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Abstract
Background  Teclistamab (JNJ-64007957), a B-cell maturation antigen × CD3 bispecific antibody, displayed potent T-cell–
mediated cytotoxicity of multiple myeloma cells in preclinical studies.
Objective  A first-in-human, Phase I, dose escalation study (MajesTEC-1) is evaluating teclistamab in patients with relapsed/
refractory multiple myeloma.
Patients and Methods  To estimate the efficacious therapeutic dosing range of teclistamab, pharmacokinetic (PK) data fol-
lowing the first cycle doses in the low-dose cohorts in the Phase I study were modeled using a 2-compartment model and 
simulated to predict the doses that would have average and trough serum teclistamab concentrations in the expected thera-
peutic range (between EC50 and EC90 values from an ex vivo cytotoxicity assay).
Results  The doses predicted to have average serum concentrations between the EC50 and EC90 range were validated. In 
addition, simulations showed that weekly intravenous and subcutaneous doses of 0.70 mg/kg and 0.72 mg/kg, respectively, 
resulted in mean trough levels comparable to the maximum EC90. The most active doses in the Phase I study were weekly 
intravenous doses of 0.27 and 0.72 mg/kg and weekly subcutaneous doses of 0.72 and 1.5 mg/kg, with the weekly 1.5 mg/
kg subcutaneous doses selected as the recommended Phase II dose (RP2D). With active doses, exposure was maintained 
above the mean EC90. All patients who responded to the RP2D of teclistamab had exposure above the maximum EC90 in 
both serum and bone marrow on cycle 3, Day 1 of treatment.
Conclusions  Our findings show that PK simulations of early clinical data together with ex vivo cytotoxicity estimates can 
inform the identification of a bispecific antibody’s therapeutic range.
Clinical Trial Registration  NCT03145181, date of registration: May 9, 2017.

Key Points 

Early pharmacokinetic simulations using first-in-human 
Phase I study data and ex vivo cytotoxicity assay esti-
mates provided guidance on the selection of a recom-
mended Phase II dose (RP2D) of teclistamab.

Active doses of teclistamab yielded drug exposure in the 
predicted therapeutic dosing range.

All evaluable patients who responded to the RP2D of 
teclistamab had exposure above the predicted target con-
centration in both serum and bone marrow in cycle 3.
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1  Introduction

Multiple myeloma (MM), a plasma cell malignancy that is 
characterized by an excess of monoclonal immunoglobulin 
protein (or M protein), is estimated to represent ~ 10% of 
hematologic cancers in the USA [1]. Although therapeutic 
options have expanded substantially in the past decade, 
MM remains an incurable disease with limited options for 
patients who have relapsed or become refractory to stand-
ard therapies, i.e., proteasome inhibitors, immunomodula-
tory drugs, and monoclonal antibodies. Thus, identifica-
tion and characterization of new therapeutic targets and 
treatment modalities are areas of active investigation.

B-cell maturation antigen (BCMA) is preferentially 
expressed on plasmablasts and differentiated plasma cells, 
with elevated expression reported in primary malignant 
plasma cells from patients with MM [2–4]. Moreover, 
BCMA levels were found to be higher in cultured bone 
marrow mononuclear cells and serum from patients with 
MM compared with healthy individuals [5]. Given these 
properties, BCMA has emerged as a target of considerable 
interest for new MM treatments; BCMA-targeting agents 
with different mechanisms of action have either been 
approved or are in clinical development for the treatment 
of MM, including antibody-drug conjugates, bispecific 
antibodies, and chimeric antigen receptor T-cell therapies 
[6].

Teclistamab (JNJ-64007957) is an off-the-shelf, 
BCMA × CD3 bispecific IgG4 antibody that redirects 
CD3+ T cells to induce cytotoxicity of BCMA-express-
ing MM cells. In ex vivo assays, teclistamab exhibited 
potent, T-cell–mediated cytotoxicity of MM cells derived 
from patients [4, 7]. The first-in-human, Phase I study 
(MajesTEC-1) of teclistamab monotherapy in patients 
with relapsed/refractory MM (RRMM) used a minimum 
anticipated biologic effect level (MABEL)-based starting 
dose [8], an approach consistent with guidelines from the 
US Food & Drug Administration (FDA) and the Euro-
pean Medicines Agency (EMA) for anticancer therapies 
with immune agonistic properties [9, 10]. The initial dose 
of teclistamab, 0.0003 mg/kg administered intravenously 
once every two weeks [8], was determined from the mean 
20% of maximum effect (EC20) from an in vitro cytotoxic-
ity assay using isolated T cells [4].

Analysis of preclinical data and first-in-human studies 
of 27 immune-activating agents [10] and a survey of the 
pharmaceutical industry [11] showed that MABEL-based 
starting doses frequently required numerous dose escala-
tions before the optimal biologic dose, maximum tolerated 
dose, or recommended Phase II dose (RP2D) was reached. 
However, cytotoxicity assays may help to inform therapeu-
tic concentrations. For example, retrospective analysis of 

the effective dose of the CD19 × CD3 bispecific antibody 
blinatumomab in patients with acute lymphoblastic leuke-
mia was found to have an in vitro threshold of EC90 in the 
NALM-6 CD19+ human B-cell precursor leukemia cell 
line [12, 13]. Here, we prospectively coupled pharmacoki-
netic (PK) modeling of initial doses used in the first human 
study of teclistamab [8] with data from a patient-derived 
ex vivo cytotoxicity assay [4] to predict the efficacious 
therapeutic dosing range of teclistamab.

2 � Methods

2.1 � Teclistamab Ex Vivo T‑Cell–Dependent 
Cytotoxicity Assay

As previously described [4], frozen purified bone marrow 
mononuclear cells from patients with MM were incubated 
for 48 hours with purified T cells from healthy donors (1:1) 
in the presence of increasing concentrations of teclistamab 
(0–532 nM) or control antibody. Depletion of live plasma 
cells was measured by detection of remaining CD138+ 
cells with a BD FACS Canto II cytometer. Mean (range) 
values for concentration at 50% of maximum effect (EC50) 
and concentration at 90% of maximum effect (EC90) for the 
cytotoxicity endpoint were estimated.

2.2 � First‑in‑Human Phase I Study of Teclistamab

2.2.1 � Study Design

Design details of the Phase I, first-in-human clinical study 
of teclistamab monotherapy (NCT03145181) have been 
described [8]. Eligible patients had MM per International 
Myeloma Working Group (IMWG) diagnostic criteria [14, 
15] and were relapsed, refractory, or intolerant to estab-
lished therapies. Primary objectives were to identify the 
RP2D and characterize safety and tolerability of teclistamab 
at the RP2D. Teclistamab was administered intravenously 
(range 0.0003–0.0192 mg/kg [every other week]; range 
0.0192–0.720 mg/kg [weekly]) or subcutaneously (range 
0.08–3.0 mg/kg weekly) in different cohorts, with step-up 
dosing used for ≥ 0.0384 mg/kg doses. In each teclistamab 
treatment cycle, investigators assessed response using 2011 
IMWG response criteria [14, 15].

2.2.2 � Pharmacokinetic Analyses

In weekly intravenous (IV) and subcutaneous (SC) dosing 
cohorts, blood samples were collected for the measurement 
of serum teclistamab concentrations on Days 1, 2, 3, 8, and 
15 of cycles 1 and 3, on Days 1 and 15 of cycle 2, and on 
Day 1 of cycle 4; additional samples were collected on Days 
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4 and 6 of cycles 1 and 3 in the SC dosing cohorts. Serum 
samples were analyzed for teclistamab concentrations using 
a validated electrochemiluminescence-based immunoassay 
(ECLIA) format on the Meso Scale Discovery (MSD®) plat-
form. Bone marrow aspirate samples were collected on Day 
1 of cycle 3 for measurement of teclistamab concentrations, 
if feasible, and were also analyzed using the ECLIA assay.

2.3 � Teclistamab Pharmacokinetic Simulations

A non-linear mixed-effect modeling approach was used for 
PK modeling and simulations. The PK data following the 
first cycle doses in the Phase I study low-dose cohorts were 
described with a two-compartment PK model with linear 
clearance. Pharmacokinetic simulations were performed 
using the estimated parameters to predict the doses that 
would yield trough serum teclistamab concentrations higher 
than the ex vivo EC90 value. Monolix2018 R1 (Lixosoft) 
was used to obtain estimates of model parameters, and R 
package mlxR (Lixosoft) was used for PK simulations. The 
goodness-of-fit was assessed by visual inspection, Akaike 
information criterion, Bayesian information criterion, and 
coefficient of variation of the estimated parameters.

2.4 � Assessment of Teclistamab Concentrations 
in Cynomolgus Monkeys

In an exploratory study in male cynomolgus monkeys, IV 
teclistamab was given as either a single or repeat dose (total 
of five on Days 1, 8, 15, 22, and 29). Pharmacokinetic sam-
ples were collected up to Day 30 for animals administered 
weekly repeat doses (0.1 mg/kg, 1 mg/kg, and 10 mg/kg). 
Bone marrow was collected from each animal at necropsy 
(Day 30). Serum and bone marrow lysate samples were ana-
lyzed using ECLIA format on the MSD platform.

3 � Results

3.1 � Teclistamab Pharmacokinetic Simulations

Based on previously published results from an ex vivo 
T-cell–dependent cytotoxicity assay for teclistamab [4], 
reduction of MM cells was dose-dependent, and cytotoxicity 
was induced at a mean EC50 of 2.53 nM (range 1.47–4.21) 
and mean EC90 of 15.56 nM (range 1.71–41.29).

The teclistamab therapeutic range was estimated to be 
between the mean EC50 and maximum EC90 of the ex vivo 
cytotoxicity assay. Pharmacokinetic simulations were used 
to predict the doses that would have average and trough 
serum concentrations within the therapeutic range experi-
mentally determined by the mean EC50 and maximum EC90 
[4]. Weekly IV doses of 0.70 mg/kg and weekly SC doses of 

0.72 mg/kg were predicted to have trough levels that reached 
the maximum EC90 (Fig. 1a, b).

3.2 � Teclistamab Pharmacokinetics Following 
the First Treatment Doses

Data from the Phase I study of teclistamab in patients with 
RRMM identified highly active doses as weekly IV doses 
of 0.27 and 0.72 mg/kg and weekly SC doses of 0.72 and 
1.5 mg/kg (Fig. 2) [8]. Consistent with previously reported 
results across all dosing cohorts [8], maximum teclistamab 
concentrations occurred post-infusion and declined rapidly 
following the first full active IV doses (Fig. 3a), whereas 
teclistamab concentrations increased gradually and were 
sustained across the dosing interval following the first full 
active SC doses (Fig. 3b). Based on collective safety, effi-
cacy, PK, and pharmacodynamic (PD) data, the RP2D was 
identified as a weekly SC dose of 1.5 mg/kg teclistamab [8]. 
At the RP2D, mean exposure exceeded the maximum EC90 

Fig. 1   Teclistamab pharmacokinetic simulation using a non-linear 
mixed-effect modeling approach. Simulated teclistamab serum con-
centrations following weekly a intravenous and b subcutaneous dos-
ing. EC50 concentration at 50% of maximum effect, EC90 concentra-
tion at 90% of maximum effect, IV intravenous, Max maximum, SC 
subcutaneous
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from the ex vivo T-cell–dependent cytotoxicity assay [4] 
throughout the dosing interval.

3.3 � Teclistamab Concentrations in Serum and Bone 
Marrow

In cynomolgus monkeys, teclistamab concentrations were 
lower in bone marrow than in serum (Fig. 4a). The ratio 
of bone marrow to serum teclistamab concentration ranged 
from 0.3 to 0.6 in the tested doses (0.1 mg/kg, 1 mg/kg, 

Fig. 2   Response rates at highly active doses of teclistamab [8]. CR 
complete response, ORR overall response rate, PR partial response, 
sCR stringent complete response, VGPR very good PR, ≥ VGPR 
VGPR or better. aIncludes stringent complete response, complete 
response, very good partial response, and partial response. Response 
data are based on a clinical cut-off date of March 29, 2021 [8]

Fig. 3   Teclistamab pharmacokinetic profile following first treatment 
dose. Teclistamab serum concentrations after a most active intrave-
nous doses and b most active subcutaneous doses. EC50 concentration 
at 50% of maximum effect, EC90 concentration at 90% of maximum 
effect, IV intravenous, Max maximum, SC subcutaneous

Fig. 4   Teclistamab concentrations in serum versus bone marrow. 
a  Teclistamab serum concentrations in male cynomolgus monkeys 
and b teclistamab serum and bone marrow concentrations in patients 
with multiple myeloma treated with highly active intravenous and 
subcutaneous doses. Percentage of bone marrow plasma cells at base-
line for each patient are shown. BMPC bone marrow plasma cell, 
EC90 concentration at 90% of maximum effect, IV intravenous, Max 
maximum, NR nonresponder, SC subcutaneous. aPatients had a partial 
response or better. bPatients had stable or progressive disease as best 
response
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and 10 mg/kg). In contrast, in most evaluable patients with 
RRMM who responded to teclistamab in the Phase I study, 
drug concentrations in bone marrow were comparable or 
higher than those in serum on cycle 3 Day 1 (Fig. 4b), which 
is in line with target-mediated drug disposition. All respond-
ers treated with weekly IV doses of 0.72 mg/kg and weekly 
SC doses of 0.72 and 1.5 mg/kg showed teclistamab serum 
concentration at or above the maximum EC90 [4] on cycle 
3 Day 1; those treated at the RP2D had exposure above 
the maximum EC90 [4] in both serum and bone marrow 
(Fig. 4b).

4 � Discussion

In vitro and ex vivo studies provided a strong preclinical 
rationale to support testing of teclistamab in patients with 
MM [4, 7]. Data from in vitro analyses that demonstrated 
T-cell activation, T-cell–mediated cytotoxicity of BCMA-
positive MM cells, and cytokine release [4] in response to 
teclistamab helped guide selection of the starting dose in 
the first-in-human MajesTEC-1 study using a conservative, 
MABEL-based approach. Based on the lowest mean EC20 
from the most sensitive in vitro assay, the initial dose of 
teclistamab was identified as 0.0003 mg/kg administered 
intravenously once every two weeks.

It has been reported that MABEL-based starting doses are 
often substantially lower (i.e., by a factor of 100- to 1000-
fold) than the dose that is subsequently deemed efficacious 
in patients [10, 11]. This can lead to delays in clinical devel-
opment and access to potentially life-saving treatments, as 
well as increasing the number of patients who receive sub-
therapeutic doses. As a result, alternative strategies for selec-
tion of first-in-human starting doses are under consideration 
[11]. In the analyses reported here, we used a unique, pro-
spective approach to predict the active doses of teclistamab 
that would have average and trough serum concentrations in 
the anticipated therapeutic dose range for patients with MM. 
Preclinical, ex vivo EC50 and EC90 estimates [4] were inte-
grated with PK modeling and simulations of the early, low-
dose cohorts. Our findings suggest that this approach could 
be valuable for prediction of efficacious doses of immuno-
oncology drugs in general and could support acceleration of 
early clinical development.

In our model, responses were observed starting at an IV 
dose of 0.038 mg/kg, which was predicted to yield trough 
levels higher than the mean EC50 [8]. Additionally, PK 
modeling demonstrated that weekly IV doses of 0.27 mg/kg 
would yield trough levels between the mean and maximum 
EC90 and weekly SC doses of 0.72 mg/kg or higher would 
yield trough levels that approached or exceeded the maxi-
mum EC90 from the ex vivo cytotoxicity assay. In line with 
this prediction, weekly IV doses of 0.27 and 0.72 mg/kg and 

weekly SC doses of 0.72 and 1.5 mg/kg were highly active 
teclistamab doses in the Phase I study; overall response rates 
in these dose cohorts ranged from 60 to 75%. Thus, a PK 
modeling approach using preclinical and initial clinical data 
successfully predicted clinically active doses of teclistamab. 
While our approach identified clinical active doses of teclis-
tamab, PK must be interpreted in the context of all clinical 
study data. A weekly SC teclistamab dose of 1.5 mg/kg was 
selected as the RP2D due to efficacy, safety, PK, and PD 
considerations [8]. While both 0.72 and 1.5 mg/kg SC doses 
were predicted to be within the therapeutic dosing range 
and yielded comparable response rates, the 1.5 mg/kg dose 
yielded durable responses. The 1.5 mg/kg dose level may 
be favorable due to the possibility of a low ratio of effector 
T cells to targets on tumor cells (E:T ratio) in bone marrow 
of some patients, such as those who have received multi-
ple lines of bone marrow-depleting chemotherapy agents or 
those with a high burden of tumor cells [16, 17]. A limitation 
of our approach is that this model is dependent on the EC90 
values derived from ex vivo assays, which do not account for 
intra-patient variability in E:T ratio, a covariate which may 
impact dose responses.

In addition to serum levels, we evaluated bone marrow 
concentrations of teclistamab in cynomolgus monkeys and in 
patients with MM from MajesTEC-1. In cynomolgus mon-
keys, the ratio of teclistamab concentration between bone 
marrow and serum ranged from 0.3 to 0.6 in the tested doses 
(0.1 mg/kg, 1 mg/kg, and 10 mg/kg), while in most patients 
with MM who responded to active teclistamab doses, teclis-
tamab concentrations in bone marrow were comparable to 
or higher than those in serum. This finding may reflect the 
approximately 50-fold higher expression of BCMA that has 
been observed on MM cells in the bone marrow in patients 
with MM compared with healthy individuals [5].

In conclusion, PK modeling and simulation of early clini-
cal data from the first-in-human MajesTEC-1 study, cou-
pled with the ex vivo cytotoxicity estimates, provided guid-
ance on active doses of teclistamab, including the RP2D. 
Active doses of teclistamab maintained exposure above the 
mean EC90 from the ex vivo cytotoxicity assay. In respond-
ers treated at the RP2D, exposure was sustained above the 
maximum EC90 in serum and bone marrow. The RP2D of 
teclistamab is under further exploration in an international, 
open-label, Phase II expansion study in patients with RRMM 
(NCT04557098). These findings suggest that preclinical, 
ex vivo cytotoxicity assays using patient bone marrow sam-
ples are an informative tool to predict the efficacious serum 
concentration of teclistamab. This approach may also be 
applied to other immuno-oncology drugs being evaluated 
for the treatment of MM or other hematologic malignancies.
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