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   Chimeric anti gen recep tor T - cell ther apy and bispecifi c T - cell recruiting antibodies have transformed the treat ment 
land scape for relapsed / refrac tory mul ti ple mye loma, with B - cell mat u ra tion anti gen being the most com mon tar get 
and other tar gets in clin i cal devel op ment. However, these ther a pies are asso ci ated with unique and severe toxicities, 
includ ing cyto kine release syn drome (CRS), immune effec tor cell - asso ci ated neu ro tox ic ity syn drome (ICANS), delayed 
neu ro tox ic ity, cytopenias, and infec tion. In addi tion, immune effec tor cell - asso ci ated hemophagocytic lymphohistio-
cytosis (HLH) – like syn drome (IEC - HS), which exhib its over lap between CRS and HLH, can be chal leng ing to diag nose 
and treat. In this review, we pro vide an over view of toxicities asso ci ated with novel immunotherapies for treat ment of 
mul ti ple mye loma and describe man age ment rec om men da tions. The path o phys i  ol ogy and risk fac tors behind these 
toxicities are not yet com pre hen sively under stood. Based on con sen sus rec om men da tions, treat ment for CRS con sists 
of tocilizumab and ste roids, while treat ment for ICANS includes ste roids and anakinra in severe cases. Management of 
cytopenias and infec tion is sim i lar to post – hema to poi etic cell trans plan ta tion prin ci ples with anti mi cro bial pro phy laxis, 
growth fac tor sup port, immu no glob u lin replace ment, and vac ci na tions. In con trast, effec tive treat ments for delayed 
neu ro tox ic ity and IEC - HS are lacking, although ste roids and anakinra are com monly used. Management of all  these tox-
icities should include a broad dif fer en tial and mul ti dis ci plin ary col lab o ra tion with infec tious dis eases, neu rol ogy, and / or 
crit i cal care pro vid ers.  

   LEARNING OBJEC TIVES 
    •  Recognize immu no log i cally medi ated toxicities with novel immunotherapies for mul ti ple mye loma (chi me ric 

anti gen recep tor T  cell and bispecif c antibodies) 
   •  Identify stan dard and emerg ing treat ment options for cyto kine release syn drome, immune effec tor cell  asso ci ated 

neu ro tox ic ity syn drome, and immune effec tor cell  asso ci ated hemophagocytic lymphohistiocytosis – like syn drome 
   •  Evaluate and treat cytopenias fol low ing novel immunotherapies 
   •  Understand key prin ci ples in pre vent ing infec tion in patients with mul ti ple mye loma treated with novel 

immunotherapies  

  CLINICAL CASE 1 
  A 65  year  old woman with a his tory of IgG  κ  mul ti ple mye
loma (MM) with high  risk fea tures, includ ing t(4;14), was 
ini tially treated with daratumumab, bortezomib, lena
lidomide, and dexa meth a sone, resulting in a very good 
par tial response. She received autol o gous hema to poi etic 
cell trans plan ta tion (HCT), followed by daratumumab and 
lenalidomide main te nance. She relapsed within 1 year of 
HCT. After 3 sub se quent lines of ther apy, she under went 
chi me ric anti gen recep tor (CAR) T  cell ther apy with cilt
acabtagene autoleucel (cilta  cel). She received bridg ing 
ther apy with a carf lzomib  based reg i men, with pro gres

sive dis ease as best response. At time of lymphodepletion 
ther apy, her M  spike was 2    g / dL, bone mar row showed 
30 %  involve ment with plasma cells, and pos i tron emis sion 
tomog ra phy – com puted tomog ra phy (PET  CT) had a few 
areas of fl uorodeoxyglucose (FDG) avid dis ease. 

 On day 7 fol low ing CAR T  cell infu sion, she devel oped 
fever and hypo ten sion that responded well to intra ve nous 
(IV) fl u ids. Her abso lute neu tro phil count (ANC) count was 
0.8    ×    10 9  / L. Infectious workup was sent, and she was started 
on broad  spec trum anti bi ot ics for neutropenic fever. She 
was also deemed to have grade 2 cyto kine release syn
drome (CRS) and received tocilizumab 8    mg / kg IV and 
dexa meth a sone 10    mg IV once. C  reac tive pro tein was 
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12  mg/dL and fer ri tin was 6000  ng/mL, both of which were 
sig nif  cantly increased from base line. Her fevers resolved with 
tocilizumab and dexa meth a sone, infec tious workup was neg
a tive, and anti bi ot ics were stopped after 48 hours. On day 9 
fol low ing CAR Tcell infu sion, she was noted to have wordfnd
ing dif f culty, and immune effec tor cellasso ci ated enceph a lop
a thy score was 8/10. She was deemed to have grade 1 immune 
effec tor cellasso ci ated neu ro tox ic ity syn drome (ICANS) and 
received dexa meth a sone 10  mg IV, with res o lu tion of symp
toms. She was discharged from the hos pi tal on day 12.

Introduction
CAR Tcell and bispecifc Tcell engag ing antibodies have 
emerged as prom is ing treat ments for relapsed/refrac tory MM. 
The cur rent treat ments approved by the US Food and Drug 
Administration (FDA), includ ing idecabtagene vicluecel (ide
cel), ciltacel, teclistamab and elranatamab, tar get Bcell mat u
ra tion anti gen (BCMA), although other tar gets like Fc recep tor 
homo log 5 (FcRH5) and Gpro teincou pled recep tor fam ily C 
group 5 mem ber D (GPRC5D) are being explored in clin i cal tri
als and may become avail  able as stan dard of care in the near 
future. Although these immunotherapies can lead to high over
all response rates and dura ble responses, their use is lim ited by 
poten tially severe and lifethreat en ing com pli ca tions, such as 
CRS, ICANS, delayed neu ro tox ic ity, cytopenias, and infec tion 
(Figure 1). Prevention, mon i tor ing, and man age ment of these 
com pli ca tions are cru cial to improv ing patient out comes.

Cytokine release syn drome
CRS occurs due to Tcell acti va tion, pro lif er a tion, and sys
temic inflam ma tion. It is seen with both CAR Tcell ther apy and 
bispecifc antibodies in MM. Clinical man i fes ta tions include 
fever and hypo ten sion, while severe cases result in shock and 
multiorgan fail ure.1 CRS is usu ally accom pa nied by changes 
in lab o ra tory param e ters, includ ing ele vated Creac tive pro
tein, fer ri tin, lactate dehydrogenase, and coag u la tion labs. It is 
graded according to Amer i can Society of Transplantation and 
Cellular Therapy (ASTCT) cri te ria.1 Most patients under go ing 
CART ther apy and twothirds of patients receiv ing bispecifc 
antibodies expe ri ence CRS, although grade 3 or higher CRS is 
less com mon.28

Table 1 shows CRS after BCMAtargeted immunotherapies, 
although the inci dence of CRS appears to be sim i lar regard less of 
the tar get anti gen. For exam ple, CRS was seen in 88% of patients 
under go ing GPRC5D CAR Tcell ther apy with MCARH1099 and 
in 70% to 80% receiv ing the nonBCMAbispecifc antibodies 
talquetamab (CD3 × GPRC5D) and cevostamab (CD3 × FcRH5), 
respec tively.10,11 CRS typ i cally hap pens in the frst few days of ini ti
at ing ther apy, with median time to onset for idecel and ciltacel 
being 1 and 7 days, respec tively.2,3 It is pos si ble that this dif fer ence 
in onset of CRS relates to the prop er ties of the CAR T con struct, 
cell dose, and sub se quent time to CAR Tcell expan sion. The tar
get dose of ciltacel is 0.5 to 1 × 106 CAR T cells/kg, and that of ide
cel is 300 to 460 × 106 CAR T cells; for a patient who weighs 100  kg 
and receives the higher end of the dose of ciltacel, the over all 
dose of idecel is still 3 to 4 times higher. For bispecifc antibodies,  

Early
(Days/Weeks)

Late
(Months)

Delayed
(Years)

Toxicities

Prevention and 
monitoring

CRS and ICANS

Cytopenias and infections

• Bridging therapy to reduce 
disease burden

• Specialty consultation to 
optimize co-morbidities

• Anti-microbial prophylaxis
• Immunoglobulin replacement
• Vaccinations

• Neurologic monitoring and evaluation
• Bridging therapy to reduce disease burden
• Effective and timely management of CRS/ICANS

IEC-HS

Management

• Supportive care: anti-pyretics, 
analgesics, IV fluid hydration, 
+/- vasopressor support

• Tocilizumab +/- corticosteroids
• Second-line: anakinra, 

siltuximab • Neurologic consultation
• Steroids +/- IVIG for cranial nerve palsy
• No current effective treatment for Parkinsonism-like syndrome 

• G-CSF and TPO receptor agonist
• Empiric broad-spectrum antibiotics according to neutropenia guideline
• Infectious diseases consultation

• Corticosteroids + anakinra
• Second-line: ruxolitinib
• Others: etoposide, emapalumab

Delayed neurotoxicity, certain constructs (cranial nerve palsies, Parkinsonism)

GPRC5D-specific: dysgeusia and rash; potential for cerebellar toxicity

Figure 1. Early, late and delayed toxicities with CAR-T cell therapy and bispecific antibodies in multiple myeloma.
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Table 1. CRS, ICANS, delayed neu ro tox ic ity, and IEC-HS with BCMA CAR T-cell and bispecific T-cell recruiting antibodies

Idecabtagene 
vicleucel 
(KarMMa)1

Ciltacabtagene 
autoleucel 
(CARTITUDE-1)2

Teclistamab 
(MajesTEC-1)3

Elranatamab 
(MagnetisMM-3)4* 

Linvoseltamab 
(Linker-MM1)5* Alnuctamab6* ABBV-3837

CRS

 Any grade 84% 95% 72% 56% 44% 53% 57%

 Grade ≥3 5% 4% <1% 0% 1% 0% 2%

ICANS

 Any grade 18%† 17% 3% 3% 6% 3% 2%

 Grade ≥3 3% 2% 0% 0% 1% 0% N/A

Delayed neu ro tox ic ity

 Any grade — 12% — — — — —

 Grade ≥3 — 8% — — — — —

1. Munshi et al,2 NEJM 2021. 2. Berdeja et al,3 Lancet 2021. 3. Moreau et al,4 NEJM 2022. 4. Bahlis et al,5 ASH 2022 pre sen ta tion. 5. Bumma et al,6 ASH 
2022 pre sen ta tion. 6. Wong et al,7 ASH 2022 pre sen ta tion. 7. D’Souza et al,8 JCO 2022.

*Data from updated data presented at the 2022 Amer i can Society of Hematology Annual Meeting.

†Referred to as inves ti ga toriden ti fed neu ro tox ic ity.

CRS is usu ally lim ited to stepup doses and frst full dose and 
occurs at median of 1 to 2 days after the dose.4 Recurrence of 
CRS can be seen with sub se quent bispecifc anti body doses, 
although this is also typ i cally lim ited to the frst few doses.5,12 Risk 
fac tors for devel op ment of CRS after CAR Tcell ther apy, par tic u
larly severe CRS, are not well defned for mye loma, although dis
ease bur den is asso ci ated with highergrade CRS after idecel,13 
sim i lar to that seen for other hema to logic malig nan cies treated 
with CD19directed CART cell ther apy. The risk fac tors for CRS 
fol low ing bispecifc anti body ther apy are unknown.

Management of CRS is depen dent on sever ity, and sim i lar prin
ci ples apply to CRS man age ment with both CART cell ther apy 
and bispecifc antibodies, with the nota ble addi tion for bispecifc 
antibodies being to hold fur ther doses until CRS has resolved. 
The FDA label for the only bispecifc anti body ap proved  
to date, teclistamab, rec om mends stepup dos ing with inpa
tient mon i tor ing for CRS for 48 hours after admin is tra tion of 
both stepup doses and frst full dose and the lable for elranat
amab recommends inpatient monitoring for 48 hours after frst 
stepup dose and 24 hours after the second stepup dose. Both 
labels do not have spe cifc guide lines on the use of tocilizumab 
and ste roids for man age ment, but these should be used sim
i larly to CAR Tcell ther apy. Patients with grade 1 CRS can be 
man aged with close obser va tion and sup port ive care, although 
many insti tu tions use tocilizumab, an inter leu kin (IL) 6 recep
tor antag o nist for grade 1 CRS, espe cially if per sis tent. Grade 2 
CRS is man aged with tocilizumab and ste roids. Tocilizumab can 
be repeated every 8 hours usu ally for a max i mum of 3 doses. 
For grade 2 CRS, ste roid treat ment is usu ally of lim ited dura tion 
and can be stopped once CRS resolves to grade 1. Grade 3 or 4 
CRS is lifethreat en ing and requires vaso pres sor sup port, along 
with tocilizumab, and highdose cor ti co ste roids in an inten sive 
care unit, with poten tial use of other treat ments if symp toms 
are not rap idly improv ing (Table 2).

While the role of tocilizumab and cor ti co ste roids for CRS is 
well established,24,7,8,1418 the opti mal treat ment for CRS that is 
refrac tory to tocilizumab and cor ti co ste roids remains unclear, 
and expe ri ences are lim ited to ret ro spec tive or nonrandom

ized stud ies. Anakinra, an IL1 recep tor antag o nist, is often 
used as sec ondline ther apy for CRS.1922 For exam ple, in 18 
patients who devel oped CRS in the phase 1b/2 CARTITUDE1 
trial of ciltacel, admin is tra tion of anakinra at 100 to 200  mg 
every 8 to 12 hours over a median of 2.5 days led to CRS res o lu
tion in all  but 1 patient.21 Additional ther a pies for refrac tory CRS 
include siltuximab (anti–IL6 mono clo nal anti body),23 etaner
cept (tumor necro sis fac tor α [TNFα] inhib i tor),24 infliximab 
(anti–TNFα mono clo nal anti body),16,25 and lenzilumab (anti–
granulocytemac ro phage col onystim u lat ing fac tor mono clo
nal anti body).26

Similarly, pre ven tion of CRS is an unmet need. All patients 
should have comorbidities opti mized prior to CAR Tcell ther
apy. As dis ease bur den is the stron gest pre dic tor for CRS,14,27 
prelymphodepletion bridg ing che mo ther apy for patients with 
high tumor bur den can be used as a mit i ga tion strat egy.3 Other 
meth ods, such as pro phy lac tic tocilizumab and anakinra, are 
cur rently being stud ied in patients with MM receiv ing bispecifc 
antibodies28 and in patients with Bcell nonHodgkin lym phoma 
receiv ing CD19 CAR Tcell ther apy2931 and, if effec tive, may be 
con sid ered in the future.

CLINICAL CASE 1 (con tin ued)
On day 16 of CAR Tcell ther apy, the patient presented to the 
emer gency depart ment with rightsided facial droop con sis tent 
with a cra nial nerve VII palsy. Workup for stroke, includ ing mag
netic res o nance imag ing (MRI) of the brain, was nor mal. Differ
ential diag no sis included delayed neu ro tox ic ity from ciltacel 
vs cra nial nerve VII palsy related to her pes zoster reactivation.  
There were no cuta ne ous lesions sug ges tive of her pes zos
ter, and she had also been on acy clo vir pro phy laxis. She was 
started on ste roids with dexa meth a sone 4  mg twice daily and 
received intra ve nous immune glob u lin (IVIG). Her facial droop 
grad u ally improved over sev eral days, although she devel
oped side effects to ste roids, which were decreased and then 
stopped after 2 weeks. Her facial droop con tin ued to improve 
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but had not com pletely resolved at last fol lowup (8 weeks 
from CAR Tcell infu sion).

Neurotoxicity
Neurotoxicity is another class effect seen with both CAR Tcell 
ther apy and bispecifc antibodies, with around 20% of patients 
expe ri enc ing it after CAR Tcell ther apy, while the inci dence is 
lower with bispecifc antibodies (Table 1).28 As shown in Table 1,  
up to 5% of patients develop ICANS after BCMAtargeted bispe
cifc antibodies, though it has been seen in around 10% of patients 
after GPRC5Dtargeted bispecifc antibodies.28 In a phase 1 dose 
esca la tion trial of GPRC5D CAR Tcell ther apy with MCARH109, 
1 patient expe ri enced grade 4 ICANS at the highest dose level 
(450 × 106 CAR T cells).9

Neurotoxicity after immunotherapies typ i cally man i fests as 
ICANS in the frst few days after infu sion or ini tial doses, although 
other unusual delayed neurotoxicities have also been seen. Symp
toms of ICANS include tremor, dysgraphia, expres sive apha sia, 

and apraxia, and can prog ress to sei zures and coma.1 Neuroimag
ing is gen er ally nor mal, but MRI can dem on strate cere bral edema 
or hyperintensities in the lim bic sys tem and brainstem.1,3234 Median 
time to onset of ICANS is 2 days after idecel2 and 8 days after 
ciltacel3; for bispecifc antibodies, ICANS is usu ally restricted to 
the stepup doses and frst full dose, with median time to onset 
of 2 to 3 days.4,5,35

While occa sional cases of delayed neurotoxicities have been 
described with sev eral BCMAtargeted CAR Tcell ther a pies, an 
unusu ally high inci dence has been seen after ciltacel. These 
delayed neurotoxicities include cra nial nerve palsies, most 
com monly sev enth nerve palsy, neu rop a thy, and Parkinsonism 
like syn drome, which is char ac ter ized by move ment, cog ni
tive, and per son al ity changes (also called move ment and neu
rocognitive treat mentemer gent adverse events, or MNTs). In 
the CARTITUDE1 trial, cra nial nerve palsies and MNTs occurred 
in 1 (1%) and 5 (5%) patients, respec tively36; in CARTITUDE4, 
the inci dences of cra nial nerve palsies and MNTs were 9% 
and 0.5% (n = 1), respec tively.37 In addi tion, a realworld study 

Table 2. Prevention, mon i tor ing, and man age ment of CRS, ICANS, and delayed neu ro tox ic ity

Prevention Monitoring Management

CRS Potential risk fac tors: high dis ease 
bur den, aggres sive dis ease
• When clin i cally fea si ble, con sider 

bridg ing ther apy to reduce  
dis ease bur den or use CART cell 
therapy ther apy in lower dis ease 
bur den state

• Temperature and vital signs
•  Laboratory tests: CBC, chem is try, 

CRP, fer ri tin, coag u la tion stud ies

Any grade:
• Supportive care: anti py ret ics
• IV fluid hydra tion
• Supplemental oxy gen
•  Assessment of infec tion and, if neutropenic, empiric 

anti bi ot ics per neutropenic guide lines
Grades 1 and 2: con sider tocilizumab for grade 1 CRS 
based on clin i cal fea tures, espe cially if per sis tent. 
Recommend tocilizumab + cor ti co ste roids for grade  
≥2 CRS, with dos ing and fre quency based on sever ity.
Grade ≥3:
• Vasopressor sup port
• Tocilizumab + cor ti co ste roids
•  Second line: anakinra, siltuximab, etanercept, 

infliximab, lenzilumab

ICANS Potential risk fac tors: dis ease  
bur den, base line ele vated  
inflam ma tory mark ers, higher CAR 
Tcell dose
•  When clin i cally fea si ble, con sider 

bridg ing ther apy to reduce dis ease 
bur den or use CAR Tcell ther apy in 
lower dis ease bur den state

• Antiseizure pro phy laxis

•  Neurologic con sul ta tion in 
patients with preexisting  
neu ro logic dis ease

•  Baseline neu ro logic and men tal 
sta tus exams

• ICE score every 8 hours
•  Neurologic checks at least every 

8 hours
• Airway mon i tor ing

Any grade:
•  Supportive care: aspi ra tion pre cau tions, sei zure  

pro phy laxis
•  Corticosteroids: dos ing and fre quency depen dent on 

sever ity
•  Consider CT head, MRI brain, EEG, and neu ro logic 

con sul ta tion
Grade ≥3:
• Highdose cor ti co ste roids
• Second line: anakinra, siltuximab

Delayed  
neu ro tox ic ity

Risk fac tors: high dis ease bur den, 
CRS, ICANS
• Timely treat ment of CRS/ICANS
•  When clin i cally fea si ble, con sider 

bridg ing ther apy to reduce dis ease 
bur den or use CAR Tcell ther apy in 
lower dis ease bur den state

•  Neurologic con sul ta tion in 
patients with preexisting  
neu ro logic dis ease

•  Neurologic eval u a tion up to  
1 year after infu sion to eval u ate 
for cra nial nerve palsies,  
neu rop a thy, and Parkinsonism

• Supportive care
• Neurologic con sul ta tion
• Cranial nerve palsies: cor ti co ste roids, con sider IVIG
• No known effec tive ther apy for Parkinsonian fea tures

IECHS Unknown •  As in CRS with close mon i tor ing  
of blood counts, liver and renal 
func tion, and coag u la tion  
param e ters

•  Supportive care: anti py ret ics, anal ge sics, IV fluid 
hydra tion, vaso pres sor sup port, cor rec tion of 
coagulopathy

• Corticosteroids + anakinra
•  Second line: ruxolitinib, etoposide, emapalumab,  

acti va tion of CAR Tcell “kill switches”
•  Evaluation and treat ment of alter na tive eti  ol o gies, 

includ ing infec tion and pro gres sive dis ease

CBC, com plete blood count; CRP, Creac tive pro tein; EEG, elec tro en ceph a lo gram; ICE, immune effec tor cellasso ci ated enceph a lop a thy.
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of ciltacel observed a 12% inci dence of delayed neuro
toxicities, most of which were cra nial nerve palsies (MNTs, 
1%).38 The median time to onset of these delayed neurotoxic
ities was 3 to 4 weeks, although they have been reported to 
occur more than 3 to 6 months after CAR Tcell infu sion and 
can last through 1 year after infu sion.36,37,3941 The mech a nism 
behind these delayed neurotoxicities is unclear, but expres
sion of BCMA at a low level in the parts of the cen tral ner vous 
sys tem and traf fck ing of CAR T cells medi at ing ontar get, off 
tumor effects may play a role. Risk fac tors include preexisting 
CRS and ICANS and, sim i larly to CRS and ICANS, high dis ease 
bur den and high CAR Tcell expan sion.36 Of note, all 6 patients 
who devel oped MNTs on CARTITUDE1 and CARTITUDE4 were 
male.36,37 In the phase 1 stud ies of the GPRC5Dtargeted CAR 
Tcell prod ucts MCARH109 and CC95266, cer e bel lar neu ro tox
ic ity, such as diz zi ness and ataxia, were observed at inci dences 
of 12% (n = 2) and 13% (n = 9), respec tively, with a poten tial 
mech a nism being GPRC5D expres sion in the cer e bel lum.9,42 
Patients should be edu cated and closely mon i tored for symp
toms of delayed neu ro tox ic ity, includ ing by neu ro log i cal exam 
that includes eval u a tion for gait, tremor, and hand writ ing 
changes and by neuroimaging, with the caveat that neuroim
aging is often nor mal.36,40

Currently, treat ment of ICANS con sists of sup port ive care, 
cor ti co ste roids, and antiinflam ma tory agents such as anakinra 
and siltuximab in severe cases (Table 2).15,17,34,36 Antiseizure pro
phy laxis is often used. Many cen ters use anti sei zure pro phy laxis 
in all  patients under go ing CAR Tcell ther apy, with dose increase 
at the time of ICANS devel op ment; in the case of bispecifc anti
bodies, it is usu ally reserved for patients who develop symp toms 
of neu ro tox ic ity given the low inci dence of ICANS.

The treat ment for delayed neurotoxicities is even more 
lim ited. Steroids are com monly used for treat ment of cra nial 
nerve palsies, often in con junc tion with IVIG, and, in some 
cases, treat ment for var i cella zoster virus infec tion even in the 
absence of any lesions, although sys tem atic data on eff cacy 
are lacking. These cra nial neu rop a thies often resolve, although 
time to res o lu tion can be sev eral weeks. MNTs are the most 
chal leng ing delayed neu ro logic toxicities to man age, with out 
any effec tive treat ment option. Typical treat ment for Parkinson 
dis ease has not been found to be effec tive. In patients who 
devel oped MNTs on CARTITUDE1, ste roids, sys temic and intra
the cal che mo ther apy, anakinra, siltuximab, and neu ro logic 
agents such as carbidopa/levo dopa did not improve symp
toms.36 Preemptive strat e gies include reduc ing tumor bur den 
by use of effec tive bridg ing ther apy and prompt treat ment of 
CRS and ICANS. Neurologic con sul ta tion should also be per
formed prior to treat ment in patients with preexisting neu ro
logic dis ease to estab lish base line symp toms and func tion, and 
patients should be mon i tored for up to 1 year fol low ing CAR 
Tcell infu sion.34,36

Hemophagocytic lymphohistiocytosis (HLH)–like  
syn drome/immune effec tor cell-asso ci ated HLH-like  
syn drome
Hemophagocytic lymphohistiocytosis (HLH)–like syn drome/ 
immune effec tor cellasso ci ated HLHlike syn drome (IECHS) 
has been recently described as an entity dis tinct from severe 
CRS and is char ac ter ized as an hyperinflammatory syn drome 
with mac ro phage acti va tion and HLH, wors en ing or new 

cytopenias, hyperferritinemia, coagulopathy, hypofbrino
genemia, and/or transaminitis.43 Clinical trial reports of IEC
HS are lim ited to 1 patient on CARTITUDE1.3 In a sin glecen ter 
study of 55 patients under go ing BCMA CAR Tcell ther apy, 12 
(22%) devel oped IECHS.44 Potential risk fac tors for IECHS 
include prior infec tion, lon ger CRS dura tion, grade ≥2 CRS, 
and neu ro tox ic ity.44

Given the com plex ity and lifethreat en ing nature of IECHS, 
a recent ASTCT work ing group devel oped con sen sus guide
lines for diag nos ing, grad ing, and treating IECHS.43 Key com
po nents of man age ment include rapid clin i cal iden ti f ca tion; 
ini tial treat ment with anakinra and cor ti co ste roids; esca la tion 
to dual ther apy with the addi tion of ruxolitinib, etoposide, 
and/or emapalumab; and eval u a tion of other eti  ol o gies of 
hyperinflammation, such as infec tion and pro gres sive dis ease 
(Table 2).43

CLINICAL CASE 2
A 62yearold man with stan dardrisk MM received teclis
tamab as 10th line for pro gres sive dis ease and achieved a 
very good par tial response after 6 months of ther apy. IgG lev
els were low at 200 to 250  mg/dL, and he received IVIG once 
a month. During cycle 7 of teclistamab, he presented with 
fever and cough for 3 days. Chest imag ing showed patchy 
groundglass opac i ties bilat er ally. He was thought to have  
corona virus dis ease 2019 (COVID19) pneu mo nia and was 
treated with a course of remdesivir with clin i cal improve ment.

One month later, he presented again with fever. Infectious 
workup, includ ing blood cul tures and respi ra tory viral panel, 
was neg a tive. He was started on broadspec trum anti bi ot ics. 
Given per sis tent fevers, he under went CT chest, abdo men, 
and pel vis, which revealed pul mo nary nod ules. He was started 
on posaconazole. Four days after starting posaconazole, liver 
function tests were noted to be increased. He con tin ued to 
have fevers, so workup of viral reactivation was pur sued, and 
he was found to have adenoviremia with a viral load of 105 000 
cop ies/mL. He was started on cidofovir, which was com pli
cated by acute kid ney injury. Gradually, his vire mia decreased 
and his fevers resolved.

Cytopenias
Similar to CD19targeted immunotherapies, BCMAtargeted 
immunotherapies fre quently result in cytopenias. In addi tion to 
the clin i cal trial expe ri ences described in Table 3, ret ro spec tive 
stud ies of patients receiv ing BCMA CAR Tcell ther apy have dem
on strated prolonged acute and delayed cytopenias and Bcell 
aplasia last ing >30 days fol low ing CAR Tcell infu sion.45,46 Predic
tors of delayed count recov ery included increased bone mar row 
dis ease bur den and lon ger CAR Tcell per sis tence.46 Longer CAR 
Tcell per sis tence was also asso ci ated with slower recov ery of 
IgA but not IgG or IgM.45 There was no sig nif  cant asso ci a tion  
between dura tion of cytopenias and CRS, num ber of lines of 
prior ther apy, prior autol o gous hema to poi etic cell trans plan ta
tion, or peak CAR Tcell expan sion.46 In con trast, fewer lines of 
ther apy predicted Bcell recov ery at 3 months in both uni var i ate 
and mul ti var i able ana ly ses.45
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Management of cytopenias fol low ing BCMAtargeted immu
notherapies is sup port ive. For early cytopenias (<30 days after 
CAR Tcell infu sion), infec tious pro phy laxis and man age ment 
as described below are crit i cal. Granulocytecol ony stim u lat
ing fac tor (GCSF) should be used dur ing peri ods of prolonged 
neutropenia (ANC <500 × 109/L).47 Protocols vary at each cen
ter, with some cen ters recommending GCSF for ANC <1000 
and oth ers restricting it to ANC <500 × 109/L. Some cen ters 
also restrict use of GCSF in patients with active or highrisk 
CRS due to ini tial reports of lon ger or more severe CRS after 
GCSF admin is tra tion in patients receiv ing CD19 CAR Tcell 
ther a pies,48,49 although other stud ies report no asso ci a tion of 
GCSF use with CRS or ICANS in BCMA CAR Tcell ther a pies.50,51 
In realworld stud ies of BCMA CAR Tcell ther apy, approx i ma
tely 90% of patients required GCSF within 1 month of CAR 
Tcell infu sion, with require ments decreas ing over time.52,53

Treatment of prolonged or late cytopenias (>30 days after 
CAR Tcell infu sion) con sists of growth fac tor sup port with 
GCSF, thrombopoietinrecep tor ago nists, and, for prolonged 
and late multilineage cytopenias, stem cell boost.47 At this time, 
bone mar row eval u a tion for the pres ence of per sis tent or recur
rent dis ease, oppor tu nis tic viral infec tions, mar row fbro sis, or 
sec ond ary malig nancy should be con sid ered, par tic u larly if there 
is no or min i mal response to GCSF.47

Infections
Infections occurred in over half of patients receiv ing BCMA 
targeted immunotherapies on the piv otal clin i cal tri als (Table 3).25  
Viral and bac te rial infec tions are most com mon, although infec

tions with fun gal organ isms such as Aspergillus and Rhizopus 
have also been observed.2,5256

While prolonged hypogammaglobulinemia is a com pli
ca tion of both CD19 and BCMAtargeted immunotherapies, 
BCMAtargeted immunotherapies cause addi tional humoral 
immu no de f ciency by destroying all  plasma cells.57,58 While 
rates of hypogammaglobulinemia and IVIG use have not been 
reported con sis tently across clin i cal tri als (Table 3), ret ro spec
tive stud ies of BCMA CAR Tcell ther apy have dem on strated 
high rates of hypogammaglobulinemia.45,52,54 Patients with 
severe infec tions had lower serum IgG con cen tra tions than 
those with mild or mod er ate infec tions,45 and infec tions tended 
to occur dur ing peri ods of hypogammaglobulinemia.52 In addi
tion, patients receiv ing BCMA CAR Tcell ther apy expe ri enced 
a decline in path o genspe cifc anti body titers to vac ci na
tions54 and, in 1 crosssec tional study, were half as likely to have 
seroprotective anti body titers and had fewer IgGtargeted  
path o genspe cifc epi topes com pared to patients receiv ing 
CD19 CAR Tcell ther apy.59

Thus, pre ven tion of infec tions after BCMAtargeted immuno
therapies is crit i cal. Following CAR Tcell ther apy, patients should 
receive polymicrobial pro phy laxis, includ ing with tri meth o prim
sulfamethoxazole for Pneumocystis jirovecii pneu mo nia pro
phy laxis and, dur ing peri ods of prolonged severe neutropenia 
(ANC <0.5 × 109/L), levofloxacin and fluconazole (Table 4).47,60 
While sim i lar prin ci ples of anti mi cro bial pro phy laxis apply after 
bispecifc anti body ther apy, the dura tion of pro phy laxis would 
depend on an indi vid ual patient’s treat ment dura tion and result
ing cytopenias.

Table 3. Cytopenias and infec tion after BCMA CAR T-cell and bispecific T-cell recruiting antibodies

Idecabtagene 
vicleucel 
(KarMMa)1

Ciltacabtagene 
autoleucel 
(CARTITUDE-1)2

Teclistamab 
(MajesTEC-1)3

Elranatamab 
(MagnetisMM-3)4* 

Linvoseltamab 
(Linker-MM1)5* Alnuctamab6* ABBV-3837

Neutropenia

 Any grade 91% 96% 71% 48% 25% 37% 37%

 Grade ≥3 89% 95% 64% 48% 23% 32% 34%

Thrombocytopenia

 Any grade 63% 79% 40% 30% 19% 24% 23%

 Grade ≥3 52% 60% 21% 22% 16% 9% 12%

Anemia

 Any grade 70% 81% 52% 48% 36% 38% 29%

 Grade ≥3 60% 68% 37% 37% 31% 25% 16%

Hypogammaglobulinemia

 Any grade 41%8 94%9 75% 75% N/A N/A 14%

 Received IVIG 61% 38% 39% 41% N/A N/A N/A

Infection

 Any grade 69% 58% 76% 67% 54% 34% 41%

 Grade ≥3 22% 20% 45% 35% 29% 9% N/A

1. Munshi et al,2 NEJM 2021. 2. Berdeja et al,3 Lancet 2021. 3. Moreau et al,4 NEJM 2022. 4. Bahlis et al,5 ASH 2022 pre sen ta tion. 5. Bumma et al,6  
ASH 2022 pre sen ta tion. 6. Wong et al,7 ASH 2022 pre sen ta tion. 7. D’Souza et al,8 JCO 2022. 8. ABECMA FDA pack age insert. 9. CARVYKTI FDA  
pack age insert.

*Data from updated data presented at the 2022 Amer i can Society of Hematology Annual Meeting.
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There are lim ited data to rec om mend stan dard postcellular 
ther apy vac ci na tions, although COVID19 revaccination and influ
enza vac ci na tion are highly recommended. If fea si ble, patients 
should be up to date on all  appro pri ate vac cines prior to the 
start of ther apy. Pathogenspe cifc IgG titers should be con
sid ered and more data are needed to rec om mend uni ver sal 
revaccination after CAR Tcell ther apy, sim i lar to postHCT man
age ment (Table 4).

There is no clear con sen sus for mon i tor ing or treating 
hypogammaglobulinemia after CAR Tcell or bispecifc ther apy. 
Rates of immunoglobin replace ment ther apy in clin i cal trial and 

realworld stud ies range from 13% to 62%.2,52,53 According to con
sen sus and expert rec om men da tions, IgG replace ment should 
be con sid ered in patients with serum IgG ≤400  mg/dL, those 
with seri ous or recur rent bac te rial infec tions, and those with low 
path o genspe cifc anti body titers (Table 4).17,6062 Lastly, dur ing 
peri ods of prolonged neutropenia or active neutropenic infec
tion, GCSF should be con sid ered.17,47

It is impor tant to note that viral reactivations with viruses 
like cyto meg a lo vi rus, human her pes vi rus 6, EpsteinBarr 
virus, and ade no vi rus have been seen after both CAR Tcell 
ther apy and bispecifc antibodies.10,55,56,63,64 Viral reactivation 

Table 4. Prevention of infec tious com pli ca tions and man age ment of cytopenias resulting from CAR T-cell and bispecific T-cell 
recruiting antibodies

Intervention cat e gory Intervention descrip tion Indications Notes

1. Antimicrobial Prophylaxis

All patients

 Antiviral Acyclovir or valacyclovir: 
pre ven tion of HSV and VZV 
reactivation

All patients
•  CAR Tcell ther apy: 12–18 months 

after infu sion, at least until CD4 
count >200/µL

•  Bispecifc antibodies: dur ing  
treat ment and until 1 month after 
treat ment dis con tin u a tion

 Pneumocystis jirovecii Trimethoprimsulfamethoxazole All patients
•  CAR Tcell ther apy: 12–18 months 

after infu sion, at least until CD4 
count >200/µL

•  Bispecifc antibodies: dur ing  
treat ment and until 1 month after 
treat ment dis con tin u a tion

Alternatives: dap sone, atovaquone, 
pent am i dine (dis ad van tages 
include lack of activ ity against 
encap su lated organ isms)

Selected patients

 Antiviral Entecavir Prevention of HBV reactivation in 
patients with his tory of HBV infec tion 
or known expo sure

 Antibacterial Levofloxacin Consider dur ing peri ods of 
prolonged severe neutropenia  
(ANC <0.5 × 109/L)

 Antifungal Fluconazole or posaconazole During peri ods of severe prolonged 
neutropenia (ANC <0.5 × 109/L)  
or prolonged ste roid ther apy

2. Growth fac tors GCSF
Thrombopoietinrecep tor  
ago nist

•  Consider GCSF if ANC <1.0 × 109/L; 
strongly rec om mend for ANC 
<0.5 × 109/L, espe cially if prolonged

•  Give GCSF for active neutropenic 
infec tion

• Consider TPO agonist if prolonged 
severe throm bo cy to pe nia that  
per sists beyond 30 days with  
high trans fu sion needs

•  Caution in patients with active or 
high risk of CRS

3. Immunoglobulin replace ment IVIG 400–500  mg/kg Serum IgG ≤400  mg/dL Monitor serum IgG lev els every  
4 weeks

4. Vaccinations Influenza
COVID19

Influenza vac cine repeated annu ally
COVID19 vac cine series repeated ≥3 
months after CAR Tcell ther apy
If fea si ble, patients should be  
vac ci nated prior to ther apy.

Consider mea sur ing serum  
path o genspe cifc IgG titers 
after vac ci na tion to eval u ate for 
seroprotection. There are lim ited 
data to com ment on repeat ing  
rou tine immu ni za tions  
fol low ing CART ther apy and 
bispecifc antibodies.

HBV, hepatitis B virus; HSV, herpes simplex virus; VZV, varicella zoster virus.
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should be strongly con sid ered in the dif fer en tial diag no sis 
when patients pres ent with fever or other unex plained lab
o ra tory abnor mal i ties. Viral lev els should be eval u ated in 
patients with fever with out a clear expla na tion, espe cially in 
con junc tion with fnd ings such as liver func tion abnor mal i ties 
and cytopenias.

The risk of infec tions with novel immunotherapies may be 
tar get depen dent, as the risk of grade ≥3 infec tions, neutrope
nia, and hypogammaglobulinemia has been seen to be higher 
with BCMAtargeted bispecifc antibodies com pared with 
GPRC5Dtargeted antibodies,4,5,8,10,56 although addi tional fol low
up and data are needed.

Unique toxicities of other MM tar gets
Other MM tar gets under inves ti ga tion include FcRH5, which 
is expressed only on B cells, and GPRC5D, which is expressed 
on plasma cells and keratinized tis sues. Similarly to the BCMA 
targeted immunotherapies, com mon toxicities include CRS and 
cytopenias.10,65,66

Unique toxicities with GPRC5Dtargeted immunotherapies 
relate to their effect on keratinized tis sues. Such toxicities 
include skinrelated events (dry skin, eczema, pru ri tus, hyper
pig men ta tion), nailrelated events (dis col or ation, dys tro phy, 
hyper tro phy, onycholysis), and dysgeusia, which occurred in 
up to 70% of patients on the phase 1 study of talquetamab.10 
These events tended to occur within 1 to 3 months of treat
ment and tended to resolve within 3 months, although nail 
changes can per sist beyond 3 months; there were no treat
ment dis con tin u a tions related to these events.10 Supportive 
care, includ ing emol lient creams and oral rinses, can be used 
for these symp toms.66 Two patients (12%) expe ri enced grade 
1 dysgeusia after MCARH109, and it resolved in both patients 
with out inter ven tion.9

Conclusions
In con clu sion, immunotherapies com prise a new treat ment par a
digm for patients with relapsed/refrac tory MM but are asso ci ated 
with unique, poten tially prolonged immu no logic, neu ro logic, 
hema to logic, and infec tious toxicities. As more of these prom is
ing ther a pies are devel oped, it is cru cial for treating phy si cians 
to be  able to rec og nize and treat these toxicities. Future work 
should focus on elu ci dat ing the path o phys i  ol ogy and pre dic tors 
of these toxicities and devel op ing evi dencebased man age ment 
strat e gies to treat these toxicities.
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