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Abstract

Background: Metastatic castration-resistant prostate cancer (mMCRPC) has a poor prognosis, necessitating the investigation of novel treat-
ments and targets. This study evaluated JNJ-70218902 (JNJ-902), a T-cell redirector targeting transmembrane protein with epidermal growth
factorlike and 2 follistatin-like domains 2 (TMEFF2) and cluster of differentiation 3, in mCRPC.

Patients and methods: Patients who had measurable/evaluable mCRPC after at least one novel androgen receptor-targeted therapy or che-
motherapy were eligible. Participants received subcutaneous JNJ-902 0.3, 1.0, 1.5, 3.0, or 6.0 mg once weekly (QW) or 2.0, 3.0, 4.0, or 6.0 mg
biweekly (Q2W). Study objectives included assessment of safety, pharmacokinetics, immunogenicity, and preliminary efficacy.

Results: Eighty-two participants were enrolled to receive at least one dose of JNJ-902 (QW,; n = 38; Q2W, n = 44). Median duration of treat-
ment was 1.91 (0.0-19.4) months across dosing groups. All participants experienced at least one treatment-emergent adverse event (TEAE) and
76 (92.7%) experienced treatment-related TEAEs. Fourteen participants (17.1%) experienced a TEAE that led to study discontinuation, of which
3 (3.7%) were related to JNJ-902. Dose-limiting toxicities were observed in 2 participants (2.4%). Five participants (15.2%) with measurable
disease had a confirmed partial response and 10 participants (12.2%) had >50% decrease from baseline prostate-specific antigen levels. Clinical
activity was not dose related and no clear exposure-response relationship was observed.

Conclusions: [n this study, dose escalation was limited by emerging dose-limiting toxicities. Although a recommended phase Il dose was not
determined, findings indicate TMEFF2 to be a potential target in mCRPC that warrants further investigation.
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Implications for practice

Despite advances in treatment, metastatic castration-resistant prostate cancer continues to carry a poor prognosis and survival rate,
resulting in an unmet need for novel targets and treatment modalities. Preclinical efficacy of JNJ-70218902, a bispecific T-cell redirecting
antibody against TMEFF2, and a TMEFF2-targeting antibody-drug conjugate indicate TMEFF2 as a potential target for prostate cancer.
This first-in-human study with JNJ-70218902 showed clinical activity, although dose escalation was limited by dose limiting toxicities
and showed no clear exposure-response relationship. Notwithstanding limitations, the data support further exploration of TMEFF2 as a
therapeutic target for metastatic castration-resistant prostate cancer.
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Introduction

Prostate cancer carries a global health burden with more
than 1.4 million new cases reported worldwide in 2020.!
Although only ~8% of newly diagnosed prostate cancer
cases in the US are metastatic prostate cancer, one-third of
early-stage prostate cancer tumors recur with treatment
and 10%-20% of patients develop metastatic castration-
resistant prostate cancer (mCRPC) within 5 years of
follow-up.* Current treatment options for mCRPC include
chemotherapy and androgen receptor (AR) pathway inhib-
itors and, more recently, targeted radioligand therapy and
PARP inhibitor monotherapy or combinations for a subset of
patients with altered DNA repair genes.>® Despite advances
in treatment, mCRPC continues to carry a poor prognosis,
with a median survival less than 3 years in phase 3 studies
and less than 2 years in the real-world setting.>” As such,
there remains an unmet medical need to investigate both new
treatment targets and novel treatment modalities that do not
overlap with existing treatment options.

T-cell redirection using bispecific antibodies has been
suggested to be a promising novel treatment approach for
mCRPC, as these agents can enhance immunoreactivity in an
otherwise immunologically “cold” tumor microenvironment
(TME).® Bispecific antibodies have already been approved
for the treatment of hematologic malignancies and are being
investigated in prostate cancer with agents predominantly
targeting prostate-specific membrane antigen (PSMA).>4
However, PSMA is the target of several novel therapies, such
as radiopharmaceuticals or antibody-drug conjugates, that
may impact treatment sequencing with these agents. In addi-
tion, PSMA expression is regulated by AR signaling, which
is modulated by several prostate cancer therapies as part of
disease management.'>'® Accordingly, additional targets are
needed to support the introduction of novel therapies that are
less dependent on AR signaling, DNA repair, or PSMA, and
expand the mCRPC treatment landscape.

The transmembrane protein with epidermal growth
factor-like and 2 follistatin-like domains 2 (TMEFF2) is pri-
marily expressed in prostate tissue and the brain.""" TMEFF2
functions are not fully understood, with some reports indicat-
ing a role in embryonic development; while TMEFF2 knock-
out mice appeared to be normal at birth, these mice stopped
thriving at 3 weeks of age.?*?! TMEFF2 has been reported
to have both oncogenic and tumor-suppressive roles depend-
ing on tumor type or prostate cancer model system.!720-2%23
TMEFF2 regulation also remains unclear, where some stud-
ies indicate TMEFF2 expression to be androgen independent
while others suggest that it is androgen dependent.?

Notably, TMEFF2 is found to be highly expressed and
prevalent in tumors across prostate cancer subtypes, includ-
ing those transitioning to neuroendocrine features, thereby
enabling this antigen to serve as an “address” for T-cell redi-
rector treatment.'®!%>* In later stage disease settings, TMEFF2
expression was observed in 41 of 45 (91%) metastatic
castration-resistant prostate cancer (mCRPC) tissue sam-
ples.?* JNJ-70218902 (JNJ-902) is a bispecific antibody built
with the DuoBody technology that selectively binds to both
TMEFF2 on tumor cells and the cluster of differentiation 3
(CD3) complex on T cells. This dual binding redirects T cells
to TMEFF2-expressing tumor cells, leading to T-cell acti-
vation and target tumor cell lysis.?* Prostate cancer mouse
models and patient-derived xenografts treated with JNJ-902
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showed a decrease in mean tumor volume that was associ-
ated with intratumoral infiltration of T cells.?* Taken together,
these data support further investigation of JNJ-902 for the
treatment of prostate cancer.

The aim of this first-in-human study was to evaluate
the safety, pharmacokinetics (PK), and preliminary clinical
activity of JNJ-902 in participants with previously treated
mCRPC.

Materials and methods

Study design and participants

This first-in-human, open-label, multicenter, phase 1 study
evaluated JNJ-902 monotherapy in participants with mCRPC
in Canada, Israel, and Spain. The study was designed to be
conducted in 2 parts: dose escalation (part 1) and dose expan-
sion (part 2). Dose expansion was not initiated and is not
described in this article. Planned biomarker parameters were
not analyzed at the time of this manuscript submission.

Participants >18 years of age with measurable or evalu-
able mCRPC and histologically confirmed adenocarcinoma
were eligible for enrollment. Demonstration of TMEFF2
protein expression in prostate cancer tissue was not
required for eligibility. Eligible participants had an Eastern
Cooperative Oncology Group (ECOG) performance status
<1 and had received prior treatment with at least one novel
AR-targeted therapy or chemotherapy. Participants who had
not undergone prior orchiectomy, and thus were receiving
gonadotropin-releasing hormone (GnRH) agonists or antag-
onist analogs, must have initiated GnRH treatment prior
to the first study dose and continued treatment throughout
the study period. Participants with a known history of brain
metastases were excluded, and the protocol included man-
agement guidelines and monitoring of neurological toxicities
due to concerns of TMEFF2 expression in normal brain tis-
sue. Participants with clinically significant pulmonary com-
promise, peripheral neuropathy, neuropathic pain of grade
>2, or cardiovascular abnormalities within 6 months prior
to informed consent were also excluded. Concurrent use of
other anticancer treatments or an investigational agent for the
treatment of advanced prostate cancer was prohibited.

Participants received a dose of JNJ-902 at 0.3 mg, 1.0 mg,
1.5 mg, 3.0 mg, or 6.0 mg once-weekly (QW), or at 2.0 mg,
3.0 mg, 4.0 mg, or 6.0 mg once every 2 weeks (Q2W), admin-
istered via subcutaneous (SC) injection. Intrapatient dose
escalation was permitted. Participants were hospitalized for
a minimum of 36 hours following the first treatment dose
and any step-up dose(s) of JNJ-902. Treatment with a corti-
costeroid, antihistamine, and antipyretic was required prior
to the first 2 SC doses of JNJ-902 and subsequently repeated
if there were cytokine release syndrome (CRS) or systemic
administration-related reaction events with the previous dose.
Participants continued to receive treatment until radiographic
or clinical disease progression, unacceptable toxicity, with-
drawal of consent, or loss to follow-up.

This study (NCT04397276) was conducted with the
approval of each study site’s Independent Ethics Committee/
Institutional Review Board, and in accordance with the
Declaration of Helsinki, the US Food & Drug Administration
Investigational New Drug regulations, Good Clinical Practice
guidelines, and any applicable regulatory requirements.
Patients or their legal representatives provided written
informed consent to participate in the study.
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Outcomes and assessments

The primary endpoints of part 1 of the study were incidence
and severity of all adverse events (AEs), including incidence of
dose-limiting toxicity (DLT), to determine the recommended
phase 2 dose (RP2D) and maximum tolerated dose. Safety was
evaluated through AEs, clinical laboratory tests, electrocar-
diograms, physical and neurological examinations, ophthal-
mological examinations, and assessments of vital signs and
ECOG performance status. Neurological examinations were
performed by the investigator at baseline and on every treat-
ment day throughout the study for early recognition of neuro-
logical AEs. AEs, except for CRS, were graded using Common
Terminology Criteria for Adverse Events version 5.0 (CTCAE
v5.0). CRS events were graded using the American Society
for Transplantation and Cellular Therapy guidelines.?> DLTs
were assessed during the first 21 days of treatment. DLT crite-
ria included grade >4 neutropenia or thrombocytopenia for at
least 7 days, or grade >3 non-hematological toxicity. Full DLT
criteria are outlined in Supplementary Table S1.

Secondary objectives included assessment of PK parame-
ters; immunogenicity, assessed by presence of anti-JNJ-902
antibodies; and preliminary clinical activity, assessed as
objective response rate and duration of response according
to response criteria of Prostate Cancer Working Group 3 or
Response Evaluation Criteria in Solid Tumors version 1.1 by
the investigator, prostate-specific antigen (PSA) response rate,
and time to response. Radiographic response was assessed
using computed tomography (CT) scans or magnetic reso-
nance imaging (MRI), and whole-body bone scans. CT, MRI,
and whole-body bone scans were performed every 8 (x1)
weeks after the first dose for the first 24 weeks, followed by
every 12 (x1) weeks thereafter. PSA levels were assessed every
4 (=1) weeks after the first dose.

Blood samples were collected to assess serum concentra-
tions of JNJ-902 and anti-JNJ-902 antibodies to analyze PK
and immunogenicity, respectively. Safety, PK, and immuno-
genicity data were monitored at each dose escalation and at
regular intervals throughout the study period.

Statistical analysis

Sequential dose escalations were guided by the modified con-
tinual reassessment method based on the Bayesian logistic
regression model with the escalation with overdose control
principle. The total number of participants enrolled was
dependent on the frequency of DLT and identification of the
RP2D. Data were summarized using descriptive statistics.

Results

Study population

Eighty-two males with mCRPC were enrolled and treated
with at least one dose of JNJ-902 (overall population), with
38 (46.3%) and 44 (53.7%) participants receiving QW or
Q2W doses, respectively. Most participants were White (78
[95.1%]), with a median age of 66.0 years (range, 50-84) and
a median baseline PSA level of 68.19 pg/L (range, 0.0-2115.0).
All participants had previously been treated with at least one
systemic therapy. Most participants received prior treatment
with a novel AR-targeted therapy (81 [98.8%]) and che-
motherapy (79 [96.3%]), including docetaxel (78 [95.1%])
or cabazitaxel (50 [61.0%]). Participant demographics and
baseline characteristics were broadly comparable across

dosing groups (not shown) and are summarized for the over-
all population in Table 1.

The median duration of JNJ-902 treatment across all cohorts
was 1.91 months (range, 0.0-19.4). Dose increase occurred in
5 participants (6.1%), dose reduction in 7 participants (8.5%),
commonly due to AEs, and delayed injections in 39 participants
(47.6%). At the time of the database lock (January 18, 2023),

Table 1. Participant demographics and baseline characteristics.

Participant demographic Overall (N = 82)

Age, median (range), years 66.0 (50-84)
<65, 1 (%) 37 (45.1)
>65, 1 (%) 45 (54.9)

Sex, 7 (%)

Male 82 (100)

Race, n (%)

Asian 2(2.4)
White 78 (95.1)
Multiple 1(1.2)
Unknown 1(1.2)

Ethnicity, 7 (%)

Hispanic or Latino 2(2.4)
Not Hispanic or Latino 50 (61.0)
Unknown 30 (36.6)

ECOG, 7 (%)

0 34 (41.5)
1 48 (58.5)
Extent of disease, 7 (%)
Bone 6(92.7)
Soft tissue 9 (72.0)
Visceral? 35 (42.7)
Lymph node® 2 (51.2)
Other 0(12.2)

PSA at baseline, pg/L

Mean (SD) 242.27 (399.176)

Median (range) 68.19 (0.0-2115.0)

Prior cancer-related therapy, n (%)

Prostatectomy 34.

Radiotherapy 69.

Hormonal therapy 100)
Orchiectomy 1. 2)
GnRHa 91.

8 (
7
2
1
5 (91
First-generation antiandrogen (37 8
AR pathway inhibitors 1(98.8)

1(1.2)

9 (96.

8 (

0(

9(

4(

Other hormonal therapy

Chemotherapy 3)
Docetaxel 95.1)
Cabazitaxel 61.0)
Other chemotherapy 23.2)

Other 41.5)

AIncluded lungs, liver, adrenal glands, and central nervous system.
"Included pelvic and extra-pelvic.

Abbreviations: AR, androgen receptor; ECOG, Eastern Cooperative
Oncology Group; GnRHa, gonadotropin-releasing hormone analog; PSA,
prostate-specific antigen.
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S participants (6.1%) were still receiving treatment. Reasons
for discontinuing treatment included disease progression (60
[73.2%]), AEs (6 [7.3%]), death due to disease progression
(5 [6.1%]), participant refusal of further study treatment (4
[4.9%]), and physician decision (2 [2.4%]).

Safety

All 82 participants experienced at least one treatment-
emergent adverse event (TEAE) of any grade, which included
fatigue (44 [53.7%]), injection site erythema (41 [50.0%]),
decreased appetite (38 [46.3%]), anemia (30 [36.6%]),
back pain (23 [28.0%]), and weight decreased (20 [24.4%])
(Supplementary Table S2). Forty-six participants (56.1%)
experienced a grade >3 TEAE, including anemia (14 [17.1%])
and fatigue (10 [12.2%]) (Supplementary Table S2). TEAEs
occurring in 210% of the overall population by preferred
term are summarized in Supplementary Table S2. Overall,
the incidence of TEAEs was similar across all dosing cohorts,
with 20 participants (52.6 %) in the QW cohorts and 26
(59.1%) in the Q2W cohorts experiencing grade >3 TEAEs
(not shown).

Four participants (4.9%) (1 participant [1.2%] each in the
1.5 mg QW and 6.0 mg QW dosing cohorts, and 2 partici-
pants [2.4%] in the 6.0 mg Q2W dosing cohort) experienced
at least one treatment-emergent CRS event. The most com-
mon CRS events included pyrexia in all 4 participants, and

Table 2. Overview of TEAEs in the all-treated analysis set.
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chills and hypotension in 2 participants each (2.4%). All CRS
events were low grade; however, 2 CRS events were consid-
ered serious. Participants were treated with analgesics and
antipyretics for management of CRS.

Treatment-related TEAEs were reported in 76 (92.7%)
participants (Table 2), which included injection site erythema
(41 [50.0%]), decreased appetite (31 [37.8%]), fatigue (29
[35.4%]), injection site pruritus (18 [22.0%]), and weight
decreased (18 [22.0%]) (Table 3). Seven (8.5%) and 15
(18.3%) participants experienced a serious and grade >3
treatment-related TEAE, respectively (Table 2). The most
common grade >3 treatment-related TEAEs were fatigue (5
[6.1%]), lymphopenia (5 [6.1%]), asthenia (3 [3.7%]), and
arthralgia (2 [2.4%]) (Table 3). Treatment-related TEAEs
occurring in 25% of the overall population by preferred term
are summarized in Table 3.

Thirty-six participants (43.9%) experienced at least 1 seri-
ous TEAE across all cohorts (Table 2). Seven participants
(8.5%) had a serious TEAE that was related to JNJ-902 (Table
2), including vomiting and confusional state (2 participants
each [2.4%]), alanine aminotransferase (ALT) increased,
aspartate aminotransferase (AST) increased, asthenia, bal-
ance disorder, CRS, fall, hyperbilirubinemia, and orthostatic
hypotension (one participant each [1.2%]).

Forty-six (56.1%) participants experienced at least 1 TEAE
of any grade grouped under the CTCAE v 5.0 System Organ

Participants with QW SC dosing (mg) Q2W SC dosing (mg)
events, 7 (%)
0.3 1 1.5 3 6 Total 2 3 4 6 Total Overall
Participants, 7 2 6 12 11 7 38 S 21 12 6 44 82
>1 TEAE 2(100) 6 (100) 12 (100) 11 (100) 7 38 (100) S 21(100) 12 (100) 6 44 (100) 82
(100) (100) (100) (100)

Treatment-related 2 (100) 6 (100) 12 (100) 10 (90.9) 6 36 (94.7) S 19 (90.5) 10 (83.3) 6 40 (90.9) 76 (92.7)

TEAEs® (85.7) (100) (100)
Grade >3 TEAEs 2(100) 0 6 6(54.5) 6 20 (52.6) 3 9 10 (83.3) 4 26 (59.1) 46 (56.1)

(50.0) (85.7) (60.0)  (42.9) (66.7)

Treatment-related 0 0 2 2(18.2) 2 6 1 1 6 1 9 15

grade >3 TEAEs? (16.7) (28.6) (15.8) (20.0)  (4.8) (50.0) (16.7) (20.5) (18.3)
TEAEs leading to 0 0 0 1(9.1) 0 126) 0 1(4.8) 0 0 12.3)  2(2.4)
death®

Treatment-related 0 0 0 0 0 0 0 0 0 0 0 0

TEAEs leading to

death?
Serious TEAEs 2 (100) 1(16.7) 3 5(45.5) 6 17 (44.7) 3 8 5 3 19 (43.2) 36 (43.9)

(25.0) (85.7) (60.0) (38.1)  (41.7)  (50.0)

Treatment-related 0 1(16.7) 1 1 2 5 0 0 1 1 2 7

serious TEAEs? (8.3) (9.1) (28.6) (13.2) (8.3) (16.7) (4.5) (8.5)
TEAEs leading to 1(50.0) 1(16.7) 1 1 1 S 1 N 2 1 9 14 (17.1)
discontinuation of (8.3) (9.1) (14.3) (13.2) (20.0)  (23.8) (16.7) (16.7) (20.5)
study agent

Treatment-related 0 0 0 0 1 1 0 0 1 1 2 3

TEAEs leading to (14.3)  (2.6) (8.3) (16.7) (4.5) (3.7)

discontinuation of
study agent®

*Assessed by the investigator as related to study agent.
"AEs leading to death are based on AE outcome of Fatal.

A TEAE was defined as any AE with onset date and time on or after that of the first dose through 30 days after the last dose of study drug or the day prior
to start of subsequent therapy, whichever is earlier. Any AE that was assessed by the investigator as related to study drug was also considered treatment-

emergent regardless of onset day.

Abbreviations: AE, adverse event; QW) once weekly; Q2W, once every 2 weeks; SC, subcutaneous; TEAE, treatment-emergent adverse event.
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Table 3. Treatment-related TEAEs in >5% of participants by preferred
term in the overall population.

Participants, 7 (%) All grades > Grade 3

Overall treatment-related TEAEs 76 (92.7) 15 (18.3)

Treatment-related TEAEs in 25% of participants
Injection site erythema (50.0) 0
Decreased appetite 1(37.8) 1(1.2)
Fatigue 9 (35.4) S5 (6.1)
Injection site pruritus 8(22.0) 0
Weight decreased 8 (22.0) 0
Injection site rash 4(17.1) 0
Dysgeusia 2 (14.6) 0
Nausea 0(12.2) 0
Arthralgia 9 (11.0) 2(2.4)
Pyrexia 7 (8.5) 0
AST increased 7 (8.5) 1(1.2)
Pruritus 7 (8.5)
Asthenia 6 (7.3) 3(3.7)
Headache 6(7.3) 0
Vomiting 6(7.3) 0
Lymphopenia 6(7.3) 5(6.1)
Hypotension 6 (7.3) (1.2)
Injection site reaction 5(6.1)
ALT increased 5(6.1) 1(1.2)
Hypesthesia 5(6.1) 0
Myalgia 5(6.1) 0

Treatment-related TEAEs were assessed by the investigator and deemed
related to study drug.

Participants were counted only once for any given event, regardless of the
number of times they experienced the event.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TEAE, treatment-emergent adverse event.

Class (SOC) nervous system disorders, with dysgeusia experi-
enced by >10% of participants (12 [14.6%]) (Supplementary
Table S2). Within the nervous system disorders SOC, 9
(11.0%) participants experienced a grade >3 TEAE (n=2
each: dizziness, spinal cord compression, and syncope; 7 = 1
each: cerebrovascular accident, medullary compression syn-
drome, and presyncope) and 7 (8.5%) participants experi-
enced a serious TEAE (1 = 2 each: spinal cord compression;
n =1 each: balance disorder, cerebrovascular accident, cervi-
cal radiculopathy, hemianopia, and medullary compression
syndrome). Treatment-related TEAEs grouped under the ner-
vous system disorders SOC were reported in 28 participants
(34.1%), of which 2 (2.4%) experienced a grade 3 event of
dizziness (1 [1.2%]) and syncope (1 [1.2%]).

Fourteen (17.1%) participants experienced a TEAE that led
to study discontinuation, including 8 (9.8%) with grade >3
TEAESs (data not shown) and 3 (3.7%) with TEAEs considered
treatment-related (Table 2). Treatment-related TEAEs leading
to discontinuation included orthostatic hypotension (1 partic-
ipant each in the 6 mg QW and 6 mg Q2W dosing cohorts)
and fatigue (1 participant in the 4 mg Q2W dosing cohort).
Fifty (61.0%) participants reported TEAEs that led to dose
interruption or reduction. Seven (8.5%) deaths were reported
during the study, 5 (6.1%) due to disease progression, and 2
(2.4%) due to AEs that were deemed unrelated to JNJ-902.

Clinical laboratory tests revealed a shift of at least one grade
from baseline in lymphocyte count decrease in 51 participants
(62.1%). For other hematology parameters, the most notable
was a shift in anemia of 2 grades in 9 (11.0%) participants.
For chemistry laboratory parameters, AST increased was the
most frequent shift, with an increase of at least one grade
from baseline in 20 participants (24.4%).

Two participants experienced TEAEs at the 6 mg dose
level that were considered DLTs, all of which were grade 3.
An 81-year-old participant in the 6 mg QW cohort experi-
enced a DLT of fall after 3 doses, which led to dose reduc-
tion. This participant subsequently developed orthostatic
hypotension while on a reduced dose and was eventually
withdrawn from the study after receiving two additional
doses. The other 81-year-old participant in the 6 mg Q2W
cohort experienced orthostatic hypotension followed by syn-
cope after the first dose. Syncope resolved after withdrawal
of JNJ-902, but orthostatic hypotension was not resolved
as of study cutoff. The observed DLTs at 6 mg precluded
further dose escalations and consequently an RP2D could
not be determined.

Pharmacokinetics

PK parameters were analyzed in all 82 participants. After
the first dose of the repeated SC QW administration,
JNJ-902 exposures in serum (maximum JNJ-902 serum
concentration [C_ | and area under the JNJ-902 serum
concentration-time curve [AUC] from time 0 to 168 hours
[AUC,,,]) had an approximately dose-proportional increase
for all doses, with the mean C___ranging from 51.7 ng/mL
(1.0 mg cohort) to 249 ng/mL (6 0 mg cohort) (Figure 1A,
Supplementary Table S3). JNJ-902 serum concentration-time
profiles showed a similar pattern after the first Q2W dose,
with approximately dose-proportional C_ and AUC,,
with increasing JNJ-902 doses (Figure 1A, Supplementary
Table S3). The median time to reach peak maximum con-
centration () was approximately 3-7 days across all dose
levels (Supplementary Table S3).

Steady state was achieved after the seventh QW dose of
1.5 mg and the fourth Q2W dose of 2.0 mg, 3.0 mg, or
4.0 mg JNJ-902 with repeated administration (Figure 1B).
Median ¢__ at doses 7 and 4 was approximately 2-3 days,
with a mean ratio of accumulation ranging from 2.17 to 4.45
across dose levels (Supplementary Table S4).

Immunogenicity

Three of 79 (3.8%) participants from the 1.5 mg and
3.0 mg QW cohorts and the 4.0 mg Q2W cohort were pos-
itive for anti-drug antibodies, with peak titers ranging from
1:10 to 1:20. ADAs did not appear to have any impact on
safety or PK.

Preliminary efficacy

Five of 33 (15.2%) participants with measurable disease per
Response Evaluation Criteria in Solid Tumors version 1.1
had a confirmed partial response with a duration of response
ranging from 4.5 to 15.4 months. Time to first response
was less than 2 months for 3 participants, with 2 partici-
pants showing response lasting over 9 months. Additionally,
10 of the 82 (12.2%) participants treated with JNJ-902 (6
in the QW cohorts and 4 in the Q2W cohorts) had >50%
decrease from baseline PSA levels (Figure 2). However, a clear
exposure-response relationship was not observed.
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Figure 1. Mean serum concentration-time profiles of JNJ-902. (A)
Mean serum concentration following the first dose of the repeated SC
administration. JNJ-902 was administered at 0.3 mg, 1.0 mg, 1.5 mg,
3.0 mg, and 6.0 mg QW (black lines) and 2.0 mg, 3.0 mg, 4.0 mg, and
6.0 mg Q2W (red lines). 0.3 mg QW cohort with n < 3 is not shown.
(B) Mean serum concentration following repeated SC administrations.
Serum concentrations of the fourth Q2W dose were assessed for

2.0 mg, 3.0 mg, and 4.0 mg (red lines) SC administrations. Serum
concentrations during the seventh QW dose were available for 1.5 mg
SC administrations (black line). 3.0 mg QW at dose 7 with n< 3'is

not shown. (A-B) Y-axes are presented in semi-logarithmic scale.
Abbreviations: conc, concentration; h, hours; n, number of participants
with pharmacokinetic data in each cohort.

Discussion

This first-in-human study was initiated to investigate the
safety, PK, and preliminary activity of JNJ-902, a novel
T-cell redirector targeting the potential prostate cancer target
TMEFF2 in 82 patients with mCRPC. As the dose of JNJ-
902 was escalated to 6 mg, 2 participants experienced DLTs
of a suspected neurologic nature, one of which occurred in
the setting of a CRS event. Accordingly, given the neuro-
logic nature of these DLTs, an effect of immune effector cell-
associated neurotoxicity syndrome (ICANS) could not be
ruled out. The observed DLTs at 6 mg did not meet the pre-
specified DLT target rate but precluded further dose escala-
tions, as participants with mCRPC were generally older and
commonly hypertensive, and thus were taking antihyperten-
sive medications, thereby increasing the risk for AEs related to
orthostatic hypotension. Consequently, the AE profile of JNJ-
902, such as incidence or severity of CRS, ICANS, and neuro-
logical effects, could not be fully characterized, and an RP2D
could not be determined. The limited dose levels assessed in
this study may have contributed to the lack of a clear exposure-
response relationship. However, despite the limited dose
escalation, 5 participants (15.2%) with measurable disease
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Figure 2. Maximum percentage reduction from baseline in PSA:
all-treated analysis set. (A) Percentage PSA change from baseline in
participants receiving 0.3 mg, 1.0 mg, 1.5 mg, 3.0 mg, and 6.0 mg QW
SC administration of JNJ-902 (n = 38). (B) Percentage PSA change
from baseline in participants receiving 2.0 mg, 3.0 mg, 4.0 mg, and

6.0 mg Q2W SC administration of JNJ-902 (n = 41). (A-B) Dashed lines
represent 30% and 50% decreases. Increases greater than 100% are
set to 100%. n = number of participants with both baseline and at least
one post-baseline assessment.

experienced a confirmed partial response. Additionally, time
to first response was less than 2 months for 3 participants,
with 2 participants showing response lasting over 9 months.
Nevertheless, there was no clear exposure-response relation-
ship to PSA and further investigation of JNJ-902 will not be
pursued in this treatment setting.

Due to TMEFF2 expression in normal brain tissue, strate-
gies to promote early recognition of neurological AEs included
treatment surveillance with neurological examinations at
baseline and on every treatment day throughout the study.
More than half of the participants in various dose cohorts
were found to have experienced at least one TEAE grouped
under nervous system disorders. Two participants (2.4%)
experienced treatment-related grade 3 TEAEs grouped under
nervous system disorders, including dizziness in one and syn-
cope in the other. Both the dizziness and syncope events were
deemed not associated with CRS or ICANs. TEAEs of diz-
ziness, syncope, and orthostatic hypotension could suggest
a cardiovascular etiology. Cardiovascular events including
hypotension, left ventricular dysfunction, and arrythmias
have been reported with CAR-T therapy and T-cell engagers,
often, but not always, in association with CRS.2%*” However
cardiac testing was unrevealing in the cases reported for JNJ-
902, and the timing of the events and occurrence of other
neurologic treatment related TEAEs in the study, including
paresthesia, dysesthesia, balance disorder, and abnormal
coordination suggests a potential neurological etiology. Given
the small number of cases and diverse events reported, it is
difficult to ascribe a mechanism or associate these TEAE with
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TMEFF2 expression in the nervous system. Further study of
TMEFF2 function in the nervous system may illuminate the
clinical findings in this study.

Due to the mechanism of action of JNJ-902 in binding and
activating T cells, and the subsequent release of cytokines,
CRS events were anticipated. In addition, other bispecific
agents currently being investigated in mCRPC have demon-
strated all-grade and grade 3 CRS events in 63%-84% and
4%-31% of participants, respectively.'>?! Although CRS was
anticipated as a risk for JNJ-902, CRS events were not fre-
quently observed in this study potentially due to the limited
dose escalation, although other factors, such as subcutane-
ous administration, may have contributed. CRS events were
observed at 1.5 mg QW, 6.0 mg QW, and 6.0 mg Q2W dos-
ing regimen and were of low grade (all grade <2).

While time to first response was relatively rapid (<2 months
for 3 participants), response rates were modest (15.2%). Other
bispecific CD3-redirecting agents have also shown modest
response rates (5.6%-14.3% partial response) in mCRPC, 3
which may reflect tumor biology or the TME. Challenges
associated with CD3+ T-cell redirection in cancer have been
suggested to include the recruitment of counterproductive
CD3+ T-cell subsets, the presence of an immunosuppressive
TME, T-cell dysfunction and exhaustion due to expression of
immune checkpoint molecules, and tumor antigen escape.”’
Accordingly, further research to better understand if and how
bispecific agents can circumvent these challenges in mCRPC
is necessary.

Notably, this study has a few inherent limitations due
to the nature of phase I first-in-human studies in mCRPC.
This includes enrolling participants who have been heavily
pretreated and have received prior treatment with chemo-
therapy and coadministration of corticosteroids, which can
impact the immune system, thereby influencing the response
to immunotherapies. Additionally, mCRPC is heteroge-
neous in nature, and previous studies have suggested immu-
notherapy to be effective in certain subsets of participants
with mCRPC.333 As such, identification of biomarkers that
correlate with response to T-cell redirectors may help guide
patient selection.

Tumors from patients enrolled in this trial were almost all
positive for TMEFF2 expression using an IHC assay on archi-
val tissue samples (data not shown), in agreement with pre-
clinical data.?* However, due to the limited dose escalations,
small cohort sizes, and the lack of a clear exposure-response
relationship, no association could be made between TMEFF2
expression and safety or efficacy of JNJ-902. Other biomarker
assessments were similarly inconclusive or not performed.

The clinical activity observed in this first-in-human study
indicates that TMEFF2 may be a potential therapeutic target
for prostate cancer. To confirm the candidacy of TMEFF2 as
a prostate cancer target, the biological and pathological func-
tions of TMEFF2 need to be further investigated.

Summary

In conclusion, due to the limited dose escalation in this study,
an RP2D could not be determined. However, clinical activity
was observed despite limited dosing levels. Taken together,
data from this study demonstrate that therapeutic approaches
targeting TMEFF2 should be further explored.

Further efforts are necessary to better characterize the role
and regulation of TMEFF2 in normal tissues and prostate

cancer and identify the best model systems to allow transla-
tion of preclinical efficacy to patient benefit.

Acknowledgments

We are grateful to the patients, their families/caregivers, and
the clinical trial team for their contribution to this study.
Support for the development of this article, including medi-
cal writing and editorial assistance was provided by Brittany
Carson, PhD, and Amanda Hall, PhD, of MEDiSTRAVA in
accordance with Good Publication Practice (GPP 2022)
guidelines, funded by Janssen, Inc., and under direction of the
authors.

Author contributions

Conceptualization/Methodology: Emiliano Calvo, Bernard
Doger, Joan Carles, Avivit Peer, David Sarid, Bernhard ]J.
Eigl, Anjali Avadhani, David Yao, Vincent Lin, Shujian Wu,
Pharavee Jaiprasart, John Loffredo, Monelle Tamegnon,
Weichun Xu, Hong Xie, Aaron R. Hansen Investigation:
Emiliano Calvo, Bernard Doger, Joan Carles, Avivit Peer,
David Sarid, Bernhard J. Eigl, Aaron R. Hansen. Data cura-
tion: Emiliano Calvo, Bernard Doger, Joan Carles, Avivit
Peer, David Sarid, Bernhard ]. Eigl, Anjali Avadhani, David
Yao, Vincent Lin, Shujian Wu, Pharavee Jaiprasart, John
Loffredo, Monelle Tamegnon, Weichun Xu, Hong Xie, Aaron
R. Hansen. Formal analysis: All authors. Writing—original
draft, review, and editing: All authors.

Funding

This study was funded by Janssen Research & Development,
LLC.

Conflicts of interest

E.C. served as a consultant or advisor for Adcendo, Amunix,
Anaveon, AstraZeneca/MedImmune, Bristol Myers Squibb,
Chugai Pharma, Diaccurate, Elevation Oncology, Ellipses
Pharma, Genmab, Janssen-Cilag, MonTa, MSD Oncology,
Nanobiotix, Nouscom, Novartis, OncoDNA, PharmaMar,
Roche/Genentech, Servier, Syneos Health, Targlmmune
Therapeutics, and T-knife; has received research funding
from START; served as leadership for BeiGene, EORTC,
Merus NV, Novartis, PharmaMa, Sanofi, and START; has
stock and ownership interests in START and Oncoart
Associated; had received honoraria with HM Hospitales
Group; is the president and founder of Foundation
INTHEOS (Investigational Therapeutics in Oncological
Sciences); Not-for-profit Foundation PharmaMar and CRIS
Cancer Foundation. J.C. served as a consultant or advisor
for Astellas, Bayer, Bristol Myers Squibb, Exelixis, Ipsen,
Johnson & Johnson/Janssen, MSD Oncology, Novartis
(AAA), Pfizer, and Sanofi; served on a speakers’ bureau for
Astellas, Bayer, and Johnson & Johnson; received research
funding from Deciphera Pharmaceuticals LLC; received
travel, accommodations, and expenses compensation from
AstraZeneca, BMS, Ipsen, and Roche, and is associated with
the Catalan Program of Ambulatory Medication Comission
(CAHMDA). B.].E. served as a consultant and advisor for
AstraZeneca, EMD Serono, Gilead, Janssen, Merck, Pfizer,

GZ0Z YoJel\ Z| uo1senb Aq 6851967/ £88A0/1/0E/31911E/0[00U0/W0D dNO-oIWapeo.//:sdny WoJj papeojumoq



Roche, and Seagen, and has received research travel com-
pensation from EMD Serono. A.A., D.Y., V.L., S.W., P.J.,
J.L., M.T., W.X., and H.X. are employees of Janssen. A.R.H.
received research funding from Astellas, AstraZeneca,
Bayer, Boehringer Ingelheim, GSK, Janssen, MedImmune/
Genentech, Merck, Pfizer, and Roche, and served as consul-
tant and member of advisory boards for Eisai, GSK, and
Merck. B.D., A.P.,, and D.S. do not report any conflicts of
interest.

Data availability

The data sharing policy of Janssen Pharmaceutical Companies
of Johnson & Johnson is available at https://yoda.yale.edu/
about/data-holders/johnson-johnson/. Requests for access to
the study data can be submitted through the Yale Open Data
Access (YODA) Project site at http://yoda.yale.edu

Supplementary material

Supplementary material is available at The Oncologist online.

References

1. Ferlay J, Colombet M, Soerjomataram I, et al. Cancer statistics
for the year 2020: an overview. Int | Cancer. 2021;149:778-789.
https:/doi.org/10.1002/ijc.33588

2. National Cancer Institute. Cancer Stat Facts. Prostate Cancer.
National Cancer Institute; 2023.

3. Hannu K, Johanna M, Ulf-Hikan S. KLK-targeted therapies for
prostate cancer. Ejifcc. 2014;25:207-218.

4. Kirby M, Hirst C, Crawford ED. Characterising the castration-
resistant prostate cancer population: a systematic review. Int |
Clin Pract. 2011;65:1180-1192. https://doi.org/10.1111/j.1742-
1241.2011.02799.x

5. Turco F Gillessen S, Cathomas R, Buttigliero C, Vogl UM. Treat-
ment landscape for patients with castration-resistant prostate
cancer: patient selection and unmet clinical needs. Res. Rep Urol.
2022;14:339-350. https://doi.org/10.2147/RRU.S360444

6. Network NCC. NCCN Clinical Practice Guidelines in Oncology.
Prostate Cancer. Version 3.2024. National Comprehensive Cancer
Network; 2024.

7. Freedland SJ, Davis M, Epstein AJ, Arondekar B, Ivanova JI. Over-
all survival by race and ethnicity among men with metastatic
castration-resistant prostate cancer (mCRPC) in the U.S. Medi-
care population. | Clin Oncol. 2022;40:144-144. https://doi.
org/10.1200/jc0.2022.40.28_suppl.144

8. Stultz ], Fong L. How to turn up the heat on the cold immune
microenvironment of metastatic prostate cancer. Prostate Cancer
Prostatic Dis. 2021;24:697-717. https://doi.org/10.1038/s41391-
021-00340-5

9. Janssen Pharmaceuticals Inc. TECVAYLI® (teclistamab-cqyv) pre-
scribing information. In: 08/2023, ed. Janssen Pharmaceuticals Inc.
2023. Titusville, NJ: 135 2023a.

10. Janssen Pharmaceuticals Inc. TALVEY™ (talquetamab-tgvs) pre-
scribing information. In: 08/2023, ed. Janssen Pharmaceuticals Inc.
Titusville, NJ: 145 2023b.

11. Amgen Inc. BLINCYTO® (blinatumomab) for injection, for intra-
venous use. In: 06/2023, ed. Amgen Inc. Thousand Oaks, CA: 43;
2023.

12. Zorko NA, Ryan CJ. Novel immune engagers and cellular therapies
for metastatic castration-resistant prostate cancer: do we take a BiTe
or ride BiKEs, TriKEs, and CARs? Prostate Cancer Prostatic Dis.
2021;24:986-996. https://doi.org/10.1038/s41391-021-00381-w

13. De Bono JS, Fong L, Beer TM, et al. Results of an ongoing phase
1/2a dose escalation study of HPN424, a tri-specific half-life

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

The Oncologist, 2025, Vol. 30, No. 1

extended PSMA-targeting T-cell engager, in patients with meta-
static castration-resistant prostate cancer (nCRPC). | Clin Oncol.
2021;39:5013-5013. https://doi.org/10.1200/jc0.2021.39.15_
suppl.5013

Stein MN, Zhang J, Kelly WK, et al. Preliminary results from a
phase 1/2 study of co-stimulatory bispecific PSMAxCD28 antibody
REGNS678 in patients (pts) with metastatic castration-resistant
prostate cancer (mCRPC). | Clin Oncol. 2023;41:154-154. https:/
doi.org/10.1200/jc0.2023.41.6_suppl.154

Liu T, Wu LY, Fulton MD, Johnson JM, Berkman CE. Prolonged
androgen deprivation leads to downregulation of androgen recep-
tor and prostate-specific membrane antigen in prostate cancer
cells. Int | Oncol. 2012;41:2087-2092. https://doi.org/10.3892/
1j0.2012.1649

Hoberiick S, Lock S, Winzer R, et al. [(68)Ga]Ga-PSMA-11 PET
before and after initial long-term androgen deprivation in patients
with newly diagnosed prostate cancer: a retrospective single-
center study. EJNMMI Res. 2020;10:135. https://doi.org/10.1186/
$13550-020-00723-0

Afar DE, Bhaskar V, Ibsen E, et al. Preclinical validation of
anti-TMEFF2-auristatin E-conjugated antibodies in the treatment
of prostate cancer. Mol Cancer Ther. 2004;3:921-932.
Glynne-Jones E, Harper ME, Seery LT, et al. TENB2, a proteoglycan
identified in prostate cancer that is associated with disease progres-
sion and androgen independence. Int | Cancer. 2001;94:178-184.
https://doi.org/10.1002/ijc.1450

Liang G, Robertson KD, Talmadge C, Sumegi J, Jones PA. The gene
for a novel transmembrane protein containing epidermal growth
factor and follistatin domains is frequently hypermethylated in
human tumor cells. Cancer Res. 2000;60:4907-4912.

Masood M, Grimm S, El-Bahrawy M, Yagiie E. TMEFF2: a trans-
membrane proteoglycan with multifaceted actions in cancer and
disease. Cancers. 2020;12:3862. https://doi.org/10.3390/can-
cers12123862

Chen TR, Wang P, Carroll LK, et al. Generation and characteri-
zation of Tmeff2 mutant mice. Biochem Biophys Res Commun.
2012;425:189-194. https://doi.org/10.1016/5.bbrc.2012.07.064
Zhao XY, Liu HL, Liu B, et al. Tomoregulin internalization con-
fers selective cytotoxicity of immunotoxins on prostate cancer
cells. Transl Oncol. 2008;1:102-109. https://doi.org/10.1593/
tlo.08124

Chen X, Overcash R, Green T, et al. The tumor suppressor activity
of the transmembrane protein with epidermal growth factor and
two follistatin motifs 2 (TMEFF2) correlates with its ability to
modulate sarcosine levels. | Biol Chem. 2011;286:16091-16100.
https://doi.org/10.1074/jbc.M110.193805

Basu SR M, Sproesser K, Mattson B, et al. Characterization of JNJ-
70218902, a TMEFF2 x CD3 bispecific antibody, in prostate can-
cer models. Cancer Res. 2022;82. Abstract.

Lee DW, Santomasso BD, Locke FL, et al. ASTCT consensus
grading for cytokine release syndrome and neurologic tox-
icity associated with immune effector cells. Biol Blood Mar-
row Transplant. 2019;25:625-638. https://doi.org/10.1016/].
bbmt.2018.12.758

Goldman A, Maor E, Bomze D, et al. Adverse cardiovascular
and pulmonary events associated with chimeric antigen receptor
T-cell therapy. ] Am Coll Cardiol. 2021;78:1800-1813. https://doi.
org/10.1016/j.jacc.2021.08.044

Sayed A, Munir M, Ghazi SM, et al. Cardiovascular toxicities asso-
ciated with bispecific T-cell engager therapy. | ImmunoTher Can-
cer.2024;12:2.

Dorff T, Horvath LG, Autio K, et al. A phase i study of acapatamab,
a half-life extended, PSMA-targeting bispecific T-cell engager for
metastatic castration-resistant prostate cancer. Clin Cancer Res.
2024;30:1488-1500. https://doi.org/10.1158/1078-0432.CCR-23-
2978

Singh A, Dees S, Grewal IS. Overcoming the challenges associated
with CD3+ T-cell redirection in cancer. Br | Cancer.2021;124:1037-
1048. https://doi.org/10.1038/s41416-020-01225-5

GZ0Z YoJel\ Z| uo1senb Aq 6851967/ £88A0/1/0E/31911E/0[00U0/W0D dNO-oIWapeo.//:sdny WoJj papeojumoq


https://yoda.yale.edu/about/data-holders/johnson-johnson/
https://yoda.yale.edu/about/data-holders/johnson-johnson/
http://yoda.yale.edu
https://doi.org/10.1002/ijc.33588
https://doi.org/10.1111/j.1742-1241.2011.02799.x
https://doi.org/10.1111/j.1742-1241.2011.02799.x
https://doi.org/10.2147/RRU.S360444
https://doi.org/10.1200/jco.2022.40.28_suppl.144
https://doi.org/10.1200/jco.2022.40.28_suppl.144
https://doi.org/10.1038/s41391-021-00340-5
https://doi.org/10.1038/s41391-021-00340-5
https://doi.org/10.1038/s41391-021-00381-w
https://doi.org/10.1200/jco.2021.39.15_suppl.5013
https://doi.org/10.1200/jco.2021.39.15_suppl.5013
https://doi.org/10.1200/jco.2023.41.6_suppl.154
https://doi.org/10.1200/jco.2023.41.6_suppl.154
https://doi.org/10.3892/ijo.2012.1649
https://doi.org/10.3892/ijo.2012.1649
https://doi.org/10.1186/s13550-020-00723-0
https://doi.org/10.1186/s13550-020-00723-0
https://doi.org/10.1002/ijc.1450
https://doi.org/10.3390/cancers12123862
https://doi.org/10.3390/cancers12123862
https://doi.org/10.1016/j.bbrc.2012.07.064
https://doi.org/10.1593/tlo.08124
https://doi.org/10.1593/tlo.08124
https://doi.org/10.1074/jbc.M110.193805
https://doi.org/10.1016/j.bbmt.2018.12.758
https://doi.org/10.1016/j.bbmt.2018.12.758
https://doi.org/10.1016/j.jacc.2021.08.044
https://doi.org/10.1016/j.jacc.2021.08.044
https://doi.org/10.1158/1078-0432.CCR-23-2978
https://doi.org/10.1158/1078-0432.CCR-23-2978
https://doi.org/10.1038/s41416-020-01225-5

The Oncologist, 2025, Vol. 30, No. 1

30. Antonarakis ES, Piulats JM, Gross-Goupil M, et al. Pembroli-

31.

zumab for treatment-refractory metastatic castration-resistant
prostate cancer: Multicohort, open-label phase Il KEYNOTE-199
Study. J Clin Oncol. 2020;38:395-405. https://doi.org/10.1200/
JCO.19.01638

Subudhi SK, Vence L, Zhao H, et al. Neoantigen responses, immune
correlates, and favorable outcomes after ipilimumab treatment of
patients with prostate cancer. Sci Transl Med. 2020;12:eaaz3577.
https://doi.org/10.1126/scitranslmed.aaz3577

32.

33.

Zhu Y, Wu J, Pan ], et al. Tumor heterogeneity and treatment
response assessment using next generation imaging and liquid
biopsy in patients with metastatic castration resistant prostate can-
cer receiving abiraterone (ANGELA): a single-center prospective
observational trial. ] Clin Oncol. 2023;41:5057-5057. https://doi.
org/10.1200/jc0.2023.41.16_suppl.5057

Robinson D, Van Allen EM, Wu YM, et al. Integrative clinical
genomics of advanced prostate cancer. Cell. 2015;161:1215-1228.
https://doi.org/10.1016/j.cell.2015.05.001

GZ0Z YoJel\ Z| uo1senb Aq 6851967/ £88A0/1/0E/31911E/0[00U0/W0D dNO-oIWapeo.//:sdny WoJj papeojumoq


https://doi.org/10.1200/JCO.19.01638
https://doi.org/10.1200/JCO.19.01638
https://doi.org/10.1126/scitranslmed.aaz3577
https://doi.org/10.1200/jco.2023.41.16_suppl.5057
https://doi.org/10.1200/jco.2023.41.16_suppl.5057
https://doi.org/10.1016/j.cell.2015.05.001

	A first-in-human study of JNJ-70218902, a bispecific T-cell-redirecting antibody against TMEFF2 in metastatic castration-resistant prostate cancer
	Introduction
	Materials and methods
	Study design and participants
	Outcomes and assessments
	Statistical analysis

	Results
	Study population
	Safety
	Pharmacokinetics
	Immunogenicity
	Preliminary efficacy

	Discussion
	Summary
	Acknowledgments
	References


