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NTRK Gene Fusions

e Neurotrophic tyrosine receptor kinase (NTRK) gene fusions
involvingeither NTRK1, NTRK2, or NTRK3 (encoding the
neurotrophin receptors TRKA, TRKB, and TRKC, respectively)
are oncogenicdrivers of various adultand paediatrictumour

types.

 Treatmentof patientswith NTRK fusion-positive cancers with
first-generation TRK inhibitors, such as larotrectinib or
entrectinib, is associated with high response rates (>75%),
regardless of tumour histology.
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Timeline of Key Advancesin TRK Signaling
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TPM3-NTRE ! found in knockout mice pllocytic astrocyioma clinical trial testing
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Sites of NTRK Gene Fusions in Adult and Pediatric

Cancers

Cancers enriched
for TRK fusions

@ Frequency >90%

Cancers harbouring TRK
fusions at lower frequencies

@® 5%to25%
© <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

Cocco E. Nat Rev ClinOncol. 2018 Dec; 15(12): 731-747

High-grade glioma

Paediatric cancers

High-grade glioma

Sarcoma

Acute lymphaoblastic
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
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Frequency and Types of NTRK Gene Fusion in Adult
and Pediatric Cancers

NTRK gene fusions

Tumour Type T Frequency

Breast secretory carcinoma NTRK3 96%

Infantile fibrosarcoma NTRK3 95.5%

MASC ~90% NTRK3 89.1%

Congenital mesoblastic =

nephroma NTRK3 72.0%

Spitz tumours and spitzoid G

melanoma NTRKA1 16.4%

Papillary thyroid carcinoma NTRK1,3 8.8%

Intrahepatic

cholangiocarcinoma B Sl

Astrocytoma NTRK2 3.1%

High-grade glioma NTRK1,2,3 2.1%

Uterine sarcoma NTRK1,3 2.1%

GIST NTRK3 1.9%

Lung cancer NTRK1,2 1.7%

Thyroid carcinoma NTRK1,3 1.2% https:/foncologypro.esmo.org/
Chenand Chi. 2018

Glioblastoma NTRK1,2 1.2% )
ALL, acute lymphoblastic

0, .

Sarcoma NTRK1 1.0% leukaemia, GIST,

Ph-like ALL NTRK3 0.7% gastrointestinal stromal

Colorectal cancer NTRK1,3 0.61% tumours; MASC, mam m_ary
analogue secretory carcinoma

Melanoma NTRK3 0.3% L]

Head and neck cancer NTRK2,3 0.24% ST];H—‘ ﬂ| .r

Invasive breast cancer NTRK3 <0.1% [; 0 u; ,,E;HEE,E gE



https://oncologypro.esmo.org/

NTRK1, 2 & 3 fusion genes

NTRK1 fusion genes NTRKZ fusion genes NTRK3 fusion genes
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Efficacy of Larotrectinib in TRK Fusion-—
Positive Cancers in Adults and Children

N Engl J Med 2018;378:731-9
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A, LT [ ¥ . Laelsch, 5. Kummar, >.b. Llubgals, UM, Lassen, L. L. LDemeln

Larotrectinib had marked and durable antitumor activity in patients with TRK

fusion—positive cancer, regardless of the age of the patient or of the tumor type.

Thymid Lumos Soff lriios Sancema Apnendi tumor *_'.jiu.-j-rn.--Ehlirs T LiFTds!
B Colon turm oo BL UnE T iFs B Cholan EROCarcingima

50 91.2 B Melanoma B Gi5T B Breast tumor B Pancreatic tumor

&0 ]

1 |
3 ;-u+_;*l ...................................................... -
s -
B 10!
" I
E D P e R R o e e 118 SR
= | 10— I
b—
E -0
- T - EEE T - N EREEEgEEEan MEN = i | IR
| 40|
u |
E -0
=
E LR
i _-mo
=

ED—

80 _ .

-100- ' SRL @ e

Global Knowledge




Selective TRK Inhibitor for TRK Fusion Cancer Across
Solid Tumors

 NTRK gene fusions have been found in more than 25 tumor

types
e Monotherapy (larotrectinib/entrectinib)indicated for
treatment of adultand pediatric patientswith solid tumors

that display NTRK gene fusion.
Especially in:
e Negative for ALK, EGFR, ROS1;
wild-type BRAF

e Positive for MSI-H; wild-
type BRAF, KRAS, and NRAS

e Wild-type BRAF
* Negative for KITand PDGFRA

* MASC, Secretory breast, IFS, CMN

: Lungs
Salivary %

Gland - Thyroid
\Ca ncers One 71 \ Colorectal
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The journal of Clinical Investigation CONCISE COMMUNICATION

Oncogenic TRK fusions are amenable to inhibition
in hematologic malignancies

Justin Taylor,"! Dean Pavlick,! Akihide Yoshimi,' Christina Marcelus,’ Stephen 5. Chung,’ Jaclyn F. Hechtman,* Ryma Benayed,*
Emiliano Cocco,' Benjamin H. Durham,' Lillian Bitner,' Daichi Inoue,’ Young Rock Chung,” Kerry Mullaney,* justin M. Watts,®

Eli L. Diamond,* Lee A. Albacker,” Tarig |. Mughal," Kevin Ebata," Brian B. Tuch," Nora Ku." Maurizie Scaltriti,’ Mikhail Roshal,*
Maria Arcila,* Siraj Ali." David M. Hyman," Jae H. Park,’ and Omar Abdel-Wahab'
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“Capartmecs of Pareiogy Memeriy et Lamanry (ince (onmse Naw Yok New o 54 bt [oompestaniie (v Lantin (miairssy of Mam Miler Soveed f Madions S Flesen 150
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Rearrangements involving the neurotrophic receptor kinase genes (NTRXL NTRKZ. and NTRK3; hereafter referred to as TRK)
produce oncogenic fusions in a wide variety of cancers in adults and children. Although TRE fusions octur in fewer than ™% of
all solid tumors, inhibition of TRK results in profound therapeutic responses, resulting in Breakthrough Therapy FDA approval
of the TRK inhibitor larotrectinib for adult and pediatric patients with solid rumeors, regardiess of histology. In contrast to solid
tumors, the frequency of TRK fusions and the clinical effects of targeting TR in hematologic malignancies are unknown.
Here, through an evaluation for TRK fusions across more than 7,000 patients with hematologic malignancies. we identified
TRE fusions in acute lymphoblastic leukemia (ALL), acute myeloid leulemia (AML), histiorytosis, multiple mysloma,

and dendritic cell neoplasms. Although TR fusions occurred in only 0.1% of patients (8 of 7,311 patients), they conferred
responsiveness to TRK inhibition in vitro and in vivo in a patient -derived xenograft and a cormesponding AML patient with
ETVE-NTRKZ fusion. These data identity that despite their individual rarity, collectively, TRK fusions are present in a wide
variety of hematologic malignancies and predict clinically significant therapeutic responses to TRK inhibition |
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Diagnosis

* Presence of NTRK gene fusionin tumor specimen should be confirmed by validated test prior to
initiation of treatment.

— NGS testingallows for multiplex testingto find NTRK gene fusions, as well as other genomic
targets (ALK, BRAF, EGFR, HER2)
e RNA s preferred over DNAtesting because it offers more wide-ranging fusion
identification
e NTRK1, NTRK2, and NTRK3 should each beincludedin NGS panel

— IHC may be used as complementary screeningtest. Pan-TRK antibodies detect TRKA, TRKB,
and TRKC proteins of both wild-type TRKand TRK fusion proteins with no distinction between
the two. Therefore, protein expression may not be related to gene fusion.

* Followingapositive TRK IHC test, confirmation of NTRK gene fusionis needed prior to
initiation of treatment

e  OtherTests

— DNA FISH can be used to detect NTRK gene fusions; however, in order to detect fusions at
multiple locations (3 NTRK genes), multiple FISHtests would need to be run.

e There isutilityin using FISH in diseases such as infantile fibrosarcoma (IFS), where the
predominantdriveris ETV6-NTRK3

— RT-PCRis designed toidentify only known translocation partners and breakpoints and cannot
identify novel breakpoints or novel fusion partners
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Overview of Testing Methods for NTRK Gene Fusions

IHC

FISH

RT-PCR

NGS (Fusion
Panel)

e Detects TRKA,BandC
* Turnaround time 1-2 days

* The locationof the target withinthe cellis visible

* Severaltargets canbe detectedinone sample
using several fluorophores

* Requiresknowledge of onlyone of the two fusion
partners when usingbreak-apart probes

e NTRKgene fusions with unknown partners can be
detected using breakapart FISH

e High sensitivity and specificity
* Lowcostperassay

* Maydetect novel fusion partners (depending on
the assayused)

e Can be usedto evaluate multiple actionable
targets simultaneously while preserving limited
tissue

* Currentlyusedfor NTRK testing

* RNA-NGSis preferred over DNA-NGSas
sequencingfor RNA-based testingis focused on
codingsequencesnotintrons

Maynotbe specific for NTRK gene fusion as it detects
both wild-type and fusion proteins

Possible false positives

Possible false negatives for fusions involving TRKC
There is no standardisation of s coring algorithms

The target sequence must be known for conventional
FISH otherwise three s eparate tests are required for
NTRK1, NTRK2 and NTRK3

Complexchromosomal translocations canresultin
false positive signals

False negative results may be above 30%

Target sequences must be known (i.e., cannot readily
detect novel fusion partners)

A comprehensive multiplex RT-PCR assay might be
challengingbecause of potentially large number of
possible 5’ fusion partners

RNA-NGSis limited by RNA quality

Penault-LlorcaF, etal. J Clin Pathol 2019;72:460-467



ESMO Guidelines 2019

e When presence of an NTRK gene fusion needs to be confirmed, any
technique could workin principle, however the best options as
confirmatory techniques are FISH, RT-PCR or RNA-based targeted panels.

* Foridentification of NTRK gene fusion in an unselected population, usinga
DNA- or RNA-based NGS targeted panel thatreliably detects NTRK gene
fusion would beideal.

— Targeted RNA sequencing methods may represent gold standard for
screening, if the RNA qualityis optimal

— If an NTRK gene fusionisidentified, then the most exhaustive
approach would betoinclude IHC to confirm protein expressionof the
detected NTRK fusions

e Alternatively, a “two-step approach” could be considered, which includes
IHC first and confirmation of any positivity detected with IHC by NGS.
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Summary of Techniques to Detect NTRK

Rearrangements
Sensitivity | Specificity | Detection | Detection | Detection | Screening

of all of partner | of
fusion expression
genes

IHC High? High® Yes No Yes Yes

FISH® High High One per No No No
probe

RNA High High Yes Yes No Yes

Fusion

NGS

DNAseq® Moderate High Yes Yes No Yes

a - False negativesreported mainly in NTRK3 fusions.
b - In the absence of smooth muscle/neuronal differentiation.
c - Detected rearrangements by DNA-based assays may notresultin fusions, correlation with surgical pathology and

predicted transcript (for sequencing)is needed.
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ESMO Recommendations 2019 - Algorithm

Sample fo be investigated for the presence of NTRK lusions

As a confirmatory lechnique

use FISH, RT-PCR or ettt is there a
targeled RNA NGS assays TR g SEQUENCING
with specific probes for the e o platiorm
fusion involving the iR available?
NTRK LISI0NS
Use IHC 100l g l
- e -mnrm o = Use front line NGS
/ \ PR LA reliably detecting NTRK
fusions, preferably
Detection of TRK including RMNA testing
NO TRK
EXPIESSION .
FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; MPS, massivelyparallel sequencing; *
NGS, next-generation sequencing; RT-PCR, reverse transcriptase-polymerase chain reaction. SRL & e
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Tests Done at SRL

Method Specimen; TAT

Solid Tumor RNA

Profiler Next Paraffin Block; 12 days RD1505

NGS Tissue in 10% Formalin/
Oncofocus Next Paraffin Block with site of | RD1499
Biopsy
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