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Epidemiology -SEER

More common in children and 
adolescents than adults.

Median age at diagnosis =17.

1.8 per 100,000 persons per year.

0.3% of all cancer cases.

0.2% of all cancer deaths.



Age and outcome in ALL

Sasaki K et al Am J Hematol 2021



Sasaki K et al Am J Hematol 2021



Adult ALL is different from pediatric ALL

Higher incidence of 
comorbidities

Concomitant medications

Higher incidence of treatment 
related complications

Higher frequency of less 
aggressive disease in older 
adults

Different molecular drivers of 
disease

Iacobucci and Mullighan, JCO 2017



GMALL BFM



Philadelphia positive B-ALL

2-3% of children, up to 30% of adults

Historically – poor outcomes due to 
resistant disease and early aggressive 
relapse. Better outcomes with allo-SCT.

TKI-era – improved outcomes:
Reduction in chemotherapy.

Elderly patients – better outcomes with Ph+ 
than Ph- ALL.

Role of allo-SCT – controversial in patients 
with a deep and rapid response.

Fielding A et al Blood 2009, 2014



Ph-like B-ALL

Subgroup identified in 2009 in  
studies examining “B-other” ALL 
patients with poor outcomes.

A similar gene-expression profile to 
Ph positive B-ALL

Genetic aberrations in kinase and 
cell signaling pathways:

ABL-class tyrosine kinases –ABL1/2, 
CSF1R, etc.

JAK-STAT pathway – CRLF2, EPOR, 
JAK1/2 etc.

Other signaling pathways –Ras, FLT3

Den Boer M et al Lancet Oncol 2009, Iacobucci and Mullighan, JCO 2017



Ph like B-ALL

Worse outcomes in Ph-like B-
ALL patients:

More MRD positivity

Shorter median EFS, OS

Tyrosine kinase inhibitors for 
ABL class rearranged

JAK inhibitors for JAK-STAT 
pathway.

Iacobucci and Mullighan, JCO 2017

Roberts KG et al JCO 2017



Early T cell precursor ALL

Absence of CD1a/CD8

Weak expression of CD5 
(<75% positive lymphoblasts)

The presence of 1 or more 
myeloid or stem cell markers 
(CD117, CD34, HLA-DR, 
CD13,CD33, CD11b, or CD65) 
on at least 25% of 
lymphoblasts

Jain N et al Blood 2016



Principles of treatment

Cytoreductive prephase

Induction of remission

Consolidation/Re-intensification

CNS prophylaxis

MRD-guided therapy

Maintenance therapy



Pediatric / Pediatric inspired protocols



Hyper-CVAD

Thomas DA et al. Blood 2004



Pediatric protocols – higher 
doses of steroids, vincristine, 
asparaginase, methotrexate

Adult protocols – higher doses 
of cytotoxic drugs –
anthracyclines, cytarabine, 
etoposide, cyclophosphomide

Wider indications for alloSCT
in adult protocols.

Treatment - Ph negative ALL – Adolescent/young adults

Ram R et al, Am J Hematol 2012



Ph negative ALL – Adolescent/young adults

Several studies assessing outcomes of patients age 15-
21 treated on either pediatric or adult protocols reported 
significantly better outcomes of pediatric protocols.

Boissel and Baruchel Blood 2018,  Stock W et al  Blood 2008



Response assessment and response adapted therapy

Patients are tested at several time 
points during treatment to assess 
whether they have achieved certain 
milestones:

Prednisone Good Response 

Early BM blast clearance

End of induction 

Week 10-12 MRD



Measurable (Minimal) Residual Disease

Saygin C et al Haematologica 2022



TCR/Ig gene ASO-PCR

Van Dongen JJM et al. Blood 2015



MRD assessment methods

Saygin C et al Haematologica 2022



Clinical application of MRD - prognosis

Bassan R et al Blood Cancer J 2014, 

Bruggemann M et al Blood 2006

NILG GMALL



Clinical application of MRD – Allogeneic HSCT

GMALL

GRAAL

Gokbuget N et al Blood 2012

Dhedin N et al Blood 2015



Relapsed/Refractory ALL

Dismal outcomes for R/R ALL

With chemotherapy – 20-45% 
of patients achieve CR2

Better outcomes with AlloSCT

Favorable prognostic factors:
Young age

Duration of CR1 >2 years

No previous transplant 

Oriol A et al Haematologica 2010



Chimeric Antigen Receptor T Cells

Maude SL Blood 2015



CD19 CART
ELIANA trial – children/AYA RR ALL ZUMA-3 - Adult RR ALL

Maude SL et al. NEJM 2018

Shah BD et al. Lancet 2021



CD19 CART

Approved for 
RR ALL age 3-25 (tisagenlecleucel)
RR adult ALL (brexucabtagene autoleucel)

High Remission rates, prolonged OS, RFS even in heavily pretreated 
patients

Most trials report response and survival rates regarding patients 
transfused with CART cells, not according to ITT.

Toxicities – CRS, ICANS

Mechanisms of relapse:
CD19+ - correlation with lack of CART persistence / duration of B cell aplasia
CD19- clonal selection – mutation / epigenetic silencing



Blinatumumab

Kapoor A et al CCIJ 2014



Blinatumomab – outcomes in R/R ALL

CR/CRp/CRi – 44% with 
blinatumomab vs. 25% with 
chemotherapy.

25% in each group underwent 
subsequent alloSCT

Median OS 7.7 months with 
blinatumomab vs 4 months 
with chemotherapy.

Blinatumomab AEs: 
CRS
Neurotoxicity

Kantarjian H et al NEJM 2017



Blinatumomab for MRD – BLAST trial 

Phase II trial

118 pts with ALL in CR but with  
MRD ≥ 10-3.

78% complete MRD response 
after 1 cycle

Good prognostic factors:
CR1

MRD response after cycle 1

Gokbuget N et al. Blood 2018



Future Directions: 
blinatumomab for MRD 

negative patients

Litzow M et al ASH 2022, NEJM 2024



Future Directions
incorporation of novel agents into 1st line therapy 

blinatumomab – GMALL BOLD

Goekbuget N et al ASH 2023



Inotuzumab Ozogamicin



Inotuzumab Ozogamicin for R/R ALL

CR 80% with IO vs 29% with 
chemotherapy

MRD negative in 78.4% with 
IO vs 28.1% with 
chemotherapy

Longer DoR and PFS with IO

HR for OS with IO vs. 
chemotherapy – 0.77

41% of patients treated with 
IO proceeded to alloSCT vs. 
11% with chemotherapy

Liver toxicity – 11% VOD
Kantarjian H et al NEJM 2016



Future Directions – incorporation of novel 
agents into 1st line therapy - HYPER-CVAD + 
blina +/- ino

Jabbour E et al. Cancer 2019



Future Directions – incorporation of novel agents into 1st line 
therapy - HYPER-CVAD + blina +/- ino

Nguyen D et al. ASH 2023, Kantarjian H et al  Am J Hematol 2025



Future Directions
incorporation of novel agents into 1st line therapy 

inotuzumab – GMALL INITIAL-1

Stelljes M et al JCO 2023



clinicaloptions.comclinicaloptions.com

Slide credit: clinicaloptions.com

Alliance A041703: Study Design

▪ Multicenter, nonrandomized, multicohort phase II trial (data cutoff: January 1, 2023)

Course IB: InO
0.5/0.5/0.5 mg/m2

D1/8/15

Course IC: InO
0.8/0.5/0.5 mg/m2

D1/8/15

Course IA*: 
InO

0.8/0.5/0.5 
mg/m2

D1/8/15

Induction

Response 
assessment 

D18-21

Course II: 
Blina

28 µg/d CIV
2 x 42-d cycles, 

9 µg/d lead-in C1

CR/CRi

Adequate ALL 
cytoreduction*

No CR/CRi

Failure to achieve 
ALL cytoreduction

Response 
assessment 

D25-28

Consolidation 

Induction

Response 
assessment 

D81-84

CR/CRi to IB/IC

CR/CRi but no ALL 
cytoreduction with IA 
or refractory to IB/IC

R/R Off treatment/follow-up

Course IIIA: Blina
28 µg/d CIV

2 x 42-d cycles

Course IIIB: Blina
28 µg/d CIV

3 x 42-d cycles

Consolidation 

Cohort 1
Patients aged ≥60 yr with 

newly diagnosed Ph-, 
CD22+ B-ALL; no plan for 

HCT; no active CNS/
testicular leukemia; 
no hx of other active 
malignancy with 2 yr, 
chronic liver disease, 
VOD/SOS, significant 
cardiac disease, or 
clinically relevant 

neurologic disorder; 
ECOG PS 0-2

(N = 33)
CNS prophylaxis: IT MTX 15 mg x 8. 
*≥50% reduction in marrow lymphoblasts and/or ≤20% marrow cellularity.

Wieduwilt. ASCO 2023. Abstr 7006. NCT03739814.

▪ Primary endpoint: 1-yr EFS estimated with KM curve, 2-sided 90% CI using Greenwood formula

‒ If lower bound exceeded null rate of 10% (historical rate), regimen to be further investigated

▪ Secondary endpoints: OS, RFS, MRD-, CR rate, safety

http://www.clinicaloptions.com/


III A/B/CN=33

32 (97%)28 (85%)Composit
e CR*

19 (58%)15 (45%)CR

12 (36%)11 (33%)CRh

1 (3%)2 (6%)CRi

-3 (9%)†
Refractory

75% (95% CI 61-92%)1-yr EFS

84% (95% CI 72-92%)1-yr OS

Wieduwilt. ASCO 2023, JCO 2025.



Nelarabine

CR rate – 36%

1 year OS – 24%

Patients proceeding to HSCT in CR – 3 year OS 31%

Neurotoxicity in 16% of patients Goekbuget N et al Blood 2011



Mini-Hyper-CVD+Venetoclax

Luskin MR et al  ASH 2023



Treatment –Ph positive B-ALL

Choice of  TKI

Chemotherapy – intensive / reduced dose / 
without chemotherapy

Duration of TKI

Role of Allogeneic stem cell transplantation

Goldstone  H et al, Blood 2008

Fielding AK et al , Blood 2014



Choice of TKI

Imatinib+Hyper-CVAD
• N= 54 (28% after induction 

without TKI.
• CR – 93%
• AlloSCT – 30%
• 5 year OS – 43%

Dasatinib+Hyper-CVAD
• N= 72
• CR – 96%
• AlloSCT – 17%
• Median overall survival - 47 

months

Ponatinib+Hyper-CVAD
• N= 76 (protocol amended to 

reduce ponatinib dosing after 
37 pts.)

• CR – 100%
• AlloSCT – 20%
• 5 year OS – 71%

Daver N et al Haematologica 2015

Ravandi F et al Cancer 2015

Jabbour E et al Lancet Haem 2018





T315I mutation

Ohare T et al Cancer Cell 2009

Rousselot P et al, Blood 2016

• EWALL-PH-01 trial – Rousselot P et al. Blood 2016:
• 71 elderly patients (age>55, median 69)
• Dasatinib + reduced chemotherapy.
• CR 96%, 5yOS 36%.
• 36 patients (56%) relapsed:

• 24 tested for T315I
• 75% positive foe T315I

• 43 patients assessed for T315I at diagnosis:
• 10 patients positive at 0.05% or higher
• 8/10 patients relapsed



Blinatumomab+TKI

Foa R et al NEJM 2020
Foa et al JCO 2023
Jabbour E , Short NJ et al Lancet Haematol 2023 



Role of allogeneic stem cell transplant

UKALL/ECOG trial – AlloSCT improves 
outcomes in TKI treated patients

GRAAPH 2005 – overall benefit of 
alloSCT. Patients achieving major 
molecular response – no benefit

MDACC data – Short NJ et al Blood 
2016- achievement of complete 
molecular response by 3 months was 
associated with a median OS of 127 
months without alloSCT

Fielding A Blood 2014

Chalandon Y et al, Blood 2015

Sasaki et al Cancer 2021
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