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ABSTRACT

BACKGROUND
Talquetamab (anti-G protein—coupled receptor family C group 5 member D) and
teclistamab (anti—B-cell maturation antigen) are bispecific antibodies that acti-
vate T cells by targeting CD3 and that have been approved for the treatment of
triple-class—exposed relapsed or refractory multiple myeloma.

METHODS

We conducted a phase 1b-2 study of talquetamab plus teclistamab in patients with
relapsed or refractory multiple myeloma. In phase 1, we investigated five dose
levels in a dose-escalation study. Talquetamab at a dose of 0.8 mg per kilogram of
body weight plus teclistamab at a dose of 3.0 mg per kilogram every other week
was selected as the recommended phase 2 regimen. The primary objective was to
evaluate adverse events and dose-limiting toxic effects.

RESULTS
A total of 94 patients received treatment, with the recommended phase 2 regimen
used in 44. The median follow-up was 20.3 months. Three patients had dose-
limiting toxic effects (including grade 4 thrombocytopenia in 1 patient with the
recommended phase 2 regimen). Across all dose levels, the most common adverse
events were cytokine release syndrome, neutropenia, taste changes, and nonrash
skin events. Grade 3 or 4 adverse events, most commonly hematologic events, oc-
curred in 96% of the patients. Grade 3 or 4 infections occurred in 64% of the
patients. With the recommended phase 2 regimen, a response occurred in 80% of
the patients (including in 61% of those with extramedullary disease); across all
dose levels, a response occurred in 78%. The likelihood of patients continuing in
response at 18 months was 86% with the recommended phase 2 regimen (82%
among those with extramedullary disease) and 77% across all dose levels.

CONCLUSIONS

The incidence of grade 3 or 4 infections with talquetamab plus teclistamab was
higher than has been observed with either therapy alone. A response was observed
in a high percentage of patients across all dose levels, with durable responses with
the recommended phase 2 regimen. (Funded by Janssen Research and Development;
RedirecTT-1 ClinicalTrials.gov number, NCT04586426.)
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ATIENTS WITH RELAPSED OR REFRACTO-

ry multiple myeloma who have had expo-

sure to immunomodulatory drugs, protea-
some inhibitors, and anti-CD38 therapies (i.e.,
triple-class exposure) have a poor prognosis
with standard treatments."* Despite the approval
of chimeric antigen receptor (CAR) T-cell and
bispecific antibody therapies,”*® multiple myelo-
ma remains incurable.”* Outcomes are worse
in patients with high-risk features, such as ex-
tramedullary disease.!>131720

Teclistamab is a T-cell-redirecting bispecific
antibody that targets B-cell maturation antigen
(BCMA).™12 In the MajesTEC-1 study, 63% of the
patients had a response and 57% remained in
response at 18 months with the approved subcu-
taneous teclistamab dose (1.5 mg per kilogram
of body weight weekly, with a reduction in fre-
quency to every other week in patients in whom
a deep response was maintained).”® Cytokine
release syndrome, hematologic adverse events,
and infections were common; however, the per-
centage of patients who discontinued owing to
adverse events was low.”!

Talquetamab is a T-cell-redirecting bispecific
antibody targeting G protein—coupled receptor
class C group 5 member D (GPRC5D).1*? In the
MonumenTAL-1 study, more than 71% of the
patients had a response with the approved sub-
cutaneous doses of talquetamab of 0.4 mg per
kilogram weekly and 0.8 mg per kilogram every
other week, and the likelihood of remaining in
response at 18 months was 37% and 49% with
the two doses, respectively.'*’®> Common adverse
events included cytokine release syndrome and
taste-, skin-, and nail-related events, which were
not treatment-limiting.* The limited expression
of GPRC5D on normal hematopoietic cells, such
as B cells and bone marrow progenitors,*>?* and
the relatively low incidence of high-grade infec-
tions and neutropenia support combining talqu-
etamab with other antimyeloma therapies, in-
cluding BCMA-directed therapies.'**

Dual antigen targeting with talquetamab plus
teclistamab may further enhance treatment po-
tency, maximize tumor eradication in heteroge-
neous cell populations, prevent resistance due to
tumor antigen escape, and increase durability of
response. Here, we report the early safety and
efficacy results from the phase 1 dose-escalation

portion of the phase 1b—2 RedirecTT-1 study of
talquetamab plus teclistamab in patients with
relapsed or refractory multiple myeloma.

METHODS

STUDY DESIGN AND PATIENTS
We conducted an ongoing, multicenter, nonran-
domized, open-label, phase 1b—2 study of talquet-
amab plus teclistamab. We conducted the phase
1 dose-escalation study with the use of a Bayes-
ian optimal interval design® to help identify the
recommended phase 2 regimen while minimiz-
ing the chance of exposing patients to subthera-
peutic or overly toxic dose levels (Fig. S1 in the
Supplementary Appendix, available with the full
text of this article at NEJM.org). Further details
about the design variables and decision rules for
dose escalation are provided in Table S1. The
safety data at each dose-escalation step were
reviewed by the study evaluation team.

Eligible patients from Canada, Israel, South
Korea, and Spain had measurable myeloma
according to International Myeloma Working
Group criteria® and had disease that had re-
lapsed or was refractory to established therapies
or had had an unacceptable level of adverse
events with established therapies, including the
last line of therapy. Patients had to have previous
exposure to a proteasome inhibitor, immuno-
modulatory drug, and anti-CD38 monoclonal
antibody (i.e., at least triple-class exposure) and
an Eastern Cooperative Oncology Group perfor-
mance-status score of 0 or 1 (on a scale from 0
to 5, with higher numbers indicating greater
disability). Patients with extramedullary disease
with at least one nonradiated, bone-independent
lesion (22 cm in the greatest dimension) were
enrolled. Patients with nonsecretory or oligose-
cretory extramedullary disease were permitted.
Full eligibility criteria are provided in the proto-
col, available at NEJM.org.

STUDY OVERSIGHT
Janssen Research and Development sponsored
the study and designed the study in collabora-
tion with the academic authors. The study was
conducted in accordance with the principles of
the Declaration of Helsinki and the Interna-
tional Council for Harmonisation guidelines for
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Good Clinical Practice. The study protocol and
amendments were approved by the institutional
review board at each study site. All the patients
provided written informed consent. The authors
vouch for the completeness and accuracy of the
data and for the adherence of the study to the
protocol. The manuscript was developed with
medical writing assistance (funded by Janssen
Global Services) under the direction of the au-
thors, who reviewed, revised, and approved the
final manuscript for submission for publication.

TREATMENT
Patients in the various cohorts received escalat-
ing doses of subcutaneous talquetamab plus
teclistamab in 28-day cycles. Five dose levels
of talquetamab plus teclistamab were investi-
gated: talquetamab at 0.2 mg per kilogram plus
teclistamab at 0.75 mg per kilogram weekly
(dose level 1), talquetamab at 0.2 mg per kilo-
gram plus teclistamab at 1.5 mg per kilogram
weekly (dose level 2), talquetamab at 0.4 mg per
kilogram plus teclistamab at 1.5 mg per kilo-
gram weekly (dose level 3), talquetamab at 0.8 mg
per kilogram plus teclistamab at 1.5 mg per ki-
logram every 2 weeks (dose level 4), and talquet-
amab at 0.8 mg per kilogram plus teclistamab at
3.0 mg per kilogram every 2 weeks (dose level 5).
Dose level 5 was selected as the recommended
phase 2 regimen. Step-up doses were adapted
from schedules used with each monotherapy to
mitigate severe cytokine release syndrome and
were administered 2 to 4 days apart and before
full treatment doses. Both bispecific antibodies
were administered on the same day, approxi-
mately 30 minutes apart, for all step-up and full
treatment doses. The administration schedule
for the recommended phase 2 regimen, includ-
ing information on prophylactic measures, is
shown in Table S2.115

Patients could transition from weekly ad-
ministration to administration every other week
and subsequently to monthly administration of
talquetamab and teclistamab after the occur-
rence of a partial response or better after cycle
4. Patients received study treatment until the
occurrence of an unacceptable level of toxic
events, consent withdrawal, confirmed disease
progression, death, investigator or sponsor deci-
sion to discontinue treatment, or the end of the
study.

END POINTS AND ASSESSMENTS
The primary end point of phase 1 was dose-
limiting toxic effects. Secondary end points
included overall response (partial response or
better), duration of response, time to response,
pharmacokinetics, pharmacodynamics, and im-
munogenicity. Progression-free survival was as-
sessed. Investigator-assessed response was re-
ported every 4 weeks and up to 16 weeks after
the end of treatment. Confirmed response re-
quired at least two consecutive identical assess-
ments of response by the investigators. Overall
response across clinically relevant subgroups
was also assessed.

Adverse events were graded according to
the Common Terminology Criteria for Adverse
Events, version 5.0, and were recorded up to 30
days after the last receipt of study treatment.
Cytokine release syndrome and immune effector
cell-associated neurotoxicity syndrome (ICANS)
were graded according to American Society for
Transplantation and Cellular Therapy guide-
lines.” Blood and serum samples were obtained
for pharmacokinetic, pharmacodynamic, and
immunogenicity analyses.

STATISTICAL ANALYSIS
Safety, response-related end points, pharmacoki-
netics, pharmacodynamics, and immunogenicity
were assessed in patients who received at least
one dose of study treatment. The percentage of
patients with a response was estimated accord-
ing to the best confirmed response of a partial
response or better, divided by the number of
treated patients. Exact 95% confidence intervals
are reported. The Kaplan—-Meier method was
used to estimate time to response, duration of
response, and progression-free survival. No for-
mal statistical hypothesis was tested. All the
data were analyzed with the use of SAS software,
version 9.4 (SAS Institute).

RESULTS

PATIENTS
Between December 9, 2020, and April 26, 2023,
a total of 116 patients underwent screening
(Fig. 1). As of March 15, 2024, a total of 94 pa-
tients had received talquetamab plus teclista-
mab, including 44 who had received doses ac-
cording to the recommended phase 2 regimen.
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The median follow-up was 20.3 months (range,
0.5 to 37.1) overall and 18.2 months (range, 0.7
to 27.0) with the recommended phase 2 regimen.
Across all dose levels, 49 patients (52%) were
continuing with dual therapy, and 1 patient (1%)
had discontinued talquetamab only and contin-
ued to receive teclistamab monotherapy.

Across all dose levels, the median age of the
patients was 64.5 years, and patients had re-
ceived a median of four previous lines of therapy
over a median duration of 6.1 years since diag-
nosis (Table 1). All the patients had triple-class
exposure, and most patients (65%) had penta-
drug exposure. Seven patients had received bi-
specific antibodies previously, and 4 had re-

ceived CAR T-cell therapy previously. A total of
87 patients (93%) had disease that was refrac-
tory to their last line of therapy, and 81 (86%)
had disease that was triple-class refractory. A
total of 34 patients (36%) had extramedullary
disease, and 21 of 51 patients (41%) had a high-
risk cytogenetic profile.

SAFETY
Three patients had dose-limiting toxic effects:
one patient each treated with talquetamab at a
dose of 0.2 mg per kilogram plus teclistamab
at a dose of 0.75 mg per kilogram weekly
(grade 3 oral herpes), with talquetamab at a
dose of 0.4 mg per kilogram plus teclistamab at

116 Patients were assessed for eligibility

22 Were excluded
4 Met exclusion criteria
18 Did not meet inclusion criteria

94 Were enrolled

l

94 Were assigned to a dose-escalation cohort

6 Were assigned to
talquetamab, 0.2 mg/kg,
plus teclistamab,
0.75 mg/kg, weekly
(dose level 1)

5 Were assigned to
talquetamab, 0.2 mg/kg,
plus teclistamab,

1.5 mg/kg, weekly
(dose level 2)

28 Were assigned to
talquetamab, 0.4 mg/kg,
plus teclistamab,

1.5 mg/kg, weekly
(dose level 3)

11 Were assigned to
talquetamab, 0.8 mg/kg,
plus teclistamab,

1.5 mg/kg, every 2 wk
(dose level 4)

1 Had disease
progression
1 Withdrew

2 Had disease
progression

18 Discontinued

progression

3 Withdrew

1 Was withdrawn
by physician

44 Were assigned to
talquetamab, 0.8 mg/kg,
plus teclistamab,

3.0 mg/kg, every 2 wk
(dose level 5; recommended
phase 2 regimen)

4 Discontinued

progression
1 Was withdrawn
by physician

4 Discontinued 3 Discontinued therapy therapy 16 Discontinued
therapy 9 Had adverse
therapy 1 Had adverse therapy
2 Had adverse event
1 Had adverse . event 6 Had adverse
- event - - 5 Had disease - .
event 2 Had disease = event

5 Had disease
progression
5 Withdrew

2 Were receiving ongoing
treatment

2 Were receiving ongoing
treatment

10 Were receiving ongoing
treatment

7 Were receiving ongoing
treatment

28 Were receiving ongoing
treatment

Figure 1. Dose-Cohort Assignment and Follow-up.

One patient in the cohort that was assigned to the recommended phase 2 regimen (i.e., talquetamab at a dose of 0.8 mg per kilogram
of body weight plus teclistamab at a dose of 3.0 mg per kilogram every other week) discontinued talquetamab because of having more
than one adverse event but continued receiving teclistamab as permitted by the study protocol.
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Table 1. Baseline Characteristics of Patients Who Received Talquetamab plus Teclistamab.*
Recommended
All Dose Levels Phase 2 Regimen
Characteristic (N=94) (N=44)
Median age (range) — yr 64.5 (39-81) 63 (41-80)
Male sex — no. (%) 49 (52) 23 (52)
Race — no. (%)

White 75 (80) 32 (73)

Asian 17 (18) 12 (27)

Black 1(1) 0

Unknown 1(1) 0
Bone marrow plasma cells 260% — no./total no. (%) 19/89 (21) 9/40 (22)
=1 Extramedullary plasmacytoma — no. (%)§ 34 (36) 18 (41)
High-risk cytogenetic profile — no./total no. (%)9 21/51 (41) 8/19 (42)
International Staging System class — no./total no. (%) |

[ 38/85 (45) 19/41 (46)

I 26/85 (31) 14/41 (34)

i 21/85 (25) 8/41 (20)
ECOG performance-status score — no. (%)**

0 34 (36) 15 (34)

1 60 (64) 29 (66)
Median time since diagnosis (range) —yr 6.1 (0.3-14.6) 5.5 (0.3-12.9)
Median no. of previous lines of therapy (range) 4 (1-11) 4 (2-10)
Stem-cell transplantation — no. (%) 74 (79) 33 (75)
Exposure status — no. (%)

Triple-class exposure 94 (100) 44 (100)

Penta-drug exposure 61 (65) 28 (64)

Belantamab mafodotin 18 (19) 5(11)

Bispecific antibody 7(7) 2 (5)

CAR T-cell therapy 4 (4) 2 (5)
Refractory status — no. (%)

Proteasome inhibitor 85 (90) 41 (93)
Carfilzomib 62 (66) 27 (61)
Bortezomib 58 (62) 30 (68)
Ixazomib 10 (11) 6 (14)

Immunomodulatory drug 91 (97) 41 (93)
Lenalidomide 83 (88) 36 (82)
Pomalidomide 62 (66) 28 (64)
Thalidomide 18 (19) 8 (18)

Anti-CD38 monoclonal antibody 93 (99) 43 (98)
Daratumumab 91 (97) 42 (95)
Isatuximab 5(5) 4(9)

Last line of therapy 87 (93) 39 (89)
Triple-class—refractory diseaseii 81 (86) 37 (34)
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Table 1. (Continued.)

Characteristic

Penta-refractory disease{§

Recommended
All Dose Levels Phase 2 Regimen
(N=94) (N=44)
31 (33) 13 (30)

The phase 1, dose-escalation portion of this study evaluated five dose levels of talquetamab and teclistamab.
Talquetamab at a dose of 0.8 mg per kilogram of body weight plus teclistamab at a dose of 3.0 mg per kilogram,
administered every other week (dose level 5), was selected as the recommended phase 2 regimen. Percentages
may not total 100 because of rounding. CAR denotes chimeric antigen receptor.

T Race was reported by the patient, and the data were entered by the investigators or research staff.

I The percentage of bone marrow plasma cells was assessed with the use of bone marrow biopsies or aspirates in patients

with available data.

§  The presence of at least one extramedullary plasmacytoma was defined as at least one bone-independent lesion (=2 cm
in the greatest dimension) that had not been previously exposed to radiation therapy.

9 A high-risk cytogenetic profile was defined as a del(17p),

fluorescence in situ hybridization or karyotype testing.

t(4;14), or t(14;16) abnormality, as assessed by means of

| The International Staging System class was assessed on the basis of the combination of serum g,-microglobulin and

albumin in patients with available data.

o
*

higher scores indicating greater disability.

Eastern Cooperative Oncology Group (ECOG) performance-status scores are assessed on a scale from 0 to 5, with

{7 Patients had received previous therapy with a B-cell maturation antigen—directed bispecific antibody (alnuctamab in

four patients, WVT078 in two, and teclistamab in one). Of the four patients across all dose levels who had received
alnuctamab, two were in the group with the recommended phase 2 regimen.

and an anti-CD38 therapy.

1 Triple-class—refractory disease was defined as disease refractory to an immunomodulatory drug, a proteasome inhibitor,

§§ Penta-refractory disease was defined as disease refractory to two or more immunomodulatory drugs, two or more
proteasome inhibitors, and one or more anti-CD38 therapies.

a dose of 1.5 mg per kilogram weekly (grade 3
elevated alanine aminotransferase and aspartate
aminotransferase levels), and at the recom-
mended phase 2 regimen (grade 4 thrombocyto-
penia). Across all dose levels, 90 patients (96%)
had a grade 3 or 4 adverse event (Table 2). The
most common adverse events were cytokine re-
lease syndrome, neutropenia, taste changes, and
nonrash skin events. The most common adverse
events of grade 3 or 4 were hematologic events
(in 80% of the patients).

A total of 87 patients (93%) had cycle delays
or dose modifications that were due to adverse
events, primarily infections (in 64 of 94 patients
[68%]). Adverse events led to the discontinua-
tion of one or both agents in 15 patients (16%)
(Table S3), of which seven discontinuations (in
7% of the patients) were considered by the inves-
tigator to be related to a study drug (with five
discontinuations [in 5% of the patients] due to
infections).

Overall, 14 patients (15%) died because of
adverse events, including pneumonia in 2 pa-
tients and adenovirus infection, coronavirus
disease 2019 (Covid-19), Covid-19-associated
pneumonia, JC virus infection, aspiration pneu-
monia, cytomegalovirus-associated pneumonia,
respiratory tract infection, sepsis, septic shock,

cardiac arrest, leptomeningeal myelomatosis, and
respiratory failure in 1 patient each (Table S4).
A total of 11 grade 5 adverse events (in 12% of
patients) were infections. Six grade 5 events were
considered by the investigator to be related to
a study drug, but insufficient detail exists to
rule out attribution to treatment for the other
events. Four patients (4%) died from disease
progression.

Infection of any grade occurred in 84 patients
(89%), with grade 3 or 4 infection in 60 patients
(64%) (Table S5). Across all dose levels, the inci-
dence of first onset of infection of grade 3 or
above was higher in the first 6 months of study
treatment and plateaued thereafter (Table SO).
Antiviral prophylaxis was given to 77 of 94 pa-
tients (82%), and 46 patients (49%) received pro-
phylaxis against Pneumocystis jirovecii pneumonia.
A total of 59 patients (63%) received a Covid-19
vaccine. Among the 38 patients (40%) who had
Covid-19, a total of 17 (18%) had grade 3 or 4
events and 2 (2%) died. Opportunistic infections
occurred in 10 patients (11%). Most pyrexia
events occurred within the first 6 months of
study treatment, which coincided with the oc-
currence of most infections, events of cytokine
release syndrome, and injection-site reactions
(Table S7).
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Table 2. Hematologic and Nonhematologic Adverse Events, According to
Grade, in 94 Patients Who Received Talquetamab plus Teclistamab at Any
Dose Level.*

Event Any Grade Grade 3 or 4

number of patients (percent)

Any adverse event 94 (100) 90 (96)

Hematologic event
Neutropenia 69 (73) 64 (68)
Anemia 53 (56) 36 (38)
Thrombocytopenia 40 (43) 28 (30)

Nonhematologic event
Cytokine release syndrome 74 (79) 2 (2)
Taste changesT 61 (65) NA
Nonrash skin adverse eventi: 57 (61) 0
Nail-related adverse event§ 49 (52) 0
Pyrexia 48 (51) 2(2)
Diarrhea 45 (48) 3(3)
Cough 42 (45) 1(1)
Dry mouth 40 (43) 0
Covid-19 38 (40) 17 (18)
Rash adverse event| 37 (39) 1(1)
Pneumonia 34 (36) 19 (20)
Weight decrease 32 (34) 5(5)
Fatigue 26 (28) 8(9)

* The adverse events listed here are those that occurred in more than 25% of the to-
tal study population. Adverse events were reported up to 30 days after the patient
received the last dose of study treatment. Patients could have had multiple adverse
events. Covid-19 denotes coronavirus disease 2019, and NA not applicable.

7 Taste changes included dysgeusia, ageusia, hypogeusia, and taste disorder.
According to the Common Terminology Criteria for Adverse Events, version 5.0,
the maximum grade for taste changes is 2.

i Nonrash skin adverse events included skin exfoliation, dry skin, pruritus, and
palmar—plantar erythrodysesthesia syndrome.

§ Nail-related adverse events included nail discoloration, nail disorder, onycholysis,
onychomadesis, onychoclasis, nail dystrophy, nail toxic effects, and nail ridging.

9§ Two patients had grade 3 pyrexia that was not considered by the investigators
to be serious. Neither event occurred concurrently with an infection of grade 3
or higher.

| Rash adverse events included rash, maculopapular rash, erythematous rash,
and erythema.

At baseline, 53 of 94 patients (56%) had non-
IgG myeloma. Overall, 37 of these 53 patients with
non-IgG myeloma (70%) had hypogammaglobu-
linemia (defined as an IgG value <400 mg per
deciliter) at baseline, and 30 (57%) had post-treat-
ment hypogammaglobulinemia. Assessments ex-
cluded patients with IgG myeloma and those who
received intravenous immune globulin replace-
ment. A total of 30 patients (57%) with non-IgG
myeloma received intravenous immune globulin.
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Cytokine release syndrome occurred in 74
patients (79%). Most events were of grade 1 or 2
and occurred during the step-up and early cycles
of treatment administration; grade 3 cytokine
release syndrome occurred in 2 patients (2%).
Cytokine release syndrome led to cycle delays
or dose modifications in 14 patients (15%). The
median time to onset and the duration of cyto-
kine release syndrome were 2 days each. A total
of 61 patients (65%) received supportive mea-
sures, including 24 (26%) who received tociliz-
umab. Overall, recovery occurred in 98% of the
events observed in the patients, recovery with
sequelae in 1%, and incomplete recovery in 1%.
ICANS occurred in 3 patients (3%), with one
grade 3 event reported; 1 patient had two events.
All these events occurred during the step-up
phase and had a median time to onset of 2.5
days and a median duration of 3 days; recovery
occurred in all events observed in the patients.
Two of the four ICANS events occurred concur-
rently with cytokine release syndrome. One pa-
tient (1%) had a grade 3 tumor flare reaction.

Taste changes (i.e., taste disorder, dysgeusia,
hypogeusia, or ageusia) occurred in 61 patients
(65%) and led to cycle delays or dose modifica-
tions in 5 patients (5%) (Table S8) and to the
discontinuation of talquetamab in 1 patient
(1%). Adverse events of rash occurred in 37 pa-
tients (39%), and nonrash skin adverse events
occurred in 57 (61%); all these events were of
grade 1 or 2, except for one grade 3 event of rash
at the recommended phase 2 regimen. Rashes
led to cycle delays or dose modifications in 2
patients (2%), although none led to discontinua-
tion. Nail-related adverse events were of grade 1
or 2 and occurred in 49 patients (52%); none of
these events led to cycle delays, dose modifica-
tions, or discontinuations.

EFFICACY
With the recommended phase 2 regimen, a
response occurred in 35 of 44 patients (80%)
(Fig. 2A), and the median time to first response
was 1.4 months (range, 0.3 to 5.1). A total of 34
patients (77%) had a very good partial response
or better, and 23 (52%) had a complete response
or better. A high percentage of patients had a
response with the recommended phase 2 regi-
men across clinically relevant subgroups, includ-
ing in patients with International Staging Sys-
tem III myeloma (7 of 8 patients [88%]), in those
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who had received three or more lines of therapy
previously (29 of 38 patients [76%]), in those
with a high-risk cytogenetic profile (6 of 8 pa-
tients [75%]), and in those with extramedullary
disease (11 of 18 patients [61%]) (Fig. S2A).

Across all dose levels, a response occurred in
73 of 94 patients (78%) (Fig. 2A), and the me-
dian time to first response was 1.8 months
(range, 0.3 to 7.7). A total of 70 patients (74%)
had a very good partial response or better, and
45 (48%) had a complete response or better.
Responses were consistent across clinically rel-
evant subgroups (Fig. S2B). Although a numeri-
cally higher percentage of patients without ex-
tramedullary disease had a response (53 of 60
patients [88%]), a response was observed in the
majority of patients with extramedullary disease
(20 of 34 patients [59%]).

The likelihood of continuing to have a re-
sponse at 12 months and 18 months was 91%
(95% confidence interval [CI], 75 to 97) and 86%
(95% CI, 66 to 95), respectively, with the recom-
mended phase 2 regimen and 86% (95% CI, 75
to 92) and 77% (95% CI, 64 to 85), respectively,
across all dose levels (Fig. 2B). Among patients
with extramedullary disease, the likelihood of
continuing to have a response at 12 months and
18 months was 82% (95% CI, 45 to 95) at both
time points with the recommended phase 2 regi-
men and 70% (95% CI, 45 to 85) at 12 months
and 52% (95% CI, 25 to 74) at 18 months across
all dose levels. Responses were maintained or
deepened in all 28 patients who transitioned
from administration every other week to monthly
administration with the recommended phase 2
regimen (Fig. S3).

With the recommended phase 2 regimen, the
estimated progression-free survival was 74%
(95% CI, 57 to 84) at 12 months and 70% (95% CI,
52 to 82) at 18 months (Fig. 3). Among patients
with extramedullary disease, progression-free
survival was 53% (95% CI, 28 to 73) at both time
points. Across all dose levels, the estimated
progression-free survival was 71% (95% CI, 60 to
79) at 12 months and 62% (95% CI, 51 to 72) at
18 months.

PHARMACOKINETICS, PHARMACODYNAMICS, AND
IMMUNOGENICITY

At the recommended phase 2 regimen, talqueta-
mab and teclistamab exposures were similar to
those observed with each agent as monotherapy
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Figure 2. Response to Talquetamab plus Teclistamab in Patients with
Relapsed or Refractory Multiple Myeloma.

Panel A shows investigator-assessed confirmed overall response in all
treated patients with relapsed or refractory multiple myeloma who received
talquetamab plus teclistamab at the recommended phase 2 regimen
(RP2R) and across all dose levels. Percentages at the individual response
levels may not sum to that for the overall response owing to rounding.
Overall response was assessed as a stringent complete response, complete
response (CR), very good partial response, or partial response. Panel B
shows the duration of response in patients who received talquetamab plus
teclistamab at the recommended phase 2 regimen and across the four
dose levels among patients with a confirmed response. The duration of re-
sponse was calculated as the number of months from the first document-
ed response to the earliest date of either disease progression or death due
to any cause; otherwise, patients had their data censored at their most re-
cent disease assessment. Patients without a disease assessment after a
response had their data censored with 1 day of follow-up. Symbols indicate
censored data.
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Figure 3. Kaplan—-Meier Analysis of Progression-free Survival.
Progression-free survival, as assessed from the start of treatment, is shown
among all treated patients who received talquetamab plus teclistamab at
the recommended phase 2 regimen and across the four dose levels. Events
were defined as the earliest date of either disease progression or death due
to any cause; otherwise, patients had their data censored at their most re-
cent disease assessment. Patients without disease assessments had their
data censored with 1 day of follow-up. Symbols indicate censored data.
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(Fig. S4). T-cell activation was highly variable but
consistent across all dose levels (Figs. S5 and
S6). Further pharmacodynamic and immunoge-
nicity results are described in the Supplementary
Appendix.

DISCUSSION

Combination therapy with teclistamab plus
talquetamab showed encouraging antitumor ac-
tivity in a majority of patients with relapsed or
refractory multiple myeloma. The most common
adverse events were cytokine release syndrome,
neutropenia, taste changes, and nonrash skin
adverse events — findings that are consistent
with the treatment profiles of the monothera-
pies.!*® Cytokine release syndrome was com-
mon and mostly of low grade (no grade 4 or 5
events), which is consistent with T-cell-redirec-
tion therapies, including talquetamab and teclis-
tamab monotherapies.'** ICANS was rare, typi-
cally of low grade, and reversible with standard
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mitigation measures. GPRC5D-associated adverse
events were common, were of low grade, and
were managed according to protocol recommen-
dations. In particular, oral adverse events, in-
cluding dysgeusia, were managed with salt water
or glucocorticoid rinses, nutrition consultation,
pain management, short courses of oral gluco-
corticoids, or dose modifications. Although ef-
ficacy was maintained in patients who switched
to less-frequent administration, the effect on the
safety profile was not evaluated owing to con-
founding factors, such as small patient numbers
and the fact that dose changes roughly coincided
with plateaus in the cumulative incidence of
adverse events of interest. Finally, the incidence
of treatment-related adverse events leading to
death or discontinuation was low, and these
adverse events were mostly due to infections. As
compared with the initial results from this study
that were reported in 2023, four additional
grade 5 adverse events were observed, none of
which were considered by the investigator to be
related to a study drug.

At a median follow-up of 20.3 months (range,
0.5 to 37.1), serious infections were common and
the incidence of grade 3 or 4 infections (64%
across all dose levels) was higher than was seen
in studies of each agent as monotherapy: 20% (at
a dose of 0.4 mg per kilogram weekly) and 14%
(at a dose of 0.8 mg per kilogram every other
week) with talquetamab (median follow-up, 18.8
months [range, 0.5 to 32.9] and 12.7 months
[range, 0.2 to 26.1], respectively) and 55% with
teclistamab (median follow-up, 22.8 months
[range, 0.3 to 33.6])."%*' Prophylactic infection
measures were recommended and administered
according to institutional guidelines, but the
proportion of patients receiving infection pro-
phylaxis may have differed among the dose co-
horts given that enrollment commenced at dif-
ferent time points and infection-management
guidelines evolved during the conduct of the
study. The protocol recommended immune glob-
ulin replacement therapy in patients with a se-
rum IgG level below 400 mg per deciliter, which
is consistent with current treatment guidelines.”
Overall, these results reinforce the importance of
infection screening, prophylaxis, management,
and surveillance of hypogammaglobulinemia and
neutropenia.”*3°

Previously, we reported response in the
RedirecTT-1 study among patients who could be
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evaluated for response (Table S9).® Here, we re-
port response in all patients who had their best
response confirmed by at least two consecutive
assessments. A response occurred in 80% of the
patients with the recommended phase 2 regi-
men and in 78% of the patients across all dose
levels.

Cross-study comparisons must be interpreted
with caution. However, a response was observed
in 74% of patients treated with talquetamab at a
dose of 0.4 mg per kilogram weekly and in 72%
of those treated with talquetamab at a dose of
0.8 mg per kilogram every other week, in 63%
of those treated with teclistamab,? in 61% of
those treated with elranatamab,' in 83% of those
treated with ciltacabtagene autoleucel (among pa-
tients who had undergone apheresis),” and in
67% of those treated with idecabtagene vicleucel
(among patients who had undergone apheresis).’
Deep responses were observed with talquetamab
plus teclistamab, with 52% of the patients hav-
ing a complete response or better with the rec-
ommended phase 2 regimen and with 48% of
patients having a complete response or better
across all dose levels. In a previous study of
talquetamab monotherapy, a complete response
or better was observed in 34% of patients who
received 0.4 mg per kilogram weekly and in 39%
of those who received 0.8 mg per kilogram every
other week'; in a previous study of teclistamab
monotherapy, 45% of the patients treated with
a dose of 1.5 mg per kilogram weekly had a com-
plete response or better.! With a median follow-
up of 18.2 months with the recommended phase
2 regimen, responses were highly durable, with
an 86% likelihood of patients continuing to
have a response at 18 months. The likelihood of
continuing to have a response at 18 months was
37% with talquetamab monotherapy at a dose of
0.4 mg per kilogram weekly and 49% with a dose
of 0.8 mg per kilogram every other week and was
57% with teclistamab monotherapy at a dose of
1.5 mg per kilogram weekly.">** Although hetero-
geneous target antigen expression can decrease
the potency of T-cell-redirection therapies,**
these findings suggest that dual targeting of two
distinct myeloma antigens may enhance efficacy
in heterogeneous cell populations, improve dura-
bility as compared with single targeting mono-
therapies, and reduce the risk of relapse.

Among patients with extramedullary disease
who were treated with standard regimens, the

proportion of patients who have a response is
lower and progression-free survival is shorter
than among patients without extramedullary
disease.!” BCMA-targeting CAR T-cell therapies
have shown high percentages of patients with
a response among those with extramedullary
disease, although patient populations included
those with paramedullary lesions,*'° who have a
better prognosis than patients with extramedul-
lary disease.’®** However, the durability of re-
sponse and progression-free survival with CAR
T-cell therapies were shorter among patients
with extramedullary disease than in the overall
study populations.®!°

Among patients with extramedullary disease,
a response to talquetamab monotherapy oc-
curred in 16 of 33 patients (48%) at a dose of
0.4 mg per kilogram weekly and in 17 of 41
patients (41%) at a dose of 0.8 mg per kilogram
every other week, and the median duration of
response was 8.1 months (among patients treat-
ed at either dose) (data on file, Janssen Biotech).
Among patients with extramedullary disease
who received teclistamab monotherapy at a dose
of 1.5 mg per kilogram weekly, a response oc-
curred in 10 of 28 patients (36%), and the median
duration of response was 14.0 months."?

In the RedirecTT-1 study, 61% of patients
with extramedullary disease had a response with
the recommended phase 2 regimen, and the
likelihood of continuing to have a response at
18 months was 82% — a finding that approxi-
mated the durability of response at 18 months
that was seen among all the patients with the
recommended phase 2 regimen (86%). Limita-
tions of our study include the relatively short
follow-up, a small overall sample size, the low
representation of Black patients (1 patient)
(Table S10), a lack of formal hypothesis testing,
the use of investigator-assessed responses, and
the open-label, nonrandomized nature of the
study.

In this study, talquetamab plus teclistamab
had a similar safety profile to each agent as
monotherapy, although the observed incidence
of grade 3 or 4 infections was higher with the
combination than with talquetamab or teclista-
mab as monotherapies. Responses were observed
across dose levels and were particularly deep and
durable with the recommended phase 2 regi-
men. On the basis of these results, this dual-
targeting, off-the-shelf combination therapy
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warrants further investigation in patients with
relapsed or refractory multiple myeloma.

APPENDIX

The authors’ full names and academic degrees are as follows: Yael C. Cohen, M.D., Hila Magen, M.D., Moshe Gatt, M.D., Michael
Sebag, M.D., Ph.D., Kihyun Kim, M.D., Chang-Ki Min, M.D., Enrique M. Ocio, M.D., Ph.D., Sung-Soo Yoon, M.D., Ph.D., Michael P.
Chu, M.D., Paula Rodriguez-Otero, M.D., Ph.D., Irit Avivi, M.D., Natalia A. Quijano Cardé, Ph.D., Ashwini Kumar, Ph.D., Maria Krev-
vata, Ph.D., Michelle R. Peterson, M.Sc., Lilla Di Scala, Ph.D., Emma Scott, M.D., Brandi Hilder, Ph.D., Jill Vanak, Ph.D., Arnob Baner-
jee, M.D., Ph.D., Albert Oriol, M.D., Ph.D., Daniel Morillo, M.D., and Mar{a-Victoria Mateos, M.D., Ph.D.

The authors’ affiliations are as follows: Tel Aviv Sourasky Medical Center (Y.C.C., L.A.), and the Faculty of Medical and Health Sci-
ences, Tel Aviv University (Y.C.C., H.M., L.A.), Tel Aviv, Chaim Sheba Medical Center, Ramat Gan (H.M.), and Hadassah Hebrew Uni-
versity Medical Center, Jerusalem (M.G.) — all in Israel; McGill University and McGill University Health Centre, Montreal (M.S.), and
Alberta Health Services, Edmonton (M.P.C.) — all in Canada; Samsung Medical Center, Sungkyunkwan University School of Medicine
(K.K.), Seoul St. Mary’s Hospital, Catholic University of Korea (C.-K.M.), and Seoul National University College of Medicine (S.-S.Y.)
— all in Seoul, South Korea; Hospital Universitario Marqués de Valdecilla, Instituto de Investigacién Sanitaria Valdecilla, Universidad
de Cantabria, Santander (E.M.O.), Cancer Center Clinica Universidad de Navarra, Center for Applied Medical Research, Pamplona (P.R.-O.),
Institut Catala d’Oncologia, Josep Carreras Leukemia Research Institute, and the Hospital Germans Trias i Pujol, Barcelona (A.O.),
START Madrid—Fundacién Jiménez Diaz Early Phase Unit, University Hospital Fundacién Jiménez Dfaz, Madrid (D.M.), and the Univer-
sity Hospital of Salamanca, Institute for Biomedical Research of Salamanca, the Salamanca Cancer Research Center, and Centro de
Investigacién Biomédica en Red Cdncer, Salamanca (M.-V.M.) — all in Spain; Janssen Research and Development, Spring House, PA

(N.A.Q.C., AK., M.X,, M.R.P,, E.S., B.H., J.V., A.B.); and Janssen Research and Development, Allschwil, Switzerland (L.D.S.).

REFERENCES

1. Kumar SK, Dimopoulos MA, Kastritis
E, et al. Natural history of relapsed my-
eloma, refractory to immunomodulatory
drugs and proteasome inhibitors: a multi-
center IMWG study. Leukemia 2017;31:
2443-8.

2. Wang PF, Yee CW, Gorsh B, et al.
Treatment patterns and overall survival
of patients with double-class and triple-
class refractory multiple myeloma: a US
electronic health record database study.
Leuk Lymphoma 2023;64:398-4006.

3. Gandhi UH, Cornell RF, Lakshman
A, et al. Outcomes of patients with mul-
tiple myeloma refractory to CD38-targeted
monoclonal antibody therapy. Leukemia
2019;33:2266-75.

4. Mateos M-V, Weisel K, De Stefano V,
et al. LocoMMotion: a prospective, non-
interventional, multinational study of real-
life current standards of care in patients
with relapsed and/or refractory multiple
myeloma. Leukemia 2022;36:1371-6.

5. Berdeja JG, Madduri D, Usmani SZ,
et al. Ciltacabtagene autoleucel, a B-cell
maturation antigen-directed chimeric
antigen receptor T-cell therapy in pa-
tients with relapsed or refractory multiple
myeloma (CARTITUDE-1): a phase 1b/2
open-label study. Lancet 2021;398:314-24.
6. Martin T, Usmani SZ, Berdeja JG, et
al. Ciltacabtagene autoleucel, an anti-B-
cell maturation antigen chimeric antigen
receptor T-cell therapy, for relapsed/refrac-
tory multiple myeloma: CARTITUDE-1
2-year follow-up. J Clin Oncol 2023;41:
1265-74.

7. San-Miguel J, Dhakal B, Yong K, et al.
Cilta-cel or standard care in lenalidomide-
refractory multiple myeloma. N Engl ] Med
2023;389:335-47.

8. Raje N, Berdeja J, Lin Y, et al. Anti-
BCMA CAR T-cell therapy bb2121 in re-
lapsed or refractory multiple myeloma.
N Engl J Med 2019;380:1726-37.

9. Munshi NC, Anderson LD Jr, Shah N,
et al. Idecabtagene vicleucel in relapsed
and refractory multiple myeloma. N Engl
J Med 2021;384:705-16.

10. Rodriguez-Otero P, Ailawadhi S, Ar-
nulf'B, et al. Ide-cel or standard regimens
in relapsed and refractory multiple my-
eloma. N Engl J Med 2023;388:1002-14.
11. Usmani SZ, Garfall AL, van de Donk
NW(C], et al. Teclistamab, a B-cell matura-
tion antigen x CD3 bispecific antibody, in
patients with relapsed or refractory mul-
tiple myeloma (MajesTEC-1): a multicen-
tre, open-label, single-arm, phase 1 study.
Lancet 2021;398:665-74.

12. Moreau P, Garfall AL, van de Donk
NWCJ, et al. Teclistamab in relapsed or
refractory multiple myeloma. N Engl J
Med 2022;387:495-505.

13. Chari A, Minnema MC, Berdeja JG,
et al. Talquetamab, a T-cell-redirecting
GPRC5D bispecific antibody for multiple
myeloma. N Engl ] Med 2022;387:2232-
44,

14. Schinke C, Touzeau C, Minnema M, et
al. Pivotal phase 2 MonumenTAL-1 re-
sults of talquetamab, a GPRC5DxCD3 bi-
specific antibody, for relapsed/refractory
multiple myeloma. Presented at the Ameri-

can Society of Clinical Oncology Annual
Meeting, Chicago, June 2-6, 2023. poster.
15. Touzeau C, Schinke C, Minnema M, et
al. Pivotal phase 2 MonumenTAL-1 results
of talquetamab, a GPRC5DxCD3 bispecific
antibody, for relapsed/refractory multiple
myeloma. Presented at the European He-
matology Association Annual Meeting,
Frankfurt, Germany, June 8-11, 2023.

16. Lesokhin AM, Tomasson MH, Arnulf
B, et al. Elranatamab in relapsed or
refractory multiple myeloma: phase 2
MagnetisMM-3 trial results. Nat Med
2023;29:2259-67.

17. Gagelmann N, Ayuk FA, Klyuchnikov
E, Wolschke C, Berger SC, Kroger N. Im-
pact of high-risk disease on the efficacy of
chimeric antigen receptor T-cell therapy
for multiple myeloma: a meta-analysis of
723 patients. Haematologica 2023;108:
2799-802.

18. Swan D, Murphy P, Glavey S, Quinn J.
Bispecific antibodies in multiple myelo-
ma: opportunities to enhance efficacy
and improve safety. Cancers (Basel) 2023;
15:1819.

19. Rosiflol L, Beksac M, Zamagni E, et
al. Expert review on soft-tissue plasmacyto-
mas in multiple myeloma: definition, dis-
ease assessment and treatment consider-
ations. Br ] Haematol 2021;194:496-507.

20. Moreau P, Mateos M-V, Goldschmidt H,
et al. Outcomes of patients with extramed-
ullary disease in triple-class exposed re-
lapsed/refractory multiple myeloma from
the LocoMMotion + MoMMent Studies.
Blood 2023;142:Suppl:4698. abstract.

N ENGL ) MED 392;2 NEJM.ORG JANUARY 9, 2025

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.
Downloaded from nejm.org at Texas Health Resources on January 13, 2025. For personal use only.
No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.



TALQUETAMAB PLUS TECLISTAMAB IN MULTIPLE MYELOMA

21. van de Donk NWCJ, Moreau P, Garfall
AL, et al. Long-term follow-up from
MajesTEC-1 of teclistamab, a BCMAxCD3
bispecific antibody, in patients with re-
lapsed|/refractory multiple myeloma. Pre-
sented at the American Society of Clini-
cal Oncology Annual Meeting, Chicago,
June 2-6, 2023. poster.

22. Verkleij CPM, Broekmans MEC, van
Duin M, et al. Preclinical activity and
determinants of response of the
GPRC5DxCD3 bispecific antibody tal-
quetamab in multiple myeloma. Blood
Adv 2021;5:2196-215.

23. Kodama T, Kochi Y, Nakai W, et al.
Anti-GPRC5D/CD3  bispecific T-cell-
redirecting antibody for the treatment
of multiple myeloma. Mol Cancer Ther
2019;18:1555-64.

24. Rodriguez-Otero P, Schinke CD, Chari
A, et al. Analysis of infection and param-
eters of humoral immunity in patients
(pts) with relapsed/refractory multiple
myeloma (RRMM) treated with talqu-
etamab (tal) monotherapy in Monumen-
TAL-1. J Clin Oncol 2023;41:Suppl:8020.
abstract.

25. Yuan Y, Hess KR, Hilsenbeck SG, Gil-
bert MR. Bayesian optimal interval de-
sign: a simple and well-performing design

N ENGL J MED 39272

The New England Journal of Medicine is produced by NEJM Group, a division of the Massachusetts Medical Society.

for phase I oncology trials. Clin Cancer
Res 2016;22:4291-301.

26. Rajkumar SV, Harousseau J-L, Durie
B, et al. Consensus recommendations for
the uniform reporting of clinical trials:
report of the International Myeloma
Workshop Consensus Panel 1. Blood
2011;117:4691-5.

27. Lee DW, Santomasso BD, Locke FL, et
al. ASTCT consensus grading for cytokine
release syndrome and neurologic toxicity
associated with immune effector cells.
Biol Blood Marrow Transplant 2019;25:
625-38.

28. Cohen YC, Morillo M, Gatt ME, et al.
First results from the RedirecTT-1 study
with teclistamab + talquetamab simulta-
neously targeting BCMA and GPRC5D in
patients with relapsed/refractory multiple
myeloma. Presented at the American Soci-
ety of Clinical Oncology Annual Meeting,
Chicago, June 2-6, 2023.

29. Raje N, Anderson K, Einsele H, et al.
Monitoring, prophylaxis, and treatment
of infections in patients with MM receiv-
ing bispecific antibody therapy: consen-
sus recommendations from an expert
panel. Blood Cancer J 2023;13:116.

30. Ludwig H, Terpos E, van de Donk N,
et al. Prevention and management of ad-

verse events during treatment with bispe-
cific antibodies and CAR T cells in mul-
tiple myeloma: a consensus report of the
European Myeloma Network. Lancet Oncol
2023;24(6):€255-2069.

31. Pillarisetti K, Edavettal S, Mendonga
M, et al. A T-cell-redirecting bispecific
G-protein-coupled receptor class 5 member
D x CD3 antibody to treat multiple my-
eloma. Blood 2020;135:1232-43.

32. Fernandez de Larrea C, Staehr M, Lo-
pez A, et al. Optimal dual-targeted CAR
construct simultaneously targeting Bcma
and GPRC5D prevents Bcma-escape driven
relapse in multiple myeloma. Blood 2019;
134:Suppl:136. abstract.

33. Pour L, Sevcikova S, Greslikova H,
et al. Soft-tissue extramedullary multiple
myeloma prognosis is significantly worse
in comparison to bone-related extramed-
ullary relapse. Haematologica 2014;99:
360-4.

34. Beksac M, Seval GC, Kanellias N, et
al. A real world multicenter retrospective
study on extramedullary disease from
Balkan Myeloma Study Group and Barce-
lona University: analysis of parameters
that improve outcome. Haematologica
2020;105:201-8.

Copyright © 2025 Massachusetts Medical Society.

NEJM.ORG JANUARY 9, 2025

Downloaded from nejm.org at Texas Health Resources on January 13, 2025. For personal use only.
No other uses without permission. Copyright © 2025 Massachusetts Medical Society. All rights reserved.

149



