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science going? 
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Virtual Breakout: Pediatric ALL Patients
Chair: Rob Pieters

TIME UTC+3 TITLE SPEAKER

15.00 – 15.15
Session opening

• Educational ARS questions for the audience
Rob Pieters

15.15 – 15.35

First-line treatment of pediatric ALL

• Presentation
• Q&A

Rob Pieters

15.35 – 15.55

Current treatment options for relapsed ALL in children including HSCT 

considerations
• Presentation

• Q&A

Hale Ören

15.55 – 16.15

Bispecific T-cell engagers for pediatric ALL

• Presentation
• Q&A

Patrick Brown

16.15 – 16.55

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

• Overview of long-term toxicities
• Patient case presentation

Panelists: Rob Pieters, Hale Ören, Patrick Brown, Sema Anak, Gülyüz 
Öztürk, Akif Yesilipek

Rob Pieters

Hale Ӧren
Discussion

16.55 – 17.10
Session close

• Educational ARS questions for the audience
Rob Pieters
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1. All patients with MLL rearranged ALL should be transplanted

2. All patients with BCR-ABL positive ALL should be transplanted

3. No patient with BCR-ABL positive ALL should be transplanted

4. AlloSCT is part of treatment for children with early relapsed ALL

Educational questions Pediatric ALL
Question 1: which assertion is correct for children with ALL?
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1. Blinatumomab and inotuzumab are part of first-line treatment

2. Blinatumomab and inotuzumab can not be administered sequentially

3. Therapeutic drug monitoring of asparaginase improves outcome

4. Dexamethasone and vincristine are standard components of maintenance therapy

Educational questions Pediatric ALL
Question 2: which assertion is correct for children with ALL?



First-Line Treatment 

of Pediatric ALL

Rob Pieters



Rob Pieters
Chief Medical Officer

First-line treatment of ALL
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1. A minority of patients with Ph+ ALL benefit from receiving allogenic SCT when receiving a 
tyrosine kinase inhibitor such as imatinib

2. The dose intensity of asparaginase has no impact on outcome

3. 6-thioguanine has to be preferred over 6-mercaptopurine in maintenance therapy

4. Prednisone is a more effective drug than dexamethasone

Question 1:

Which assertion is correct for first-line treatment of  pediatric 
ALL?



|  Page 12

1. All children with a BCR-ABL–like ALL should be treated with a tyrosine kinase inhibitor such as 
imatinib or dasatinib

2. Cranial irradiation is indicated in B-lineage ALL and T-lineage ALL with a WBC >50 × 109/L at 

diagnosis

3. Copy number alterations (CNA) do not predict outcome

4. End of induction MRD and/or end of consolidation MRD is the most powerful prognostic factor

Question 2:

Which assertion is correct?
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ALL: chemotherapy elements

MI II Maintenance

• Induction: - steroid, VCR, L-Asp, (DNR), intrathecal

• Consolidation: - cyclophosphamide, araC, 6-MP, intrathecal

- HD-MTX, 6-MP, intrathecal

• Reinduction/intensification: - steroid, VCR, L-Asp, (DNR), intrathecal

• Maintenance: - 6-MP/MTX (+ VCR/steroid pulses)

• (cranio[spinal] radiotherapy)

• (allogenic hematopoietic stem cell transplantation [HSCT])
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ALL

• Therapy elements

• Choice of steroid

• Dose intensity asparaginase

• Which intensification

• Which maintenance

• Which central nervous system treatment

• Who should get SCT

• Adolescents

• New developments: targeting therapy
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EFS by randomized use of dexamethasone vs prednisone

Mitchell CD, et al. Br J Haematol. 2005;129(6):734-745.

Event-free survival by randomized steroid. Obs./Exp., observed/expected ratio.
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Intensification of asparaginase
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ALL

• Therapy elements

• Choice of steroid

• Dose intensity asparaginase

• Which intensification

• Which maintenance

• Which central nervous system treatment

• Who should get SCT

• Adolescents

• New developments: targeting therapy
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Maintenance/reinduction therapy

Events (relapse/toxic deaths) reduced by

▪ Longer maintenance 3-yr vs 2-yr 23% vs 28%

▪ Intensive reinduction/intensification yes vs no 28% vs 36%

▪ VCR/Pred pulses yes vs no 31% vs 40%

Multivariate: survival significantly improved by intensification

Childhood ALL Collaborative Group. Lancet. 1996;347(9018):1783-1788. 



|  Page 19Harms DO, et al. Blood. 2003;102(8):2736-2740. 

EFS by randomization of 6-MP vs 6-TG in maintenance
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6-MP pharmacodynamics: Erythrocyte 6-TGN 
concentration vs relapse-free survival in ALL

Group A = values above the median; group B = values below the median
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Dexa/VCR pulses during maintenance in average risk ALL 
patients (BFM)
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Dexa/VCR pulses during maintenance in average risk ALL 
patients (EORTC)
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ALL

• Therapy elements

• Choice of steroid

• Dose intensity asparaginase

• Which intensification

• Which maintenance

• Which central nervous system treatment

• Who should get SCT

• Adolescents

• New developments: targeting therapy
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CNS treatment

• Radiotherapy + ith therapy vs extra ith therapy: EFS not different

• Radiotherapy vs IV MTX: EFS not different

(Radiother: less CNS relapses; IV MTX less systemic relapses)

• Radiotherapy dose: 24 Gy = 18 Gy (= 12 Gy?)

Conclusions

• Radiotherapy can be replaced by long-term intrathecal therapy

• IV MTX reduces non-CNS relapses
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5-year outcomes to pre-emptive cranial radiotherapy 
(CRT) for ALL subgroups other than CNS3

Vora A, et al. J Clin Oncol. 2016;34(9):919-926.
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5-year outcomes to pre-emptive cranial radiotherapy for 
ALL with CNS3

5-yr isolated CNS relapse: 16.7% vs 4.3% (P = .02)
5-yr mortality: 22.4% vs 20.6% (P = .83)
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ALL

• Therapy elements

• Choice of steroid

• Dose intensity asparaginase

• Which intensification

• Which maintenance

• Which central nervous system treatment

• Who should get SCT

• Adolescents

• New developments: targeting therapy
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No CR after induction AND T-ALL: better survival with 
alloSCT

Chemotherapy only 25±4 (N=125, 93 events)

Matched related donor SCT 42±9 (N= 33, 19 events)

Other types of alloSCT 45±8 (N= 43, 23 events)
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Children with t(9;22) ALL: benefit of allogenic 
transplantation
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DFS for good-risk Ph+ ALL patients as treated with 
imatinib (EsPhALL)
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Increased use of imatinib in BCR-ABL–positive ALL: no 
indication for SCT?



|  Page 32Pui CH, et al. Lancet. 2002;359(9321):1909-1915.

Infant ALL: no proven benefit of allogenic BMT 
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ALL

• Therapy elements

• Choice of steroid

• Dose intensity asparaginase

• Which intensification

• Which maintenance

• Which central nervous system treatment

• Who should get SCT

• Adolescents

• New developments: targeting therapy
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Targeting therapy in ALL

• Minimal residual disease (MRD) monitoring

• Therapeutic drug monitoring

• Genetic subclasses and pharmacology

• Specific targetable genetic lesions

• New (epi)genetic abnormalities

• Immunotherapies
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Minimal residual disease and outcome in ALL

Van Dongen JJ, et al. Lancet. 1998;352(9142):1731-1738.

Relapse-free survival of the 3 MRD-based risk groups, as defined 

by MRD information at timepoints 1 and 2
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DCOG ALL-10 protocol outlines

MI II Maintenance

MI IV Maintenance

MI Modif DFCI intens Maintenance

MI DCOG/ANZCCSG HR blocks Maint

LR

MR

HR II

Stem cell transplantation

25%

70%

5%

Pieters R, et al. J Clin Oncol. 2016;34(22):2591-2601.
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Targeting therapy in ALL

• Minimal residual disease (MRD) monitoring

• Therapeutic drug monitoring

• Genetic subclasses and pharmacology

• Specific targetable genetic lesions

• New (epi)genetic abnormalities

• Immunotherapies
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Disease-free survival of NCI high-risk patients stratified 
by asparaginase received

Gupta S, et al. J Clin Oncol. 2020;38(17):1897-1905.
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Targeting therapy in ALL

• Minimal residual disease (MRD) monitoring

• Therapeutic drug monitoring

• Genetic subclasses and pharmacology

• Specific targetable genetic lesions

• New (epi)genetic abnormalities

• Immunotherapies
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In vitro resistance/sensitivity of infant ALL
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Survival in infant ALL before and after introduction of 
interfant protocol
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Targeting therapy in ALL

• Minimal residual disease (MRD) monitoring

• Therapeutic drug monitoring

• Genetic subclasses and pharmacology

• Specific targetable genetic lesions

• New (epi)genetic abnormalities

• Immunotherapies
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Discovery of BCR-ABL–like ALL
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Frequency of identified tyrosine kinase fusion genes in 
BCR-ABL–like ALL and B-other ALL

12% with ABL-1 class fusions
Targetable with imatinib/dasatinib

6% with JAK2 fusions
Targetable with ruxolitinib????



|  Page 45Moorman AV, et al. Blood. 2014;124(9):1434-1444; Hamadeh L, et al. Blood Adv. 2019;3(2):148-157.

EFS ALL97/99 and UKALL2003 by genetic risk group
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UK copy number alteration (CNA) classifier in UKALL

CNA profiles by MLPACNA profile defines risk groups 

Good risk
• No deletion
• Isolated deletion of ETV6, PAX5, or BTG1
• ETV6 deletion + BTG1, CDKN2A/B or PAX5 deletion

Intermediate risk 
• All other CNA profiles

Poor risk
• Isolated IKZF1, PAR1, or RB1 deletion
• Deletion of IKZF1/PAX5/CDKN2A/B
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Novel genetic risk groups in B-lineage ALL by cytogenetics 
and by CNA

Hamadeh L, et al. Blood Adv. 2019;3(2):148-157.



|  Page 48ALLTogether trial (NCT03911128; EudraCT Number:2018-001795-38).

Risk stratification by MRD and genetics 
for the ALLTogether trial

Diagnosis

BCP NCI 

Standard risk (3 
drug)

BCP NCI High-

risk 
T-cell patients (4 

drug)

Low-risk group

MRD 0%* unless high-
risk genetics**

High-risk group

MRD ≥5% or TCF3-HLF

Intermediate-risk 

group
MRD >0% and <5%

plus high-risk genetics 

with MRD 0%

IR-low

ETV6-RUNX1 & TP1 
MRD<0.1%

HeH & TP1 MRD 

<0.03%
GR-CNA*** & TP1 

MRD<0.05%

TP2 MRD >0.05%

*0% = undetectable MRD by IG/TCR PCR; **High-risk genetics: KMT2A/MLL gene fusions, near haploidy, low 

hypodiploidy, iAMP21 and rearrangements affecting ABL1, ABL2, PDGFRB and CSF1R (except BCR-ABL1 which 
are excluded from the study); ***CNA profile as per Moorman et al (2014) Blood;124(9):1434-1444. GR profile: 
no deletion of IKZF1, CDKN2A/B, PAR1, BTG1, EBF1, PAX5, ETV6, RB1; isolated deletions of ETV6, PAX5, BTG1; 

or ETV6 deletions with a single additional deletion of BTG1, PAX5, CDKN2A/B.
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Risk groups, outcome, and consequences 
for treatment
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Targeting therapy in ALL

• Minimal residual disease (MRD) monitoring

• Therapeutic drug monitoring

• Genetic subclasses and pharmacology

• Specific targetable genetic lesions

• New (epi)genetic abnormalities

• Immunotherapies: blinatumomab, inotuzumab, CAR T 
cells
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1. A minority of patients with Ph+ ALL benefit from receiving allogenic SCT when 
receiving a tyrosine kinase inhibitor such as imatinib

2. The dose intensity of asparaginase has no impact on outcome

3. 6-thioguanine has to be preferred over 6-mercaptopurine in maintenance therapy

4. Prednisone is a more effective drug than dexamethasone

Answer to question 1:

Which assertion is correct for first-line treatment of  pediatric 
ALL?
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1. All children with a BCR-ABL–like ALL should be treated with a tyrosine kinase inhibitor such as 
imatinib or dasatinib

2. Cranial irradiation is indicated in B-lineage ALL and T-lineage ALL with a WBC >50 × 109/L at 

diagnosis

3. Copy number alterations (CNA) do not predict outcome

4. End of induction MRD and/or end of consolidation MRD is the most powerful prognostic factor

Answer to question 2:

Which assertion is correct?
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Thank you!



Q&A



Current Treatment 

Options for Relapsed ALL 

in Children Including 

HSCT Considerations

Hale Ören



Overview of the talk

 Describe the importance of relapsed ALL

 Risk factors for relapsed ALL patients

 Standard therapy of relapse ALL

 HSCT indications

 New therapy approaches in relapsed ALL



Childhood ALL: Progress through collaboration

Adapted from Pui CH, et al. J Clin Oncol. 2015;33(27):2938-2948.



Successful therapy reduction and intensification 
for childhood ALL on the basis of MRD

Pieters R, et al. J Clin Oncol. 2016;34(22):2591-2601.  

MRD-based medium-risk patients had a significantly higher 
5-year EFS rate (88%, SE 2%) with therapy intensification 
(including 30 weeks of asparaginase exposure and 
dexamethasone/vincristine pulses) compared with historical 
controls (76%, SE 6%). Intensive chemotherapy and stem 
cell transplantation in MRD-based high-risk patients resulted 
in a significantly better 5-year EFS rate (78%, SE 8% vs 
16%, SE 8% in controls). Overall outcomes improved 
significantly (5-year EFS rate 87%, 5-year survival rate 
92%, and 5-year cumulative incidence of relapse rate 8%) 
compared with preceding Dutch Childhood Oncology Group 
protocols.



Three-quarters of UKALL2003 patients had a GR genetic profile and 
significantly improved event-free survival (EFS; 94%) compared with 
patients with a PR genetic profile (79%). This difference was driven by a 
lower relapse rate (4% vs 17%), seen across all patient subgroups, and 
independent of other risk factors. Even genetic GR patients with minimal 
residual disease (>0.01%) at day 29 had an EFS in excess of 90%. In 
conclusion, the integration of genomic and cytogenetic data defines 2 
subgroups with distinct responses to treatment and identifies a large 
subset of children suitable for treatment deintensification.

Integrated cytogenetic and genomic classification 
refines risk-stratification in pediatric ALL

Moorman AV, et al. Blood. 2014;124(9):1434-1444.



Childhood acute lymphoblastic leukemia treatment 
(PDQ®)

 Relapsed ALL is one of the major causes of death in children with cancer,
so reducing relapse risk is very important

 Long-term survival rates after relapse range from about 30%–40% for 
early relapses, and 70%–80% for late relapses

 There is a large potential for developing different targeted treatments for 
children with ALL, on the basis of the abnormal findings in their individual 
disease (personalized medicine)

Childhood Acute Lymphoblastic Leukemia Treatment (PDQ®): Health Professional Version. 2018; Locatelli F, et al. Blood. 2012;120:2807-2816; 
Childhood cancer by the ICCC. In: Howlader N, Noone AM, Krapcho M, et al., eds.: SEER Cancer Statistics Review, 1975-2010. Bethesda, Md: 
National Cancer Institute, 2013, Section 28; Ko RH, et al. J Clin Oncol. 2009;28:648-654. 



UKALL2003 clinical outcomes
teenagers and young adults

Sellar RS, et al. Br J Haematol. 2018;181(4):515-522.

OS of relapsed patients Comparison of R3 and fludarabine/cytarabine-based regimens



Outcome of relapse after allogeneic HSCT in children 
with ALL enrolled in the ALL‐SCT 2003/2007 trial

 3‐year EFS 15%, OS 20%

 The majority of children (48%) received salvage therapy without 
second alloSCT, 26% of the children underwent a second alloSCT, 
and 25% received palliative treatment only

 Combined approaches incorporating novel immunotherapeutic 
treatment options and second alloSCT hold promise to improve 
outcomes in children with post-alloSCT relapse

Kuhlen M, et al. Br J Haematol. 2018;180:82-89.



Prognostic risk factors in relapsed ALL

 Age

 Duration of remission

 Relapse site

 Immunophenotype

 Genetics/genomics

 Leukocyte count at diagnosis

 Response to therapy

 MRD levels



Which prognostic risk factors are important in 
standard therapeutic approach?

 Age

 Duration of remission

 Relapse site

 Immunophenotype

 MRD levels



UK ALL R3

Treatment protocols for relapsed ALL mostly depends
on immunophenotype, site of relapse, time to relapse,
MRD…genetics/genomics

Parker C, et al. Effect of mitoxantrone on outcome of children with first
relapse of acute lymphoblastic leukaemia (ALL R3): an open-label
randomised trial. Lancet 2010;376:2009-17.



HSCT in relapsed ALL

Indications to HSCT for relapsed ALL in the IntReALL 2010 protocol

Merli P, et al. Curr Hematol Malig Rep. 2019;14(2):94-105.



Minimal residual disease after induction is the strongest predictor 
of prognosis in intermediate-risk relapsed acute lymphoblastic 
leukemia: Long-term results of trial ALL-REZ BFM P95/96

76%

18%

Merli P, et al. Curr Hematol Malig Rep. 2019;14(2):94-105.

ALL REZ-BFM 2002



ALL-REZ BFM S3/S4 EFS 

Eckert C, et al. J Clin Oncol. 2013;31(21):2736-2742.

(HRG)



NCCN Guidelines pediatric ALL

NCCN Guidelines Pediatric ALL version 2.2020: https://www.nccn.org/professionals/physician_gls/pdf/ped_all.pdf

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


New targeted therapy for ALL

Malard F, Mohty M. Lancet. 2020;395:1146.



Locatelli F, et al. Leukemia. 2020 Feb 24. doi: 10.1038/s41375-020-0770-8. Online ahead of print.



Inotuzumab ozogamicin

Jabbour E, et al. ASH 2014. Abstract 794.



A phase 2 trial of inotuzumab ozogamicin (InO) in children and 
young adults with relapsed or refractory (R/R) CD22+ B-acute 
lymphoblastic leukemia (B-ALL): Results from Children's 
Oncology Group protocol AALL1621

 48 patients received InO; 1.8 mg/m2

 Median age was 9 years (range 1–21) 

 67% were in >2nd relapse, 21% were in 1st relapse but refractory to 
reinduction, 23% had prior HSCT, 23% had prior CD19 CAR T, and 29% 
had prior blinatumomab 

 CR/CRi rate 58.3% 

 In responders, 65.4% achieved MRD <0.01% 

 Minimal hepatic toxicity was observed during InO therapy. SOS occurred 
in 30.7% of pts who underwent subsequent HSCT (8.3% of pts overall)

O'Brien MM, et al. Blood. 2019;134(suppl 1):741.



CAR T-cell studies and their results

Early intervention for CRS with tocilizumab and/or corticosteroids reduced the 
incidence of transition from mild to severe CRS and had no detrimental effect on 
the MRD– complete remission rates or functional CAR T-cell persistence

ALL, acute lymphoblastic leukemia; CR, complete remission; MRD, minimal residual disease; CRS, cytokine release syndrome; NHL, non-
Hodgkin lymphoma; BBz, intracellular signaling domains of 4-1BB with CD3z; 28z, intracellular signaling domains of CD28 with CD3z.
*CR includes that with incomplete counts recovery; **Percentage of MRD-negative patients among those with CR; #ALL only (51 patients).
Inaba H, Pui CH. Cancer Metast Rev. 2019;38:595-610.



CAR T cells 

 The use of HSCT after CAR T-cell therapy is controversial

 CAR T cells migrate to extramedullary sites, thus can be used to 
treat extramedullary relapses 

 Loss of CAR T-cell function may occur

 Prior blinatumomab CT may affect CAR T-cell efficacy

 Harvesting problems in some children

 CD19– relapses

 Cytoreduce prior to infusion to reduce CRS

Inaba H, Pui CH. Cancer Metast Rev. 2019;38:595-610.



How about current treatment options in pediatric
patients with relapsed T-cell ALL?

❑ No new drugs

❑ Bortezomid

❑ γ secretase inhibitors

❑ Daratumumab

❑ CAR T-cells



Treatment in relapsed T-cell ALL

 Nelarabine (55% response rate in first remission)

 Bortezomib-based CTs

 γ-Secretase inhibitors for NOTCH1 signaling

 Daratumumab antiCD38 

 CAR T cells targeting CD5 or CD7

Malard F, et al. Lancet. 2020;395:1146; Charrot S, et al. HemaSphere. 2019;3:2.





Conclusions

 The treatment approach for relapsed ALL is changing rapidly

 CT induction followed by blinatumomab may be a new standard in the relapsed ALL 

 InO may be used in these patients since the MRD– cure rates are promising

 Further CAR T-cell development may improve some of the current challenges 
experienced with tisagenlecleucel

 The potential to replace HSCT with CAR T-cell therapy and CAR T-cell administration 
to treat extramedullary relapses in relapsed ALL patients is still in investigation

 Clinicians need to be aware of the adverse effects and toxicities of new drugs 



Q&A



Bispecific T-Cell Engagers for 

Pediatric ALL

Patrick Brown



BiTE Immunotherapy for Pediatric ALL

Patrick Brown, MD
Associate Professor of Oncology, Johns Hopkins University

Director, Pediatric Leukemia Program, Sidney Kimmel Comprehensive Cancer Center
Vice Chair for Relapse, COG ALL Committee 

Chair, NCCN ALL Guideline Panel
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Blinatumomab Mechanism of Action

Bispecific anti-CD19/CD3 BiTE antibody blinatumomab designed to kill autologous tumor cells 

BiTE, Bispecific T-Cell Engager

Act independently of

specificity of T-cell

receptor (TCR)

Allow T-cell recognition 

of tumor-associated

surface antigen (TAA)

Do not require 

MHC Class I 

and/or peptide 

antigen

CD19

Tumor Cell

Any T Cell

TCR

CD3

BiTE

Blinatumomab

Relies on 

functional 

endogenous 

cytotoxic T-

cell response

Given as 28-day 

continuous 

infusion IV; bag 

changes q 4-7 

days

Adapted from/courtesy of Amgen.



Diagnosis and Treatment of ALL

NCCN Guidelines® f or Acute Ly mphoblastic Leukemia (Version 2.2015) © 2015 National Comprehensiv e Cancer Network, Inc. Av ailable at: NCCN.org; 2. Hahn T et al. Biol 

Blood Marrow Transplant. 2006;12(1):1-30. 3. Raetz EA et al. Hematol Am Soc Hematol Educ Program. 2012;2012:129-136. 4. National Cancer Institute. Childhood acute 

ly mphoblastic leukemia treatment (PDQ®). http://www.cancer.gov /cancertopics/pdq/treatment/childALL/HealthProf essional. Accessed July  10, 2017. 

MRD+

Inotuzumab ADC



Response Rates and Survival in Relapsed/Refractory B-ALL

Agent Type Target Responses

(CR / MRD–
)

Toxicities FDA indication Cost

Blinatumomab1 BiTE CD19 44% / 33%
CRS, 

neurotoxicity

Adult and pediatric

R/R B-ALL, MRD+
$180K

Inotuzumab2
Immuno-

conjugate
CD22 81% / 63% Hepatotoxicity Adult R/R B-ALL $168K

Tisagenlecleuce

l3
CAR T cell CD19 81% / 81%

CRS, 

neurotoxicity

Refractory or 

2nd/greater relapse; 
age up to 26 years

$475K

Unprecedented initial response rates . . . BUT . . . 

1. Kantarjian H, et al. N Engl J Med 2017; 376:836-847; 2. Kantarjian, H. et al. N Engl J Med 2016;375:740-753; 3. Maude SL, et al N Engl J Med 2018;378:439-448



Survival in R/R ALL (adult)

Kantarjian H, et al. N Engl J Med 2017; 376:836-847

Blina: Improved survival 

initially, but not durable

Blinatumomab



Survival in R/R ALL

N Engl J Med 2018;378:439-448

1. Kantarjian, H. et al. N Engl J Med 2016;375:740-753; 2. Maude SL, et al N Engl J Med 2018;378:439-448

Ino: Improved survival initially, 

but not durable Tisa: Durable survival improvement, 

but long-term EFS is in the 50% range

Inotuzumab Ozogamicin1 Tisagenlecleucel2



Adverse Events in Relapsed/Refractory B-ALL

Agent Type Target Responses

(CR / MRD–
)

Toxicities FDA indication Cost

Blinatumomab1 BiTE CD19 44% / 33%
CRS, 

neurotoxicity

Adult and pediatric

R/R B-ALL, MRD+
$180K

Tisagenlecleucel
2 CAR T cell CD19 81% / 81%

CRS, 

neurotoxicity

Refractory or 

2nd/greater relapse; 
age up to 26 years

$475K

1. Kantarjian, H. et al. N Engl J Med 2016;375:740-753; 2. Maude SL, et al N Engl J Med 2018;378:439-448



AEs After Blinatumomab and CAR T Cells

• CRS 40-80% (20-40% Gr3+), Neuro 10-30% (5-10% Gr3+)

• CRS and neuro may not correlate

• CRS -> IVF, tocilizumab (anti-IL6R), steroids

• Neuro -> self-limiting, reversible; steroids (toci not effective) 

Fever, hypotension, respiratory, coagulopathy 

Encephalopathy, seizures

Infusion

*Incidence of 

CRS strikingly 

lower in MRD+ 

setting; 

neurotox is 

similar

MRD+

Adapted from/courtesy of Novartis.



Response Rates and Survival in MRD+ B-ALL

Gokbuget N, et al. Blood 2018. 131(14):1522-1531

• N=116 adults, international multicenter 

single-arm Ph 2

• MRD+ (>10-3)

• 35% MRD+ in CR2+

• MRD cleared in 78% after 1 cycle

• 67% proceeded to HSCT

• Significant percentage of those who did not remain 

in prolonged remission

• 20 of 74 proceeding to HSCT (27%) died of TRM 



HR/IR

1:1 
Randomizatio

n

Arm A
(control)

Arm B
(experimental)

Block 2

Block 3

Blina C1

Blina C2

HSCT

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

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

(C1 only)UKALLR3, Block 3*
• VCR, DEX week 1
• HD ARAC, Erwinia weeks 1-2
• ID MTX, Erwinia week  4
• IT MTX or ITT

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

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

to proceed to HSCT
• Sample size n=220 (110 per arm)

• Power 85% to detect HR 0.58 with 
1-sided α=0.025

• Increase 2-yr DFS from 45% to 63%

(208)

(103) (105)

*220

*110 *110

• First patient randomized 
Jan 2015

• Randomization halted 
Sep 2019 (95% projected 
accrual)

Evaluation

Evaluation

Stratifications
• Risk group (HR vs IR)
• For HR 

• Site (BM vs iEM)
• For BM: CR1 

duration (<18 vs 18-
36 mo)

*UKALLR3 reference: Parker, et al. 
Lancet. 2010; 376: 2009-17 

Brown et al. Blood 2019; 134 (Supplement_2): LBA-1. 



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

DFS OS

Median follow-up 1.4 years
Brown et al. Blood 2019; 134 (Supplement_2): LBA-1. 



LR
• BM or combined ≥36 mo, 

MRD <0.01% EOI
• IEM ≥18 mo

• Blinatumomab 15 µg/m2/day ×
28 days, then 7 days off

• Dex 5 mg/m2/dose × 1 premed

LR Randomization

Unpublished data. 



Adverse Events: LR (grade 3+)

Data cutoff 
3/4/19

Unpublished data. 
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• EARLY: Endogenous T-cell “exhaustion”

Role for immune checkpoint inhibitors (eg, anti–PD-1)?

PD-1 PD-L1 CTLA-4

Nivolumab Atezolizumab Ipilimumab

Pembrolizumab* Avelumab

Durvalumab

Reports of efficacy in patients relapsing 

after blina/CAR T cells

• Feucht, et al. Oncotarget 2016 Nov 22;7(47):76902-19

Adapted from Zaravinos A. Oncotarget. 2014 Jun 30;5(12):3956-69.

What Happens When Blinatumomab Doesn’t Work?



All other
BM, and:
≥18 yo; or

<18 yo, CR1 <24 mo
1st Relapse

VXLD

2 cycles of:
Blina vs

Blina/Nivo

Consolidation 
chemotherapy 
adding 3 cycles 

of Blina vs 
Blina/Nivo

MRD ≥0.1%; or 
early relapse 

(BM <36 mo; IEM <18mo)

MRD <0.1%; and 
late relapse

2 cycles of:
Blina vs 

Blina/Nivo

Off-protocol 
HSCT

Off-protocol 
HSCT Maintenance

Unpublished data. 



• LATE: Antigen escape

– CD19 splice variants1

– Defective CD19 membrane trafficking2

– Lineage switching (esp. MLL-r)3

Multi-antigen targeting?

NOTE: Incidence of CD19 escape lower with blina than with CD19 

CAR, likely reflecting less-potent CD19 selection pressure
1. Sotil lo, et al. Cancer Discovery. 2015; 5(12):1282-95; 2. Braig, et al. Blood. 2017 Jan 5;129(1):100-104; 3. Gardner, et al. Blood. 2016; 127(20):2406-100-104

Where Is Blinatumomab in NCCN Pediatric ALL Guidelines?



Can We Predict When Blinatumomab Won’t Work?

Brown PA, et al. Br J Haematol. 2020;188(4):e36-e39. 
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Efficacy Outcomes in Patients Enrolled in Phase I/II Study

A70 patients treated at 5/15 µg/m2/d in phase I or II; Six patients died (n = 5) or withdrew consent (n = 1) bef ore the f irst response assessment. 

CR = complete remissions; HSCT = hematopoietic stem cell transplantation; MRD = minimal residual disease.

Response
Patients at Recommended Dose

Who Had Response Assessment (N = 64)a

n/N (%) 95% CI

CR within the first 2 cycles 27/64 (42) 30, 55

Non-responders (did not achieve CR) 37/64 (58) 45, 70

Partial remission 4 

Blast-free or aplastic bone marrow 2 

Progressive disease 10 

No response 21 

MRD response in patients who achieved CR 

within the first 2 cycles

Complete MRD response 14/27 (52) 32, 71

No MRD response 12/27 (44) 26, 64

No data available 1/27 (4)

Adapted from von Stackelberg, et al. J Clin Oncol.2016;34:4381-4389.

• Study definitions
– “Success” was defined as complete MRD response in CR (n = 14)

– “Failure” was defined as anything other than success (n = 50)
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Biomarkers to Predict Blinatumomab Success/Failure

• Overall, day 15 
MRD results 
predicted best 
response after 2 
cycles with 95% 
accuracy (correctly 
in 56 of 59 patients) 

MRD results 
n = 59

MRD ≥10–4 

n = 46

Success

n = 2 (4%)

Failure

n = 44 (96%)

MRD <10–4 

n = 13

Success

n = 12 (92%)

Failure

n = 1 (8%)

• Study definitions
– “Success” was defined as complete MRD response in CR (n = 14)

– “Failure” was defined as anything other than success (n = 50)

As patients with MRD ≥10–4 at day 15 could 
potentially pursue alternative therapies, such 
as dose escalation or combination therapies, 
day 15 MRD results may allow 
personalized treatment and improve 
outcomes in pediatric patients with 
relapsed/refractory B-ALL

CR, complete remission; MRD, minimal residual disease.
Brown PA, et al. Br J Haematol. 2020;188(4):e36-e39. 



Blinatumomab: Questions and Discussion

• HSCT after MRD clearance with blinatumomab?

• Ability of checkpoint inhibition to safely enhance blinatumomab 

response?

• Predictive biomarkers of blinatumomab response?

• Risk of prior blinatumomab exposure and CD19 escape after 

subsequent CD19 CAR T therapy?



A 21-year-old male began an infusion of blinatumomab 36 hours ago. 

He has developed acute onset of fever, hypotension, respiratory 
distress, hypoxia, and diffuse edema. Which of the following is the most 

likely explanation?

A. Gram-negative bacterial sepsis

B. Disseminated adenoviral infection

C. Cytokine release syndrome (CRS)

D. Macrophage activation syndrome (MAS)

E. Hemophagocytic lymphohistiocytosis (HLH)



True or False: The most effective treatment for blinatumomab-

associated neurotoxicity is tocilizumab (anti-IL6R antibody).

A. True

B. False



Q&A



Case-Based Panel Discussion: 

Management of Long- and 

Short-Term Toxicities

Rob Pieters

Hale Ӧren



Case-Based Panel Discussion: 

Overview of Long-Term 

Toxicities

Rob Pieters



Rob Pieters
Chief Medical Officer

Long-term toxicities in pediatric ALL
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1. The anthracyclines daunorubicin and/or doxorubicin in a cumulative dose of >30 mg/m2 in a 
child aged 5 years at diagnosis

2. Methotrexate in a cumulative dose of 20.000 mg/m2 in a child aged 8 years at diagnosis

3. Cranial radiotherapy in a child aged 2 years at diagnosis

4. Dexamethasone in a female child aged 14 years at diagnosis

Question 1:

Which factor has the lowest probability of causing significant 
long-term toxicity in pediatric ALL?



|  Page 116

1. Dexamethasone can cause osteonecrosis

2. The risk of osteonecrosis is lowest in children <10 years of age

3. The risk of osteonecrosis is highest in adults with ALL

4. The risk of osteonecrosis is higher with a continuous schedule of glucocorticoids than with a 
discontinuous schedule in the same cumulative dose

Question 2:

Which assertion is NOT correct?
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Survival of 5-year ALL survivors

Mody R. et al. Blood. 2008;111(12):5515-5523. 
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Survival of 5-year ALL survivors: irradiated vs nonirradiated

Mody R. et al. Blood. 2008;111(12):5515-5523. 
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• Second malignancies

• Osteonecrosis

• Neurocognitive sequelae

• Cardiomyopathy

• Insulin dependent diabetes (pancreatitis)

• Chronic GvH

• Chronic immune deficiency (CD19-directed CAR T cells)

Late effects of treatment in ALL
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Cumulative incidence of second neoplasms in 8831 
children with ALL

Bhatia S, et al. Blood. 2002;99(12):4257-4264. 
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Second neoplasms among 5-year survivors of childhood 
ALL in the CCSS cohort: role of radiotherapy

Robison LL, et al. Hematology Am Soc Hematol Educ Program. 2011;2011:238-242.
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Cumulative dose of cranial irradiation and chemotherapeutic 
agents vs second malignancies in patients with first relapse of 
ALL, treated with ALL-REZ BFM 83–96

Borgmann A, et al. Eur J Cancer. 2008;44(2):257-268.
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Cumulative incidence of symptomatic osteonecrosis in 
pediatric ALL

Te Winkel ML, et al. J Clin Oncol. 2011;29(31):4143-4150. 
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Age at diagnosis in patients with and without 
symptomatic osteonecrosis

Te Winkel ML, et al. J Clin Oncol. 2011;29(31):4143-4150. 
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Multivariate logistic regression analysis of symptomatic 
osteonecrosis in relation to age, sex, and treatment arm

Te Winkel ML, et al. J Clin Oncol. 2011;29(31):4143-4150. 
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Osteonecrosis by age in ALL: UKALL XII study

Patel B, et al. Leukemia. 2008;22(2):308-312.
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Osteonecrosis: continuous vs alternate-week 
dexamethasone

Mattano LA, et al. Lancet Oncol. 2012;13(9):906-915.
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Effects of 1800 cGy cranial radiation on intellectual 
performance as a function of age at diagnosis

Jankovic M, et al. Lancet. 1994;344(8917):224-227.
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IQ and rapid naming tasks: intrathecal (IT) vs IT plus 
cranial radiation therapy (CRT)

Waber DP, et al. J Clin Oncol. 2007;25(31):4914-4921.
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Risk of anthracycline-induced clinical heart failure in 
childhood cancer

Van Dalen EC, et al. Eur J Cancer. 2006;42(18):3191-3198.
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Shortening fraction by bolus or 6-hour infusion of 
daunorubicin

Levitt GA, et al. Br J Haematol. 2004;124(4):463-468.
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Cardiac troponin during doxorubicin therapy in ALL with 
(blue) or without (red) dexrazoxane

Lipshultz SE, et al. J Clin Oncol. 2012;30(10):1050-1057.
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• Second malignancies

• Osteonecrosis

• Neurocognitive sequelae

• Cardiomyopathy

• … Others …

• Large series

• Long follow-up

• Structured follow-up

• Feedback to current protocols

Late effects of treatment in ALL
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Late effects outpatient clinic
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1. The anthracyclines daunorubicin and/or doxorubicin in a cumulative dose of >30 mg/m2 in a 
child aged 5 years at diagnosis

2. Methotrexate in a cumulative dose of 20.000 mg/m2 in a child aged 8 years at 

diagnosis

3. Cranial radiotherapy in a child aged 2 years at diagnosis

4. Dexamethasone in a female child aged 14 years at diagnosis

Answer to question 1:

Which factor has the lowest probability of causing significant 
long-term toxicity in pediatric ALL?
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1. Dexamethasone can cause osteonecrosis

2. The risk of osteonecrosis is lowest in children <10 years of age

3. The risk of osteonecrosis is highest in adults with ALL

4. The risk of osteonecrosis is higher with a continuous schedule of glucocorticoids than with a 
discontinuous schedule in the same cumulative dose

Answer to question 2:

Which assertion is NOT correct?
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Thank you!



Q&A



Case-Based Panel 

Discussion:

Patient Case Presentation

Hale Ӧren



Short-term toxicities associated with treatment of childhood ALL

• Hypersensitivity to asparaginase

• Hyperlipidemia

• Osteonecrosis

• Asparaginase-associated pancreatitis

• Arterial hypertension

• Posterior reversible encephalopathy
syndrome

• Seizures

• Depressed levels of consciousness

• MTX-related stroke-like syndrome

• Peripheral neuropathy

• High-dose MTX-related severe 
nephropathy

• Sinusoidal obstruction syndrome

• Thromboembolism

• Pneumocystis jirovecii pneumonia

Schmiegelow K, et al. Lancet Oncol. 2016;17(6):e231-e239.



Clinical case: Initial diagnosis (May 2012)

• 10-year-old male

• Pre–B-cell ALL, CNS negative

• Treatment started according to ALL-BFM 2000 protocol

• MLL (-), t(9;22) (-), t(12;21) (-)

• No abnormalities in cytogenetic analysis

• PGR on day 8

• 15th day and 33rd day BM in remission

• MRD-PCR: TP 1 – 10-2; TP 2 – 10-3; TP 3 – (-)/10-5 (intermediate-risk group)

• Treatment completed: May 2014



Clinical case: First relapse (Feb 2016)

56 months after diagnosis

• Isolated bone marrow relapse

• Treatment according to ALL-REZ
BFM 2012-S2

• MRD still positive before protocol 
II-IDA

• HSCT decision

• AlloHSCT after R2 (29.11.2016)
• 9/10 MUD MRD+ HSCT



Clinical case: Second relapse (May 2018)

19 months after HSCT (30.05.2018)

• Isolated bone marrow relapse
• Trisomy 8+, 23%

• FLAG
• M3 bone marrow

• FLAG + mitoxantrone
• M2 bone marrow, MRD+



What would you do next?

1. AlloHSCT

2. Start CAR T-cell therapy

3. Start blinatumomab therapy

4. Palliative care



Clinical case: Blinatumomab treatment (14.08.2018)

Blinatumomab could be given for a total of 26 days

5 µg/m2/day
28 µg/m2/day

(8th day)

28 µg/m2/day

(11th day)

28 µg/m2/day

(15th day)

16-day 
interval

28 µg/m2/day

(8th day)
5 µg/m2/day

• Hypotension
• Dopamine 5 µg/kg

• Mucositis

• Headache

• Tremor in left hand
• Mood swings

• MRI-ECHO: normal

28 µg/m2

/day

(11th day)

• Generalized tonic-clonic convulsion
• Antiepileptic started

• Agitation
• Hypotension

• Aggressive behavior
• Incomprehensible speech

• MRI-ECHO: Normal 
• TREATMENT STOPPED

• Sustained hypomania
• Euphoria

• No hypotension



Which dose of blinatumomab would you prefer to give?

1. Start and continue with 5 μg/m2/day

2. Start and continue with 30 μg/m2/day

3. Start with 5 μg/m2/day, then give 15 μg/m2/day after day 8

4. Start and continue with 15 μg/m2/day



5 μg/m2/day 
for the first 7 days

15 μg/m2/day
starting at day 8 

Recommended dose confirmed in phase 1 was applied to phase 2

On the basis of the phase 1 dose-escalation study, the recommended 
blinatumomab dose for children with R/R B-cell precursor ALL is:

ALL, acute lymphoblastic leukemia; R/R, relapsed/refractory.
von Stackelberg A, et al. J Clin Oncol. 2016;34:4381-4389.

followed by

MT103-205



Clinical case, continued

• Remission status after blinatumomab

• M1 BM

• MRD–

• Second alloHSCT (MUD) (01.11.2018)

• Antiepileptic therapy stopped, normal EEG (20.11.2019)

• MRD still negative

• BM is still in CR (March 2020)



Some patients treated with blinatumomab experienced 
neurologic/psychiatric events

All Patients 
n = 70a

Patients with neurologic/psychiatric events of any grade regardless of relation to treatment, n (%) 17 (24)
Tremor 4 (6)
Dizziness 3 (4)
Somnolence 3 (4)
Convulsion 2 (3)
Paresthesia 2 (3)
Encephalopathy 1 (1)
Neuralgia 1 (1)
Ataxia 1 (1)
Atonic seizure 1 (1)
Cerebrospinal fluid leakage 1 (1)
Depressed level of consciousness 1 (1)
Dysgeusia 1 (1)
Hypoesthesia 1 (1)
Nystagmus 1 (1)
Syncope 1 (1)
Confusional state 1 (1)
Mental disorder 1 (1)

aAll patients who received the recommended dose in phase 1 or 2. 
von Stackelberg A, et al. J Clin Oncol. 2016;34:4381-4389; supplementary material (online).

13% of patients had neurologic events, primarily tremor and dizziness, that were considered 
treatment related; these events were of grade 2 and resolved upon treatment discontinuation

MT103-205



Some patients treated with blinatumomab developed 
cytokine release syndrome

All Patients 
n = 70a

Patients with CRS, n (%)

Any grade 8 (11)

Worst grade 3 3 (4)

Worst grade 4 1 (1)

Worst grade 5 0

Temporarily interrupted treatment because of CRS 2 (3)b

Discontinued treatment because of CRS 2 (3)c

Patients with CRS by age group, n (%)

<2 years (n = 10) 2 (3)

Worst grade 3 or 4 0

2–6 years (n = 20) 2 (3)

Worst grade 3 or 4 2 (3)

7–17 years (n = 40) 4 (6)

Worst grade 3 or 4 2 (3)

Duration of grade ≥3 CRS, n (%)

>3 to ≤7 days 2 (3)

>7 to ≤14 days 1 (1)

>14 days 1 (1)

Median (95% CI) days 6.5 (5.0‒16.0)

aAll patients who received the recommended dose in phase 1 or 2. bAll grade 3. cOne grade 3 and one grade 4 event.
CRS, cytokine release syndrome.
von Stackelberg A, et al. J Clin Oncol. 2016;34:4381-4389.

MT103-205



Conclusions

• To prevent CRS, dexamethasone or hydroxyurea were recommended during the first week 
of therapy for 4 days, and were required if bone marrow blasts were >50% at baseline

• Patients received prophylactic dexamethasone 10 mg/m2 6–12 hours before and 
5 mg/m2 within 30 minutes of the start of infusion

• IL-6 inhibitors (tocilizumab/siltuximab), dexamethasone/methylprednisolone in CRS if
necessary

• Regarding neurotoxicity, withholding blinatumomab is recommended for grade 3 toxicity 
until improvement to grade <1 is noted for 3 consecutive days. Restart with lower dose. 
For grade 4 toxicity, discontinue

• Daily fundus examination, EEG, MRI, LP

• Intensive care

• Antiepileptics
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Educational ARS 
Questions 

Rob Pieters
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1. All patients with MLL rearranged ALL should be transplanted

2. All patients with BCR-ABL positive ALL should be transplanted

3. No patient with BCR-ABL positive ALL should be transplanted

4. AlloSCT is part of treatment for children with early relapsed ALL

Educational questions Pediatric ALL
Question 1: which assertion is correct for children with ALL?
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1. Blinatumomab and inotuzumab are part of first-line treatment

2. Blinatumomab and inotuzumab can not be administered sequentially

3. Therapeutic drug monitoring of asparaginase improves outcome

4. Dexamethasone and vincristine are standard components of maintenance therapy

Educational questions Pediatric ALL
Question 2: which assertion is correct for children with ALL?



Closing remarks

Rob Pieters



Thank You!

15

8

> Please complete the evaluation page that will appear on your screen 
momentarily

> Your notes on the slides will be emailed to you by July 17

> The meeting recording and slides presented today will be shared on 
the globalleukemiaacademy.com website by July 17

> You will also receive a certificate of attendance by email by July 17

THANK YOU!
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