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Abstract
This study aimed to identify a recommended phase II dose and evaluate the safety, 
tolerability, pharmacokinetics/pharmacodynamics, and preliminary clinical ac-
tivity of JNJ-63709178, a CD123/CD3 dual-targeting antibody, in patients with 
relapsed or refractory acute myeloid leukemia. Intravenous (i.v.) and subcutane-
ous (s.c.) administration of JNJ-63709178 were evaluated. The i.v. infusions were 
administered once every 2 weeks (cohorts 1–5 [n = 17]) or twice weekly (cohorts 
6–11 [n = 36]). A twice-weekly s.c. dosing regimen with step-up dosing was also 
studied (s.c. cohorts 1–2 [n = 9]). Treatment-emergent adverse events (TEAEs) 
greater than or equal to grade 3 were observed in 11 (65%) patients in cohorts 
1–5 and 33 (92%) patients in cohorts 6–11. At the highest i.v. dose (4.8 μg/kg), 
5 (71%) patients discontinued treatment due to TEAEs. For s.c. administration 
(n = 9), eight (89%) patients experienced TEAEs greater than or equal to grade 
3 and injection site reactions (≤ grade 3) emerged in all patients. At 4.8 μg/kg 
(i.v. and s.c.), the mean maximum serum concentrations were 30.3 and 3.59 ng/
ml, respectively. Increases in multiple cytokines were observed following i.v. and 
s.c. administrations, and step-up dosing strategies did not mitigate cytokine pro-
duction or improve the safety profile and led to limited duration of treatment. 
Minimal clinical activity was observed across all cohorts. The i.v. and s.c. dos-
ing of JNJ-63709178 was associated with suboptimal drug exposure, unfavorable 
safety profiles, limited clinical activity, and inability to identify a recommended 
phase II dose.
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INTRODUCTION

Despite success with frontline treatments for acute my-
eloid leukemia (AML), the 5-year survival rate is ~30%.1,2 
There is an unmet need for effective treatment options, 
particularly in the relapsed setting. The α-chain of the in-
terleukin-3 receptor (IL-3Rα/CD123) is overexpressed in 
a large proportion (40–93%) of patients with AML,3,4 and 
CD123-targeting agents have shown initial success.5–9

JNJ-63709178 is a humanized IgG4-PAA bispecific 
antibody that targets CD123 and CD3 developed with 
the rationale of bringing T cells and leukemic cells into 
proximity with the intention of promoting the activation 
of T cells and subsequent leukemic cell lysis.10 This trial 
was designed to identify a recommended phase II dose 
(RP2D), evaluate the safety, tolerability, and pharmacoki-
netics/pharmacodynamics (PKs/PDs), and assess for pre-
liminary clinical activity of JNJ-63709178.

METHODS

Study design

This phase I, first-in-human, open-label, multicenter, dose 
escalation study with dose expansion was conducted in 

adult patients with relapsed or refractory AML who were 
ineligible for or had exhausted standard therapeutic options. 
The study occurred between June 2, 2016, and March 24, 
2021. The trial initiated with intravenous (i.v.) dosing once 
every 2 weeks without step-up dosing (i.v. cohorts 1–4) or a 
single step-up dose (i.v. cohort 5), followed by twice-weekly 
i.v. dosing with less than or equal to five step-up doses (i.v. 
cohorts 6–11; Table S1). To improve the safety profile and 
exposure, a twice-weekly subcutaneous (s.c.) dosing regi-
men with step-up dosing was studied (s.c. cohorts 1–2). 
Dose escalation was guided by Bayesian Logistic Regression 
Model with Escalation with Overdose Control principle.11 
The study design is further described in Figure S1.

All procedures performed in studies involving human 
participants were in accordance with the ethical standards 
of the institutional and/or national research commit-
tee and with the 1964 Helsinki Declaration and its later 
amendments or comparable ethical standards. Protocols 
were reviewed and approved by an institutional review 
board.

Safety analyses

Descriptive statistics were used to summarize the inci-
dence, severity, and type of adverse events which were 

Correspondence
Naveen Pemmaraju, MD, Anderson 
Cancer Center, Department of 
Leukemia, University of Texas, 1515 
Holcombe Blvd, Unit 428, Houston, TX 
77030, USA.
Email: npemmaraju@mdanderson.org

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
The 5-year overall survival rate for acute myeloid leukemia (AML) is ~30%; 
thus, there is an unmet need for effective treatment options, particularly in the 
relapsed setting. The α-chain of the interleukin-3 receptor (IL-3Rα/CD123) is 
overexpressed in a large proportion (40%–93%) of patients with AML, and CD123-
targeting agents have shown some initial success. JNJ-63709178 is a humanized 
IgG4-PAA bispecific antibody that targets CD123 and CD3 and was developed 
with the rationale of bringing T cells and leukemic cells into proximity with the 
intention of promoting the activation of T cells and subsequent leukemic cell lysis.
WHAT QUESTION DID THIS STUDY ADDRESS?
This study aimed to identify a recommended phase II dose and evaluate the 
safety, tolerability, and pharmacokinetics/pharmacodynamics of JNJ-63709178 
in patients with relapsed or refractory AML.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Despite varying full treatment, step-up dosing schedules, and routes of administra-
tion, an unfavorable safety profile and suboptimal pharmacokinetic profile (short 
half-life; average exposures below the target) were observed for JNJ-63709178; 
therefore, a recommended phase II dose could not be identified.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
Although JNJ-63709178 treatment was found to have limited exposures and clini-
cal activity with an unfavorable safety profile, these findings are important to 
shape continued exploration of other similar CD123 targeting agents in AML.
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graded using Common Toxicity Criteria for Adverse 
Events (CTCAE) 4.03. PK analysis was done using 
Phoenix WinNonlin (version 8.1; 1998–2018; Certara 
LP, USA).

PK/PD analysis

Descriptive statistics were used to summarize serum con-
centrations and PK parameters at each timepoint and to 

IV cohorts 
1–5 (Q2W)

IV cohorts 
6–11 (twice 
weekly)

SC cohorts 
1–2 (twice 
weekly) Overall

Analysis set: all treated 17 36 9 62

Any TEAE (%) 15 (88.2) 35 (97.2) 9 (100) 59 (95.2)

Drug-relateda 9 (52.9) 21 (58.3) 9 (100) 39 (62.9)

Any serious TEAE (%) 10 (58.8) 23 (63.9) 7 (77.8) 40 (64.5)

Drug-relateda 4 (23.5) 8 (22.2) 1 (11.1) 13 (21)

Infection 6 (35.3) 13 (36.1) 4 (44.4) 23 (37.1)

Maximum severity of a TEAE (%)

Grade 1 0 1 (2.8) 0 1 (1.6)

Grade 2 4 (23.5) 1 (2.8) 1 (11.1) 6 (9.7)

Grade 3 6 (35.3) 7 (19.4) 1 (11.1) 14 (22.6)

Grade 4 2 (11.8) 22 (61.1) 6 (66.7) 30 (48.4)

Grade 5 3 (17.6) 4 (11.1) 1 (11.1) 8 (12.9)

Treatment discontinuations 
due to TEAEb (%)

2 (11.8) 6 (16.7) 2 (22.2) 10 (16.1)

Drug relateda 1 (5.9) 3 (8.3) 0 4 (6.5)

Any DLT TEAE (%) 1 (5.9) 1 (2.8) 0 2 (3.2)

Drug relateda 1 (5.9) 1 (2.8) 0 2 (3.2)

Any CRS (%) 5 (29.4) 16 (44.4) 6 (66.7) 27 (43.5)

Drug relateda 5 (29.4) 16 (44.4) 6 (66.7) 27 (43.5)

Serious 3 (17.6) 6 (16.7) 0 9 (14.5)

Time to CRS onset (days)c, nd 5 16 6 27

Mean (SD) 3.8 (6.3) 23.0 (17.6) 2.3 (1.4) 14.9 (16.9)

Median 1.0 23.0 2.0 6.0

Range (1; 15) (1; 51) (1; 5) (1; 51)

Death due to TEAE (%) 3 (17.6) 4 (11.1) 1 (11.1) 8 (12.9)

Drug relateda (%) 2 (11.8) 0 0 2 (3.2)

Infusion reaction TEAE (%) 0 7 (19.4) NA 7 (11.3)

Drug relateda (%) 0 7 (19.4) NA 7 (11.3)

Serious (%) 0 2 (5.6) NA 2 (3.2)

Injection site reaction TEAE 
(%)

NA NA 9 (100.0) 9 (14.5)

Drug relateda (%) NA NA 9 (100.0) 9 (14.5)

Serious NA NA 0 0

Abbreviations: CRS, cytokine release syndrome; DLT, dose limiting toxicity; Q2W, once every 2 weeks; 
TEAE, treatment emergent adverse event.
aAn adverse event is categorized as related if assessed by the investigator as possibly, probably, or very 
likely related to study agent.
bTreatment discontinuation due to adverse event based on treatment disposition CRF page.
cTime to CRS is the first occurrence of CRS event relative to the date of first dose of study agent.
dThis n refers to the number of CRS events in each group.

T A B L E  1   Summary of TEAEs and 
DLTs in i.v. and s.c. dosing cohorts
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summarize cytokine levels (measured via a meso scale 
discovery platform), T cell activation, and reduction in 
CD123+ blasts (measured by flow cytometry).

Efficacy analysis

Investigator-assessed response was evaluated according 
to study-specific response criteria based on European 
LeukemiaNet 2017.2 Modifications included stable dis-
ease, which was defined as absence of any response with-
out meeting criteria for progression.

RESULTS

Sixty-two patients with AML across 13 dosing cohorts 
were treated. Patient and disease characteristics are in-
cluded in Table S2. Of these cohorts, 11 evaluated i.v. ad-
ministration (i.v. cohorts 1–11, n = 53) and two evaluated 
s.c. administration (s.c. cohorts 1–2, n = 9). Two dosing 
regimens were explored: biweekly (i.v. cohorts 1–5) and 
twice weekly (i.v. cohorts 6–11 and s.c. cohorts 1–2) with 
varied step-up schedules.

Across all cohorts, the most common (≥10% patients) 
treatment-emergent adverse events (TEAEs) considered re-
lated to study drug were cytokine release syndrome (CRS; 
43.5%), alanine aminotransferase increase (19.4%), aspar-
tate aminotransferase increase (14.5%), pyrexia (12.9%), and 
infusion-related reactions (11.3%). TEAEs leading to dose 
interruptions occurred in 53.2%, whereas those leading to 
dose reductions occurred in 4.8% of patients.

For i.v. cohorts, dose-limiting toxicities (DLTs) in-
cluded a grade 5 CRS in cohort 2 (6 μg/kg, without step-up 
dosing) and a grade 3 infusion-related reaction (IRR) in 
cohort 11 (4.8 μg/kg, with multiple step-up doses). Overall 
incidence of CRS was five (29%) patients in cohorts 1–5 
and 16 (44%) in cohorts 6–11. The most common symptom 
associated with CRS was pyrexia (3 [18%] in cohort 1–5; 
15 [42%] in cohorts 6–11). In cohort 11, five (71%) patients 

experienced greater than or equal to one drug-related 
TEAE greater than or equal to grade 3 and three (43%) pa-
tients discontinued due to TEAEs greater than or equal to 
grade 3 (Table 1). Across the bi-weekly i.v. cohorts (6–11), 
there was a clear progression of the incidence and sever-
ity of drug-related toxicity, including the emergence of a 
second DLT (Grade 3 IRR) in cohort 11. Regarding clinical 
activity, the median duration of treatment was 22 days in 
cohorts 1–5 and 34 days in cohorts 6–11 with one (1.6%) 
participant achieving stable disease.

In the s.c. cohorts (n  =  9), all patients experienced 
greater than or equal to one drug-related TEAE (Table 1). 
A new safety signal of less than grade 3 injection site reac-
tion (ISR) emerged in nine (100%) patients. The majority of 
ISRs was less than or equal to grade 2 (67%), however, the 
clinical severity of the ISRs increased upon dose escalation 
from s.c. cohort 1 (treatment dose, 2.4 μg/kg) to s.c. cohort 
2 (treatment dose, 4.8 μg/kg) and was associated with py-
rexia (6 [67%] patients) and reported CRS with worsening 
injection site pain (6 [67%] patients). The most common 
clinical descriptions of ISRs included erythema (56%), ir-
ritation (33%), general reaction (33%), pruritis (22%), and 
rash (22%). No clinical activity (including stable disease) 
was observed in any of the s.c. patients and the overall me-
dian duration of treatment was limited to 30 days.

PK results with i.v. administration showed that the 
serum concentration profiles and parameter values (max-
imum plasma concentration [Cmax] and area under the 
curve) had an approximately dose-proportional increase 
within the dose range (0.15–4.8 μg/kg), with a mean Cmax 
of 30.3 ng/ml observed at the highest full treatment dose 
in i.v. cohort 11 (4.8  μg/kg; Figure  1; Table  S3).The ter-
minal elimination half-life was estimated in four of five 
patients after 4.8  μg/kg and averaged 39.6 (range: 23.8–
46.5) h. With s.c. administration, a mean Cmax of 3.59 ng/
ml was observed at the highest full treatment dose in s.c. 
cohort 2 (4.8 μg/kg). Based on ex vivo models, the expo-
sure required to achieve even the low end of a potential 
therapeutic range was not clinically attainable due to the 
emerging safety profile.10

F I G U R E  1   Mean serum concentration-time curves of JNJ-63709178. (a) Mean serum concentration following i.v. administration. 
The i.v. doses of JNJ-63709178 were administered once every 2 weeks for cohort 3 (0.15 μg/kg), cohort 4 (0.30 μg/kg), and cohort 5 (0.6 μg/
kg after priming dose of 0.3 μg/kg). Doses were administered twice weekly for cohort 6 (0.15 μg/kg after 4 priming doses of 0.15 μg/kg), 
cohort 7 (0.3 μg/kg after 4 priming doses of 0.15 μg/kg), cohort 8 (0.6 μg/kg after 4 priming doses of 0.15/0.30 μg/kg), cohort 9 (1.2 μg/kg 
after priming doses of 0.15, 0.3 and 0.6 μg/kg), cohort 10 (2.4 μg/kg after priming doses of 0.15, 0.3, 0.6, 1.2 μg/kg), and cohort 11 (4.8 μg/
kg after priming doses of 0.15, 0.3, 0.6, 1.2 μg/kg and, if applicable, 2.4 μg/kg). Serum concentrations of JNJ-63709178 were measured by 
an electrochemiluminescence-based immunoassay. (b) Mean serum concentration following s.c. administration. The s.c. doses of JNJ-
63709178 were administered twice weekly for s.c. cohort 1 (2.4 μg/kg after priming doses of 0.3, 0.6, 1.2 μg/kg) and s.c. cohort 2 (4.8 μg/kg 
after priming doses of 0.6, 1.2, 2.4 μg/kg). Serum concentrations of JNJ-63709178 were measured by an electrochemiluminescence-based 
immunoassay. Mean concentration values are connected with lines from dose groups with at least three patients with samples taken at the 
specified times post dose. When mean concentrations fell below the limit of quantitation the dots could not be connected. Error bars = SD.
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PD findings show that s.c. and i.v. administrations 
led to increases in multiple cytokines including IFN-γ 
among others (IL-6, IL-10, and TNF-α). A greater induc-
tion of cytokines (Figure S3A,B) was observed in patients 
with AEs including IRR, CRS, and elevated liver enzymes 
compared with patients with no events. The s.c. admin-
istration resulted in a decreased induction of cytokines 
and a delay in the timing of peak levels compared to i.v. 
administration (IV, end-of-infusion-6  h postdose vs. s.c., 
24-72 h postdose), as peak levels were observed with last 
step-up or full treatment dose levels following both i.v. 
and s.c. administrations. Whereas T-cell activation in the 
periphery showed a correlation with CRS, a concomitant 
reduction in blasts was not sustained in bone marrow or 
periphery (Figures S2, S3E,F). The non-sustainable reduc-
tion in blasts was likely multifactorial including the rela-
tively short half-life and limited exposures due to toxicity. 
Expression of CD123 on blasts were similar in patients 
with CRS versus no event (Figure S4).

CONCLUSIONS

JNJ-63709178 was evaluated in 13 dosing cohorts (62 
patients). The i.v. escalation was associated with a pro-
gressively unfavorable safety profile (including CRS and 
IRR), limited clinical activity, and suboptimal drug ex-
posures which prompted a pivot to s.c. dosing. The s.c. 
administration was investigated at two doses (2.4 and 
4.8 μg/kg); however, emergence of ISR prevented attain-
ment of a therapeutic window, and the median duration 
on treatment was not improved. Although T cell activa-
tion following treatment suggested target engagement, 
this did not correlate with meaningful median duration 
of treatment or subsequent clinical activity as indicated 
by sustained expression of CD123 on peripheral blood 
blasts. Despite varying full treatment, step-up dosing 
schedules, and routes of administration, an unfavorable 
safety profile and suboptimal PK profile (short half-life; 
average exposures below the target half-maximal effec-
tive concentration) were observed; therefore, an RP2D 
could not be identified.
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