy in patients with AML or 
high- risk or very- high- risk MDS who were ineligible for 
or had exhausted standard therapeutic options.

JNJ- 67571244 was administered intravenously (IV) 
twice- weekly, via a 2- hour infusion then a 1- hour flush 
(≥3 days between full- treatment doses), or subcutane-
ously (SC) once- weekly using a step- up dosing schedule 
(Table  S1). Per protocol, 36- hour hospitalization was re-
quired following administration of step- up doses, first 
full- treatment IV dose, and first four full- treatment SC 
doses, and for certain safety events, including high- grade 

infusion- related reaction (IRR), cytokine release syn-
drome (CRS), and immune effector cell- associated neu-
rotoxicity syndrome (ICANS). For suspected incorrect 
dosing or safety concerns, or based on emerging data for 
SC administration, dosing could be less frequent. Patients 
received JNJ- 67571244 until progressive disease (PD), un-
acceptable toxicity, or any other treatment discontinua-
tion criteria (Supplementary Material S1) were met.

Dose- escalation was initiated at a starting- IV, full- 
treatment, minimal anticipated- biological- effect level 
dose of 0.2 μg/kg and a starting- SC, full- treatment dose of 
6.3 μg/kg (Table S1). Subsequent dose levels were adminis-
tered using an adaptive dose- escalation strategy. Initially, 
≥1 patient was enrolled at each dose level, starting with 
IV1, then sequentially following the order patients were 
enrolled and considered study eligible. When toxicity oc-
curred, cohorts were expanded to ≥3 patients. After IV5, 
SC1 and SC2 allocation was opened; however, because 
of toxicities, SC cohorts were closed and IV6 was opened 
(Table S1).

Appropriate institutional review board or indepen-
dent ethics committees approved the trial protocol and 
amendments. The trial was conducted according to the 
Declaration of Helsinki and International Conference on 
Harmonisation Guidelines for Good Clinical Practice, and 
patients gave written informed consent before enrollment.

Patients

Eligible patients from sites in Spain, the United States, 
and Germany were ≥18 years old; had an AML diagnosis32 
or had high- risk or very- high–risk MDS;33 had r/r disease; 
were ineligible for or had exhausted standard therapeu-
tic options; and had an Eastern Cooperative Oncology 
Group Performance Status (ECOG- PS) score of 0 or 1 (full 
eligibility criteria; Table S2). Up to 180 evaluable patients 
were planned to be treated across dose- escalation and 
dose- expansion.

Assessments

RP2D, administration route, schedule, and MTD of JNJ- 
67571244 (primary objective) were to be determined 
during dose- escalation by evaluating dose- limiting tox-
icity (DLT) and adverse event (AE) incidence, type, and 
severity. JNJ- 67571244 safety was assessed by physical 
examination and AE monitoring. CRS, IRR, and ICANS 
were AEs of special interest. Neurotoxicity was a report-
ing term but was considered ICANS. AEs were reported 
from time of informed consent through Day 100 after last 
JNJ- 67571244 dose or until start of subsequent anticancer 
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therapy, if earlier. AE relationship to JNJ- 67571244 was 
determined by investigators. AEs were considered related 
if definitely, probably, or possibly associated with JNJ- 
67571244 or if JNJ- 67571244 contribution could not be 
excluded. Immunogenicity was assessed by detecting anti- 
drug antibodies (ADAs). Cytokine levels were measured 
to monitor CRS; inform on safety, dose, and/or schedule 
selection; and investigate JNJ- 67571244 activity.

Evaluation of JNJ- 67571244 preliminary clinical 
activity was based on investigator- assessed disease re-
sponse using modified European LeukemiaNet 2017 rec-
ommendations for AML34 and modified International 
Working Group response criteria (2016) for MDS.35 Serum 
JNJ- 67571244 concentrations, pharmacokinetic param-
eters, and pharmacodynamic markers (e.g., systemic 
cytokine concentrations, T- cell activation markers, CD33- 
expressing cell depletion) were used to evaluate systemic 
JNJ- 67571244 pharmacokinetics/pharmacodynamics. 
Planned but not conducted exploratory endpoints are in 
the Supplementary Material S1.

Sampling and pharmacokinetic/
pharmacodynamic assessments

Venous blood samples were collected to measure serum 
JNJ- 67571244 concentrations, ADAs, and cytokines during 
step- up and full- treatment- dose levels or at times of sus-
pected AEs. A validated electrochemiluminescence- based 
assay was used to measure JNJ- 67571244 levels (lower 
limit of quantification, 1.20000 ng/mL). Pharmacokinetic 
parameters included time- to- peak drug concentration 
(tmax), elimination half- life (t1/2), area under the concen-
tration (AUC)–time curve, minimal drug concentration 
(Cmin), maximum drug concentration (Cmax), and average 
drug concentration at steady state (Css,av). ADAs were de-
tected using an electrochemiluminescence immunoassay 
format on the Meso Scale Discovery platform. Acid dis-
sociation was followed by neutralization with biotin and 
ruthenium- labeled JNJ- 67571244, and the complex was 
captured on a streptavidin- coated 96- well plate. Cytokines 
were assessed using a 10- plex, Meso Scale Discovery- based 
assay. Blood and bone marrow samples were collected to 
evaluate baseline features and pharmacodynamic changes 
after treatment, including CD33 expression and T- cell ac-
tivation using flow cytometry.

Statistical analyses

No formal statistical hypothesis testing was conducted. 
Dose- escalation was guided by the modified contin-
ual reassessment method based on a Bayesian logistic 

regression model (BLRM) using the full- treatment dose 
with escalation with overdose control (EWOC) principle 
along with review of available data, including (but not 
limited to) safety, pharmacokinetics/pharmacodynamics, 
and activity, before advancing to the next higher IV or SC 
dose- escalation cohort. Handling of inadequate, missing, 
and calculated data, and data deviations, is described in 
the Supplementary Material S1.

Data were summarized using descriptive statistics by 
dose level and administration route. Median overall sur-
vival (OS) was estimated using the Kaplan–Meier method. 
Mean and individual serum JNJ- 67571244 concentration–
time profiles were displayed graphically. Incidence and 
maximum ADA titers were summarized for patients who 
received ≥1 JNJ- 67571244 dose and had ≥1 post- first- dose 
sample. Swimmer plots show JNJ- 67571244 exposure and 
best single- observed treatment response (best timepoint 
response [BTR] regardless of response duration). Waterfall 
plots show best change in bone marrow blasts from base-
line and corresponding BTR for each patient. BTR and 
overall response (OR) were evaluated to summarize re-
sponses for each disease. AEs were summarized by system 
organ class, preferred term, worst grade experienced, dose 
level, and administration route.

RESULTS

Patient treatment and baseline 
characteristics

Among 107 screened patients, 39 (36.4%) were excluded 
(Table  S3), and 68 were enrolled in the dose- escalation 
phase (Table S1). Overall, 56 (82.4%) patients had AML, 
and 12 (17.6%) had high- risk or very- high- risk MDS 
(Table  1). Median (range) patient age was 66.0 (21–83) 
years; most patients were White (89.7%) and non- Hispanic 
(86.8%); and more than half (55.9%) were male. Baseline 
ECOG- PS score was 0 (24 [35.3%]) or 1 (44 [64.7%]). 
Among 50 patients (73.5% [AML, 43 (86.0%); MDS, 7 
(14.0%)]) with baseline mutation results, 39 (78.0% [AML, 
32 (74.4%); MDS, 7 (100.0%)]) had a mutation(s) or chro-
mosomal alteration(s). Baseline mean (standard deviation 
[SD]) bone marrow blast percentage was 34.9% (27.9%). 
Patients had received a median of 3.00 (range, 1.0–10.0) 
prior lines of therapy; primary refractory disease at base-
line was reported for 34 (50%) patients; and previous 
HSCT was documented for 22 (32.3%) patients.

All 68 patients received ≥1 JNJ- 67571244 dose (twice- 
weekly IV, 56 [82.4%]; once- weekly SC, 12 [17.6%]) and 
received ≥1 pre- dose medication per protocol for IRR pro-
phylaxis. Step- up doses were initiated after IV1 (Table S1). 
Observed toxicity prevented a more rapid ramp- up to first 
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T A B L E  1  Patient demographics and baseline characteristics (all- treated population).

Study population characteristics

JNJ-67571244

Twice- weekly IV Once- weekly SC Overall

Patients, n 56 12 68

Age (years), n (%)

Mean (SD) 62.6 (14.21) 65.8 (19.77) 63.2 (15.21)

Median (range) 64.5 (24–83) 73.0 (21–80) 66.0 (21–83)

18–25 2 (3.6) 1 (8.3) 3 (4.4)

26–50 10 (17.9) 1 (8.3) 11 (16.2)

51–64 16 (28.6) 1 (8.3) 17 (25.0)

≥65 28 (50.0) 9 (75.0) 37 (54.4)

Sex, n (%)

Female 24 (42.9) 6 (50.0) 30 (44.1)

Male 32 (57.1) 6 (50.0) 38 (55.9)

Race, n (%)

White 51 (91.1) 10 (83.3) 61 (89.7)

Asian 2 (3.6) 0 (0.0) 2 (2.9)

American Indian/Alaskan Native 0 (0.0) 1 (8.3) 1 (1.5)

Other 1 (1.8) 0 (0.0) 1 (1.5)

Not reported 2 (3.6) 1 (8.3) 3 (4.4)

Ethnicity, n (%)

Non- Hispanic 48 (85.7) 11 (91.7) 59 (86.8)

Hispanic 7 (12.5) 1 (8.3) 8 (11.8)

Not reported 1 (1.8) 0 (0.0) 1 (1.5)

Country, n (%)

Spain 28 (50.0) 7 (41.7) 35 (51.5)

United States 24 (42.9) 5 (41.7) 29 (42.6)

Germany 4 (7.1) 0 (0.0) 4 (5.9)

Diagnosis, n (%)

AML 48 (85.7) 8 (66.7) 56 (82.4)

Primary 25 (44.6) 4 (33.3) 29 (42.6)

Secondary 23 (41.1) 4 (33.3) 27 (39.7)

With recurrent genetic abnormalities 5 (10.4) 1 (12.5) 6 (10.7)

TP53 assessed 38 (79.2) 8 (100.0) 46 (82.1)

Mutated TP53 4 (10.5) 2 (25.0) 6 (13.0)

With myelodysplasia- related changesa 17 (35.4) 5 (62.5) 22 (39.3)

Therapy- related 6 (12.5) 0 (0.0) 6 (10.7)

Prior MDS or MPN 18 (37.5) 3 (37.5) 21 (37.5)

Primary refractory disease 27 (56.3) 5 (62.5) 32 (57.1)

MDS 8 (14.3) 4 (33.3) 12 (17.6)

With a very high IPSS- R score 3 (37.5) 1 (25.0) 4 (33.3)

TP53 assessed 1 (12.5) 1 (25.0) 2 (16.7)

Mutated TP53 1 (100.0) 1 (100.0) 2 (100.0)

Primary refractory disease 2 (25.0) 0 (0.0) 2 (16.7)

Primary refractory disease, n (%) 29 (51.8) 5 (41.7) 34 (50.0)

(Continues)
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Study population characteristics

JNJ-67571244

Twice- weekly IV Once- weekly SC Overall

Number of lines of prior therapy, n (%)

1 12 (21.4) 4 (33.3) 16 (23.5)

2 11 (19.6) 3 (25.0) 14 (20.6)

3 8 (14.3) 3 (25.0) 11 (16.2)

4 12 (21.4) 0 (0.0) 12 (17.6)

5 9 (16.1) 1 (8.3) 10 (14.7)

≥6 4 (7.1) 1 (8.3) 5 (7.4)

Mean (SD) 3.20 (1.813) 2.50 (1.624) 3.07 (1.790)

Median (range) 3.00 (1.0–10.0) 2.00 (1.0–6.0) 3.00 (1.0–10.0)

Prior HSCT, n (%)

Yes 20 (35.7) 2 (16.7) 22 (32.3)

Allogeneic HSCT 18 (32.1) 2 (16.7) 20 (29.4)

≥2 allogeneic HSCTs 4 (7.1) 0 (0.0) 4 (5.9)

Autologous HSCT 1 (1.8) 0 (0.0) 1 (1.5)

Autologous HSCT/allogeneic HSCT 1 (1.8) 0 (0.0) 1 (1.5)

No 36 (64.3) 10 (83.3) 46 (67.6)

Prior systemic therapy, n (%)b,c

Azacitidine 24 (42.9) 5 (41.7) 29 (42.6)

Azacitidine, venetoclax 20 (35.7) 1 (8.3) 21 (30.9)

Cytarabine, idarubicin 15 (26.8) 1 (8.3) 16 (23.5)

Decitabine, venetoclax 5 (8.9) 3 (25.0) 8 (11.8)

Cytarabine, daunorubicin 6 (10.7) 1 (8.3) 7 (10.3)

Cytarabine 6 (10.7) 0 (0.0) 6 (8.8)

Decitabine 4 (7.1) 2 (16.7) 6 (8.8)

Cytarabine, fludarabine, granulocyte colony- 
stimulating factor, idarubicin

5 (8.9) 0 (0.0) 5 (7.4)

Investigational antineoplastic drugs 5 (8.9) 0 (0.0) 5 (7.4)

Busulfan, fludarabine 4 (7.1) 0 (0.0) 4 (5.9)

Cytarabine, fludarabine 4 (7.1) 0 (0.0) 4 (5.9)

Cytarabine, mitoxantrone 4 (7.1) 0 (0.0) 4 (5.9)

Investigational drug 3 (5.4) 1 (8.3) 4 (5.9)

Lenalidomide 2 (3.6) 1 (8.3) 3 (4.4)

Other antineoplastic agents 2 (3.6) 1 (8.3) 3 (4.4)

Cyclophosphamide, fludarabine 1 (1.8) 1 (8.3) 2 (2.9)

Cytarabine, etoposide, mitoxantrone 2 (3.6) 0 (0.0) 2 (2.9)

Cytarabine, fludarabine, idarubicin 2 (3.6) 0 (0.0) 2 (2.9)

Cytarabine, idarubicin, midostaurin 2 (3.6) 0 (0.0) 2 (2.9)

Cytarabine, venetoclax 1 (1.8) 1 (8.3) 2 (2.9)

Decitabine, investigational drug 1 (1.8) 1 (8.3) 2 (2.9)

Gilteritinib 2 (3.6) 0 (0.0) 2 (2.9)

Midostaurin 2 (3.6) 0 (0.0) 2 (2.9)

ECOG performance status, n (%)

0 20 (35.7) 4 (33.3) 24 (35.3)

1 36 (64.3) 8 (66.7) 44 (64.7)

T A B L E  1  (Continued)
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full- treatment dose such that, starting with IV5, all cohorts 
required a 2- week ramp- up before the first full- treatment 
dose. Mean (SD) and median (range) treatment duration 
was 48.6 (50.8) and 34.5 (1–344) days, respectively; median 
dose intensity was 1.33 (0.06–8.7) μg/kg/day; and median 
study duration was 101 (14–778) days (IV, 125 days; SC, 
59 days).

All 68 patients discontinued treatment, most commonly 
for PD (35 [51.5%]), physician's decision (13 [19.1%]), and 
AEs (12 [17.6%]). Overall, 17 (25.0%) patients received a 
subsequent anticancer therapy within 100 days after last 
JNJ- 67571244 dose; 27 (39.7%) died within 100 days after 
last JNJ- 67571244 dose with no subsequent systemic anti-
cancer therapy; 12 (17.6%) completed the 100- day safety fol-
low- up with no subsequent anticancer therapy during that 
time; 8 (11.9%) withdrew; and 4 (5.9%) had a trial disposition 

reason of completed, though duration was <100 days after 
last JNJ- 67571244 dose. Patients able to receive subsequent 
systemic treatments are shown in Table S4. Major protocol 
deviations were reported in 13 patients (19.1%): 7 (10.3%) 
received wrong treatment or incorrect dose, and 6 (8.8%) 
had other reasons that included missed assessments, omit-
ted premedication, and dosing before sufficient improve-
ment of liver laboratory elevations.

Safety

Eleven (16.2%) patients experienced ≥1 DLT, including 
gamma- glutamyl transferase (GGT) increased (3 [4.4%]), 
ICANS (2 [2.9%]), alanine aminotransferase (ALT) in-
creased, aspartate aminotransferase (AST) increased, 

Study population characteristics

JNJ-67571244

Twice- weekly IV Once- weekly SC Overall

Weight (kg)

Mean (SD) 75.6 (17.52) 76.5 (19.6) 75.74 (17.76)

Median (range) 71.9 (41.3–116.5) 68.10 (59.0–114.7) 71.6 (41.3–116.5)

Bone marrow blasts at baseline, %

Patients, n 53 11 64

Mean (SD) 35.13 (28.0) 33.9 (28.6) 34.9 (27.9)

Median 29.3 (0.0–100.0) 30.0 (2.0–90.0) 29.7 (0.0–100.0)

Bone marrow CD33 expression: receptors per cell at baseline (MESF)

Patients, n 45 9 54

Mean (SD) 4162.9 (3672.3) 5609.0 (5575.7) 4403.9 (4023.0)

Median 3065.0 2521.0 2918.0

Range (434.0–16,956.0) (813.0–16,400.0) (434.0–16,956.0)

Bone marrow CD33 expression: blasts that expressed CD33 at baseline (fraction of total nucleated cells), %

Patients, n 45 9 54

Mean (SD) 16.7 (2.3) 14.0 (22.9) 16.3 (21.4)

Median 6.5 (0.0–8.9) 1.7 (0.5–5.9) 5.9 (0.0–8.9)

Baseline cytopenia Grade ≥3, n (%)

Anemia 20 (35.7) 4 (33.3) 24 (35.3)

Neutropenia 36 (64.3) 8 (66.7) 44 (64.7)

Thrombocytopenia 37 (66.1) 9 (75.0) 46 (67.6)

Note: Percentages were calculated with the number of patients in each group with available data as the denominator. The n- values for each parameter reflect 
non- missing values.
Twice- weekly intravenous (IV) cohorts included dose levels: 0.2 μg/kg, 0.2 then 0.63 μg/kg, 0.2/0.63 then 2 μg/kg, 0.2/0.63/2 then 6.3 μg/kg, 0.2/0.63/2/6.3 then 
12.6 μg/kg, 0.63/2/6.3/12.6 then 18.9 μg/kg, 2/9/18.9 then 37.5 μg/kg, 2/18.9 then 37.5 μg/kg, and once- weekly subcutaneous (SC) cohorts included dose levels: 
0.63/2 then 6.3 μg/kg, 2/6.3 then 12.6 μg/kg.
Abbreviations: AML, acute myeloid leukemia; CD, cluster of differentiation; ECOG, Eastern Cooperative Oncology Group performance status; ELN, European 
LeukemiaNet (for patients with AML); HSCT, hematopoietic stem cell transplantation; IPSS- R, International Prognostic Scoring System (for patients with 
MDS); IV, intravenous; MDS, myelodysplastic syndrome; MESF, molecular equivalent of soluble fluorochrome; SC, subcutaneous; SD, standard deviation.
aIncludes gene mutations or cytogenetic abnormalities.
bPatients may have had ≥1 prior systemic therapy.
cOnly ≥2 prior systemic therapies are presented.

T A B L E  1  (Continued)
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8 of 18 |   NARAYAN et al.

acute myocardial infarction, pericardial effusion, CRS, 
hypersensitivity, posterior reversible encephalopathy syn-
drome, drug- induced liver injury, and hypoxia (1 [1.5%] 
each; Table 2). Most DLTs were recovered/resolved or re-
covering by study end.

All patients experienced ≥1 TEAE  (Supplementary 
Material S2), with 60 (88.2%) experiencing TEAEs con-
sidered treatment related by investigators (Table  3). 
Hepatotoxicity was a recurrent safety signal (Table  S5) 
without clear dose dependency, and no predictive factors 
in patients' baseline laboratory results, HSCT status, or 
medical history were identified as associated with its devel-
opment. Overall, 64 (94.1%) patients experienced ≥1 TEAE 
of Grade ≥3 toxicity, with 28 (41.2%) having ≥1 Grade ≥3 
TEAE considered treatment related (Table  2). Serious 
TEAEs were reported for 48 (70.6%) patients, 20 (29.4%) of 
which were deemed treatment related (Table 3).

Forty- three (63.2%) patients experienced ≥1 TEAE of 
special interest, primarily Grade 1 or 2 severity. Grade ≥1 
CRS occurred in 29 (42.6%) patients (IV, 18 [32.1%]; SC, 11 
[91.7%]). Grade ≥1 IRR occurred in 23 (33.8%) patients, all of 
whom received JNJ- 67571244- IV. Grade ≥1 ICANS occurred 
in 5 (7.4%) patients, 2 (3.6%) who received JNJ- 67571244- IV 
and 3 (25.0%) who received JNJ- 67571244- SC. Median 
(range) time to first CRS (Grade ≥2), IRR (Grade ≥2), and 
ICANS (Grade ≥1) was 10.5 (1–41), 15.0 (4–74), and 24.0 
(3–28) days, and median duration of each was 2.0 (1–6), 1.0 
(1–3), and 8.0 (2–9) days, respectively (Table S6). When indi-
cated, tocilizumab rapidly improved CRS symptoms.

Thirty- four (50.0%) and 14 (20.6%) patients had TEAEs 
leading to dose interruption and dose reduction, respec-
tively. Except ALT increased (5 [7.4%] patients), TEAEs 
leading to dose reduction were reported in <5% of the over-
all population. TEAEs led to treatment discontinuation in 
15 (22.1%) patients, including 9 (13.2%) who discontinued 
for treatment- related TEAEs (Table  3). Most common 
TEAEs leading to discontinuation were treatment- related 
CRS (4 [5.9%]) and disease- related general physical health 
deterioration (2 [2.9%]).

Among 48 (70.6%) patients with reported death events 
(Table  S7), 1 (1.5%) fatal AE of cardiac arrest was con-
sidered treatment related. Thirty (44.1%) patients died 
because of PD: 11 (16.2%) in the 30 days following the 
last JNJ- 67571244 dose, 9 (13.2%) between Days 31–100 
after last dose, and 10 (14.7%) >100 days after last dose. 
Fifteen (22.1%) patients died from an AE: 11 (16.2%) in 
the 30 days following the last JNJ- 67571244 dose and 4 
(5.9%) between Days 31–100 after last dose. Three patients 
(4.4%) died from other causes >100 days after last dose, 
including 1 patient (1.5%) each from COVID- 19, graft- 
versus- host disease, and an unknown cause. Notably, 19 
patients died after starting the next subsequent antican-
cer therapy.

No specific persistent changes in vital signs and physi-
cal examination findings suggestive of clinically meaning-
ful changes from baseline were observed (Supplementary 
Material S1).

Immunogenicity

Among 63 treated patients evaluable for immunogenicity 
testing, 4 (6.3%) were ADA- positive. Incidence of ADA 
positivity was not dose related, and the proportion of 
ADA- positive patients was similar between IV (5.9%) and 
SC (8.3%) administration (Table S8).

Efficacy

Median OS was 4.1 months for AML and 5.7 months for 
MDS (Figure  1a). No patient had an OR greater than 
stable disease (SD), thus the OR rate was 0.0%. Overall, 
52 patients (AML, 44; MDS, 8) had ≥1 disease- response 
assessment in which a treatment response could be as-
signed. For AML, 24 of 56 (42.9%) patients had a BTR of SD 
(Figure 1b), but only 3 (5.4%) met the minimum 3- month 
duration to count as SD for best overall response. For 
MDS, 3 of 12 (25.0%) patients had a BTR of SD (Figure 1b); 
however, only 1 (8.3%) met the minimum 8- week dura-
tion to count as SD for best overall response. One patient 
with MDS (IV7) had a bone marrow complete response 
at first post- baseline disease evaluation but then had PD 
at the next evaluation and did not meet the minimum 4- 
week duration to count as a response. Twenty- seven of 56 
(48.2%) patients with AML and 5 of 12 (41.7%) with MDS 
had PD as their best overall response, and 20 of 56 (35.7%) 
patients with AML and 4 of 12 (33.3%) with MDS had PD 
as their BTR. Overall, 14 patients (AML, 10; MDS, 4) dis-
continued before any disease evaluation, and 2 patients 
with AML had a non- evaluable disease assessment.

No specific trends in mean bone marrow blast changes 
were observed in any cohort (Figure  2). Although some 
transient reductions were observed, decreases for most pa-
tients were minor and not sustained.

Pharmacokinetics

After the first full- treatment JNJ- 67571244- IV twice- weekly 
dose (following step- up doses), maximum mean concentra-
tions were observed between end of flush (EOF) and 6 h 
post- EOF, then concentrations steadily declined in parallel 
for all dose levels (Figure S1). Median tmax (range, 5.0–8.5 h) 
after EOF and mean t1/2 (range, 63.7–100.2 h) were similar 
for all dose levels, and peak concentrations and AUC–time 
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   | 9 of 18FIH STUDY OF JNJ- 67571244 (anti- CD33×CD3)

T A B L E  2  Treatment- emergent adverse events of Grade ≥3 toxicity considered related to study therapy and dose- limiting toxicities by 
system organ class preferred term (all- treated population).

Dose- limiting toxicities

JNJ-67571244

Twice- weekly IV Once- weekly SC Overall

Patients, n 56 12 68

Patients with ≥1 DLT, n (%) 8 (14.3) 3 (25.0) 11 (16.2)

Investigations, n (%) 5 (8.9) 0 (0.0) 5 (7.4)

GGT increased 3 (5.4) 0 (0.0) 3 (4.4)

ALT increased 1 (1.8) 0 (0.0) 1 (1.5)

AST increased 1 (1.8) 0 (0.0) 1 (1.5)

Cardiac disorders, n (%) 0 (0.0) 2 (16.7) 2 (2.9)

Acute myocardial infarction 0 (0.0) 1 (8.3) 1 (1.5)

Pericardial effusion 0 (0.0) 1 (8.3) 1 (1.5)

Immune system disorders, n (%) 2 (3.6) 0 (0.0) 2 (2.9)

Cytokine release syndrome 1 (1.8) 0 (0.0) 1 (1.5)

Hypersensitivity 1 (1.8) 0 (0.0) 1 (1.5)

Nervous system disorders, n (%) 1 (1.8) 1 (8.3) 2 (2.9)

Immune effector cell- associated neurotoxicity syndrome 1 (1.8) 1 (8.3) 2 (2.9)

Posterior reversible encephalopathy syndrome 0 (0.0) 1 (8.3) 1 (1.5)

Hepatobiliary disorders, n (%) 1 (1.8) 0 (0.0) 1 (1.5)

Drug- induced liver injury 1 (1.8) 0 (0.0) 1 (1.5)

Respiratory, thoracic, and mediastinal disorders, n (%) 1 (1.8) 0 (0.0) 1 (1.5)

Hypoxia 1 (1.8) 0 (0.0) 1 (1.5)

TEAEs of Grade ≥ 3 toxicity considered related to study therapy

Patients, n 56 12 68

Patients with ≥1 treatment- related Grade ≥ 3 TEAE, n (%) 20 (35.7) 8 (66.7) 28 (41.2)

Investigations, n (%) 14 (25.0) 3 (25.0) 17 (25.0)

GGT increased 9 (16.1) 2 (16.7) 11 (16.2)

ALT increased 7 (12.5) 2 (16.7) 9 (13.2)

AST increased 8 (14.3) 1 (8.3) 9 (13.2)

Blood fibrinogen decreased 1 (1.8) 0 (0.0) 1 (1.5)

Blood and lymphatic system disorders, n (%) 6 (10.7) 4 (33.3) 10 (14.7)

Neutropenia 4 (7.1) 2 (16.7) 6 (8.8)

Thrombocytopenia 2 (3.6) 3 (25.0) 5 (7.4)

Anemia 3 (5.4) 0 (0.0) 3 (4.4)

Leukopenia 1 (1.8) 0 (0.0) 1 (1.5)

Cardiac disorders, n (%) 2 (3.6) 2 (16.7) 4 (5.9)

Acute myocardial infarction 0 (0.0) 1 (8.3) 1 (1.5)

Cardiac arrest 1 (1.8) 0 (0.0) 1 (1.5)

Myocarditis 1 (1.8) 0 (0.0) 1 (1.5)

Pericardial effusion 0 (0.0) 1 (8.3) 1 (1.5)

Immune system disorders, n (%) 7 (12.5) 1 (8.3) 8 (11.8)

Cytokine release syndrome 6 (10.7) 1 (8.3) 7 (10.3)

Hypersensitivity 1 (1.8) 0 (0.0) 1 (1.5)

Nervous system disorders, n (%) 1 (1.8) 1 (8.3) 2 (2.9)

Immune effector cell- associated neurotoxicity syndromea 1 (1.8) 1 (8.3) 2 (2.9)

Posterior reversible encephalopathy syndrome 0 (0.0) 1 (8.3) 1 (1.5)

(Continues)
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10 of 18 |   NARAYAN et al.

curve increased with dose level. Mean Cmin was similar for 
all dose levels, and mean Cmax and Css,av increased with dose. 
At the three highest dose levels (12.6, 18.9, and 37.5 μg/kg), 
steady state was reached after the ninth full- treatment dose. 
Mean concentrations plateaued between EOF and 24 h post- 
EOF, and increased with dose level.

After the first full- treatment JNJ- 67571244- SC 
weekly dose, mean Cmax increased until the next dose 
(Figure  S1). After the fifth full- treatment dose, steady 
state was reached and concentrations subsequently re-
mained stable. Cmax after Dose 5 and AUC after Dose 
1 following SC administration (6.3 μg/kg) were approx-
imately one- third and one- half of values for the same 
first full- treatment dose after IV administration, respec-
tively. Mean Css.av was similar for all IV and all SC dose 
levels, except for a higher mean Css.av with the IV 37.5- 
μg/kg dose level (with 2/9/18.9- μg/kg step- up doses). 
These data suggest dose- related accumulation of JNJ- 
67571244- IV with repeated administration, with steady 
state reached within 14–21 days.

Pharmacodynamics

Multiple cytokines, including interferon gamma (IFN- γ) 
(Figure  3a–c), interleukin (IL)- 2 receptor α, IL- 6, IL- 8, 
IL- 10, and tumor necrosis factor (TNF)- α, were increased 
with JNJ-67571244- IV and JNJ-67571244- SC. Generally, 
JNJ-67571244- SC resulted in less cytokine production 
than JNJ-67571244- IV. Elevated cytokine levels coincided 

with incidence of CRS (IFN- γ, IL- 6, IL- 8, IL- 10, and TNF- 
α), IRR (IFN- γ, IL- 6, IL- 8, IL- 10, and TNF- α), and elevated 
liver function tests (LFTs; IFN-γ, IL- 6, IL- 10, and TNF- α). 
Step- up dosing did not mitigate cytokine production; peak 
levels generally were observed with last step- up or at full- 
treatment dose.

Consistent with the hypothesized mechanism of action 
of JNJ-67571244, T- cell activation occurred in bone mar-
row (Figure 4a) and periphery as indicated by increased 
CD38- positive/CD8- positive and CD25- positive/CD8- 
positive T- cells. CD38- positive/CD8- positive T- cell in-
creases were comparable in bone marrow and periphery, 
while increases were more robust in the periphery than 
bone marrow for CD25- positive/CD8- positive T- cells. 
Peripheral T- cell activation occurred transiently over the 
first DLT period. A range of 434–16,956 CD33 receptors 
per leukemic blast cell was observed across patients at 
baseline (Table 1). Similar to T- cell activation, some CD33- 
positive and total blast reductions were observed in bone 
marrow (Figure 4b) and periphery, though decreases were 
minor and not sustained.

DISCUSSION

CD33 is a validated therapeutic target in AML. While 
various BsAbs, trispecific antibodies, antibody–drug 
conjugates, and chimeric antigen receptor T- cell ap-
proaches targeting CD33 or CD123 have been studied 
for myeloid neoplasms, clinical efficacy has been limited 

Dose- limiting toxicities

JNJ-67571244

Twice- weekly IV Once- weekly SC Overall

Hepatobiliary disorders, n (%) 1 (1.8) 1 (8.3) 2 (2.9)

Drug- induced liver injury 1 (1.8) 1 (8.3) 2 (2.9)

Metabolism and nutrition disorders 1 (1.8) 0 (0.0) 1 (1.5)

Hypophosphatemia 1 (1.8) 0 (0.0) 1 (1.5)

Respiratory, thoracic, and mediastinal disorders, n (%) 1 (1.8) 1 (8.3) 2 (2.9)

Hypoxia 1 (1.8) 1 (8.3) 2 (2.9)

Abbreviations: AE, adverse event; ALT, alanine aminotransferase; AST, aspartate aminotransferase; DLT, dose- limiting toxicity; GGT, gamma- 
glutamyltransferase; IV, intravenous; MedDRA®, Medical Dictionary for Regulatory Activities; SC, subcutaneous; TEAE, treatment- emergent adverse event.
Twice- weekly intravenous (IV) cohorts included dose levels: 0.2 μg/kg, 0.2 then 0.63 μg/kg, 0.2/0.63 then 2 μg/kg, 0.2/0.63/2 then 6.3 μg/kg, 0.2/0.63/2/6.3 then 
12.6 μg/kg, 0.63/2/6.3/12.6 then 18.9 μg/kg, 2/9/18.9 then 37.5 μg/kg, 2/18.9 then 37.5 μg/kg, and once- weekly subcutaneous (SC) cohorts included dose levels: 
0.63/2 then 6.3 μg/kg, 2/6.3 then 12.6 μg/kg.
Patients were counted only once for any given event, regardless of the number of times they actually experienced the event. The event experienced by the 
patient with the worst toxicity was used.
Symptoms of cytokine release syndrome, infusion- related reactions, and immune effector cell- associated neurotoxicity syndrome were excluded from 
tabulations.
aNeurotoxicity was the MedDRA® term used for reporting throughout the trial; however, these events were considered immune effector cell- associated 
neurotoxicity syndrome.

T A B L E  2  (Continued)
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   | 11 of 18FIH STUDY OF JNJ- 67571244 (anti- CD33×CD3)

compared with similar targeted approaches in B- ALL.37 
Low CD33- surface- expression and CD33- internalization 
rates may impact antibody–drug conjugate efficacy,38 

and the abnormal bone marrow niche is implicated in 
suboptimal immunotherapy responses in AML39 and 
MDS.40 Recently, development of two CD3 × CD33 

T A B L E  3  Summary of treatment- emergent adverse eventsa (all- treated population).

JNJ-67571244

Twice- weekly IV Once- weekly SC Overall

Patients, n 56 12 68

Patients with ≥1 TEAE, n (%) 56 (100.0) 12 (100.0) 68 (100.0)

TEAEs, n (%) 56 (100.0) 12 (100.0) 68 (100.0)

Relatedb TEAEs 48 (85.7) 12 (100.0) 60 (88.2)

TEAEs leading to death,c n (%) 22 (39.3) 6 (50.0) 28 (41.2)

Related TEAEs leading to deathc 1 (1.8) 0 (0.0) 1 (1.5)

Serious TEAEs, n (%) 41 (73.2) 7 (58.3) 48 (70.6)

Related serious TEAEs 16 (28.6) 4 (33.3) 20 (29.4)

Maximum severity of any TEAE, n (%)

Grade 1 1 (1.8) 0 (0.0) 1 (1.5)

Grade 2 3 (5.4) 0 (0.0) 3 (4.4)

Grade 3 11 (19.6) 0 (0.0) 11 (16.2)

Grade 4 19 (33.9) 6 (50.0) 25 (36.8)

Grade 5 22 (39.3) 6 (50.0) 28 (41.2)

TEAEs leading to study drug discontinuation,d n (%) 10 (17.9) 5 (41.7) 15 (22.1)

Related TEAEs leading to study drug discontinuationd 5 (8.9) 4 (33.3) 9 (13.2)

Any dose- limiting toxicity TEAE 8 (14.3) 3 (25.0) 11 (16.2)

Any CRS TEAE 18 (32.1) 11 (91.7) 29 (42.6)

Serious 10 (17.9) 4 (33.3) 14 (20.6)

IRR TEAE, n (%) 23 (41.1) 0 (0.0) 23 (33.8)

Serious 4 (7.1) 0 (0.0) 4 (5.9)

Any ICANSe TEAE, n (%) 2 (3.6) 3 (25.0) 5 (7.4)

Serious 1 (1.8) 2 (16.7) 3 (4.4)

Maximum severity of related TEAE, n (%)

Grade 1 or 2 28 (50.0) 4 (33.3) 32 (47.1)

Grade ≥ 3 20 (35.7) 8 (66.7) 28 (41.2)

COVID- 19 associated TEAEsf, n (%) 4 (7.1) 0 (0.0) 4 (5.9)

Serious TEAEsf 3 (5.4) 0 (0.0) 3 (4.4)

Non- serious TEAEsf 1 (1.8) 0 (0.0) 1 (1.5)

Note: Symptoms of CRS, IRR, and ICANS were excluded from tabulations.
Twice- weekly intravenous (IV) cohorts included dose levels: 0.2 μg/kg, 0.2 then 0.63 μg/kg, 0.2/0.63 then 2 μg/kg, 0.2/0.63/2 then 6.3 μg/kg, 0.2/0.63/2/6.3 then 
12.6 μg/kg, 0.63/2/6.3/12.6 then 18.9 μg/kg, 2/9/18.9 then 37.5 μg/kg, 2/18.9 then 37.5 μg/kg, and once- weekly subcutaneous (SC) cohorts included dose levels: 
0.63/2 then 6.3 μg/kg, 2/6.3 then 12.6 μg/kg.
Abbreviations: AE, adverse event; CRS, cytokine release syndrome; ICANS, immune effector cell- associated neurotoxicity syndrome; IRR, infusion- related 
reaction; IV, intravenous; MedDRA®, Medical Dictionary for Regulatory Activities; SC, subcutaneous; TEAE, treatment- emergent AE.
aAE severity was determined using National Cancer Institute Common Terminology Criteria for AEs (Version 5.0) and was reported using Medical Dictionary 
for Regulatory Activities (Version 24.1).
bAssessed by investigators as related to study therapy.
cBased on AE outcome of fatal.
dBased on action taken of drug withdrawal.
eNeurotoxicity was the MedDRA® term used for reporting throughout the trial; however, these events were considered immune effector cell- associated 
neurotoxicity syndrome.
fBased on events that coded to a COVID- 19 MedDRA® term.

 17528062, 2024, 3, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.13742 by H

ospital U
niversitari V

all, W
iley O

nline L
ibrary on [04/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



12 of 18 |   NARAYAN et al.

BsAbs, AMG330 and AMG673, was halted.41 The novel 
CD3 × CD33 BsAb, JNJ- 67571244, demonstrated prom-
ising preclinical activity,31 and its safety and prelimi-
nary efficacy in patients with r/rAML or r/rMDS were 
evaluated in the present study.

JNJ- 67571244 was administered IV or SC with step- up 
doses before reaching full- treatment dose. Toxicities such 
as CRS and LFT elevations, and persistent injection- site 
reactions with SC dosing, necessitated dose interruptions, 
repeated step- up doses, and longer- than- planned step- up 

periods for many patients. Ultimately, 19 of 68 (27.9%; AML, 
17/56 [30.3%]; MDS, 2/12 [16.7%]) treated patients did not 
receive full- treatment doses. AEs limited dose- escalation, 
and JNJ- 67571244 exposure remained well below esti-
mated efficacious dose exposures based on the ex  vivo 
half- maximal, effective- concentration value. Escalation to 
doses providing optimal pharmacokinetic exposure based 
on preclinical efficacy models was not feasible with IV or 
SC administration. Ultimately, minimal clinical activity 
was observed, and no responses were reported.

F I G U R E  1  Efficacy findings: (a) Kaplan–Meier plot for overall survival (all- treated population) and (b) swimming- lane plot of treatment 
exposure and best disease timepoint response (JNJ- 67571244- IV and JNJ- 67571244- SC) (all- treated population); IV1, 0.2 μg/kg twice- weekly 
IV; IV2, 0.2 then 0.63 μg/kg twice- weekly IV; IV3, 0.2/0.63 then 2 μg/kg twice- weekly IV; IV4, 0.2/0.63/2 then 6.3 μg/kg twice- weekly IV; IV5, 
0.2/0.63/2/6.3 then 12.6 μg/kg twice- weekly IV; IV6, 0.63/2/6.3/12.6 then 18.9 μg/kg twice- weekly IV; IV7, 2/9/18.9 then 37.5 μg/kg twice- 
weekly IV; IV8, 2/18.9 then 37.5 μg/kg twice- weekly IV; SC1, 0.63/2 then 6.3 μg/kg once- weekly SC; SC2, 2/6.3 then 12.6 μg/kg once- weekly 
SC. Complete response with incomplete recovery and morphologic leukemia- free state were responses for patients with an underlying 
diagnosis of acute myeloid leukemia (AML) and was based upon modified European LeukemiaNet 2017 recommendations.34,36 Marrow 
complete response was a response for patients with an underlying diagnosis of myelodysplastic syndrome and was based upon International 
Working Group guidelines.11,35 Overall, 2 (3.6%) patients with AML (IV3 and IV8) were not evaluable for response. Best timepoint response 
at ≥1 post- baseline disease assessments. Considers only the response values; response confirmation based on the duration of a response was 
not required. AML, acute myeloid leukemia; IV, intravenous, mCR, marrow complete response; MDS, myelodysplastic syndrome; NE, not 
evaluable; PD, progressive disease; SD, stable disease; SC, subcutaneous.
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No disease or patient factors (e.g., age, sex, diagnosis, 
tumor burden, history of HSCT, baseline LFT values) cor-
related with hepatotoxicity. The etiology of LFT elevations 
is unknown, and elevations were not associated with clin-
ical symptoms, except for one patient in IV7 who experi-
enced a DLT of Grade 3 drug- induced liver injury. Within 
24 h, the patient's laboratory values improved and no lon-
ger met Hy's law (Supplementary Material S1). Excluding 
this case, high- grade hepatotoxicity events were limited to 
transient hepatic enzyme elevations without bilirubin ele-
vations. Mitigation efforts such as post- dose steroids (for 
cytokine- mediated transaminitis) and step- up dose adjust-
ments were not successful, and liver biopsies were not avail-
able to evaluate possible mechanism(s). Preclinical studies 
with cynomolgus monkeys demonstrated minimal- to- mild 
elevations in ALT and AST, predominantly after the first 
dose, and liver tissue obtained following the highest tested 
dose (30 mg/kg) demonstrated increased cellularity within 
the sinusoids of the liver and minimal perivascular mono-
nuclear cell infiltrates within the liver. These findings were 
considered related to systemic inflammation induced by 
JNJ- 67571244 rather than direct hepatotoxicity. Findings 
from a CD123 × CD3 BsAb (JNJ- 63709178) study,42 with a 
lower hepatotoxicity event rate and no resultant DLTs, sug-
gest this toxicity was target- mediated.

To potentially improve JNJ- 67571244 safety, SC admin-
istration was studied; however, CRS and LFT elevations 
continued, all patients had injection- site reactions that 
persisted across SC administrations, and three patients 

experienced DLTs. Thus, SC administration was aban-
doned after two dose- escalation cohorts, and administra-
tion reverted to IV administration. Although additional 
IV dose- escalation cohorts were evaluated—reaching a 
maximum dose of 37.5 μg/kg—exposure remained well 
below the estimated efficacious range, with no observed 
responses and few patients achieving SD. T- cell activation 
following treatment suggested target engagement, but no 
correlation with clinical activity was observed.

Attempts of step- up dosing over several weeks al-
lowed some patients to reach full- treatment doses but 
did not eliminate toxicity. The length of time necessary 
to reach full- treatment dose was prohibitive in r/rAML 
and r/rMDS, where disease can progress rapidly. Larger 
increases between step- up doses to shorten time- to- full–
treatment dose led to higher grade CRS and LFT elevations 
(e.g., IV8), and indicators for severe toxicity development 
were not ascertained. Safely reaching the projected expo-
sure level for efficacy in a reasonable timeframe was con-
sidered not feasible. Concurrently, while trying to create 
a safe step- up strategy for patients with repeat doses and 
drug interruptions following toxicity, patients experienced 
rapid disease progression. Recruitment was halted and 
the study was terminated, despite attempts at modifying 
step- up dosing, after evaluating ten dose- escalation co-
horts and before initiating dose- expansion (without deter-
mining MTD or RP2D) based on review of the risk–benefit 
profile of JNJ- 67571244, minimal clinical activity, and in-
ability to reach optimal pharmacokinetic exposures.

F I G U R E  2  Best change in bone marrow blast values from baseline (JNJ- 67571244- IV). IV1, 0.2 μg/kg twice- weekly IV; IV2, 0.2 then 
0.63 μg/kg twice- weekly IV; IV3, 0.2/0.63 then 2 μg/kg twice- weekly IV; IV4, 0.2/0.63/2 then 6.3 μg/kg twice- weekly IV; IV5, 0.2/0.63/2/6.3 
then 12.6 μg/kg twice- weekly IV; IV6, 0.63/2/6.3/12.6 then 18.9 μg/kg twice- weekly IV; IV7, 2/9/18.9 then 37.5 μg/kg twice- weekly IV; IV8, 
2/18.9 then 37.5 μg/kg twice- weekly IV. Best timepoint response at ≥1 post- baseline disease assessments. Considers only the response values; 
response confirmation based on the duration of a response was not required. AML, acute myeloid leukemia; IV, intravenous; mCR, marrow 
complete response; MDS, myelodysplastic syndrome; PD, progressive disease; SD, stable disease.
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Effective, durable AML and MDS therapies remain elu-
sive, particularly for r/r disease. Immunotherapies remain 
a promising strategy theoretically, though disease aggres-
siveness and disease- associated abnormalities in immune 
fitness present implementation challenges. BsAbs require 
a nuanced treatment regimen, often comprising step- up 
dosing intended to prime patients' T- cells and prevent 
an uncontrolled CRS followed by regular, full- treatment 
doses. Treatment is continued until PD for some BsAbs, 
while others use a fixed duration to minimize T- cell ex-
haustion risk. During phase I BsAb studies, step- up and 
full- treatment- dose levels and schedules are evaluated. 
Model- informed drug development, and in particular 
quantitative systems pharmacology, can provide greater in-
sight into predicted efficacious dose levels, particularly in 
the setting of variable disease burdens. Treatments poten-
tially associated with high CRS, IRR, and/or ICANS risks 
may require multiple hospitalizations during schedule- 
finding. For viability, treatments must be effective and 

cannot be overly burdensome. Requiring multiple hos-
pitalizations might unintentionally select patients with 
more aggressive and advanced, heavily pretreated disease. 
While GO remains the only approved CD33- targeting 
agent in AML, ongoing efforts with other CD33- targeting 
investigational agents provide insight into potential thera-
peutic benefit and challenges with this target.

Successful BsAb applications in AML and MDS, par-
ticularly in r/r populations, likely will require a tolera-
ble, rapid, step- up period (preferably <2 weeks) to reduce 
chances of interval disease progression; efficacious full- 
treatment doses; and manageable toxicities given neces-
sary repeat doses at regular intervals. Additional research 
is needed to understand the potential mechanism(s) of 
hepatotoxicity observed with CD33 targeting (e.g., target-  
or immune- mediated) and whether it can be mitigated 
with supportive therapies. Additionally, further study with 
T- cell engagers in this heavily pretreated, immunocompro-
mised population is needed to determine whether patients' 

F I G U R E  3  Pharmacodynamic effects of JNJ- 67571244:a concentration of interferon gamma (IFN- γ) (pg/mL) over treatment course 
in patients receiving (a) JNJ- 67571244 IVb or (b) JNJ- 67571244- IV SCb, and (c) comparison of largest fold change in IFN- γ (pg/mL) 
concentration from baseline across all dosing cohorts in patients with acute myeloid leukemia (red) or myelodysplastic syndrome (blue)c,d 
(all- treated population). IV1, 0.2 μg/kg twice- weekly IV; IV2, 0.2 then 0.63 μg/kg twice- weekly IV; IV3, 0.2/0.63 then 2 μg/kg twice- weekly IV; 
IV4, 0.2/0.63/2 then 6.3 μg/kg twice- weekly IV; IV5, 0.2/0.63/2/6.3 then 12.6 μg/kg twice- weekly IV; IV6, 0.63/2/6.3/12.6 then 18.9 μg/kg  
twice- weekly IV; IV7, 2/9/18.9 then 37.5 μg/kg twice- weekly IV; IV8, 2/18.9 then 37.5 μg/kg twice- weekly IV; SC1, 0.63/2 then 6.3 μg/kg  
once- weekly SC; SC2, 2/6.3 then 12.6 μg/kg once- weekly SC. aCytokine levels were measured during step- up dosing, cycle 1, and with 
suspected adverse event including cytokine release syndrome (CRS), infusion- related reaction, or elevated liver enzymes using a Meso Scale 
Discovery platform. bData are reported as mean ± standard error. cPatients without occurrence of CRS (triangle) and patients with CRS 
occurrence (circle) are also indicated. T- cell activation in bone marrow was assessed in a subset of patients using flow cytometry. dData 
shown as outlier boxplots and reported on a logarithmic scale. Outliers in these boxplots were considered either less than 25th percentile 
– 1.5*interquartile range or greater than 75th percentile +1.5*interquartile range. CD, cluster of differentiation; CRS, cytokine release 
syndrome; IV, intravenous; SC, subcutaneous.
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T- cells can be activated in a controlled manner to effec-
tively drive disease- directed cytotoxicity without excessive 
damage to normal cells and with limited CRS and ICANS 
risk. A major unmet treatment need persists for this patient 
population and, while this study did not corroborate pre-
clinical findings in the clinic, it provided valuable insights 
into challenges associated with targeting CD33, barriers to 

immunotherapy approaches in r/rAML and r/rMDS, and 
various approaches that may inform more tolerable and ef-
ficacious therapies for these patients in future.
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