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BACKGROUND

Teclistamab is a T-cell–redirecting bispecific antibody that targets both CD3 expressed
on the surface of T cells and B-cell maturation antigen expressed on the surface of
myeloma cells. In the phase 1 dose-defining portion of the study, teclistamab showed
promising efficacy in patients with relapsed or refractory multiple myeloma.
METHODS

In this phase 1–2 study, we enrolled patients who had relapsed or refractory myeloma
after at least three therapy lines, including triple-class exposure to an immunomodulatory drug, a proteasome inhibitor, and an anti-CD38 antibody. Patients received a
weekly subcutaneous injection of teclistamab (at a dose of 1.5 mg per kilogram of
body weight) after receiving step-up doses of 0.06 mg and 0.3 mg per kilogram.
The primary end point was the overall response (partial response or better).
RESULTS

Among 165 patients who received teclistamab, 77.6% had triple-class refractory disease
(median, five previous therapy lines). With a median follow-up of 14.1 months, the
overall response rate was 63.0%, with 65 patients (39.4%) having a complete response or better. A total of 44 patients (26.7%) were found to have no minimal
residual disease (MRD); the MRD-negativity rate among the patients with a complete
response or better was 46%. The median duration of response was 18.4 months
(95% confidence interval [CI], 14.9 to not estimable). The median duration of
progression-free survival was 11.3 months (95% CI, 8.8 to 17.1). Common adverse
events included cytokine release syndrome (in 72.1% of the patients; grade 3, 0.6%;
no grade 4), neutropenia (in 70.9%; grade 3 or 4, 64.2%), anemia (in 52.1%; grade
3 or 4, 37.0%), and thrombocytopenia (in 40.0%; grade 3 or 4, 21.2%). Infections
were frequent (in 76.4%; grade 3 or 4, 44.8%). Neurotoxic events occurred in 24 patients (14.5%), including immune effector cell–associated neurotoxicity syndrome
in 5 patients (3.0%; all grade 1 or 2).

The authors’ full names, academic degrees, and affiliations are listed in the Appendix. Dr. Moreau can be contacted at
philippe.moreau@chu-nantes.fr or at the
Hematology Clinic, University Hospital
Hôtel-Dieu, 1 Place Alexis-Ricordeau,
44000 Nantes, France. Dr. Usmani can be
contacted at usmanis@mskcc.org or at
the Memorial Sloan Kettering Cancer Center, 1275 York Ave., New York, NY 10065.
Drs. Moreau and Usmani contributed
equally to this article.
This article was published on June 5, 2022,
at NEJM.org.
N Engl J Med 2022;387:495-505.
DOI: 10.1056/NEJMoa2203478
Copyright © 2022 Massachusetts Medical Society.

CONCLUSIONS

Teclistamab resulted in a high rate of deep and durable response in patients with
triple-class–exposed relapsed or refractory multiple myeloma. Cytopenias and infections were common; toxic effects that were consistent with T-cell redirection were
mostly grade 1 or 2. (Funded by Janssen Research and Development; MajesTEC-1
ClinicalTrials.gov numbers, NCT03145181 and NCT04557098.)
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tandard treatment of multiple myeloma includes the administration of immunomodulatory agents, proteasome inhibitors, and anti-CD38 antibodies. However, available
therapies for patients who have had disease progression after receiving these agents are limited,
and outcomes are generally poor.1-4 B-cell maturation antigen (BCMA) represents a promising new
target for myeloma therapy. Three BCMA-directed
therapies have been approved for the treatment
of patients with myeloma who have received immunomodulatory agents, proteasome inhibitors,
and anti-CD38 antibodies. These approved therapies are belantamab mafodotin, an antibody-drug
conjugate, and two chimeric antigen receptor
T-cell (CAR-T) therapies, idecabtagene vicleucel
and ciltacabtagene autoleucel. In this heavily pretreated population, the overall response rate with
belantamab mafodotin is approximately 31%.5
Response rates are 67% for idecabtagene vicleucel
and 83% for ciltacabtagene autoleucel in patients
who have undergone apheresis; however, CAR-T
therapy has limitations regarding patient eligibility, safety, and access to treatment.6-8
Teclistamab (JNJ-64007957, Janssen) is a bispecific antibody that targets both CD3 expressed
on the surface of T cells and BCMA expressed on
the surface of myeloma cells, thus mediating T-cell
activation and subsequent lysis of BCMA-expressing myeloma cells. In phase 1 of the multicohort
Study of Teclistamab in Participants with Relapsed
or Refractory Multiple Myeloma (MajesTEC-1),9
investigators identified the recommended phase
2 dose of teclistamab as a weekly subcutaneous
injection of 1.5 mg per kilogram of body weight.
At this dose level, teclistamab showed promising
efficacy in 40 patients, with 65% of patients having a partial response or better. Here, we report the
efficacy and safety results from the pivotal phase
1–2 portion of MajesTEC-1 involving 165 patients
with triple-class–exposed relapsed or refractory
myeloma. Included in this report is an assessment
of pharmacokinetics, immunogenicity, and biomarkers of response and progression.

Me thods
Patients and Treatment

Details regarding the phase 1 study design and
methods have been reported previously.9 In brief,
eligible patients were 18 years of age or older and
had a documented diagnosis of relapsed or refrac496
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tory myeloma according to the criteria of the International Myeloma Working Group.10 Patients
must have previously received at least three lines
of therapy (including an immunomodulatory agent,
a proteasome inhibitor, and an anti-CD38 antibody) and have had progressive, measurable disease at screening. Previous treatment with a
BCMA-targeted therapy was not allowed. Eligible
patients had a score of 0 or 1 on the Eastern
Cooperative Oncology Group performance-status
scale (which ranges from 0 to 5, with higher
scores indicating greater disability). Full eligibility criteria are provided in the protocol, which is
available with the full text of this article at
NEJM.org.
Patients received once-weekly subcutaneous
teclistamab at a dose of 1.5 mg per kilogram,
which had been preceded by step-up doses of 0.06
and 0.3 mg per kilogram.9 The step-up doses
were separated by 2 to 4 days and were completed
2 to 4 days before the administration of the first
full teclistamab dose. Hospitalization and premedication with dexamethasone (16 mg), acetaminophen, and diphenhydramine were required
for each step-up dose and for the first full dose
of teclistamab. The cycle duration was 21 days in
phase 1 and 28 days in phase 2. Patients continued to receive teclistamab until the occurrence
of disease progression, unacceptable toxicity, withdrawal of consent, death, or the end of the study
(defined as 2 years after the administration of
the first dose of teclistamab in the last enrolled
patient).
Study Oversight

The study was sponsored and designed by Janssen
Research and Development in collaboration with
the academic authors. The study was conducted
in accordance with the principles of the Declaration of Helsinki and the Good Clinical Practice
guidelines of the International Council for Harmonisation. The study protocol, amendments, and
relevant documents were approved by the local
independent ethics committee or institutional
review board at each study site. All the patients
provided written informed consent.
The sponsor established a safety evaluation
team to monitor patient safety throughout the
phase 1 study. In phase 2, safety was monitored
through continuous review by the sponsor. All
the authors affirm that the trial was conducted
in accordance with the study protocol and vouch
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for the accuracy and completeness of the data.
Professional medical writers who were funded by
the sponsor prepared the first draft of the manuscript in accordance with Good Publication Practice guidelines. All the authors reviewed and
revised the manuscript and made the decision to
submit it for publication.
End Points and Assessments

The primary end point of the phase 2 study was
the overall response rate, which was defined as
a partial response or better according to the criteria of the International Myeloma Working Group,
as assessed by an independent review committee
(Table S1 in the Supplementary Appendix, available at NEJM.org).10,11 Key secondary end points
included the duration of response; a very good
partial response or better; a complete response
or better; the time until response; progressionfree and overall survival; status with respect to
minimal residual disease; and safety, pharmacokinetics, and immunogenicity. Negativity for minimal residual disease was assessed by next-generation sequencing of DNA obtained from bone
marrow aspirate (clonoSEQ assay, version 2.0
[Adaptive Biotechnologies]) with a threshold of
10−5 cells. Exploratory end points included levels
of soluble BCMA, cytokines, and T-cell activation
markers. Additional information regarding all end
points is provided in the Supplementary Appendix.
Adverse events were graded according to the
National Cancer Institute Common Terminology
Criteria for Adverse Events (version 4.03), except
for cytokine release syndrome (Table S2) and immune effector cell–associated neurotoxicity syndrome, which were graded according to the criteria of the American Society for Transplantation
and Cellular Therapy.12
Statistical Analysis

For phase 2, we determined that a sample size
of 100 patients would provide a power of at least
85% to establish an overall response rate of more
than 30% at a one-sided significance level of
0.025, assuming an overall response rate of at
least 45%. The safety and efficacy populations for
this analysis included all the patients who had
received at least one dose of teclistamab at the
recommended phase 2 dose in phase 1 or phase 2
as of September 7, 2021. The data-cutoff date
was March 16, 2022, for the safety and efficacy
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analyses. The overall response rate and associated
two-sided 95% confidence intervals were calculated. Response rates were also compared across
various prespecified subgroups, including those
defined according to cytogenetic risk, refractory
status, and number of previous lines of therapy.
We used Kaplan–Meier methods to estimate timeto-event end points (duration of response, progression-free survival, and overall survival).

R e sult s
Patients

From March 3, 2020, to August 13, 2021, a total
of 165 patients were enrolled at 35 sites in nine
countries to receive teclistamab at the recommended phase 2 dose of 1.5 mg per kilogram.
Of these patients, 40 were enrolled in phase 1
and 125 in phase 2. As of March 16, 2022, 70 patients (42.4%) were continuing to receive treatment
(Fig. S1), with a median treatment duration of
8.5 months (range, 0.2 to 24.4). A total of 98 patients (59.4%) received at least 6 months of teclistamab treatment, and 79 patients (47.9%) received
at least 9 months of treatment. The median relative dose intensity (the ratio of the dose administered to the planned dose) for all treatment cycles,
including step-up doses, was 93.7%.
The characteristics of the patients at baseline
were similar in phases 1 and 2 (Table 1). In the
overall population, the median age was 64 years
(range, 33 to 84). The median time between diagnosis and the first dose was 6 years (range,
0.8 to 22.7). Extramedullary disease (defined as
the presence of one or more extramedullary softtissue lesions) was present in 28 patients (17.0%).
Among the 148 patients with available cytogenetic data, 38 (25.7%) had at least one high-risk
cytogenetic abnormality, which was defined as
del(17p), t(4;14), or t(14;16). Stage III disease was
present in 20 of 162 patients (12.3%) who had
available International Staging System data. Patients had received a median of 5 previous lines
of therapy (range, 2 to 14), and 116 (70.3%) had
received at least two immunomodulatory agents,
at least two proteasome inhibitors, and at least
one anti-CD38 antibody (penta-drug exposure).
Before study entry, 148 patients (89.7%) had resistance to the previous line of therapy, 128 (77.6%)
had triple-class refractory disease, and 50 (30.3%)
had penta-drug refractory disease.
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Table 1. Characteristics of the Patients at Baseline.
Characteristic
Age
Median (range) ― yr
≥75 yr ― no. (%)
Sex ― no. (%)
Male
Female
Race ― no. (%)*
White
Black
Asian
Other
Median time since diagnosis (range) ― yr
≥1 Extramedullary plasmacytoma ― no. (%)†
≥60% Plasma cells in bone marrow ― no./total no. (%)
ECOG performance-status score ― no. (%)‡
0
≥1
International Staging System class ― no./total no. (%)
I
II
III
High-risk cytogenetic profile ― no./total no. (%)
del(17p)
t(4:14)
t(14;16)
Median no. of lines of previous therapy (range)
Previous stem-cell transplantation ― no. (%)
Previous therapy exposure — no. (%)
Triple-class§
Penta-drug¶
Refractory status ― no. (%)
Immunomodulatory agent‖
Proteasome inhibitor**
Anti-CD38 monoclonal antibody††
Triple-class§
Penta-drug¶
Refractory to last line of therapy

Phase 1
(N = 40)

Phase 2
(N = 125)

Total
(N = 165)

62.5 (39.0–84.0)
5 (12.5)

64.0 (33.0–83.0)
19 (15.2)

64.0 (33.0–84.0)
24 (14.5)

26 (65.0)
14 (35.0)

70 (56.0)
55 (44.0)

96 (58.2)
69 (41.8)

34 (85.0)
1 (2.5)
0
5 (12.5)
5.6 (0.8–17.4)
8 (20.0)
3/38 (7.9)

100 (80.0)
20 (16.0)
3 (2.4)
2 (1.6)
6.2 (0.9–22.7)
20 (16.0)
15/122 (12.3)

134 (81.2)
21 (12.7)
3 (1.8)
7 (4.2)
6.0 (0.8–22.7)
28 (17.0)
18/160 (11.2)

17 (42.5)
23 (57.5)

38 (30.4)
87 (69.6)

55 (33.3)
110 (66.7)

24/39 (61.5)
11/39 (28.2)
4/39 (10.3)
12/37 (32.4)
9/37 (24.3)
4/37 (10.8)
1/37 (2.7)
5 (2–11)
34 (85.0)

61/123 (49.6)
46/123 (37.4)
16/123 (13.0)
26/111 (23.4)
14/111 (12.6)
12/111 (10.8)
3/111 (2.7)
5 (2–14)
101 (80.8)

85/162 (52.5)
57/162 (35.2)
20/162 (12.3)
38/148 (25.7)
23/148 (15.5)
16/148 (10.8)
4/148 (2.7)
5 (2–14)
135 (81.8)

40 (100.0)
26 (65.0)

125 (100.0)
90 (72.0)

165 (100.0)
116 (70.3)

38 (95.0)
34 (85.0)
39 (97.5)
32 (80.0)
16 (40.0)
33 (82.5)

114 (91.2)
108 (86.4)
109 (87.2)
96 (76.8)
34 (27.2)
115 (92.0)

152 (92.1)
142 (86.1)
148 (89.7)
128 (77.6)
50 (30.3)
148 (89.7)

*	Race was reported by the patients. Included in the category of “other” are 4 patients who did not report race, 2 who
reported their race as other, and 1 who reported multiple races.
†	Included in this category are patients with soft-tissue plasmacytomas that were not associated with bone.
‡	Scores on the Eastern Cooperative Oncology Group (ECOG) performance-status scale range from 0 to 5, with higher
scores indicating greater disability. A total of 23 patients in phase 1 and 86 patients in phase 2 had an ECOG score of
1; 1 patient in phase 2 had a performance score of 3.
§	Triple-class exposure includes at least one immunomodulatory drug, at least one proteasome inhibitor, and at least
one anti-CD38 antibody.
¶	Penta-drug exposure includes at least two immunomodulatory drugs, at least two proteasome inhibitors, and at least
one anti-CD38 antibody.
‖	Immunomodulatory agents include thalidomide, lenalidomide, and pomalidomide.
**	Proteasome inhibitors include bortezomib, carfilzomib, and ixazomib.
††	Anti-CD38 monoclonal antibodies include daratumumab and isatuximab.
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Efficacy

The median follow-up was 14.1 months (range,
0.3 to 24.4). Responses occurred in 104 of 165
patients (63.0%; 95% confidence interval [CI],
55.2 to 70.4). A very good partial response or
better occurred in 97 patients (58.8%), and a complete response or better occurred in 65 (39.4%)
(Fig. 1A and Table S4). The median time until
the first response was 1.2 months (range, 0.2 to
5.5), and the median time until a best response
was 3.8 months (range, 1.1 to 16.8). Negativity
for minimal residual disease (at a threshold of
10−5) was reported in 44 patients (26.7%; 95%
CI, 20.1 to 34.1). Among the 65 patients who had
a complete response or better, 30 (46%) had no
minimal residual disease (Table S4). Response
rates were lower in patients with extramedullary
disease, stage III disease, and at least 60% marrow replacement by plasma cells and were higher
in those who had received no more than three
previous lines of therapy. Otherwise, response
rates were consistent across most clinically relevant subgroups, including patients with highrisk cytogenetic abnormalities and those with
penta-drug refractory disease (Fig. S2).
Responses were durable and deepened over
time (Fig. 1B). The median duration of response
was 18.4 months (95% CI, 14.9 to not estimable)
and was not yet mature at the time of this report
after censoring of data for 71 patients (68.3%)
(Fig. 2A). The Kaplan–Meier estimate of maintenance of response for at least 12 months was
68.5% (95% CI, 57.7 to 77.1). The median duration of progression-free survival was 11.3 months
(95% CI, 8.8 to 17.1) (Fig. 2B). The median duration of overall survival was 18.3 months (95% CI,
15.1 to not estimable) and was not mature after
censoring of data for 97 patients (58.8%) (Fig. 2C).
Safety

All 165 patients reported having an adverse event
(Table 2 and Table S5), which were grade 3 or 4
in 156 patients (94.5%). One patient had a dose
reduction during cycle 21 because of recurrent
neutropenia, and 104 patients (63.0%) skipped a
dose because of adverse events. Two patients discontinued teclistamab because of adverse events
(grade 3 adenoviral pneumonia and grade 4 progressive multifocal leukoencephalopathy). The
most common adverse events were hematologic,
including neutropenia (in 117 patients [70.9%]),
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anemia (in 86 [52.1%]), and thrombocytopenia
(in 66 [40.0%]). Of the 117 patients in whom
neutropenia developed, 91 received granulocyte
colony-stimulating factor therapy at the physician’s discretion. Infections occurred in 126 patients (76.4%); 74 patients (44.8%) had grade 3
or 4 infections. Hypogammaglobulinemia occurred in 123 patients (74.5%) as determined by
means of adverse-event reporting, laboratory
analyses (IgG level, <500 mg per deciliter), or
both; of these patients, 65 received intravenous
immunoglobulin at the physician’s discretion.
Injection-site reactions were reported in 60 patients (36.4%); all such events were grade 1 or 2.
Cytokine release syndrome occurred in 119
patients (72.1%). Most events occurred after
step-up and cycle 1 doses, with 6 patients (3.6%)
having cytokine release syndrome in cycle 2 or
later. Most events of cytokine release syndrome
were grade 1 or 2 in severity and fully resolved,
except for one grade 3 event, which occurred in
a patient with concurrent pneumonia and resolved in 2 days (Table S6). No patients discontinued teclistamab owing to the development of
cytokine release syndrome. The median time
until the onset of cytokine release syndrome was
2 days (range, 1 to 6) after the most recent dose,
and the median duration was 2 days (range, 1 to
9). Supportive measures for the treatment of
cytokine release syndrome were provided to 110
patients (66.7%); these treatments included the
administration of tocilizumab (in 60 patients
[36.4%]), low-flow oxygen by nasal cannula (in
21 [12.7%]), and glucocorticoids (in 14 [8.5%])
(Table S6). A single vasopressor was administered in 1 patient (0.6%).
Investigator-assessed neurotoxic events, including immune effector cell–associated neurotoxicity syndrome, were reported in 24 patients
(14.5%). Most events were grade 1 or 2, except
for one grade 4 seizure event that occurred in a
patient with bacterial meningitis during cycle 7.
No patients discontinued therapy because of neurotoxic events.
Headache, which was the most frequent of
the neurotoxic events that were deemed by the
investigator to be related to teclistamab, was
reported in 14 patients (8.5%) (Table S7). Five
patients had a total of 9 events of immune effector cell–associated neurotoxicity syndrome, all
either grade 1 or 2. Of these 9 events, 7 were

nejm.org

August 11, 2022

The New England Journal of Medicine
Downloaded from nejm.org at EMORY UNIVERSITY on August 30, 2022. For personal use only. No other uses without permission.
Copyright © 2022 Massachusetts Medical Society. All rights reserved.

499

The

Response:

n e w e ng l a n d j o u r na l

Stringent complete
response

Complete
response

of

m e dic i n e

Very good partial
response

Partial response

Progressive
disease

A Rate of Response in 165 Patients
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B Treatment Response in 104 Patients
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Discontinued
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and treatment

Death

End of study
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Figure 1. Response to Teclistamab in Patients with Relapsed or Refractory Multiple Myeloma.
Panel A shows the rates of stringent complete response, complete response (CR), very good partial response
(VGPR), and partial response in 165 patients who were treated with teclistamab. A stringent complete response was
defined as a complete response with a normal serum free light-chain ratio and an absence of clonal plasma cells on
immunohistochemical analysis or negative two-color to four-color flow cytometry. Differences in percentage totals
are due to rounding. Responses were assessed by an independent review committee with a cutoff date of March 16,
2022. Panel B shows responses over time in the 104 patients who had an overall response (partial response or better) among the 165 patients treated at the recommended phase 2 dose.
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Figure 2. Kaplan–Meier Analysis of Response Duration
and of Progression-free and Overall Survival.
Panel A shows the duration of response to teclistamab
therapy in the 104 patients who had an overall response (partial response or better) among the 165 patients who received the recommended phase 2 weekly
dose of 1.5 mg per kilogram of body weight. Panel B
shows progression-free survival in the overall population. Disease progression was assessed by an independent review committee on the basis of the criteria
of the International Myeloma Working Group. Panel C
shows overall survival among the 165 patients. Tick marks
indicate censored data. NE denotes not estimable.
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Teclistamab exposure was sustained over the
predetermined target level (6 μg per milliliter,
based on the upper boundary of an experimentally determined range of the 90% maximal effective concentration) with a low peak-to-trough
ratio (Fig. S3). Of the 146 patients who had received the recommended phase 2 dose and could
be evaluated for immunogenicity, none were found
to have antibodies against teclistamab.
Serum levels of soluble BCMA were assessed
as a potential marker of tumor burden and response.13 Rapid decreases in total levels of soluble
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dose reduction. Supportive treatment for neurotoxic events was provided in 14 patients (8.5%).
Of these patients, 4 received supportive treatment for immune effector cell–associated neurotoxicity syndrome. Supportive measures included
the administration of tocilizumab (in 3 patients),
dexamethasone (in 3), levetiracetam (in 2), and
gabapentin (in 1). Serious adverse events are reported in Table S8.
A total of 68 patients (41.2%) died, with most
deaths (41) attributed to progressive disease
(Table S9). Nineteen patients died from adverse
events, including 12 deaths from coronavirus
disease 2019 (Covid-19). Five deaths were considered by investigators to be related to teclistamab:
in 1 patient who had discontinued teclistamab
due to progressive multifocal leukoencephalopathy, in 2 patients who had contracted Covid-19,
in 1 patient who had hepatic failure, and in 1 patient who had streptococcal pneumonia.
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36 (21.8)

1 (0.6)

Constipation

34 (20.6)

0

Nonhematologic

Cough

33 (20.0)

0

Pneumonia

30 (18.2)

21 (12.7)

Covid-19

29 (17.6)

20 (12.1)

Bone pain

29 (17.6)

6 (3.6)

Back pain

27 (16.4)

4 (2.4)

119 (72.1)

1 (0.6)

24 (14.5)

1 (0.6)

Cytokine release syndrome†
Neurotoxic event

Discussion

*	Listed are adverse events of any grade that were reported in at least 15% of
the patients, as well as neurotoxic events. Covid-19 denotes coronavirus disease 2019.
†	In this analysis, events associated with cytokine release syndrome were graded according to the criteria of the American Society for Transplantation and
Cellular Therapy.

BCMA occurred in 40 of 59 evaluable patients
(68%) who had a partial response or better within
the first month of treatment. In contrast, increased soluble BCMA levels occurred in 27 of
28 patients (96%) who did not have a response
to teclistamab during cycle 1. In addition, reductions in soluble BCMA levels occurred during the
first 4 cycles of treatment in 63 of 72 evaluable
patients (88%) who had a partial response or
better, whereas all the evaluable patients who
did not have a response (9 of 9 patients) had
increased levels of soluble BCMA. Reductions in
soluble BCMA levels were greater in patients
with a deeper response (Fig. 3).
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Pharmacodynamic induction of cytokines and
T-cell activation were observed after the administration of teclistamab. No significant associations were observed between treatment response
and maximum change in cytokine levels or T-cell
activation; however, patients who had response
to treatment had higher levels of interferon-γ,
interleukin-6, interleukin-10, and interleukin-2
receptor α than those without a response (Fig.
S4); they also had higher cell-surface levels of
CD38 or T-cell immunoglobulin and mucin domain–containing protein 3 on CD8+ T cells,
which suggests that immune activation that occurred early after treatment initiation may be a
predictor of clinical response (Fig. S5).

Table 2. Adverse Events in 165 Patients (Safety Population).*
Event

of

In this phase 1–2 study, we found that at a median follow-up of 14.1 months, a once-weekly
subcutaneous dose (1.5 mg per kilogram after
step-up dosing) of teclistamab induced deep and
durable responses in patients with triple-class–
exposed relapsed or refractory multiple myeloma, findings that are consistent with results of
the phase 1 study.9 Responses occurred in 63.0%
of the patients, with 39.4% having a complete
response or better, despite a history of extensive
previous treatment and disease that was refractory to currently available therapies. The overall
depth of response was highlighted by the observation that 26.7% of the patients were found to
have no minimal residual disease at a sensitivity
level of 10−5; these patients made up 82% of
those in whom minimal residual disease could
be evaluated. Such absence of minimal residual
disease has been associated with improved overall survival and progression-free survival in patients with myeloma.14-16 In this study, progression-free survival was 11.3 months. At the time
of this report, the median duration of response
to teclistamab was 18.4 months. Most of the
patients with this duration of response were still
having a response by the data-cutoff date.
Responses were consistent across clinically
relevant subgroups, including patients with highrisk cytogenetic abnormalities or penta-drug refractory disease with the exceptions of those
with extramedullary disease, stage III disease,
and the presence of at least 60% plasma cells in
the marrow. The latter two subgroups were small
and had results with wide confidence intervals
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(i.e., the upper boundaries were similar to or exceeded the response rate among all treated patients). The lower response rate in patients with
extramedullary plasmacytomas probably reflects
the poor prognosis in this population, which is
historically challenging to treat.17 In addition,
subgroup analyses suggest that patients who have
received no more than three previous therapy
lines may have a better response rate than those
who have received more than three therapies, a
finding that supports the use of teclistamab in
earlier therapy lines (although the confidence
intervals for this finding are wide).
The mechanism of action of teclistamab is
distinct from that of other available therapies in
these patients. Teclistamab is a bispecific antibody with dual binding sites targeting both CD3
expressed on the surface of T cells and BCMA
expressed on the surface of myeloma cells.
Teclistamab redirects CD3+ T cells to BCMA+
myeloma cells, resulting in T-cell activation and
subsequent lysis and death of BCMA+ cells.18
This effect occurs regardless of T-cell–receptor
specificity or major histocompatibility complex
class I molecules on the surface of myeloma
cells.18 Although clinical proof of concept has
been obtained for other CD3-redirection platforms in other indications,19-21 no CD3-redirecting therapy has been approved for the treatment
of myeloma.
It is important to put the results of this study
in context with new and emerging therapies for
multiple myeloma. Although cross-trial comparisons are challenging to interpret owing to differences in study design and patient populations,
the response rates observed with teclistamab
(63%) compare favorably with those of belantamab mafodotin, which has an overall response
rate of 31% in patients with triple-class refractory disease.5 In a matching-adjusted indirect
comparison of data from the DREAMM-2 study,
teclistamab provided a substantial efficacy benefit over belantamab mafodotin in patients with
relapsed or refractory multiple myeloma who
had received at least three previous lines of
therapy.22 Overall response rates of 67 to 83%
have been observed with approved CAR-T therapies in patients who have undergone apheresis.6,8
CAR-T therapy requires that patients have access
to specialized care centers and can wait the
minimum 4-week period for production, which
can result in attrition rates of approximately 10 to

2500
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(N=8)

VGPR
(N=34)

PR
(N=3)

MR
(N=1)
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(N=6)

PD
(N=2)

Best Response

Figure 3. Changes in Levels of Soluble B-Cell Maturation Antigen (BCMA)
after Teclistamab Therapy, According to Tumor Response.
Serum levels of soluble BCMA were assessed as a potential marker of tumor burden and response. As expected, reductions in soluble BCMA levels
were greater in patients with a better response than in those with a poor
response. Shown is the percent change from baseline in serum soluble
BCMA levels on day 1 of cycle 4 according to the best response in 81 patients with plasma samples that could be evaluated as of August 9, 2021
(data-cutoff date for pharmacokinetic analyses). The median percent
change in soluble BCMA levels was a reduction of 82% in 27 patients with
a stringent complete response (sCR), a reduction of 87% in the 8 patients
with a complete response (CR), a reduction of 90% in 34 patients with a
very good partial response (VGPR), an increase of 175% among the 3 patients with a partial response (PR), an increase of 381% in the 1 patient
with a minimal response (MR), an increase of 522% in the 6 patients with
stable disease (SD), and an increase of 1437% in the 2 patients with progressive disease (PD). The boxes represent interquartile ranges, the horizontal line in each box represents the median, and the whiskers show the
minimum and maximum values after the exclusion of outliers (circles) that
were more than 1.5 times the values represented at each end of the box.

15%,6-8 factors that underscore the need for effective off-the-shelf treatment options for patients
with relapsed or refractory myeloma. Teclistamab
is readily available and has been associated with
rapid onset of response after a median of approximately 1 month of treatment.
Adverse events in this phase 1–2 trial were
common and included low-grade cytokine release syndrome and grade 3 or 4 cytopenia and
infection in a patient population that has an
increased susceptibility to infection due to the
immunodeficiency associated with myeloma and
immunosuppressive effects of previous myeloma
therapies.23 Of the 19 deaths due to adverse events
in our study, 12 were attributed to Covid-19,
which was consistent with the higher mortality
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observed from Covid-19 in patients with hematologic cancers during this time frame.24 The median relative dose intensity was high, and dose
reductions and discontinuations owing to adverse
events were infrequent. Events associated with
cytokine release syndrome were generally mild,
as evidenced by the rarity of grade 3 events and
the lack of grade 4 events. In contrast, highergrade cytokine release syndrome and neurotoxic
events have been described after CAR-T administration in patients with multiple myeloma.6,8
Furthermore, the lower-grade profile of cytokine
release syndrome with teclistamab supports the
potential for outpatient administration.
In this phase 1–2 study, teclistamab had substantial clinical activity that compares favorably
with that of existing therapies for patients with
heavily pretreated relapsed or refractory multiple

of
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myeloma. The high rate of deep and durable responses in this population indicates the potential for teclistamab to provide substantial clinical
benefit to a broader population of patients. Toxic
effects were also common but were mainly of low
grade and reversible.
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