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ALK IN CANCERS

ALK-REARRANGED NSCLC ALK-NEGATIVE NSCLC



• Restricted and low levels of expression in normal tissues

• Selective and high expression by the tumor cells

• Strong addiction of the neoplastic cells on the ALK 
signalling for their growth and survival 

• Good spontaneous immunogenicity of the ALK protein in 
human patients

Key immunological properties of ALK 
as an oncoantigen



Portfolio of anti-ALK immunotherapies



Pediatric neuroblastoma (NBL)

• Most common extra-cranial solid tumor in childhood

• Accounts for ~ 15% of pediatric cancer deaths

• Outcomes for LR and IR neuroblastoma are favorable

• 50% of patients present with high-risk features

• Outcomes for HR neuroblastoma remain poor despite intensive 

multimodal therapy

Irwin et al, JCO 2021
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Pediatric HR neuroblastoma

Pinto N et al, JCO 2015

Yu A et al, NEJM 2010



Therapeutic approaches for HR neuroblastoma

Pinto N et al, JCO 2015

• ~ 50% of HR NBL patients relapse 

or fail to respond to upfront therapy

• Outcomes for r/r HR 

neuroblastoma are dismal (4y PFS 

6%, 4y OS 20%)

• Novel therapeutic approaches for 

r/r neuroblastoma are urgently 

needed

London W. et al, Cancer 2017
DuBois S et al, ASCO Education 2022



Morales La Madrid A et al., Targ Onc 2012 

~10% NBL~90% NBL ~5% NBLNSCLC, 
ALCL

Targeting ALK in neuroblastoma



Walker AJ et al, Mol Ther 2017

Bergaggio, E et al, Cancer Cell 2023

mRNA Cell surface ALK by Flow

Representative IHC staining with ALK mAb on NBL cell lines
IHC Score summary

ALK surface-expression in neuroblastoma
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Bergaggio, E et al, Cancer Cell 2023
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Summary of IHC on 50 
primary pediatric NBL 

samples 

Example of ALK expression in 
normal gangliar cells vs. NBL

ALK expression by IHC in primary pediatric NBL



ALK expression in healthy tissues

TMA (D5F3 FDA approved mAb)

mRNA 
by GTEx

IHC on healthy donor tissues

Bergaggio, E et al, Cancer Cell 2023



Targeting ALK in neuroblastoma

• ~10% ALK mutated;
• ~3-5% ALK amplified 
• ~90% ALK expressed on the cell surface
(>72% at moderate or high levels) 

• High ALK expression associated with 
adverse clinical outcome

• Expression of ALK is restricted to tumor cells

• ALK tyrosine kinase inhibitors (lorlatinib) have 
efficacy in ALK-mutated neuroblastoma and the 
RP2D for pediatric NBL patients has recently 
been defined (Goldsmith K, et al., Nature 
Medicine 2023)

NB
cells

Normal 
gangliar
cells

ALK staining (D5F3 FDA approved)

ALK is a promising target for CAR-based T cell therapy  
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ALK-CART cell construct

Bergaggio, E et al, Cancer Cell 2023
Huang H, et al, Cell Reports 2021



ALK-CART cells efficiently kill neuroblastoma with 
high ALK expression (ALK-amplified NB-1 model)

Bergaggio, E et al, Cancer Cell 2023



ALK-CART cells efficiently kill neuroblastoma with 
high ALK expression (ALK-amplified NB-1 model)

Bergaggio, E et al, Cancer Cell 2023



ALK-CART activity is modest in metastatic NBL 
models with low ALK expression (ALK-mut SK-N-SH)

Bergaggio, E et al, Cancer Cell 2023



Lorlatinib enhances ALK expression on the NBL surface

Bergaggio, E et al, Cancer Cell 2023

mRNA

Western
Blot

Co-culture 
assay 1:5 
ET ratio x 
3d



Lorlatinib enhances ALK-CART efficacy against NBL 
with low ALK expression (ALK-mut SK-N-SH)

Bergaggio, E et al, Cancer Cell 2023



Lorlatinib enhances ALK-CART efficacy metastatic ALK-
WT (NGP) and ALK-mut PDX (Felix models)

Bergaggio, E et al, Cancer Cell 2023

NGP

Felix-
PDX





ALK-CART Phase I/II Clinical Trial Design

ALK -CAR 5’ 
LTR

hTM-
CD8α

CD3ζ 3’ 
LTR

CD2
8

ALK scFV

Dose Level Dose 
(viable, CAR+ T cells/kg)

-1 3x105

1 1x106

2 3x106

3 1x107

4 Lorlatinib + 1x107 (or MTD)

Phase 2 Dose expansion at MTD +/- Lorlatinib

Observe a 28 day DLT window post-infusion prior to dose-
escalation

IND holder: Roberto Chiarle, MD
PI: Susanne Baumeister, MD
Co-PI: Suzanne Shusterman, MD

γ-retroviral cGMP vector 
(manufactured at Baylor CAGT)

Anticipated activation in October/November 2024



• Phase 1 Primary Objectives
o To identify the MTD of autologous ALK-CART cells as measured by the 

occurrence of DLTs in pediatric patients with r/r HR NBL
o To identify the safety and tolerability of autologous ALK-CART cells at the MTD 

and in combination with Lorlatinib 115mg/m2/dose (<18y) or 150mg PO QD 
(>18y)

• Phase 2 Primary Objectives
o To estimate the CR and PR rates as per revised International Neuroblastoma 

Criteria (INRC) in pediatric patients receiving autologous ALK-CART cells +/-
Lorlatinib

• Secondary Objectives
o To estimate Progression free survival (PFS) and Overall Survival (OS)
o To measure subject reported symptoms
o Evaluate the biologic activity of ALK-CART cells with detailed correlative studies 

and correlate these with responses

ALK-CART Phase I/II trial Objectives



• >/= 12months and <30 years
• Histologically confirmed diagnosis of neuroblastoma that is r/r 
• HR NBL according to COG risk stratification (LR/IR risk pts who were 

reclassificed are eligible)
• Histologic confirmation of ALK expression is NOT required
• Recovery/washout from prior therapies (no limit on prior treatment 

regimens)
• Adequate organ function
• No uncontrolled CNS metastasis (treated and stable for >/= 8 weeks 

eligible)
• Additional standard eligibility criteria

ALK-CART Phase I/II trial Key Eligibility
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Evaluations post d28

Screening 
(3wk window):
-PMH, PE, VS, PS, 
Ht, Wt, Echo, ECG
-Labs: CBC w/diff, 
PT/PTT/INR/Fibrinog
en, Chem 10, CRP 
Ferritin, HIV, HBsAg, 
anti-HCV, UA, HCG 
(if applicable)
-Disease status

Pre-apheresis eval
(within 7d prior):
-PMH, PE, VS, Ht, Wt
-IDMs (w/in 7d 
prior)
-HCG

Lymphodepletion:
Fludarabine
30mg/m2/day IV 
on days -6,-5,-4,-3
Cyclophosphamide
500mg/m2/day IV 
on days -6,-5,-3

Lorlatinib cohort only:
Lorlatinib 115mg/m2/d or 
150mg/d PO per normogram
from day -2 to day +28

Day -2

Evaluations post d28:

Disease 
assessment: 
Within 2 weeks of 
start of LDC

H&P, PE, VS, Ht, Wt, 
clinical labs, disease eval 
correlative labs: Mo2, 
Mo3, Mo6, Mo9, Mo12, 
Q3mo until Mo24 or PD 

RCR: Mo3, Mo6, Mo12, 
then Archive Q12mo x4

LFTU: H&P, PE, CBC 
w/diff Qyear until year 
15 or transition to LTFU 
protocol

ALK-CART Phase I/II Clinical Trial Schema
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