
Global Leukemia 
Academy

Emerging and Practical Concepts and 
Controversies in Leukemias

23²24 July 2020 



Welcome and 
Meeting Overview

Elias Jabbour and Eduardo Rego



Meet the Faculty

*INCMNSZ, Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán. 

3

Patrick Brown, MD
Associate Professor of Oncology 

and Pediatrics, Director 

Pediatric Leukemia Program 

Johns Hopkins University 

Baltimore, MD, USA

Roberta Demichelis, MD
Assistant Professor in the Department 

of Hematology/Oncology 

INCMNSZ*

Mexico City, Mexico 

Aaron Logan, MD, PhD
Associate Professor of Clinical 

Medicine, Director Hematologic 

Malignancies Tissue Bank

University of California, San Francisco 

San Francisco, CA, USA

Elias Jabbour, MD
Professor of Medicine 

Department of Leukemia 

University of Texas 

MD Anderson Cancer Center 

Houston, TX, USA

Eduardo Rego, MD, PhD
Professor in the Faculty of Medicine 

Medical School of Ribeirão Preto 

São Paulo, Brazil



4

Objectives of the Program

Understand current 

treatment patterns for 

ALL including 

incorporation of new 

technologies  

Uncover when genomic 

testing is being done for 

ALL, and how these tests 

are interpreted and 

utilized 

Understand the role of 

stem cell 

transplantation in ALL 

as a consolidation in 

first remission 

Comprehensively 

discuss the role 

of MRD in 

managing and 

monitoring ALL

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 

ALL 

Review 

promising 

novel and 

emerging 

therapies in 

ALL



Virtual Plenary Sessions (Day 1)
TIME UTC-3 TITLE SPEAKER

17.00 ï17.10 Welcome and meeting overview; introduction to the voting system Elias Jabbour, Eduardo Rego

17.10 ï17.25 Review of prognostic value of MRD in ALL Elias Jabbour

17.25 ï17.40 How and when to check for MRD in ALL Eduardo Rego

17.40 ï17.55 MRD assessment and management in CR1 vs CR2 and beyond Aaron Logan

17.55 ï18.10 Genetic variants in ALL ïPh+ and Ph-like Elias Jabbour

18.10 ï18.25
AYA ALL patients ïwhat is the current treatment approach for this diverse patient 

population? 
Patrick Brown 

18.25 ï18.45 Break

18.45 ï19.00
Bispecific T-cell engagers as post-reinduction therapy improves survival in pediatric 

and AYA B-ALL 
Patrick Brown

19.00 ï19.45

Panel discussion on the role of HSCT

Å Experience of HSCT in the region (ARS-guided assessment)

Å Pros and cons of HSCT, COVID-19 impact and measures

Å Discussion and voting

Moderator: Elias Jabbour

Eduardo Rego

Aaron Logan 

All faculty: A. Logan, P. Brown, E. 

Jabbour, E. Rego, R. Demichelis

19.45 ï20.25

Debate on CD19-targeted approaches

Å CAR T

Å Monoclonal antibodies and bispecifics

Å Discussion and voting

Moderator: Eduardo Rego

Patrick Brown

Elias Jabbour: 

All faculty: A. Logan, P. Brown, E. 

Jabbour, E. Rego, R. Demichelis

20.25 ï20.55

Emerging data and the management of ALL patients during COVID-19

Å Presentation

Å Panel discussion

Moderator: Eduardo Rego

Elias Jabbour

All faculty

20.55 ï21.00 Session close Elias Jabbour, Eduardo Rego



TIME UTC-3 TITLE SPEAKER

17.00 ï17.15
Session opening

Å Educational ARS questions for the audience
Patrick Brown

17.15 ï17.35

First-line treatment of pediatric ALL

Å Presentation

Å Q&A

Lia Gore

17.35 ï17.55

Current treatment options for relapsed ALL in children including HSCT and 

COVID-19 considerations

Å Presentation

Å Q&A

Franco Locatelli

17.55 ï18.15

Bispecific T-cell engagers for pediatric ALL

Å Presentation

Å Q&A

Patrick Brown

18.15 ï18.45

Case-based panel discussion: Management of long- and short-term toxicities 

and treatment selection in pediatric patients

Panelists: María Sara Felice (Arg), Oscar González Ramella (Mex), Adriana 

Seber (Bra), Carlos Andres Portilla (Col)

Maria Sara Felice

Carlos Andres Portilla

Discussion

18.45 ï19.00
Session close

Å Educational ARS questions for the audience
Patrick Brown

Virtual Breakout: Pediatric ALL Patients (Day 2)
Chair: Patrick Brown



Virtual Breakout: Adult ALL Patients (Day 2)
Chair: Elias Jabbour

TIME UTC-3 TITLE SPEAKER

17.00 ï17.15
Session opening

Å Educational ARS questions for the audience
Elias Jabbour, Eduardo Rego

17.15 ï17.35

Optimizing first-line therapy in adult and older ALL ïintegration of 

immunotherapy into frontline regimens

Å Presentation

Å Q&A

Elias Jabbour

17.35 ï17.55

Current treatment options for relapsed ALL in adult and elderly patients

Å Presentation 

Å Q&A 

Aaron Logan

17.55 ï18.45

Case-based panel discussion 

Management of long- and short-term toxicities and treatment selection in 

adult and elderly patients

Panelists: Elias Jabbour, Eduardo Rego, Aaron Logan, Roberta Demichelis

Roberta Demichelis 

Eduardo Rego

Discussion 

18.45 ï19.00
Session close

Å Educational ARS questions for the audience
Elias Jabbour



Introduction to the 
Voting System

Elias Jabbour



Where are you from?

a)Argentina

b)Brazil

c)Colombia

d)Mexico

e)Peru

f) Other

Question 1
Q



How many patients with ALL are you currently following?

a) 0

b)1ï5

c)6ï15

d)16ï20

e)Ó21

Question 2
Q



Question 3

How do you assess for minimal residual disease (MRD)?

a)We do not check for MRD

b)Multicolor flow

c)Molecular PCR

d)Next-generation sequencing platform

Q



Review of Prognostic 
Value of MRD in ALL 

Elias Jabbour
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Survival of 972 Adults With PhïALL

15

Å972 pts Rx 1980ï2016; median F/U 10.4 years

Sasaki. Blood. 2016;128:3975.

16%

44%

28%



Minimal (measurable) Residual Disease

ÅConcept first described 40 years ago

ÅMain methods are flow cytometric detection of leukemic 

immunophenotype (LIP), detection of ALL fusion transcripts, and 

detection of antigen receptor rearrangements commonly to 10-4

(1:10,000 cells)

ÅTiming of testing varies widely

ÅImportant interaction with leukemic subtype and genomic alterations

ÅRole of more-sensitive tests, and with newer treatment approaches 

less clear



Question 1

When do you assess for MRD?

a)Monthly

b)At CR

c)At 3 months from induction

d)At CR and 3 months from induction, and every 3 months thereafter

e) I never check for MRD

Q



How to Define the Risk?

Č Can be defined BEFORE treatment 

Č And/or redefined DURING treatment

ÅMRD, which can possibly better define transplant 

candidates

ÅSteroid pretreatment                                 



Treatment of ALL Before the MRD Era: 

High CR Rates but Relapse Is Common

Adapted from Pui CH, et al. N Engl J Med. 2006;354:166-178. 

Study N
Median Age, Year 

(range)
Ph+, % T Cell, % CR, % DFS, %

MRC/ECOG E2993 1826 31 (15-65) 19 20 91 38 at Ó3 yr

CALGB 19802 163 41 (16-82) 18 ï 78 35 at 3 yr

GIMEMA ALL 0288 778
27.5 

(12.0-60.0)
22 22 82 29 at 9 yr

GMALL 05/93 1163 35 (15-65) 24 24 83 35-40 at 5 yr

GOELAMS 02 198 33 (15-59) 22 21 86 41 at 6 yr

HyperCVAD 288 40 (15-92) 17 13 92 38 at 5 yr

JALSG-ALL93 263 31 (15-59) 22 21 78 30 at 6 yr

LALA-94 922 33 (15-55) 23 26 84 36 at 5 yr



MRD in ALL 

Berry DA. JAMA Oncol. 2017;3(7):e170580.

ÅMeta-analysis of 39 studies (pediatric and adult), including 13,637 patients with all subtypes

ÅPrognostic impact of MRD clearance consistent across therapies, MRD method, timing, level 
of cutoff, and subtypes



Molecular Relapse (MRDïŸ MRD+) Is Predictive of 

Cytologic Relapse in Patients in CR1  

Conversion from MRDïto MRD+ preceded hematologic relapse by a 

median 2.6 months and predicted poor survival

Gökbuget N, et al. Blood. 2012;120:1868-1876.

Probability of continuous CR and survival in n = 24 adult ALL 

patients in first CR but with molecular relapse

*Patients with SCT in CR1 excluded.
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MRD Methods

Method Sensitivity Advantages Disadvantages

Flow cytometry for 

ñdifference from 

normalò

~10-4

¶ Fast

¶ Relatively inexpensive

¶ Potential to detect phenotypic 

shifts

¶ Confounders: increased benign B-cell 

precursors during marrow recovery; potential 

phenotypic shifts

¶ Requires significant technical expertise

¶ Limited standardization (though attempts in 

progress)

RQ-PCR for 

IGH/TCR gene 

rearrangements

~10-4 to 10-5

¶ Sensitive

¶ Well standardized with consensus 

guidelines

¶ Time consuming and labor intensive

¶ Requires significant technical expertise

¶ May not detect small subclones at diagnosis

¶ Expensive

RQ-PCR for 

recurrent gene 

fusions

~10-4 to 10-5

¶ Sensitive

¶ Uses standard primers utilized for 

diagnostic purposes

¶ Applicable to <50% of ALL cases

¶ Limited standardization

Next-generation 

sequencing
~10-6

¶ Very sensitive

¶ Fast (uses consensus primers)

¶ Potential to track small subclones 

and clonal evolution

¶ Requires complex bioinformatics

¶ Minimal clinical validation

¶ Expensive

Short NJ, et al. Am J Hematol. 2019;94(2):257-265.



NGS Identified Patients With Improved EFS

EFS was significantly worse in the NGS MRD+/flow cytometry MRDïgroup than patients 

who were MRDïby both methods (P = .036). 

Six patients were identified as NGS MRDïand MFC MRD+.

Event-free survival

(Sensitivity 10-5)

NGS, next-generation sequencing; MFC, multiparameter flow cytometry.

Wood B, et al. Blood. 2018; 131(12):1350-1359.



Comparison: NGS With RQ-PCR

ÅPrognostic value of d+33 MRD (pediatric ALL, BFM-based treatment)

Day 33 RQ-PCR

MRDï, n = 37, 5-yr RFS: 84% ± 6%

MRD+, n = 36, 5-yr RFS: 63% ± 8%

Day 33 NGS

MRDï, n = 41, 5-yr RFS: 90% ± 5%

MRD+, n = 32, 5-yr RFS: 53% ± 9%

Kotrova M, et al. Blood. 2015;126:1045-1047.



Next-Generation Sequencing vs FMC MRD in ALL

ÅFDA accepted MRD negativity as Rx endpoint in ALL, regardless of 

methodology

ÅBlinatumomab FDA approved (April 2018) for Rx of MRD+ ALL in CR1-CR2 

on the basis of JAMA Oncology meta-analysis (Don Berry) and German 

single-arm trial results

ÅNGS detects MRD at 10-6; 4- to 8-color FCM detects MRD at 10-4

ÅIn adult ALL, MRD >0.1% at CR and >0.05%ï0.01% 2ï3 mo in CR predictive 

of worse survival on chemoRx 

ÅNGS may predict better ïongoing studies at MDACC of outcome at MRD 

<10-6 vs 10-6ï10-4 vs >10-4



Postremission Rx of ALL According to FCM MRD

Å307 pts age 15ï60 yr with pre-B ALL

ÅORR 91%; 83% after induction 1

ÅIf MRD >0.1% at end of induction (week 5), >0.01% at midconsolidation (week 

17): chemoRx then alloSCT, otherwise chemoRx alone 

ÅORR 277/307 = 81%; 94 (31%) assigned to alloSCT and 190 (62%) chemoRx

5-yr CIR, % 5-yr OS, %

Overall 44 48

AlloSCT 37 38

ChemoRx 48 55

MRD <0.1 at CR and <0.01 

at consolidation 
42 66

MRD <0.01 at CR 17 90

Ribera. Blood. 2019;134:abstract  826.



Blinatumomab in MRD+ BCP-ALL: MT103-202 Trial

Topp MS, et al. Blood. 2012;120:5185-5187.



Blinatumomab for MRD+ ALL in CR1/CR2

Å113 pts Rx. Post-blina MRDï88/113 = 78%

Å110 evaluated (blasts <5%, MRD+); 74 received alloSCT. Median FU 53 mo

ÅMedian OS 36.5 mo; 4-yr OS 45%; 4-yr OS if MRDï52%

ÅContinuous CR 30/74 post-alloSCT (40%); 12/36 without SCT (33%)

Goekbuget N, et al. Blood. 2018;132:abstract 554.



Outcomes by HSCT Use in CCR: Simon-Makuch Analyses ï

Landmark of 2 Months

29
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Number of patients at risk:

Non-HSCT 94 27 23 21 19 17 14 10 10 9 0 103 16 12 12 12 10 8 6 5 5 0 101 16 12 12 11 10 8 6 5 5 0
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Landmark of 2 months for overall survival and 40 days for other analyses was used to ensure non-zero number of patients in the HSCT group.

CCR, continuous complete remission; HSCT, hematopoietic stem cell transplantation.

Goekbuget N, et al. Slides presented at: 60th ASH Annual Meeting & Exposition of the American Society of Hematology; December 1-4, 2018; San Diego, CA.



Dynamics of MRD: Outcome

MRD Status
Patients

(%) 

n = 214 

5-yr 

EFS, % 

5-yr 

OS, % 
@CR

@ First

post-CR

Negative Negative 147 (69) 56 68 

Ò0.1%Negative 14 (7) 31 46 

>0.1% Negative 33 (15) 32 38 

Positive Positive 20 (9) NA NA

Yilmaz. Blood. 2019;134:abstract 1297.



Ph-Like ALL: Survival and EFS 

Roberts, et al. J Clin Oncol. 2017;35:394.



Ph-Like ALL: Higher MRD+ Rate

B-ALL Categories (N = 155)

Ph-like Ph+ B ïother
P value

N 56 46 53

CR/CRp 50 (89) 43 (93) 50 (94) .57

MRD at CR

Positive 23 (70) 15 (44) 4 (13) <.001

Negative 10 (30) 19 (56) 27(87)

Jain. Blood. 2017;129:572-581.



TKI for Ph+ ALL

Imatinib: 5-yr OS = 43% Dasatinib: 5-yr OS = 46% Ponatinib: 5-yr OS = 71%

Daver. Haematologica. 2015; Ravandi. Cancer. 2015; Jabbour. Lancet Oncol. 2015; Jabbour. Lancet Hematol. 2018.



CMR in Ph+ ALL: OS for CMR vs Others

HR 0.42 (95% CI 0.21-0.82)

At CR At 3 months

ÅMVA for OS
CMR at 3 months (HR 0.42 [95% CI: 0.21-0.82]; P = .01)

Short. Blood. 2016;128(4):504-507.



Indications for HSCT: Ph+ ALL

MRDï
MRD+

Chemotherapy/

blinatumomab + ponatinib

MRD assessment (within 3 months)

Blinatumomab/Ino

+ ponatinib 

HSCT 

+ maintenance TKI

Blinatumomab/Ino

+ ponatinib Ĭ2ï4 cycles

<0.1% >0.1%

Short. Blood. 2016;128(4):504-507; Sasaki. Blood. 2019;134:abstract 1296; Samra. Blood. 2019;134:abstract 1296.



Indications for HSCT: PhïB-ALL and T-ALL

MRDï MRD+

Poor-risk 

cytogenetics/

genomics*

Others

MRD assessment (within 3 months)

B cell T cell

HSCT

HSCTContinue 

chemotherapy

Blinatumomab

× 2ï4 cycles

HSCT*Ph-like, 11q23 rearrangement, early T-cell precursor, 

low hypodiploidy, complex cytogenetics.

Short NJ, et al. Am J Hematol. 2019;94(2):257-265.



SO . . . MRD in ALL

ÅDespite achievement of CR with induction and consolidation, up to 60% 

of patients with ALL may still be MRD+

ÅIn adult ALL, MRD+ in CR is predictive of worse survival on chemoRx

ÅFDA accepted MRD negativity as Rx endpoint in ALL, regardless of 

methodology

ÅBlinatumomab FDA approved (April 2018) for Rx of MRD+ ALL in CR1ï

CR2

ÅNo clear benefit for alloSCT after conversion to MRDïwith blina, 

particularly in CR1

ÅMaintenance blina post-alloSCT?

ÅRole of Ino? CAR T cells in MRD+ ALL?



How and When to 

Check for MRD in ALL

Eduardo Rego



How and 
when to 
check for 
MRD in ALL

EDUARDO M.  REGO

UNIVERSIT Y OF SÃO PAULO

ONCOLOGIA DõOR 

BRAZIL



MRD and response duration

Å74%ð91% of patients with ALL will 

achieve CR, but one-third will relapse 

because of submicroscopic levels of 

leukemic cells (measurable residual 

disease [MRD])

Of 272 patients in CR1, baseline MRD was: 

Ó10Ĭ1in 15 (6%)

10Ĭ2to <10Ĭ1in 71 (26%)

10Ĭ3to <10Ĭ2 in 109 (40%) 

10Ĭ4 to <10Ĭ3in 77 (28%) 

Gokbuget, et al. Hematology. 2019;24(1):337 -348.



How?



Ph-negative ALL

Adapted from Bassan, et al. Haematologica. 2019;104(10):2028 -2039.

Author Year N Ph MRD method MRD level
Test 

location
Phenotype

Disease 

stage
Pre-MRD tx

Gökbuget 2015 116 (112) Neg PCR 10Ĭ4 Central B-cell CR1 Targeted

Jabbour 2017 78 (78) NA Flow (6color) 10Ĭ4 Local B-cell CR2 or later Targeted

Ravandi 2016 340 (260) Mix Flow (6color) 10Ĭ4 Local B-cell CR1 Targeted

Bassan 2014 159 (106) Neg PCR 10Ĭ4 NA Mix (79% B-cell) CR1 Chemo

Beldjord 2014 860 (423) Neg PCR 10Ĭ4 Central B-cell CR1 Chemo

Gökbuget 2012 1648 (580) Neg PCR 10Ĭ4 Central Mix (66% B-cell) CR1 Chemo

Holowiecki 2008 131 (116) Neg Flow (3color) 10Ĭ3 Central Mix (75% B-cell) CR1 Chemo

Patel 2010 161 (161) Neg PCR 10Ĭ4 NA B-cell CR1 Chemo

Bassan 2014

304 (141, [98 

included in the 

analysis]

Neg PCR 10Ĭ4 NA Mix (76% B-cell) CR1 Chemo

Gökbuget 2014 189 (73) Neg PCR 10Ĭ4 Central B-cell CR2 or later Targeted

Giebel 2010 123 (123) Neg Mix 10Ĭ3 Local B-cell CR1 Chemo

Weng 2013 125 (106) Mix Flow (6color) 10Ĭ4 Local B-cell CR1 Chemo



MFC ðPh-negative/B and T -ALL 

Author MRD+ definition and sensitivity Ph status

Holowiecki  et al. 2008
MRD+ defined as expression of Ó2 aberrant phenotypes on >50% leukemic 

blasts; >0.1% used as cut-off point
Phð

Ravandi et al. 2016
MFC (4-color); aberrant expression of Ó2 antigens required for assignment of 

MRD+; sensitivity 0.01%
Mixed

Weng et al. 2013
Flow cytometry (8-color) with validation by qRT PCR for BCR-ABL fusion gene 

MRDĬ: <10Ĭ4
Mixed

Adapted from Bassan, et al. Haematologica. 2019;104(10):2028 -2039.



DiGiuseppe, Cardinali. Methods Mol Biol. 2019;2032:297 -310.



Example of 
MRD+ ALL 
Ph-negative

DiGiuseppe, Cardinali. Methods Mol Biol. 2019;2032:297 -310.



qRT PCR ðPh-negative
Type of study Treatment HSCT Method/Definition of MRDneg

GRAALL 2003 and 

2005 trials, Dhèdin

et al. (2015)

Phase 2 (GRAALL 

2003) and Phase 3 

(GRAALL 2005)

Chemotherapy 

Allogeneic (planned after 3 

or 6 blocks of 

consolidation); some 

patients received UBCT

qRT PCR for Ó2 Ig/T-cell receptor gene 

rearrangements ; bone marrow samples assessed in a 

central reference laboratory; sensitivity Ó10ĭ4 

GMALL 06/99 and 

07/03 trials, 

Gökbuget et al. 

(2012)

Retrospective, 

German centers
Chemotherapy 

Allogeneic (high -risk 

patients) 

qRT PCR for leukemia -specific Ig/T -cell receptor 

gene rearrangements ; assessed in a central laboratory 

Molecular CR: MRDĭ with assay sensitivity of Ó10ĭ4

NILG 09 -2000 trial, 

Mannelli et al. (2012)
Prospective; Italy Chemotherapy 

Allogeneic (high -risk 

patients) 

qRT PCR for BCR -ABL or Ig 

MRDĭ: <10ĭ4at Week 16 and negative at Week 22

UKALL XII trial, 

Mortuza et al. (2002)
Prospective; UK Chemotherapy 

Allogeneic (for patients 

with available donor) or 

autologous PCR

Ȁ-32P dCTP PCR and ASO PCR MRD+: 1 ð5 leukemic 

cells in 10 2ð10 3 normal cells

UKALL XII/ 

ECOG2993 trial, 

Patel et al. (2010)

Prospective; 

multicenter; UK 
Chemotherapy Allogeneic or autologous 

qRT PCR for rearrangements in Ig/T -cell receptor 

genes among others, ASO PCR MRDĭ: qRT PCR <10ĭ4 

BLAST, Gökbuget et 

al. (2015)

Phase 2; 

prospective; Europe 
Blinatumomab HSCT 

PCR (per EuroMRD guidelines) 

MRD response defined as no PCR amplification at a 

sensitivity of 10 ĭ4or <10 ĭ4leukemic cells; MRD 

assessed at central reference laboratory 

Adapted from Bassan, et al. Haematologica. 2019;104(10):2028 -2039.



RT-qPCR detection of Ig/TCR 
arrangements
1. Bone marrow sample processing at 

diagnosis

2. Detection and selection of clonal Ig/TCR 

gene rearrangement at diagnosis

a) PCR heteroduplex analysis

b) Sequencing of clonal 

rearrangements

3. RQ-PCR sensitivity testing

a) Selection of MRD-PCR targets

b) Design of allele-specific 

oligonucleotide primers

4. MRD analysis of follow-up samples

a) Control gene RQ-PCR analysis

b) MRD-PCR target RQ-PCR analysis

c) RQ-PCR MRD data interpretation

van der Velden, et al. Methods Mol Biol. 2009;538:115 -150.



Selection of targets, quantitative range, and 
sensitivity

1. Preferably 2 MRD-PCR targets should be used for each ALL patient

2. MRD-PCR targets should be selected based on: (1) expected stability and (2) expected sensitivity

a. MonoclonalIg/TCR gene rearrangements have a much higher stability (80%ð90%) than oligoclonal 

rearrangements (40%ð50%)

3. To limit the risk of losing MRD-PCR targets by such processes ðselect òend-stageó Ig/TCR 

rearrangements (eg, IGK -Kdeor V Ǡ -J Ǡ 2.3 rearrangements)

4. Concerns about the variation between replicates evaluated through mean CT values of the replicates

5. The òquantitative rangeó reflects the part of the standard curve in which the MRD levels can be 

quantified reproducibly and accurately, whereas the òsensitivityó reflects the lowest MRD level that still 

can be detected, although not reproducibly and accurately

van der Velden, et al. Methods Mol Biol. 2009;538:115 -150.



Overall 
sensitivities of 
Ig/TCR gene 
rearrangements 
in RQ -PCR 
assays 

van der Velden, et al. Methods Mol Biol. 2009;538:115 -150.



How? Ph -positive ALL

Author Year N Ph
MRD 

method

MRD 

level

Test 

location
Phenotype

Disease 

stage

Pre-MRD 

tx

Lussana
2016

106 (73) Pos PCR 10Ĭ5 N/A B-cell CR1 Targeted

Chiaretti 2015 63 (60) Pos PCR N/A N/A B-cell CR1 Targeted

Nishiwaki 2016 432 (432) Pos PCR 10Ĭ5 Local B-cell
CR1/Pre-

HSCT
Target

Yanada 2008 100 (85) Pos PCR 10Ĭ5 Central B-cell CR1 Targeted

Wetzler 2014 34 (13) Pos PCR N/A Central B-cell CR1 Targeted

Tucunduva 2014 98 (98) Pos Mix Mix Local B-cell CR1 Targeted

Yoon 2016 173 (169) Pos PCR 10Ĭ4 Central B-cell CR1 Targeted

Lim 2016 82 (78) Pos PCR 10Ĭ5 Central B-cell CR1 Targeted

Short 2016 202 (122) Pos PCR 10Ĭ4 Local B-cell CR1 Targeted

Adapted from Bassan, et al. Haematologica. 2019;104(10):2028 -2039.



Ph-positive ðType of response

Author Type of study Treatment HSCT MRD detection methodology

Kim et 

al. 

(2015)

Prospective; 

single-center; 

Korea

Chemotherapy 

+ imatinib
Allo

qRT PCR for BCR-ABL transcript; measured at a 

central reference laboratory MRD stratified by 3 

groups after 2 courses of consolidation

1. EMRs (early and persistent MRDĬ [BCR-ABL:ABL 

ratio Ò0.1% or Ó3-log reduction in BCR-ABL 

transcript level  from baseline]) 

2. LMRs (conversion from MRD+ to MRDĬ) 

3. PMRs (MRD+: MRD levels >1% or <3-log 

reduction in BCR-ABL transcript level from 

baseline)

Kim, et al. BoneMarrowTransplant. 2015;50(3):354ð362.



When?



Author Year N Ph MRD method Disease stage MRD timing Pre-MRD tx Post-MRD Tx

Gökbuget 2015 116 (112) Neg PCR CR1 Ò3 months from inductionTargeted Mix

Jabbour 2017 78 (78) NA Flow (6color) CR2 or later Ò3 months from inductionTargeted Mix

Ravandi 2016 340 (260) Mix Flow (6color) CR1 Ò3 months from inductionTargeted Mix

Bassan 2014 159 (106) Neg PCR CR1 Ó3 months from inductionChemo Mix

Beldjord 2014 860 (423) Neg PCR CR1 Ò3 months from inductionChemo Mix

Gökbuget 2012 1648 (580) Neg PCR CR1 Ò3 months from inductionChemo Mix

Bassan 2014
304 (141, [98 included 

in the analysis]
Neg PCR CR1 >3 months from induction Chemo Mix

Gökbuget 2014 189 (73) Neg PCR CR2 or later Ò3 months from inductionTargeted Mix

Weng 2013 125 (106) Mix Flow (6color) CR1 Ò3 months from inductionChemo Mix

Lussana 2016 106 (73) Pos PCR CR1 Pre-HSCT Targeted HSCT

Tucunduva 2014 98 (98) Pos Mix CR1 Pre-HSCT Targeted HSCT

Yoon 2016 173 (169) Pos PCR CR1 Pre-HSCT Targeted HSCT

Lim 2016 82 (78) Pos PCR CR1 Ò3 months from inductionTargeted Mix

Short 2016 202 (122) Pos PCR CR1 Ò3 months from inductionTargeted Target

When?



Regarding MRD analysis in acute lymphoblastic 
leukemia, which statement is true? 

a. The prognostic relevance of residual measurable disease detection (MRD+) is higher in Ph-positive 

ALL than in Ph-negative ALL

b. Threshold levels for MRD detection at the level of 10-4 distinguish between patients that are more 

likely to relapse, but have no impact in the overall survival

c. The detection of MRD in Ph-negative B-cell ALL is feasible both by PCR and flow cytometry 

methodologies

d. Regarding MRD detection by PCR methods, the terms òquantitative rangeó and òsensitivityó are 

synonyms



Meta -analysis
relapse -free 
survival 

Adapted from Bassan, et al. Haematologica. 2019;104(10):2028 -2039.



Meta -analysis
overall 
survival 

Adapted from Bassan, et al. Haematologica. 2019;104(10):2028 -2039.



The earlier, the better?

ÅStock et al (2014) ðPts with Ph-negative B-ALL or T-ALL

ÅMRD levels as early as 28 days following the initiation of induction therapy predicted outcomes

ÅBruggemannet al (2006) ðPatients with Ph-negative B-ALL or T-ALL 

ÅAn early MRD response (day 11) was associated with the best prognosis

ÅDhèdinet al (2015) ðPatients with Ph-negative ALL 

ÅLack of MRD response 6 weeks after induction initiation could identify patients who would benefit 

most from HSCT

Stock, et al. Blood. 2014;124 (21):796; Bruggemann, et al. Blood. 2006;107(3):1116ð1123; Dehèdin, et al. Blood. 2015;125(16):2486ð2496.



MRD detection could be used to spare pts 
from more -toxic treatments?

ÅPETHEMA ALL-AR03 ðMRD to guide treatment decisions at the end of consolidation

ÅHSCT could be avoided in patients who reached MRD-neg without adversely affecting their prognosis

ÅGRAALL-2003 or -2005 ðMRD analysis

ÅHSCT prolonged RFS compared with chemotherapy among those who did not achieve an early MRD 

response, but was no better than chemotherapy in patients who did achieve an early MRD response

Ribera, et al. J ClinOncol. 2014;32(15):1595ð1604; Bassant, et al. Blood. 2016;128(22):176.



Conclusions

V Achieving MRD negativity was consistently associated with better survival outcomes

V The prognostic ability of MRD negativity is the  same in Ph-positive and Ph-negative cohorts

V Although the exact value for cut-off values between MRD+ and MRDðis controversial, the 

threshold of 10Ĭ4 was recommended by ESMO

V Timing of MRD assessment showed that there was no difference in RFS improvement for 

patients who achieved MRD negativity at early timepoints compared with those who achieved 

it at later timepoints. But controlled prospective trials suggest that MRD negativity could be 

used to spare patients from more-toxic regimens

Hoelzer, et al. Ann Oncol. 2016;27(suppl 5):v69ðv82.
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Treatment History

Achieved remission with hyper-CVAD, but relapsed during cycle 2B.

The patient then received blinatumomab and achieves a second remission and has a 10/10 

HLA matched sibling donor identified for transplant.

For this patient, is MRD testing useful? 

MRD Case Study

Identification

Age 42

Sex Male

Diagnosis
Ph-negative 

B-cell ALL

Presentation at Time of Diagnosis

CBC

WBC count: 46,000/mcL

Hb: 6.5 g/dL

Platelet count: 28,000/mcL

Blast count 60% peripheral & marrow blasts

Immunophenotype CD10+, CD19+, CD20+, CD34+

Karyotype/Mutations t(4;11)(q21;q23) (MLL/KMT2A+)



a. No, MRD is not prognostic at this time point.

b. Yes, MRD is prognostic after first salvage therapy.

c. Yes, MRD is prognostic prior to allogeneic hematopoietic cell transplantation.

d. B and C

Is MRD testing useful for this patient in CR2 before he 

proceeds to allogeneic transplantation? Q



MRD Strongly Predicts Outcome in Pediatric and Adult ALL

Berry, et al. JAMA Oncol. 2017;3:e170580.
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MRD at Any Point in Therapy Predicts Outcome

Probability of DFS According to MRD

Brüggemann, et al. Blood. 2006;107:1116-1123.
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MRD Quantified Using 

Quantitative PCR



Saygin, et al. Leuk Lymphoma. 2018;59(2):363-371.

MRD Predicts RFS at Achievement of CR2 (1/3)



MRD Predicts RFS at Achievement of CR2 (2/3)

Saygin, et al. Leuk Lymphoma. 2018;59(2):363-371.



MRD Predicts RFS at Achievement of CR2 (3/3)

Saygin, et al. Leuk Lymphoma. 2018;59(2):363-371.



Blinatumomab ïResults Best in 1st Salvage

Dombret, et al. Leuk Lymphoma. 2019;60:2214-2222.

Complete MRD

response

(blina vs chemo)

49 vs 39% in 1st salvage

48.5 vs 10% in 2nd or later salvage



Blinatumomab ïMRD Response Predicts Outcome in 1st

Salvage

Gokbuget N, et al. Blood Adv. 2019;3:3033-3037. Dombret, et al. Leuk Lymphoma. 2019;60:2214-2222.



Inotuzumab ïMRD Response Predicts Outcome in 1st/2nd

Salvage

Jabbour E, et al. Leuk Res. 2020;88:106283.

PFS

OS



Jabbour E, et al. JAMA Oncol. 2018;4(2):230-234; Jabbour E, et al. Cancer. 2018;124:4044-4055. 

1 2 3 4

5 6 7 8

Mini-hCVD

Mini-MTX-cytarabine

Blinatumomab

Inotuzumab

C
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C2-
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Dose per day (mg/m2)

0.6 D1, 0.3 D8

0.3 D1 and D8

Total Ino dose = 2.7 mg/m241-3

POMP

85-7
1

2
9-11

1

6
13-15

Consolidation phase

Maintenance phase

Intensive phase

IT MTX/AraC

Mini-HyperCVD + Inotuzumab ïR/R ALL (1/2)



Mini-HyperCVD + Inotuzumab ïR/R ALL (2/2)

Jabbour E, et al. Cancer. 2018;124:4044-4055. 



Mini-HyperCVD + Inotuzumab ïPredictive Value of MRD 

Negativity Decreases After 1st Salvage

Jabbour E, et al. Cancer. 2017;123(2):294-302. 



Blinatumomab BLAST Trial ïPreemption of B-ALL Relapse 

Using MRD-Directed Treatment

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

1: Patients in 1st CR (n = 75); 
median: 36.5 (95% CI: 20.6-NR)

2: Patients in 2nd or 3rd CR (n = 41); 
median: 19.1 (95% CI: 11.9-NR)
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Complete MRD Response at Cycle 1

Complete MRD Response Rate, % (95% CI)

0 50 100

% (95% Exact CI)
80 (71-87)

78 (65-89)
84 (69-93)
67 (30-93)

73 (56-86)
83 (72-91)

81 (67-92)
78 (66-88)

85 (55-98)
74 (52-90)
71 (54-85)
91 (75-98)

n/N
82/103

40/51
36/43

6/9

27/37
55/66

35/43
47/60

11/13
17/23
25/35
29/32

Overall

MRD Level at Baseline
җ10-3 to <10-2

җ10-2 to <10-1

җ10-1 to <1

Relapse History
CR2/3
CR1

Sex
Female
Male

Age, yrs
җср
55-64
35-54
18-34

Blinatumomab BLAST Trial ïPreemption of ALL Relapse 

Using MRD-Directed Treatment

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



N = 82, age <1-20

MRD by ASO-PCR

Median f/u 4.9 yrs

HCT in CR1 if

Å Day +78: >5× 10-4 MRD

Å Induction failure

Å Ph+, MLL+

Å T-lin w/ WBC >100K

HCT for all CR2+

Pre-HCT MRD

Balduzzi, et al. Br J Haematol. 2014;164:396-408.

MRD Status Pre-Transplant Predicts RFS and OS (1/2)



Spinelli, et al. Haematologica. 2007;92:612-618.

N = 43, age 18-63

MAC alloHCT in CR1

MRD quant: 

TCR/Ig ASO-PCR 

or

BCR/ABL Q-PCR

or 

MLL/AF4 Q-PCR

MRD status pre-HCT: OS MRD status pre-HCT: CIR

MRD Status Pre-Transplant Predicts RFS and OS (2/2)



Bader P, et al. J Clin Oncol. 2009;27(3):377-384.

Å N = 91 in CR2 (77) or CR3 (14)
Å Pediatric ALL-REZ BFM study

MRD in CR2 Pre-Transplant Predicts Outcome 



ÅMRD in CR2 remains a useful predictor of relapse-free survival in studies with 

chemotherapy and novel agents

ÅMRD in CR2 also a predictor of overall survival with use of novel agents 

(inotuzumab, blinatumomab)

ÅMRD may have limited predictive value for RFS/OS in CR3+

ÅMRD pre-transplant is highly predictive of outcome in CR1 and CR2+

ÅPatients treated with blinatumomab for MRD positivity in CR2/3 have similar 

likelihood for conversion to MRD negativity (78%) as patients treated for MRD 

positivity in CR1 (83%), but shorter median OS (19.1 vs 36.5 mos)

MRD Assessment in CR2 and Beyond Summary
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Genetic Variants in 

ALL ²Ph+ and Ph-Like

Elias Jabbour



Ph-Like ALL

Den Boer. Lancet Oncol. 2009.

Ph Like



2016 WHO Classification

Arber. Blood. 2016;127(20):2391-2405.



Ph-Like ALL Occurs in 25%ï30% of Young Adults With B-cell ALL

Roberts. N Engl J Med. 2014; 371:1005-1015.

11.9%
20.6%

27.4%



Recurring Kinase Alterations in Ph-Like ALL

Roberts. N Engl J Med. 2014; 371:1005-1015.



Ph-Like ALL: Survival and EFS 

Roberts. J Clin Oncol. 2017;35:394.





BCR-ABL TKIs + Chemo Rx in Ph-Like ALL

Å24 pts with Ph-like ALL: NUP214-ABL1ï6, ETV6-ABL1ï3, others ï9; 19 frontline, 5 

relapse. All Rx with chemo Rx + TKI

Tanasi. Blood. 2019;134:1351.



Ph-Like ALL: Higher MRD+ Rate

B-ALL Categories (N = 155)

Ph-like Ph+ B ïother
P value

N 56 46 53

CR/CRp 50 (89) 43 (93) 50 (94) .57

MRD at CR

Positive 23 (70) 15 (44) 4 (13) <.001

Negative 10 (30) 19 (56) 27(87)

Jain. Blood. 2017;129:572-581.



HCVAD + Ofatumumab: Outcome (N = 69) 

ÅMedian follow up of 44 months (4ï91)

ÅCR 98%, MRD negativity 93% (at CR 63%), early death 2%
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HCVAD + Ofatumumab: Outcome by Ph-Like (RNA-seq) 



Hyper-CVAD + Ofatumumab: Molecular Alterations and Outcome 



Dynamics of MRD: Outcome

MRD Status
Patients

(%) 

(n = 214) 

5-yr 

EFS, % 

5-yr 

OS, % 
@CR

@ First

post-CR

Negative Negative 147 (69) 56 68 

Ò0.1%Negative 14 (7) 31 46 

>0.1% Negative 33 (15) 32 38 

Positive Positive 20 (9) NA NA

Yilmaz. Blood. 2019;134:abstract 1297.



Hyper-CVAD + Blinatumomab in B-ALL (PhïB-ALL <60 years): 
Treatment Schedule

1

Hyper-CVAD

MTXïara-C

Ofatumumab or rituximab 

8 ĬIT MTX, ara-C

Intensive phase

Maintenance phase

POMP

Blinatumomab

1ï3

2 3 4

Blinatumomab phase
*After 2 cycles of chemo for Ho-Tr, Ph-like, 

t(4;11)

1 2 3 4

4 wk 2 wk

5ï7 9ï11 12 13ï1584

Richard-Carpentier. Blood. 2019;134:abstract 3807.



Hyper-CVAD + Blinatumomab in FL B-ALL (N = 34)

ÅCR 100%, MRD negativity 97% (at CR 87%), early death 0%

CRD and OS Overall OS: HCVAD-Blina vs O-HCVAD 
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Richard-Carpentier. Blood. 2019;134:abstract 3807.



TKI for Ph+ ALL

Imatinib: 5-yr OS = 43% Dasatinib: 5-yr OS = 46% Ponatinib: 5-yr OS = 71%

Daver. Haematologica. 2015; Ravandi. Cancer. 2015; Jabbour. Lancet Oncol. 2015; Jabbour. Lancet Hematol. 2018.



Low-Intensity Chemo Rx + Dasatinib in Ph+ ALL Ó55 Years

Å71 pts (2007ï2010); median age 69 yr (58ï83)

ÅDasatinib 100ï140 mg/D, VCR 1 mg Q wk, dex 20ï40 mg/D 

× 2, Qwk

ÅConsolidations: dasatinib 100 mg/D; MTX-asp C1, 3, 5; ara-

C C2, 4, 6. Maintenance: dasatinib + POMP

ÅCR 96%; MMR 65%; CMR 24%

Å5-yr survival 36%; EFS 25%

ÅT315I at dx 23% by NGS

Å36 relapses; T315I in 75%

Rousselot. Blood. 2016;128(6):774-782.



Hyper-CVAD + Ponatinib: Design

2 3 1 4 5 6 7 8

45

30/15

24 months

Hyper-CVAD

MTX-cytarabine

Ponatinib 45 mg Ÿ30 mg Ÿ15 mg

Vincristine + prednisone

Maintenance phase

Intensive phase

12 intrathecal CNS prophylaxis

30/15

30/15

ÅAfter the emergence of vascular toxicity, protocol was amended: beyond 

induction, ponatinib 30 mg daily, then 15 mg daily once in CMR

Jabbour. Lancet Oncol. 2015;16:1547; Jabbour. Lancet Hematol. 2018



Hyper-CVAD + Ponatinib in Ph+ ALL: Response Rates

Response n/N (%)

CR 68/68 (100)

CCyR 58/58 (100)

MMR 80/85 (94)

CMR 73/85 (86)

3-month CMR 63/85 (74)

Flow negativity 83/85 (95)

Early death 0

Median follow-up: 44 months (4ï94 months)

Short. Blood. 2019;134:abstract 283.



Hyper-CVAD + Ponatinib in Ph+ ALL: Outcome
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Short. Blood. 2019;134:abstract 283.



IT × 8 vs IT × 12 in Ph+ ALL:

6-Month Landmark ïCNS Relapse-Free Survival

Paul. Blood. 2019;134:abstract 3810.



Propensity Score Analysis: HCVAD + Ponatinib vs 

HCVAD + Dasatinib in Ph+ ALL

Sasaki. Cancer. 2016;122(23):3650-3656. 



Event-Free Survival/Overall Survival (entire cohort, N = 107)
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CMR in Ph+ ALL: OS for CMR vs Others

HR 0.42 (95% CI 0.21-0.82)

At CR At 3 months

ÅMVA for OS
CMR at 3 months (HR 0.42 [95% CI: 0.21-0.82]; P = .01)

Short. Blood. 2016;128(4):504-507.



Outcome of 3-Month CMR by TKI  

PFS OS

ÅMVA for outcome
Ponatinib only predictive factor for PFS (HR 0.39; P =.03) and OS (HR 0.38; P = .04)

Sasaki. Blood. 2019;134:abstract 1296.



Two Evolving Strategies to Treat Ph+ ALL

Parameter
Hyper-CVAD + 

Ponatinib

TKIs With Minimal 

ChemoRx

% CR 90-100 90-100

% CMR 80 20

Allo-SCT required Only if no CMR In all

Outcome p190 vs p210 Same P190 better

% 3-yr survival/DFS 70-80 40-50

Jabbour E, et al. Lancet Oncol. 2015;16:1547; Chiaretti, et al. Blood. 2015;126:abstract 81.



Indications for HSCT: Ph+ ALL

MRDï
MRD+

Chemotherapy + TKI 

or 

Blinatumomab + TKI

MRD assessment (within 3 months)

Blinatumomab

+ TKI 

HSCT 

+ maintenance TKI

Blinatumomab

+ TKI Ĭ2ï4 cycles

Ò3 logs >3 logs

Short. Blood. 2016;128(4):504-507; Sasaki. Blood. 2019;134:abstract 1296; Samra. Blood. 2019;134:abstract 1296.



Blinatumomab and Inotuzumab in R-R Ph+ ALL

Parameter Blinatumomab Inotuzumab

No. Rx 45 38

No. CR/marrow CR (%) 16 (36) 25 (66)

MRD negative in CR, % 88 63

Median OS, mo 7.1 8.1

Later allo-SCT, % 44 32

Martinelli. J Clin Oncol. 2017;35:1795; Stock. Proceedings ASCO 2018



Dasatinib-Blinatumomab in Ph+ ALL

Å63 pts, median age 54 yr (24ï82)

ÅDasatinib 140 mg/D × 3 mo; add blinatumomab × 2ï5 

Å53 postïdasa-blina × 2 ïmolecular response 32/53 (60%), 22 CMR (41%); MRD ŷ in 15, 6 

T315I; 12-mo OS 96%; DFS 92%

Chiaretti. Blood. 2019;134:abstract 615.

OS DFS

89.7% (95% CI: 82.3-97.9)

95.2% (95% CI: 90.1-100)



Blinatumomab-Ponatinib in Ph+ ALL

IT MTX, ara-

C

Induction phase

Maintenance phase

Ponatinib 30 mgBlinatumomab

Consolidation phase: C2ïC4

1

4 wk 2 wk 4 wk 2 wk

Ponatinib 15 mg

15 mg for 5 years

30 mg 15 mg in CMR

2

Assi. Clin Lymphoma Myeloma Leuk. 2017;17(12):897-901. 



Blinatumomab + Ponatinib Swimmer Plot (N = 15)



Questions in Ph+ ALL

ÅDo we need allo-SCT? ïnot always, never?

ïIdentify patients who can be cured without allo-SCT, eg, 3-mos CMR, others

ÅPonatinib best TKI? ï3 mos-CMR 86%; 5-year OS rate 74%

ïPhase III low-dose CT + imatinib vs low-dose CT + ponatinib 

ÅHow much chemoRx ïlow-Intensity vs intensive chemo Rx?

ïMini-HCVD-ponatinib-blinatumomab

ÅCan we cure Ph+ ALL without chemoRx or allo-SCT? ïponatinib + blinatumomab

ÅDuration of TKI maintenance

ïAt least 5 years 



AYA ALL Patients ²What 

Is the Current Treatment 

Approach for This Diverse 

Patient Population? 

Patrick Brown



Considerations in Adolescents and 

Young Adults (AYA) With Acute 

Lymphoblastic Leukemia (ALL)

Patrick Brown, MD

Director, Pediatric Leukemia Program

Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins

Chair, NCCN ALL Guideline Committee



Learning Objectives

Å Describe the AYA oncology patient, and recognize the challenges that 

have led to inferior outcomes in this group

Å Understand that optimal AYA ALL outcomes require treatment with 

ñpediatric-inspiredò treatment regimens

Å Know the difference in prevalence of sentinel genetic abnormalities in 

childhood vs AYA ALL

Å Understand the importance of minimal residual disease (MRD) in risk 

stratification in AYA ALL

Å Know that AYA patients are at higher risk of specific adverse events 

(AEs), and know the strategies to mitigate this risk
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The AYA Oncology Patient ï

Key Phenotypic Features

Å Do not ñfit inò in either the peds or adult worlds, where environment and 

treatment intensities are tailored to median ages (10 y/o or 50 y/o)

Å Un/underinsured, unlikely ñprimary careò relationship

Å In transition to independence from parents

Å In the midst of intense educational program

Å Lack of firmly established career path

Å Early stages of starting a family (engaged, newlywed, children planned 

or already arrived) 
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The AYA Oncology Patient ï

Medical Consequences of Phenotype

Å Delayed diagnosis

Å Low rates of clinical trial enrollment

Å Lack of uniformity in treatment

Å Poor adherence

Å Enhanced concerns about fertility and other late effects

Å Unique psychosocial hardships

119

Poor outcomes



AYA Deficit in Progress in Cancer Survival

120Albritton, et al. Semin Oncol. 2009;36(5)478.

Average annual 

percentage 

change in 

survival over 20 

previous years



Case Presentation

Å 23 y/o female presents to outside ER with 2 week 

history of progressive diffuse bone pain and 

fatigue; in last week, developed intermittent low-

grade fevers and nosebleeds 

Å PE: Pallor, diffuse lymphadenopathy and 

hepatosplenomegaly, scattered petechiae

Å CBC 

ïWBC 69,000 per uL, 94% blasts; ANC 950 per uL; 

Hgb: 6.6 gm/dl; PLT: 33,000 per uL

121

Peripheral Blood Smear

Suspected diagnosis: ALL



Case Presentation (continued)

122

Bone Marrow Biopsy Bone Marrow Aspirate Flow Cytometry Plots

Å LDH 488

Å Uric Acid 5.9

Å K 4.1, Phos  3.6, Ca 9.3

Å DIC panel normal

Å CSF: WBC 1, RBC 0, no 

blasts on cytospin

Å Normal echo, EKG

Diagnosis: B-Lymphoblastic Leukemia



a. The level of expression of CD19 on the surface of the ALL blasts

b. The presence or absence of hepatosplenomegaly and 

lymphadenopathy

c. The age of the patient

d. Whether the patient is being treated by an adult oncologist or a 

pediatric oncologist

e. Whether the patient is being treated in an academic center or in a 

community hospital

123

Question 1:
Which of the following factors is MOST important in deciding which 

initial ALL treatment regimen should be used for this patient?

Q



Comparison of survival of patients ages 16ï21 treated in CALGB (adult) or CCG (pediatric)

CCG

CALGB

CCG

CALGB

AYA ALL: Superior Outcomes With Pediatric 

Protocols 

Å Multiple subsequent prospective studies of ñpediatric-inspiredò regimens 

in ñyoung adultsò (variably defined) have demonstrated feasibility and 

better outcomes compared with historical controls

EFS OS

Stock W, et al. Blood. 2008;112:1646-1654. 124



Primacy of Ph Status and Age in NCCN 

Adult ALL Treatment Recommendations

Guidelines separated as follows

Å Ph+ ALL (AYA)

Å Ph+ ALL (Older Adults)

Å PhïALL (AYA)

Å PhïALL (Older Adults)

Å ñAYAò (NCI, NCCN): age at 

diagnosis of 15 to 39 years

Å Wide recognition that age 

imperfectly defines of the 

ñAYA oncology phenotypeò

125







ÅInitial treatment: standard induction for pediatric ñhigh-riskò ALL

ï4 weeks of vincristine, prednisone, PEG-asparaginase, 

daunorubicin, intrathecal methotrexate

Å7 days into treatment, genetic results are finalized
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Case Presentation (continued)



a. 46,XX; FISH+ for ETV6-RUNX1 fusion

b. 46,XX,t(9;22)(q34;q11.2); FISH+ for BCR-ABL1 fusion; PCR+ for 

p190 BCR-ABL1

c. 52,XX,+4,+9,+10,+17,+18,+21 (high hyperdiploidy)

d. 46,XX,t(4;11)(q21;q23); FISH+ for KMT2A (MLL) rearrangement

e. 36,XX,-3,-7,-8,-9,-12,-14,-15,-18,-20,-21 (low hypodiploidy)
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Question 2:

Of the following leukemia-specific genetic abnormalities, which 

is MOST likely to be present in this patient?
Q



Frequency of Genetic Abnormalities by Age

Children Adults
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ÅPatient confirmed to have diagnosis of B-ALL with BCR-ABL1 

fusion

Å Imatinib 400 mg daily added to induction chemotherapy 

beginning day 8 of induction

Å End induction marrow

ïComplete morphologic remission

ïFlow cytometry for residual B-lymphoblasts and RT-PCR for BCR-

ABL negative Ÿ no minimal residual disease (MRD negative)

ÅThe patientôs brother is determined to be HLA-identical

131

Case Presentation (continued)



Minimal Residual Disease (MRD) in ALL

ÅState of the art for risk stratification based on early response to 

therapy

ÅMRD is defined as the presence of cells following chemotherapy 

below the level of morphologic detection, generally down to 

1/10,000 cells (10-4)

Å Flow cytometry and molecular (NGS, PCR) methods can be 

used to detect MRD

Å In North America, flow is generally preferred over others, 

although NGS (ClonoSEQ) is gaining
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MRD in ALL

Å End induction MRD is a powerful and independent prognostic factor in ALL

133Borowitz MJ, et al. Blood. 2008;111:5477.

Day 29 Marrow 

Variable Hazard Ratio P Value

Day 29 marrow MRD 4.31 <.0001

NCI risk group 2.25 <.0001

Trisomy 4&10 .570 .0005

Tel-AML1 .778 .15

Day 8 marrow morphology 1.034 .79



ÅPatient proceeded to consolidation chemotherapy, consisting 

of cyclophosphamide, cytarabine, PEG-asparaginase and 

mercaptopurine (6MP)

Å3 weeks into consolidation, patient developed severe 

abdominal pain radiating to the back, anorexia, and nausea

ÅWorkup revealed elevated serum amylase and lipase and 

enlarged pancreas on abdominal ultrasound (acute 

pancreatitis) and steroids
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Case Presentation (continued)



a. Cyclophosphamide

b. Cytarabine

c. 6MP

d. Vincristine

e. PEG-asparaginase

135

Question 3:

Which of the following medications is MOST likely to be 

responsible for the acute pancreatitis in this patient? 

Q



AYA ALL: Risk of Adverse Events

Å L-asparaginase preparations (PEG, Erwinia)

ïHigher risk of toxicity in AYA compared with children (but less compared with 

older adults)

ï AEs: Pancreatitis, thrombosis (line-associated, sagittal sinus), hepatotoxicity, 

allergy

Å Corticosteroids

ïHigh risk of osteonecrosis (hips, knees) in AYA patients relative to children 

and older adults

Å Mitigation

ï Enhanced lab monitoring and high index of clinical suspicion

ï Anticoagulant prophylaxis for PEG-asparaginase (clinical trials ongoing) 
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Learning Objectives (How did we do?)

Å Describe the AYA oncology patient, and recognize the challenges that 

have led to inferior outcomes in this group

Å Understand that optimal AYA ALL outcomes require treatment with 

ñpediatric-inspiredò treatment regimens

Å Know the difference in prevalence of sentinel genetic abnormalities in 

childhood vs AYA ALL

Å Understand the importance of minimal residual disease (MRD) in risk 

stratification in AYA ALL

Å Know that AYA patients are at higher risk of specific adverse events 

(AEs), and know the strategies to mitigate this risk



Break



Bispecific T -Cell Engagers as 

Post-reinduction Therapy 

Improves Survival in Pediatric 

and AYA B -ALL 

Patrick Brown 



A Randomized Phase 3 Trial of Blinatumomab Vs. 
Chemotherapy As Post-Reinduction Therapy in High and 
Intermediate Risk (HR/IR) First Relapse of B-ALL in Children 
and AYAs Demonstrates Superior Efficacy and Tolerability of 
Blinatumomab

! wŜǇƻǊǘ ŦǊƻƳ /ƘƛƭŘǊŜƴΩǎ hƴŎƻƭƻƎȅ DǊƻǳǇ {ǘǳŘȅ !![[моом

Patrick A. Brown, Lingyun Ji, Xinxin Xu, Meenakshi Devidas, Laura Hogan,  Michael J. 
Borowitz, Elizabeth A. Raetz, Gerhard Zugmaier, Elad Sharon, Lia Gore, James A. Whitlock, 
Michael A. Pulsipher, Stephen P. Hunger, Mignon L. Loh

Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.



ÅPoor survival for first-relapse B-ALL in 
children, adolescents, and young adults 
(AYA), especially early relapses

Background

ÅStandard treatment approach

ÅReinduction chemotherapy -> 2nd remission

ÅConsolidation

ÅEarly relapse: Intensive chemo -> HSCT

Goal: MRD negativity prior to HSCT

ÅLate relapse

άaw5 ƘƛƎƘέΥ ǎŀƳŜ ŀǎ ŜŀǊƭȅ

άaw5 ƭƻǿέΥ ƛƴǘŜƴǎƛǾŜ ŎƘŜƳƻ -> maintenance therapy

Dx 18

36

Early

Early

Marrow

Isolated extramedullary
Months

Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.

Rheingold, Brown, Bhojwaniet al. ASCO 2019



ÅIn multiply relapsed/refractory 
setting (pediatrics)

ÅCR 35%ς40%

ÅMRD-negative CR 20%ς25%

ÅIn MRD+ setting (adults)

Å80% MRD clearance

Å60% subsequent DFS (bridge to HSCT)

Blinatumomab (CD19 BiTE)

Adapted from Brown P. Blood. 2018; 131: 1497ï1498

Objective of COG AALL1331: 
To determine if substituting 
blinatumomab for intensive consolidation 
chemotherapy improves survival in first 
relapse of childhood/AYA B-ALL

von Stackelberg et al. JCO. 2016; 34:4381-4389

Gokbuget et al. Blood. 2018; 131: 1522-1531

Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.



First Relapse B-ALL

Block 1

Risk Assignment

Treatment Failure Low RiskHigh Risk Intermediate Risk

Å All first relapse (any CR1 duration, any site)
Å Ages 1-30
ÅMajor exclusions: Down syndrome, Ph+, 

prior HSCT, prior blinatumomab

UKALLR3, Mitoxantrone Arm*
Å DEX 20 mg/m2/day D1-5, 15-19 
Å VCR 1.5 mg/m2 D1, 8, 15, 22
Å PEG 2500 IU/m2 D3, 17 
ÅMitoxantrone 10 mg/m2 D1, 2 
Å IT MTX D1, then IT MTX or ITT

Å iBM or combined BM + EM
Å CR1 <36 mo

or
Å iEM
Å CR1 <18 mo

Å iBM or combined 
M + EM
Å/wм җос Ƴƻ

and
Å9.м aw5 җлΦм҈ 9hL

Å iBM or combined BM + EM
Å/wм җос Ƴƻ

and
Å EB1 MRD <0.1% EOI

or
Å iEM
Å/wм җму Ƴƻ

Åaо όҗнр҈ ōƭŀǎǘǎύ
and/or 

Å Failure to clear EM

i = isolated
BM = bone marrow
EM = extramedullary (CNS, testes)
CR1 = duration of first remission
EB1 = end-Block 1

Early relapse Late relapse, MRD high

Late relapse, MRD low

Refractory

HR/IR

*UKALLR3 reference: Parker, et al. Lancet. 2010;376:2009-2017. 
Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.



HR/IR

1:1 
Randomization

Arm A
(control)

Arm B
(experimental)

Block 2

Block 3

Blina C1

Blina C2

HSCT

Blina C1 and Blina C2
Å Blinatumomab 15 µg/m2/day ×

28 days, then 7 days off
Å Dex 5 mg/m2/dose ×1 premed 

(C1 only)UKALLR3, Block 3*
Å VCR, DEX week 1
Å HD ARAC, Erwiniaweeks 1-2
Å ID MTX, Erwiniaweek  4
Å IT MTX or ITT

UKALLR3, Block 2*
Å VCR, DEX week 1
Å ID MTX, PEG week 2
Å CPM/ETOP week 3
Å IT MTX or ITT

Endpoints
Å Primary: DFS
Å Other: OS, MRD response, ability 

to proceed to HSCT
Sample size n=220 (110 per arm)
Å Power 85% to detect HR 0.58 with 

1-ǎƛŘŜŘ ʰҐлΦлнр
Å Increase 2-yr DFS from 45% to 63%

(208)

(103) (105)

*220

*110 *110

ÅFirst patient randomized 
Jan 2015

ÅRandomization halted 
Sep 2019 (95% projected 
accrual)

Evaluation

Evaluation

Stratifications
Å Risk group (HR vs IR)
Å For HR 
Å Site (BM vs iEM)
Å For BM: CR1 

duration (<18 vs 18-
36 mo)

*UKALLR3 reference: Parker, et al. 
Lancet. 2010;376:2009-2017. 

Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.



ÅScheduled review by DSMC Sep 2019 using data cutoff 6/30/2019 
(~60% of projected events)

ÅDespite the monitoring threshold for DFS not being crossed, the DSMC 
recommended

ÅPermanent closure of accrual to HR/IR randomization

ÅImmediate crossover to experimental Arm B for patients still receiving therapy

Early Closure Recommended by DSMC

ÅDSMC recommendation based on

ÅThe difference in DFS and OSbetween arms

ÅThe profound difference in toxicity between arms

ÅThehighly significant difference in MRDclearance rates between arms

Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.



Baseline Characteristics
Arm A

(n = 103)

Arm B

(n = 105)
Age at enrollment, years

Median (range) 9 (1-27) 9 (1-25)

1-9 55 (53%) 55 (52%)

10-17 30 (29%) 35 (33%)

18-30 18 (18%) 15 (14%)

Sex

Female 49 (48%) 48 (46%)

Male 54 (52%) 57 (54%)

NCI risk group at diagnosis

High risk 60 (58%) 59 (56%)

Standardrisk 43 (42%) 46 (44%)

Cytogeneticgroups at diagnosis

Favorable (Tri 4/10, ETV6-RUNX1) 16 (18%) 21 (23%)

KMT2Arearranged 9 (10%) 7 (8%)

Hypodiploidy 1 (1%) 0

Other 65 (71%) 63 (69%)

None 12 14

16% AYA

Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.



Randomization Stratification Factors

StratificationFactors
Arm A

(n=103)

Arm B

(n=105)
RiskGroup Assignment After Block 1

Intermediaterisk (late relapse, MRD high) 34 (33%) 36 (34%)

Highrisk (early relapse) 69 (67%) 69 (66%)

High-Risk Subsets

Å Marrow,CR1 <18 months (very early) 18 (26%) 18 (26%)

Å Marrow, CR1 18-36 months (early) 41 (59%) 41 (59%)

Å IEM, CR1 <18 months 10 (14%) 10 (14%)

Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.



Survival: Arm A (chemotherapy) vs Arm B (blinatumomab)

DFS OS

Median follow-up 1.4 years
Brown PA, et al. Blood.2019;134(suppl_2):LBA-1.

























































































































































































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




























































https://clinicaltrials.gov/ct2/show/NCT03147612











