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Outcome of contemporary trials involving children

and adolescents with ALL



Perspectives for new trials in ALL 

• Utilize novel genetic approaches

• Improve risk stratification by wider combination 
of genetic factors and response (MRD)

• Avoid additional toxic agents in most patients

• Introduce novel agents under controlled 
conditions



RT-PCR

A novel TCF3-HLF fusion in ALL with a t(17;19)(q22;p13)

Panagopoulos I. et al., Cancer Genet. 2012;205:669-72

Multiplex RT-PCR (x6) 





New prognostic pattern: Definition of IKZF1plus

• Deletion of IKZF1 and 

− PAX5 and/or

− CDKN2A and/or

− CDKN2B and/or

− CRLF2 (PAR) and 

− Negativity for ERG deletion

Stanulla M, et a l. J Clin Oncol. 2018.



MRD standard risk (SR)
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IKZF1plus and MRD: Impact on EFS

A: MRD – Standard risk (MRD neg at 5w and 12w)
B: MRD – Intermediate risk (MRD non SR/HR)
C: MRD – High risk (MRD pos ≥10-4 at 12w)

Stanulla M, et a l. J Clin Oncol. 2018.



2017

PCR-MRD results
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Class of Kinase rearrangements and therapeutic targets in Ph-like ALL 

Roberts KG & Mullighan CG, Nat Rev Clin Onc 2015

CHILDREN ADOLESCENTS YOUNG ADULTS



EBF1-PDGFRB (Ph-like) responds to TKI

Weston BW et al, J Clin Oncol. 2013;31:e413-6

Lengline E et al, Haematologica. 2013;98:e146-8

days

Cario G et al Haematologica, 2020
Cario G et al Haematologica, 2019



Identification of new high-risk groups and reducing 

relapses in high-risk patients

More and more patients with “intermediately unfavorable” outcome have 
been identified and shifted to the high-risk arm
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Identification of new high-risk groups and reducing 

relapses in high-risk patients

→ In AIEOP-BFM ALL 2009, the HR group comprised >20% of the patients
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AIEOP-BFM ALL 2009 –

Interim analysis of the HR group

Interim results of trial AIEOP-BFM ALL 2009 suggest an improved
outcome of the “new HR patients“ by the HR treatment.



The essentials in pediatric ALL: 

Risk stratification and frontline therapy

• Approximately, 80% 5-year EFS can be achieved in unselected populations of 

pediatric patients

• The early treatment response – in particular through MRD detection – has been 

established to be the strongest prognostic factor

• Translation of novel molecular findings into improved treatment outcome is under 
investigation in various trials

• New molecular subgroups have been described (eg, Ph-like or BCR/ABL-like pB-

ALL) and their prognostic role defined

• Novel treatment approaches based on immunotherapy; evidence regarding 

long-term benefit is yet to be established

• Reduction of long-term toxicities, especially in adolescents, is a priority



New immunological approaches under investigation in childhood ALL

Adapted from Bhojw ani D, Pui CH. Lancet Oncol. 2013;14:e205-e217.

Allogeneic and 

autologous NK cells

Bispecific antibodies/antibody constructs

Chimeric antigen

receptor (CAR) T cells

Immunotoxin-specific 

antibodies



AIEOP-BFM ALL 2017

International collaborative treatment protocol for children and 
adolescents with acute lymphoblastic leukemia

Randomized phase III study conducted by the AIEOP-BFM study group

EudraCT Number: 2016-001935-12

Sponsor: Universitätsklinikum Schleswig-Holstein, Campus Kiel



New in trial AIEOP-BFM ALL 2017

• Modified workflow and timing in genetic diagnostics

• Genetic profiles and early MRD response may be combined to characterize 

previously not identified pts at high risk to relapse, eg, IKZF1plus

• Randomized evaluation of blinatumomab in de novo ALL in all non-SR 

patients

• Selective addition of novel agents in HR group

• Limitation of pCRT (only if age ≥4y, only if CNS-3, and/or if T-ALL with WBC 

≥100K)

• TDM for ASP activity only in reintensification (P-II, P-III, HR-1/2/3)



AIEOP-BFM ALL 2017: Treatment overview
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F Locatelli, personal communication. 

Trial information at https://clinicaltrials.gov /ct2/show/N CT03643276 (accessed September 2018).



Expected effects by novel post-consolidation therapy in HR patients:

– Significant reduction of toxicity

– Overcoming resistance to chemotherapy in patients with 
insufficient response to earlier treatment elements

HR-1‘ RHR

Experimental arm

Control arm

-7 1 8 15-14 29-21 36 43 50 57 6422 71 78
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→

Day

AIEOP-BFM ALL 2017: pB-ALL
Approach for HR patients: Randomization HR 

Can the pEFS be improved by a treatment concept including two cycles of post-
consolidation immunotherapy with Blinatumomab (15 µg/m²/d for 2 x 28 days) 
replacing two conventional highly intensive chemotherapy courses?



A brief focus on adolescents

Acute and late toxicities



(C)  OS by age (D)  Cumulative incidence of relapse (CIR) by age

(B)  Overall survival (OS) by age (D)  Cumulative incidence of death in remission as a first event by age



Copyright © 2020 American Society of Hematology 



• Second malignancies

• Osteonecrosis

• Neurocognitive sequelae

• Cardiomyopathy

• Insulin-dependent diabetes (pancreatitis)

• Chronic GvHD

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

Late effects of treatment in ALL



Five-year cumulative incidence of ON according to patient's age at ALL diagnosis



CAR design important for persistence and sustained efficacy

Published constructs of 2nd generation CD19 
CARs for ALL

Del Bufalo F & Locatelli F. Expert 

Review of Clinical Immunology 
2019



Published studies of 2nd generation CD19 CAR-T cells for r/r ALL

• 251 patients treated: 85% CR, 76% MRD-negative

Reference Treated patients (n) CAR vector Response + consolidation

Maude SL, et al.

N Engl J Med 2014;371:1507–17

30 

(18 post-HSCT)

FMC63-41BB-ζ 

lentivirus

27 CR; 22 MRD-negative

3➔ allogeneic HSCT

Lee DW, et al.

Lancet 2015;385:517–28

20

(7 post-HSCT)

FMC63-CD28-ζ 

retrovirus

13 CR + 1 CRi; 12 MRD-negative

10➔ allogeneic HSCT

Gardner RA, et al.

Blood 2017;129:3322–31

43

(28 post-HSCT)

FMC63-41BB-ζ

lentivirus

41 CR; 41 MRD-negative

11➔ allogeneic HSCT

Maude SL, et al.

N Engl J Med 2018;378:439–48

75

(46 post-HSCT)

FMC63-41BB-ζ 

lentivirus

61 CR/CRi; 61 MRD-negative

8➔ allogeneic HSCT

Turtle CJ, et al. 

J Clin Invest 2016;126:2123–38

30

(11 post-HSCT)

FMC63-41BB-ζ

lentivirus

29 CR; 25 MRD-negative

13➔ allogeneic HSCT

Park JH, et al. 

N Engl J Med 2018;378:449–59

53

(19 post-HSCT)

SJC25C1-CD28-ζ 

retrovirus

44 CR; 32 MRD-negative

17➔ allogeneic HSCT



Summary of ELIANA study

• 92 patients enrolled, 75 treated

• 73% Grade 3–4 AEs related to CAR-T:

• 81% → CR/CRi, all MRD negative; 66% in intention-to-treat analysis

• 1 year EFS at 50%, no relapses after this

• Demonstrates feasibility of delivery in multiple centres

Maude SL, et al. N Engl J Med 2018;378:439–48;

KYMRIAHTM (tisagenlecleucel) Prescribing Information. Nov artis Pharmaceuticals Corporation. 



EFS, event-free survival; HSCT, hematopoietic stem cell transplant; OS, overall survival.

Pasquini MC, et al. Blood Adv. 2020;4:5414-5424.

34 (16.1%) patients went on to HSCT after tisagenlecleucel while in remission

Results: Event-Free and Overall Survival
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ALL



Current Limitations of CAR T Cells

A. Wayne, adapted from Shah & Fry, Nat Rev Clin Oncol 2019

Clonal Heterogeneity

Lineage switch



CD19-CAR_Lenti: peculiarities

Viral platform Lentivirus

Viral supernatant Provided by Miltenyi Biotec

Reagents Granted by Miltenyi Biotec at reduced costs

Production Automated (CliniMACS Prodigy®)

Starting material Fresh apheresis (0.75-1.5 x 109 total WBC)

CD4/CD8 enriched cells (20-200 x 106 cells)

Release Fresh drug product

Time between apheresis and lymphodepletion 9 days

Time between apheresis and infusion 14 days



Patients characteristics

Pt ID Gender
Age
(y)

Cytogenetic
anomalies

Disease phase at 
infusion

Previous 
allogeneic HSCT

BM blasts at 
lymphodepletion

001 M 7 None ALL 2nd relapse No 8,9%

002 F 5 None ALL 3rd relapse Yes 15,7%

003 F 7 47, XX (+21)
ALL 1st very early 

relapse
No 2,8%

004 M 4 None
ALL 2nd relapse 

(combined 
BM+CNS)

Yes 0,6%

005 M 12 t(1;19)

ALL 1st refractory 
relapse 

(combined BM + 
bone and kidney)

No 2,3%

DL1

DL2



CAR_Lenti expansion and outcome
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Final considerations

▪ Treatment of childhood ALL is becoming more and more 

complex and sophisticated over time, integrating genetic 

data and MRD response in patient stratification;

▪ The goal is that of curing more and better, sparing side 

effects while maintaining and even improving the high cure 

rate we have achieved so far;

▪ Immunotherapy is changing the therapeutic scenario of 

childhood B-ALL;

▪Ongoing studies will define its role in newly diagnosed 

patients.



Bispecifics for 
Pediatric/AYA ALL
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Bispecifics for Pediatric/AYA ALL

Patrick Brown, MD
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 Guidelines Panel



Mechanism: Normal vs BiTE vs CAR vs ADC

Adapted from Hinrichs CS, et al. Nat Biotechnol. 2013;31:999-1008. 

Normal T cell

Infected 
cell

T cell

MHC I

TCR

Peptide

CAR T cell

Antigen-recognition 
domain

Costimulatory 
domain (41BB, CD28)

Tumor 
cell

CAR
T cell

Target 
antigen 
(CD19)

CD3

T cell

Tumor 
cell

BiTE

BiTE ADC

Cytotoxin 

(ca l icheamicin)

Tumor 
cell

Target antigen 
(CD22)

• Off the shelf
• Continuous IV infusion

• Complicated and 
prolonged process

• Single infusion

• Off the shelf
• Weekly short IV infusions



• Poor survival for 1st relapse B-ALL in children, 
adolescents and young adults (AYA), especially 
early relapses

Background

Dx 18

36

early

early

marrow

isolated extramedullary
months

• Standard treatment approach

– Reinduction chemotherapy → 2nd remission

– Consolidation

• Early relapse: Intensive chemo → HSCT

▪ Goal: MRD-negativity prior to HSCT

• Late relapse

▪ “MRD high”: same as early

▪ “MRD low”: Intensive chemo → maintenance therapy

Rheingold, et al. ASCO 2019.



• In multiple relapsed/refractory 
setting (peds and adults)
– CR 40%–45%
– MRD-negative CR 20%–35%
– Early survival benefit (adults)

• In MRD+ setting (adults)
– 80% MRD clearance
– 60% subsequent DFS (bridge to HSCT)

Blinatumomab (CD19 BiTE)

Overall 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. J Clin Oncol. 2016;34:4381-4389

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

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



AALL1331: “Big Picture”
• All first relapse (any CR1 duration, any site)
• Ages 1–30
• Major exclusions: Down syndrome, Ph+, 

prior HSCT, prior blinatumomabUKALLR3, Mitoxantrone Arm*
• DEX 20 mg/m2/day Days 1–5, 15–19 
• VCR 1.5 mg/m2 Days 1, 8, 15, 22
• PEG 2500 IU/m2 Days 3, 17 
• Mitoxantrone 10 mg/m2 Days 1, 2 
• IT MTX Day 1, then IT MTX or ITT

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

Early relapse & 
late relapse/ 

MRD high

(n = 213)

Late relapse/ 
MRD low 
(n = 255)



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

DFS OS

Median follow up 2.9 years
Brown P, et al. JAMA. 2021;325(9):833-842.



Median follow up 1.4 years

Results AYA Patients (Ages 18–30 at Relapse)

DFS OS



Other Endpoints: MRD, AEs, HSCT Bridging

Significant contributors to the improved outcomes for Arm B (blina) vs Arm A (chemo) in HR/IR relapses may 
include better MRD clearance, less toxicity and greater ability to successfully bridge to HSCT

MRD Clearance Adverse Events Bridge to Transplant

Brown P, et al. JAMA. 2021;325(9):833-842.



Amgen 20120215: Open-Label, Randomized, Phase III 

Trial: 47 Centers, 13 Countries

BCP, B-cell precursor; EFS, event-free survival; HC, high-risk consolidation. 

Key eligibility criteria

• Age >28 days <18 years
• HR 1st relapse Ph– BCP-ALL

• M1 or M2 marrow at randomization

• No CNS disease, unless treated before 
enrollment

• No clinically relevant CNS pathology

Stratification

• Age: <1 year, 1 to 9 years, >9 years
• BM status at end of HC2

‒ M1 with MRD >10-3

‒ M1 with MRD <10-3

‒ M2

HSCTInduction HC1
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Blinatumomab

1 cycle (4 weeks)

15 µg/m2/day

Short-term 

Follow-up
HC2

HC3

1:1
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Alternative regimes permitted:

ALL Rez BFM 2002

ALL R3

COOPRALL

AIEOP ALL REC 2003
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Long-term

Follow-up

M1/M2 M1

Endpoints

• Primary: EFS
• Secondary

‒ OS

‒ MRD response (end of blinatumomab 
or HC3)

‒ Cumulative incidence of relapse
‒ Incidence of AEs

‒ Survival 100 days post HSCT

Locatelli F, et al. JAMA. 2021;325(9):843-854.



Superior EFS in the Blinatumomab Arm

P, stratif ied log rank P value; HR, hazard ratio from stratif ied Cox regression.
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Locatelli F, et al. JAMA. 2021;325(9):843-854.



Treatment difference

36% (95% CI, 19‒52)
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Locatelli F, et al. JAMA. 2021;325(9):843-854.



• All first relapse (any CR1 duration, any site)
• Ages 1–30
• Major exclusions: Down syndrome, Ph+, 

prior HSCT, prior blinatumomab

Early relapse & 
late relapse/ 

MRD high

(n = 213)

Late relapse/ 
MRD low 
(n = 255)

AALL1331: “Big Picture”
UKALLR3, Mitoxantrone Arm*

• DEX 20 mg/m2/day Days 1–5, 15–19 
• VCR 1.5 mg/m2 Days 1, 8, 15, 22
• PEG 2500 IU/m2 Days 3, 17 
• Mitoxantrone 10 mg/m2 Days 1, 2 
• IT MTX Day 1, then IT MTX or ITT

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



• 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;7(47):76902-76919

What Happens When Blinatumomab Doesn’t Work?



AALL1821: Blinatumomab + Nivolumab

Early relapse and AYA

Immunotherapy reinduction 
(blina vs blina/nivo)
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Others
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Stacy Cooper, Study Chair



Can We Predict When Blinatumomab Won’t Work?



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.



Clinical Trial Questions in COG: 
Molecularly/Immunologically Targeted Therapy in B-ALL



AALL1731:
Post-
Induction

Rachel Rau, Study Co-Chair
Sumit Gupta, Study Co-Chair

Opened June 2019
Accrued ~1800 of ~6400





Blinatumomab: Questions and Discussion

• HSCT after MRD clearance with blinatumomab?

• Role of HTS (ClonoSEQ) MRD?

• Ability of checkpoint inhibition to safely enhance blinatumomab response?

• Earlier (pre-treatment) predictive biomarkers of blinatumomab response?

• Risk of prior blinatumomab exposure and CD19 escape after subsequent 

CD19 CAR T therapy?



Questions to the 
Experts



Closing

Franco Locatelli, MD
University of Rome IRCCS Ospedale 
Pediatrico Bambino Gesù of Rome
Italy

Patrick A. Brown, MD
Johns Hopkins University School of Medicine
USA

Platinum Sponsor:



Thank you to all participants!
And thank you to Amgen for their sponsorship

> Please complete the evaluation form using the provided link

> To obtain a copy of the meeting slides and access other educational 
materials, please visit the GLA website at: 
www.globalleukemiaacademy.com

– Meeting materials will be available in approximately 1 week

> If you have a question for any of our experts that was not answered 
today, you can submit it through the GLA website at: 
https://globalleukemiaacademy.com/ask-the-expert/
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