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Abstract
Background  Elranatamab is a BCMA-CD3 bispecific antibody approved for the treatment of relapsed or refractory multi-
ple myeloma. Cytokine release syndrome is one of the most common adverse events associated with bispecific antibodies.
Objective  We aimed to determine the optimal elranatamab dosing regimen for mitigating cytokine release syndrome.
Patients and Methods  Safety, pharmacokinetics, and exposure–response were analyzed across four clinical studies (Magnet-
isMM-1, MagnetisMM-2, MagnetisMM-3, and MagnetisMM-9). Different priming regimens evaluated across these studies 
included a one-step-up dose priming regimen of 44 mg with or without premedication, a two-step-up dose priming regimen 
of 12 mg on day 1 and 32 mg on day 4 with premedication, and a two-step-up dose priming regimen of 4 mg on day 1 and 
20 mg on day 4 with premedication.
Results  The maximum elranatamab serum concentration on day 1 was positively associated with any-grade and grade ≥ 2 
cytokine release syndrome. A slower time to maximum serum concentration and a lower dose-normalized maximum serum 
concentration were observed with subcutaneous versus intravenous administration, supporting subcutaneous dosing to help 
mitigate cytokine release syndrome.
Conclusions  Based on the incidence, severity, and predictable profile of cytokine release syndrome, the 12/32-mg priming-
dose regimen with premedication was determined to be the optimal regimen before the first full dose of 76 mg on day 8.
Clinical Trial Registration  ClinicalTrials.gov identifiers: NCT03269136, NCT04798586, NCT04649359, and NCT05014412.
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Key Points 

Subcutaneous administration of elranatamab results in 
slower absorption, more gradual immune priming, and 
lower grade ≥ 2 cytokine release syndrome incidence 
versus intravenous administration.

Fixed subcutaneous elranatamab doses of 12 and 32 mg 
on days 1 and 4 then 76 mg on day 8 (with premedica-
tion) is the recommended priming regimen.
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1  Introduction

Multiple myeloma (MM) is a plasma cell malignancy 
that is currently not curable in the majority of patients 
and is associated with poor clinical outcomes, especially 
in patients whose disease does not respond or becomes 
refractory to standard-of-care therapies, including immu-
nomodulatory drugs, proteasome inhibitors, and anti-
CD38 monoclonal antibodies [1–3]. Thus, therapies with 
novel modes of action, such as T-cell-engaging bispecific 
antibodies (BsAbs), are needed. Elranatamab, a BCMA/
CD3-directed BsAb, induces cytotoxic T-cell responses 
against myeloma cells [4, 5]. Elranatamab is approved for 
relapsed or refractory MM (RRMM) and is in development 
for other MM settings [4–8].

Cytokine release syndrome (CRS), an inflammatory 
response induced by overactivation of immune cells and 
proinflammatory cytokine release, is a common toxicity 
with BsAbs [9–11]. Multiple strategies are used to reduce 
the CRS risk in the setting of BsAb therapy, including the 
use of alternative administration routes (e.g., subcutaneous 
[SC] vs intravenous [IV] administration), step-up dosing, 
and anti-inflammatory premedication regimens [12–14]. 
A subcutaneous route may provide slower and lower peak 
drug concentrations, reducing early and uncontrollable 
inflammatory responses, versus the IV route [12]. Step-
up dosing, which involves increasing the dose of BsAb in 
a gradual manner to prime the immune system, is also used 
to mitigate CRS [12, 13]. Cytokine release syndrome risk 
is reduced with subsequent dosing, allowing full therapeu-
tic doses to be administered without an increased risk of 
CRS. Administration of a premedication regimen, which 
typically includes corticosteroid, antipyretic, and antihis-
tamine agents, may tamp down the exaggerated immune 
responses associated with initial doses of bispecific anti-
bodies and thus further reduce the risk of CRS [13]. Iden-
tification of risk factors for CRS (e.g., body weight or 
biomarkers such as soluble BCMA [sBCMA]) may enable 

the use of pre-emptive individualized mitigation strategies 
[14–16].

Immune effector cell-associated neurotoxicity syndrome 
(ICANS) is another toxicity associated with BsAbs, gen-
erally occurring concurrently with or shortly after CRS. 
Immune effector cell-associated neurotoxicity syndrome 
involves peripheral immune overactivation, including 
cytokine release, leading to cerebral endothelial cell activa-
tion, blood–brain barrier dysfunction, and central nervous 
system inflammation [9, 17]. The impact of different dos-
ing approaches on ICANS has not been evaluated. Here, we 
describe the impact of IV versus SC elranatamab, premedi-
cation, and different priming regimens on CRS and ICANS 
in patients with RRMM.

2 � Subjects and Methods

2.1 � Study Design and Participants

Cytokine release syndrome data across four clinical stud-
ies (MagnetisMM-1 [NCT03269136], MagnetisMM-2 
[NCT04798586], MagnetisMM-3 [NCT04649359], and 
MagnetisMM-9 [NCT05014412]) in patients with RRMM 
who received IV or SC elranatamab were included in this 
report (Table 1 of the Electronic Supplementary Material 
[ESM]). Priming regimens assessed included: 1-step-up dose 
priming regimen of 44 mg (with or without premedication 
for CRS) on day 1, and two distinct 2-step-up dose priming 
regimens (with premedication) of 12 and 32 mg (12/32) or 
4 and 20 mg (4/20) on days 1 and 4, respectively (Table 1). 
For all priming regimens, the first full dose of 76 mg was 
administered on day 8 (i.e., 1 week after the 44-mg dose in 
the 1-step-up dose regimens and 4 days after the second dose 
in the 2-step-up dose regimens). Blood samples were col-
lected for the pharmacokinetic and sBCMA analyses in all 
studies. Cytokine release syndrome and ICANS were graded 
using the American Society for Transplantation and Cellular 
Therapy (all studies except MagnetisMM-1 IV cohort, where 
Common Terminology Criteria for Adverse Events criteria 

Table 1   Priming regimens evaluated in the CRS analysis

CRS cytokine release syndrome
a Patients from MagnetisMM-1 Part 1.1 and MagnetisMM-2 were treated with 600/1000 μg/kg or 44/76 mg

Priming regimen CRS pre-
medication

Clinical trials Patients, n

Single dose of 600 μg/kg (day 1) followed by 1000 μg/kg (day 8)a No MagnetisMM-1 (Part 1.1) 20
Single dose of 44 mg (or 600 μg/kg; day 1) followed by 76 mg (or 

1000 μg/kg; day 8)a
Yes MagnetisMM-1 (Part 2A), MagnetisMM-2, 

first 4 enrolled patients in MagnetisMM-3
23

12 mg (day 1), 32 mg (day 4), followed by 76 mg (day 8) Yes MagnetisMM-3 183
4 mg (day 1), 20 mg (day 4), followed by 76 mg (day 8) Yes MagnetisMM-9 85
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[Lee et al., 2014] were used) and were managed according 
to investigator discretion and published guidelines [18–20].

2.2 � Exposure/Response Modeling

Binomial logistic regression analyses were performed using 
data from MagnetisMM-1 to correlate the predicted maxi-
mum serum concentration of elranatamab at 24 h (Cmax-24h) 
to the probability of any-grade and grade ≥ 2 CRS. Indi-
vidual Cmax-24h values were predicted using a population 
pharmacokinetic model [21]. Logistic regression models 
were used to predict any-grade and grade ≥ 2 CRS rates at 
the median exposure for different starting doses to inform 
the selection of priming regimens for further evaluation. 
Baseline body weight and sBCMA were analyzed as con-
tinuous variables and tested as covariates. Free (i.e., drug-
unbound) sBCMA was measured in plasma samples using 
a fully validated, electrochemiluminescent ligand binding 
assay. Exposure–response analyses, data processing, and fig-
ure generation were performed in R software (R Foundation 
for Statistical Computing, Vienna, Austria).

3 � Results

3.1 � Patients

Overall, 364 patients were evaluated for this analysis. Base-
line characteristics by study are summarized in Table 2.

3.2 � Intravenous Versus Subcutaneous Elranatamab 
Administration Without Priming

In MagnetisMM-1, 23 and 65 patients received elranatamab 
intravenously or subcutaneously, respectively. The median 
time to maximum observed serum concentration was ~ 4 h 
for IV administration versus 3–7 days for SC administration. 
The dose-normalized maximum serum concentration (Cmax) 
of elranatamab during dose escalation was 156.0–457.0 ng/
mL/mg for IV administration versus 17.9–112.0 ng/mL/mg 
for SC administration. Geometric means (coefficient of vari-
ation %) for Cmax after dose 1 (µg/mL) with the highest IV 
(50 µg/kg) and SC (1000 µg/kg) dose levels were 0.30 (75%) 
and 1.15 (38%), respectively.

Cytokine release syndrome was observed with IV admin-
istration (any grade, 47.8%; grade 2, 21.7%; grade ≥ 3, 
0%), and the incidence increased with the dose (any grade, 
0.1–3 µg/kg, 0%; 30–50 µg/kg, 80.0–100%). The incidence 
of grade 2 CRS in the 50-µg/kg cohort was 83.3%. The 
median time to onset of CRS was 1.0 day (with 76.5% of 
the events occurring on the same day of elranatamab dos-
ing), and the median duration ranged from 1.5 to 2.0 days.

Most patients who received SC elranatamab in the dose-
escalation cohorts (dose range 80–1000 µg/kg) without step-
up dosing experienced CRS (any grade, 73.3%; grade 2, 
20%; grade ≥ 3, 0%) and the CRS incidence increased with 
dose (data not shown). All patients who received the highest 
doses of 600 (n = 6) or 1000 (n = 6) µg/kg of elranatamab 
experienced CRS (all grade 1/2; Table 3). The median time 
to onset was 1.0 day with both doses (with 54.2% of the 
events occurring on the same day of elranatamab dosing); 

Table 2   Patient demographics and baseline characteristics

sBCMA soluble B-cell maturation antigen
a Only 45 patients from MagnetisMM-9 had baseline body weight available
b Calculated from the number of patients with available sBCMA baseline measurements: a total of N = 308 (n = 74 in MagnetisMM-1, n = 4 in 
MagnetisMM-2, n = 187 in MagnetisMM-3, and n = 43 in MagnetisMM-9)

MagnetisMM-1
n = 88

MagnetisMM-2
n = 4

MagnetisMM-3
n = 187

MagnetisMM-9
n = 85

Total
N = 364

Median age (range), years 65.0 (42–82) 68.5 (49–70) 68.0 (36–89) 64.0 (36-86) 66.0 (36–89)
Sex, n (%)
 Male 45 (51.1) 3 (75.0) 98 (52.4) 42 (49.4) 188 (51.6)
 Female 43 (48.9) 1 (25.0) 89 (47.6) 43 (50.6) 176 (48.4)

Race, n (%)
 White 61 (69.3) 0 116 (62.0) 41 (48.2) 218 (59.9)
 Black/African American 16 (18.2) 0 11 (5.9) 4 (4.7) 31 (8.5)
 Asian 6 (6.8) 4 (100) 17 (9.1) 35 (41.2) 62 (17.0)
 Unknown 0 0 3 (1.6) 3 (3.5) 6 (1.6)
 Not reported 5 (5.7) 0 40 (21.4) 2 (2.4) 47 (12.9)

Median baseline body weight (range), kg 72.1 (42.0–121.9) 70.1 (61.4–73.5) 71.8 (36.5–159.6) 71.7 (44.5–149.0)a 71.8 (36.5–159.6)
Median baseline sBCMA (range), ng/mLb 33.8 (0.08–598) 53.0 (22–76) 48.3 (0.274–606) 41.8 (2.37–336) 44.35 (0.077–606)
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the median duration ranged from 2.5 to 4.0  days. Two 
patients in the 1000-μg/kg cohort experienced prolonged 
CRS (10 days each).

3.3 � CRS with a 1‑Step‑Up Dose Priming Regimen 
With or Without Premedication

All 20 patients (100%) who received the 1-step-up dose 
priming regimen of elranatamab before the 76-mg full dose 
(i.e., 44/76 mg) without premedication developed CRS 
(all grade 1/2; Table 3, Fig. 2A). Two patients (10.0%) had 
recurrent CRS after dose 2 (76 mg). Any-grade CRS rate 
was 78.3% for the 23 patients who received 44/76 mg with 
premedication (grade ≥ 2 CRS, 47.8%). One patient (4.4%) 
given 44/76 mg with premedication experienced grade 3 
CRS. All CRS events were observed after dose 1; no CRS 
events were observed after dose 2 (Fig. 2B). The median 
time to onset with versus without premedication was 2.0 
versus 1.0 days, respectively; the median CRS duration was 
3.0 (range 1.0–4.0 days) versus 3.0 days (range 2.0–7.0 days; 
Fig. 1 of the ESM), respectively.

3.4 � Association of Elranatamab Exposure with CRS

To further reduce the risk of CRS, exposure–response mod-
eling of MagnetisMM-1 data (N = 88) was used to select 

priming doses for further investigation. As CRS is mainly 
observed after the initial doses with a median onset of 
1.0 day, the correlation between Cmax-24h and the probability 
of any-grade and grade ≥ 2 CRS was assessed to inform the 
selection of priming regimens for further evaluation. Maxi-
mum serum concentration of elranatamab at 24 h was found 
to be significantly associated with both any-grade and grade 
≥ 2 CRS (Fig. 1, Table 2 of the ESM). The model predicted 
that an initial priming dose of 12 mg of elranatamab would 
be associated with any-grade and grade ≥ 2 CRS rates of 
60.1% and 16.3%, respectively, and an initial priming dose 
of < 12 mg (i.e., 4 mg) with any-grade and grade ≥ 2 CRS 
rates of 40.7% and 11.1%, respectively (vs the predicted any-
grade and grade ≥ 2 rates of 93.4% and 41.6%, respectively, 
with the 44-mg dose; Fig. 1; Table 3 of the ESM).

3.5 � CRS with Two Distinct 2‑Step‑Up Dose Priming 
Regimens with Premedication

The 12/32-mg regimen with premedication (n  =  183) 
resulted in any-grade (57.9%) and grade ≥ 2 (14.2%) CRS 
rates consistent with modeling predictions (Table 3). Most 
events with the 12/32-mg regimen occurred after doses 1 
(43.2%) and 2 (19.4%) of elranatamab, with few events 
after doses 3 (7.4%) and 4 (1.2%; Fig. 2C). Recurrent CRS 
was observed in 12.6% of patients. One patient (0.5%) 

Table 3   Incidence and characteristics of CRS of SC elranatamab with and without priming doses and premedication for CRS

ASTCT​ American Society for Transplantation and Cellular Therapy, CRS cytokine release syndrome, SC subcutaneous
a Patients from MagnetisMM-1 dose-escalation cohort
b Patients from MagnetisMM-1 Part 1.1 and MagnetisMM-2 who received a single priming dose of 600 μg/kg followed by 1000 μg/kg (body 
weight-based equivalent of 44 mg followed by 76 mg for a 75-kg patient) without premedication
c Patients from MagnetisMM-1 Part 2A, MagnetisMM-2, and MagnetisMM-3 who received a single priming dose of 44 mg followed by 76 mg 
or a single priming dose of 600 μg/kg followed by 1000 μg/kg with premedication
d According to ASTCT criteria
e Refers only to recurrent CRS events observed with elranatamab doses 1–4

600 µg/kga (n = 6) 1000 µg/kga 
(n = 6)

44/76 mg without 
premedicationb 
(n = 20)

44/76 mg with 
premedicationc 
(n = 23)

12/32/76 mg with 
premedication 
(n = 183)

4/20/76 mg with 
premedication 
(n = 85)

Patients with CRS, 
n (%)d

6 (100.0) 6 (100.0) 20 (100.0) 18 (78.3) 106 (57.9) 54 (63.5)

Grade 1 5 (83.3) 4 (66.7) 10 (50.0) 7 (30.4) 80 (43.7) 41 (48.2)
Grade 2 1 (16.7) 2 (33.3) 10 (50.0) 10 (43.5) 25 (13.7) 12 (14.1)
Grade ≥3 0 0 0 1 (4.3) 1 (0.5) 1 (1.2)
Patients with >1 

CRS event, n 
(%)e

0 0 2 (10.0) 0 23 (12.6) 15 (17.6)

Time to onset of 
CRS, median 
(range), days

1.0 (1.0–2.0) 1.0 (1.0–3.0) 1.0 (1.0–3.0) 2.0 (1.0–2.0) 2.0 (1.0–9.0) 2.0 (1.0–7.0)

Duration of CRS, 
median (range), 
days

2.5 (1.0–5.0) 4.0 (1.0–10.0) 3.0 (2.0–7.0) 3.0 (1.0–4.0) 2.0 (1.0–19.0) 2.0 (1.0–19.0)
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with grade 3 CRS after dose 1 did not have a CRS recur-
rence after subsequent doses. The median time to onset 
was 2.0 (range 1.0–9.0) days, and the median CRS dura-
tion was 2.0 (range 1.0–19.0) days.

A priming regimen with lower initial doses and premed-
ication (4/20 mg; n = 85) resulted in any-grade and grade 
≥ 2 CRS in 63.5% and 15.3% of patients, respectively 
(Table 3). Cytokine release syndrome events were almost 

equally distributed across doses 1 (29.4%), 2 (27.4%), and 
3 (21.7%), with 4.9% of patients developing CRS after 
dose 4 (2 [2.5%] with grade 2 CRS; Fig. 2D). Recurrent 
CRS occurred in 17.6% of patients. The median time to 
onset was 2.0 (range 1.0–7.0) days, and the median CRS 
duration was 2.0 (range 1.0–19.0) days.

3.6 � Impact of Baseline Body Weight on CRS

The analysis dataset included patients with available base-
line body weight: the median was 71.5 (range 36.5–159.6) 
kg (Table 2). Body weight was not a statistically signifi-
cant covariate on any-grade or grade ≥ 2 CRS in the logis-
tic regression analysis from MagnetisMM-1 (N = 88). In 
patients receiving full elranatamab doses (1000 µg/kg or 
76 mg, n = 265), no clinically relevant differences in CRS 
were seen in those with a body weight of < 72 kg (n = 141) 
versus ≥ 72 kg (n = 124) [data not shown]. With the 12/32-
mg priming regimen, no significant trends on CRS incidence 
or severity were observed across different body weight quar-
tiles (Fig. 3A). Cytokine release syndrome rates were 55.6% 
(grade ≥ 2, 20%), 63.0% (grade ≥ 2, 8.7%), 52.2% (grade 
≥ 2, 17.4%), and 60.9% (grade ≥ 2, 10.9%) for body weight 
quartiles 1, 2, 3, and 4, respectively.

3.7 � Relationship Between sBCMA Levels and CRS

A univariable exposure–response logistic regression analysis 
from MagnetisMM-1 showed that baseline sBCMA levels 
were negatively correlated with the probability of any-grade 
but not grade ≥ 2 CRS. In a multivariable analysis including 
both Cmax-24h and baseline sBCMA as covariates, baseline 
sBCMA was not significant. With the 12/32-mg regimen, a 
trend was observed for lower any-grade CRS rates in quar-
tiles 3 and 4 versus quartiles 1 and 2 (Fig. 3B). The rates of 
any-grade CRS events were 66.7%, 67.4%, 57.8%, and 59.6% 
for sBCMA quartiles 1, 2, 3, and 4, respectively. No trend 
was observed for the incidence of grade ≥ 2 CRS (13.3%, 
15.2%, 20%, and 8.5% for sBCMA quartiles 1, 2, 3, and 4, 
respectively). However, a shifted CRS profile was observed 
in patients with the highest sBCMA levels (i.e., quartile 4); 
events were less frequent with dose 1 (19.1%) but occurred 
at a higher incidence with dose 2 (23.9%).
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Fig. 1   Relationship between elranatamab exposure and cytokine 
release syndrome (CRS) based on data from patients treated with 
elranatamab in MagnetisMM-1. Two binomial logistic regression 
analyses, one for any-grade CRS and another for grade ≥  2 CRS, 
were performed. The gray solid line and the gray shaded area rep-
resent the median and 95% confidence interval predicted probability 
of any-grade CRS. The orange solid line and the orange shaded area 
represent the median and 95% confidence interval predicted prob-
ability of grade ≥ 2 CRS. Vertical (dashed) lines represent the geo-
metric mean maximum elranatamab serum concentration on day 1 
(Cmax-24h) at the corresponding doses of 4 mg (blue), 12 mg (green), 
and 44 mg (red), respectively. Rug lines on the top and bottom of the 
plot indicate Cmax-24h values for participants who did (top) and did 
not (bottom) experience CRS. American Society for Transplantation 
and Cellular Therapy grading was used for CRS and immune effec-
tor cell-associated neurotoxicity syndrome grading for all cohorts 
except the intravenous cohort where the Common Terminology Crite-
ria for Adverse Events criteria (Lee et al., 2014) grading system [37] 
was used because American Society for Transplantation and Cellular 
Therapy grading was not available
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Sankey plot demonstrating the CRS profile in patients who received 
a 1-step-up dose priming regimen of 44 mg of elranatamab either 
with or without premedication or a 2-step-up dose priming regimen 
of either 12 and 32 mg or 4 and 20 mg with premedication. G grade
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3.8 � Impact of Different Dosing Regimens on ICANS

No ICANS was reported in the IV dose-escalation cohorts 
where lower doses were explored (0.1–50 µg/kg). In the SC 
dose-escalation cohorts, no ICANS were reported in the two 
lower SC dose cohorts (80 µg/kg and 130 µg/kg). Immune 
effector cell-associated neurotoxicity syndrome was reported 
in the 360 (n = 1/4, 25.0%) and 600 µg/kg (n = 1/6, 16.7%) 
cohorts (both grade 2) and in the 1000 µg/kg (n = 2/6, 
33.3%; both grade 1) cohort. The rate of ICANS was 15% 

(n = 3/20; all grade ≤ 2) in patients who received 44/76 
mg without premedication and 17.4% (n = 4/23; all grade 
≤ 2) in those who received 44/76 mg with premedication. In 
patients receiving 2-step-up dose priming regimens, ICANS 
occurred in 3.3% (n = 6/183; grade 3, 1.1%) of patients 
who received 12/32 mg and 4.7% (n =4/85, grade ≥ 3, 0%) 
of patients who received 4/20 mg. Immune effector cell-
associated neurotoxicity syndrome occurred only in patients 
who experienced CRS, although the timing of ICANS was 
not always concurrent with CRS. A trend showing higher 
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elranatamab Cmax-24h in patients experiencing ICANS was 
observed (data not shown).

4 � Discussion

Subcutaneous administration of BsAbs is a more conveni-
ent route and may mitigate the development of early, rapid, 
and uncontrollable immune responses and thus CRS. [12, 
13] Subcutaneous elranatamab delayed Cmax and resulted 
in lower dose-normalized Cmax than IV elranatamab, lead-
ing to a lower grade ≥ 2 CRS incidence with the highest 
dose of SC elranatamab (1000 µg/kg; 33.3%) versus IV elra-
natamab (50 µg/kg; 83.3%), even though Cmax was higher 
with SC administration. The slower absorption with SC 

administration results in more gradual sensitization to initial 
immune stimulation versus IV administration [13]. The time 
to maximum observed serum concentration was delayed 
with the SC route (3–7 days) versus the IV route (~ 4 h, i.e., 
shortly after the end of infusion). The median time to onset 
of CRS tended to be later for SC cohorts and cohorts using 
priming regimens versus IV cohorts; CRS events occurring 
on the same day of elranatamab dosing were less frequent 
with SC versus IV administration. The CRS profile associ-
ated with SC dosing is consistent with the results of a recent 
meta-analysis of BCMA-targeting BsAbs [13]. The pharma-
cokinetic and CRS profile of IV and SC elranatamab during 
dose escalation in MagnetisMM-1 led to the selection of the 
SC route for subsequent studies.
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Several elranatamab SC regimens for CRS mitigation 
were evaluated across four studies. The regimens spanned 
different approaches, including regimens without step-up 
doses, a 1-step-up dose priming regimen (44 mg), and two 
distinct 2-step-up dose priming regimens (12/32 mg and 
4/20 mg). In the 1-step-up dose priming regimen cohorts, 
premedication reduced CRS incidence and was associated 
with a longer median time to onset and a shorter maximum 
CRS duration compared with the 1-step-up dose priming 
regimen without premedication. Although studies with 
elranatamab have not been performed, premedication is 
expected to have a minimal impact on the efficacy of elrana-
tamab, given that corticosteroids are only administered with 
the initial doses. Therefore, premedication was implemented 
in subsequent cohorts/studies. However, the impact of pre-
medication on grade ≥ 2 CRS appeared minimal, highlight-
ing the need for an additional strategy, such as the 2-step-up 
dose priming regimen, to reduce the CRS risk.

Exposure–response modeling predicted that, compared 
with 44 mg, initial doses of 12 or 4 mg would result in 
lower CRS rates. These predications were confirmed via 
evaluation of the 12/32-mg and the 4/20-mg regimens. 
For the 12/32-mg regimen, the predicted rates agreed with 
the observed rates; however, the predicted rates for 4/20-
mg regimen were underestimated, owing to the assump-
tion that CRS events were driven by exposure after dose 
1 (i.e., Cmax, 24h), which might not be valid if there is an 
inadequate stimulation of the immune system with dose 1. 
Alternative modeling strategies capturing CRS evolution 
and accounting for multiple events over time might better 
predict CRS with too low initial doses [22].

Cytokine release syndrome rates after dose 1 were 
higher with the 12/32-mg versus 4/20-mg priming regi-
men; however, CRS incidence and severity after subse-
quent doses were higher with the 4/20-mg regimen. Recur-
rent CRS events were also more frequent with the 4/20-mg 
regimen. Thus, an initial elranatamab dose of 4 mg may 
provide insufficient immune stimulation, leading to more 
CRS events with the second priming dose of 20 mg and 
the first full and later doses of 76 mg. The more predict-
able CRS profile observed with the 12/32 priming regimen 
led to the selection of this priming regimen for future use.

Currently approved BCMA-targeting T-cell redirecting 
therapies for RRMM include the chimeric antigen receptor 
T-cell therapies ciltacabtagene autoleucel (cilta-cel) and ide-
cabtagene vicleucel (ide-cel) and the BsAbs elranatamab and 
teclistamab [4, 5, 23–25]. As with BsAbs, CRS is a common 
toxicity with chimeric antigen receptor T-cell therapies [10, 
11]. Although the analysis is limited by cross-trial compari-
sons, CRS incidence (84–95%) and severity (grade ≥ 3, 5%; 
grade 5, ≤1%) with cilta-cel and ide-cel were higher and 
events lasted longer (median duration, 4.0–5.0 days) than 
those observed with elranatamab and teclistamab. [26–29] 

Differences in CRS premedication regimens (e.g., exclu-
sion of corticosteroids for chimeric antigen receptor T-cell 
therapy) and a lack of fractionated dosing regimens may 
explain these differences [13].

Priming and full dosing regimens of approved BsAbs 
for cancer treatment have been previously summarized and 
discussed [14, 30]. Cytokine release syndrome with other 
bispecific antibodies approved for treating RRMM [25, 31], 
including teclistamab (any grade, 72%; grade 1, 50%; grade 
2, 21%; grade 3, < 1%) and talquetamab, a GPRC5D-tar-
geting BsAb (SC 400 µg/kg once weekly: any grade, 79%; 
grade 1, 62%; grade 2, 15%, grade 3, 2%), both utilizing 
2 step-up dose priming regimens (teclistamab: 0.06 mg/kg 
and 0.3 mg/kg; talquetamab: 0.01 mg/kg and 0.06 mg/kg) 
and premedication, appear higher than those observed with 
elranatamab [28, 32]. After dose 1, CRS rates were similar 
between teclistamab and elranatamab (44% and 43%, respec-
tively) and were lower with talquetamab (34%) [28, 32]. 
However, after dose 2, the CRS rate with elranatamab (19%) 
was lower than that with teclistamab (35%) and talquetamab 
(49%) [28, 32]. Similarly, the CRS incidence after the initial 
full dose of elranatamab [dose 3] (7%) was lower than that 
with teclistamab (24%) and talquetamab (27%) [28, 32]. The 
recurrent CRS rate was also lower with elranatamab (12.6%) 
than with teclistamab (33%) and talquetamab (32%) [28, 
32]. Patients given the 12-mg priming dose of elranatamab 
initially received a higher percentage of the full dose (16%) 
and likely experienced a greater immune stimulation com-
pared with teclistamab and talquetamab (4% and 2.5% of full 
dose, respectively), potentially explaining the reduced CRS 
incidence with later doses of elranatamab.

Fixed dosing was supported by similar CRS rates and 
profiles across a wide range of body weights and is preferred 
for drugs with a wide therapeutic window because of con-
venience, a reduced risk for medical errors, and cost effec-
tiveness because of lower drug waste [33, 34]. Additionally, 
body weight was not a statistically significant covariate on 
elranatamab exposure and therefore, a fixed dosing approach 
is expected to result in less inter-individual variability in 
drug exposure and consequently the CRS profile [21].

Baseline sBCMA levels were negatively associated with 
the probability of any-grade CRS in a univariable analysis, 
possibly owing to sBCMA acting as a sink that reduces drug 
exposure [15], which is consistent with sBCMA not being a 
significant covariate in the multivariable analysis with expo-
sure. Additional research is needed to establish the value of 
sBCMA as a biomarker for CRS.

Immune effector cell-associated neurotoxicity syndrome, 
another toxicity observed with T-cell redirecting therapies, 
is generally associated with CRS [9]. Immune effector cell-
associated neurotoxicity syndrome was observed with the 
three highest doses of 360, 600, and 1000 µg/kg of SC elra-
natamab. The incidence of ICANS was similar in patients 
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who received the 1-step-up dose priming regimen of 44 mg 
with or without premedication. Immune effector cell-associ-
ated neurotoxicity syndrome rates were lower with the 12/32 
and 4/20 regimens, suggesting that lower starting doses are 
associated with a lower incidence of ICANS. However, the 
interpretation of the relationship between ICANS and the 
different priming regimens may be limited by the small 
number of events. The incidence and severity of ICANS 
were higher with cilta-cel (any grade, 17%; grade ≥ 3, 2%) 
[29] and ide-cel (reported as neurologic toxicity; any grade, 
18%; grade ≥ 3, 3%) [27] versus the 12/32-mg priming 
regimen (any grade, 3.3%; grade 3, 1.1%), which could be 
related to the higher CRS rates and the inability/difficulty to 
implement fractionated dosing regimens with CAR T-cell 
therapies. Immune effector cell-associated neurotoxicity 
syndrome rates were similar between elranatamab (3.3%) 
and teclistamab (3%) but appeared higher with talquetamab 
(11%) [35, 36].

The limitations of this study include the small sample 
size of some of the cohorts and the low incidence of certain 
events per cohort, in particular ICANS. Additionally, the 
different priming regimens were not evaluated through a ran-
domized comparison. However, the baseline characteristics 
for participants receiving theses regimens were generally 
comparable between groups. Despite these limitations, this 
analysis is the first describing multiple approaches to miti-
gate CRS and ICANS and may provide useful insights for 
the development of BsAbs.

5 � Conclusions

SC administration, 2-step-up dose priming regimens, and 
premedication, may reduce CRS and potentially ICANS 
with BsAbs. Subcutaneous elranatamab administered at 
fixed doses of 12 and 32 mg on days 1 and 4, respectively, 
followed by 76 mg on day 8 (with premedication for the first 
three doses), was selected as the recommended priming regi-
men for patients with RRMM and for subsequent studies.
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