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Abstract
Gene fusions can drive tumor development for multiple types of cancer. Currently,
many drugs targeting gene fusions are being approved for clinical application. At pre-
sent, tyrosine receptor kinase (TRK) inhibitors targeting neurotrophic tyrosine receptor
kinase (NTRK) gene fusions are among the first “tumor agnostic” drugs approved for
pan-cancer use. Representative TRK inhibitors, including larotrectinib and entrectinib,
have shown high efficacy for many types of cancer. At the same time, several second-
generation drugs designed to overcome first-generation drug resistance are undergo-
ing clinical development. Due to the rarity of NTRK gene fusions in common cancer
types and technical issues regarding the complexity of fusion patterns, effectively
screening patients for TRK inhibitor treatment in routine clinical practice is challeng-
ing. Different detection methods including immunohistochemistry, fluorescence in
situ hybridization, reverse transcription-polymerase chain reaction, and (DNA and/or
RNA-based) next-generation sequencing have pros and cons. As such, recommending
suitable tests for individual patients and ensuring the quality of tests is essential.
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Moreover, at present, there is a lack of systematic review for the clinical efficacy and
development status of first- and second-generation TRK inhibitors. To resolve the
above issues, our expert group has reached a consensus regarding the diagnosis and
treatment of NTRK gene fusion solid tumors, aiming to standardize clinical practice
with the goal of benefiting patients with NTRK gene fusions treated with TRK
inhibitors.

K E YWORD S
fusion, precision medicine, solid tumor, targeted therapy, tyrosine receptor kinase

INTRODUCTION

Tyrosine kinase receptor (TRK) inhibitors targeting neuro-
trophic tyrosine receptor kinase (NTRK) gene fusions are the
first “tumor agnostic” drugs approved for pan-cancer use.
To standardize the screening of NTRK gene fusions and the
clinical application of TRK inhibitors, we established a gen-
eralized, systematic strategy for the diagnosis and treatment
of NTRK gene fusion in solid tumor patients. There are
three key features of our recommendations: (1) To reason-
able assign appropriate test to patients with different cancer
types, we classify cancer types into three types based on:
(i) whether next-generation sequencing (NGS) is commonly
performed, (ii) whether TRK protein is physiologically
expressed, and (iii) whether NTRK gene fusion is prevalent.
Specific detection strategy is suggested according to this
classification. (2) To ensure the detection quality, the sample
requirements, the laboratory standards, and the reporting
criteria are listed and reconfirmation test is suggested in
appropriate scenarios. (3) To guide treatment decision, a
DNA-based NGS test is suggested when disease progress
after TRK inhibitor treatment, and the clinical efficacy of
major TRK inhibitors, the drug resistance mechanisms, and
the first- and second- generation TRK inhibitors under
development are summarized.

THE BIOLOGICAL BASIS OF THE
NTRK GENE

The gene structures and biological functions
of the NTRK gene

NTRK 1/2/3 genes, respectively, encode the tyrosine kinase
receptor (TRK) A/B/C. These genes are located on human
chromosomes 1q23.1, 9q21.33, and 15q25.3.1 TRK receptor
proteins are commonly expressed in human nerve tissues,
smooth muscles, and the testes. These proteins can be acti-
vated by neurotrophins such as NT-3/4 etc., leading to
self-dimerization and phosphorylation, and subsequently acti-
vating several downstream signaling pathways such as the
MAPK pathway, the PI3K-AKT pathway, and the PLCγ path-
way.1 TRK receptor proteins play an important role in nor-
mal neuron functioning, including in neuronal cell
differentiation and proliferation, and in the survival and for-
mation of axons, dendrites, and synapses. TRK receptor

proteins also participate in neurophysiological functioning for
pain, proprioception, appetite, and memory regulations; and
participate in various types of neuron protection such as
ischemia.2,3 Although the three NTRK genes are located at
different positions on different chromosomes, they are highly
homologous and nearly have the same structure (Figure 1).4

NTRK gene fusion and its mechanism
as a driver mutation

Gene fusions are a common type of driver mutation in solid
tumors.5 In many types of adult and pediatric malignancies,
NTRK-related intra- or interchromosomal structural variants
are key oncogenic factors. The most common scenario is
chromosomal structural variants at the DNA level that lead
to the formation of gene fusion at the downstream RNA level.
In general, the partner gene serves as the 50-terminal gene
and provides the promoter region (or enhancer region), and
the NTRK1/2/3 gene serves as the 30-terminal gene and pro-
vides the kinase domain. The breakpoint of the NTRK gene
fusion usually does not involve frameshift mutation (in-
frame). Creating a complete NTRK kinase domain without
frameshift variants is the critical part of oncogenicity for
NTRK gene fusions.6 Oncogenic NTRK gene fusions cause
the overexpression and sustained activation of TRK kinase,
inducing sustained activation of TRK receptors, independent
receptor dimerization caused by ligand-binding or other
mechanisms. The activation of TRK receptors then leads to
excessive cell proliferation and apoptotic resistance via the
sustained activation of downstream signaling pathways such
as MAPK/MEK/ERK and PI3K/AKT/mTOR, promoting
tumorigenesis and development.1,7

Prevalence of NTRK gene fusions and their
partner genes in different cancer types

Past research indicated that NTRK gene fusions are present
in at least 45 cancer types, with an overall mutational fre-
quency of 0.3% for multiple partner genes.8 A meta-analysis
had reported the mutational frequency of NTRK gene
fusions in different cancer types,9 of which, that in secretory
breast cancer, secretory salivary gland carcinoma, and infan-
tile fibrosarcoma achieved >75%, but that in common can-
cer types was low (Table 1). The Asian population,
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especially in eastern and southern Asian, has a relatively
higher mutational frequency of NTRK gene fusions (0.4%)
as compared to other races.8 The numbers of partner genes
for NTRK1/2/3 genes reported to date are at least 94, 39, and
61, respectively (Supporting Information Table S1).

NTRK gene fusions are prevalent in BRAF wild-type,
MLH1 promoter hypermethylated non-Lynch syndrome,
microsatellite instability-high colorectal cancer patients.11 It
is noteworthy that the fusions of the three NTRK genes are
mutually exclusive. In cancers including adult osteosarcoma,
breast cancer, colorectal cancer, etc., NTRK gene fusions are
generally mutually exclusive for major driver mutations such
as KRAS, APC, TP53, PIK3CA, BRAF, and SMAD4.8

Somatic and other NTRK gene variants

Currently, only fusion variants are “actionable” for NTRK
genes.12 However, the oncogenicity of other NTRK variant
types, including somatic mutations, splice variants, and
amplifications, is also being studied. In past research, NTRK
substitutions and insertion/deletion mutations have been
determined in ovarian cancer, colorectal cancer, lung cancer,
melanoma, and myeloid lymphoma;13–17 however, it is still
unclear whether or not the majority of these mutations lead
to tumorigenesis and cancer development. Overall, most
NTRK substitution mutations are yet not druggable, although
NTRK1 G667C and NTRK3 G696A have been proven to
cause a resistance to TRK inhibitors.18 Other NTRK variant
types, such as the NTRK1 in-frame deletion (ΔTRKA) in
acute myeloid lymphoma, the NTRK1 splice variant
(TRKAIII) in neuroblastoma, TRKA overexpression in breast
cancer, TRKB overexpression in neuroblastoma, and TRKC

overexpression in small round cell tumor may possibly be
related to tumorigenesis and cancer development.19–21

TYPES OF DETECTION METHODS AND
THEIR LIMITATIONS

Immunohistochemistry (IHC)

Immunohistochemistry is fast, low-cost, and convenient,
and requires relatively fewer tumor tissues, making it

F I G U R E 1 The structure of
NTRK1/2/3 gene coding region.
LRR1, leucine-rich repeat 1 domain;
LRR2, leucine-rich repeat 2 domain;
LRRCT, leucine-rich repeat
C-terminal domain; LRRNT,
leucine-rich repeat N-terminal
domain; TK, tyrosine kinase
domain. To to clearly show different
parts of the structure, LRRNT,
LRR1, LRR2, LRRCT, Ig-like 1,
Ig-like 2 and TK

TAB L E 1 The mutational frequency of NTRK gene fusions in
pan-cancer tissues10

Mutational
frequency of NTRK
gene fusions

Adult/
pediatric Cancer type

<5% Adult Colorectal cancer, glioma,
melanoma, lung cancer,
pancreatic cancer,
cholangiocarcinoma, various
types of sarcomas

Pediatric Glioma, various types of sarcomas

5%–75% Adult Thyroid adenocarcinoma,
gastrointestinal stromal tumor

Pediatric Thyroid adenocarcinoma,
congenital mesoblastic
nephroma, spitzoid melanoma

>75% Adult Secretory salivary gland carcinoma,
secretory breast cancer

Pediatric Infantile fibrosarcoma, secretory
breast cancer
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suitable for large-scale screening in cancer types with a low
mutational frequency of NTRK gene fusions. The FDA, CE
IVD, and NMPA approved antibody EPR17341, which can
bind to a common antigen at the C-terminal domain of all
three types of TRK proteins, has been widely applied in clin-
ical practice. Pan-TRK IHC possesses a relatively high sensi-
tivity and specificity. Different NTRK genes, in particular,
display contrasting sensitivity. The sensitivity of NTRK3
(55%–79%) is lower compared to NTRK1 (88%–96%) and
NTRK2 (89%–100%).22,23 The specificity in different cancer
types also varies. The specificity of IHC in lung, intestinal,
thymus, pancreas, and biliary tract cancers is 100%, while
that for breast cancer and salivary gland carcinoma are
82 and 52%, respectively.23

To avoid false-negatives and a loss for further confirma-
tion testing, test sensitivity is important. The standardization
of operating procedures can enhance detection accuracy.
Theoretically, most normal cells, with the exception of nerve
tissues, smooth muscles, and tissues within the testes, do not
express TRK proteins.24–27 When tumor cells harbor NTRK
gene fusions, TRK protein expression increases. Testes tis-
sues, nerve tissues, and cell lines, including KM12
(TPM3-NTRK1),28 MO-91 (ETV6-NTRK3), and CUTO-3.29
(MPRIP-NTRK1)29 can serve as a positive external control.
Peripheral nerve cells present in stroma can serve as an
internal control. Nontumor cells such as skin, vessel, and
inflammatory cells can serve as a negative internal control.30

Different NTRK genes and partner genes possess distinct
expression patterns. Typically, diffuse cytoplasmic expres-
sion with the pan-TRK antibody EPR17341 indicates
NTRK1/2 gene fusion. In contrast, TRKC expression is gen-
erally weaker and is located at the nucleus.30 Greater than
1% positive cells can be defined as IHC pan-TRK positive.

Pan-TRK IHC is not recommended as the screening
method for nerve-derived tumors or smooth muscle/
nerve-differentiated tumors. Importantly, pan-TRK IHC
can only be used in the screening of NTRK gene fusions,
but not in confirmations. Following transcription and
expression, it is theoretically possible to detect fusion pro-
tein. Thus IHC can be used as a reconfirmation method
for other test results. For example, in a larotreactinib clini-
cal trial,31 six patients experienced a best response for pro-
gressive disease (PD). For the remaining five patients, with
the exception of one patient with acquired resistance, only
three patients were able to provide sufficient tumor tissue
specimens for pan-TRK IHC testing. Results obtained
from testing were all negative, indicating the importance
of IHC reconfirmation.

Fluorescence in situ hybridization (FISH)

Fluorescence in situ hybridization is a common method for
detecting chromosomal structural variants such as ALK,
ROS1, and RET gene fusions. The advantages of FISH
include a short turnaround period, a wide application field,

and a relatively low cost. However, regards to NTRK1/2/3:
three genes and over 100 known partner genes, FISH
requires at least three tests, which results in a low efficiency
and a high price. Amplification of the FISH probe region of
NTRK genomic location may lead to false-positive; Intra-
chromosomal NTRK gene fusion with the location of NTRK
gene nearby that of the partner gene may lead to false-
negative (particularly in NTRK1 gene fusions where short
reversions and intra-chromosomal rearrangements are
common).32–34 FISH detection of ETV6-NTRK3 fusion can
be used as a confirmation method for fusion-prevalent
tumors.

The diagnostic criteria of FISH in detecting NTRK gene
fusions is similar to that for other gene fusions. To avoid
false-positive signals due to human error, the slice thickness
should be 4 μM, and counting for at least 50 fluorescent sig-
nals in randomly selected, nonoverlapping tumor cell nuclei
should be performed by at least one expert. Positive cutoff
thresholds can be 10% or 15%.35 Here, it should be noted
that FISH possesses the following limitations: (1) FISH
requires an expert for the interpretation of results, (2) Fish
has a high false-negative rate, and (3) FISH cannot classify
in-frame and out-frame fusions.

Reverse transcription-polymerase chain reaction
(RT-PCR)

Reverse transcription-polymerase chain reaction can quali-
tatively and quantitatively measure the RNA transcription
products of gene fusions. The technique is relatively cheap
and requires a relatively short test period. To perform RT-
PCR, designing upstream and downstream primers accord-
ing to known fusion positions is required, and thus RT-PCR
is only applicable for detecting known fusions. Unfortu-
nately, there are over 100 known partner genes for NTRK,
and a significant difference is observed for both breakpoint
positions and for the exons of involving genes. The
ETV6-NTRK3 fusion that frequently occurs in infantile
fibrosarcoma, secretory breast cancer, and congenital meso-
blastic nephroma can be tested using RT-PCR.36–39

Next-generation sequencing (NGS)

Since the advancement of precision medicine, multiple
genomic biomarkers, including NTRK gene fusions, have
become the key element in guiding cancer treatment. Next-
generation sequencing (NGS) is currently the only technique
that can simultaneously detect multiple types of variants,
including fusions, mutations, amplifications, etc., and detect
tens, hundreds, or even tens of thousands of genes at once,
with high sensitivity and specificity. The FDA and NMPA
have approved several panels that include NTRK gene
fusions for clinical application. Considering low mutational
frequency in common cancer types, numerous partner
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genes, and the complex fusion structure of NTRK gene
fusions, NGS is the most crucial and valuable technique for
detecting NTRK gene fusions. However, NGS is relatively
complicated, and requires a longer testing period and a
higher testing cost, making it unsuitable as the first detection
method for every cancer type.

DNA-based NGS

Nowadays, in clinical practice, DNA-based NGS is a widely
applied cancer genetic test. In a clinical study, the specificity of
a DNA-based NGS test was 99.86%, with an overall sensitivity
of 81.1% (the sensitivity for NTRK1 gene fusions was 96.8%,
but was relatively lower for NTRK2/3 gene fusions).22 Other
than whole genome sequencing, panel and whole exome
sequencing (WES) are both based on target region enrich-
ment, including the amplicon-based and hybrid capture-based
methods. For amplicon-based methods, the exact sequence of
partner genes is required, making it unsuitable for NTRK gene
fusion detection, where numerous partner genes and complex
fusion patterns exist. In contrast, hybrid capture-based
methods do not require known partner genes. Simply design-
ing probes for NTRK gene kinase domain regions, where
breakpoints are commonly found, can help researchers
achieve the detection of known and unknown NTRK gene
fusions. However, due to the extremely large breakpoint
region within the introns of NTRK2 and (especially) NTRK3,
which consist of a large number of repeating regions that are
not suitable for the design of hybrid capture probes, in prac-
tice, partner genes, such as ETV6 and EML4, are used for
probe design. The low coverage of probes may lead to false-
negatives.40 Notably, panels in the market place have different
coverage for NTRK genes. As such, special attention is
required when they are used.

RNA-based NGS

RNA-based NGS is the best method for detecting NTRK gene
fusions. Since at RNA level NGS directly detects transcripts
following splicing, RNA-based NGS can serve as a method for
reconfirming whether or not nonclassic NTRK structural vari-
ants detected by DNA-based NGS generated oncogenic fusion
RNA. Also, RNA-based NGS can help researchers avoid the
technical problem of DNA-based NGS caused by fusions
within intron regions. RNA-based NGS is generally divided
into three types: (1) whole transcriptome sequencing (WTS),
(2) hybrid capture, and (3) anchored multiplex polymerase
chain reaction (AMP). Of these three types of RNA-based
NGS, WTS and hybrid capture can determine gene expression
level in additional to fusion genes. AMP enriches target
regions via a single direction NTRK-specific adapter and a
universal adapter added to complementary DNA, making it
possible to detect unknown fusions with a high degree of
sensitivity.41–43 Unfortunately, RNAs are highly unstable and
easily degraded. As such, the detection of RNA in formalin-

fixed paraffin-embedded (FFPE) tissues is challenging.35

Indeed, a study that performed RNA-based NGS on 44 FFPE
specimens revealed that only 52.3% (23/44) of specimens
passed a presequencing quality control assessment.44

Pros and cons exist for DNA- and RNA-based NGS
tests. Simultaneously performing both DNA and RNA tests
can enhance the detection rate and the accuracy of NTRK
gene fusions. To mutually integrate the two methods, several
protocols are currently undergoing clinical validation.45–47

Moreover, when tumor tissue specimens cannot be obtained,
plasma circulating tumor DNA (ctDNA)-based NGS test
can serve as an accurate and clinically applicable surrogate
method.48 Due to the high number of partner genes, the
NTRK gene fusion probe region requires high coverage.
However, ctDNA panels normally target limited probe
regions to ensure a high sequencing depth, which may result
in an increase in false-negatives. Indeed, a study that applied
DNA-based NGS to ctDNA samples collected from lung
cancer patients indicated that the sensitivity of the ALK gene
fusion was merely 54.2%.49 Considering the relative high
sensitivity of ctDNA tests for detecting single nucleotide var-
iants (SNVs), detecting drug resistant mutations during a
TRK inhibitor treatment course in patients with NTRK gene
fusions is recommended as a surveillance method.

THE CLINICAL APPLICATION OF NTRK
GENE FUSIONS

TRK inhibitors are the first agnostic tumor targeted therapy
approved by the regulatory authority, and are the best model
for tumor precision medicine, especially for the develop-
ment of a novel “basket trial.”50 Larotrectinib and entrecti-
nib are the first FDA-approved TRK inhibitors for treating
pan-cancer patients with NTRK1/2/3 gene fusions. Establish-
ing standards and consensus for NTRK1/2/3 gene fusion
diagnosis and treatment in various cancer types is, therefore,
key for applying TRK inhibitors in actual clinical practice.

Larotrectinib

Given the efficacy and tolerability of larotrectinib, it has been
approved by the FDA and the EMA for treating NTRK gene
fusion-positive adult and pediatric patients with solid tumors
that are locally progressed or metastatic, unresectable, or that
have no satisfactory alternative treatment available. Different
dosage forms, including capsules and oral solutions, were
approved by NMPA in April and June 2022, respectively, for
treating NTRK gene fusion-positive adult and pediatric patients
with locally advanced or metastatic solid tumors. A pan-cancer
clinical trial demonstrated that the objective response rate
(ORR) for larotrectinib was 75% in a population of 55 cancer
patients with 17 different types of NTRK gene fusions and an
age ranging from 4 months to 76 years.31 Updated data was
reported in ASCO 2022. In a population of 244 NTRK gene
fusion-positive cancer patients spanning 25 cancer types,
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larotrectinib displayed an ORR of 69% (95% CI: 62–79) and
the complete response (CR) rate was 26%. When the median
follow-up duration was 28.3 months, the median duration of
response (DoR) was 32.9 months (95% CI: 27.3–41.7). When
the median follow-up duration was 29.3 months, the median
progression-free survival (PFS) was 29.4 months (95% CI:
19.3–34.3), the 48-month overall survival (OS) rate was 64%
(95% CI: 55–73), and adverse effects were mainly grade 1–2,
suggesting good tolerability.51 Larotrectinib also displayed effi-
cacy in both first-line and late-line settings, with an ORR of
91% and ≥70%, respectively.52 For NTRK gene fusion-positive
cancer patients under 18 years (noncentral nervous system
[CNS] cancer), a study where most of the patients had sarcoma
revealed that the ORR of larotrectinib reached 84% (95% CI:
75–91).53 For NTRK gene fusion-positive lung cancer patients,
the ORR was 83% (95% CI: 61–95).54

Entrectinib

Entrectinib has been approved by the FDA for treating
patients 12 years of age and older with NTRK gene fusion-
positive solid tumors that are metastatic, unresectable, or
that have no satisfactory alternative treatment available. In
July 2022, the NMPA subsequently approved entrectinib for
treating adult and pediatric patients 12 years of age and
older with NTRK gene fusion-positive, locally advanced or
metastatic solid tumors. Entrectinib is also a multitarget
drug that can be used to treat ROS1 and ALK gene fusion-
positive cancer patients. Recently, in ASCO 2022, a study
reported updated clinical data for entrectinib in 150 adult
patients with NTRK gene fusion-positive, locally advanced,
or metastatic solid tumors covering 17 cancer types (only
patients with a follow-up period of ≥12 months were
included in the analysis). In the study, the ORR was 61.3%
(95% CI: 53.1–69.2) and the CR rate was 16.7% (n = 25).
When the median follow-up duration was 30.6 months, the
median DoR was 20.0 (95% CI: 13.2–31.1), the median PFS
was 13.8 months (95% CI: 10.1–20.0), the median OS was
37.1 months (95% CI: 27.2-not estimable), and adverse
effects were mainly grade 1–2. Interestingly, the ORR for
entrectinib in patients with (61.3%; 95% CI: 42.2–78.2) and
without (61.3%; 95% CI: 52.0–70.1) baseline CNS metastases
was comparable.55

Drug resistance and second-generation TRK
inhibitors

Similar to other targeted drugs, patients may develop a resis-
tance to TRK inhibitors during the course of treatment.
Known variants that cause a resistance to first-generation
TRK inhibitors include: (1) solvent-front mutations, such as
NTRK1 G595R and NTRK3 G623R; (2) gatekeeper muta-
tions, such as NTRK1 F589L; (3) xDFG motif mutations,
such as NTRK1 G667C and NTRK3 G696A; (4) bypass path-
way mutations, such as BRAF mutations, IGF1R activation,T
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F I G U R E 2 The recommended procedure for the diagnosis and treatment of NTRK gene fusion solid tumors. *For positive FISH results, reconfirmation
by NGS as to whether or not the detected structural variant events have a biological function is recommended. FISH, fluorescence in situ hybridization; IHC,
immunohistochemistry; NGS, next-generation sequencing; RT-PCR, reverse transcription-polymerase chain reaction; TRK, tyrosine receptor kinase; WES,
whole exome sequencing; WTS, whole transcriptome sequencing. To clearly show the flow of different parts.
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KRAS mutations, and MET amplifications; and (5) other or
unknown mutations, such as NTRK1 A608D. Among vari-
ants, solvent-front mutations are the most commonly
observed resistance mechanism, comprising approximately
45% of patients with progression following treatment with
TRK inhibitors or patients that are TRK inhibitor intoler-
ant.12,56 To precisely screen for responding patients and to
guide treatment decisions following progression, performing
genetic tests for known resistance-related variants prior to
treatment and following the progression of first-generation
TRK inhibitors is recommended.

To overcome drug resistance to first-generation TRK
inhibitors, second-generation TRK inhibitors are under
development and are currently a part of clinical trials. Seli-
trectinib is specifically designed to overcome first-generation
drug resistance caused by mutations of the TRK kinase
domain, and is currently in a phase I/II clinical trial. Repo-
trectinib is a multikinase inhibitor that can inhibit the activ-
ity of NTRK, ROS1, and ALK gene fusions. Repotrectinib is
currently undergoing a phase I/II clinical trial to study its
effects in treating patients with NTRK gene fusion-positive,
tyrosine kinase inhibitor-pretreated advanced solid tumors.
The FDA has granted repotrectinib a breakthrough therapy
designation. Preclinical data has demonstrated satisfying
results for both selitrectinib and repotrectinib to solvent-
front and gatekeeper mutations.57-59 Preliminary data from
clinical trials has consistently suggested the efficacy of seli-
trectinib and repotrectinib in treating patients who have
progressed following first-generation TRK inhibitors. The
ORR for selitrectinib in the entire population and in TRK
kinase mutated (on-target) patients was 34% (10/29) and
45% (9/20), respectively.55 For repotrectinib, the ORR was

50% (3/6) for the entire population.60 Other drugs targeting
NTRK1/2/3 gene fusions are currently under development.
Their major clinical trials are provided in Supporting Infor-
mation Table S2. Additionally, NTRK gene fusions have
been reported as acquired resistance in patients who had
undergone multi-line therapies61, indicating that TRK inhib-
itors may be effective in such clinical setting.

DISCUSSION

Our expert group discussed the above-mentioned issues and
established 13 consensus on the diagnosis and treatment of
NTRK gene fusion solid tumors in China (Table 2). We also
determined a recommended procedure for the diagnosis and
treatment of NTRK gene fusion solid tumors (Figure 2). To
recommend suitable NTRK gene fusion tests and to provide
treatment suggestions based on the needs of particular
patients, our group additionally classified cancer into three
types: (1) whether or not NGS is commonly performed,
(2) whether or not the TRK protein is physiologically
expressed, and (3) whether or not NTRK gene fusions are
prevalent (Table 3).

As the first targeted therapy-related biomarker
approved by the regulatory authority for pan-cancer use,
the detection strategy for NTRK gene fusions is key in can-
cer precision medicine. Despite issues in health economics
and real-world practice, the most suitable detection
method for NTRK gene fusion is DNA + RNA NGS test.
In actual clinical practice, such a detection strategy is asso-
ciated with the popularity of NGS, the value of multigene
testing in each cancer type, patient economic condition,

T A B L E 3 The classification of cancer types for guiding NTRK gene fusions detection strategy

Classification
NGS
popularity

TRK protein
physiological
expression

Fusion
prevalence Representative cancer types Recommended detection method

Type I High � Low Non-small cell lung cancer, triple-
negative breast cancer, colorectal
cancer, prostate cancer,
cholangiocarcinoma, melanoma,
ovarian cancer

A DNA-based NGS panel with NTRK
covered or a WES is
recommended; a combination of
RNA-based NGS tests is
recommended; nonclassic fusion
pattern should be further
validated via pan-TRK IHC

Low + Low Brain tumors such as glioma,
gastrointestinal stromal tumor,
soft tissue sarcoma,
neuroendocrine tumor

Type II Low � Low Nontriple-negative breast cancer,
liver cancer, gastric cancer,
cervical cancer

Pan-TRK IHC is first applied for
screening; positive cases should
be reconfirmed via DNA/RNA
NGS

Type III Low � High Infantile fibrosarcoma, secretory
salivary gland carcinoma,
secretory breast cancer,
congenital mesoblastic nephroma

FISH or RT-PCR are recommended
for confirmation; negative cases
should be reconfirmed via NGS
testing

Abbreviations: FISH, fluorescence in situ hybridization; IHC, immunohistochemistry; NGS, next-generation sequencing; RT-PCR, reverse transcription-polymerase chain reaction;
TRK, tyrosine receptor kinase; WES, whole exome sequencing.
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the knowledge of molecular pathological testing at each
hospital, and, also, NTRK gene fusion prevalence and the
possibility of screening with pan-TRK IHC (TRK protein
physiological expression).

NTRK gene fusion detection is complicated and can be
key in the clinical practice of cancer precision medicine. The
writing, spread, and popularization of consensus have impor-
tant clinical significance. However, the recommended detec-
tion strategy provided in this consensus is unavoidably
impacted by the regulatory policy of the related health inspec-
tion field and requires experts in this area to actively apply
this expert consensus, industry standards, and guidelines in
order to impact the launch of beneficial policies. Due to the
lack of released and related research in China, most of the
research cited in this consensus was obtained from foreign
countries. To a certain extent, this lack of information limits
evidence-based strength for applying this consensus in China.
Also, part of the content in this consensus, especially contents
related to quality control, lacks large-scale clinical trials as
supporting evidence. Therefore, related consensus informa-
tion requires further validation through future studies.
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