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HISTORY OF ONCOGENIC NTRK GENE FUSIONS

1950s

1989-1991

1993-1994

2015 2017

2018

Identification of NTRK
as an oncogene:
TPM3-NTRK1 found in
a human colorectal
carcinoma

Identification of NTRK1
fusions in papillary
thyroid carcinoma

Identification of the
first NTRK3 fusion
(ETV6-NTRK3) in
infantile fibrosarcoma

Identification of
NTRK2Z fusions in
pilocytic astrocytoma

First-generation
TRK inhibitors enter

clinical trial testing

Second-generation
TRK inhibitors enter
clinical trial testing

solid tumours

Larotrectinib achieves histology-
agnostic and age-agnostic
responses in NTRK fusion-positive

Larotrectinib and entrectinib
receive FDA breakthrough
designation for the treatment of
NTRK fusion-positive solid tumours
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Landscape of recurrent kinase fusions in SO|Id tumors®
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Amatu A et al. ESMO Open. 2016;1:e000023.

Associated with a diverse range of solid ‘
tumors and hematologic
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NTRK: Rearrangements/
fusions

« Meurctrophic tyrosine receptor kinase (NTRK)
gene fusions ;
involving either NTRK1, NTRKZ or NTRK3
[encoding the neurotrophin receptors
- TRKA , TREB and TREC, respectively)
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Tyrosine kinase domain of TrkA, TrkB, TrkC receptors!
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Mon-neurological consequences

Meurological consequences

Impair ments in memaory, learning |_
and nociception and development

of obesity caused by hyperpﬁ;ngia
and hyperdipsia in mice and
hurmans (NTRK 2/Ntrk 2 mutant)

Increased apoptosis of
cardiac endot helial cells
and decrease in
intramyocardial blood

| vessel density (Nerk2 null)

Defect in proprioception,
impairment of motor
neuron afferents and loss
of a population of dorsal

root ganglia neurons _ ]
——— Atnal and ventricular

(Nerk 3 rull)
__‘—F septal defects and valvular
Lack populations of metar | |

defects (Nerk3 null)

neurons as well as dorsal
roat and trigeminal
newrons (Nerk 2 null)
Severe sensory and
sympathetic neuropathies
(Ntrk1 null)

L

Inhibition of the owlation
=] in rats (TREEA inhibition)

Congenital insensitivity to
pain with anidrosis (CIPA)
(NTRK1 mutant)

BOMNF-TRKB axis has a role
in oocyte development
into pre-implantation
mouse embryos (TRKB
inhibition)

NTRK1 (TREA) NTRK2 (TRKB) NTRK3 (TREC)

Fig. & | Consequences of loss, decreased activity or inhibition of TRK. Genetic or pharmacological disruption of TRE




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

High-grade glioma

MASC Paediatric cancers

Head and neck cancer

Thyroid O High-grade glioma
cancer
Sarcoma
Acute lymphoblastic
leukaemia, acute Papillary

myeloid leukaemia, thyroid cancer
histiocytosis, multiple

myeloma and dendritic

cell neoplasms Secretory breast
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i @-—fibrosarcoma
—— Pancreatic cancer
o Cellularand
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Adult
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@ Brain cancers (0.4—-3.1%)*
Salivary (MASC; 90-100%)?!
Secretory breast cancer (92%)?
Pancreatic cancer (<1%)34
Cholangiocarcinoma (3.6%)*
Thyroid cancer (1.5-14.5%)*
Lung cancer (0.2-3.3%)?

GIST (3.2%)5

Colon cancer (1.5%)!
Melanoma (0.3%)%.6

Sarcomas (1%)°¢"
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Brain cancers (~10%)’

Spitzoid neoplasms (16.4%)8
4 Gliomas (7.1%)*

Thyroid (9.4—25.9%)9:10

Infantile fibrosarcoma (91—
100%)1

Congenital nephroma (83%)*
Secretory breast cancer (92%)%*

Sarcomas (1%)6*

*Frequency in adult vs. pediatric patients not
specified;

GIST, gastrointestinal stromal tumor;

MASC, mammary analogue secretory carcinoma.
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NTRK1 fusion genes
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NTRK2 fusion genes
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QKI-NTRKZ
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NRTK gene fusions are oncogenic — NOT SNVs, CNVs, alterations

Substitution

NTRK gene fusion

NTRK kinase

domain

i - NTRK1/2/3
i L
]
DNA _D::Ilntron I:I:I HF[V:H:W:" E !! I Intron I_
: |
5’ partner (with LBD Kinase domain
promoter)
In-frame fusion transcribed
mRNA > 5' partner
Ligand-
independent
receptor
activation
v . Chimeric TRK receptor expressed @
Protein >

> [I:I I:.:I I I Intron |

5’ partner NTRK kinase
domain

Large intronic regions
excised

Constitutive kinase

activity
(autophosphorylation)

Increased
activation

AKT, protein kinase B; CNV, copy number variant; ERK, extracellular signal-regulated kinase; LBD, ligand-binding domain; SNV, single

nucleotide variant.

1. Amatu A, et al. ESMO Open. 2016;1:e000023.

2. Vaishnavi A, et al. Cancer Discov. 2015;5:25-34.
3. Hyman DM, et al. J Clin Oncol. 2017;35:LBA2501.



Pediatric gliomas

Astrocytoma
AGBL4 NTRK3
NACC2 IFS, SBC, CMN, MASC, AML, PTC,
NTRK2 ETV6 pediatric gliomas
SCCHN PAN3 BTBD1 Pediatric gliomas

Astrocytoma QK TPR PTC

Colon, PTC,

Lung ADC TRIM24 TPM3  sarcoma, lung ADC

Pediatric gliomas  VCL Tp53 SPitz nevi

Glioblastoma BCAN

Lung ADC CD74 RABGAP1L Cholangiocarcinoma

. . LMNA
Spitz nevi
MPRIP  NFASC  NTRK1
Lung ADC Glioblastoma

 NTRK gene fusions occur in a tumor-agnostic
mannar with inrAncictant hraal points and fusion

The optimal detection method requires no
prior knowledge of fusion break points ., cnsive NTRK
and/or fusion partner



The Art of Identifying NTRK Gene Fusions
Why Not RT-PCR?

_ T 4 Detection of ETV6-NTRK3 fusion
High sensitivity and specificity™ transcripts in MASC tumors by
RT-PCR analysis’

o Widely available, low cost?

Specific primer sets required for each ‘x
fusion — unknown fusions not detected*>

Low-complexity, GC-rich sequences in '|
NTRK genes limit useful primerselection
and complicate reaction optimization®

&
- TGEGAGAATAGE AR TETECAGEATATT
ETE ' NTAKR




The Art of Identifying NTRK Gene Fusions
Why Not FISH?

Yellow (red/green) signals in normal

. interphase nuclei versus split red and
Novel fusion partners can be detected green signals in cell carrying translocation

if break-apart probes used!

Metaphase Interphase
chromosomes cells
O High sensitivity and specificity? Normal

.0
Requires individual probes for each

NTRK gene (ie, three separate FISH Translocation
analyses per patient sampile)

Break-apart FISH identifies gene
disruptions in DNA but cannot confirm
in-frame, functional fusions




The Art of Identifying NTRK Gene Fusions
What Makes NGS Ideal?

General NGS RNA-based NGS
Able to distinguish in-frame, transcribed

: N _ gene fusions versus out-of-frame fusions
Multiplexing: simultaneously queries

multiple potentially actionable targets Avoids difficulties of sequencing large
(eg. NTRK, ALK, ROS1, RET) intronic regions in the NTRK genes

High sensitivity and specificity potential

Detects both known and novel fusions, CAATTE TOAG T TECE TETATE ACOOTIOEETIONS
: : T Tt T TCACAa T ST CE TG Sa T AT ROALNTATA
regardless of break point or fusion TETCCCTCTaTCACGTE TOCTORADE TG TT A TOGAAKTATACCLOTE
. . i'r-'r--'l='1--'i'-i.':-“.'.-I:TI:l\:Ti.'.‘:|.l.l:ll\:'li:.'l".'.-I:lTI:Ii.'.-I:l.I..I.H.Ti.I:ch:TI.'J.Gi:.I:IG
partner (depending on library ey
preparation method) H H 1 asump ¥ HH-—

RNA-based NGS is the preferred method for detecting NTRK gene fusions in cancer




Pan-TRKIHC Detects Both Wild Type and Fusion TRK Protein

Fusion-driven TRK expression
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Secretory carcinoma of salivarygland
95% of tumor cells staining
ETVE-NTRK3 fusiondetected by NGS

Confirmation of IHC-positive cases is REQUIRED

IS~ 280 hybrczation

Wild type TRK expresson

Gastrointestinal stromaltumor(GIST)
100% tumor cells staining
No fusion detected by NGS
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9% (n=324) of 3,574 tumors screened by
pan-TRK IHC stained positive when defined
as »1% oftumer cell staining (range: 0%-
54% in gastric cancersand salivary gland
cancers, respedively)

Ofthe 324 IHC-positive tumors, 164 were
confirmed by ISH and 12 fusions were
detected

The percentage of cases staining positive
decreasedto 5% (n=191)and 4% (n=133)if
the definition of positive HC was increased
to »10% and =25% of cells staining,
respectively

At a cutoff of 25% of cells staining, two
fusion-positive melanomas would have
been missed



Diagnostic testing methods summary:
Benefits and drawbacks

Drawbacks

Next-generation
sequencing (NGS)

Detection of novel fusion partners
(depending on method)’

Ability to interrogate multiple actionable
targets simultaneously’

Current NTRK testing conducted by NGS?
Relevance of NGS increases as number of
actionable targets grows

High sensitivity and specificity potential®

Tumaround fime: ~1-3 weeks
Technically complex (high start-up cost}*
Requires specialty infrastructure®

Highly centralized testing model
(academia and reference laboratories)'
Reimbursement currently restricted
(although developing)®

Sensitivity and specificity of NG5 assays
vary widehy™

Flucrescence in situ
hybridization (FISH)

Location of the target within the
cell is visible®*

High sensitivity and specificity®
Several fluorophores can be

used at once to detect several
targets in one sample®

Requires fluorescence
microscopy'®

Target sequence must be
known (break-apart FISH may
detect NTRK gene fusions
with unknown partners, but
both in-frame and out-of-frame
fusions will be detected)’

Polymerase chain
reaction (PCR)

High sensitivity and
specificity™"2

RT-PCR assays detect
fusions expressed at the
RNA level (alzo applies to
RNA-based NGS)*

Inexpensive'

Target sequences must be
known (ie, cannot detect
novel fusion partners)'-'?

Pan-TRK
immunohistochemistry (IHC)

Inexpensive™'

Decentralized, available in most
laboratories™

Established reimbursement codes'®
Tumaround time ~2 days™

Detects both fusion and wild-type TRK
expression'®

Scoring algorithms are not standardized"



ESMO recommendations on the standard methods to
detect NTRK fusions in daily practice and clinical ponls o Onclogy 301417147, 2019
research

Publizhed online 3 July 2019

C. Marchid #, M. Scaltriti**, M. Ladany®®, A, J. IafrateS"f.f. Bibeau’, M. Dietel®, J. F. Hechtman?,
T. Troiani®, F. Lépez-Rios', 1-Y. Douillard'’, F. André™" & J. S. Reis-Filho®

Table 1. Summary of main features, strengths and weaknesses of all available techniques to detect NTRK rearrangements

Method Sensitivity  Specificity  Detection of all fusion genes  Detection of partner  Detection of expression  Screening
HC High? High” Yes No Yes Yes
FISH® High High Cne per probe No No No
RNA seq NGS  High High Yes Yes Yes Yes
DNA seq” Maoderate High Yes Yes No Yes

*False negatives reported mainly in NTRK3 fusions,
BIn the absence of smooth muscde/neuronal differentiation.
“Detected rearrangements by DNA-based assays may not result in fusions, comelation with surgical pathology and predicted transcript (for sequencing) is

needed.



ESMO recommendations on the standard methods to
detect NTRK fusions in daily practice and clinical ponls o Onclogy 301417147, 2019

resea rCh Published online 3 July 2019

C. Marchid?, M. Scaltriti**, M. Ladanyi®, A. J. Iafratem,f. Bibeau’, M. Dietel® ). F. Hechtman®,
T. Troiani®, F. Lépez-Rios', 1-Y. Douillard'’, F. André™" & J. S. Reis-Filho®

Sample to be investigated for the presence of NTRK fusions

As a confirmatory technique : .
use FISH, RT-PCR or m'r:;tf “'T::’:gin Is there a
targeted HNA NGS assays to ha rbtzﬂr high sequencing
with specific probes for the gn'y platform
o . recurrent NTRK :
fusion involving the fusions? available?
known NTRK gene usions

Use IHC ing tool IHC to confirm
se as a screening foo m‘::;‘;{;‘n in & Usefrontline NG5S
/ \ positive cases reliably detecting NTRK
fusions, preferably
NO TRK expression Detection u:f TRK including HNArtestmg
expression when possible

T




Testing for NTRK gene fusions is essential for
identifying patients

IHC can be used as a
NGS, PCR, and FISH can screening tool, but
all identify NTRK gene results must be

fusions confirmed (preferably
NGS)

NGS is a multiplex
assay able to detect
novel fusions and is
available at several

reference laboratories
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