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The acute leukemias

~20,000 new cases/year

 Adults > Pediatric

30% 5-year OS

~6600 new cases/year

 Pediatric > Adults 
and AYA

70% 5-year OS

 >90% in children

 30-40% in adults

Acute Myeloid Leukemia 
(AML)

Acute Lymphoblastic 
Leukemia (ALL)

SEER Database, accessed 3/2023

ASH Image Bank, accessed 3/2023
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The acute leukemias

No approved cellular 
therapies

Acute Myeloid Leukemia 
(AML)

Acute Lymphoblastic 
Leukemia (ALL)

SEER Database, accessed 3/2023

ASH Image Bank, accessed 3/2023

Bispecific antibody

 Blinatumomab

CAR-T cells

 Tisagenlecleucel

 Brexucabtagene
autoleucel
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Indications and mechanisms

Sigmund et al, Blood and Lymph Cancer, 2020

Agent Indications Mechanism

Blinatumomab 
(BLINCYTO)

R/R B-ALL

B-ALL in MRD+ CR

Bispecific T-cell 
engager
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Indications and mechanisms
Agent Indications Mechanism

Blinatumomab 
(BLINCYTO)

R/R B-ALL

B-ALL in MRD+ CR

Bispecific T-cell 
engager

Tisagenlecleucel
(KYMRIAH)

AYA with R/R B-ALL 
(<26 years, ≥2 
relapses)

CAR-T 
(CD28 co-stimulatory 
domain)

Brexucabtagene
autoleucel
(TECARTUS)

Adults with R/R B-ALL CAR-T 
(41BB co-stimulatory 
domain)

Image credit: clinicaloptions.com
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Indications and mechanisms
Agent Indications Mechanism

Blinatumomab 
(BLINCYTO)

R/R B-ALL

B-ALL in MRD+ CR

Bispecific T-cell 
engager

Tisagenlecleucel
(KYMRIAH)

AYA with R/R B-ALL 
(<26 years, ≥2 
relapses)

CAR-T 
(CD28 co-stimulatory 
domain)

Brexucabtagene
autoleucel
(TECARTUS)

Adults with R/R B-ALL CAR-T 
(41BB co-stimulatory 
domain)

Salter et al, Blood 2018
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Major toxicities – cytokine release syndrome (CRS)
 Typically within 14 days after infusion, lasts 1-10 days
 Correlates with tumor burden, dose of infused CAR-T cells, malignancy
 Concerns that that steroids may blunt treatment efficacy; tocilizumab is mainstay of treatment

Lee et al, BBMT 2018

Tocilizumab X (If not improving) X X X

Steroids X (If not improving) X X

Discontinue infusion 
(for blinatumomab)

X (restart with dose-reduction once 
resolved)

X (stop permanently)
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Major toxicities – immune effector cell-associated 
neurotoxicity syndrome (ICANS)
 Onset frequently during/after CRS, late complications can occur
 Headaches, confusion, expressive aphasia >> seizures, cerebral edema
 Corticosteroids are mainstay; prophylaxis with leviteracetam
 Tocilizumab may worsen ICANS; generally use only if concurrent CRS

Lee et al, BBMT 2018

Lee et al, BBMT 2018
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Major toxicities – immune effector cell-associated 
neurotoxicity syndrome (ICANS)
 Onset frequently during/after CRS, late complications can occur
 Headaches, confusion, expressive aphasia >> seizures, cerebral edema
 Corticosteroids are mainstay; prophylaxis with leviteracetam
 Tocilizumab may worsen ICANS; generally use only if concurrent CRS

Lee et al, BBMT 2018

Lee et al, BBMT 2018
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Major toxicities – B-cell aplasia
 On-target, off-tumor toxicity, results in hypogammaglobulinemia
 Increased risk of sinus/pulmonary infections, especially encapsulated
 IgG replacement (thresholds vary, minimum ≥400mg/dL)
 Correlates with disease response and functional persistence of CAR-T cells (Maude, NEJM 2014)

Pulsipher et al, Blood Cancer Disc 2022
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Blinatumomab – two indications
Indication Reference Intervention OS CR CR/CRi/CRh MRD-neg Bridged to HCT
R/R B-ALL Kantarjian, NEJM 2017

Phase 3 “TOWER”

Blinatumomab 
(N=271)

7.7mo* 34%* 44%* 76%* 24%

Chemotherapy 
(N=134)

4.0mo* 16%* 25%* 48%* 24%

* = Statistically significant difference
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Blinatumomab – two indications
Indication Reference Intervention OS CR CR/CRi/CRh MRD-neg Bridged to HCT
R/R B-ALL Kantarjian, NEJM 2017

Phase 3 “TOWER”

Blinatumomab 
(N=271)

7.7mo* 34%* 44%* 76%* 24%

Chemotherapy 
(N=134)

4.0mo* 16%* 25%* 48%* 24%

* = Statistically significant difference

Long-term survival with blinatumomab is unlikely without 
subsequent HCT.



17

Blinatumomab – two indications
Indication Reference Intervention OS MRD-neg Bridged to HCT
B-ALL in 
MRD+ CR

Gökbuget, Blood 2018

Single-arm Phase 2

Patients with MRD+ CR 
after 3 blocks of 
intensive chemo

Blinatumomab 
(N=116, 111 
were Ph-neg)

36.5mo

If MRD-neg after cycle 1: 38.9mo

If MRD-pos after cycle 1: 12.5mo

78% (after 
cycle 1)

67%
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Blinatumomab – two indications
Indication Reference Intervention OS MRD-neg Bridged to HCT
B-ALL in 
MRD+ CR

Gökbuget, Blood 2018

Single-arm Phase 2

Patients with MRD+ CR 
after 3 blocks of 
intensive chemo

Blinatumomab 
(N=116, 111 
were Ph-neg)

36.5mo

If MRD-neg after cycle 1: 38.9mo

If MRD-pos after cycle 1: 12.5mo

78% (after 
cycle 1)

67%

Blinatumomab is an excellent MRD “eraser.”  Facilitates bridging 
to HCT for long term survival.
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CAR-T – two indications
Indication Reference Intervention OS CR/CRi MRD-neg Median 

DOR
CAR-T 
persistence

Bridged 
to HCT

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Laetsch, JCO 2022
Phase 2 “ELIANA”

Patients aged 3-21.  No 
prior anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim) 
(N=75)

76% (@12 
mo)

63% (@36 
mo)

82% (@3 
mo)

100% Not 
reached

Median 168 
days (range 
20-617)

24%
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CAR-T – two indications
Indication Reference Intervention OS CR/CRi MRD-neg Median 

DOR
CAR-T 
persistence

Bridged 
to HCT

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Laetsch, JCO 2022
Phase 2 “ELIANA”

Patients aged 3-21.  No 
prior anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim) 
(N=75)

76% (@12 
mo)

63% (@36 
mo)

82% (@3 
mo)

100% Not 
reached

Median 168 
days (range 
20-617)

24%

Long-term survival is possible with CAR-T in the absence of 
subsequent HCT.
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CAR-T – two indications
Indication Reference Intervention OS CR/CRi MRD-neg Median 

DOR
CAR-T 
persistence

Bridged 
to HCT

Adults with 
R/R B-ALL

Shah, Lancet 2021

Phase 2 “ZUMA 3”

Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim) 
(N=55)

18.2mo 71% 97% 12.8mo 21% 
persisting at 
6 months

18%
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CAR-T – two indications
Indication Reference Intervention OS CR/CRi MRD-neg Median 

DOR
CAR-T 
persistence

Bridged 
to HCT

Adults with 
R/R B-ALL

Shah, Lancet 2021

Phase 2 “ZUMA 3”

Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim) 
(N=55)

18.2mo 71% 97% 12.8mo 21% 
persisting at 
6 months

18%

Outcomes are overall worse in the adult population, but long-term 
survival is still possible in the absence of HCT.



23

Outline

 Indications and mechanisms
 Major class toxicities
 Efficacy
 Toxicity
 Practical pearls



24

Summary – toxicity
Indication Reference Intervention Any ≥Gr 3 Neutropenia Infection LFT CRS Neurotoxicity

R/R B-ALL Kantarjian, NEJM 2017 Blinatumomab 70.8% 37.8% 34.1% 12.7% 4.9% 9.4%
- 2.9% AMS
- 1.5% encephalopathy
- 0.7% seizure

Chemotherapy 79.8% 57.8% 52.3% 14.7% 0% 8.3%
- 2.8% seizure
- 2.8% headache

B-ALL in MRD+ 
CR

Gökbuget, Blood 2018
Patients with MRD+ CR after 
3 blocks of intensive chemo

Blinatumomab 60% 16% 0% ~5% 1.7% (all 
in cycle 1)

13%
- 5% encephalopathy
- 5% tremor

Indication Reference Intervention Any ≥Gr 3 B-cell aplasia Infection CRS Neurotoxicity

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Patients aged 3-21.  No prior 
anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim)

69% ≤8 wks
17% >8 wks

83% B-cell 
aplasia at 6 
months

24% ≤8 wks 46% ≤8 wks
(77% any grade)

0% >8 wks

13% ≤8 wks
(40% any grade)
- 5% encephalopathy 
≤8 wks, 0% >8 wks

Adults with 
R/R B-ALL

Shah, Lancet 2021
Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim)

95% 10/12 
responders 
recovered at 12 
months

25% 24% 
(89% any grade)

26% 
(60% any grade)
(18% grade 5)
- 7% encephalopathy
- 4% confusion
- 2% tremor
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Summary – toxicity
Indication Reference Intervention Any ≥Gr 3 Neutropenia Infection LFT CRS Neurotoxicity

R/R B-ALL Kantarjian, NEJM 2017 Blinatumomab 70.8% 37.8% 34.1% 12.7% 4.9% 9.4%
- 2.9% AMS
- 1.5% encephalopathy
- 0.7% seizure

Chemotherapy 79.8% 57.8% 52.3% 14.7% 0% 8.3%
- 2.8% seizure
- 2.8% headache

B-ALL in MRD+ 
CR

Gökbuget, Blood 2018
Patients with MRD+ CR after 
3 blocks of intensive chemo

Blinatumomab 60% 16% 0% ~5% 1.7% (all 
in cycle 1)

13%
- 5% encephalopathy
- 5% tremor

Indication Reference Intervention Any ≥Gr 3 B-cell aplasia Infection CRS Neurotoxicity

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Patients aged 3-21.  No prior 
anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim)

69% ≤8 wks
17% >8 wks

83% B-cell 
aplasia at 6 
months

24% ≤8 wks 46% ≤8 wks
(77% any grade)

0% >8 wks

13% ≤8 wks
(40% any grade)
- 5% encephalopathy 
≤8 wks, 0% >8 wks

Adults with 
R/R B-ALL

Shah, Lancet 2021
Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim)

95% 10/12 
responders 
recovered at 12 
months

25% 24% 
(89% any grade)

26% 
(60% any grade)
(18% grade 5)
- 7% encephalopathy
- 4% confusion
- 2% tremor

Toxicity with blinatumomab is much less in the MRD+ setting than 
in frank relapse.
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Summary – toxicity
Indication Reference Intervention Any ≥Gr 3 Neutropenia Infection LFT CRS Neurotoxicity

R/R B-ALL Kantarjian, NEJM 2017 Blinatumomab 70.8% 37.8% 34.1% 12.7% 4.9% 9.4%
- 2.9% AMS
- 1.5% encephalopathy
- 0.7% seizure

Chemotherapy 79.8% 57.8% 52.3% 14.7% 0% 8.3%
- 2.8% seizure
- 2.8% headache

B-ALL in MRD+ 
CR

Gökbuget, Blood 2018
Patients with MRD+ CR after 
3 blocks of intensive chemo

Blinatumomab 60% 16% 0% ~5% 1.7% (all 
in cycle 1)

13%
- 5% encephalopathy
- 5% tremor

Indication Reference Intervention Any ≥Gr 3 B-cell aplasia Infection CRS Neurotoxicity

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Patients aged 3-21.  No prior 
anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim)

69% ≤8 wks
17% >8 wks

83% B-cell 
aplasia at 6 
months

24% ≤8 wks 46% ≤8 wks
(77% any grade)

0% >8 wks

13% ≤8 wks
(40% any grade)
- 5% encephalopathy 
≤8 wks, 0% >8 wks

Adults with 
R/R B-ALL

Shah, Lancet 2021
Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim)

95% 10/12 
responders 
recovered at 12 
months

25% 24% 
(89% any grade)

26% 
(60% any grade)
(18% grade 5)
- 7% encephalopathy
- 4% confusion
- 2% tremor

CAR-T products have higher rates of CRS 
and ICANS than blinatumomab.
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Summary – toxicity
Indication Reference Intervention Any ≥Gr 3 Neutropenia Infection LFT CRS Neurotoxicity

R/R B-ALL Kantarjian, NEJM 2017 Blinatumomab 70.8% 37.8% 34.1% 12.7% 4.9% 9.4%
- 2.9% AMS
- 1.5% encephalopathy
- 0.7% seizure

Chemotherapy 79.8% 57.8% 52.3% 14.7% 0% 8.3%
- 2.8% seizure
- 2.8% headache

B-ALL in MRD+ 
CR

Gökbuget, Blood 2018
Patients with MRD+ CR after 
3 blocks of intensive chemo

Blinatumomab 60% 16% 0% ~5% 1.7% (all 
in cycle 1)

13%
- 5% encephalopathy
- 5% tremor

Indication Reference Intervention Any ≥Gr 3 B-cell aplasia Infection CRS Neurotoxicity

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Patients aged 3-21.  No prior 
anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim)

69% ≤8 wks
17% >8 wks

83% B-cell 
aplasia at 6 
months

24% ≤8 wks 46% ≤8 wks
(77% any grade)

0% >8 wks

13% ≤8 wks
(40% any grade)
- 5% encephalopathy 
≤8 wks, 0% >8 wks

Adults with 
R/R B-ALL

Shah, Lancet 2021
Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim)

95% 10/12 
responders 
recovered at 12 
months

25% 24% 
(89% any grade)

26% 
(60% any grade)
(18% grade 5)
- 7% encephalopathy
- 4% confusion
- 2% tremor

Among CAR-T options, 41BB product appears to have greater 
persistence and lower rates of toxicity (not firmly established).
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Summary – efficacy & toxicity
Indication Reference Intervention OS CR Composite 

remission*
MRD-neg CRS ≥Gr 3 Neurotoxicity 

≥Gr 3

R/R B-ALL Kantarjian, NEJM 2017 Blinatumomab 7.7mo 34% 44% 
(CR/CRi/CRh)

76% 4.9% 9.4%

Chemotherapy 4.0mo 16% 25% 
(CR/CRi/CRh)

48% 0% 8.3%

B-ALL in 
MRD+ CR

Gökbuget, Blood 2018
Patients with MRD+ CR after 
3 blocks of intensive chemo

Blinatumomab 36.5mo N/A 78% 
(after cycle 1)

1.7% 
(all w/in 
cycle 1)

13%

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Laetsch, JCO 2022
Patients aged 3-21.  No prior 
anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim)

76% 
(@12mo)

63% 
(@36 mo)

60% 
(@3mo)

82% (@3mo) 100% 46% 
(w/in 8 
wks)

13% 
(w/in 8 wks)

Adults with 
R/R B-ALL

Shah, Lancet 2021
Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim)

22.4mo 56% 71% 97% 24% 26% (18% 
grade 5)

*CR+CRi+CRh for Kantarjian, NEJM 2017.  CR+CRi for all other studies 
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Summary – efficacy & toxicity
Indication Reference Intervention OS CR Composite 

remission*
MRD-neg CRS ≥Gr 3 Neurotoxicity 

≥Gr 3

R/R B-ALL Kantarjian, NEJM 2017 Blinatumomab 7.7mo 34% 44% 
(CR/CRi/CRh)

76% 4.9% 9.4%

Chemotherapy 4.0mo 16% 25% 
(CR/CRi/CRh)

48% 0% 8.3%

B-ALL in 
MRD+ CR

Gökbuget, Blood 2018
Patients with MRD+ CR after 
3 blocks of intensive chemo

Blinatumomab 36.5mo N/A 78% 
(after cycle 1)

1.7% 
(all w/in 
cycle 1)

13%

AYA with R/R 
B-ALL (<26 
years, ≥2 
relapses)

Maude, NEJM 2018
Laetsch, JCO 2022
Patients aged 3-21.  No prior 
anti-CD19 therapy

Tisagenlecluecel
(41BB co-stim)

76% 
(@12mo)

63% 
(@36 mo)

60% 
(@3mo)

82% (@3mo) 100% 46% 
(w/in 8 
wks)

13% 
(w/in 8 wks)

Adults with 
R/R B-ALL

Shah, Lancet 2021
Patients aged >18.  Prior 
blinatumomab allowed.

Brexucabtagene
autoleucel
(CD28 co-stim)

22.4mo 56% 71% 97% 24% 26% (18% 
grade 5)

*CR+CRi+CRh for Kantarjian, NEJM 2017.  CR+CRi for all other studies 

Blinatumomab: Less toxicity, long-term survival depends on subsequent HCT.
CAR-T: Greater toxicity, longer survival without needing HCT.
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Practice pearls

Blinatumomab CAR-T
Primarily outpatient Inpatient
“Off-the-shelf” Requires time and infrastructure for 

autologous production)

Will likely need cytoreductive/bridging 
chemotherapy during this time

Milder CRS and neurotoxicity Higher toxicity, 18% grade 5 in ZUMA-3
Bridge to HCT Durable remissions have been observed 

without HCT
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Current treatment algorithm for R/R B-ALL

HCT naive

• MRD and CR19+ = Blina
• Low disease burden and CD19+ = Blina
• Bulk disease or extramedullary disease and 
CD22+ = Inotuzumab
• CD19- and CD22- = Chemo

• CD19+ = CAR T-cell
• CD19- and CD22+ = Inotuzumab
• CD19- and CD22- = Chemo

• Remission = SCT

• If CAR T-cell = watch and consider 
2nd allo-HCT for higher-risk patients
• If ino or chemo = Consider 2nd SCT

Relapse post-HCT
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On the horizon…
• N=224 pts with MRD-negative

(≤ 0.01%) CR/CRi following 
induction therapy

• Randomized to consolidation 
chemo or blinatumomab-based 
consolidation
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On the horizon…
• N=224 pts with MRD-negative

(≤ 0.01%) CR/CRi following 
induction therapy

• Randomized to consolidation 
chemo or blinatumomab-based 
consolidation

Should all CD19+ patients receive 
blinatumomab in consolidation?

Is HCT still necessary in this context for long-
term survival?
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Thank you!
DFCI Adult Leukemia Program
• Daniel DeAngelo, MD, PhD
• Richard Stone, MD
• Martha Wadleigh, MD
• Jacqueline Garcia, MD
• Marlise Luskin, MD
• Eric Winer, MD
• Max Stahl, MD
• Virginia Volpe, MD
• Andy Lane, MD, PhD
• Coleman Lindsley, MD, PhD
• Anthony Letai, MD, PhD
• Rahul Vedula, MD

• Chris Reilly, MD
• Lachelle Weeks, MD
• Ilene Galinsky, NP
• Mary Gerard, PA-C
• Theresa Nguyen, NP
• Ryan Osborn, PA-C
• Donna Neuberg, ScD
• Yiwen Liu, MS
• Robert Soiffer, MD
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