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The Anaplastic Lymphoma Kinase (ALK) oncogene
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Key immunological properties of ALK
as an oncoantigen

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



Spontaneous anti-ALK immune response in
patients with ALK-rearranged tumors

Circulating antibodies against NPM-ALK protein are found in ALK-positive
ALCL patients (Pulford K et al, Blood 2000, Mussolin et al, Leukemia 2009)
and are associated with better prognosis (Ait-Tahar K et al, Blood 2010)

Effector and memory T CD8+ lymphocytes are present in patients with ALK
lymphomas (Passoni et al. Blood 2002; Passoni et al. Haematologica 2006)

CD4 T-helper responses to ALK are present in patients with ALK+ ALCL
(Ait-Tahar K et al, Cancer Res 2007)

Combination of minimal disseminated disease (MDD) and antibody titers can
stratify ALK+ ALCL into prognostic groups (Mussolin et al, Leukemia 2013)

Anti-ALK antibodies in ALK-rearranged NSCLC (Awad et al, Oncotarget
2017)



ENHANCING TUMOR IMMUNITY BY
ALK VACCINATION

Source of oncoantigens: whole cells,
dendritic cells, cell hybrids, DNA, peptides,
engineered viruses, viral particles

Adjuvants: bacterial and chemical adjuvants,
cytokines, heat-shock proteins
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% protection

ALK DNA vaccine prevents lymphoma growth

2 weeks from
ALK vaccine

7 months from
ALK vaccine
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Cumulative survival

ALK DNA vaccine as therapy against lymphoma
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What we have learned from pre-clinical studies
on ALK vaccine against ALK+ lymphoma?

« ALK vaccination elicits a specific cytotoxic immune response

« Effector CD8+ T cells and IFN-y production, but not B cells or
antibodies, are essential for the generation of a protective anti-ALK
immune response

* ALK vaccination is long lasting
« The efficacy of ALK vaccination depends on the tumor burden
« ALK vaccination prevents 100% of ex-novo lymphoma growth

« ALK vaccination is synergic with chemotherapy in lymphoma
treatment



ALK vaccine against solid cancers

ALK-rearranged NSCLC

Shaw and Engelman, JCO, 2013



Prophylactic Efficacy of the ALK vaccine
against lung cancer
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ALK vaccine significantly delays lung cancer
progression and extends survival

N° of neoplastic foci
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Potential ALK vaccine therapeutic combinations

- ALK vaccine and ALK inhibitors

- ALK vaccine and immune checkpoint blockade



Is ALK vaccine efficient in combination
with ALK kinase inhibitor treatment?
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Immune checkpoint blockade in cancer therapy

Cytokines produced:
IFNy, TNFo and granzyme B

CTLA4-targeted
antibody

Antibodies to

block
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Sharma et al, Nat Rev Cancer 2011



Blockade of PD-1/PD-L1 enhances ALK vaccine efficacy
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Conclusions from preclinical studies
on ALK vaccine in NSCLC

ALK vaccine elicits a strong cytotoxic immune response against
ALK-rearranged NSCLC cells

ALK vaccine reduces tumor growth and extends survival in NSCLC
models

ALK vaccine in combination with ALK inhibitors delays tumor relapse
PD-L1 is regulated by EML4-ALK in NSCLC

Immunocheckpoint blockade by PD-1/PD-L1 antibodies increases ALK
vaccine efficacy

ALK vaccine is active against crizotinib-resistant ALK mutants



Moving toward the clinical use
of an ALK vaccine
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Anti-ALK immunity in NSCLC patients
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Anti-ALK immunity in NSCLC patients
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Generation of a Synthetic Long Peptide
ALK vaccine
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Lymph node targeting “albumin hitchhiking” vaccines
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Efficacy of a peptide-based vaccine
against ALK+ lung cancer
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Efficacy of a peptide-based vaccine
against ALK+ lung cancer
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Phase I clinical trial to test efficacy of an ALK vaccine in
NSCLC patients
In collaboration with DFCI and MIT

Dr. Mark M. Awad
Dr. Darrell J. Irvine



Phase 1 Trial: Schema
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CAR T cell as novel tool for cancer
immunotherapy

2nd generation CAR signaling 3rd generation CAR signaling |

© 2012 American Association for Cancer Research



Antibodies used to generate ALK CAR T cell constructs.

ALK K2PP ALK  Mouse-ALK
phosphorylation [nM] turnover binding KTN#

1 No activity 0.35 no moderate 118
2 Inhibitor 0.2 no moderate 119
3 Weak inhibitor 0.5 no no 120
4 strong agonist 0.5 strong no 123
5 Inhibitor 0.5 no strong 125
6 Inhibitor 0.4 strong strong 130

0.5 strong strong 131

M1928z (CAR-CD19), provided by Dr. Michel Sadelain

m1928z.GFP [LTR| cD19scFv [ costM [ cD2s cos;  |ais] G HLTR




Development of ALK CAR T cells
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ALK-specific CAR #5 T cells showed a significant tumor-free
survival in CD19+/ALK+ systemic C57BL/6J mice model.

~ Eu-myc4272 CAR-CD191V or ALK125 termination
iv injection (2x10°) injection (15x106) IHC staining
Blood

WB

Survival monitoring

Cyclophosphamide
IP injection (100mg/kg)



Percent survival

CD19+/ALK+ Ep-myc systemic model
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Therapeutic synergy between
ALK vaccine and ALK CAR T cells

Debulk
neuroblastoma
- chemo/radiotherapy

CHIMERIC ANTIGEN RECEPTOR (CAR)

Deliver Inject anti-
ALK ALK CART
vaccine cells

First-of-its-kind combination
therapy for neuroblastoma
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ALK inhibitors resistance mechanisms in NSCLC
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activation (45%)
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M CKIT amplification
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ALK mutations that confer resistance to crizotinib

Sensitivity to

Mutation ALK Fusion ALK Disease Reference
inhibitors
L1152R EML4-ALK ND NSCLC Sasaki T, et al. 2011
E6:A20
C1156Y EML4-ALK ND NSCLC Choi YL, et al. 2010
E13:A20 Katayama R, et al. 2011
F1174L RANBP2- High dosage IMT Bresler SC, et al. 2011
ALK crizotinib Neuroblastoma Sasaki T, et al. 2010
L1196M EML4-ALK AP26113, NSCLC Katayama R, et al. 2011
E13:A20 CH5424802 Sakamoto H, et al. 2011
G1202R ND CH5424802, NSCLC Katayama R, et al. 2012
ASP3026
S1206Y ND CH5424802, NSCLC Katayama R, et al. 2012
ASP3026
G1269A EML4-ALK ND NSCLC Doebele, et al. 2012
F1174C EML4-ALK ND NSCLC Doebele, et al. 2012
D1203N EML4-ALK ND NSCLC Doebele, et al. 2012
1151Tins ND CH5424802 NSCLC Katayama R, et al. 2012
L1196Q NPM-ALK AP26113, ALCL Ceccon, et al. 2013
NVP-TAE684
[1171N NPM-ALK High dosage ALCL Ceccon, et al. 2013
crizotinib

Plasma concentration of crizotinib at the recommended dose (250mg twice daily) is 0.57 mmol/L

The ALK-L1196M mutation is equivalent to the gatekeeper mutations epidermal growth factor receptor (EGFR)-T790M



ALK mutations that confer resistance to crizotinib

Doebele et al. Clin Cancer Res, 2012
Katayama et al., Science Trans Med, 2012



ALK vaccine targets crizotinib-resistant ALK mutations
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ALK vaccine in neuroblastoma

ALKF174L/MYCN

CD3

Tumor size (mm)
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