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Objectives

• To discuss different types of targetable cell surface proteins/molecular 
aberrations found in pediatric leukemia

• To review mechanisms of action and notable adverse effects of select targeted 
therapeutics 

• To review where molecular profiling/immunohistochemical information can be 
found in the EMR



Abbreviated Landscape of Targeted Therapies in Pediatric Leukemia

Heikamp and Pui, Journal of Pediatrics, 2018
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• B-cell acute lymphoblastic 
leukemia

• Most common 
pediatric cancer

• Cure rate >90%, but 
relapsed/refractory 
patients are ongoing 
challenge

• Many targetable markers on 
immature B-cells for which 
novel therapies exist

Immunotherapeutic agents can target cell markers on B-Cells 



Cancer Cell

Adoptive T cell Therapy
Training own T-cells to target 
tumor 
Ex: CD19-directed
CAR-T cells

Jones et al., Nature, 2019
Butler et al, Cancer Journal for Clin, 2021

• Form of cellular therapy; T cells genetically modified to 
express CD19 antibody on cell surface + T-cell 
receptor signaling domain inside cell

• Binding of CAR to CD19 leukemia cells activates CAR 
to kill leukemia cells

• Unique toxicities
• Cytokine release syndrome (CRS)
• Neurotoxicity
• B-cell aplasia

• Tisagenlecleucel: autologous CAR T product, FDA 
approved for relapsed/refractory B-ALL in patients up 
to 25 yo

• Currently evaluating in phase 2 study for patients with 
high-risk disease and are end of consolidation MRD 
positive (NCT03876769)

Chimeric Antigen Receptor (CAR) T cells
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• Has antibody fragments directed to CD19 and 
CD3 (T-cell surface marker)

• Activates cytotoxic T cells to target/kill leukemic 
cells

• SHORT half-life (2 hours)
• When administered with chemotherapy, fewer 

toxicities than chemo-only arm and pts more 
likely to go to AlloSCT (AALL1331); but no 
difference in survival 

• FDA approved for relapsed/refractory B-ALL in 
pediatric and adult patients

• Under active study in newly diagnosed B-ALL in 
combination with chemotherapy (AALL1731)

Blinatumomab: a bispecific T-cell engager 

Butler et al, Cancer Journal for Clin, 2021
Brown et al,  JAMA, 2021



Cancer Cell
calicheamicin

Antibody Drug 
Conjugate (ADC)
Ex: Inotuzumab

• Antibody targeting CD22 and linked to cytotoxic 
antitumor antibiotic (calicheamicin)

• Toxicities of interest
• Sinusoidal obstruction syndrome (SOS, 

formerly known as VOD)
• Particular caution post-transplant

• Attractive options for patients who lose CD19 
positivity

• FDA approved for adults with B-ALL, but clinical 
activity in children as well

• Active investigation in high-risk patients when 
added to post induction chemotherapy 
(AALL1732)

Inotuzumab: Antibody-drug conjugate that targets CD22

Butler et al, Cancer Journal for Clin, 2021



Abbreviated Landscape of Targeted Therapies in Pediatric Leukemia

Heikamp and Pui, Journal of Pediatrics, 2018



Imatinib: The Poster Child for Targeted Therapy in Heme Malignancies

Drucker et al, NJEM, 2001



Abbreviated Landscape of Targeted Therapies in Pediatric Leukemia

Heikamp and Pui, Journal of Pediatrics, 2018

• A subset of patients with B-ALL 
harbor the BCR-ABL1 
(Philadelphia) translocation, and 
others fit a sub-class called “Ph-like 
ALL” (up to 15% of B-ALL)

Other ABL class fusions: ABL1, 
ABL2, CSF1R, PDGFRB, 
PDGFRA

Respond clinically to ABL1 
tyrosine kinase inhibitors 
(TKIs)

Preclinical models with 
activating JAK-STAT 
pathway, amenable to 
treatment with JAK inhibitors

• Ongoing studies looking at 
response w/addition of TKI 
(AALL1131-dasatinib, AALL1521-
ruxolitinib for CRLF2 fusion)



Cancer Cell

FLT3 inhibitor
Ex: Sorafenib

calicheamicin

Antibody Drug 
Conjugate (ADC)
Ex: Gemtuzumab

Adoptive T cell Therapy
(CD33 CAR)

Jones et al., Nature, 2019
Pollard et al., JCO, 2022

Immunotherapeutic agents can target cell markers on myeloid cells 
(AML targets) 

AAML1031: Sorafenib+chemo vs SOC chemo in HAR FLT3/ITD 
More favorable outcome in sorafenib group (half as many events 
incl death, relapse, refractory disease)

T 
Cell



Abbreviated Landscape of Targeted Therapies in Pediatric Leukemia

Heikamp and Pui, Journal of Pediatrics, 2018



Early Phase Targeted Therapies for Liquid Tumors at MSK Kids

Agent Disease Mechanism Trial
SNDX-5613 ALL, AML (KMT2A 

rearranged or 
NPM1m)

Menin inhibitor 19-448- single agent
22-239- combination 
with chemo

Idasanutlin ALL, AML MDM2 inhibitor 20-140- IDASA + chemo 
or venetoclax

MRX-2843 ALL, AML, MPAL MerTK/FLT3 inhibitor 22-080- Phase 1 single 
agent dose escalation

Venetoclax ALL, AML, NHL, 
solid tumors

BCL-2 inhibitor 18-265 (CTA, Ph1 dose 
escalation/expansion)



Many unanswered questions… 
• Timing of novel agent (at diagnosis or relapse)

• Administration of novel agent
• monotherapy vs combination with chemotherapy or other novel agent(s)

• If combination, which drugs are synergistic without overlapping toxicity 
profiles?

• How to prioritize drugs that hit same target
• Blinatumomab vs CD19 CAR-T



Targetable Molecular Aberrations- How do I find this information?

Single Nucleotide 
Variant/Point mutation Fusion/Rearrangement Amplification

IMPACT/IMPACT-HEME Archer/Archer-Heme IMPACT
Cytogenetics



OncoKB Levels of Evidence



OncoKB Levels of Evidence



OncoKB Levels of Evidence



Targetable Cell Surface Markers- How do I find this information?

Solid Tumors Liquid Tumors

Pathology report 
Immunohistochemistry (IHC)

Flow cytometry

Things to consider for interpretation:
IHC- percentage of cells with expression (>50%?); strength of staining (2+, 3+)

Flow cytometry- bright vs dim 

Cutoffs in protocol may vary 

Protocol may be histology specific OR biomarker specific (i.e. any histology so 
long as meets minimum threshold of expression) 



Questions?



Abbreviated Landscape of Targeted Therapies in Pediatric Leukemia

Kuhlen et al, Frontiers in Pediatrics, 2019
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