
IMMUNOTHERAPY IN MULTIPLE MYELOMA

MRD test ing in AML 2022 | 163

     Antibodies and bispecifi cs for mul ti ple mye loma: 
effec tive effec tor ther apy 
     Christopher   Cipkar ,  Christine   Chen , and  Suzanne   Trudel  
 Department of Medical Oncology and Hematology, Princess Margaret Cancer Centre, Toronto, Canada 

   The ther a peu tic land scape in mul ti ple mye loma (MM) has changed dra mat i cally over the last 2 decades. With the intro-
duc tion of novel immunotherapies, patients with MM can expect deeper responses, lon ger remis sions, and improved 
over all sur vival. Since its approval by the US Food and Drug Administration in 2015, the mono clo nal anti body spe cifi c for 
CD38, daratumumab, has been incor po rated into both front line and relapsed treat ment reg i mens. Its role as a main te-
nance ther apy is cur rently being explored. Subsequently, a vari ety of novel anti body ther a peu tics have evolved from the 
suc cess of daratumumab, using sim i lar con cepts to tar get the malig nant plasma cell clone. Noteworthy naked mono-
clo nal antibodies include isatuximab, another agent directed against CD38, and elotuzumab, an agent directed against 
SLAM fam ily mem ber 7. Antibody - drug con ju gates, com plex mol e cules com posed of an anti body teth ered to a cyto toxic 
drug, tar get malig nant cells and deliver a lethal pay load. The fi rst to mar ket is belantamab mafodotin, which tar gets 
B - cell mat u ra tion anti gen (BCMA) on malig nant plasma cells and deliv ers a potent micro tu bule inhib i tor, monomethyl 
auristatin F. Additionally, bispecifi c T - cell antibodies are in devel op ment that engage the immune sys tem directly by 
simul ta neously bind ing CD3 on T cells and a tar get epi tope — such as BCMA, G - pro tein cou pled recep tor fam ily C group 
5 mem ber D (GPRC5d), and Fc recep tor homo logue 5 (FcRH5) — on malig nant cells. Currently, teclistamab, an anti - BCMA 
bispecifi c, is clos est to approval for com mer cial use. In this review, we explore the evolv ing land scape of antibodies in 
the treat ment of MM, includ ing their role in front line and relapse set tings.  

   LEARNING OBJEC TIVES 
    •  Review the use of MoAbs in NDMM (trans plant eli gi ble and inel i gi ble) and RRMM 
   •  Understand the evolv ing role of ADCs in RRMM 
   •  Explore the cur rent land scape and future direc tions of BsAbs in RRMM  

  CLINICAL CASE 
  A 54  year  old woman is diag nosed with immu no glob u lin 
G kappa (IgG κ ) mul ti ple mye loma (MM). She undergoes 
induc tion ther apy with trip let com bi na tion, followed by 
autol o gous stem cell trans plant (ASCT) and lenalidomide 
main te nance. She expe ri ences sev eral relapses and is 
cycled through var i ous lines of ther apy. She has now had 
4 lines of ther apy and is con sid ered tri ple  class refrac tory 
(TCR), hav ing become refrac tory to a proteosome inhib i
tor, an immu no mod u la tory drug, and an anti  CD38 mono
clo nal anti body (MoAb). Her treating phy si cian offers to 
send her to an aca demic cen ter for a clin i cal trial, but she 
opts to stay close to home and is started on belantamab 
mafodotin.  

 Introduction 
 Despite decades of sci en tifi c advance ment, MM remains 
incur able in the vast major ity of patients. 1  Currently, the pri
mary goal of treat ment is to increase sur vival and main tain 
a rea son able qual ity of life. This is accom plished through 
ther a peu tic sup pres sion of the malig nant plasma cell (PC) 
clone, which sub se quently mit i gates dis ease  related com
pli ca tions. 1  

 Since their approval, MoAbs have been widely incor
po rated into both front line and relapsed set tings. Still, 
patients who become TCR remain chal leng ing to treat and 
require ther a pies with novel mech a nisms of action. In the 
recent LocoMMotion study, TCR MM patients who pro spec
tively received widely avail  able stan dard of care (SOC) ther
a pies dem on strated an over all response rate (ORR) of 25 % , 
a median dura tion of response (DOR) of 4.5 months, and 
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over all sur vival (OS) of 11.1 months.2 To address this area of unmet 
need, the focus has shifted toward new approaches, such as chi
me ric anti gen recep tor (CAR) Tcell ther a pies, anti bodydrug 
con ju gates (ADCs), and bispecific antibodies (BsAbs).3 Although 
CAR Tcell ther apy has shown remark able over all effi cacy of 
greater than 70% across var i ous earlyphase stud ies—lead ing 
to the approv als of idecabtagene vicleucel and ciltacabtagene 
autoleucel—delays in drug admin is tra tion due to manufactur ing 
time and grade 3/4 adverse events (AEs) from cyto kine release 
syn drome (CRS), neu ro tox ic ity, and cytopenias remain major 
con cerns.3 The desire for safe “offtheshelf” immunotherapies 
has strength ened inter est in ADCs and BsAbs, which them selves 
have dem on strated prom is ing effi cacy in relapsed/refrac tory 
MM (RRMM).3

In this review we pres ent the state of devel op ment of each 
class of anti bodydirected ther apy in MM, with an empha sis on the  
rap idly advanc ing ADC and BsAb ther a peu tic arma men tar ium.

Monoclonal antibodies
In the last decade, three MoAbs were approved for the treat
ment of MM. Daratumumab (antiCD38) and elotuzumab (anti
SLAM fam ily mem ber 7 [SLAMF7]) were approved for com mer cial 
use in 2015 while isatuximab (antiCD38) was approved in 2020.

Daratumumab is a human ized IgG1κ MoAb that binds to CD38 
expressed on malig nant PCs.4 It effec tively elim i na tes CD38  
expressing PCs through sev eral mech a nisms: anti body depen dent  
Tcel lu lar cyto tox ic ity, anti bodydepen dent T cel lu lar phago
cy to sis, com ple mentdepen dent cyto tox ic ity, induc tion of apo p
to sis via Fcγ recep tor–medi ated crosslinking, and by var i ous 
 immu no mod u la tory effects.4 Several ran dom ized con trolled tri
als have observed the clin i cal ben e fits of adding daratumamab 
to immunomodulator drugs and proteosome inhib i tors in RRMM, 
establishing its use as an SOC agent in this set ting (Table 1).58

In trans planteli gi ble patients, the addi tion of daratumamab to 
bortezomibtha lid o midedexa meth a sone (phase 3 CASSIOPEIA 
trial) improved depth of response and led to a sig nifi  cant pro gres
sionfree sur vival (PFS) ben e fit.9 Similarly, the addi tion of daratu
mumab to lenalidomidebortezomibdexa meth a sone (RVd; phase 
2 GRIFFIN trial) in trans planteli gi ble patients improved depth of 
response, includ ing strin gent com plete remis sion and min i mal 
resid ual dis ease (MRD) (10−5), and showed PFS benefit (HR 0.45; 
p  = 0.324), while median OS was not reached in either group with 
limited followup.10 In both CASSIOPEIA and GRIFFIN, there was 
a ben e fit to adding daratumumab across all  sub groups except 
those with highrisk cyto ge net ics or International Scoring System 
stage III dis ease.

Table 1. Pivotal ran dom ized phase 3 tri als of mono clo nal anti body treat ment for MM

Clinical trial Patient pop u la tion Arm (n = num ber 
of patients) Overall response (%) Median pro gres sion-free  

sur vival (months) Hazard ratio (P value)

ALCYONE12 Transplantinel i gi ble 
NDMM

DVMP (n = 350) 91 36.4 0.42 (P < .001)

VMP (n = 356) 74 19.3

MAIA11 Transplantinel i gi ble 
NDMM

DRd (n = 368) 92.9 NR 0.53 (P < .001)

Rd (n = 369) 81.6 34.4

ELOQUENT 124 Transplantinel i gi ble 
NDMM

ERd (n = 374) 83 31.4 0.93 (P  = .44)

Rd (n = 374) 79 29.5

CASSIOPEIA9 Transplanteli gi ble 
NDMM

DVTd (n = 543) 93 NR 0.47 (P < .001)

VTd (n = 542) 90 NR

GRIFFIN10,a Transplanteli gi ble 
NDMM

DRVd (n = 99) 99 NR Not avail  able

RVd (n = 97) 92 NR

GMMGHD623 Transplanteli gi ble 
NDMM

ERVd (n = 555) B1 81.5%; B2 80.7% (≥VGPR) B1 66.2%; B2 67.2% (3 y PFS) Not avail  able (P  = .86;  
no sig nifi  cant dif fer ence)

RVd (n = 559) A1 78.9%; A2 78.2% (≥VGPR) A1 68.8%; A2 68.5% (3 y PFS)

GMMGHD719 Transplanteli gi ble 
NDMM

IRVd (n = 329) MRD 50.1% NR Not avail  able (OR = 1.82; 
P < .001)

RVd (n = 331) MRD 35.6% NR

POLLUX6 RRMM, at least 1 prior 
line

DRd (n = 286) 93 44.5 0.44 (P < .001)

Rd (n = 283) 76 17.5

ELOQUENT 220 RRMM, 1–3 prior lines ERd (n = 321) 79 19.4 0.71 (P < .001)

Rd (n = 325) 66 14.9

CANDOR8 RRMM, 1–3 prior lines DKd (n = 312) 84 NR 0.62 (P  = .003)

Kd (n = 154) 75 15.8

IKEMA18 RRMM, 1–3 prior lines IKd (n = 179) 87 NR 0.53 (P < .001)

Kd (n = 123) 83 19.2

CASTOR5 RRMM, at least 1 prior 
line

DVd (n = 251) 83 16.7 0.31 (P < .001)

Vd (n = 247) 63 7.1
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A PFS ben e fit is also seen for front line daratumamab in com
bi na tion with bortezomibmel pha lanpred ni sone (VMP; phase 3  
ALCYONE trial) or lenalidomidedexa meth a sone (Rd; phase 3 
MAIA trial) in trans plantinel i gi ble patients.11,12 Further, daratu
mumab has been com bined with carfilzomib/Rd (KRd) as an 
induc tion ther apy, with or with out ASCT, in the phase 2 MASTER 
and MANHATTAN stud ies. Early results show impres sive MRD
neg a tive (10−5) remis sions; 80% in the MASTER trial and 71% in the 
MANHATTAN trial.13,14

The ques tion of daratumumab main te nance was first 
addressed in the sec ond ran dom i za tion of the CASSIOPEIA trial, 
in which patients were fur ther ran dom ized after ASCT/con sol i
da tion to daratumumab for up to 2 years or active sur veil lance. 
The median PFS was not reached (NR) in the daratumumab 
main te nance arm and was 46.7 months in the obser va tion arm 
(haz ard ratio [HR], 0.53; 95% CI, 0.42–0.68; P < .0001).15 Unex
pectedly, those patients who had received daratumumab 
dur ing induc tion and con sol i da tion derived no incre men tal 
ben e fit from daratumumab main te nance alone vs obser va
tion alone (HR, 1.02; 95% CI, 0.71–1.47; P = .91), suggesting that 
depth of response, rather than con tin u ous ther apy, may have 
been the deter min ing fac tor.15 Ongoing tri als such as GRIF
FIN (NCT02874742), DRAMMATIC (NCT04071457), PERSEUS 
(NCT03710603), and AURIGA (NCT03901963) will help elu ci date 
the opti mal use of daratumumab or daratumamab plus lenalid
omide as main te nance ther apy.

Isatuximab is another IgG1κ MoAb that binds to CD38. 
One nota ble dif fer ence from daratumumab is that isatux
imab can induce direct cyto tox ic ity via caspasedepen dent 
 apo p  to sis and lyso somemedi ated nonapoptotic cell kill ing.16 
 Isatuximab has been suc cess fully com bined with pomalidomide 
dexa meth a sone (Pd; phase 3 ICARIAMM trial) and Kd (phase 
3 IKEMA trial) in RRMM, with supe rior PFS dem on strated in the 
isatuximab arms (Table 1).17,18 In the GMMGHD7 phase 3 study in 
newly diag nosed mul ti ple mye loma (NDMM), isatuximab added 
to RVd improved MRD (10−5) neg a tiv ity rates (50.1% vs 35.6%) 
prior to ASCT, fur ther supporting the incor po ra tion of an anti
CD38 MoAb in front line treat ment.19

Elotuzumab, a human ized IgG1 MoAb directed against 
SLAMF7, has shown improved PFS and OS in com bi na tion with 
Rd (phase 3 ELOQUENT2 trial) and Pd (phase 3 ELOQUENT3 
trial) in RRMM.20,21 Disappointingly, when added to front line RVd 

in trans planteli gi ble NDMM patients (phase 2 SWOG1211 and 
phase 3 GMMGHD6 tri als) or to Rd (phase 3 ELOQUENT1 trial) 
in trans plantinel i gi ble patients, no improve ments in out comes 
were dem on strated.2224

Antibody-drug con ju gates
Despite the suc cess of naked MoAbs, the vast major ity of MM 
patients ulti mately relapse and require novel inter ven tions. Con
sequently, research ers have clev erly com bined the spec i fic ity of 
MoAbs with a cyto toxic drug, cre at ing a sophis ti cated deliv ery 
sys tem that trans ports a lethal pay load directly to the anti gen
expressing cell (Figure 1). This tech nol ogy has already shown 
suc cess in other hema to logic malig nan cies, includ ing lym phoma 
(brentuximab vedotin) and acute mye loid leu ke mia (gemtu
zumab ozogamicin).25

Several ADCs have been eval u ated in clin i cal tri als in RRMM 
(Table 2), the most prom is ing of which tar get Bcell mat u ra tion 
anti gen (BCMA). BCMA has emerged as an attrac tive tar get, as 
it is expressed at high lev els on PCs and plasmablasts but not 
on other tis sues.26 This selec tiv ity, in addi tion to the fact that 
BCMA undergoes inter nal i za tion, makes it an ideal tar get for 
ADCs.26

Belantamab mafodotin (GSK2857916), a firstinclass human
ized IgG1, afucosylated ADC con ju gated to monomethyl auri
statinF (MMAF), was the first ADC to dem on strate sig nifi  cant 
ther a peu tic ben e fit in MM. Preclinical stud ies dem on strate that 
belantamab mafodotin elim i na tes mye loma cells through sev
eral mech a nisms of action: direct cell kill ing via the inhi bi tion 
of micro tu bule poly mer i za tion, clas si cal IgG effec tor func tions 
through an enhanced frag ment crys tal liz able region (Fc) domain, 
and immu no genic cell death, a pro cess in which dying cells elicit 
an adap tive immune response.27

Belantamab mafodotin was eval u ated in the piv otal 
DREAMM2 study.28 This phase 2 study explored doses of 
2.5  mg/kg or 3.4  mg/kg admin is tered intra ve nously every 
3 weeks until pro gres sion. In patients receiv ing the US Food 
and Drug Administration–approved 2.5mg/kg dose (n = 97), all  
were TCR and had a median of 7 (312) prior lines of ther apy. 
The ORR was 31% (97.5% CI, 20.8–42.6), and the median PFS 
and OS were 2.8 (95% CI, 1.6–3.6) and 13.7 months (95% CI, 
9.9not reached), respec tively. For responding patients, the 
DOR was 11 months (95% CI, 4.2not reached). Post hoc ana

Clinical trial Patient pop u la tion Arm (n = num ber 
of patients) Overall response (%) Median pro gres sion-free  

sur vival (months) Hazard ratio (P value)

ELOQUENT 321 RRMM, at least 2 prior 
lines

EPd (n = 60) 53 10.3 0.54 (P = .008)

Pd (n = 57) 26 4.7

APOLLO7 RRMM, at least 1 prior 
line

DPd (n = 151) 69 12.4 0.63 (P = .0018)

Pd (n = 153) 46 6.9

ICARIAMM17 RRMM, at least 2 prior 
lines

IPd (n = 154) 63 11.5 0.6 (P = .001)

Pd (n = 153) 32 6.5
aRandomized phase 2 study
Note: This list is not exhaus tive for all  ran dom ized tri als includ ing mono clo nal antibodies.
D, daratumumab; d, dexa meth a sone; E, elotuzumab; I, isatuximab; K, carfilzomib; M, mel pha lan; OR, odds ratio; P, pomalidomide; p, pred ni sone;  
R, lenalidomide; T, tha lid o mide; V, bortezomib.

Table 1. Pivotal ran dom ized phase 3 tri als of mono clo nal anti body treat ment for MM (Continued )
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ly ses dem on strated sim i lar response and OS in patients with 
highrisk cyto ge net ics and those with impaired renal func tion, 
although patients with extramedullary dis ease did not appear 
to derive the same ben e fit.28 Consistent with MMAFcontaining  
ADCs, the most com mon AEs (any grade/grade ≥3) were ker
atopathy (72%/46%), change in best corrected visual acu ity 
(54%/31%), throm bo cy to pe nia (38%/22%), ane mia (27%/21%), 
and blurred vision (25%/4%). Dose reduc tions and delays due 
to tox ic ity occurred in 54% and 35%, respec tively, and were 
less com mon in the 2.5mg/kg arm of the study.

Belantamab mafodotin is US Food and Drug Administration 
approved for use in RRMM patients who have received 4 or more 
lines of ther apy. The approval came with a boxed warn ing, indi
cat ing that tox ic ity to the cor nea may result in vision loss, cor neal 
ulcers, or dry eyes. Although the mech a nism is yet unclear, pre
clin i cal data sug gest that ocu lar tox ic ity is related to the recep tor 
inde pen dent uptake of the intact ADC into the epi the lial limbal 
stem cells of the cor nea.29 In DREAMM2, 72% of patients in the 
2.5mg/kg cohort dem on strated keratopathy on oph thal mo
logic exam; how ever, only 56% expe ri enced symp toms (most 
com monly blurred vision and/or dry eyes), and only 3 patients 
(3%) discontinued ther apy for cor neal AEs.28 Importantly, expe
ri ence from DREAMM2 indi cates that patients recover from cor
neal tox ic ity with dose holds for grade 2 events or higher, with 
the major ity of patients (88%) maintaining responses despite 
prolonged dose delays. Based on this expe ri ence, the rec om
men da tions for man age ment of cor neal events include the fre
quent use of pre ser va tivefree lubri cant eye drops, eye care 

pro fes sional assess ments before each dose, and timely dose 
holds and mod i fi ca tions.

Numerous stud ies are now eval u at ing belantamab mafodotin 
in dif fer ent drug com bi na tions, dos ing sched ules, and treat ment 
set tings (Table 2). This includes stud ies com bin ing belantamab 
mafodotin with pembrolizumab (DREAMM4),30 with novel agents 
(DREAMM5),31 with lenalidomide or bortezomib (DREAMM6),32 
and with RVd in NDMM (DREAMM9).33 Notably, in the Algon quin 
study, belantamab mafodotin was com bined with Pd to iden tify 
the opti mal dose and sched ule in pomalidomidenaive patients.34 
Across cohorts of patients receiv ing belantamab mafodotin, 
1.92  mg/kg every 4 weeks or 2.5  mg/kg every 4, 8, or 12 weeks 
(n = 56), the ORR was 88.9% (≥ very good par tial response [VGPR], 
72%) and PFS, 17 months (14.5not reached); nota bly, 48% of 
patients were TCR.34 Additionally, stud ies explor ing lower doses 
and extended sched ules of belantamab mafodotin as a strat egy 
to reduce the inci dence and sever ity of cor neal tox ic ity are ongo
ing (DREAMM9, DREAMM14, and NCT04808037). Emerging data 
from these stud ies are encour ag ing, dem on strat ing a reduc tion 
in the inci dence and sever ity of cor neal tox ic ity with good clin i cal 
effi cacy.34,35

Several other ADCs targeting BCMA have been devel
oped. AMG 224 is a human ized IgG1 antiBCMA mertansine 
con ju gated ADC. In a phase 1 study, at the expan sion dose of 
3  mg/kg (n = 11) the ORR was 27%.36 Mild ocu lar events were 
observed in 30% of patients with no reports of keratopathy. 
MEDI2228 is another human ized pyrrolobenzodiazepine (PBD)
con ju gated antiBCMA ADC. In a firstinhuman study, an ORR 

Figure 1. Characteristics of ADCs. The components of the ADC and its target antigen influence the efficacy and safety profile. Pref
erably, target antigens should only be found on malignant cells, be abundantly expressed, be capable of internalization, and not be 
shed from the cellular membrane. The cytotoxic drug (payload or warhead) is the ultimate effector component, inducing direct cell 
killing either by inhibiting microtubule formation or directly damaging cellular DNA. It should be highly potent in the subnanomolar 
range and preferably nonpermeable to avoid damage to surrounding tissues. The linker connects the warhead to the antibody. These 
should be stable in circulation and cleavable upon lysosomal degradation. The conjugation chemistry of the linker determines the 
drug:antibody ratio, which critically influences the ADC potency. ADCC, antibodydependent Tcellular cytotoxicity, Fab, fragment 
antigenbinding region.
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Table 2. Summary of anti body-drug con ju gates for MM

Name Target Payload Combination Trial phase: num ber of 
patients (n)

Response/ 
activ ity

Current sta tus  
(ClinicalTrials  .gov)

Belantamab 
mafodotin 
(belamaf)

BCMA MMAF Monotherapy28 Phase 1: n = 35 ORR 60% DREAMM1 (com pleted) 
NCT02064387

Phase 2: n = 196 ORR 31% DREAMM2 (com pleted) 
NCT03525678

B (Q3W) vs Pd Phase 3: n = 380 (E) N/A DREAMM3 (recruiting) 
NCT04162210

B (Q3W) + Pemb30 Phase 1/2: n = 41 ORR 47% DREAMM4 (active, not 
recruiting) NCT03848845

B + novel agent31 Phase 1/2: n = 464 (E) ORR 53% with 
feladilimab

DREAMM5 (recruiting) 
NCT04126200

BVd OR Rd32 Phase 1/2: n = 152 (E) ORR 78% in BVd 
arm

DREAMM6 (active, not 
recruiting) NCT03544281

BPd34 Phase 1/2: n = 96 (E) ORR 88.9% ALGONQUIN (recruiting) 
NCT03715478

BRd (trans plant
inel i gi ble NDMM)

Phase 1/2: n = 66 (E) N/A NCT04808037 (recruiting)

BVd vs DVd Phase 3: n = 575 (E) N/A DREAMM7 (active, not 
recruiting) NCT04246047

BPd vs VPd Phase 3: n = 450 (E) N/A DREAMM8 (recruiting) 
NCT04484623

BVRd (trans plant
inel i gi ble NDMM33

Phase 1: n = 144 (E) ORR 100%
(n = 12)

DREAMM9 (recruiting) 
NCT04091126

Monotherapy in 
renal impair ment

Phase 1: n = 36 (E) N/A DREAMM12 (recruiting) 
NCT04398745

Monotherapy in 
liver impair ment

Phase 1: n = 28 (E) N/A DREAMM13 (recruiting)
NCT04398680

Monotherapy
(vary ing doses and 
sched ules)

Phase 2: n = 180 (E) N/A DREAMM14 (recruiting) 
NCT05064358

AMG 224 BCMA Mertansine Monotherapy36 Phase 1: n = 42 (E) ORR 27%
(3  mg/kg)

NCT02561962 (active, not 
recruiting)

CC 99712 BCMA Maytansinoidlike Monotherapy Phase 1: n = 160 (E) N/A NCT04036461 (recruiting)

MEDI2228 BCMA PBD Monotherapy37 Phase 1: n = 82 ORR 66% at 
0.14  mg/kg

NCT03489525 (com pleted)

Indatuximab 
ravtansine

CD138 Maytansinoid
DM4

In com bi na tion 
with R or P

Phase 1/2: n = 64 ORR 71.7% with R 
and 70.6% with P

NCT01001442 (com pleted)

Lorvotuzumab 
mertansine

CD56 Mertansine Monotherapy Phase 1: n = 37 ORR 5.7% NCT00346255 (com pleted)

Milatuzumab CD74 Doxorubicin Monotherapy Phase 1: n = 25 26% SD NCT00421525 (com pleted)

STRO001 CD74 MMAF Monotherapy Phase 1: n = N/A N/A NCT03424603 (recruiting)

DFRF4539A FcRH5 MMAE Monotherapy Phase 1: n = 39 ORR 5%; 49% SD NCT01432353 (com pleted)

SGNCD48A CD48 MMAE Monotherapy Phase 1: n = 14 N/A NCT03379584 (ter mi nated)

ABBV838 SLAMF7 MMAE Monotherapy Phase 1/1b: n = 75 ORR 10.7% NCT02462525 (ter mi nated)

Note: This list is not exhaus tive for all  ADCs devel oped for MM.
B, belantamab; belamaf, belantamab mafodotin; D, daratumumab; d, dexa meth a sone; E, esti mate; MMAE, monomethyl auristatin E; N/A, not avail 
able; Pemb, pembrolizumab; P, pomalidomide; Q3W, once every 3 weeks; R, lenalidomide; SD, sta ble dis ease; V, bortezomib.

of 65.9% was reported at the max i mum tol er ated dose (MTD) 
of 0.14  mg/kg (n = 41).37 The safety pro file was con sis tent with 
PBDcontaining ADCs and included rash (31.7%), throm bo cy to
pe nia (31.7%), pleu ral effu sions (24.4%), and increased gamma 
glutamyl trans fer ase (24.4%). Unexpectedly, ocu lar AEs in the 

form of pho to pho bia were reported in 58.5% of patients. Phase 
1 stud ies of CC99712, an antiBCMA ADC con ju gated to 4 may
tansinoid mol e cules, and HDP101, an antiBCMA ADC con ju
gated to an ama ni tin deriv a tive, are recruiting (NCT04036461 
and NCT04879043, respec tively).
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ADCs targeting anti gens other than BCMA have shown less 
prom is ing effi cacy in MM. Table 2 sum ma rizes the cur rent state 
of devel op ment of indatuximab ravtansine (antiCD138), lorvotu
zumab mertansine (antiCD56), STRO001 (antiCD74), and sev eral 
other ADCs with novel tar gets, most hav ing had their devel op
ment halted due to dis ap point ing effi cacy.

Bispecific antibodies
BsAbs are unique anti body con structs that simul ta neously bind 
2 anti gens. In can cer ther a peu tics, this usu ally involves target
ing an anti gen on the tumor and a mol e cule on an immune 
cell, resulting in immune effec tor cell acti va tion and tumor lysis  
(Figure 2). Similar to the ADCs, BCMA has been the selected anti
gen tar get for the devel op ment of BsAbs, although oth ers have 
emerged (Table 3).

AMG 420, which tar gets BCMA on PCs and CD3 on T cells, was 
the first BsAb to show effi cacy in human tri als. Coined a BiTE® 
(bispecific Tcell engager) because it lacks an Fc region, AMG 
420 jus ti fied the devel op ment of bispecifics in MM, dem on strat
ing a 70% ORR at the MTD (400  µg/d; n = 10).38 The BiTE® for mat 
offers the advan tage of bet ter tis sue pen e trance and access to 
epi topes but with the caveat of a short halflife, neces si tat ing 
a con tin u ous intra ve nous infu sion. This has been rem e died by 
the devel op ment of an extended halflife ver sion, AMG 701,39 and 
numer ous Fccontaining BsAbs that can be admin is tered every  
1 to 3 weeks, with the major ity mov ing to sub cu ta ne ous for mu la
tions (Table 3).4046 Fccontaining bispecifics are larger and there
fore more sta ble in cir cu la tion, while the Fc func tion may or may 

not be silenced depending on the agent. Thus far, BsAbs have 
been eval u ated in heavily pretreated patients, with the major
ity being TCR; a good num ber have also included older patients 
(>80 years). All have dem on strated encour ag ing clin i cal activ
ity (Table 3), although data on dura bil ity of responses are still  
imma ture.

Teclistamab, an antiBCMA/CD3 BsAb, is fur thest along in clin
i cal devel op ment, with an antic i pated com mer cial approval in 
2022. In the phase 1/2 MajesTEC1 study, 165 patients received 
teclistamab (77.8% TCR) at the recommended tar get dose of 
1.5  mg/kg.40 The ORR was 63% (≥com plete remis sion, 39.4%), 
with 44 patients (26.7%) achiev ing MRD (10−5). Responses were 
maintained across dif fer ent sub groups, includ ing poorrisk 
groups, with the excep tion of those with extramedullary dis ease, 
those with stage III dis ease, or those with PC mar row involve
ment of 60% or greater. The median DOR was 18.4 months (95% 
CI, 14.9not esti ma ble), while the PFS was 11.3 months (95% CI, 
8.817.1). CRS, neutropenia, infec tion, and neu ro tox ic ity of any 
grade/grade higher than or equal to 3 occurred in 72.1%/0.6%, 
70.9%/64.2%, 76.4%/44.8%, and 14.5%/0%, respec tively; 19 
patients died from AEs, includ ing 12 deaths due to COVID19.

In the phase 1 MagnetisMM1 study, elranatamab (PF
06863135), another antiBCMAxCD3 BsAb, dem on strated an 
ORR of 64% among 55 patients (91% TCR) receiv ing doses 
of 215  µg/kg or higher.41 Remarkably, 7 of 10 patients treated 
with prior BCMAtargeted ther apy achieved a par tial response 
or bet ter.41 The inci dence of CRS at the recommended dose 
(1000  µg/kg or 76  mg) was 67% (all  grade 1/2).41 Studies of  

Figure 2. Characteristics of BsAbs. IgGlike BsAbs include an Fc region, while non–IgGlike BsAbs consist of only Fab (fragment  
antigenbinding) variable regions and linkers. Since the Fc portion provides stability and longevity to the molecule in circulation, 
most non–IgGlike BsAbs require more frequent dosing to maintain therapeutic plasma levels; they also lack the Fcmediated effector 
functions such as antibodydependent Tcellular cytotoxicity and complementdependent cytotoxicity. Several BsAbs, both IgGlike 
and non–IgGlike, are under development for the treatment of MM. BiAb, bispecific antibodies.
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teclistamab and elranatamab in com bi na tion with immu no mod
u la tory drugs and antiCD38s and in ear lier lines of treat ment are 
ongo ing (Table 4).

Other nota ble antiBCMA BsAbs include REGN5458, CC
93269, and TNB383B (Table 3). In a phase 1/2 trial of REGN5458, 
the ORR was 73.3% among patients treated at the 96mg and 
200mgdose lev els; no patients expe ri enced CRS of grade 
3 or higher.42 Of the 12 patients treated with 6  mg or more of 

CC93269, the ORR was 83.3%.43 CRS was reported in 89.5% of 
patients, mostly grade 1/2 (57.9%/26.3%); how ever, one patient 
died in the set ting of CRS, with infec tion as a poten tial con trib
u tor.43 In the doseesca la tion cohort of TNB383B (doses ≥40  mg 
every 3 weeks), the ORR was 79% (n = 19/24) with CRS reported 
as mainly grade 1/2.44

Fc recep tor homo log 5 (FcRH5) is a cell sur face anti gen of 
unknown func tion whose expres sion is restricted to B cells, 

Table 3. Summary of bispecific T-cell antibodies for MM

Name Target Antibody  
con struct

Triple-class 
refrac tory 
(median LoT)

Trial 
phase Schedule

Preliminary 
response/ 
activ ity

Safety
Current sta tus 
(ClinicalTrials 
 .gov)

AMG 42038 BCMACD3 BiTE® N/A (29% 
prior anti
CD38, median 
5 LoT)

Phase 1 Continuous 
infu sion for  
4 wk (out 
of 6)

ORR = 31%
ORR 
MTD = 70%

38% CRS (6.25% ≥ gr 3)
5% ≥ gr 3 
polyneuropathy
24% ≥ gr 3 infec tion

Active, not 
recruiting
NCT03836053

AMG 70139 BCMACD3 HLEBiTE® 68% (median 
6 LoT)

Phase 1/2 Weekly IV ORR = 36%
ORR = 83% at 
9  mg

75% CRS (10.5% ≥ gr 3)
8% neu ro tox ic ity  
(gr 1–2)
13% ≥ gr 3 infec tion

Recruiting
NCT03287908

Elranatamab41 BCMACD3 Humanized  
IgG2a Fc

91% (median 
6 LoT; 22% 
prior anti
BCMA)

Phase 1 Weekly or 
every 2 wk 
Sc

ORR = 64% 
for doses 
≥215  µg/kg

67% CRS (gr 1–2) MagnetisMM1 
Recruiting
NCT03269136

REGN545842 BCMACD3 Fc Fab arms 97.1% (median 
5 LoT)

Phase 1/2 Weekly IV ORR = 73.3% 
at 96–200mg 
doses

38.2% CRS (gr 1–2)
4% neu ro tox ic ity  
(gr 1–2)
23% pneu mo nia  
(11% ≥ gr 3)

Recruiting
NCT03761108

Teclistamab40 BCMACD3 Humanized 
IgG4 Fc

77.8% 
(median 5 
LoT; prior 
antiBCMA 
not per mit
ted)

Phase 1/2 Weekly Sc ORR = 63% 72.1% CRS (gr 3, 0.6%; 
no gr 4)
14.5% neu ro tox ic ity  
(1 gr 4 event)
44.8% ≥ gr 3 infec tion

MajestTEC1 
Recruiting
NCT03145181

CC9326944 BCMACD3 Asymmetric 
2arm IgG

66.7% 
(median 6 
LoT)

Phase 1 Weekly IV ORR = 83.3% 
in 10 pts with 
doses ≥6  mg

89.5% CRS (1 gr 5 
event)
26.3% infec tion

Recruiting
NCT03486067

TNB383B44 BCMACD3 IgG4 Fc 
CD3  
acti vat ing 
T effec tor 
cells

62% (median 
5 LoT)

Phase 1 Q21d IV ORR = 79% at 
doses ≥40  mg

52% CRS (3% ≥ gr 3  
at RP2D)
28% infec tion

Recruiting
NCT03933735

Cevostamab45 FcRH5
CD3

Humanized 
IgG1 Fc

85% (median 
6 LoT; 33.5% 
prior anti
BCMA)

Phase 1 Q21d IV ORR = 54.5% 
at 160mg
dose level

80.7% CRS (1.3% ≥ 
gr 3)
18.8% ≥ gr 3 infec tion
14.3% neu ro tox ic ity 
(0.3% ≥ gr 3)

Recruiting
NCT03275103

Talquetamab46 GPRC5D
CD3

Humanized 
IgG4 Fc

Weekly: 77% 
(median 6 
LoT; 30% 
prior anti
BCMA)
Biweekly: 
65% (median 
5 LoT; 17% 
prior anti
BCMA)

Phase 1/2 Weekly or 
biweekly Sc

Weekly: 
ORR = 70%
Biweekly: 
ORR = 71%

Weekly: 73% CRS  
(1 gr 3)
Biweekly: 78% CRS 
(gr 1–2)

MonumenTal1
Recruiting
NCT03399799

Note: This list is not exhaus tive for all  bispecific Tcell antibodies devel oped for MM.
Fab, frag ment anti genbind ing; gr, grade; HLE, halflife extended; IV, intra ve nous; LoT, lines of ther apy; pts, patients; Q21d, every 21 days;  
RP2D, recommended phase 2 dose; Sc, sub cu ta ne ous; wk, week.
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with the highest expres sion on PCs. BFCR4350A (cevostamab) 
is a human ized IgG Fc anti body targeting FcRH5 and CD3. In 
an ongoing phase 1 study, cevostamab was admin is tered for 
a fixed dura tion of 17 cycles, unlike other BsAb tri als that treat 
to pro gres sion.45 Among 160 patients (85% TCR), the ORR was 
56.7% and 36.1% for those patients receiv ing doses of 132 to 
198  mg (n = 60) or 20 to 90  mg (n = 83), respec tively. The ORR 
among patients who had prior CAR Tcell or antiBCMA ther
apy was 44.4% and 36.4%, respec tively. CRS was observed in 
80.7% (128/160) of patients (mainly grade 1/2; 2 cases grade 3). 
In the sin gle stepup dose cohorts (n = 86), the median DOR was  
11.5 months (95% CI, 6.0, 18.4) at a fol lowup of 14.3 months. 
Thus, cevostamab appears to be a ben e fi cial treat ment option, 
with a unique ther a peu tic tar get, for RRMM patients.

Talquetamab is an IgG4 Fccontaining BsAb targeting G 
pro tein–cou pled recep tor fam ily C group 5 mem ber D (GPRC5D).46 
GPRC5D is highly expressed on PCs but also on keratinized tis
sues. In the MonumenTal1 study, patients received sub cu ta ne ous 
talquetamab at doses of 405 µg/kg (n = 30) weekly or 800  µg/kg 
biweekly (n = 23).44 Unique AEs, owing to the expres sion of 
GPRC5D on keratinized tis sues, include dysgeusia, pal mar/plan tar  
des qua ma tion, nail dys tro phy, and sys temic rash, which were 
reported in 75% of patients (mostly grade 1/2; 7.5% grade 3).46 
Mitigation strat e gies for these toxicities included the use of emol
lient creams and, for oral AEs, salivasub sti tute sprays and rinses 
at the onset of symp toms. The ORR and CRS in patients receiv ing 
the 405µg/kg or 800µg/kg dose was 70% and 73% (1 grade 
3) and 71% and 78% (all  grade 1/2), respec tively.46 Trials explor
ing talquetamab in com bi na tion with teclistamab, as well as with 
SOC antimyeloma agents, are actively recruiting (Table 4).

Table 4. Summary of bispecific T-cell anti body com bi na tions for MM

Name Patient pop u la tion Trial phase Combination drugs Current sta tus  
(ClinicalTrials  .gov)

Elranatamab RRMM Phase 1b/2 Arm 1: elranatamab + nirogacestat (GSI) MagnetisMM4 (recruiting) 
NCT05090566

Arm 2: elranatamab + lenalidomide + dexa meth a sone

Phase 3 Arm 1: elranatamab MagnetisMM5 (recruiting) 
NCT05020236

Arm 2: elranatamab + daratumumab

Arm 3: earatumumab + pomalidomide + dexa meth a sone

Teclistamab + 
talquetamab

RRMM Phase 3 Arm 1: teclistamab + daratumumab MajestTEC3 (recruiting) 
NCT05083169

Arm 2: daratumumab + pomalidomide + dexa meth a sone

Arm 3: daratumumab + bortezomib + dexa meth a sone

Phase 1 Arm 1: teclistamab + talquetamab NCT04586426 (recruiting)

Arm 2: teclistamab + talquetamab + daratumumab

Phase 1b Arm 1: daratumumab + teclistamab TRIMM2 (recruiting) 
NCT04108195

Arm 2: daratumumab + talquetamab

Arm 3: daratumumab + talquetamab + pomalidomide

Arm 4: daratumumab + teclistamab + pomalidomide

Cevostamab RRMM Phase 1 Arm 1: cevostamab Recruiting NCT04910568

Arm 2: cevostamab + pomalidomide + dexa meth a sone

Arm 3: cevostamab + daratumumab + dexa meth a sone

Note: This list is not exhaus tive for all  bispecific Tcell anti body com bi na tions devel oped for MM.
GSI, gamma secretase inhib i tor.

CLINICAL CASE (Con tin ued)
The patient responds to belantamab mafodotin; how ever, she 
expe ri ences mul ti ple dose inter rup tions for cor neal AEs and 
progresses after 9 months. She is then referred to an aca demic 
cen ter and is enrolled in a clin i cal trial eval u at ing talquetamab 
(antiGPRC5D) monotherapy. In cycle 1 she expe ri ences grade 
1 CRS but no neu ro tox ic ity. After 6 months of ther apy, she con
tin ues to have an ongo ing response with man age able grade 1 
dysgeusia and der ma to logic symp toms.

Conclusion
Alongside CAR Tcell ther apy, anti bodybased immunotherapies 
have emerged as impor tant offtheshelf ther a peu tic options for 
all  patients with RRMM (Table 5). The sequenc ing and dura tion 
of these ther a pies remain ongo ing clin i cal ques tions, although 
emerg ing data are encour ag ing. In a heavily pretreated RRMM 
pop u la tion relaps ing on a BsAb (n = 64), the ORR to sub se quent 
treat ment (sec ond BsAb, n = 20; CAR T, n = 15) was 58%, with an OS 
of 17.6 months (95% CI, 21.6not reached).47 Further, in the Mag
netisMM1 study, 7 of 13 patients pre vi ously treated with an anti
BCMA targeted ther apy (5/7 for those treated with antiBCMA 
ADCs) responded to the BCMAxCD3 BsAb, elranatamab.41 Mean
while in the ongoing phase 1 study of cevostamab (FCRH5xCD3 
BsAb) that lim ited treat ment to 17 cycles, 6 patients con tin ued 
to main tain responses for 6 months or lon ger after the ces sa tion 
of treat ment.45

While ADCs and BsAbs dem on strate prom is ing effi cacy, 
future efforts need to focus on the opti mal tim ing and dura tion  
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of ther apy, on com bi na tional strat e gies, on mit i ga tion of the 
risk of immu no sup pres sion/infec tion (BsAbs) and cor neal tox
ic ity (ADC), on the mech a nisms of resis tance, and on equi ta
ble access. Although much work is still to be done, these novel 
approaches offer new hope for a yet incur able dis ease.
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