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Abstract
Introduction Neurotrophic tyrosine receptor kinase (NTRK) gene fusions occur in ~ 0.3% of all solid tumours but are enriched 
in some rare tumour types. Tropomyosin receptor kinase (TRK) inhibitors larotrectinib and entrectinib are approved as 
tumour-agnostic therapies for solid tumours harbouring NTRK fusions.
Methods This study investigated the prevalence of NTRK fusions in Canadian patients and also aimed to help guide NTRK 
testing paradigms through analysis of data reported from a national clinical diagnostic testing program between September 
2019 and July 2021.
Results Of 1,687 patients included in the final analysis, NTRK fusions were detected in 0.71% (n = 12) of patients repre-
senting salivary gland carcinoma (n = 3), soft tissue sarcoma (n = 3), CNS (n = 3), and one in each of melanoma, lung, and 
colorectal cancer. All three salivary gland carcinomas contained ETV6-NTRK3 fusions. Thirteen (0.77%) clinically action-
able incidental findings were also detected. Two of the 13 samples containing incidental findings were NTRK fusion-positive 
(GFOD1-NTRK2, FGFR3-TACC3 in a glioblastoma and AFAP1-NTRK2, BRAF c.1799T>A in a glioma). The testing algo-
rithm screened most patient samples via pan-TRK immunohistochemistry (IHC), whereas samples from the central nervous 
system (CNS), pathognomonic cancers, and confirmed/ putative NTRK fusion-positive samples identified under research 
protocols were reflexed straight to next-generation sequencing (NGS).
Conclusion These findings highlight the benefit and practicality of a diagnostic testing program to identify patients suitable 
for tumour-agnostic TRK inhibitor therapies, as well as other targeted therapies, due to clinically actionable incidental find-
ings identified. Collectively, these findings may inform future guidance on selecting the appropriate testing approach per 
tumour type and on optimal NTRK testing algorithms.
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1 Introduction

The neurotrophic tyrosine receptor kinase (NTRK) genes, 
NTRK1, NTRK2, and NTRK3, encode the tropomyosin 
receptor kinase (TRK) proteins TRKA, TRKB, and TRKC, 
respectively [1], which bind neurotrophins and act to regu-
late neuronal development and function [2]. NTRK genes are 
predominantly transcribed in the nervous system of adult 
tissues, and are also expressed during embryonic develop-
ment [3]. A number of NTRK gene alternations, including 
point mutations, overexpression, amplifications, and fusions, 

have been previously described [4, 5]. In TRK fusion can-
cer, TRK fusion proteins exhibit the ability to remain con-
stitutively active independent of a stimulating ligand and 
may cause cancer cells to grow [1, 4, 6]. The incidence of 
NTRK fusions in solid tumours overall is very low, occurring 
in only approximately 0.3% of all tumours [7–9]. Notably, 
NTRK fusions are common in select rare tumour types, such 
as secretory carcinomas of the breast and salivary gland in 
adults and infantile fibrosarcoma (IFS) in pediatrics, where 
reported fusion positivity rates often exceed 75% of cases 
[10]. Approximately 80 different NTRK fusion partners are 
currently known to exist across multiple tumour types [10].

As oncogenic drivers in multiple types of cancer, NTRK 
fusions have clinical utility as targets of tumour-agnostic 
TRK inhibitor therapies, in which response to therapy is 
independent of tumour/tissue histology [1]. Two TRK inhib-
itors are currently approved in countries around the world, 
including Canada, for patients with NTRK fusion-positive 

http://crossmark.crossref.org/dialog/?doi=10.1007/s40291-022-00617-y&domain=pdf
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Key Points 

A national clinical diagnostic testing program was estab-
lished to address a gap in NTRK testing infrastructure in 
Canada.

Out of 1,687 patients and 37 primary tumour types 
tested, the most commonly submitted tissue types for 
testing were colorectal cancer, lung/pleura, and soft tis-
sue sarcoma.

NTRK fusions were detected in 0.71% of patients. NTRK 
fusions were detected in salivary gland carcinomas, soft 
tissue sarcomas, primary CNS tumours, and one in each 
of melanoma, lung, and colorectal cancer. The most 
common fusion was ETV6-NTRK3, which was diag-
nosed for all three salivary gland carcinomas.

Additional clinically actionable genomic findings were 
detected in 0.77% of patients.

These findings may inform future diagnostic paradigms 
used to identify patients eligible for tumour-agnostic 
targeted TRK inhibitor therapy.

approaches have been extensively reviewed [26, 27]. Given 
the antibodies used in pan-TRK IHC do not discriminate 
between native and chimeric TRK proteins, IHC is used as 
a screening tool to triage patient samples with TRK pro-
tein expression to be subjected to molecular analyses to 
confirm the presence of NTRK fusion [26]. Multiple NGS 
strategies exist, including amplicon-based multiplex PCR, 
anchored multiplex PCR, and hybrid capture [28]. For 
example, the Oncomine Comprehensive Assay v3 (OCAv3; 
Thermo Fisher Scientific, Waltham, MA, USA) is a multi-
plex amplicon-based assay covering 51 fusion drivers. The 
 FusionPlex® Lung panel (ArcherDX, Boulder, CO, USA) 
uses anchored multiplex PCR, and can identify novel fusion 
transcripts even if only one fusion partner is known [28, 29]. 
Considering the complexities of NTRK fusion identification, 
testing algorithms are variable in clinical practice [17, 19, 
23, 26, 28, 30–40]. Canadian oncologists, endocrinologists, 
pathologists, and lab directors have generated consensus 
on testing and treatment algorithms [17, 20]. Canadian and 
global studies are also investigating the validity and suit-
ability of NTRK fusion testing methods [30, 41, 42].

To address the gap in Canadian NTRK testing infrastruc-
ture revealed upon larotrectinib Health Canada approval, a 
centralized clinical testing program (FastTRK) was created 
to enable access to NTRK fusion clinical testing for patients 
with metastatic disease or who are at risk of severe morbid-
ity with surgical resection and with no satisfactory treatment 
options. Here, we report the results of this testing program 
and provide a preliminary characterization of NTRK fusion 
prevalence in solid tumours among this Canadian patient 
population. The testing program aimed to provide insights 
on which tumour histologies contain NTRK fusions and to 
provide guidance on whom, when, and how to test for NTRK 
fusions in Canadian patients.

2  Materials and Methods

2.1  Study Design

This study was conducted as a retrospective analysis of 
data derived from submitted requisition forms and labora-
tory results from the Canadian FastTRK testing program 
between 16 September 2019 and 15 July 2021. Sponsored 
by Bayer Inc., the FastTRK testing program is a compli-
mentary service for clinicians to determine whether their 
patients’ tumour harbours an NTRK fusion. The testing pro-
gram sample testing algorithm is summarized in the Online 
Supplementary Material (OSM), Fig. 1.

The testing program was performed through LifeLabs 
and KHSC to provide NTRK fusion testing services for 
Canadians. Up until 27 July 2020, LifeLabs offered test-
ing to hospitals from Ontario (except Peterborough, Ottawa, 

solid tumours: larotrectinib and entrectinib. Larotrectinib is 
approved for adult and pediatric (< 18 years) patients and 
entrectinib is approved for adult and pediatric (≥ 12 years) 
patients or adult patients only, depending on the country 
[11–16]. TRK inhibitor therapies have been issued market-
ing authorization with conditions in Canada, as they address 
a serious unmet patient medical need and/or demonstrate 
significant improvement in the benefit/risk profile over exist-
ing therapies [11, 12]. Indeed, both Canadian and interna-
tional consensus statements recommend considering TRK 
inhibitors for NTRK fusion-positive cancers where there is 
high unmet need with no available satisfactory treatment 
options (e.g., surgery with high morbidity, excessive treat-
ment toxicity, or low response rates) [17–24]. In clinical 
trials, larotrectinib was associated with an overall response 
rate (ORR) of 79.1%, median duration of response (DOR) of 
35.2 months, median progression-free survival (PFS) of 28.3 
months, and median overall survival (OS) of 44.4 months 
[6]. Entrectinib was associated with an ORR of 61.2%, 
median DOR of 20.0 months, median PFS of 13.8 months, 
and median OS of 33.8 months [25].

To identify patients eligible for TRK inhibitor therapy, 
strategies to detect the presence of an NTRK fusion include 
fluorescence in  situ hybridization (FISH), reverse tran-
scriptase polymerase chain reaction (RT-PCR), and next-
generation sequencing (NGS) using DNA or RNA [26]. 
The advantages and limitations of the different diagnostic 
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and South East Local Health Integration Network), Mani-
toba, Saskatchewan, Alberta, British Columbia, Nunavut, 
Northwest Territories, and the Yukon. At program incep-
tion, KHSC testing coverage included South East Local 
Health Integration Network (Kingston General Hospital, 
Hotel Dieu Hospital (Kingston, ON), Providence Continu-
ing Care Centre, Lennox and Addington County General 
Hospital, Brockville General Hospital, Perth and Smiths 
Falls Hospital, Quinte Healthcare (Belleville, Prince Edward 
County, Trenton, North Hastings hospitals)), and hospitals 
from Newfoundland, Nova Scotia, New Brunswick, and 
Prince Edward Island. Starting 27 July 2020, samples from 

hospitals in Peterborough (Ontario), Ottawa (Ontario), and 
Quebec were directed to and tested by KHSC.

The testing program accepted samples from all patients 
with solid tumours that were metastatic or when surgical 
resection was likely to result in severe morbidity, and for 
whom no satisfactory treatment options were available. 
Patients with commonly diagnosed tumour types, such as 
lung cancer and colorectal cancer, known to be negative for 
other oncogenic alterations through exclusionary testing, 
were considered appropriate candidates for this program. 
Only patients who provided consent for their personal infor-
mation to be used for scientific research were included in 
this study analysis. Patients who did not consent for their 

Fig. 1  Breakdown of tests and NTRK fusion results from the clinical 
diagnostic testing algorithm. a Flow of all patient samples obtained 
from the clinical diagnostic testing program, from receipt to NGS 
result. b Samples which underwent reverse reflex quality control to 
the alternative lab and findings. *Measurements in same patient, 
either same tumour site repeated due to insufficient sample or same 
patient, different tumour site (i.e. metastases).†Insufficient tissue with 

cancer cells, necrotic tissue.‡Reflexed to KHSC from LifeLabs due to 
failed result by Archer due to RNA quality or quantity and reflexed to 
LifeLabs from KHSC due to negative result with OCAv3.CNS cen-
tral nervous system, IHC immunohistochemistry, KHSC Kingston 
Health Sciences Centre, LL LifeLabs, NGS next-generation sequenc-
ing, NTRK neurotrophic tyrosine receptor kinase, TRK tropomyosin 
receptor kinase.
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personal information to be used for scientific research were 
still able to access testing through the program.

Physicians identified patients eligible for the program 
and submitted details in a downloadable requisition form 
for NTRK fusion testing from the http:// www. FastT RK. 
ca website. Data used from submitted requisition forms 
included: patient sex, patient age range (0–6, 7–12, 13–18, 
19–39, 40–65, 65+ years), tissue site, tumour type, previ-
ous treatment (chemotherapy, immunotherapy, biologic, 
oral tyrosine kinase inhibitor, surgery, radiation, other), 
originating institution (name, address), prior NTRK fusion 
testing performed, testing lab, and patient consent for scien-
tific research. The requisition form also indicated that if the 
sample was being submitted for NGS that the sample have 
a viable tumor cellularity > 10%. The testing labs provided 
the following testing results: IHC result, percent cellularity, 
NTRK fusion NGS result, NTRK gene involved in fusion, 5’ 
fusion partner, and incidental genomic findings.

2.2  Testing Algorithm and Reporting

Commonly diagnosed tumour types (e.g., lung cancer, thy-
roid cancer, soft tissue sarcomas, colorectal cancer), which 
are known to harbour lower frequencies of NTRK fusions 
[43], were first subjected to a pan-TRK IHC screen. Positive 
and inconclusive/equivocal samples from IHC were reflexed 
for further molecular testing via NGS.

Tumour types known to frequently harbour NTRK fusions 
(i.e., pathognomonic cancers such as IFS, CMN, secretory 
carcinoma of the salivary gland, and salivary breast cancer) 
[43], or where native TRK protein is endogenously found, 
such as CNS tissues [3, 44], were reflexed straight to NGS 
without undergoing pan-TRK IHC. Despite the testing algo-
rithm indicating that CNS samples would be reflexed straight 
to NGS, lab pathologists used clinical discretion to assay 
12 CNS samples for pan-TRK IHC to inform their clini-
cal assessments. If patients were confirmed to be putatively 
NTRK fusion-positive by either IHC or NGS through prior 
testing (before being submitted to FastTRK), samples were 
also reflexed straight to NGS. Research studies that identi-
fied samples as confirmed/putative NTRK positive used their 
own centre-specific IHC/NGS protocols.

All samples that were pan-TRK-positive via IHC and/
or NGS-negative at KHSC, or failed to produce results by 
Archer at LifeLabs due to RNA quality/quantity, were sub-
jected to “reverse reflex” to undergo further NGS testing at 
the other lab (i.e., LifeLabs/KHSC) for reassessment and 
validation.

Incidental findings of potential clinical interest to 
researchers and/or physicians were reported by the labs and 
shared with the requesting clinician. In this study analy-
sis, clinically actionable findings were defined as OncoKB 
Therapeutic Levels of Evidence 1–4 [45, 46]. LifeLabs and 

KHSC initiated reporting on incidental findings starting 19 
September 2019 and 1 June 2020, respectively.

2.3  Immunohistochemistry

2.3.1  Kingston Health Sciences Centre (KHSC)

Staining was performed on a BOND III autostainer (Leica 
Instruments, Wetzlar, Germany). Antigen retrieval at pH 9.0 
was performed for 60 min. The primary pan-TRK antibody, 
EPR17341 (Abcam, Cambridge, UK) was diluted 1:100 in 
DAKO background-reducing diluent and incubated at 22 °C 
for 30 min. Detection was performed using a Bond Polymer 
Refine Detection kit and 3,3'-diaminobenzidine chroma-
gen. On slide controls for IHC were appendix (cytoplasmic, 
membranous, and nuclear in peripheral nerves and ganglia, 
negative staining in epithelia) and cerebellum (membranous 
and cytoplasmic staining in neurons).

2.3.2  LifeLabs

Pan-TRK IHC was conducted using the VENTANA pan-
TRK (EPR17341) Assay (Roche Diagnostics, Basel, Swit-
zerland) per the manufacturer protocol with the following 
modifications: staining was performed on a Leica Bond III 
platform (Leica Instruments, Wetzlar, Germany). Antigen 
retrieval at pH 9.0 was performed for 20 min. Incubation 
time with the primary pan-TRK antibody (EPR17341) 
was at room temperature for 15 min. Detection was per-
formed using Polymer Refine Detection System (Leica) and 
3,3ʹ-diaminobenzidine chromagen. On slide controls for IHC 
was cerebellum (membranous and cytoplasmic staining in 
neurons).

2.3.3  Interpretation of TRK Positivity 
by Immunohistochemistry (IHC)

Since cases with NTRK fusions can show protein cytoplas-
mic, membranous, or nuclear expression of TRK proteins 
[47], both KHSC and LifeLabs defined pan-TRK positive 
cases as those with at least 10% of cancer cells showing 
moderate or strong staining in any of these cellular com-
partments. Obvious positives were not reviewed by another 
pathologist, but any equivocal cases were reviewed by at 
least one other pathologist.

2.4  Next‑Generation Sequencing (NGS)

2.4.1  KHSC

Total nucleic acid was extracted from sectioned formalin-
fixed paraffin-embedded tissue samples using the MagMAX 
FFPE RNA/DNA Ultra Kit, (Thermo Fisher Scientific, 

http://www.FastTRK.ca
http://www.FastTRK.ca
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Waltham, MA, USA). Tissue samples were sectioned using 
sterile technique, laying 4-micron sections per slide onto 
uncharged, unbaked slides. Extraction was targeted spe-
cifically to the tumour area as indicated by examination 
of a hematoxylin phloxine saffron (HPS)-stained slide and 
identification by a pathologist. Concentration of DNA and 
RNA yield was assessed by the Qubit 2.0 (Life Technolo-
gies, Carlsbad, CA, USA), and 30 ng of RNA was used for 
reverse transcription with the Superscript IV VILO Master-
mix with ezDNase. Library construction was done according 
to manufacturer’s instructions with the Oncomine Compre-
hensive Panel v3 primers (pool 1 + pool 2) using the Ion 
AmpliSeq Kit for Ion CHEF System (Thermo Fisher Scien-
tific). Oncomine Comprehensive Assay v3 contains prim-
ers for 161 genes, with known partners for 51 fusion driver 
genes (Thermo Fisher Scientific). After amplification and 
pooling, each DNA and RNA library pool was assessed for 
concentration and integrity using the Ion Library Taqman 
Quantitation Kit, after which a 50 pM 80:20 DNA:RNA 
library pool was templated onto ION 540 Chips, using the 
Ion 540 Chef Kit (Thermo Fisher Scientific). Sequencing 
was performed on the Ion S5XL System, with 500 flows, and 
subsequent quality assessment for the run was completed 
using the Torrent Suite Software v5.6 August 2019, v5.12 
February 2020 (Thermo Fisher Scientific). Obligatory run 
metrics were composed of mean RNA read length (> 60 
bp), mean DNA read length (> 75 bp), mean raw accuracy 
(> 99%), and total sequencing reads (> 40,000,000). Fur-
ther sample-specific quality assessment and analysis was 
completed using Ion Reporter software (v5.6 August 2019, 
v5.12 February 2020 (Thermo Fisher Scientific)), with a 
threshold of 500,000 minimum total mapped fusion reads 
and 3,000,000 mapped DNA reads required to pass the 
sample for interpretation and reporting. Individual fusion 
variant calls required > 20 fusion counts with ≥ 1% fusion 
counts/total mapped fusions, and individual DNA variant 
calls required a variant coverage of > 400 with a p-value of 
≤ 0.00001 to be considered reportable.

2.4.2  LifeLabs

Formalin-fixed paraffin-embedded tissues were sectioned at 
4 microns and fixed to charged, unbaked slides. Total nucleic 
acid was extracted from sample sections using ReliaPrep 
FFPE Total RNA Miniprep System (Promega, Madison, WI, 
USA). Extraction was targeted specifically to the tumour 
area as identified by a pathologist on an H&E (hematoxylin 
and eosin)-stained slide. RNA concentration was assessed on 
the Qubit 3.0 (Life Technologies) and 100–250 ng of RNA 
was combined with pre-aliquoted reverse transcription mix 
provided in the  FusionPlex® Lung panel v1.0 kit (ArcherDx, 
Boulder, CO, USA). Library construction was carried out 
according to the manufacturer’s protocol using Anchored 

Multiplex PCR. The  FusionPlex® Lung panel contains 163 
unidirectional gene-specific primers targeting 14 clinically 
relevant genes, including 28 fusion targets across NTRK1, 
NTRK2, and NTRK3 exons. Input RNA quality was assessed 
with the PreSeq RNA QC assay (ArcherDx), and purified 
libraries were assessed prior to sequencing with the KAPA 
Library Quantification assay (Roche Sequencing, Basel, 
Switzerland). Libraries were compared to six known DNA 
standard dilutions and pooled to equimolar concentrations. 
 FusionPlex® libraries were sequenced on an MiSeq NGS 
analyzer (Illumina, San Diego, CA, USA) using a stand-
ard v2 flow cell, and data were analyzed using Archer Suite 
Analysis v6.04 (ArcherDx) according to pre-defined quality 
metrics and RNA Fusion pipeline-classified NTRK fusions. 
A fusion was classified as detectable if it passed all defined 
metrics for unique reads per GSP2 (> 3), unique RNA start 
sites per GSP2 control (> 10), total fragments mapped 
(> 95%), median RNA fragment length > 200 bp, and pass-
ing sequencing reads (> 0.5 million).

2.5  Variables of Interest and Data Analysis

Primary variables of interest included the frequencies of 
patient demographics, tumour types, and NTRK fusion-
positive samples in the clinical testing program. Secondary 
variables of interest included frequency of NTRK fusion-
positivity per tumour type, frequency of clinically action-
able findings, rate of pan-TRK positive but NGS-negative 
samples, and frequency of tumour types screened by each 
lab. Exploratory variables of interest included IHC/NGS 
turnaround time at LifeLabs and analysis to determine cost 
of identifying one patient with genomic findings.

Descriptive statistics were used to summarize study out-
comes. Data were sorted and frequencies were determined 
using SPSS Statistics 26 (IBM, Armonk, NY, USA). Pri-
mary tumour types were input manually on the requisition 
form and grouped into categories prior to analysis as per 
previous studies [6, 48]. Carcinomas and adenocarcinomas 
were categorized histologically by tissue/organ site and rare 
tumours were given separate categories to highlight poten-
tial for NTRK fusions. The turnaround time calculation was 
performed in Microsoft Excel and excluded weekends but 
not holidays. Costing analysis was performed in Microsoft 
Excel using the average cost of IHC and NGS from both 
labs, which did not include set-up costs, shipping, or taxes.

3  Results

3.1  Patient and Sample Characteristics

Between the two labs selected for the testing program, 
LifeLabs and the Kingston Health Sciences Centre (KHSC), 
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this study included 1862 patients, with 1687 included in the 
analysis after omitting repeat sample measurements (n = 52) 
and patients who did not consent to research (n = 123) 
(Fig. 1a). Analyzed samples were mostly from adult patients 
(> 18 years, 98.5%), with 91.2% of patients aged ≥ 40 years. 
Patient characteristics upon enrolment in the FastTRK pro-
gram are listed in Table 1. Males and females were equally 
represented (53.5% and 46.5%, respectively). The study pop-
ulation included representation from all Canadian provinces 
except Newfoundland and Labrador, and the territories. 
Most samples in this study were obtained and handled by 
LifeLabs (87.3% vs. 12.7% by KHSC). The median percent 
cellularity of samples in the study was 70.0% (n = 1402, 
range 1–100%). Of the samples that underwent NGS and 
that had a percent cellularity reported by the pathologist, 
less than 0.5% of samples (n = 1) had a percent cellular-
ity less than 10%. However, 14.9% (33/221) of all samples 
sent to NGS did not have a percent cellularity assigned. 
These data demonstrate that for the samples that went to 
NGS, the majority had a sufficient cellularity for NGS. As 
to be expected with patients meeting the inclusion criteria, 
86.1% of patients had received previous treatment, with most 
(68.6%) having received one to two lines of therapy, most 
frequently chemotherapy (64.7%) and surgery (39.7%).

Samples encompassed 37 primary tumour types (Fig. 2), 
most commonly colorectal cancer (19.1%), lung/pleura 
(17.5%), soft tissue sarcoma (9.8%), thyroid (6.4%), and 
pancreas (6.1%). The distribution of tumour types was simi-
lar between labs, although colorectal cancer was the most 
common tumour type for LifeLabs and soft tissue sarcoma 
was the most common tumour type for KHSC (OSM Fig. 2). 
Three pathognomonic samples were tested, all of which 
were secretory carcinomas of the salivary gland.

3.2  NTRK Fusion‑Positive Samples

Of 1,687 samples analyzed, 12 (0.71%) were found to har-
bour NTRK fusions: three NTRK1 fusions (0.18%), three 
NTRK2 fusions (0.18%), and six NTRK3 fusions (0.35%). 
Details of NTRK fusion-positive samples are summarized in 
Table 2. Ten NTRK fusions were detected by LifeLabs and 
two were detected by KHSC. Nine samples submitted to the 
testing program were confirmed/putative pan-TRK-positive 
under research studies; however, none of these samples were 
confirmed to be NTRK fusion-positive via NGS and thus 
did not contribute to the frequency of NTRK fusions identi-
fied through this testing program. The reverse reflex path-
way helped identify one additional NTRK fusion-positive 
sample (GFOD1-NTRK2). The OCAv3 panel does not have 
GFOD1 coverage, which therefore was missed by this kit. 
However, given the anchored multiplex PCR technology of 
ArcherDx’s FusionPlex panel, the identification of novel 

fusion transcripts with unknown 5’ partners such as GFOD1 
was possible.

The most frequent fusion was ETV6-NTRK3 (n = 3, 
25.0% of all NTRK fusions), which were all found in sali-
vary gland tumours (two secretory and one adenocarci-
noma). The following NTRK fusions were also detected: 
IRF2BP2-NTRK1, LMNA-NTRK1, TPM3-NTRK1, AFAP1-
NTRK2, GFOD1-NTRK2, ERC1-NTRK3, SQSTM1-NTRK3, 
SPECC1L-NTRK3. The rate of NTRK fusion-positivity by 
age group in the total study population was: 19–39 years, 
2.5%; 40–65 years, 0.8%; and 65+ years, 0.4%. All patients 
with NTRK fusions had at least one prior line of treatment: 
one prior line, 41.7%; two prior lines, 50.0%; and three prior 
lines, 8.3%. None of the patients identified had received 
oral tyrosine kinase inhibitors (data not shown). Central 
nervous system, soft tissue sarcoma, and salivary gland 
tumours harboured the most NTRK fusions overall (three 
each; Fig. 3a). On a per-tumour type basis, of all samples 
included in the program, melanoma (1/18, 5.6%), salivary 
gland (3/80, 3.8%), and CNS tumours (3/95, 3.2%) were 
most likely to harbour NTRK fusions (Fig. 3b). Of the 1,516 
samples that underwent IHC screening, 8.0% (n = 121) were 
pan-TRK-positive or inconclusive and sent to NGS (Fig. 1a). 
The majority of samples that had pan-TRK positivity via 
IHC were confirmed negative for NTRK fusions by NGS 
(n = 70/81, 86.4%). However, of all samples screened by 
IHC, this corresponded to only 4.6% (n = 70/1516). The 
remaining samples that were pan-TRK-positive via IHC 
were categorized as NTRK fusion-positive (n = 6), NGS 
failure due to inadequate RNA quality (n = 4), and NGS 
not performed (n = 1). Of the 12 CNS samples assayed by 
pan-TRK IHC, two samples had insufficient RNA quality/
quantity and one sample was pan-TRK negative, resulting in 
nine samples for analysis. Samples that were pan-TRK-posi-
tive but NGS-negative for NTRK fusion were most abundant 
in lung/pleura (n = 5/6, 83.3%), salivary gland (n = 15/18, 
83.3%), soft tissue sarcoma (n = 16/20, 80.8%), and CNS 
(n = 7/9, 77.8%) tumours (Fig. 3c).

3.3  Incidental Findings

Of all 260 samples analyzed by NGS (221, plus the 39 sam-
ples that underwent reverse reflex), 13 (5.0%) contained clin-
ically actionable incidental findings, as defined by OncoKB 
Levels of Evidence 1–4 [45, 46]. Clinically actionable inci-
dental findings, patient demographics, and tumour clinical 
characteristics are summarized in Table 3. A complete list 
of incidental findings reported by the labs can be found in 
OSM Table 2 with samples containing clinically actionable 
findings highlighted in grey. Two of the 13 samples contain-
ing incidental findings were NTRK fusion-positive (GFOD1-
NTRK2, FGFR3-TACC3 in a glioblastoma and AFAP1-
NTRK2, BRAF c.1799T>A in a glioma). Epidermal growth 
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factor receptor (EGFR) was the most frequently altered gene, 
with three (23.1%) alterations. Other incidental findings 
included point mutations in oncogenes PIK3CA, BRAF and 
fusions of ALK, RET, FGFR2, FGFR3 and NRG1. Samples 
with clinically actionable findings were predominantly from 

CNS (23.1%) and lung/pleural (15.3%) tumours. All patients 
with clinically actionable findings had received one, two, or 
three (7.7%, 69.2%, and 23.1%, respectively) previous lines 
of treatment. None of the identified patients had received 
oral tyrosine kinase inhibitors (data not shown).

Table 1  Demographic and clinical characteristics of patients

KHSC Kingston Health Sciences Centre, LL LifeLabs
a Other therapies include hormone therapy, leuprolide, abiraterone acetate, and mitroxantone

Characteristic n (%)

Age range (years)
 0–6 5 (0.3)
 7–12 5 (0.3)
 13–18 16 (0.9)
 19–39 122 (7.2)
 40–65 794 (47.1)
 65+ 745 (44.2)

Sex
 Male 903 (53.5)
 Female 784 (46.5)

Province All LL KHSC
 Ontario 425 (25.2) 387 (22.9) 38 (2.3)
 British Columbia 382 (22.6) 381 (22.6) 1 (0.1)
 Québec 323 (19.1) 261 (15.5) 62 (3.7)
 Alberta 284 (16.8) 284 (16.8) 0 (0)
 Nova Scotia 93 (5.5) 1 (0.1) 92 (5.5)
 Manitoba 85 (5.0) 85 (5.0) 0 (0)
 Saskatchewan 73 (4.3) 73 (4.3) 0 (0)
 New Brunswick 19 (1.1) 0 (0) 19 (1.1)
 Prince Edward Island 3 (0.2) 0 (0) 3 (0.2)

Prior treatment
 Not reported 8 (0.5)
 No 226 (13.4)
 Yes 1453 (86.1)
  Chemotherapy 1091 (64.7)
  Surgery 670 (39.7)
   Othera 267 (15.8)
  Immunotherapy 236 (14.0)
  Biologic 184 (10.9)
  Oral tyrosine kinase inhibitor 127 (7.5)
  Radiotherapy/radiation/radioactive iodine 103 (6.1)

No. of previous therapies
 Not reported 8 (0.5)
  0 226 (13.4)
  1 584 (34.6)
  2 573 (34.0)
  3 236 (14.0)
  4 60 (3.6)

Source of patient samples analyzed
 LifeLabs 1472 (87.3)
 KHSC 215 (12.7)
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3.4  Operational Outcomes

Overall, NTRK fusions and/or clinically actionable findings 
were uncovered in 23 samples, which accounts for 10.4% of 
those sent to NGS and 1.4% of all samples (Fig. 1a). Half 
of the samples with NTRK fusions were reflexed straight to 
NGS (Table 2). Notably, the independent parallel sequencing 
confirmation (reverse reflex) process/quality control mecha-
nism helped identify one additional NTRK fusion (Fig. 1b), 
which was identified by LifeLabs upon a negative result with 
OCAv3 NGS at KHSC.

Data on report turnaround times were provided by 
LifeLabs. The median turnaround time on the H&E report 
was 1.0 workday (SD 0.8) and 7.6 workdays (SD 2.5) for the 
NGS report. Overall, the total cost to analyze the samples in 
the clinical diagnostic testing program (including 1,516 pan-
TRK IHC assays performed and 260 (n = 221, Fig. 1a and 
n = 39, Fig. 1b) NGS samples tested) was $395,350.00 CAD 
(not including set-up costs, shipping, prior testing costs, or 
taxes). Since 12 patients (1/141) were identified as having 
NTRK fusions, the cost to identify one NTRK fusion patient 

was $32,945.83 CAD. The cost to identify one patient with 
any genomic finding (NTRK fusion and incidental) reported 
by the labs in this program was $15,814.00 CAD.

4  Discussion

We conducted an observational study on the prevalence of 
NTRK fusions detected in solid tumours through a Cana-
dian clinical diagnostic testing program (FastTRK). To our 
knowledge, this is the first systematic characterization of the 
prevalence of NTRK fusions among the Canadian patient 
population with advanced solid tumours. These findings 
highlight the benefit and practicality of a diagnostic testing 
program to identify patients suitable for tumour-agnostic 
TRK inhibitor therapies like larotrectinib and entrectinib, 
as well as other targeted therapies, due to clinically action-
able incidental findings identified. Collectively, these find-
ings may inform future guidance on selecting the appropri-
ate testing approach per tumour type and on optimal NTRK 
testing algorithms.

Fig. 2  Prevalence of tumour types analyzed in the clinical diagnos-
tic testing program, % (n). Primary tumour types from both LifeLabs 
and KHSC (N=1687) combined were categorized similar to previous 
literature [6, 48]. Details are summarized in Supplementary Table 1. 
The “Other” category represents tumours with a frequency of <1% 

in the total sample pool. Prevalence by lab can be found in Supple-
mentary Table 2CUP cancer of unknown primary site, GI gastrointes-
tinal, GIST gastrointestinal stromal tumour, KHSC Kingston Health 
Sciences Centre, PEComa perivascular epithelioid cell tumour, TRK 
tyrosine receptor kinase.
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The study identified an overall NTRK fusion-positivity 
rate of 0.71% (n = 12/1,687), which is more than double 
previously identified rates of approximately 0.3% in recent 
studies [7–9]. Although the sample size of this study is 
smaller than the 11,500 to > 295,000 included in these pre-
vious studies, differences in testing algorithms and patient 

population characteristics may underly the different NTRK 
fusion-positivity rates. The findings from this observational 
study are also derived from two facilities that used different 
pan-TRK IHC and NGS methods, so heterogeneity in NTRK 
fusion detection should also be considered. The pan-TRK 
IHC screen used in this study may have helped improve the 

Table 2  NTRK fusion-positive patient demographics

AFAP1 actin filament associated protein-1, BRAF serine/threonine-protein kinase B-Raf, ERC1 ELKS/RAB6-interacting/CAST family member 
1, ETV6 ETS variant transcription factor 6, FGFR3 fibroblast growth factor receptor 3, GFOD1 glucose-fructose oxidoreductase domain con-
taining 1, IHC immunohistochemistry, IRF2BP2 interferon regulatory factor 2 binding protein 2, LMNA lamin A/C, MPNST malignant periph-
eral nerve sheath tumour, N/A not applicable, NGS next-generation sequencing, NTRK neurotrophic tyrosine receptor kinase, SPECC1L sperm 
antigen with calponin homology and coiled-coil domains 1-like, SQSTM1 sequestosome 1, TACC  transforming acidic coiled-coil, TPM3 tropo-
myosin 3
a Low total number of reads for fusion. Repeat specimen requested, but not received
b Clone was BRAF-dominant and NTRK2 was minor
c Clone was FGFR3-dominant and NTRK2 was minor
d Reverse reflex to LifeLabs

NTRK 
Fusion 
Partner

5’ Fusion 
partner

Incidental 
findings

Age range 
(years)

Sex % Cellularity Primary 
tumour type

Tissue biopsy 
site

Prior lines 
of therapy

IHC results

NTRK1 TPM3 N/A 19–39 M 90 Soft tissue 
sarcoma 
(spindle 
cell)

Chest wall 
mass

2 Positive

NTRK1 IRF2BP2 N/A 65+ M 70 Lung/pleura Left iliac bone 1 Positive
NTRK1 LMNA N/A 40–65 F N/A Colorectal 

cancer
Brain 2 N/A (straight to 

NGS)
NTRK2 AFAP1a N/A 19–39 F 70 Central nerv-

ous system 
(astrocy-
toma)

Right thala-
mus

2 N/A (straight to 
NGS)

NTRK2 AFAP1 BRAF 
c.1799T>Ab

65+ M 90 Central nerv-
ous system 
(glioma)

Brain, right 
frontal

2 N/A (straight to 
NGS)

NTRK2 GFOD1 FGFR3/
TACC3c

40–65 M 90 Central nerv-
ous system 
(glioblas-
toma grade 
IV)

Brain 3 N/A (straight to 
NGS)d

NTRK3 ERC1 N/A 19–39 M 80 Melanoma Left Gluteal 
Mass

1 Positive

NTRK3 SQSTM1 N/A 40–65 M 75 Soft tissue 
sarcoma 
(MPNST)

Left arm 1 Positive

NTRK3 ETV6 N/A 65+ M N/A Salivary gland 
(secretory 
carcinoma)

Lung, left 
lower lobe

1 N/A (straight to 
NGS)

NTRK3 SPECC1L N/A 40–65 F 65 Soft tissue 
sarcoma 
(MPNST)

Lung pleura 2 Positive

NTRK3 ETV6 N/A 40–65 F 90 Salivary gland 
(secretory 
carcinoma)

Lung metas-
tasis

2 N/A (straight to 
NGS)

NTRK3 ETV6 N/A 40–65 M 90 Salivary gland 
(adenocarci-
noma)

Right pleura; 
right parotid

1 Positive
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rate of NTRK fusion detection. A recent small-scale study 
(n = 127) also observed a considerably higher NTRK fusion-
positivity rate of 3.1% following enrichment for tumours 
negative for other driver mutations or overexpressing TRK 
[38]. In addition, a positive result by IHC in combination 
with NTRK fusion-positivity provides greater confidence 
that the fusion mRNA is translated into chimeric protein (in 
tissues without native TRK expression). Lack of chimeric 
(fusion) protein expression (due to out-of-frame fusions) 
was hypothesized as a possible cause of larotrectinib non-
response in the pivotal clinical trial [48]. Overall, a pan-TRK 
IHC screen may be a valuable tool to triage patients for NGS 
testing where routine NGS-screening is not feasible.

The inclusion of primary CNS tumours in this study, 
unlike in the Rosen et al. study [8], may have also contrib-
uted to the higher NTRK fusion-positivity rate considering 
three NTRK fusions were detected in this tumour type. The 
reflex of CNS pathognomonic samples straight to NGS may 
have also help improved NTRK fusion detection, consider-
ing half of the NTRK fusions were identified through this 
method. Indeed, two of the three NTRK-fusion positive 
secretory carcinomas of the salivary gland were reflexed 

straight to NGS as pathognomonic samples. In the health-
care setting, it therefore may be more practical to perform 
NGS testing directly in patients with these tumour types who 
are eligible for targeted treatment.

The prevalence rates of NTRK fusions that were observed 
in salivary gland tumours (3.8%) and soft tissue sarcomas 
(1.8%) are similar to rates seen in other studies, ranging from 
2.6 to 5.3% and 1.2 to 1.5%, respectively [7, 8]. The detec-
tion of NTRK fusions in secretory salivary gland carcinoma 
in this study is also consistent with the literature [49]. The 
soft tissue sarcomas identified as harbouring NTRK fusions 
in this study included a spindle cell tumour and two malig-
nant peripheral nerve sheath tumours (MPNST). Malignant 
peripheral nerve sheath tumours were previously included 
in pivotal TRK inhibitor clinical trial populations [48, 50]. 
The recent classification of soft tissue and bone tumours 
recognizes two tumour classifications with a high prevalence 
of NTRK fusions: IFS/congenital mesoblastic nephroma 
(CMN) and NTRK-rearranged spindle cell neoplasms [51, 
52]. The NTRK-rearranged spindle cell neoplasms include 
soft tissue sarcomas with spindle cells in a long or short 
fascicular growth or a haphazard arrangement, described 

Fig. 3  Breakdown of tumour types of NTRK fusion-positive sam-
ples in the clinical diagnostic testing program. a Prevalence of NTRK 
fusion-positive samples by tumour type (N=12). b Frequency of 
NTRK fusion-positive sample per tumour type of all samples in the 
clinical diagnostic testing program (N=1687). c Percentage of sam-
ples which were pan-TRK positive, NGS-negative for NTRK fusion 
by tumour type (N=81). Only tumour types containing >5 sam-

ples meeting the criteria are shown.*Spindle cell tumour (n=1) and 
MPNST (n=2); †Astrocytoma, glioma, and grade IV glioblastoma; 
‡Secretory carcinoma (n=2) and unspecified (n=1).CUP cancer of 
unknown primary, GI gastrointestinal, GIST gastrointestinal stromal 
tumour, MPNST malignant peripheral nerve sheath tumour, NTRK 
neurotrophic tyrosine receptor kinase, TRK tropomyosin receptor 
kinase.
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Table 3  Patient demographics and tumour clinical characteristics of samples with clinically actionable incidental findings

AFAP1 actin filament associated protein-1, ALK anaplastic lymphoma kinase, BRAF proto-oncogene B-Raf, EGFR epidermal growth factor 
receptor, EML4 echinoderm microtubule associated protein like 4, FDA Food and Drug Administration, FGFR2 fibroblast growth factor recep-
tor 2, FGFR3 fibroblast growth factor receptor 3, GFOD1 glucose-fructose oxidoreductase domain containing 1, GIST gastrointestinal stromal 
tumour, INA internexin neuronal intermediate filament protein alpha, KIF5B kinesin family member 5B, LLL lower left lobe, MTA3 metastasis 
associated 1 family member 3, NCCN National Comprehensive Cancer Network, NCOA4 nuclear receptor coactivator 4, NRG1 neuregulin 1, 
NTRK neurotrophic tyrosine receptor kinase, PIK3CA phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha, RET Rearranged 
During Transfection proto-oncogene, TACC  Transforming Acidic Coiled-Coil Containing Protein, TEX2 Testis Expressed 2
a 1: FDA-recognized biomarker predictive of response to an FDA-approved drug in this indication; 2: Standard care biomarker recommended by 
the NCCN or other professional guidelines predictive of response to an FDA-approved drug in this indication; 3A: Compelling clinical evidence 
supports the biomarker as being predictive of response to a drug in this indication; 3B: Standard care or investigational biomarker predictive of 
response to an FDA-approved or investigational drug in another indication; 4: Compelling biological evidence supports the biomarker as being 
predictive of response to a drug

Genetic alteration NTRK fusion Age range (years) Sex % Cellularity Primary tumour 
type

Tissue biopsy site Prior lines 
of therapy

Strongest OncoKB 
level of therapeutic 
 evidencea [45] and 
targeting drug

BRAF c.1799T>A 
(V600E)

AFAP1-NTRK2 65+ M 90 Central nervous 
system (glioma)

Brain, right frontal 2 2—Dabrafenib 
+ trametinib, 
vemurafenib + 
cobimetinib

BRAF c.1799T>A 
(V600E)

N/A 65+ F 80 Colorectal cancer Right hemicolec-
tomy product

2 1—Encorafenib + 
cetuximab

2—Encorafenib + 
panitumumab

EGFR c.2369C>T 
(T790M)

N/A 65+ F 50 Nasopharynx Right Nasophar-
ynx

1 3B—Osimertinib

EGFR c.2155G>T 
(G719C);

EGFR c.2303G>T 
(S768I)

N/A 65+ F N/A Lung/pleura (lung 
adenocarcinoma)

Pleural fluid, right 2 1—Afatinib

EML4-ALK N/A 65+ F 30 Lung/pleura (lung 
adenocarcinoma 
with mucinous 
features)

Lung (LLL) 2 1—Alectinib, bri-
gatinib, ceritinib, 
crizotinib

and lorlatinib
FGFR2-INA N/A 40–65 F 90 GIST Right lobe liver 2 3B—Erdafitinib, 

infigratinib, pemi-
gatinib

FGFR3-TACC3 GFOD1-NTRK2 40–65 M 90 Central nervous 
system (glioblas-
toma grade IV)

Brain 3 3B – Erdafitinib
4—AZD4547, 

Debio1347, erdafi-
tinib, infigratinib

KIF5B-RET N/A 40–65 F N/A Lung/pleura Right lung 2 1—Pralsetinib, 
selpercatinib

2—cabozantinib
3A—vandetanib

MTA3(17)-ALK(4) N/A 19–39 M 90 Soft tissue sar-
coma (rhabdo-
myosarcoma)

Pancreas/
lymph nodes

3 3B—Alectinib, bri-
gatinib, ceritinib, 
crizotinib

and lorlatinib
NCOA4-RET N/A 40–65 F 70 Thyroid Lymph Node 2 1—Pralsetinib, 

selpercatinib
PIK3CA 

c.1633G>A 
(E545K)

N/A 40–65 F 70 Neuroendocrine Liver 2 3B—Alpelisib + 
fulvestrant

PIK3CA 
c.3140A>G 
(H1047R)

N/A 19–39 M 60 Central nervous 
system (anaplas-
tic astrocytoma)

Brain 3 3B—Alpelisib + 
fulvestrant

TEX2-NRG1 N/A 40–65 F N/A Breast Liver 2 3A—Zenocutu-
zumab
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as morphology akin to IFS or MPNST [52, 53]. Thus, the 
NTRK fusion-positive MPNST identified in this study may 
represent a distinct entity of the NTRK-rearranged spindle 
cell neoplasm, which may mimic MPNST [53, 54].

Although the observed NTRK fusion prevalence of 3.2% 
in CNS tumours in this study is considerably higher than 
the 0.1–0.4% seen in the recent Westphalen et al. study [7], 
NTRK fusions have been observed at rates of 1.1–2.6% in 
glioblastomas [55–59], 2.3% in anaplastic astrocytomas 
[59], and 0.4–4.3% in low-grade gliomas [59–61]. The iden-
tification of NTRK2 fusions in primary CNS tumours in this 
study also reflects the literature [62]. Similarly, although 
the NTRK fusion rate in cutaneous or mucosal melanoma 
is usually < 1.0% [63], it was higher (4.8%) in this study, 
albeit with only one positive sample identified. For common 
tumour types like lung and colorectal cancers, our observed 
NTRK fusion-positivity rates (0.3% for both) are comparable 
to rates of < 1.0% seen in a recent systemic review [43].

The most frequent NTRK fusion in our dataset was ETV6-
NTRK3 (n = 3, 25.0% of all NTRK fusions), consistent with 
the literature [7, 9]. As these were all found in salivary gland 
tumours (two of three confirmed to be of secretory origin), 
this is in line with previous reports of ETV6-NTRK3 being 
characteristic of secretory salivary gland tumours [64]. 
These findings support and expand on previous knowledge 
of NTRK fusion partners with our observations of IRF2BP2-
NTRK1 in lung, AFAP1-NTRK2 in CNS, ERC1-NTRK3 in 
melanoma, and SQSTM1-NTRK3 and SPECC1L-NTRK3 in 
soft tissue sarcoma [65]. To the best of our knowledge, the 
GFOD1-NTRK2 fusion (identified here in glioblastoma) has 
not yet been reported.

Although the clinical testing program was designed for 
the detection of NTRK fusions to help identify patients eli-
gible for TRK inhibitor therapy, the added benefit of this 
centralized testing program was the possible detection of 
other targetable genomic alterations through NGS. Indeed, 
in addition to the 12 NTRK fusion-positive tumours, 13 
tumours were identified that contained clinically action-
able incidental findings. These findings encompass many 
oncogenic pathways, including point mutations in EGFR, 
PIK3CA, and BRAF, and fusions of ALK, RET, FGFR2, 
FGFR3, and NRG1. Although NTRK fusions are generally 
mutually exclusive from other oncogenic drivers, two of the 
12 NTRK fusion-positive samples had clinically actionable 
incidental findings [7, 8, 66, 67]. The two exceptions were 
GFOD1-NTRK2 and AFAP1-NTRK2, which co-occurred 
with FGFR3-TACC3 fusion and BRAF 1799T>A (V600E), 
respectively, both in CNS tumours. Indeed, primary CNS 
tumours are known to harbour concurrent alterations [7, 
68–70], which is in line with our observation of both NTRK 
fusions and incidental findings in only CNS samples. Ulti-
mately, the detection of clinically actionable incidental 

findings through the testing program provided additional 
information to the treating clinician.

Considering operational outcomes of the clinical diagnos-
tic testing program, the observed turnaround times of 1.00 
and 7.63 days for the IHC and NGS reports, respectively, 
exceeded expectations of report delivery times, despite the 
impact of the COVID-19 pandemic on personnel/administra-
tive duties. Occasional delays may have occurred due to the 
time required to answer technical questions; however, the 
expected turnaround time was 2–4 business days for IHC and 
up to 14 business days for NGS. It is important to note the 
lab that provided the turnaround data (LifeLabs) is a private 
lab, whereas KHSC is an academic health science centre 
funded by the Ontario Ministry of Health, thus the turna-
round times may differ depending on the lab. The testing 
program currently operates as a privately funded program, 
so low sample volumes likely contributed to a higher cost 
of testing. Our estimated cost of $32,945 CAD to detect 
one NTRK fusion patient should be considered a high esti-
mate; however, it would presumably decrease through pro-
gram expansion to more Canadian centres. Further, costing 
analysis is based on Bayer’s agreements with LifeLabs and 
KHSC, and may not accurately reflect the cost to the Cana-
dian public healthcare system to conduct the same testing.

4.1  Limitations

This study has certain limitations:
Submitted samples: There were a number of factors that 

influenced the diversity and proportion of histologies sub-
mitted. (1) This national clinical diagnostic testing program 
was open to samples from all patients with solid tumours 
that were metastatic or when surgical resection was likely 
to result in severe morbidity, and for whom no satisfac-
tory treatment options were available. It was primarily 
the treating physician or assigned pathologist who would 
have used their clinical judgement to decide which patients 
qualified for and accessed this testing program. (2) The 
patients selected for this program could have been driven 
by the specific testing pathways for each tissue type, which 
is unique to each Canadian province and often hospital. (3) 
Physicians were asked to submit samples for testing for any 
histology type, which were negative for other known onco-
genic drivers or mutations (although this was not always 
the case), thus introducing possible enrichment for NTRK 
fusion-positive samples. (4) The amount of sample needed 
for testing may have prevented testing uptake from select 
histologies.  (5) The current study was also dependent on the 
accuracy of information entered into the requisition form. 
Taken together, the clinical testing program had no control 
on what histologies were submitted for testing, and coupled 
with a relatively small patient population tested, the results 
may not reflect the true prevalence of TRK fusion tumours 
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across Canada and precluded statistical hypothesis-based 
analyses in the current study.

Diagnostic considerations: Although this study was 
not sufficiently powered nor designed to explore the over-
all sensitivity and specificity of pan-TRK IHC, the current 
study results suggest a higher rate of pan-TRK-positive but 
NGS-negative samples than previously reported for tumour 
types known to have non-specific or physiological staining 
by pan-TRK IHC, such as soft tissue sarcomas, and CNS 
samples that did not follow the pre-defined algorithm [9, 32]. 
The rate of pan-TRK positive but NGS-negative samples in 
this analysis was similar to another study with a false posi-
tivity rate of 96.8%, which also selected samples for NGS 
based on pan-TRK IHC and, thus, the tested samples were 
enriched for tumour types with non-specific/physiological 
pan-TRK staining [38]. It should also be noted that pan-TRK 
IHC is known to have limited sensitivity for chimeric TRKC 
proteins arising from NTRK3 fusions [9], and, therefore, 
NTRK fusion-positive samples could have been missed. As 
the diagnostic, prognostic and predictive biomarker testing 
continues to rapidly evolve for locally advanced and meta-
static solid tumours, the utility of upfront NGS will continue 
to expand, therefore improving the systematic and efficient 
identification of patients with rare actionable driver muta-
tions. Overall, although reflective of multi-centre testing 
programs, the two facilities conducting testing in the current 
study used variable approaches to IHC (lab-based pan-TRK 
IHC developed by KHSC versus the pan-TRK Assay used 
by LifeLabs) and NGS (Oncomine Comprehensive Panel 
v3 used by KHSC versus  FusionPlex® Lung panel v1.0), 
thus this heterogeneity in protocols may have impacted 
rates of NTRK fusion detection. The reverse reflex pathway 
helped identify one additional NTRK fusion-positive sample 
(GFOD1-NTRK2). Although the practicality of implement-
ing such quality control methods in clinical practice still 
needs to be determined, this method could help improve 
detection of NTRK fusions in some contexts.

Future research should include a larger Canadian popula-
tion to corroborate and expand upon these findings, as well 
as the impact of testing on patient outcomes, such as PFS 
and OS. While the study was not designed to collect data 
on treatment decisions, the impact on subsequent therapy 
choice could be the subject of future study.

4.2  Conclusions

This observational study summarizes the outcomes of a 
national NTRK fusion tumour clinical testing program 
designed to identify patients eligible for TRK inhibi-
tor therapy. The study population included considerable 
patient diversity in terms of age, geographic representation, 
and tumour type, and thus provides valuable insights into 
the prevalence of NTRK fusions in a real-world Canadian 

setting. The algorithm used in this clinical testing program 
may also provide guidance on strategies to improve detection 
of NTRK fusions in clinical practice.
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