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Objectives of the Program

Understand current 
treatment patterns for 

acute leukemias 

including incorporation 
of new technologies

Uncover when genomic 

testing is being done for 

acute leukemias, and how 

these tests are interpreted 
and utilized

Understand the role of 

stem cell transplantation 

in acute leukemias as a 

consolidation in first 
remission

Comprehensively 

discuss the role 

of MRD in 

managing and 

monitoring acute 
leukemias

Gain insights into 

antibodies and bispecifics 

in ALL: what are they? 

When and how should 

they be used? Where is 
the science going? 

Discuss the 

evolving role 

of ADC 

therapies in 

acute 
leukemias

Review 

promising novel 

and emerging 

therapies in 

acute 
leukemias

Explore regional challenges in the treatment of acute leukemias across JAPAC



Agenda: Day 1

Time (UTC +8) Title Speaker

8.00 AM ï 8.10 AM Welcome and meeting overview; introduction to the voting system Elias Jabbour

8.10 AM ï 8.25 AM Latest achievements and developments in ALL and AML Elias Jabbour

8.25 AM ï 8.40 AM Review of prognostic value of MRD in ALL and AML Jae Park

8.40 AM ï 8.50 AM Best practices for first-line treatment in ALL Elias Jabbour

8.50 AM ï 9.05 AM
AYA patients with ALL: What is the current treatment approach for this diverse patient 
population?

Jae Park

9.05 AM ï 9.35 AM

ALL case-based panel discussion
Å Case 1 ALL: Mridula Mokoonlall (Australia)
Å Case 2 ALL: Rithin Nedumannil (Australia)

Elias Jabbour
Patient case presenters
And all faculty

9.35 AM ï 9.45 AM Break

9.45 AM ï 10.10 AM
Genetic characterization and risk stratification of AML; role of FLT3 and IDH in AML and special 
considerations for young and fit patients

Naval Daver

10.10 AM ï 10.25 AM Therapeutic approaches in high-risk and frail patients with AML Shaun Fleming

10.25 AM ï 10.50 AM
Panel discussion: Open questions in ALL and AML ï regional challenges
Å How acute leukemia treatment is different in Asia-Pacific (guidelines, treatment availability)

Elias Jabbour,
Junichiro Yuda
and all faculty

10.50 AM ï 11.00 AM Session close Elias Jabbour
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Agenda: Day 2

Time (UTC +8) Title Speaker

8.00 AM ï 8.10 AM Welcome to Day 2 Naval Daver

8.10 AM ï 8.30 AM Current treatment options for relapsed ALL in adult and elderly patients Elias Jabbour

8.30 AM ï 8.50 AM Long-term safety considerations for leukemias (focus on ALL) Jae Park

8.50 AM ï 9.10 AM Current and future role of transplantation in acute leukemias in Asia-Pacific Shaun Fleming

9.10 AM ï 9.20 AM Break

9.20 AM ï 9.40 AM Current treatment options for relapsed AML in adult and elderly patients Junichiro Yuda

9.40 AM ï 10.10 AM

AML case-based panel discussion
Å Case 1 AML: Ane Veu (Fiji)
Å Case 2 AML: Feng-Ming Tien (Taiwan)

Naval Daver and
Patient case presenters
And all faculty

10.10 AM ï 10.50 AM

Panel discussion: How treatment in first line influences further therapy approaches in ALL and 
AML
Å Will CAR T and bispecifics change the treatment landscape?

Å Role of HSCT ï is it still necessary?
Å What does the future look like? Adoption of therapies and evolving standards of care in Asia-

Pacific

Naval Daver and all faculty

10.50 AM ï 11.00 AM Session close Naval Daver
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Introduction to the 
voting system

Elias Jabbour



Question 1

In which country do you currently practice?

A. Australia

B. China

C. Hong Kong

D. Japan

E. Malaysia

F. Singapore

G. South Korea

H. Taiwan

I. Other country in Asia-Pacific

J. Other country outside Asia-Pacific

?



Which leukemias do you primarily treat?

A. AML

B. ALL

C. Both

? Question 2



At what time points is MRD quantification prognostic for survival in ALL?

A. After induction/consolidation

B. Prior to allogeneic hematopoietic cell transplant

C. After transplant

D. All of the above

? Question 3



Which of the following is NOT true for treating ALL?

A. Inotuzumab and blinatumomab + chemotherapy has produced 90% CR rates in 

salvage therapy and in first line in older patients

B. Blinatumomab and ponatinib can be used as a chemotherapy-free regimen in 

Ph+ ALL

C. MRD² CR does not correlate strongly with outcome

D. Since 1999, median survival for ALL patients older than 60 has been increasing 

with each successive decade

? Question 4



Latest achievements 
and developments in 
ALL and AML 

Elias Jabbour



Revumenib MonoRx in R-R KMT2A AML/ALL

(AUGMENT 101)

Å94 pts; median age 37 yrs (1.3-75); 78 AML, 16 ALL-MPAL

ÅMedian prior Rxs 2 (1-11); prior SCT 50%

ÅEfficacy population (phase 2) 57 pts

ÅCR-CRh 13 (23%); median DOR 6.4 mos. ORR 63%

ÅDifferentiation syndrome 16%; QTC prolongation 14%

-------. HemaSphere 8: S131: 2024



Revumenib + AZA + VEN in Newly Dx Older 

NPM1/KMT2A AML

ÅBeat AML trial-- age 60+yrs

ÅAZA x 7, VEN daily, REV daily (113-163 mg BID)

Å13 RxðCR 10, CRh-i 3; ORR 13/13 (100%)

ÅMRD-neg 12/13 (92%)

Å2 relapses; 2 deaths. 1-yr OS 90%

Zeidner. HemaSphere 8: S134: 2024



DSP 5336 (Menin Inhibitor) in R-R AML-ALL

Å58 pts; DSP 40-300 mg BID; 27 pts no azoles, 31 pts with 

azoles

ÅAML 93%; median prior Rx 3 (1-9); KMT2A 45%, NPM1 

24%

ÅResponses at >140 mg BID

ÅKMT2A-NPM1, no prior menin-inhibitors, dose >140 mg 

BID: ORR 10/22 (45%); CR-CRh 5/22 (23%)

Daver. HemaSphere 8: S132: 2024



JNJ-617 + VEN-AZA in KMT2A-NPM1 R-R AML

Å60 pts; median age 60 yrs (20-82); NPM1 50%, KMT2A 

50%. median prior Rx 2 (1-5)

ÅRx AZA x 7, VEN x 28, JNJ 15+ mg BID (D4 +)

ÅJNJ 50+ mg BID (n=34): ORR 27/34 (79%); CR/CRh-i 

14/34 (41%)

Wei. HemaSphere 8: S133: 2024



SAR 443579 (CD 123-NK Engager) in R-R AML

Å59 pts with RR AML; median age 67 yrs; median prior Rx 

2 (1-10)

ÅSAR 0.75 mg-6 mg/kg Q wk or 2x/wk

ÅTarget dose 1 mg/kg/wkðCR-CRi 5/15 (33%; 4 CR, 1 CRi)

Garciaz. HemaSphere 8: S146; 2024



What Is New in ALL



HyperCVAD + Ponatinib in Ph+ ALL
ω 86 pts Rx; median age 47 yrs (39-61); median FU 75 mos (16-123)

ω CR 68/68 (100%); FCM-MRD negative 85/86 (99%); CMR 84%; 5-yr OS 75%, EFS 68%

Kantarjian. Am J Haematol 98:493-501;2023
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No Benefit of Allogeneic SCT in Patients With Ph+ ALL 

Who Achieve CMR

Å Propensity score analysis of 

patients who achieved CMR within 

3 months

Å Allogeneic SCT Ą lower risk of 

relapse but higher NRM

Å No impact of SCT on OS or RFS

Ghobadi A et al. Blood 2022;140(20):2101-12
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Jabbour. JAMA. 2024 May 9:e244783. 



Ponatinib and Blinatumomab in Newly Dx Ph+ ALL
Å62 pts Rx with simultaneous ponatinib 30-15 mg/D and blinatumomab x 5 courses. 12-15 ITs

ÅOnly 2 pt had SCT(3%); Median F/U 17 mos

ÅCR/CRi 98% (CR 95%); CMR 84% (67% after C1); NGS-MRD negativity 94% 

Å2-yr EFS 78%, OS 90%. 7 relapses (all p190): 4 CNS, 1 CRLF2+ (Ph-), 2 systemic. 5/7 WBC >75k
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Jabbour. Lancet Haematol. 2023;10(1):e24-e34. Haddad. Blood 142: abstr 2827;2023



Ponatinib vs Dasatinib + Blinatumomab in Ph+ ALL

Parameter
Pona+Blina

(n=62; 5 blina)

Dasa+Blina

(n=63; 2+blina)

Dasa+ Blina

(n=24; 3 blina)

Median age (yrs) 58 54 73

% PCR neg

% NGS-clonoSEQ neg

84

94
93 (+PNQ) 63

% 4-yr OS 90 82 75

% allo SCT 3 48 5

Relapses (CNS) 7 (4) 9 (4) 8 [3 T315I]

Jabbour. Lancet Haematol. 2023;10(1):e24-e34. Foa. JCO online, December 23; 2023. Advani. Blood 142: Abst 1499; 2023



Ph+ ALL: Survival by Decade (MDACC 1984-2023) 
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Hyper-CVAD vs ABFM: Overall Survival

Rytting. Cancer. 2014;120:3660-3668; Rytting. Am J Hematol. 2016;91:819.



Hyper CVAD-Inotuzumab Ÿ Blina in Newly Dx Adult ALL
ω75 pts; median age 33 yrs (18-59); Median F/U 26 months (1-77)

ωCR rate 100%; MRD negative 95% (66% at CR); NGS-MRD negative 73%; 60-day mortality 0%; 24 (32%) allo-SCT; 

Nguyen. Blood 142: abst 4245; 2023
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ωAccrual = 488

ωUS intergroup study

ωn = 265/360 (509) patients

ωUSA, Canada, Israel

ω1:1 randomization

E1910 Randomized Phase III Trial: Blina vs SOC 

as Consolidation in MRD-Negative CR
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Induction 
chemotherapy

2 cycles, followed by 
4-wk rest period

Discontinue 
study if no CR 

or CRi

Intensification 
chemotherapy

1 cycle

Blinatumomab
2 cycles, with a 
2-wk rest period 
between cycles

No blinatumomab
Proceed to 

consolidation tx or 
blood/marrow 

transplant

Blood/marrow 
transplant

If suitable donor and 
recommended

Blood/marrow transplant
If suitable donor and 

recommended

Consolidation tx
4 cycles chemotherapy + 
2 cycles blinatumomab

Consolidation tx
4 cycles chemotherapy

Maintenance 
chemotherapy
Continued for 2.5 
yr from start of 

intensification tx

If MRD negative

Litzow MR, et al. Blood. 2022;140(suppl 2): abstract LBA-1.



E1910 Randomized Phase 3 Trial: Blina vs SOC as 

Consolidation in MRDï: Outcomes by Number of Cycles 
Å488 pts median age 51 yrs (30-70)

Å224 MRD-negative CR randomized 1:1

Å22 pts (20%) Rx ASCT in each arm 

ÅMedian F/U 43 months; median OS NR vs 71.4 mos (HR=0.42; p=0.003)

ÅNo difference in OS if 1-2 cycles of blina vs control (HR: 0.62; p=0.22)

ÅOS: 1-2 cycles vs 4 cycles (HR: 0.39; p=0.07)

Luger. Blood 142: Abst 2877; 2023

#cycles 121

1 12

2 32

3 4

4 63 (52%)



MDACC vs SEER ALL: Survival by Decades for Ó60 Years   
ω26,801 pts age 65+ yrs. B-ALL 91%

ωOS better in Ph+ (HR 0.68) and 2012-2018 (HR 0.64); worse in secondary ALL (HR 1.15), AA (HR 1.19), and Hispanic (HR 1.1)

ω5 yr OS <20%

Gupta. Blood 140: abst 1379; 2022
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Mini-HCVD + INO ҕ Blina in Older ALL (N=83)

Jen. Blood 142: abst 2878; 2023

ω Median age 68 years (range, 60-утΤ оп҈ җ тл ȅŜŀǊǎύ

ω High-risk features: TP53 39%; Ph-like 18%; poor cytogenetics 23%

ω ORR 99% (CR 90%); MRD negativity 94% (79% at CR)

ω Median F/U 88 months 

ω 5/12 pts with relapse (42%) had EMD (1 concurrent BM 
relapse), all with CNS involvement (5/83; 6%) 

ω Death due PD/NR: 12/83 (15%); median 23 mos (2-78); 
median age 64 yrs (60-79)

ω Death due to AML/MDS: 9/83 (11%); median 34 mos (7-
75); median age 71 yrs (64-87)

ω Death in CR: 33/83 (40%ύΤ ммκну όоф҈ύ ƛƴ Ǉǘǎ җтл ȅǊǎ

ω 14/33 deaths (42%) Rx related (9 sepsis, 3 VOD, 2 ASCT)



INO + Blina in Older ALL. Amended Design (Pts Ó70 years)

1

6 months

Dexa 20 mg D1-4 and VCR 1 mg D4

Maintenance phase

Induction (D1-14)

INO* Total dose
(mg/m2)

Dose per day
(mg/m2)

C1 0.9 0.6 D1, 0.3 D8

C2-C4 0.6 0.3 D1 and D8

Blinatumomab

Consolidation phase 

4 52 3

IT MTX, Ara-C

Total INO dose = 2.7 mg/m2

3 41 2
*Ursodiol 300mg tid for VOD prophylaxis

мΩ

мΩ Blinatumomab for 2 weeks 

Rituximab if CD20+
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Blina + Low-Intensity ChemoRx in Older Pre-B ALL: Golden 

Gate Safety Run-In Results of Phase 3

Å 10 pts; median age 69 yrs (57ï77); 40% Ó70 yrs

Å 9/10 had molecular response after C1; 7/10 MRD-negative CR

ÅNo Grade Ó3 CRS or ICAN

Jabbour E, et al. ASH 2022; Abstract 2732; 
NCT04994717. Available at https://clinicaltrials.gov/ct2/show/NCT04994717. Accessed January 2024.

Characteristic N=10

Age, median (range), years 69 (57ï77)

Ó70, n (%) 4 (40)

Ó55 to <70, n (%) 6 (60)

>40 to <55, n (%) 0

Response

After 
cycle 1 
(N=10)

After 
cycle 2 
(N=10)

Disease response available, n 10 9

Complete remission 10 8

MRD response 9 7

MRD complete response 7 5

MRD nonresponder 1 1

CRh 0 0

CRi 0 0

Blast-free hypoplastic or aplastic 
BM without CRh or CRi

0 0

Nonresponse 0 0

Relapse 0 1

PD 0 0

PR 0 0



Jabbour, et al. AJH 2024, In press



Obecaptagene Autoleucel (OBE-CEL) in Adult R/R ALL (FELIX)

ÅAUTO 1 fast off-rate CD19 binder 

CAR T

Å153 enrolled, 127 (83%) infused. 

Median age 47 yrs

ÅPrior blina 42%, ino 31%, allo SCT 

44%

ÅcCR-CRi 99/127 = 78% (99/153 = 

65%). 19/77 allo SCT

ÅLoss of CAR T = HR 2.9

Å12-mos EFS 49%, 12-mos OS 61%

Jabbour E, et al. J Clin Oncol. 2024;24:S6504; Roddie et al. 
HemaSphere. 2024;8:S114.



1

Mini-HCVD

Mini-MTX, Ara-C

Rituximab

IT MTX, Ara-C

Induction phase: C1ïC6 

Consolidation phase 

Blinatumomab

21 2

18 days3 days 7 days

5 65 63 43 4

Dose-Dense Mini-HCVD + INO + Blina + CAR T Cells in ALL: The CURE

CAR T Consolidation 

INO* Total dose

(mg/m2)

Dose per day

(mg/m2)

C1 0.9 0.6 D2, 0.3 D8

C2ï4 0.6 0.3 D2 and D8

Total INO dose = 2.7 mg/m2

*Ursodiol 300 mg tid for VOD 

prophylaxis



Leukemia Questions?

ÅEmail: ejabbour@mdanderson.org

ÅCell: 713-498-2929

ÅOffice: 713-792-4764

    



Q&A



Review of prognostic 
value of MRD in ALL 
and AML 

Jae Park



MRD Is a Strong Prognostic Indicator in B-ALL1-4 

ÅMRD is defined as the presence of detectable 
leukemic cells (generally >10ς4 or 0.01%) 
within the BM during remission5,6

ÅStudies collectively show the high prognostic 
value of MRD (both during and after initial 
induction therapy) in assessing relapse risk for 
patients with ALL2 

ÅPatients who proceed to transplant 
with MRD-positive disease have a 
higher relapse rate than patients with MRD-
negative disease3,4 
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ALL, acute lymphoblastic leukemia; B-ALL, B-cell acute lymphoblastic leukemia; BM, bone marrow; CR, complete remission; MFC, multiparameter flow cytometry; 
MRD, measurable/minimal residual disease; NGS, next-generation sequencing; PCR, polymerase chain reaction.
1. Short NJ, et al. Am J Hematol. 2019;94:257-265; 2. Berry DA, et al. JAMA Oncol.2017;3:e170580; 3. Spinelli O, et al. Haematologica. 2007;92:612-618; 
4. Patel B, et al. Br J Haematol. 2010;148:80-89; 5. Bassan R, et al. Haematologica. 2019;104:2028-2039; 6. Gökbuget N, et al. Blood. 2012;120:1868-1876. 



Patients Who Achieve CR May Still Harbor MRD1-6

85%ς92% of adults* with newly diagnosed 
ALL will achieve CR 

(<5% blasts in the BM) with therapy1,2

But 40%ς50% may experience relapse3
No CR

MRD(ς)ϟ

MRD(+)§

~30%ς40%
Multi -agent 

therapy

CR
85%ς92%

Morphologic 
assessment

CR: <5% blasts in the 
BM

Molecular assessment

>0.01% (10ς4) blasts in 
the BM

Patients Who Achieve CR May Have MRD1-сΣϞ

CR

No CR

*80%ς90% of pediatric leukemia cases experience and remain in remission.6 ϞExample diagram based on clinical studies.2-5 ϟComplete MRD response refers to the 
absence of detectable leukemic cells confirmed in a highly sensitive assay (generally ~10ς4 cells, or 0.01%).2 §Range based on 3 clinical studies in which MRD was 
measured at different time points.2,4,5

ALL, acute lymphoblastic leukemia; BM, bone marrow; CR, complete remission; MRD, measurable/minimal residual disease.
1. Brüggemann M, et al. Blood. 2012;120:4470-4481; 2.Gökbuget N, et al. Blood. 2012;120:1868-1876; 3. Brüggemann M, Kotrova M. Blood Adv. 2017;1:2456-2466; 
4. Beldjord K, et al. Blood. 2014;123:3739-3749; 5. Brüggemann M, et al. Blood. 2006;107:1116-1123;6. Hoelzer D, et al. Ann Oncol. 2016;27(suppl 5):v69-v82. 



MRD Is a Strong Predictor of Outcomes in ALL 

ÅMRD is prognostic for both adults and children in all ALL subtypes, 
including1

ï B- and T-cell lineage

ï Ph-positive and -negative disease

ÅPost-treatment detection of MRD in B-ALL2  
ïMRD status has been shown to predict relapse and has been associated with 

treatment response 

ALL, acute lymphoblastic leukemia; B-ALL, B-cell acute lymphoblastic leukemia; MRD, measurable/minimal residual disease; Ph, Philadelphia chromosome.
1. Abou Dalle I, et al. Ther Adv Hematol. 2020;11:1-13; 2. Vora A, et al. Lancet Oncol. 2013;14:199-209.



MRD Status Has Been Shown to be a Predictor of EFS and OS 
in Adult Patients With ALL

Meta-analysis: Estimated Survival Curves for Adult Patients With ALL 

HR, 0.28 (95% BCI: 0.20ς0.39)

OS for Adult ALL: 5 Studies With 806 Patients

S
u

rv
iv

a
l p

ro
b
a

b
ili

ty

1.00

0.75

0.50

0.25

0.0
0 2 4 6 8 10 161412

MRD(ς)

MRD(+)

EFS for Adult ALL: 16 Studies With 2,065 Patients

S
u

rv
iv

a
l p

ro
b
a

b
ili

ty

0 2 4 6 8 10 161412

1.00

0.75

0.50

0.25

0.0

MRD(ς)

MRD(+)

HR, 0.28 (95% BCI: 0.24ς0.33)

Time (years) Time (years)

This information is presented for the purpose of demonstrating the utility of MRD testing as a prognostic indicator in B-ALL. Treatment decisions are the sole discretion of the 
healthcare provider.
ALL, acute lymphoblastic leukemia; BCI, Bayesian credible intervals; EFS, event-free survival; HR, hazard ratio; MRD, measurable/minimal residual disease; OS, overall survival. 
Berry DA, et al. JAMA Oncol.2017;3:e170580.

These data include various treatments and are not intended to make any sort of survival claim, nor is the benefit specific to any treatment. 



MRD Status Has Been Shown to be a Predictor of EFS and OS 
in Pediatric Patients With ALL

Meta-analysis: Estimated Survival Curves for Pediatric Patients With ALL 

This information is presented for the purpose of demonstrating the utility of MRD testing as a prognostic indicator in B-ALL. Treatment decisions are the sole discretion of the 
healthcare provider.
ALL, acute lymphoblastic leukemia; BCI, Bayesian credible intervals; EFS, event-free survival; HR, hazard ratio; MRD, measurable/minimal residual disease; OS, overall survival. 
Berry DA, et al. JAMA Oncol.2017;3:e170580.

EFS for Pediatric ALL: 20 Studies With 11,249 Patients
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These data include various treatments and are not intended to make any sort of survival claim, nor is the benefit specific to any treatment. 



MRD Negativity Was Favored Across a Variety of Parameters 

ALL, acute lymphoblastic leukemia; CI, confidence interval; CR, complete remission; HR, hazard ratio; HSCT, hematopoietic stem cell transplant; MRD, measurable/minimal 
residual disease; PCR, polymerase chain reaction; Ph, Philadelphia chromosome; RFS, relapse-free survival.
Bassan R, et al. Haematologica. 2019;104:2028-2039.

Parameter Subgroup Studies, n HR (95% CI)

Disease stage
CR1
CR2 or later

21
2

2.39 (1.93ς2.98)
1.84 (1.14ς2.95)

Timing of MRD
After HSCT
Before HSCT

2
6

4.18 (1.93ς9.03)
1.69 (1.23ς2.31)

MRD level
10ς3

10ς4

10ς5

2
12
4

2.36 (1.50ς3.70)
2.74 (2.12ς3.56)
1.82 (1.28ς2.59)

MRD testing location
Central
Local

10
7

2.55 (2.06ς3.14)
1.92 (1.27ς2.92)

Timing of MRD
Җ3 months
>3 months

14
5

2.60 (2.05ς3.31)
2.23 (1.67ς2.97)

MRD methodology
Flow
PCR

4
17

2.84 (1.35ς5.94)
2.30 (1.84ς2.87)

Overall 23 2.34 (1.91ς2.86)

Subset Analysis of RFS for Adults With ALL (With 95% Cls)

0.1
Favors MRD(+) Favors MRD(ς)

1 10



NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) 
Recommend MRD Testing for ALL

NCCN makes no warranties of any kind whatsoever regarding its content, use of application and disclaims any responsibility for their application or use in any way. 
ALL, acute lymphoblastic leukemia; alloHSCT, allogeneic hematopoietic stem cell transplantation; MRD, measurable/minimal residual disease; NCCN, National 
Comprehensive Cancer Network.
1. Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Acute Lymphoblastic Leukemia V.1.2022. © National 
Comprehensive Cancer Network, Inc 2022. All rights reserved. Accessed July 27, 2022. To view the most recent and complete version of the guideline, go online to 
NCCN.org. 2. Nucleus ASTCT. Best Practices in MRD Quantification: The Importance of the First Bone Marrow Pull. https://nucleus.astct.org/Full-Article/best-practices-in-
mrd-quantification-the-importance-of-the-first-bone-marrow-pull. Accessed September 7, 2022.

NCCN Guidelines® recommend MRD assessment upon completion of initial induction, at the 
end of consolidation, and at additional timepoints guided by the regimen used1

Å Serial monitoring frequency may be increased in patients with molecular relapse or 
persistent low-level disease burden1

Å When possible, therapy aimed at reducing MRD before alloHSCT should be considered1 

NCCN Guidelines® state that the optimal sample for MRD testing is the first pull of the bone marrow aspirate1

Å 9ȄǇŜǊǘǎ ǊŜŎƻƳƳŜƴŘ Җо Ƴ[ of the bone marrow aspirate to avoid hemodilution of the specimen2

Å It is suggested that a test that has been validated to quantify ALL to a sensitivity of at least 10ς4 is used2



Blinatumomab in MRD+ B-ALL

ÅEligibility criteria

ÅFirst or later CR AND 

ÅPersistent or recurrent aw5 җмл-3 after 
minimum 3 blocks of intense chemo

ÅPrimary endpoint

ÅMRD-CR after 1 cycle 

ÅSecondary endpoint

ÅRFS at 18 months 

Characteristic Patients (n = 116)

Relapse history, n (%)
    In first CR 
     In second CR
     In third CR

75 (65)
39 (34)
2 (2)

Baseline MRD levels
     җмл-1 to <1
     җмл-2 to <10-1

 җмл-3 to <10-2

     <10-3

9 (8)
45 (39)
52 (45)
3 (3)

Gökbuget N, et al. Blood. 2018;131:1522-1531.



CR Rates by Subgroups in MRD+ B-ALL

Gökbuget N, et al. Blood. 2018;131:1522-1531.



RFS of MRD+ ALL Patients After Blinatumomab

ϝ/ƻƳǇƭŜǘŜ aw5 ǊŜǎǇƻƴǎŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ǘƘŜ ŀōǎŜƴŎŜ ƻŦ ŘŜǘŜŎǘŀōƭŜ aw5 ŎƻƴŦƛǊƳŜŘ ƛƴ ŀƴ ŀǎǎŀȅ ǿƛǘƘ ƳƛƴƛƳǳƳ ǎŜƴǎƛǘƛǾƛǘȅ ƻŦ лΦлм҈Τ ϞTime from start of blinatumomab to 
hematologic or extramedullary relapse, secondary leukemia, or death due to any cause; includes time after transplantation; Kaplan-Meier estimate.
Gökbuget N, et al. Blood. 2018;131:1522-1531; Jen EY, et al. Clin Cancer Res. 2019;25:473-477.

70% of patients proceed to allo-HSCT

CR1

CR2-3

Response
First CR
(N = 60)

Second CR
(N = 26)

cMRD* 85.2% 72%

hRFSϞ 35.2 months 12.3 months



US Food and Drug Administration. Resources ς Drugs. Hematologic Malignancies: Regulatory Considerations for Use of Minimal Residual Disease in Development of Drug 
and Biological Products for Treatment ς Guidance for Industry. Jan 2020. Accessed Sep 8, 2023. https://www.fda.gov/media/134605/download

FDA Approval of Blinatumomab for MRD+ B-ALL in US 

ÅBlinatumomab approved for the treatment of B-ALL in first or second complete 
ǊŜƳƛǎǎƛƻƴ ǿƛǘƘ aw5 җлΦм҈

ÅPrior to the approval, MRD results did not change disease management

ÅWith the approval, the incorporation of MRD is standard of care for all subtypes 
of ALL

ÅIn January 2020, the FDA released guidance for industry on the use of MRD in 
the development of investigational agents for hematologic malignancies

ÅFDA accepts MRD levels of <0.01% as evidence of efficacy

ÅALL is the only disease in which MRD has been used as a surrogate endpoint 
supporting drug approval



Current Challenges With MRD 

ÅWhen to measure?

ÅCurrently, MRD is focused (generally) on a single time point: EOI

ÅALL therapy extends well beyond a day-29 endpoint

ÅVery little data on serial monitoring

ÅMRD assays differ 

ÅMultiparameter flow (FCM)

ÅNext-generation sequencing (NGS)

ÅQuantitative PCR (qPCR) 

ÅLimited data on concordance of the different assays and risk stratification



MRD Detection Methods Vary in Their Target, Sensitivity, 
Benefits, and Limitations1-6

Method Target Sensitivity Some Potential Benefits Some Potential Limitations

Flow cytometry1-5 Leukemia-associated 
immunophenotypes 

3ς4 color: 10ς3 to 10ς4

6ς9 color: 10ς4 to 10ς5
Å Rapid

Å Target Ag information 

Å Limited sensitivity/standardization 

Å Difficult to interpret

PCR1-5

RT-qPCR:
Abnormal gene fusions 

(eg, BCR-ABL)
10ς4 to 10ς5

Å High sensitivity 

Å Specific 

Å Only possible in leukemias that 
harbor fusion transcripts 

Å Risk of cross-contamination

ASO-PCR:

Ig and TCR gene 
rearrangements

Å High sensitivity 

Å Standardized 

Å Time-consuming

Å Patient-specific primers needed

NGS5,6 Ig and TCR gene 
rearrangements

10ς6

Å High sensitivity

Å No patient-specific 
primers required

Å Available via reference lab

Å Some are FDA-cleared7

Å Turnaround time (~7 days)

Å Need initial diagnostic sample

ASO-PCR, allele-specific oligonucleotide PCR; FDA, Food and Drug Administration; Ig, immunoglobulin; MRD, measurable/minimal residual disease; NGS, next-generation 
sequencing; PCR, polymerase chain reaction; RT-qPCR, real-time quantitative PCR; TCR, T-cell receptor.
1. Campana D. Am Soc Hematol Educ Progr. 2010;2010:7-12; 2. Brüggemann M, et al. Blood. 2012;120:4470-4481; 3. Schrappe M. Am Soc Hematol Educ Progr. 2012;2012:137-142;  
4. van Dongen JJ, et al. Blood. 2015;125:3996-4009; 5. Chen X, Wood B. Best Pract Res Clin Haematol. 2017;30:237-248; 6. Thol F, et al. Genes Chromosomes Cancer. 
2012;51:689-695; 7. FDA Decision Summary for ClonoSEQ®. https://www.accessdata.fda.gov/cdrh_docs/reviews/DEN170080.pdf. Accessed September 7, 2022.



Flow Cytometry Is the Most Commonly Used Method of 
MRD Detection in the USA

While flow cytometry is frequently used in the USA, RT-qPCR is the most widely 
used technique in European MRD clinical studies2 

Flow 
cytometry

45%

PCR
21%

NGS
11%

Other
22%

Flow cytometry 85%

PCR 0%

NGS 5% Other
10%

Pediatric B-ALL (n = 30)Adult B-ALL (n = 150)

Most Frequently Used Method of MRD Detection Reported by US Physicians1,* 

ϝ.ŀǎŜŘ ƻƴ ŀ ǎǳǊǾŜȅΦ ¢ƻ ōŜ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ŀƴŀƭȅǎƛǎΣ ǇƘȅǎƛŎƛŀƴǎ ǿŜǊŜ ǊŜǉǳƛǊŜŘ ǘƻ ōŜ ǘǊŜŀǘƛƴƎ җ р ǇŀǘƛŜƴǘǎ ǿƛǘƘ .-ALL and to conduct MRD testing.
¢ƘŜ ΨhǘƘŜǊΩ ŎŀǘŜƎƻǊȅ ƛƴŎƭǳŘŜŘ ŎȅǘƻƎŜƴŜǘƛŎǎΣ CL{IΣ ƛƳƳǳƴƻƭƻƎƛŎŀƭ ǘŜǎǘƛƴƎΣ ŀƴŘ Ψbƻǘ ǎǳǊŜΩΦ1

B-ALL, B-cell acute lymphoblastic leukemia; FISH, fluorescence in situ hybridization; MRD, measurable/minimal residual disease; NGS, next-generation sequencing;
PCR, polymerase chain reaction; RT-qPCR, real-time quantitative PCR.
1. Kim C, et al. Hematology. 2019;24:70-78 and supplemental data; 2. Berry DA, et al. JAMA Oncol.2017;3:e170580. 



Wood B, et al. Blood. 2018;131:1350-1359.

/ƘƛƭŘǊŜƴΩǎ hƴŎƻƭƻƎȅ DǊƻǳǇ 
Comparison of MRD by FCM and NGS 

ÅPaired pretreatment and EOI (day 29) samples from 619 patients enrolled on 
AALL0331 (standard-risk protocol) and AALL0232 (high-risk protocol) were used 
for the analysis
Å315 samples were high risk

Å304 samples were standard risk

ÅFCM MRD done at University of Washington or Johns Hopkins 

ÅTissue-banked specimens were sent to Adaptive Biotechnologies for DNA 
extraction and immunosequencing
Å IGH and TRC CDR3 regions were amplified and sequenced 

Å ImmunoSEQ platform was used

ÅEFS and OS were evaluated and compared with MRD assays



Strong Correlation Between MRD by HTS or FCM (0.01%)

Wood B, et al. Blood. 2018;131:1350-1359.



Discordant MRD by HTS or FCM Has Intermediate Prognosis

Å 55 patients with FCM MRDς/HTS MRD+

Å Represented ~38% of patients in SR group 

Å Inferior 5-year EFS, so may be considered as 
higher-risk and ? intensification of therapy

Å HTS in this study can identify higher-risk 
patients

Wood B, et al. Blood. 2018;131:1350-1359.



HTS Can Identify Patients With Excellent Outcomes

Å 56 patients HTS MRDς at EOI down to a cutoff of 0.0001%

Å Represented ~20% of patients in SR group 

Å 8-year OS of 100%

Å These patients require no further therapy intensification 
or novel therapy to attain cure

Å Will not contribute to further randomized questions

Å May be candidates for treatment reductions instead

Å Importantly, the HTS MRDς patients in the HR population 
did NOT show the uniformly 100% OS

Wood B, et al. Blood. 2018;131:1350-1359.



Concordance of BM and PB MRD Assessment

Muffly L, et al. Blood Adv. 2021;5:3147-3151.

Prospective observational study evaluating MRD in 
patients receiving HSCT or CAR T-cell therapy (n = 69)

Å Strong correlation between PB and BM MRD: 
sensitivity 87% and specificity 90% in PB vs BM

ÅMedian time from MRD to clinical relapse 

Å Post-HSCT 90 days

Å Post-CAR 60 days

Å PB MRD NGS monitoring appears to be adequate 
alternative to BM   



Döhner H, et al. Blood. 2017;129(4):424-447; NCCN clinical practice guidelines in oncology: acute myeloid leukemia (Version 2.2021). National Comprehensive Cancer 

Network® website. https://www.nccn.org/professionals/physician_gls/pdf/aml.pdf. Updated November 12, 2020. Accessed November 19, 2020.

MRD Monitoring in AML
Although MRD is emerging as a potential predictive factor of treatment effectiveness and likelihood of disease recurrence, 

consensus on the utility of evaluating MRD in clinical practice has yet to be achieved. The ELN guidelines currently recommend 

MRD assessment before consolidation treatment and throughout disease monitoring as part of the standard of care for AML 

patients. NCCN guidelines recommend MRD after induction chemotherapy to help inform choice of consolidation treatment. 

https://www.nccn.org/professionals/physician_gls/pdf/aml.pdf


MRD in AML

ÅIn the context of MRD assessment, targeted NGS is commonly used for 
serial assessment of mutations found at diagnosis

ÅCaution, as several AML-associated mutations (eg, DNMT3A, TET2, 
ASXL1) are associated with CHIP (DTA)

ÅA meta-analysis of 81 trials with over 11,000 patients found strong 
associations between MRD negativity and superior disease-free survival



Prognostic Impact of MRD in AML (Meta-analysis)

Short N, et al. JAMA Oncol. 2020; 6(12): 1890-1899.



Prognostic Impact of MRD in AML (Meta-analysis)

Short N, et al. JAMA Oncol. 2020; 6(12): 1890-1899.



MRD Presence After Induction Is Prognostic in AML

Jongen-Lavrencic M, et al. N Engl J Med. 2018;378:1189-1199.

DTA mutations = DNMT3A, TET2, ASXL1



NPM1 PB MRD Is Associated With Worse Survival

Ivey A, et al. N Engl J Med. 2016;374:422-433.



Conclusions 

ÅMRD monitoring throughout therapy is needed and critical to guide prognosis and 
risk-directed treatments in ALL; should be standard of care  

ÅMRD monitoring should include early assessment of response to therapy (EOI) and 
post-treatment monitoring for early relapse detection and to guide therapeutic 
intervention prior to overt relapse, ie, continued assessment vs one-time 

ÅNGS/HTS is a robust clinical platform for MRD determination

ÅMore data demonstrate prognostic importance of MRD in AML but no specific 
therapeutic interventions yet 
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Survival in Pediatric and Adult ALL with Classical Intensive 

ChemoRx Regimens 
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p<0.0001

Hunger et al. N Engl J Med. 2015;373(16):1541-1552. Kantarjian H, et al. Cancer. 2022;128:240-259.



SCT for Ph+ ALL: Pre-TKI

ÅDonor (n=60) ï 3-year OS: 37%

ÅNo donor (n=43) ï 3-year OS: 12%

Dombret H, et al. Blood. 2002;100(7):2357-2366.



HyperCVAD + Ponatinib in Ph+ ALL
ω 86 pts Rx; median age 47 yrs (39-61); median FU 75 mos (16-123)

ω CR 68/68 (100%); FCM-MRD negative 85/86 (99%); CMR 84%; 5-yr OS 75%, EFS 68%

Kantarjian. Am J Haematol 98:493-501;2023
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Induction
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Consolidation
6 x 28-day cycles

Post-consolidation
11 x 28-day cycles

Single-agent

Primary endpoint

ÅIntrathecal therapy was performed twice per month for the first 6 cycles for CNS disease prophylaxis

Study design

RR: 2.06 (95% CI=1.19ï3.56)
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Jabbour. JAMA. 2024 May 9:e244783. 



Ponatinib + Blinatumomab in Ph+ ALL: Regimen

Induction phase 

Maintenance phase 

Ponatinib 30 mg

Consolidation phase (C2-C5) 

4 weeks 2 weeks

Ponatinib 15 mg

15 mg for 5 years

30 mg 15 mg (if in CMR)

IT MTX / Ara-C x 12-15Blinatumomab
Jabbour. Lancet Haematol. 2023;10(1):e24-e34



Ponatinib and Blinatumomab in Newly Dx Ph+ ALL
Å62 pts Rx with simultaneous ponatinib 30-15 mg/D and blinatumomab x 5 courses. 12-15 ITs

ÅOnly 2 pt had SCT(3%); Median F/U 17 mos

ÅCR/CRi 98% (CR 95%); CMR 84% (67% after C1); NGS-MRD negativity 94% 

Å2-yr EFS 78%, OS 90%. 7 relapses (all p190): 4 CNS, 1 CRLF2+ (Ph-), 2 systemic. 5/7 WBC >75k
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Ponatinib vs Dasatinib + Blinatumomab in Ph+ ALL

Parameter
Pona+Blina

(n=62; 5 blina)

Dasa+Blina

(n=63; 2+blina)

Dasa+ Blina

(n=24; 3 blina)

Median age (yrs) 58 54 73

% PCR neg

% NGS-clonoSEQ neg

84

94
93 (+PNQ) 63

% 4-yr OS 90 82 75

% allo SCT 3 48 5

Relapses (CNS) 7 (4) 9 (4) 8 [3 T315I]

Jabbour. Lancet Haematol. 2023;10(1):e24-e34. Foa. JCO online, December 23; 2023. Advani. Blood 142: Abst 1499; 2023



Research Rx Algorithm for Ph+ ALL

Ponatinib + blinatumomab 
(unless evidence of CML-LBP)

NGS MRD-

CAR T-cellsContinue 
maintenance TKI

NGS MRD+

NGS MRD- NGS MRD+

Continue 
maintenance TKI

SCT

MRD is assessed by both PCR for 
BCR::ABL1 and NGS MRD, but most 

treatment decisions guided by NGS MRD



Ph+ ALL: Survival by Decade (MDACC 1984-2023) 
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Hyper-CVAD vs ABFM: Overall Survival

Rytting. Cancer. 2014;120:3660-3668; Rytting. Am J Hematol. 2016;91:819.



Hyper-CVAD + Rituximab in Precursor B-ALL

2 3 1 4 5 6 7

Hyper-CVAD

MTX-ara-C

Rituximab

IT MTX, ara-C

Intensive phase 

Maintenance phase 

POMP

1-5 6 7 8-17 18 19 12-24

MTX-asp

20-301-5 8-17 19

2 3 4 5 8

Thomas. JCO 2010; 28:3880-9
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Chemo Rx +/- Rituximab: Results of the Randomized 

GRAALL-R 2005 in PreïB-ALL
ÅMedian follow-up 30 months

Maury. N Engl J Med. 2016;375:1044-53



ChemoRx + Blina in Newly Dx KMT2A-Rearranged ALL

ω30 infants age <1 yr Rx with chemoRx induction, then 1 course blina 
consolidation (15 mcg/m2 x 28), then chemoRx continuation



Hyper CVAD-Inotuzumab Ÿ Blina in Newly Dx Adult ALL
ω75 pts; median age 33 yrs (18-59); Median F/U 26 months (1-77)

ωCR rate 100%; MRD negative 95% (66% at CR); NGS-MRD negative 73%; 60-day mortality 0%; 24 (32%) allo-SCT; 

Nguyen. Blood 142: abst 4245; 2023
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Hyper-CVAD + Blinatumomab + Inotuzumab in B-ALL

Outcome by ALL Risk Outcome by ASCT (5-mo landmark)
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Jabbour. Lancet Haematology 9 : e 878-e885; 2023 



Outcome Prediction by NGS MRD Better Than MFC MRD 

in PreïB-ALL 

Short. Blood Adv. 2022; 6: 4006-14



Frontline Blinatumomab and Inotuzumab Combinations 

in Adult Newly Dx ALL

Jabbour. Lancet Haematology 9: e878-e885;2023. Chiaretti. Blood 142: abst 826; 2023. Boissel. Blood 140: abst 1232; 2021. 
Fleming. Blood 138:1224; 2021  

Agent N
Median Age 

(yrs, range)
% CR

% MRD 

negativity

% OS 

(x-yr)

HCVAD-blina-

inotuzumab

Blinatumomab 

and Inotuzumab
75 33 (18-59) 100 95 89 (4-yr)

GIMEMA 

LAL1913
Blinatumomab 149 41 (18-65) 88 93 71 (3-yr)

GRAALL-

2014-Quest

Blinatumomab
95 35 (18-60) NA 74 92 (1.5 yr)

Low-intensity-

Blinatumomab
Blinatumomab 30 52 (39-66) 100 73 69 (2-yr)



ωAccrual = 488

ωUS intergroup study

ωn = 265/360 (509) patients

ωUSA, Canada, Israel

ω1:1 randomization

E1910 Randomized Phase III Trial: Blina vs SOC 

as Consolidation in MRD-Negative CR

R
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R
E

G
IS

T
E

R

Induction 
chemotherapy

2 cycles, followed by 
4-wk rest period

Discontinue 
study if no CR 

or CRi

Intensification 
chemotherapy

1 cycle

Blinatumomab
2 cycles, with a 
2-wk rest period 
between cycles

No blinatumomab
Proceed to 

consolidation tx or 
blood/marrow 

transplant

Blood/marrow 
transplant

If suitable donor and 
recommended

Blood/marrow transplant
If suitable donor and 

recommended

Consolidation tx
4 cycles chemotherapy + 
2 cycles blinatumomab

Consolidation tx
4 cycles chemotherapy

Maintenance 
chemotherapy
Continued for 2.5 
yr from start of 

intensification tx

If MRD negative

Litzow MR, et al. Blood. 2022;140(suppl 2): abstract LBA-1.



E1910 Randomized Phase 3 Trial: Blina vs SOC as 

Consolidation in MRDï: Outcomes by Number of Cycles 
Å488 pts median age 51 yrs (30-70)

Å224 MRD-negative CR randomized 1:1

Å22 pts (20%) Rx ASCT in each arm 

ÅMedian F/U 43 months; median OS NR vs 71.4 mos (HR=0.42; p=0.003)

ÅNo difference in OS if 1-2 cycles of blina vs control (HR: 0.62; p=0.22)

ÅOS: 1-2 cycles vs 4 cycles (HR: 0.39; p=0.07)

Luger. Blood 142: Abst 2877; 2023

#cycles 121

1 12

2 32

3 4

4 63 (52%)
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MENUOS in MRD-negative Patients
Stratified by Age < 55 or Ó 55 Years

BACK

ECOG-ACRIN E1910 Study

Median OS: NR in both arms; HR: 0.18; 95% CI: 0.06ï0.52;P< 0.001

Treatment Arm TotalFailCNSRMedian

Blinatumomab + chemotherapy66 4 62 -

Chemotherapy 66 21 45 -
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Log rank testP< 0.001

Median OS: NR vs 71.4 months; HR: 0.77; 95% CI: 0.37ï1.58;P= 0.47

OS Comparison: MRDïAge < 55 Years OS Comparison: MRDïAge Ó 55 Years
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CI, confidence interval; CNSR, censored; HR, hazard ratio; MRD, minimal residual disease; NR, not reached;OS, overall survival.

Mattison R, et al. Slides presented at: European Hematology Association (EHA) Meeting June 2023; Frankfurt, Germany, and virtual. Abstract S115.

Adding blinatumomab to chemotherapy improved OS in MRD-negative patients, with the effect of blinatumomab being

particularly evident in patients < 55 years of age
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Adding blinatumomab to chemotherapy improved OS in MRD-negative patients, with the effect of blinatumomab being

particularly evident in patients < 55 years of age

E1910 Randomized Phase 3 Trial: Blina vs SOC as 

Consolidation in MRDï: Outcomes by Age 

Mattison R, et al. EHA 2023; Abstract S115



MDACC vs SEER ALL: Survival by Decades for Ó60 Years   
ω26,801 pts age 65+ yrs. B-ALL 91%

ωOS better in Ph+ (HR 0.68) and 2012-2018 (HR 0.64); worse in secondary ALL (HR 1.15), AA (HR 1.19), and Hispanic (HR 1.1)

ω5 yr OS <20%

Gupta. Blood 140: abst 1379; 2022
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Mini-HCVD + INO ҕ Blina in Older ALL (N=83)

Jen. Blood 142: abst 2878; 2023

ω Median age 68 years (range, 60-утΤ оп҈ җ тл ȅŜŀǊǎύ

ω High-risk features: TP53 39%; Ph-like 18%; poor cytogenetics 23%

ω ORR 99% (CR 90%); MRD negativity 94% (79% at CR)

ω Median F/U 88 months 

ω 5/12 pts with relapse (42%) had EMD (1 concurrent BM 
relapse), all with CNS involvement (5/83; 6%) 

ω Death due PD/NR: 12/83 (15%); median 23 mos (2-78); 
median age 64 yrs (60-79)

ω Death due to AML/MDS: 9/83 (11%); median 34 mos (7-
75); median age 71 yrs (64-87)

ω Death in CR: 33/83 (40%ύΤ ммκну όоф҈ύ ƛƴ Ǉǘǎ җтл ȅǊǎ

ω 14/33 deaths (42%) Rx related (9 sepsis, 3 VOD, 2 ASCT)



Pre-matched Matched

Mini-HCVD + INO ҕ Blina vs HCVAD in Older ALL:

Overall Survival

Jabbour E. Cancer. 2019;125(15):2579-2586.



INO + Blina in Older ALL. Amended Design (Pts Ó70 years)

1

6 months

Dexa 20 mg D1-4 and VCR 1 mg D4

Maintenance phase

Induction (D1-14)

INO* Total dose
(mg/m2)

Dose per day
(mg/m2)

C1 0.9 0.6 D1, 0.3 D8

C2-C4 0.6 0.3 D1 and D8

Blinatumomab

Consolidation phase 

4 52 3

IT MTX, Ara-C

Total INO dose = 2.7 mg/m2

3 41 2
*Ursodiol 300mg tid for VOD prophylaxis

мΩ

мΩ Blinatumomab for 2 weeks 

Rituximab if CD20+
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Chemo Rx-Free Inotuzumab + Blinatumomab in PreïB-ALL 

(Alliance A 041703)

ω33 pts; median age 71 yrs (60-84). Median 
CD22 92%. F/U 22 months

ωInduction: INO 0.8 mg/m2 D1, 0.5 mg/m2 
D8 & 15 (1.8 mg/m2)

ωMaintenance: If CR-CRi INO 0.5 mg/m2 
D1, 8, 15 (1.5 mg/m2) x 2 then BLINA x 2

ωIf no CR-CRiτBLINA 28m cg/D x21 then x 
28 x 3

ωIT x 8

ωCR 85% post INO x 3; cumulative CR 97%

ω1-yr EFS 75%; 1-yr OS 84%

ω9 relapses; 2 deaths in CR. 9 deaths, 6 
post relapse

Wieduwilt. HemaSphere 7: abst S117: 2023

1-year EFS 75% (95% CI: 61-92%)

Median EFS NR (95% CI: 17 mos-NR)

1-year OS 84% (95% CI: 72-98%)

Median OS NR (95% CI: 31 mos-NR)

EFS OS

Inductionwith Inotuzumab
(IA/B/C)

Consolidation with
Blinatumomab

Cumulative CR 
(CR+CRh+CRi)

28/33 (85 %) 32/33 (97 %)

CR 15/33 (45%) 19/33 (58 %)

CRh 11/33 (33 %) 12/33 (36 %)

CRi 2/33 (6 %) 1/33 (3 %)

Refractory 3/33 (9 %)# -



Blina + Low-Intensity ChemoRx in Older Pre-B ALL: Golden 

Gate Safety Run-In Results of Phase 3

Å 10 pts; median age 69 yrs (57ï77); 40% Ó70 yrs

Å 9/10 had molecular response after C1; 7/10 MRD-negative CR

ÅNo Grade Ó3 CRS or ICAN

Jabbour E, et al. ASH 2022; Abstract 2732; 
NCT04994717. Available at https://clinicaltrials.gov/ct2/show/NCT04994717. Accessed January 2024.

Characteristic N=10

Age, median (range), years 69 (57ï77)

Ó70, n (%) 4 (40)

Ó55 to <70, n (%) 6 (60)

>40 to <55, n (%) 0

Response

After 
cycle 1 
(N=10)

After 
cycle 2 
(N=10)

Disease response available, n 10 9

Complete remission 10 8

MRD response 9 7

MRD complete response 7 5

MRD nonresponder 1 1

CRh 0 0

CRi 0 0

Blast-free hypoplastic or aplastic 
BM without CRh or CRi

0 0

Nonresponse 0 0

Relapse 0 1

PD 0 0

PR 0 0



Frontline Blina and Inotuzumab Combinations in 

Newly Dx Older ALL

1. Jen WY, et al. Blood. 2023;140:abstract 2878; 2. Advani AS, et al. J Clin Oncol. 2022;40:1574-1582; 3. Chevallier P, et al. Blood. 2022;140:abstract 2724; 
4. Goekbuget N, et al. Blood. 2023;140:abstract 964; 5. Stelljes M, et al. J Clin Oncol. 2023; 6. Wieduwilt M, et al. HemaSphere. 2023;7:abstract S117.

Agent N
Median Age, 

yr (range)
CR, %

MRD 

negativity, %

OS, % 

(x yr)

Mini-HCVDï

inotuzumabï
blinatumomab1

Blinatumomab 

and inotuzumab
83 68 (60ï87) 90 94 49 (5 yr)

SWOG 13182 Blinatumomab 31 73 (66ï86) 66 92 37 (3 yr)

EWALL-INO3 Inotuzumab 131 69 (55ï84) 88 57 54 (2 yr)

GMALL Bold4 Blinatumomab 50 65 (56ï76) 85 82 67 (3 yr)

INITIAL-15 Inotuzumab 43 64 (56ï80) 100 71 73 (3 yr)

Alliance6 Ino + Blina 33 71 (60ï84) 97 -- 67 (2 yr)



Research Algorithm for Ph-Negative B-ALL in 2024+

Hyper-CVAD + INO + blinatumomab

High-risk disease features Others

MRD- MRD+

Continue 
maintenance

CAR T-cells

MRD- MRD+

CAR T-cells CAR T-cells

MRD- MRD+MRD- MRD+

Observe SCT Observe SCT



ALL 2024+: Conclusions
ωSignificant improvements across all ALL categories

ωPh-positive ALL

ςPonatinib > imatinib --- evaluating newer TKI (olverembatinib, asciminib)

ςBlina-ponatinib: 3-year OS 90%, rarely allo-SCT 

ςCNS relapses: 15 IT vs systemic chemotherapy in WBC >70K

ωIncorporation of Blina/INO in FL therapy highly effective and improves survival

ςHCVAD-blina-ino: 3-year OS 88%

ςMini-HCVD-INO in older ALL: 5-year OS 50% 

ςExploring chemotherapy-free approach to reduce death in CR in older ALL   

ωEarly eradication of MRD predicts best overall survival

ςNGS > FCM in Ph-negative ALL, NGS > PCR in Ph-positive 

ωAntibody-based Rxs and CAR Ts both outstanding; not mutually exclusive/competitive (vs); rather complementary 

ςCAR T as consolidation post Blina/Ino based regimen   

ωFuture of ALL Rx

ς1) less chemotherapy and shorter durations 

ς2) combinations with ADCs and BiTEs/TriTEs targeting CD19, CD20, CD22, CD79 

ς3) SQ blinatumomab 

ς4) CAR Ts CD19 and CD19 allo and auto in sequence in CR1 for MRD and replacing ASCT
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Leukemia Questions?

ÅEmail: ejabbour@mdanderson.org

ÅCell: 713-498-2929

ÅOffice: 713-792-4764
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AYA patients with ALL: 

Current treatment approach 

for this diverse patient 

population

Jae Park



Why is it important to talk about this?

92.3%

66.9%

45.3%

In a large cohort of 
adults with ALL: 

67.3% AYA

Adolescent and 
young adults (AYA): 

15ς39 years

Crespo-Solis E, et al. Cancer Med. 2018;7:2423-2433; National Cancer Institute. Surveillance, Epidemiology, 
and End Results Program. Updated April 17, 2024. https://seer.cancer.gov/explorer/application.html  

https://seer.cancer.gov/explorer/application.html


Acute Lymphoblastic Leukemia

Ph-positive Ph-negative

AYA (18ς39 yr) Adult (40ς60 yr) Older adult (>60 yr)

Pediatric or 
Peds inspired

Adult regimens Low intensity

Add TKI



Definition of AYA Can Vary Depending on Trial

Group Age Group (yr)

DFCI 18ς50

Spanish 15ς30

French 15ς60

CALGB 10403 17ς39

SWOG 805 18ς50

AYA definition is relatively loose and driven by tolerability of therapy

DeAngelo DJ, et al. Leukemia. 2015;29:526-534; Huguet F, et al. J Clin Oncol. 2009;27:911-918; Ribera JM, et al. J Clin Oncol. 2008;26:1843-1849. 



Problem: Poor Outcomes in ALL in Adults

1. Hunger SP, et al. N Engl J Med. 2015;373:1541-1552; 2. Rowe JM, et al. Blood. 2005;106:3760-3767.

OS among children with ALL in clinical trials: 
1968ς20091 

OS by age among adults with Ph-negative ALL 
in ECOG E29932
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ALL in Children: A Success Story

Hunger SP, et al. N Engl J Med. 2015;373:1541-1552.

OS among children with ALL in clinical trials: 
1968ς2009 
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First anti-asparaginase (ASNase) 
approved by FDA 
Native E coli-derived L-asparaginase 
in multiagent chemotherapy regimens
for treatment of patients with ALL 

1970ς1972 (N = 499)
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Why Do We Use Asparaginase?

P =.04

Protocol 77-01: 
3-drug induction ± weekly high-dose ASNase1 4-drug induction ± intensive ASNase2 

1. Courtesy of Steve Sallan, MD; 2. Clavell LA, et al. N Engl J Med. 1986;315:657-663. 
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Adolescents and Young Adults With ALL 
Have Inferior Outcomes Compared With Children 

ÁAcute leukemia is a leading cause 
of cancer mortality in US in AYA 
patients aged 15ς39 yr

ÁAYA patients with ALL have worse 
survival than children

ÁA major clinical advance was 
recognition that pediatric 
regimens improve outcomes 
among AYA

Siegel SE, et al. JAMA Oncol. 2018;4:725-734; National Cancer Institute. Surveillance, Epidemiology, and End 

Results Program. Cancer Stat Facts: Cancer Among Adolescents and Young Adults (AYAs) (Ages 15ς39). 2022. 
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aExtrapolation by joinpoint analysis into adult age range.



Genetic Aberrations in ALL

Roberts KG, et al. Hematology Am Soc Hematol Educ Program. 2018;2018:137-145.



Outcomes in AYA Patients Improved With Pediatric Regimens 

Á AYA patients with ALL have better outcomes 
when receiving pediatric-inspired regimens

Reported by Stock et al in 2008 retrospective 
study of AYA patients aged 16ς20 yr who 
received treatment on pediatric (CCG) or 
adult (CALGB) trials from 1988ς2001

Replicated by several groups

Stock W, et al. Blood. 2008;112:1646-1654.

Regimen No. AYA
7-Yr OS, 

%
Relative 

HR
Log-Rank 
P Value

CCG 197 67 -- .0002

CALGB 124 46 1.9 --

Pts at 
Risk, n

OS with historical CALGB vs CCG in 
AYA patients aged 6ς21 yr1

CALGB 7-yr OS: 46%

CCG 7-yr OS: 67%

Log-rank P = .0002
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Pediatric Regimens Decrease CNS Relapse Rates 
in AYA Patients

Stock W, et al. Blood. 2008;112:1646-1654.

Comparison of isolated CNS relapses

7-yr rate, % Relative incidence rate
CCG 1 9.2 (CI: 2.0ς42.7; 

log-rank P = .0006)CALGB 11
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Muffly L, et al. Blood Adv. 2018;2:895-903.

Regimens Used in AYA Patients With ALL

ÁCalifornia residents aged 15ς39 yr at 
time of ALL diagnosis between January 
1, 2004, and December 31, 2014, from 
the California Cancer Registry

100%
pediatric

ALL regimens24%
pediatric

ALL regimensPediatric cancer 
treatment setting (n = 475)

Adult cancer 
treatment setting (n = 998)

AYA patients with ALL receiving pediatric regimens 
by treatment setting (N = 1473) 



68%

32%

Treatment setting

AYA ALL: Patterns of Care and Outcomes

ÁObservational study of frontline 
ALL regimens in AYA patients in 
California from 2004ς2014 (N = 1473)

ÁAdult regimens (75.6%)

Hyper-CVAD: 42.6%

Cooperative Group: 17.4%

Linker: 11.6%

Other: 3.8%

ÁPediatric regimens (24.3%)

C10403: 9.3%

BFM: 6.2%

Cooperative Group: 5.2%

Other: 3.4%

Muffly L, et al. Blood Adv. 2018;2:895-903.

Pediatric 
center

(n = 475)

Adult 
center

(n = 998)



Principles of Pediatric vs Adult ALL Regimens 

ÁMultiple chemotherapy drugs 

ÁMore asparaginase and corticosteroids

ÁLess myelotoxic drug

Anthracyclines

Alkylating agents

ÁBetter time- and dose-adherence

ÁAllo-BMT only for very high risk

CALGB 10403



Prognosis of AYA Patients Improved With 
Pediatric Regimens

5-yr OS for patients aged 20ς50 yr: 20% to 45%

9нффо ά!Řǳƭǘέ ǇǊƻǘƻŎƻƭ1 5C/L άtŜŘƛŀǘǊƛŎέ ǇǊƻǘƻŎƻƭ2,3

5-yr OS for patients aged 20ς50 yr: 60% to 70%

1. Rowe JM, et al. Blood. 2005;106:3760-3767; 2. Vrooman LM, et al. J Clin Oncol. 2013;31:1202-1210; 3. DeAngelo DJ, et al. Leukemia. 2015;29:526-534.
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Improved Survival for AYA Patients: CALGB 10403

Á72% survival at 3 years ÁImmunophenotype: B cell vs T cell

Stock W, et al. Blood. 2019;133:1548-1559.

OS

Month

36-mo OS, %: 72.6 (95% CI: 67.6ς78.1)
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Early MRD Eradication: CALGB 10403

3-yr DFS: 85%

3-yr DFS: 56%

Stock W, et al. Blood. 2019;133:1548-1559.

DFS by MRD status
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36-mo OS, % (95% CI)

1. Stock W, et al. Blood. 2019;133:1548-1559; 2. Stock W, et al. Blood. 2008;112:1646-1654.

3-yr OS1: 72%
3-yr EFS1: 59%

CALGB OS2: 46%
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CALGB 10403: Outcomes With Pediatric Regimen 
in AYA Patients
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Advani AS, et al. Blood Adv. 2021;5:504-512.

Although tolerable, 
further dose 

intensification of 
pediatric regimens 
may not be feasible 
in most AYA patients 
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Impact of Omitting Asparaginase Doses in ALL

ÁErwiniaASNase as substitution 
was approved in 2011 for 
allergic reactions

However, it has been 
intermittently unavailable 
because of drug supply issues

ÁHigher-risk patients who 
missed prescribed doses of 
ASNase altogether had 50% 
increased risk of relapse

Gupta S, et al. J Clin Oncol. 2020;38:1897-1905.

DFS of NCI high-risk patients on 
COG AALL02321.
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Aged Older Than 50 Years Is Too Old for Pediatric 
Regimen: Toxicities 

Huguet F, et al. J Clin Oncol. 2018;36:2514-2523.

55ς59 yr

P = .02

P <.001

EFS by age subsetsa

aGRAALL-2005: randomized trial evaluating a pediatric-inspired hyper-
CVAD protocol in adults aged 18ς59 yr with Ph-negative ALL.



Pediatric-Inspired Chemotherapy Regimen vs HCT: 
Overall Survival
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Chemotherapy vs HCT: Cumulative Incidence of Relapse
C

u
m

u
la

tiv
e

 I
n
c
id

e
n

ce
 o

f 
R

e
la

p
se

, 
%

Years Since CR1

Seftel MD, et al. Am J Hematol. 2016;91:322-329.

100

0

20

40

60

80

HR: 1.77 (95% CI: 1.07ς2.94; P = .0272)

Chemo (n = 107)

2 6531

HCT (n = 422) 

0 4



Chemotherapy vs HCT: Cumulative Incidence 
of Treatment-Related Mortality
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AYA Challenges and Survivorship



Major Patient-Centered Concerns Facing AYA Cancer Survivors

Health 
related

Behaviors/ 
emotions

Disrupted 
life goals

Social 
relationships

Cancer 
diagnosis 

and therapy

Baker KS, Syrjala KL. Hematology Am Soc Hematol Educ Program. 2018;2018:146-153.



Psychosocial Barriers

Adherence

>12 years: less 
adherence to 6-
mercaptopurine

Fertility
Costs related to 

fertility 
preservation

Financial Insurance 

Inclusion in clinical 
trials

Bhatia S, et al. J Clin Oncol. 2012;30:2094-2101.



Impact of Physical and Mental Impact at Work 
in AYA Cancer Survivors

Variable CT/No CT, n (%) OR 95% CI 

Interfered with physical tasks required by job
ÁNo
ÁYes

96/119 (44.7)
187/115 (61.9)

1.00
1.97

Ref
1.22ς3.11

Interfered with mental tasks required by job
ÁNo
ÁYes

144/189 (43.2)
269/130 (67.4)

1.00
3.22

Ref
2.15ς4.79

Extended paid time off from work, unpaid time off, or a change 
in hours, duties, or employment status
ÁNo
ÁYes

64/108 (37.2)
352/212 (62.4)

1.00
3.56

Ref
2.31ς5.47

Extended paid time off from work
ÁNo
ÁYes

115/63 (64.6)
228/138 (62.3)

1.00
1.02

Ref
0.62ς1.67

Unpaid time off from work
ÁNo
ÁYes

159/96 (62.4)
183/103 (64.0)

1.00
1.39

Ref
0.79ς2.36

Ketterl TG, et al. Cancer. 2019;125:1908-1917.



Á Cardiac

Cardiomyopathy

Obesity, HTN, dyslipidemia

Thrombosis

Á Endocrine

Anterior pituitary dysfunction: GH, LH, FSH, 
ACTH, TSH

Ovarian dysfunction

Testicular dysfunction

Á Reproductive

Fertility

Sexual dysfunction

Á Musculoskeletal

Osteonecrosis

Osteopenia

AYA Cancer Survivorship

Á Health behaviors

Risky behaviors

Diet/exercise

Á Healthcare needs

Chronic healthcare needs

Access

Á Emotional adjustment

Fear of recurrence

Anxiety/PTSD

Á Social relationships

Á Employment/finances

Complete education

Career/debt/financial stress

Baker KS, Syrjala KL. Hematology Am Soc Hematol Educ Program. 2018;2018:146-153.

Treatment Complications Psychosocial Impact



Pediatric Regimens Rely on Steroids and Asparaginase 
With Unique Toxicities 

ÁThrombosis and bleeding

ÁPancreatitis

ÁHepatic toxicity

ÁMetabolic syndrome (hyperglycemia, hypertriglyceridemia)

ÁOsteonecrosis ς late toxicity, less understood

Mattano LA Jr, et al. J Clin Oncol. 2000;18:3262-3272; Patel B, et al. Leukemia. 2008;22:308-312; Vrooman LM, et al. J Clin Oncol. 2013;31:1202-1210; 
Albertsen BK, et al. J Clin Oncol. 2019;37:1638-1646; Burke PW, et al. ESMO Open. 2020;5:e000858.

Toxicities disproportionately affect older children and adults 





ÁMultidisciplinary support

Infectious disease, dermatology 
(same clinic)

Fertility/endocrine

Cardio-oncology, renal-oncology, 
neuro-oncology

ÁSocial work, psychology, psychiatry

ÁAYA support group

ÁNon-English speakers paired with 
primary translator; consent forms 
translated into native language

¢ƘŜ !¸! ά±ƛƭƭŀƎŜέ

ÁMDs with special interest/focus in ALL

ÁMD-NP teams

ÁRN infusion teams (primary nurse 
model)

ÁAYA monthly interdisciplinary 
meetings

ÁClinical trials that cross age 
boundaries (b/w peds and adults)

ÁClinical and scientific pediatric/adult 
ALL conferences



Conclusions

ÁAdministration of dose-intensified pediatric regimen in adults is feasible 
with acceptable toxicity

ÁThis approach translates into better survival for adults with ALL

3-yr OS: 75%; 3-yr DFS: 73% (42.2-mo f/u)1

PEG-ASNase has increased toxicity in older adult patients as well as patients with high BMI 
(>30)

ÁMany challenges remain 

Psychosocial issues

Practice patterns

Biology (Ph-like signature)

MRD status

1. DeAngelo DJ, et al. ASH 2015. Abstract 80.

Can apply the multidisciplinary approach and survivorship 
clinics to adults >40 yr 



Q&A



ALL case -based 
panel discussion

Case 1 ALL: Mridula Mokoonlall 
(Australia)

Case 2 ALL: Rithin Nedumannil

(Australia)

Moderator: Elias Jabbour



Case 1
Mridula Mokoonlall  



B-ALL case discussion

Mridula Mokoonlall

The Alfred Hospital, Melbourne

August 23, 2024



Mr V ς 54-
year-old 
gentleman

ÅPhiladelphia-negative B-acute lymphoblastic 
leukemia

ÅDiagnosed on 1/02/2022

ÅBM: 77% blasts and PB WCC of 2.0 × 109/L

ÅCG: no mitosis but FISH neg for BCR-ABL and 
KMT2A rearrangement
ī(46,XY at relapse)

ÅFlow cytometry: dim CD19 and CD20 neg 
with aberrant expression of myeloid 
markers CD13 and CD33



Comorbidities

ÅCharlson Comorbidity Index score 1 (for age)
īNil significant medical history

īNonsmoker and minimal alcohol

ÅMigrant from Sri Lanka; family with 2 siblings and children

ÅWorks in IT



ÅRisk stratification

ÅTreatment decision



Hyper-CVAD 
protocol

ÅC1A: morphologic remission with low-level MRD positivity 
0.008%*

ÅC1B: complicated by severe AKI secondary from 
methotrexate, subdural hygromas due to CSFleak, and 
complicated by acute SDH ς nil further IT therapy 
deliverable

īProphylactic cranial radiotherapy 

īSystemic chemotherapy postponed due to severe SDH 

Ҧ Commenced on POMP protocol with 6-MP + Mtx + Pred 
with MRD relapse

ÅC2A: well enough 3 months laterς morphologic remission 
and MRDnegativity

ÅC2B, C3A, and C3B completed with MRD-neg CR

*MRD by multiparametric flow cytometry and IGH VH6 by RT-PCR.



Next step



Reduce- 
intensity 
conditioning 
allograft

ÅDate of transplant: 10 months post-diagnosis 

ÅMatched sibling donor (ABO/Rh mismatched, CMV 
R+/D+)

ÅConditioning:Flu-Mel 

ÅGvHD prophylaxis: PTCy-CSA

Posttransplant complications

ÅGrade 3 GUT aGvHD by D35 
īSteroid responsive (oral prednisolone and 

budesonide)

ÅCNI induced/transplant-associated TMA
īCSA switched to sirolimus

ÅBK viral reactivation with cystitis and hematuria

ÅLow-level CMV viremia on valganciclovir

ÅSignificant deconditioning with ECOG down to 3

ÅGraft function: neutropenia and thrombocytopenia 
(still persistent)



Response post-AlloSCT

ÅD+30 and D+90 ς BMAT: remains in MRD-neg CR



Early relapse at 8 months post-
allograft

ÅRepeat BM at8 months: In morphologic remission but MRD detected, FCM 
0.89% and IGH VH6 1 × 10-2

īWas still needing intermittent GCSF doses, and Plt count between 40ς65 × 109/L

Å2 weeks later repeat BM ς 7% blasts morphologically

At the time, functionally improved ς ECOG 1



Salvage plans post-
allogeneic transplant



What is the treatment of 
choice after relapse post-

allograft at CR1?

A. IV blinatumomab

B. Inotuzumabozogamicin

C. Repeat allogeneic transplant

D. CAR T therapy

?



Salvage blinatumomab as bridging 
therapy

ÅSalvage IV blinatumomab and intrathecal chemotherapy

ÅCycle 1:Possible neutrophilic dermatosis (Sweet syndrome) ς necessitating course 
of prednisolone
īMRD detected <1 × 10-4 after 1 cycle of blin

ÅC2 complicated by grade 2 ICANS (Nadir ICE score ~6) managed with IV 
dexamethasone, and in setting of hypotension (no fevers) hadblinatumomab 
interrupted 

ÅC3 complicated by Klebsiellaoxytocabacteremia(EOC3 MRD neg)



CAR T

ÅAutologous CAR T (brexucabtagene) 

ÅComplications: Low-grade CRS/ICANS but 
had parainfluenza and LRTI

ÅD28 BMAT ς MRD negative

ÅMRD detected ς 3 months post-
brexucabtagene

ÅRelapsed disease with 10.5% blasts on 
follow-up marrow after a few weeks



Treatment options 
post-CAR T relapse



What is the treatment of 
choice afterrelapse post-CAR T 

delivered at CR2?

A. Chemotherapy

B. CD19 bispecific engager (clinical trial vs IV blinatumomab)

C. Inotuzumabozogamicin

D. Second allogeneic transplant ς same or different donor

?



Clinical trials option as bridging 
therapy

ÅEnrolled currently onto AMGEN Study (20180257) ς Ph2a3/Ph2a4 dose 
expansion with SubQ blinatumomab

ÅIntention to bridge to second allogeneic transplant with different sibling 
donor 



Thank you



Case 1 ² Discussion
Mridula Mokoonlall  



Case 2
Rithin Nedumannil



GLOBAL LEUKEMIA ACADEMY

ALL (AYA) Clinical Case
August 23, 2024

Rithin Nedumannil,
MBBS, MPH, FRACP, FRCPA

Peter MacCallum Cancer Centre, Victoria, Australia
Email: rithin.nedumannil@petermac.org



Initial diagnosis

29 yo female constitutional trisomy 21 (Down syndrome)
ÅVery active, independent ADLs, lives with parents, perineal lichen planus

CD19+ CD20+ CD22+ positive, Ph-like (CRLF2 rearranged) preςB-ALL

Presented unwell with leukocytosis

ÅWCC 641 × 109/L, Hb 50 g/L, PLT 36 × 109/L; Film 99% blasts 

ÅFlow: CD19+, 10+bright, 20+, 22+, 24+, 34+, 38+dim, 58+, 9+, cyt79a+, MPOς

ÅCG: 21+; FISH for BCR-ABL1, KMT2A, ETV6/RUNX1 negative 

ÅBCR::ABL1 qualitative PCR not detected

ÅWGS: IGH::CRLF2 rearrangement 

ÅNGS (amplicon panel)
ÅJAK2 c.2044A>T; p.(Ile682Phe)

ÅNRAS c.35G>A; p.(Gly12Asp)

ÅATM c.4618G>T;p(Asp1540Tyr) VUS



AYA induction 

ÅCommenced pre-phase steroids and vincristine 

ÅRequired emergency leukapheresis and intubation to facilitate 
management and insertion of lines

ÅOmmaya inserted, CSF not involved by flow cytometry or cytology 

ÅCommenced AYA (COG AALL0232)induction with rituximab: May 2022

ÅSlow early response: BMAT D14: 20% blasts on aspirate; 40%ς50% blasts 
by CD19/CD34 IHC, flow 53% blasts with immunophenotypic switch 
CD45dim, 34+, 19+, 10+ bright, 20ς, 22ς, 24+, 38-, 58+

ÅPost-induction BMAT D27: 3.3% blasts on aspirate, CD19/34/PAX5 IHC 5%ς
10% blasts; flow 3.8% MRD CD45+dim, 34+, 19+ (with a dim tail of 30%), 
10+, 20ς, 22 partial (20% positive), 24+, 38ς, 58+



Salvage blinatumomab

ÅCommenced salvage blinatumomab for refractory disease post-AYA 
induction

ÅBMAT post-cycle 1: morphologicremission (CR1), no immunophenotypic 
evidence of MRD by flow

ÅDiscussion regarding transplant: high risk of toxicity and poor tolerance of 
ǘƻȄƛŎƛǘƛŜǎκǇǊƻŎŜŘǳǊŜǎ ǊŜǉǳƛǊŜŘΣ ǎǳǇǇƻǊǘŜŘ ōȅ ƳƻǘƘŜǊΩǎ ǇǊŜŦŜǊŜƴŎŜǎΣ ŎŀǎŜ 
discussed at allograft MDM

ÅCompleted total 5 cycles of blinatumomab + IT MTX

ÅBMAT post-cycle 5: ongoing morphologic remission, no immunophenotypic 
evidence of MRD by flow (sensitivity 10-4 to 10-5)

ÅPlanned for POMP maintenance: delayed due to GI issues



First relapse 

ÅRelapse3 months post-completion of fifth cycle of blinatumomab 

ÅFBE Hb 140 g/L WCC 26 × 109/L PLT 341 × 109/L with 28% circulating blasts 

ÅBMAT: blasts 72% on aspirate, crushed trephine 

ÅFlow cytometry: CD45+, 19+, 10+ (bright), 20ς, 22+, 24+, 34+, 38ς, 58+

ÅCG: constitutional trisomy 21

ÅFISH: CRLF2 rearrangement (using CRLF2 BA probe)

ÅNGS: JAK2 c.2044A>T; p.(Ile682Phe), NRAS c.35G>A; p.(Gly12Asp), NRAS 
c.34G>A; p.(Gly12Ser), ATM c.4618G>T;p(Asp1540Tyr) VUS

ÅCSF not involved by flow or cytology



Summary of treatment course

Relapse
3 mo after
Blin ceased

COG0232 induction
(dose modified)

Admitted to ICU

Spontaneous TLS
Renal support
Intubated

Pre-phase
Vinc + PNL

D15 BM SER (50%)

D27 BM (6%) 

Many discussions with 
Å Family
Å Transplant physicians 
Å Decision not for alloSCT 

in CR1 (family)

Blinatumomab
IT MTX

No CNS

6 months

MRD neg
after C1

POMP
planned



How would you treat this patient?

1. Chemotherapy

2. Inotuzumab

3. CD19-targeted CAR T

4. Inotuzumab then CAR T

5. Inotuzumab then allograft

Q



Salvage inotuzumab and CAR T

ÅSalvage inotuzumab: Achieved morphologic remission (CR2) with no 
immunophenotypic evidence of MRD by flow (sensitivity 10-3) post-cycle 1 
inotuzumab 

ÅEnrolled YTB323 CAR T (trial) CD19/CD22 ALL arm 

ÅCommenced FC LD chemotherapy 1/12 post-completion of inotuzumab 
followed by infusion of YTB CAR T

ÅNo CRS/ICANS

ÅBMAT D28 post-CAR T: ongoing morphologic remission, no 
immunophenotypic evidence of MRD by flow (sensitivity 10-4 to 10-5); 
NGS no KRAS/JAK2 variants detected

ÅBMAT 3 months post-CAR T: ongoing morphologic remission, no 
immunophenotypic evidence of MRD by flow (sensitivity 10-3 to 10-4)



Second relapse ς more CAR T 
Å Relapse 6 months post-YTB CAR T: incidental finding on 6-month BMAT

Å FBE Hb 143 WCC 3.0 ANC 1.8 PLT 121

Å BMAT: aspirate 5% blasts, CD34/19 IHC 10%, flow 2.6% blasts CD45+, 19+, 10+ (bright), 20ς, 22+, 24+, 
34+, 38ς, 58+

Å CSF not involved by flow or cytology 

Å Bridging prednisolone and vincristine 

Å Second YTB323 CAR T infusion (compassionate access) following FC LD 

Å Grade 2 CRS treated with tocilizumab and dex, no ICANS

Å Circulating blasts D23 post-second CAR T infusion with rising LDH and uric acid

Å PB flow confirmed B-lymphoblasts, CD45+ (dim), 19+, 10+ (bright), 20 bimodal (positive and dim in 
50%), 22+, 24+, 34+, 38ς, 58+

Å BMAT D28:frank refractory B-ALL, 99% blasts on aspirate

Å Discussed allogeneic SCT, declined in view of toxicities, higher TRM risk. Main goals are to optimize QOL 
and minimize time in hospital 



Summary of treatment course

Relapsed
6 mo after
first CAR T

COG0232 induction
(dose modified)

Admitted to ICU

Spontaneous TLS
Renal support
Intubated

Pre-phase
Vinc + PNL

D15 BM SER (50%)

D27 BM (6%) 

Many discussions with 
Å Family
Å Transplant physicians 
Å Decision not for alloSCT 

in CR1 (family)

Blinatumomab
IT MTX

No CNS

6 months

MRD neg
after C1

First relapse

Inotuzumab

MRD neg 
after C1

CAR-T trial
YTB323
CD19/22
MRD neg

POMP
planned

3 mo after
Blin ceased



How would you treat this patient?

1. Chemotherapy

2. Chemotherapy + ruxolitinib

3. Blinatumomab

4. Inotuzumab

5. Inotuzumab then allograft

Q


