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NTRK fusions across multiple tumor types

Cnio stop cancer

Cancers enriched
for TRK fusions

@ Frequency >90%

Cancers harbouring TRK
fusions at lower frequencies

@® 5% to 25%
@ <5%

Lung cancer
Breast cancer

Secretory breast carcinoma

Gastrointestinal
stromal tumour
(pan-negative)

Cholangiocarcinoma

Melanoma

Spitzoid tumours

Adult cancers

MASC

Thyroid
cancer

Head and neck cancer

High-grade glioma

Paediatric cancers

High-grade glioma

Sarcoma

Acute lymphoblastic
leukaemia, acute
myeloid leukaemia,
histiocytosis, multiple
myeloma and dendritic
cell neoplasms

Papillary
thyroid cancer

Secretory breast
carcinoma

Renal cell

carcinoma Infantile

) fibrosarcoma
Pancreatic cancer

Cellular and
mixed congenital
mesoblastic
nephroma

Colorectal cancer

An estimated 1500 — 5000 harbour TRK fusion positive cancers in United States annually

Cocco E et al. (2018)



TRK Inhibition:
a tumor-agnostic treatment strategy

Several TKIs with varying degrees of activity against TRKA, TRKB and/or TRKC are
available, which can broadly be grouped into: i) multi- kinase inhibitors with activity

against a range of targets including TRK or i1) more selective TRK inhibitors

1st generation:

) Entrectinib (Rozlytrek), crizotinib, cabozantinib, lestaurtinib, altiratinib,
foretinib, ponatinib, nintedanib, merestinib, MGCD516, PLX7486, DS-6051b
and TSR-011.

i) Larotrectinib (Vitrakvi, LOXO-101)

2nd generation:

LOXO-195



Efficacy of Larotrectinib in TRK Fusion—Positive

Cancers 1n Adults and Children
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Clinical efficacy of Entrectinib
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On August 15, 2019, the oral TRK, ROS1, and ALK kinase inhibitor entrectinib was granted accelerated approval for treatment of adult patients and pediatric
patients 12 years of age or older with solid tumors that have a neurotrophic tyrosine receptor kinase (NTRK)-gene fusion without a known acquired resistance
mutation, are metastatic or if surgical resection is likely to result in severe morbidity, and have experienced disease progression following treatment or have no
satisfactory standard therapy. Entrectinib also was approved for the treatment of adults with ROS1-positive metastatic non—small cell lung cancer (NSCLC).
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solvent front mutations
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TRK Inhibitors resistance: CNIO stovcancer
early clinical evidences
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LOXO-195: 2nd generation TRKI

Larotrectinib

Drillon et al. (2017)
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LOXO-195 early clinical experience
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TRKIng down novel therapeutic
targets in gliomas



NTRK fusion in gliomas
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NTRK fusions in gliomas maintain CNLQ stopcancer
an intact kinase domain
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CRISPR/Cas9 mediated genomic i
rearrangements
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RCAS-Tva system CNiQ stopcancer

RCAS: Replication-competent avian sarcoma-leukosis
virus long terminal repeat with splice acceptor

RCAS-vectors/_\'
G,

N —

p1-p3 DF1 cells  RGAS vinis

b
4
/ Y TVA receptor

s

v

4-5 weeks

q Tissue/cell specific promoter Il}

Nestin-Tva Pax3-Tva Cnp-Tva
GFAP-Tva Olig2-Tva




cn.ib stop cancer

RCAS/Tva-CRISPR/Cas9 model
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Oldrini B., Curiel A. et al., Nature Communications (2018)



BCAN-NTRK1 fusion CN1O stopcancer
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Generation of the Bcan-Ntrk1 S

IN mouse cells
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Bcan-Ntrk1 induces high-grade gliomas

RCAS-dual-gRNA
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Liquid biopsy in brain cancer CNLO stopcancer
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Bcan-Ntrk1 fusion is enriched In CNLO stopeancer
tumor-derived exosomes

"\) ==
Ya S — Tumorspheres-
(A Bcan-Ntrk1
1 Cell medium Cells Exo
=
- -8
P Alix
- | ; .
- | TSG101
l Ultracentrifugation - =
Cells Exo
. -
| |
/\ . .
o o
= =
zI zI
E Z2 k %
(&) &)
Mw 8’ 8 8’ 8
300 bp
Exosomes Exosomes f:b”E - - Bcan-Ntrk1
Protein Lysate RNA °P

Oldrini B et al., unpublished



Bcan-Ntrkl gliomas are sensitive CN1Q stopeancer
to Trk inhibition
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MOdeIIIng achIred reS|StanC9 cn.i.o stop cancer
to TRK inhibitors
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MAPKI overcomes Entrectinib resistance
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MAPK pathway alterations lead to CNIO stopcancer '
TRKIi resistance *
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MAPK pathway alterations lead to

NTRKI resistance
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Combination treatment for L
NTRKi-resistant tumors '
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Conclusions

®* TRK inhibition as an agnostic tumour treatment for NTRK fusion
positive patients

¢ Solvent front mutations as main mechanism of TRKI resistance

®* MAPK activation (KRASmut, BRAFmut, MET AMP) is emerging
as an alternative mechanism of resistance to both 1st and 2nd
generation TRK inhibitors

® Liquid biopsy is a potential approach for detection of NTRK
fusion at mMRNA level
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Entrectinib resistance in ROS1-rearranged [
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Here, we characterized the molecular basis of resistance in entrectinib-resistant ROS1-rea
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Bcan-Ntrk1 gliomas express TrkA CNi sopcancer
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High Ntrk1 levels drives tumor formation s

60000 , —*** ¢
gk ok 60_
I Nirk1—
T < 40000 - B o
V L - & g Significance
(& E g 40+ . * None
‘E 9.3 ) ¢ ®
Z 20000 - © o adj—pval<0.05 & abs(logFc)<5
D E
*hk = 20 ¢® - .' 2 * adj-pval<0.05 & abs(logFc)>5
oh.° ®
0 - o® &% i% ¢
'F! 4T i
Ctrl Bcan Bcan gRNA u
Ntrk1 Ntrk1 0-
P & -5 0 5 10
& 6(\?} Fold chancge (log2)
S
o
S
Scale 5 ko} { mm3
chr3: 87,585,000 87,590,000] 87,595,000|
RefSeq Genes
nrk of——-—H-H - i H— H |
1000 _ Bcan_Ntrk1_2 |
‘I “ “' I 0.02 0.00 92.14  109.42 LWLy
-+ o S
.. Bean NpE1Y 49215 44478 | 16268 7759 [l
0_ . “ " I, L_‘ Ao 9.26 1220 18.14 kR Nirk3
1000 _ pS3_ko_NSCs_1

Ctrl_2 Ctrl_1 Bcan- Bcan-
Ntrk1_ 2 Ntrk1_1

)

1000 _ pS3_ko_NS3Cs_2

FPKM [ “

_ 0 100 200 300 400
1 s

Oldrini B., Curiel A. et al., Nature Communications (2018)



High NTRK1 levels as possible drivers CNIO stocancer
of glioma tumor formation

TCGA LGG-GBM dataset
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Are they all oncogenic?



Glioma in the lab: a story of mice and men CNI0 stopcancer
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Generation of the Bcan-Ntrk1 1D e
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Clone1 A GCTGGGCACAGGGCT Nirk1 CCGGAGGCCTGTCTCTGTGG

Clone2 ACCTGCAACCACACTTGGGCTCCCTAAGGAAGCTGGGCACAGGGCT
Clone3 ACCTGCAACCACACTTGGGCT-—-—AAGGAAGCTGGGCACAGGGCT
Clone4 ACCTGCAACCACACTTGGGCTCC——-——-~GAAGCTGGGCACAGGGCT
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GGGCACAGGGCT,

ACCTGCAACCACACTTGGGCTCCCTAAGGAAGCT

Oldrini B., Curiel A. et al., Nature Communications (2018)



Bcan-Ntrkl induces high-grade gliomas T 2&

RCAS-dual-gRNA
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cn.i.o stop cancer

Ongoing work

NTRK (NTRK1, NTRK2 and NTRK3) gene fusions have been identified in
multiple types of gliomas:

® Are they all oncogenic?

®* How do they drive tumorigenesis (overexpression, ligand-
Independent activation, etc.)?

®* Can we target them?
®* Do they have equal response to TRKI?

® Can we detect them using ligquid biopsy?



Temporal expression of NTRK genes
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NTRK fusion in gliomas

Cnio stop cancer
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NTRK In vivo dual-gRNA screening CN1Q stopcancer

Ntrk fusions gRNA library:

- 32 different NTRK gene fusions

hUg mU& PGK Puro T2A Gluc

- 3 gRNAs per gene (9 pairs) - *—* - =
. gRNA gRNA
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NTRK fusions lead to
growth factor independence
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Oldrini B., unpublished



NTRK fusions lead to aggressive B

high-grade gliomas
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Oldrini B., unpublished



NTRK fusions: discovery timeline enio

Loss-of-function NTRK1
mutations identified in patients

with congenital insensitivity to
pain with anhidrosis (CIPA)

Identification Severe neuropathies | | Data emerge implicating the
Identification of TRKA TRKB developed by Ntrk involvement of TRK signalling
of nerve and TRKC as knockout mice in owulation
growth factor high-affinity
(NGF), the first | | neurotrophin Crystal structure of
neurotrophin receptors BDNF-TRKB NGF in complex with
!:)athway _ TRKA determined
Purification of brain- involvement in
derived neurotrophic neurobla.stoma First activating TRKA
factor (BDNF) progression alternative variant identified
Identification of ||| Identification of TRKB downregulation Crystal structures of the
neurotrophin 3 neurotrophin 4 associated with hyperphagia | | kinase domains of TRKA
(NT-3) (NT-4) and hyperdipsia in mice and TRKB determined

2000 2015 2017 2018

W 1989-1991 1993-1994

Identification of NTRK Identification of NTRK1 |ldentification of the Identification of First-generation Second-generation

as an oncogene: fusions in papillary first NTRK3 fusion NTRK2 fusions in TRK inhibitors enter TRK inhibitors enter
TPM3-NTRK1 found in thyroid carcinoma (ETV6-NTRK3) in pilocytic astrocytoma clinical trial testing clinical trial testing

a human colorectal infantile fibrosarcoma

carcinoma Larotrectinib achieves histology-

agnostic and age-agnostic
responses in NTRK fusion-positive
solid tumours

|
Larotrectinib and entrectinib
receive FDA breakthrough
designation for the treatment of
NTRK fusion-positive solid tumours

Cocco E et al. (2018)



Age independent efficacy of Larotrectinib




