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Objectives
• Therapeutic Historical Perspective
• Historical Outcomes in multiply Relapsed/Refractory Disease
• Brief review Chimeric Antigen Receptor T Cells (“CAR-T”):

• Idecabtagene vicleucel
• Ciltacabtagene autoleucel

• Bispecific T-Cell Engagers (“BiTEs”):
• Teclistamab
• Elrananatmab
• Talquetamab
• Cevostamab

• BiTE Toxicity Management 
• Cytokine Release Syndrome (CRS)
• Immune effector cell-associated neurotoxicity syndrome (ICANS)
• Infections  



>3rd line
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1840s
• Steel and 

quinine
• Rhubarb and 

orange peel

• Celmod inhibitors
• Modakafusp Alfa
• Venetoclax
• NK CART



The “Typical” Standard Risk Transplant Eligible 
Myeloma Story…First Line therapy
• Arguable current standard of care:

• 3 or 4 drug induction -antiCD38 MoAB + PI + ImiD + dexamethasone (eg., 
D-VRD or D-KRd)

• autologous SCT with melphalan conditioning

• maintenance with monotherapy (IMiD) or doublet (ImID+PI vs ImID + 
antiCD38 MoAB)  - until intolerance or progression 



Determination Trial –VRD>SCT>indef maintenance  rev                                Griffin Trial – DVRd>SCT>DVRd>DR  

mPFS – standard risk disease - 6 yrs 8 months
Progression Free at 4 years- 70%

Sept 2023 update - 87% progression free at 4 years

N Engl J Med 2022; 387:132-147.;  Lancet Hematology, September 11, 2023



The “Typical” 2nd line therapy at first relapse post transplant...

• antiCD38 MoAB +/-2nd generation ImID +/- 2nd Generation PI until 
intolerance or progression 

Isatuximab or Daratumumab + Carlfilzomib + Dexamethasone
or

Isatuximab or Daratumumab + Pomalidomide + Dexamethasone

Median PFS – 2- 4 years



The “Typical” 3rd and 4th line therapy…ie the triple 
class exposed/refractory (TCE/TCR) population…
• Options now:

• Elotuzumab based (EPd, ERd, EVd)
• Selinexor based (SVd, Sd)
• Ixazomib Based
• Cytoxic Chemotherapy (eg: pulse Cytoxan, VDPACE, DCEP, VAD, 

Bendamustine)
• Off label therapies  - venetoclax in t(11;14) MM
• Removed from market – Melflufen, Belantamab Mafodotin

Low ORR, Median PFS 3-12 months



Historical Outcomes in TCE/TCR patients…

Leukemia volume 36, pages877–880 (2022)

mPFS <5 months mOS < 12 months



Enter the new kids on the block…2021-2023

• Chimeric Antigen Receptor T Cells (“CAR-T”):
• Idecabtagene vicleucel – Abecma - BMS - FDA approved March 2021 -BCMA
• Ciltacabtagene autoleucel –Carvykti - Janssen – FDA approved February 2022-BCMA

• Bispecific T-Cell Engagers (“BiTEs”):
• Teclistamab – Tecvayli –Janssen - FDA approved October 2022* -BCMA
• Elrananatmab –Elrexfio – Pfizer - FDA approved August 2023* -BCMA
• Talquetamab –Talvay - Janssen - FDA approved August 2023* -GPRC5D
• Cevostamab – Genentech – Trials ongoing - Likely FDA approval Coming – FcRH5

*All FDA Approved for > 4 prior lines of therapy AND Triple Class Refractory  



CART in Relapsed Myeloma



CART in Relapsed Myeloma – Late Relapse

• KARMMA1 – “Ide-Cel” –P2-non RCT ; >3 prior lines of therapy;  123 
pts; jan 2021 NEJM data led to FDA approval for late relapse only

•

N Engl J Med 2021; 384:705-716



CART in Relapsed Myeloma – Late Relapse
• CARTITUDE 1 – “Cilta-Cel”-phase 1/2 non RCT - 97 pts; >3 prior lines of 

therapy 
• Initial Lancet data from June 2022 led to FDA approval  for late relapse only 
• Most recent  2023 update data:

Abstract 8009.  ASCO 2023 Annual Meeting. 



Immune Exhaustion in Myeloma 

• Most of our successful therapeutic strategies to date have been  aimed at  activating the 
host immune system to fight myeloma

• established therapies: IMiDs, PIs, MoABs
• new therapies : CART and BiTE



• Through proliferation and therapy  we get increasing innate and adaptive 
immune system dysfunction, notably in the T-cell repertoire

• If drugs show efficacy with “exhausted” t-cells in RRMM then efficacy should 
be even better with “activated” or “fresh” t cells 

Trends in Cancer Journal; published January 19, 2023

Myeloma and 
myeloma therapy 



CART in Relapsed Myeloma –Early Relapse
CARTITUDE-4: 1-3 prior lines

KARMMA- 3: 2-4 prior lines 

Anticipated Cilta-Cel early relapse approval – early-mid 2024



Ide-Cel vs Cilta-Cel
• No RCT between the 2 and likely never will be 
• Matching-adjusted indirect comparison (“MAIC”) data and CTC 

previous PFS data  - Cilta-Cel looks like the Winner? 

CMRO: 2021, VOL. 37, NO. 10, 1779–1788



CART is great , but not if you can’t get it…

• Extremely limited slots due to  cell processing limitations even at 
academic/transplant centers

• Requires FACT certification to administer 
• Insurance and reimbursement obstacles - Cost - $400-500k
• Possible 30-60 day processing time for cells requires effective bridging 

therapy in already refractory patient population 
• Progress being made in all of these areas, but suspect will be years 

before these are fully addressed
• So until then we need off the shelf, accessible therapy…

BiTEs



BiTEs Mechanism of Action 

Cancers 2023, 15(6), 1819;



Teclistamab – MajesTEC-
BCMA

N Engl J Med 2022; 387:495-505

• N=165 ; Phase I
• Primary end point -ORR 
• Secondary end points - DOR, IMWG response, TNT, 

MRD, PFS, pharmacokinetics, safety
• At least 3 prior  therapy lines, including triple-class 

exposure to an ImID, a PI, and an anti-CD38 
antibody

• Relative even distribution by age, sex, R-ISS stage,  
cytogenetic risk, prior therapy 

• Q week  subcutaneousm at a dose of 1.5 mg/kg
• 0.06>0.3>1.5mg/kg  step-up doses were separated 

by 2 to 4 days and were completed 2 to 4 days 
before the administration of the first full 
teclistamab dose and administered  inpatient 

• Premedications: dexamethasone acetaminophen, 
and diphenhydramine for each step-up dose and 
for the first full dose of teclistamab

• Weekly Treatment until intolerance or progression 

MRD :
10e-5 – 17%
64% in >CR



Teclistimab – MajesTEC-1 – AE’s

N Engl J Med 2022; 387:495-505



Abstract 8011, ASCO 2023 Annual Meeting.   

ASCO 2023 MajesTEC – 1 Update:

“ After ~2 y mFU, pts receiving 
teclistamab demonstrated deep and 
durable responses regardless of 
refractory status, with mPFS of 12.5 mo
and mDOR of 24 mo (not reached in 
those achieving ≥CR).”



Alternate Teclistamab Schedule

Abstract 8034, ASCO 2023 Annual Meeting

• If CR or better for sustained for 
6 months could transition to 
every other week dosing 

• Remission was sustained with 
median DOR of 20.5 months 

• Needs further study and FDA 
label remains weekly dosing

• Anecdotally, many myeloma 
physicians transitioning to EOW 
dosing in responders  even 
before 6 months 



Elranatamab -MagnetisMM-3
BCMA

Nature Medicine volume 29, pages2259–2267 (2023)

• 123 RR Myeloma patients; no prior BCMA directed 
therapy ; Phase II

• primary endpoint –ORR per IMWG criteria
• Secondary endpoints- CR, TTR,  DOR, duration of CR,  

MRD negativity rate, PFS, OS
• refractory to at least one PI, one ImID and one anti-CD38 

antibody, and disease relapsed or refractory to their last 
antimyeloma regimen

• Relative even distribution by age, sex, R-ISS stage,  
cytogenetic risk, prior therapy 

• step-up dose 1 of 12 mg on Day 1, step-up dose 2 of 32 mg 
on Day 4, followed by the first treatment dose of 76 mg on 
Day 8, and then 76 mg weekly thereafter through week 24

• After six cycles, if PR or better or better lasting at least 
2 months switched to a Q2W dosing  

MRD rates:
61% in >CR



Elranatamab- MagnetisMM -3 –AEs

Nature Medicine volume 29, pages2259–2267 (2023)



Talquetamab -
MonumenTAL-1-
GPRC5D

• phase 1/2 study
• Phase I published NEJM December 2022 
• Primary endpoints - frequency and type 

of DLTs, AE’s, and laboratory 
abnormalities

• secondary end points: response, 
pharmacokinetics, pharmacodynamics, 
and immunogenicity, MRD

• Phase I portion examined weekly vs 
biweekly subcutaneous and intravenous 
schedules

• Ultimately settled on recommened 
phase 2 and subsequent FDA approved  
doses of either 0.4 mg/kg weekly or 
0.8 mg/kg biweekly

N Engl J Med 2022; 387:2232-2244



Abstract 8026.   ASCO 2023 Annual Meeting. 

ASCO 2023 update:
• phase 2 results in pts with and 

without prior T-cell redirection 
therapy following up  on 
december 2022 NEJM phase I data

• updated Pivotal phase 2 tal data 
showed persistent  > 70% ORR in 
heavily pretreated pts with RRMM

• High response rates were also 
seen in pts with prior T-cell 
redirection therapy

• Median PFS -7.5, 11.9, and 5.1 mo
in the QW, Q2W, and prior T-cell 
redirection cohorts

• Updated data led to aug 2023 FDA 
approval



Talquetamab – MonumenTAL-1 – AE’s

N Engl J Med 2022; 387:2232-2244



Talquetamab – Majestic -1 :  Unique AE’s
• GPRC5D is restricted to plasma cells and hard 

keratinized tissues resulting AE’s in skin and nails

• Consider dermatology consultations and 
emollients

• For dysgeusia consider GI, nutrition 
consultations, good oral care, and saliva 
substitutes particularly if causing weight loss or 
compromising QOL

• Best preventative and therapeutic approaches to 
dermatologic and oral AEs have yet to be 
identified N Engl J Med 2022; 387:2232-2244



Cevostamab – CAMMA1 Trial –FcRH5 

• 160 pts; phase 1; RRMM for “which no established therapy is 
available or appropriate”; median lines of prior therapy 

• q 21 day cycle/IV infusion with step dosing Cevostamab
• Cevostamab is continued for a total of 17 cycles, unless progressive 

disease or unacceptable toxicity occurs –time limited therapy

Blood (2021) 138 (Supplement 1): 15; ASCO Post, September 2022.



Cevostamab – AE’s

Blood (2021) 138 (Supplement 1): 15



Cross Trial Data- BiTEs

Hematology Am Soc Hematol Educ Program (2022) 2022 (1): 163–172



The  Step-Up Dosing Inpatient Burden and 
Subsequent outpatient dosing questions
• Bed utilization by a patient with often  no acute issues/only G1 CRS

• Hospitals lose cost of step up doses due to lack of inpatient 
reimbursement

• Patients have to be in a hospital for approximately 1 full week for 3 
doses of  subcutaneous treatment – QOL issue



• Teclistamab step-up doses were administered on days 1, 3 and 8
• patients were required to stay within 1 hour from cancer center with  caregiver during the step-up 

observation period (day 1-10)
• Both the patient and caregiver received education on CRS & ICANS
• Safety monitoring protocol included daily evaluation in the outpatient clinic as well as home monitoring of 

vital signs and scheduled 8pm physician phone call on days 1-5 and 8-10, within 48h observation window 
after 3 step-up doses.

• CBC, CMP, CRP and ferritin were monitored at each visit
• Patients were observed for 6 hours in the clinic after each step-up dose administration
• Patients with symptoms of CRS or ICANS of any grade were admitted to the inpatient unit for observation 

and management.
• 5/9 patients never required admission 

Abstract P940.  European Hematology Association 2023 Annual 
Congress.



• 14 pts
• Toci (single 8 mg/kg IV dose) was given ≤4 hours before the first teclistamab step-

up dose
• CRS occurred in 4 pts (29%; no gr ≥3 CRS); remember 72% CRS rate in MajesTEC-1 

trial
• no new safety signals and no evidence of impact on response to teclistamab
• Potential to reduce need for admissions 
• Toci expensive but Single dose of Toci costs less than cost inpt stay/ramp up doses 
• Need larger studies – similar studies currently being done at multiple centers

Abstract 8033.  ASCO 2023 Annual Meeting. 



BiTEs- Infection Risk 

Blood Cancer Journal volume 13, Article number: 116 (2023) 



BiTEs:  Infection Risk

Blood Cancer Journal (2023) 13:116



BiTEs Infection Risk – 88 patients – 4 deaths (5%)

• cumulative risk with  duration of therapy 
• 3 months- 41%
• 9 months- 64%
• 15 months-70%.

• Type of infection
• Bacterial – 54%
• Viral – 41%
• Fungal- 5%

JAMA Network Open.  October 28, 2022.



BiTE Infection Risk - Mitigation Measures

• No RCT exists– expert panel opinion only 

• Vaccinations

• Heighted surveillance/monitoring

• Prophylactic Anti-infectives

• IVIG replacement 



Vaccines and heighted surveillance/monitoring

• All age appropriate vaccines, including influenza, covid,  new RSV 
vaccine should be up to date

• Low index of suspicion to test/screen for viral OI (hep, parvo, Adeno, 
cmv, ebv, etc) if clinical syndrome but  routine asymptomatic 
screening not recommended

• Low threshold to consult ID

Blood Cancer Journal volume 13, Article number: 116 (2023



Prophylactic Anti-infectives with  BiTE therapy 

• Bacterial:
• not recommended unless…
• prolonged neutropenia high risk of infections and patients with a history of recurrent 

bacterial infections
• If using anti-bacterial prophylaxis-levofloxacin

• Fungal 
• Not recommended unless prior history of fungal infections

• PJP
• recommended for all patients (Bactrim, dapsone, or atovaquone); 3-5% PJP  

incidence in respective BiTE trials
• Viral

• recommended for all patients (Acyclovir or Valacyclovir)

Blood Cancer Journal volume 13, Article number: 116 (2023) 



• IVIG replacement

• >70% hypoIgG incidence in FDA approved BiTE trials 

• Patients whose IgG levels <400 mg/dl

• Patients who have experienced ≥2 severe recurrent infections by encapsulated 
bacteria, regardless of IgG level 

• Patients with a life-threatening infection

• Patients with documented bacterial infection with no or insufficient response to 
antibiotic therapy 

Blood Cancer Journal volume 13, Article number: 116 (2023) 



IVIG replacement

• Monthly IVIG treatment for the duration of immunoparesis, and in the absence 
of life-threatening infectious manifestations, until Ig levels are ≥400 mg/dl 

• Ig levels should be monitored monthly during Ig treatment serum

• Levels alone are not adequate to inform on an individual’s capacity to mount an 
antibody response 

• Monitor the frequency of infections 

• Maintain BsAb dosing during Ig treatment

Blood Cancer Journal volume 13, Article number: 116 (2023) 



Management of BiTE Toxicities –CRS/ICANS

Ther Clin Risk Manag. 2019;15:323-335



Management of BiTE Toxicities - CRS

Ther Clin Risk Manag. 2019;15:323-335



www.msmart.org



www.msmart.org



Management of BiTE Toxicities - ICANS

https://www.acep.org/



www.msmart.org



Conclusions and Future horizons
• Outcomes for triple class and penta refractory MM have 

significantly improved with BiTEs and CART with 2-3x 
improvement from  historical PFS/OFS

• No Randomized data exists to confirm one BiTE is more efficacious or 
safer than the other

• Cross trial comparison suggests fairly similar response rates/DOR/PFS 
between BiTEs - need longer follow up

• Potentially Less infection risk with talquetamab vs elra or tec 

• Optimal Treatment Schedule for BiTEs still in question despite trials:
• Do we really need weekly dosing? 
• Should we be treat until optimal response then stop and retreat at 

progression?   

• Will BiTEs eventually move entirely to outpatient setting?



Conclusions and future directions

• No randomized data on sequencing of various BiTES and CARTs
• CART cost /coverage/processing time  will remain an issues for majority of patients for at 

least next 1-3 years making off the shelf BiTEs potentially more  attractive option  
• These new classes of medications have unique risks including infections, CRS, ICANS, for 

which  we are still learning that optimal management 
• What is optimal way to mitigate infection risk with BiTE’s?

• no randomized data just expert opinion at this point 
• Vaccines, heightened surveillance, IVIG replacement, prophlaxis?

• Multiple Ongoing trials to see if these agents moved into earlier lines where more 
competent immune systems/T-cells can result in improved outcomes/less AE’s – early 
line CART approval likely coming in 2024

• Multiple Ongoing trials combining BiTEs with different MOAs and with other novel 
agents



Thank You !  Questions?

• Andrew.Dalovisio@ochsner.org

mailto:Andrew.Dalovisio@ochsner.org
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