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Abstract

Introduction: The research objective was to systematically review evidence on neurotrophic
tyrosine receptor kinase (NTRK) gene fusion frequency in solid tumors.

Methods: Using Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA] guidelines, a systematic literature review (SLR) was conducted of studies published
from January 1987 to 2 January 2020. Selected studies were appraised for use in meta-
analysis, with frequency reported as a point estimate with confidence intervals, to estimate
NTRK gene fusion tumor incidence and prevalence.

Results: The SLR identified 222 studies from North America (n=122), Europe (n=33), Asia
(n=41), Brazil (n=5), Australia (n=2], and multi-continental (n=19) reporting NTRK gene
fusion frequencies across 101 histologies. Studies were prospective (n=43) and retrospective
(n=179). Testing methods involved DNA (n=93), RNA (n=72), combined DNA/RNA (n=48),
protein [immunohistochemistry (IHC), n=5], and unreported (n=5). Sample sizes ranged
from 1 to 66,871. Of the 222 studies, 107 were suitable for meta-analysis. Highest NTRK

gene fusion frequencies were reported in rare cancers: infantile/congenital fibrosarcoma
(90.56%, 95% Cl 67.42-100.00), secretory breast cancer (92.87%, 95% Cl 72.62-100.00), and
congenital mesoblastic nephroma (21.52%, 95% CI 13.06-32.20). Lower frequencies were
reported in non-small cell lung cancer (0.17%, 95% CI 0.09-0.25), colorectal adenocarcinoma
(0.26%, 95% Cl 0.15-0.36), cutaneous melanoma (0.31%, 95% CI 0.07-0.55), and non-secretory
breast carcinoma (0.60%, 95% CI 0.00-1.50). Reported frequency was ~0% for some cancers:
mesothelioma, renal cell carcinoma, prostate cancer, and bone sarcoma. Estimated global
overall NTRK gene fusion tumour incidence and 5-year prevalence in 2018 was 0.52 and 1.52
per 100,000 persons, respectively.

Conclusion: This research confirms the rarity and varying frequency of NTRK gene fusion
across tumor types. Limitations included relatively low historic NTRK gene fusion testing

and reporting, limited study samples for some cancers, and suboptimal molecular testing
methods. In this rapidly developing area, gold-standard testing methods and companion
diagnostics are needed to capture all NTRK gene fusions.
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Introduction features of cancer cells. Precision medicine aims
In recent years, cancer treatment has evolved to identify and address the genetic features of
from nonspecific cytotoxic chemotherapy to a each patient’s cancer to maximize effectiveness
greater role for therapies that target molecular while minimizing toxicity to healthy cells.
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Targeting specific genetic alterations allows for
more individualized cancer treatment, but this
has previously required identifying the specific
oncogenic drivers in each histology.! There are
now, however, several tumor-agnostic treatments
that are specific for genetic features seen across
tumor types rather than being tailored to molecu-
lar features of a particular histology.?

Cancer cells harbor a variety of genetic abnormal-
ities, including point mutations, chromosomal
rearrangements, and gene fusions. Some gene
fusions that have been identified in cancer involve
ALK, ROS1, NRG1, EGFR, MET, and NTRK.
Gene fusions involving NTRK are found in a
broad range of solid tumors. Fusions involving
the three NTRK genes (NTRKI, NTRK2, and
NTRK?3) result in the overexpression or constitu-
tive activation of tropomyosin receptor kinases
(TRKSs) that can promote oncogenesis.* Tumors
derived from an NTRK gene fusion are com-
monly referred to as “TRK fusion cancers”.5-°
Based on their putative role in cancer cell prolif-
eration, TRK fusion proteins are an active area of
investigation and are the molecular target of sev-
eral approved drugs, including larotrectinib and
entrectinib.*

NTRK gene fusions are rare in more common
solid tumors (e.g. colorectal, bladder, breast, and
non-small cell lung cancers) but have been
detected at high frequencies in some rare cancer
types (e.g. secretory breast carcinoma, secretory
salivary gland cancer, also known as mammary
analogue secretory carcinoma of the salivary
gland, and congenital mesoblastic nephroma)
and in some pediatric cancers.»10 Primary brain
tumors have been noted as an area of interest for
studying NTRK gene fusions, given the lack of
effective treatment options and the relative fre-
quency of the fusion in some brain tumor sub-
types.!! This variation across multiple histologies
means that it is difficult to quantify the patient
population for drugs such as larotrectinib, which
is approved in the United States (US) and Europe
as a tumor-agnostic therapy for advanced cancers
with an NTRK gene fusion.! While immunohisto-
chemistry (IHC) testing is sometimes used, a
2019 European Society for Molecular Oncology
(ESMO) panel recommended that confirmatory
testing for NTRK gene fusions should be per-
formed at the molecular level [next-generation
DNA or RNA sequencing, fluorescence in situ
hybridization and reverse transcription poly-
merase chain reaction (RT-PCR)].!? These

molecular testing methods may, however, be time
consuming, costly, and material dependent.!3
Lack of a defined gold-standard testing method
means that NTRK fusions are not always detected,
or even tested for in solid tumor studies, leading
to added difficulty in evaluating the true preva-
lence of these mutations.

It is important for healthcare decision-makers to
have a clear sense of the size — and the range of
tumor types — of the population that might be eli-
gible for treatments targeted for tumors harboring
NTRK gene fusions. Without applying rigorous
methodologies to determining the incidence of
NTRK gene fusions across histologies, it is possi-
ble to make erroneous assumptions about inci-
dence based on a subset of the published literature.
The objective of this research was therefore to
conduct a systematic literature review (SLR) of
studies and a meta-analysis to gain a better under-
standing of the frequency of NTRK gene fusions
in various tumor histologies and across the popu-
lation. Based on the current literature knowledge
of NTRK gene fusion frequency, the TRK fusion
cancer incidence worldwide was estimated.

Methods

This systematic review and meta-analysis were
performed in accordance with the Preferred
Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines. The meth-
ods outlined for the SLR followed those pub-
lished by the Cochrane Collaboration and the
United Kingdom (UK)’s National Institute for
Health and Care Excellence (NICE), following
principles outlined in Cochrane Handbook for
Systematic Reviews of Interventions, CRD’s
Guidance for Undertaking Reviews in Health
Care, and Methods for the Development of NICE
Public Health Guidance.!#1® The methods out-
lined for the meta-analysis followed those pub-
lished by the Cochrane Collaboration guidelines,
the Agency for Healthcare Research and Quality
(AHRQ), and the UK’s National Institute for
Health and Care Excellence (NICE).!%17 Studies
included in the SLR underwent appraisal to
determine suitability for meta-analysis as outlined
below.

SLR study selection

Two groups of authors independently reviewed
the titles and abstracts of the identified articles to
determine their eligibility, based on previously
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Table 1. SLR study eligibility criteria (PICOS statement).

Category Inclusion criteria Exclusion criteria
Patient e Any patient who was diagnosed with any solid tumors at Non-human
population any age, after any length of time Not fulfilling inclusion

Intervention

Outcomes
measures

Study design

No criteria on interventions

Frequency/percentage, incidence, and prevalence data on
NTRK gene fusions among solid tumors

NTRK gene fusion types

Information on test methods and fusion partners was also
collected

Prospective and retrospective studies, such as
observational studies, registries, retrospective studies,

criteria

No criteria on
interventions

Studies not including
at least one of the
outcomes listed in the
inclusion criteria

Case reports were
excluded

database analyses, and non-interventional studies
e Pathology-based analyses of stored tumor biopsies were

considered
e (Case-series were considered

Restrictions English language

e Year limitation: 1 January 1987-6 December 2018 (first
search); first update on 25 November 2019; second update e

on 2 January 2020

e Non-English language
studies

Published prior to
1987

PICOS, population, intervention, comparison, outcomes and study design; SLR, systematic literature review.

established inclusion/exclusion criteria that were
built using the PICOS statement (Table 1). All
methods of identifying NTRK gene fusion were
included.

Systematic literature search

Ovid, a search platform that provides standard-
ized access to a wide range of clinical literature
databases and is an accepted tool by health tech-
nology assessment (HTA) agencies for use in
SLR, was used to conduct searches for all litera-
ture databases. The literature databases searched
were key biomedical literature databases [Medical
Literature Analysis and Retrieval System Online
(MEDLINE®) and Excerpta Medica Database
(Embase®)] and Cochrane from 1 January 1987
to 2 January 2020, using a combination of key-
words (Supplemental Table S1). PubMed was
also searched using a combination of keywords
(Table S2). Studies referenced in other SLRs and
meta-analyses in NTRK gene fusion frequencies
among solid tumors were reviewed to ensure that
all relevant studies were captured. Furthermore,
bibliographies from selected studies were reviewed
to identify studies relevant for the SLR. This pro-
cess ensured that papers and articles not picked

up in the original search were included in the
review.

Three separate searches were conducted. The
original search was conducted on 6 December
2018. The first updated search was conducted on
25 November 2019. Finally, the second updated
search was conducted on 2 January 2020.

Data extraction

The following information was extracted from
each selected article: author, publication year,
country of the study, study design, sample size
(patient numbers for testing), institution type,
database name, registry name, population,
inclusion criteria, patient demographics [i.e.
age, gender, prior therapies, Eastern Cooperative
Oncology Group (ECOG) performance status
(PS), and tumor type], testing methods, details
of the testing methods, patient number with
NTRK gene fusion by NTRK gene fusion type
(NTRK1, NTRK2, NTRK3) and by tumor
types, gene fusion partners, and tumor histol-
ogy. Tumor type and histology were extracted
using the exact nomenclature reported in the
publication.
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Meta-analysis study selection

Studies selected in the SLR underwent appraisal
for suitability to include in the meta-analysis
(MA). To reduce sources of bias across trials and
generate more reliable results, the MA was per-
formed on studies published in a peer-reviewed
journal or scientific congress where a full poster
was available, published after 2010, with irredun-
dant samples and a population size of at least 20
patients evaluated for NTRK fusion. Studies had
to represent patients, not samples, that is, studies
were excluded if the sample size reflected the
number of samples and not necessarily the patient
number. An exception was made to the patient
population threshold for secretory salivary gland
cancer (also known as mammary analogue secre-
tory carcinoma) and secretory breast cancer, as
these tumors are extremely rare. Congress
abstracts without posters were excluded.
Regarding testing methodology, the meta-analy-
sis included studies in which the NTRK testing
methodology was specific and included NTRK1,
NTRK2, and/or NTRK3. If the NTRK testing
methodology was not specified, the publication
was excluded. Publications reporting NTRK
fusion only in pre-selected samples [e.g. epider-
mal growth factor receptor (EGFR)- and anaplas-
tic lymphoma kinase (ALK)-negative NSCLC;
MSI-H colorectal cancer] were excluded. When
publications with overlapping populations were
available, the publication with the most complete
and relevant set of data was chosen for data
extraction.

Meta-analysis methodology

The meta-analysis was conducted in Excel
(Version 2006). The weights were calculated
using the sample size or the variance of each
study.!® Full details of the methods and formulae
used to conduct the MA are detailed in a previ-
ously published research paper.!®

Results for a histology were often reported in
more than one study. Likewise, some studies pre-
sented data on NTRK gene fusion frequencies in
several different tumor groups and histologies.
Therefore, the NTRK gene fusion frequencies of
patients with similar tumor histology were pooled,
and the heterogeneity, the frequency, the confi-
dence intervals (CIs), and standard error were
measured (Table S3). Within each tumor histol-
ogy, NTRK gene fusion frequencies were pooled
using the inverse variance method per Cochrane
guidelines, which assumes a normally distributed

variance of treatment effect. This approach
weights the importance of each study result within
the meta-analysis according to variance from each
study’s NTRK frequency.

There are two widely used statistical effect models
for meta-analysis: the fixed effect and random
effect models. The fixed effect model assumes that
all the studies in the meta-analysis have one true
effect size, and the observed variation among stud-
ies is caused by sampling errors or chance.2? The
random effect model assumes that different stud-
ies exhibit substantial diversity, and the true effect
size may vary from study to study.?! Consequently,
the fixed effect model assesses only intra-study
sampling errors (intra-study variation), while the
random effect model assesses both intra-study
sampling errors and inter-study variance (between-
study variation).22 Statistical heterogeneity esti-
mates (I2, Q) tested for rate differences across
studies. Q values >0 informed that studies did
observe different rates and I2>30% represented at
least moderate heterogeneity.

For randomized studies, direct results were
included from single arms; per Cochrane guide-
lines, methodological and clinical heterogeneity
were considered. This led to prioritizing results
from random effects meta-analyses (where feasi-
ble) over fixed effects.

To avoid computational error, while estimating the
standard error and therefore the weights, a stand-
ard Cochrane correction (fixed value of 0.5) was
applied to studies that observed zero counts of
NTRK.' For studies with the Cochrane correction
applied, the normal approximation method was
used to obtain CIs around point estimates. For
studies without the Cochrane correction, the bino-
mial distribution (Clopper-Pearson exact approach)
was used to obtain two-sided 95% ClIs around indi-
vidual study point estimates. These methods are
from evidence leaders in SLR and meta-analysis
techniques: Cochrane Collaboration Guidelines,
the AHRQ, and NICE.!%17 Per these evidence
guidelines, appropriate study comparison and
robustness of final meta-analysis results were evalu-
ated according to the potential for clinical and
methodological heterogeneity across studies.!416

Overall NTRK gene fusion incidence and
prevalence methodology

The objective of estimating the overall NTRK
gene fusion incidence rate was to provide a single
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estimate that encompasses the diverse NTRK
gene fusion frequencies across various tumor
entities. To calculate the NTRK gene fusion fre-
quency for the individual tumor entities reported
in the SLR, the broad tumor type incidence rate
was multiplied by the histology proportion of the
individual tumor entity and then multiplied by
the reported SLR meta-analysis NTRK gene
fusion frequency. The summation of the individ-
ual NTRK gene fusion tumor entities then
resulted in the overall NTRK gene fusion inci-
dence across all tumor entities (Table S4).

The broad tumor type crude incidence rate in
2018 was obtained from the Global Cancer
Observatory (GCQO) Cancer Today.?? Where
applicable, incidence rates were adjusted to reflect
both genders (e.g. breast cancer) and all ages (e.g.
pediatric cancers). Estimates of rare cancers that
were unavailable from GCO were instead
obtained from population-based studies in the lit-
erature, primarily reflecting US and European
data.?%25 The histology proportions (e.g. propor-
tion of lung cancers that are non-small cell lung
cancer) were obtained from the most recent
ESMO clinical guidelines, representing putative
histology distribution at cancer diagnosis.?® There
was no filtering for disease stage, that is, all sam-
ples were included regardless of the stage of the
patient’s cancer. Lastly, the NTRK gene fusion
frequency for each tumor entity was obtained
from the SLR meta-analysis. To prevent overlap
in the summation of incidence rates, only the
NTRK gene fusion frequency of the broadest
tumor entity was included in the overall NTRK
gene fusion incidence rate.

The objective and methods used in estimating the
overall NTRK gene fusion 5-year limited duration
point prevalence rate were similar to those for the
incidence rate. To calculate the 5-year preva-
lence, broad tumor type prevalence rates in 2018
were selected from the GCO, and the prevalence
of the rare cancers was calculated by applying
tumor-specific 5-year overall survival curves
obtained from US-based Surveillance,
Epidemiology, and End Results (SEER).27

Results

SLR study selection and characteristics: A
total of 4183 records were identified in Ovid and
PubMed searches (Figure 1). Title and abstract
screening led to the exclusion of 3873 records
based on PICOS discrepancy or duplication. The

full text versions of the remaining 366 records,
including 56 records from bibliographic search,
were reviewed, with 160 records excluded at the
full-text review stage due to PICOS discrepancies
or duplication. This led to selection of 222 arti-
cles from the Ovid and PubMed searches for data
extraction, including an additional four articles
that were selected via congress review and twelve
from bibliographic searches.

Of the 222 selected publications in the SLR, 179
were retrospective and 43 were prospective. Of
the 179 retrospective studies, 41 were database
analyses, 79 were single-center studies, 56 were
multicenter studies, two were registry studies,
and one was a retrospective study of tumor sam-
ples that did not report the number of centers
involved. Of the 43 prospective studies, 21 were
single-center studies, and 22 were multicenter
studies. Most included studies (122) were con-
ducted in North America; 33 were conducted in
Europe, 41 in Asia, five in Brazil, two in Australia,
and 19 at sites across multiple continents. Testing
methods involved DNA (z=93), RNA (n=72),
combined DNA/RNA (n=48), protein [immuno-
histochemistry (IHC), n=5], and not reported
(n=5). Note that some studies used more than
one method.

Meta-analysis and overall frequency: Of the
222 studies included in the SLR, 107 studies that
met the meta-analysis inclusion and exclusion cri-
teria outlined in the methods section were consid-
ered. Five studies were excluded due to not
reporting NTRK testing methodology. Based on
data extracted from these 107 studies, the NTRK
gene fusion frequency of 98 different histologies
from 29 different tumor groups was calculated
(Table S3). There was significant variability in
the frequencies of NTRK gene fusion reported
across tumor histology in the included studies,
ranging from 0% to 92.87%, in keeping with what
has been reported in the literature about the vari-
ability of NTRK gene fusion frequency across
tumor types.»10 A total of 30 tumor histologies
had an NTRK frequency of zero taken from single
studies. These single-study frequencies are
reported without a CI and standard error.

The fixed effect model for meta-analysis was cho-
sen to measure the NTRK frequency of 37 tumor
histologies from 24 tumor groups. In these
groups, the frequency of NTRK gene fusion
ranged from 0% to 92.87%. The random effect
model was used to measure the NTRK frequency
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Figure 1. Study selection (PRISMA) diagram.

of thirteen tumor histologies from eight tumor
groups. In these groups, the frequency of NTRK
gene fusion ranged from 0.10% to 50.47%. The
NTRK gene fusion frequencies of 18 histologies
came from single studies that did not report a fre-
quency of zero. The CIs for these studies were
calculated using the binomial distribution exact
approach.

Of the 98 tumor histologies, only 12 had =10%
frequency (Table 2). The highest NTRK gene
fusion frequencies per tumor histology were cal-
culated in rare cancers such as infantile/congeni-
tal fibrosarcoma, secretory salivary gland cancer
(also known as mammary analogue secretory car-
cinoma), secretory breast cancer, and congenital
mesoblastic nephroma (all subtypes). Lower fre-
quencies were reported in some more common
cancers such as cervical carcinoma, uterine soft
tissue sarcoma, cutaneous melanoma, pancreatic
adenocarcinoma, colorectal adenocarcinoma,
neuroendocrine tumors, non-small cell lung can-
cer, non-secretory breast carcinoma, and some
primary brain tumors (including glioma, low

A 4

Total publications
selected = 222

grade glioma, high grade glioma, ependymal, and
dysembryoplastic neuroepithelial tumors).
Reported frequency was close to 0% for some
cancers, including adenoid cystic carcinoma of
the salivary gland, retinoblastoma, uveal mela-
noma, anaplastic astrocytoma, diffuse astrocy-
toma, pilocytic astrocytoma, anaplastic
oligodendroglioma, oligodendroglioma, pediatric
ependymoma, pediatric choroid plexus carci-
noma, pediatric neuroblastoma, pediatric medul-
loblastoma, follicular  thyroid carcinoma,
medullary thyroid carcinoma, focal anaplastic
thyroid carcinoma/poorly differentiated thyroid
carcinoma, thymoma, lung adenosquamous car-
cinoma, squamous cell carcinoma of the lung,
large cell carcinoma of the lung, mesothelioma,
gastric and esophageal adenocarcinoma, gastric/
stomach adenocarcinoma, rectal carcinoma,
bladder carcinoma, rectum adenocarcinoma,
adult adrenocortical carcinoma, pediatric adreno-
cortical carcinoma, pheochromocytoma and par-
aganglioma of the adrenal gland, renal clear cell
carcinoma, renal papillary cell carcinoma, renal
chromophobe rumor, Wilm’s tumor of the
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Table 2. Frequency of NTRK gene fusions in selected tumor histologies.

Histology

Frequency NTRK gene fusions

95% CI

Secretory breast carcinoma
Fibrosarcoma, infantile (congenital)

Secretory salivary gland cancer (also known as
mammary analogue secretory carcinoma)

Pigmented spindle cell nevus of Reed
Pleomorphic adenoma

Papillary thyroid carcinoma, pediatric
Differentiated thyroid cancer, pediatric
Congenital mesoblastic nephroma (all subsets)
High grade glioma

Low grade mucoepidermoid carcinoma

Acinic cell carcinoma of salivary gland

Diffuse leptomeningeal glioneuronal tumor

Frequency of NTRK gene fusions in common tumor types

Cervical carcinoma

Uterine soft tissue sarcoma

Cutaneous melanoma

Pancreatic adenocarcinoma

Colorectal adenocarcinoma
Neuroendocrine tumors

Non-small cell lung cancer

Invasive breast carcinoma

Examples of primary brain tumors

High grade glioma

Diffuse leptomeningeal glioneuronal tumor
High grade glioma, pediatric

Glial, glioneuronal, and ependymal
Dysembryoplastic neuroepithelial tumors, pediatric
Low grade glioma, pediatric

Glioma

Low grade glioma

Glioma/neuroepithelial tumor

92.87%
90.56%

79.68%

56.52%
50.47%
25.93%
22.22%
21.52%
21.21%
20.00%
1M.11%
10.00%

0.36%
0.34%
0.31%
0.31%
0.26%
0.26%
0.17%

0.10%

21.21%
10.00%
6.19%
3.28%
3.03%
1.61%
0.99%

0.88%
0.55%

72.62-100.00
67.42-100.00
62.84-96.51

34.49-76.81
0.00-100.00
11.11-46.28
6.41-47.64
13.06-32.20
8.98-38.91
5.73-43.66
4.19-22.63

2.11-26.53

0.00-0.81
0.00-0.78
0.07-0.55
0.09-0.53
0.15-0.36
0.07-0.44
0.09-0.25

0.03-0.18

8.98-38.91
2.11-26.53
3.11-9.28
0.40-11.35
0.08-15.76
0.00-3.33
0.00-2.79

0.22-1.54
0.24-1.07

Cl, confidence interval.
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kidney, invasive lobular carcinoma of the breast,
uterine/endometrial carcinoma, ovarian carci-
noma, ovarian serous cystadenocarcinoma, pros-
tate cancer, prostate adenocarcinoma, testicular
germ cell tumors, osteosarcoma, Ewing sar-
coma, rhabdomyosarcoma, and pheochromocy-
toma and paraganglioma of the neuroendocrine.
Primary brain tumors, comprising multiple his-
tologies, showed a wide range of NTRK gene
fusion frequency, from close to 0% to over 20%.
The complete list of NTRK gene fusion fre-
quencies of the 98 different histologies evalu-
ated is presented in the supplementary materials
(Table S3).

Globally, the calculated overall NTRK gene
fusion incidence and 5-year prevalence were 0.52
and 1.52 per 100,000 persons, respectively.

Discussion

Based on our meta-analysis of literature available
at the time of this research, the overall incidence
of NTRK gene fusion in solid tumors is estimated
to be 0.52 per 100,000 persons globally in 2018.
The overall 5-year prevalence of NTRK gene
fusion in solid tumors is estimated to be 1.52 per
100,000 persons globally in 2018. While there is
no formal consensus on the definition of an ultra-
rare disease, a generally accepted European
Union (EU) definition is a disease with a preva-
lence of less than 1 in 50,000 persons.?® Thus,
cancers with NTRK gene fusions fall below the
threshold for an ultra-rare disease.

The evidence that we captured in our SLR is
based on published literature, which has limita-
tions. Genomic profiling of tumor samples is a
relatively new practice, and thus gene fusion fre-
quencies are not historically a standard compo-
nent of reporting in oncology studies. Moreover,
the literature provides limited information regard-
ing tumor histologies. In general, studies do not
consistently report on biomarker-directed sub-
types (e.g. MSI-high wversus MSS, RAS mutant
versus RAS wildtype in colorectal cancer, or
methylation status in brain tumors). Studies may
not clearly distinguish between number of sam-
ples and number of patients, and they may not
provide sufficient detail on testing methods and
rationale, or on pan-TRK testing practices.
Moreover, genomic profiling data came from a
variety of study types, with varying numbers of
patients per study; in some cases, results were
reported per patient, and in other cases

per sample. This inconsistent reporting poses
challenges in evaluating the quality of publica-
tions and adds some limitations to our interpreta-
tion of the data.

We noted substantial variability in NTRK gene
fusion frequencies, even for studies reporting on
the same tumor types. There are several factors
that may influence the inter- and intra-variability
in the frequencies of NTRK gene fusion reported
in the included studies. One explanation is that
results are limited by the sample size that was
tested. Due to the rarity of NTRK gene fusions,
particularly in the more prevalent cancer types, a
small sample size tested may not accurately reflect
the true NTRK gene fusion frequency. Some of
the higher NTRK gene fusion frequencies that we
report are based on single studies, that is, we were
unable to conduct meta-analyses on these histolo-
gies. Moreover, some studies were excluded
based on small sample size or limited testing
information provided. The second explanation
relates to the heterogeneity in testing methods
employed to determine the NTRK fusion fre-
quency and the lack of a universally used, gold-
standard testing method. Per 2019 ESMO
recommendations, fluorescence in situ hybridiza-
tion (FISH), reverse transcription polymerase
chain reaction (RT-PCR), and RNA-based
sequencing panels should be used to confirm the
presence of NTRK fusions.!?2 While RNA-based
tests are generally favorable due to the ability to
detect novel and known NTRK fusions, NTRK
fusion detection capability of DNA-based tests is
highly dependent on the assay design and intron
coverage of the NTRK genes (and fusion gene
partners).2® The majority of studies selected in
this SLR used the currently recommended molec-
ular genetic techniques; of the 222 selected stud-
ies, 5 did not specify the testing method and thus
were excluded from the meta-analysis, while 5
that were included used THC, potentially intro-
ducing some uncertainty.

With the comprehensive literature survey, this
study also provides critical information for pan-
tumor companion diagnostic development.
The NTRK fusion prevalence estimation is a piv-
otal step in calculating population-based diagnos-
tic performance measures. The NTRK fusion
prevalence calculated in this manuscript depends
on the distribution assumption and statistical
modeling used in the meta-analysis. Different
meta-analysis procedures may lead to different
estimated values. A comprehensive evaluation of
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varying meta-analysis methods will be conducted
in our future work, which will also support NTRK
fusion companion diagnostic development.

Additionally, the study is further limited by the
lack of confidence intervals for the overall NTRK
gene fusion tumour incidence and prevalence
estimates. To provide ClIs for the overall NTRK
gene fusion tumour incidence and prevalence
estimate, the confidence levels of the incidence
and prevalence estimate, as well as the NTRK
gene fusion frequency need to be considered.
Though the NTRK gene fusion frequency CI is
available through the meta-analysis (please see
Table S3), the CIs for the tumour incidence and
prevalence estimates are not reported by cancer
registries. Hence, a CI for the overall NTRK gene
fusion tumour incidence and prevalence based
solely on the NTRK gene fusion frequency confi-
dence was deemed potentially misleading and
therefore not constructed. Future studies may
explore the ability to improve this limitation.

Despite these limitations, to our knowledge, this
study is the first to systematically and rigorously
review the literature on NTRK gene fusion fre-
quencies across tumor histologies. These findings
support the characterization of cancers with
NTRK gene fusions as a rare disease, which is rel-
evant to healthcare decision-makers evaluating the
potential impact of precision medicines targeting
this abnormality. Our findings are among the first
to assess the incidence of a cancer genetic feature
independent of tumor histology. This is an impor-
tant step in the evolution of tumor-agnostic and
precision medicine treatment strategies.

Conclusion

In the first comprehensive SLR and meta-analysis
on the frequency of NTRK fusions in solid tumors,
we demonstrated the variability of the fusion across
tumor types and even across studies of a single his-
tology. Although the NTRK gene fusion is rare in
most of the more prevalent tumor types, it has
higher frequency in several rare tumor histologies,
leading to a worldwide incidence of 0.52 per
100,000 persons and a 5-year prevalence below 1
per 50,000 persons, which is below the current
threshold definition for an ultra-rare disease. In the
rapidly evolving field of precision medicine,
changes in testing practices and techniques, as well
as more rigorous reporting of genetic profiling
results in studies, may lead to changes in NTRK
gene fusion frequency estimates.
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