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Abstract

NTRK (neurotrophic tyrosine receptor kinase) gene fusions are genetic alterations that can drive cancer
development, including in lung cancer. The incidence of neurotrophic myosin receptor kinase (NTRK)
fusions in NSCLC is extremely low, with reports of approximately 0.2%. By reviewing the literature, we will
learn about the NTRK gene family, the distribution of NTRK fusions in tumors, its detection methods, the
treatment and resistance mechanism of targeted drugs, so that clinicians can have a deeper understanding of

NTRK fusion lung cancer.
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Introduction

In recent years, the incidence of lung cancer has
been steadily increasing, with reports suggesting
that the incidence rate of lung cancer has
surpassed that of breast cancer and prostate
cancer, ranking first worldwide. Targeted therapy
has become one of the main treatment strategies
for lung cancer, especially for patients with
positive driver genes. However, in NSCLC,
EGFR mutation is the most common type.
Literature suggests that in Asia, the detection rate
of lung cancer is about 40% for EGFR[1], and
targeted drugs for EGFR are relatively numerous
and mature. In recent years, research into targeted
drugs for other mutations in lung cancer, such as
ALK, MET, RET, and KRAS, has also been
increasing, and promising results have been
achieved. NTRK fusion is extremely rare in
NSCLC, with a reported incidence of about
0.2%][2]. The author, engaged in clinical work
related to lung tumors for five years, encountered
one case of NTRK mutation, where the patient
could afford entrectinib treatment, resulting in a
good therapeutic effect. This study aims to raise

awareness among clinical medical workers about
NTRK mutations in lung cancer, the efficacy of
targeted drugs on these mutations, and to
summarize relevant knowledge about NTRK
through a literature review.

2.Review of NTRK Mutations
2.1 | NTRK Family

The NTRK family is part of a transmembrane
tyrosine  kinase responsible for neuronal
development. This receptor family includes
TRKA, TRKB, and TRKC, which are encoded by
the NTRK1, NTRK2, and NTRK3 genes,
respectively. These receptors have intracellular
kinase domains, transmembrane regions, and
extracellular binding domains [3]. The binding of
neurotrophic factors and the activation of TRK
lead to receptor dimerization, followed by
activation of the intracellular domains and
recruitment of cytoplasmic scaffolding proteins,
which in turn activate downstream signaling
pathways through MAPK, PI3K, and/or PKC[4].
Although these three receptors are highly
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homologous, they each have preferred ligands.
The NTRK1 gene is located on chromosome
1921-g22, and the protein it encodes has the
highest affinity for nerve growth factor. The
NTRK2 gene is located on chromosome 9922.1,
and its corresponding encoding protein has the
highest affinity for neurotrophin-4 and brain-
derived neurotrophic factor. The NTRK3 gene is
located on chromosome 15925, and the protein it
encodes has the highest affinity for neurotrophin-
3[3]. Cancer is primarily driven by NTRK gene
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fusions. NTRK fusions result from
intrachromosomal or interchromosomal
rearrangements, where the 3' sequence of NTRK1,
NTRK2, or NTRKS3 integrates with the 5
sequence of other genes. The resulting fusion
proteins containing TRK kinases form ligand-
independent  activation  through  various
mechanisms, including abnormal dimerization and
increased TRK Kkinase expression[4], leading to
uncontrolled cancer cell proliferation(Figure 1).

Activation of
downstream
signaling
pathway

Figurel.The left portion of the TRK protein encoded by NTRK binds to neurotrophic factors,
inducing dimerization and phosphorylation of TRK receptors, and activating downstream signaling of
PI3K, RAS/MAPK/ERK, and PLC-gamma; The right part is Trk fusion oncoprotein signaling
pathway. The two are different: the fusion protein has no ligand binding to the corresponding
domain, so the downstream signaling pathways (PKC, MAPK, PI3K) are ligand-independent receptor
activation and uncontrolled activation, leading to tumorigenia

2.2 | NTRK Gene Fusions in Cancer Types

NTRK gene fusions are common in adult and
pediatric malignancies. These fusions are reported
to be detected in less than 1% of common solid

tumors, while in some rare tumors, it is much
more common. As shown in Table 1, the
distribution of NTRK gene fusions in lung tumors
is presented.

Table 1 Distribution of NTRK gene fusion in lung cancer

NTRK gene Gene fusion Type of lung cancer
NTRK1 SQSTM1 NSCLCI5]
RFWD?2 Large cell neuroendocrine lung cancer[6]
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CD74 Adenocarcinoma[7]
TPR Adenocarcinoma|8]
TPM3 Adenocarcinoma[9]
MPRIP Adenocarcinomal[7]
IRF2BP2 Adenocarcinomal[8]
TFG NSCLC[8]
F11R NSCLC[8]
NCOR2 Adenocarcinoma[10]

NTRK2 TRIM24 Adenocarcinoma[11]
STRN NSCLC[8]
SQSTM1 Adenocarcinoma[9]

NTRK3 EML4 NSCLC[8]
RBPMS NSCLC[8]
ETV6 Adenocarcinomal[8]
SLITRK3 Lung squamous carcinoma[12]
SQSTM1 Lung squamous carcinoma /

Neuroendocrine carcinoma [8]

2.3 | Detection of NTRK Fusion in NSCLC

The reported detection rate of NTRK fusions in
NSCLC is around 0.1%-0.3%[13], significantly
lower than other mutations in NSCLC, such as
KRAS (15-25%), ALK (5-7%), RET (1-2%), and
ROS-1 (1-2%)[14-16]. Studies have reported that
the frequency of NTRK gene fusion in NSCLC is
about 0.17% [17], while another report by Rosen
et al. indicated 0.16%[18]. In a study by Gatalica,
4,073 lung cancer samples were tested, with only
4 being NTRK-positive, corresponding to an
incidence rate of about 0.1%[19]. A retrospective
study conducted by Si X on 7,395 Chinese
patients with NSCLC showed that the positive
rate of NTRK fusion was 0.59% overall, 0.5% in
lung squamous cell carcinoma (4 out of 855), and
0.61% in lung adenocarcinoma (33 out of
5,378)[20]. Other reports suggest that the
incidence rate of NTRKL1 fusion in NSCLC ranges
from 0.07% to 3.3%, NTRK2 ranges from 0.02%
to 0.2%, and NTRKS3 is around 0.08%[21]. In
NSCLC, NTRK fusions tend to exist in a mutually
exclusive manner with other fusions or mutations.
In a study by Vaishnavi A, 91 NSCLC patients
were analyzed, and no other common driver gene
mutations, such as EGFR, ALK, KRAS, or ROS-
1, were found in those cases with NTRK
fusion[22]. Similarly, Farago AF analyzed 11
NSCLC patients with NTRK fusions, and no other
common mutations were found[23]. However,
some co-mutations, including TP53, NF1, and
RB1, were detected, which could contribute to
resistance to targeted therapies[24].

In Farago AF’s study, most NSCLC patients with
NTRK fusions were middle-aged and non-
smokers, but fusions were also detected in other
age groups and smokers, suggesting that NTRK
fusions may not be associated with specific
clinical characteristics of NSCLC. However, this
study was based on a small retrospective sample,
and its results may be biased. Therefore, large-
scale, multi-center prospective studies are needed
to confirm the clinical relevance of NTRK fusions
in NSCLC.

2.4 | Methods of Detecting NTRK Fusion

Several methods are available to detect NTRK
fusions, including NGS, IHC, FISH, RT-PCR, and
CtDNA testing. Each method has its advantages
and limitations.

NGS

Zehir A reported that the MSK-IMPACT
sequencing panel could detect mutations in 341
cancer-related genes (recently expanded to 410),
including all protein-coding mutations, copy
number alterations (CNAs), selected promoter
mutations, and chromosomal rearrangements[25].
The high sensitivity and specificity, along with the
ability to detect novel fusion genes, are the
advantages of DNA sequencing. A. Drilon
reported that DNA sequencing could detect
resistance mutations to NTRK-targeted drugs.
These mutations alter the hydrophilic solvent-
exposed portion of the nucleotide-binding loop in
the kinase domain, interfering with drug binding
spatially and reducing the efficacy of targeted
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drugs[26]. However, the limitation of this method
is that the short size of the MSK-IMPACT panel
reduces coverage of mutated genes, leading to
false negatives and lower sensitivity. For example,
NTRKS3 intronic regions are too long to cover
adequately, resulting in false negatives. Therefore,
RNA-based NGS testing is the preferred method
for detecting NTRK fusions because the large
intronic regions have already been spliced out.

In a study by Ryma Benayed, patients with
negative results for driver mutations using DNA-
based sequencing (MSK-IMPACT) were further
analyzed using an RNA panel (MSK-Fusion)[27].
Of the 232 lung adenocarcinoma samples that did
not show driver alterations by MSK-IMPACT, 36
cases were found to have positive driver
alterations by RNA sequencing, including two
cases with NTRK3 fusion and one case with
NTRK2 fusion. However, RNA extracted from
formalin-fixed paraffin-embedded (FFPE) tissue
is prone to fragmentation and degradation,
particularly in older samples, requiring strict
quality control.

Several commercial companies combine RNA and
DNA testing to improve detection rates. For
example, ThermoFisher's Oncomine
comprehensive assay uses an amplification-based
technology that covers 161 cancer-related genes
and can detect fusions in all three NTRK genes.
According to the company's technical
specifications, the test requires only 3 FFPE slides
or 10 ng of DNA or RNA. Illumina's TruSight
Oncology 500 uses hybrid-capture technology to
detect changes in 523 cancer-related genes at the
DNA level and sequence RNA transcripts to
detect fusions involving any of the 55 genes,
including the three NTRK genes[3].

Immunohistochemistry (IHC):
IHC is a method that analyzes protein expression.
It is widely used in clinical laboratories due to its
affordability, speed, and efficiency. IHC requires
only one unstained slide, with a turnaround time
of about one day. The most commonly used and
well-researched ~ monoclonal  antibody s
EPR17341 (by Abcam and Roche/Ventana),
which detects the expression of TRKA, TRKB,
and TRKC proteins and recognizes the C-terminal
epitope of the tyrosine Kkinase domain[28].
However, IHC is not specific to TRK fusion
proteins and can also detect wild-type TRK
expression, leading to potential false positives.

Studies have shown that the sensitivity of IHC for
detecting NTRK fusions is 96.7%, with a
specificity ranging from 92% to 100%[29].
Solomon et al. found that the IHC detects NTRK1
fusion with a sensitivity of 96%, NTRK2 fusion
with a sensitivity of 100%, and NTRK3 fusion
with a sensitivity of 79% [3]. IHC is an
economical and effective screening tool for
detecting NTRK fusions or as an adjunct to
nucleic acid testing. The author suggests that both
NGS and IHC testing should be performed
simultaneously to improve the accuracy of the
results.

FISH and RT-PCR:

FISH and RT-PCR have been successfully used in
clinical detection of NTRK fusions, especially in
tumors with high prevalence, such as mucinous
adenoid cystic carcinoma. These methods are
particularly effective in identifying ETV6-NTRK3
fusions[30]. FISH and RT-PCR are low-cost but
require several working days for detection, and
they are largely limited to detecting a single driver
gene alteration. Due to the wide variety of NTRK
mutations, these methods are rarely used clinically
for detection.

Circulating Tumor DNA (ctDNA) Testing

Also known as liquid biopsy, this method detects
fragments of tumor DNA that enter the
bloodstream as tumor cells proliferate and
undergo cell cycle changes. This non-invasive
approach can reflect the heterogeneity of both the
tumor and its metastases, dynamically monitor
treatment efficacy, assess cancer recurrence risk,
and analyze the mechanisms of acquired
resistance. However, the sensitivity of ctDNA for
detecting NTRK fusions in plasma is lower than
in tissue[31].

2.5 | NTRK Resistance Mechanisms(Figure 2):

NTRK resistance can be divided into on-target
resistance and off-target resistance. On-target
resistance refers to resistance mediated by
mutations in the TRK kinase domain, while off-
target resistance refers to resistance due to the
activation of bypass or downstream pathways.

1."On-Target" mechanisms include solvent
front mutations, gatekeeper mutations, and
mutations at the kinase activation loop XDFG
position, which can directly interfere with the
binding of drugs to the TRK receptor. For
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example, mutations such as NTRKA G595R and
TRKC G623R may lead to resistance of the TRK
receptor to targeted drugs. In 2016, Russo et al.
reported the first case of acquired resistance to an
NTRK inhibitor in a patient with liver metastasis
of colorectal cancer with LMNA-NTRK1
rearrangement treated with entrectinib, who
developed resistance after 4 months. Plasma was
collected from the patient for ctDNA sequencing,
revealing two mutations, TRKA-G595R and
G667C, which were not detected before treatment
with entrectinib[32]. Subsequently, Drilon A
reported a patient with salivary gland secretory
carcinoma, with genetic testing showing ETV6-
NTRKS3 rearrangement, who developed multiple
lung metastases after 10 months of treatment with
entrectinib. Testing revealed a new G623R
mutation in the lung metastases, where arginine
replaced glycine at position 623, leading to
structural changes that reduced the binding
affinity of the mutated TRKC to entrectinib[33].
To date, most data come from clinical case
reports, such as NTRK1 G667S, NTRK1 F589L,
and NTRK3 G696A, which have been gradually
found to be similar to the above-mentioned
targeted drug resistance mechanisms. Due to
structural changes, the resulting amino acids
prevent the first-generation targeted drugs
larotrectinib or entrectinib from binding to the
kinase domain.

2."Off-Target" mechanisms (also known as
Bypass activation mechanisms): The activation of
other signaling pathways, such as the upregulation
of KRAS, MET, and the RAS-RAF-MEK
pathway, can allow tumor cells to bypass the
inhibitory signals of NTRK and continue to
proliferate. Cocco E reported a case of a patient
with CTRC-NTRK1 fusion-positive pancreatic
cancer who developed resistance after 5 months of
treatment with larotrectinib. Testing revealed that
the patient developed resistance to larotrectinib
through acquired BRAF v600E and KRAS G12D
mutations, and it was confirmed that the BRAF
V600E mutation was independent of changes in
the tyrosine kinase domain. In cell lines of
NTRK1 fusion-positive  pancreatic  cancer

expressing BRAF Vv600E treated with second-
generation TRK inhibitors[34], the tumor
continued to progress for 2 months, suggesting
that the activation of the downstream MAPK
pathway is hypothesized as a TRK-independent
bypass activation mechanism. The patient
subsequently  received treatment with a
combination of RAF and MEK inhibitors,
resulting in tumor regression. The second case
reported by the author involved a patient with
LMNA-NTRK?1 fusion-positive colorectal cancer,
who initially responded well to larotrectinib but
later developed on-target resistance due to the
NTRK1 G595R solvent front mutation. The
patient then received LOXO-195 and responded
well, but resistance re-emerged along with liver
metastasis. A biopsy indicated a KRAS G12A
mutation, and after resection of the liver
metastasis, the patient continued on LOXO-195,
but tumor progression was later detected with a
KRAS G12D mutation. Additionally, treatment of
LMNA-NTRK1 fusion-positive and NTRK1
G595R mutation colorectal cancer cell lines with
OXO-195 resulted in the emergence of KRAS
G12D mutations, supporting the notion that
KRAS pathway activation leads to NTRK
resistance. Case 3 reported a patient with
PLEKHAG6-NTRK1 fusion-positive
cholangiocarcinoma who developed resistance
after 11 months of treatment with entrectinib,
followed by the detection of MET amplification.
She received treatment with the MET inhibitor
crizotinib, which was effective. Relevant gene
mutations in the MAPK pathway are shown in
Table 2. In the study by Miho J Fuse[35], NTRK-
TKIs were continuously used to treat KM12 cells
to establish NTRK-TKI resistant cells, specifically
cabozantinib-resistant monoclonal cells, revealing
several novel NTRK-TKI resistance mutations in
the NTRK1 kinase domain, including G595R, as
well as a resistance mechanism mediated by the
insulin-like growth factor receptor 1 (IGF1R)
bypass pathway. The combination of IGF1R
inhibitors (AEW541/0S1906) and cabozantinib
was able to reverse resistance in CR20 cells.

Table 2 Mutations in genes related to the MAPK pathway

Patient Tumor Type Fusion TRK-Targeted Known Resistance and MAPK
Number Therapy Alterations
1 Pancreatic CTRC- Larotrectinib, BRAF V600E, KRAS G12D
cancer NTRK1 LOXO-195
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2 Colorectal LMNA- Larotrectinib, NTRK1 G595R, KRAS GI12A,
cancer NTRK1 LOX0-195 KRAS G12D

3 Cholangiocarci | PLEKHAG- Entrectinib, LOXO- | MET amplification
noma NTRK1 195

4 Pancreatic ETV6- PLX7486, LOXO- | MAP2K1 P124S
cancer NTRK3 195

5 Pancreatic TPK-NTRK1 | Entrectinib, LOXO- | NTRK1 G595R, ERBB2 S310F
cancer 195

6 Colorectal TPM3- Larotrectinib KRAS G12D, NTRK1 G595R,
cancer NTRK1 NTRK1 F589L

Next-Generation Inhibitors for NTRK Fusion
Resistance:

Several next-generation NTRK fusion inhibitors
targeting resistance to first-generation inhibitors
are currently under development. These include
LOXO0-195 (selitrectinib), TPX-0005, and ONO-
5390556, which have demonstrated in vitro
activity against many of the above-mentioned
TRK mutations[36]. Studies show that these next-
generation inhibitors are effective against
resistance mediated by secondary mutations in the
NTRK kinase domain but are ineffective against
resistance mediated by bypass mutations[37,38].

Cocco E’s research confirmed the mechanism of
resistance to next-generation NTRK inhibitors
caused by NTRK XxDFG mutations. In case reports
of three patients with carcinosarcoma, breast
cancer, and colorectal cancer, it was observed that
after NTRKA G595R mutations caused resistance
to first-generation inhibitors, retesting revealed
TRKA G667C or TRKA G667A mutations,
suggesting that the NTRKA G667 mutation is one
of the reasons for resistance to second-generation
inhibitors. In cases 4 and 5, one patient with TPR-
NTRKZ1-positive NSCLC and another with
TPM3-NTRK1-positive thyroid cancer were
found to have XDFG motif mutations (TRKA
G667C, G667S), which led to resistance to
larotrectinib and a lack of response to the next-
generation TRK inhibitor selitrectinib. This also
explains the resistance mechanism to second-
generation NTRK inhibitors[39].

However, several studies indicate that NTRK
fusion is considered one of the mechanisms of
resistance to EGFR-TKIs in NSCLC patients. In a
large-scale cohort study of NTRKZ1 fusion in
Chinese lung cancer patients, Hui Xia et al.
detected 12 patients with NTRK1 fusion-positive
lung cancer, 10 of whom had adenocarcinoma

(0.073%)[40]. Of the 12 NTRK1 fusion-positive
NSCLC patients, 6 had co-occurring EGFR
mutations and had previously been treated with
EGFR-TKIs. Among the EGFR-positive patients,
two cases had T790M co-mutations, and one had
an EGFR C797S co-mutation. Schrock AB's study
confirmed that patients with EGFR-mutated lung
cancer developed resistance to erlotinib and were
later found to have TPM3-NTRK1 fusion[41].
Similarly, Piotrowska Z's research detected
TPM3-NTRK1 fusion in patients resistant to the
third-generation EGFR-TKI  Osimertinib[42].
These findings suggest that NTRK fusion may be
one of the resistance mechanisms for EGFR-TKIs.

Wang B’s research reported a case of a 51-year-
old female with IRF2BP2-NTRKZ1 fusion-positive
lung adenocarcinoma, whose condition stabilized
for 16 months after crizotinib treatment[43]. In
Hui Xia's report, a 63-year-old female with EGFR
19 del mutation was treated with first-generation
TKI gefitinib for 12 months, followed by afatinib
for 3 months, but her disease continued to
progress. After detecting the EGFR T790M
mutation, she was treated with third-generation
TKI osimertinib for 15 months before her disease
progressed. After osimertinib resistance, EGFR
C797S and LMNA-NTRK1 fusions were
detected. She was treated with crizotinib
combined with osimertinib to control the tumor,
and her disease remained stable for 9 months[40].
These studies suggest the potential anti-tumor
effect of crizotinib in NTRK fusion-positive
NSCLC, and for patients with NTRK fusion-
mediated EGFR-TKI resistance, combining
EGFR-TKIs with NTRK inhibitors may be a
therapeutic option. Further studies are needed to
explore the effects of first-generation and next-
generation TRK inhibitors on EGFR-TKI-resistant
tumors with NTRK fusion to better understand
resistance mechanisms.
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Figure 2.Mechanism of resistance to NTRK fusion inhibitors: For patients with advanced
unresectable solid tumors with positive NTRK fusion, the first-generation targeted drugs entrentinib
or larotinib should be treated. If local progression occurs after drug resistance, local treatment can be
given, while the first-generation targeted drug therapy can be continued. If the first generation of
targeted drugs is resistant, no matter the on-target mechanism or off-target mechanism, the second
generation of targeted drugs should be given or after another biopsy, if other driver genes are
combined, combined therapy can be attempted to control the disease progression. If resistance
reappears, standard chemotherapy regimens should be given or participants in clinical trials.

2.6| NTRK Fusion and Immunotherapy:

In recent years, the application of ICIs has
significantly prolonged the PFS and OS of lung
cancer patients, especially those with NSCLC.
Clinically, PD-L1 expression, TMB, and MSI
have been identified as predictive biomarkers for
ICIs, helping to predict the efficacy of IClIs
treatment[44,45]. However, the relationship
between NTRK fusion, PD-L1 expression, and
TMB is still unclear.

Dan Sha’s research shows that the TMB of lung
cancer is significantly higher than that of other
solid tumors, but the rate of high microsatellite
instability (MSI-H) is relatively low[44]. Zhang
Lei et al. reported a case of a 60-year-old female
with advanced lung adenocarcinoma. NGS testing
revealed NCOR2-NTRK1 fusion and high tumor
mutational burden (TMB) of 58.58 mutations per
megabase, with PD-L1 expression between 20%
and 30%][46]. After receiving two cycles of
camrelizumab, the patient’s disease progressed.
Subsequently, the patient switched to the TRK
inhibitor larotrectinib, which led to a gradual
reduction and eventual disappearance of the
lesions. This case suggests that in lung
adenocarcinoma with NTRK fusion, PD-L1
positivity, and high TMB, larotrectinib as a
targeted therapy is more effective than anti-PD-1
inhibitors. However, there are studies showing

that NTRK fusion-positive patients achieved
stable disease after receiving ICls treatment[18].
The comparison of the efficacy of NTRK
inhibitors and ICls, both individually and in
combination, requires further exploration to
determine the best therapeutic strategy.

3. Conclusion

Combining our research with a review of the
current literature, NTRK gene fusions have been
found to play a significant driving role in various
tumor types. The widespread presence of NTRK
fusions in different tumors, along with their close
association with malignancy, suggests that NTRK
fusion is not only a key diagnostic marker but also
an effective therapeutic target. Clinical trials and
case studies have demonstrated that targeted
therapies, such as TRK inhibitors, show
remarkable efficacy in various solid tumors,
particularly in patients for whom traditional
treatment regimens have been ineffective.
However, the emergence of resistance
mechanisms and the heterogeneity of treatment
responses remain significant challenges in current
research.

Future research should focus on exploring the
biological mechanisms underlying NTRK fusion,
developing novel inhibitors, and optimizing
combination therapy strategies to improve overall
treatment outcomes and patient prognosis. In
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summary, the discovery and application of NTRK

fusions represent a major advancement in

precision medicine for cancer, providing patients
with more treatment options and hope.

Author Contributions

Kede Yuan: conceptualization, writing— original

draft.

Chao Wang: methodology.

Kunning Yang: methodology.

Jingyang Huang: visualization.

Xiuxin Mo: visualization

Cunhua Yuan: conceptualization, writing— review

and editing.

Ackowledgments

We thank all the investigators, staff, and

participants who participated in this report, for

their helpful discussions during the manuscript
development. This work was supported by the

Science and Technology Development Project of

Weifang (2024Y X077).

Conflict of Interest

The authors declare not to have any conflict of

interest.

References

1. Pirker R, Buder A, Filipits M. Osimertinib in
advanced EGFR T790M-positive non-small-
cell lung cancer: the clinical impact of
AURA3. Transl Cancer Res 2017;6:5265-S2
69.

2. Harada, G., et al., NTRK fusions in lung
cancer: From biology to therapy. Lung
Cancer, 2021 Nov;161:108-113. doi: 10.1016/
j-lungcan.2021.09.005. Epub 2021 Sep 16.

3. Solomon JP, Benayed R, Hechtman JF,
Ladanyi M. ldentifying patients with NTRK
fusion cancer. Ann Oncol. 2019 Nov 1;30
(Suppl_8):viiil6-viii22. doi:10.1093/annonc/
mdz384.

4. Cocco E, Scaltriti M, Drilon A. NTRK fusion-
positive cancers and TRK inhibitor therapy.
Nat Rev Clin Oncol. 2018 Dec;15(12):731-74
7. doi: 10.1038/s41571-018-0113-0.

5. Farago AF, Le LP.Durable Clinical Response
to Entrectinib in NTRKZ1-Rearranged Non-
Small Cell Lung Cancer. J Thorac Oncol.
2015 Dec;10(12):1670-4. doi:10.1097/01.JTO
.0000473485.38553.10.

6. Wiesner T, He J, Yelensky R.Kinase fusions
are frequent in Spitz tumours and spitzoid
melanomas. Nat Commun. 2014;5:3116. doi:
10.1038/ncomms4116.

10.

11.

12.

13.

14.

15.

16.

Vaishnavi A, Capelletti M. Oncogenic and
drug-sensitive NTRK1 rearrangements in lung
cancer. Nat Med. 2013 Nov;19(11):1469-
1472. doi: 10.1038/nm.3352. Epub 2013 Oct 2
7.

Soppet D, Escandon E. The neurotrophic
factors brain-derived neurotrophic factor and
neurotrophin-3 are ligands for the trkB
tyrosine kinase receptor. Cell. 1991 May 31,
65(5):895-903. doi: 10.1016/0092-8674(91)9
0396-g.

Gatalica Z, Xiu J, Swensen J, Vranic S.
Molecular characterization of cancers with
NTRK gene fusions. Mod Pathol. 2019
Jan;32(1):147-153. doi: 10.1038/s41379-018-
0118-3. Epub 2018 Aug 31.

Zhang L, Liu H. A novel NCOR2-NTRK1
fusion detected in a patient of lung
adenocarcinoma and response to larotrectinib:
a case report. BMC Pulm Med. 2021 Apr 17,
21(1):125. doi: 10.1186/s12890-021-01490-x.
Leeman-Neill RJ, Kelly LM. ETV6-NTRKS is
a common chromosomal rearrangement in
radiation-associated thyroid cancer. Cancer.
2014 Mar 15;120(6):799-807. doi: 10.1002
/cner.28484. Epub 2013 Dec 10.
Bollig-Fischer A, Bao B. Role of novel cancer
gene SLITRK3 to activate NTRK3 in
squamous cell lung cancer. Mol Biomed. 2021
Aug 30;2(1):26. doi: 10.1186/s43556-021-000
51-2.

Forsythe A, Zhang W, Phillip Strauss U,
Fellous M, Korei M, Keating K, A systematic
review and meta-analysis of neurotrophic
tyrosine  receptor kinase gene fusion
frequencies in solid tumors, Therapeutic
advances in medical oncology 12 (2020) 175
8835920975613.

14.Shaw AT, Yeap BY, et al,Clinical features
and outcome of patients with non-small-cell
lung cancer who harbor EML4-ALK, J Clin
Oncol. 2009 Sep 10;27(26):4247-53. doi:
10.1200/JC0.2009.22.6993. Epub 2009 Aug
10.

Wang R, Hu H, et al, RET fusions define a
unique molecular and clinicopathologic
subtype of non-small-cell lung cancer. J Clin
Oncol. 2012 Dec 10;30(35):4352-9. doi: 10.
1200/JC0.2012.44.1477. Epub 2012 Nov 13.
Bergethon K, Shaw AT, et al, ROS1
rearrangements define a unique molecular
class of lung cancers. J Clin Oncol. 2012 Mar

CURRENT SCIENCE

CS 5 (2), 1471-1480 (2025) | 1478



17.

18.

19.

20.

21.

22,

23.

24,

CURRENT SCIENCE

Desheng Wu et al.

10;30(8):863-70. doi: 10.1200/JC0.2011.35.
6345. Epub 2012 Jan 3.

Forsythe A, Zhang W, et al,Phillip Strauss U,
Fellous M, Korei M, Keating K. A systematic
review and meta-analysis of neurotrophic
tyrosine  receptor kinase gene fusion
frequencies in solid tumors. Ther Adv Med
Oncol. 2020 Dec 21;12:1758835920975613.
doi: 10.1177/1758835920975613.

Rosen EY, Goldman DA, Hechtman JF,
Benayed R, Schram AM, Cocco E, et al. TRK
Fusions Are Enriched in Cancers With
Uncommon Histologies and the Absence of
Canonical Driver Mutations. Clin Cancer Res
(2020) 26 (7):1624 — 32. doi: 10.1158/1078-04
32.Ccr-19-3165

Gatalica Z, Xiu J, Swensen J, Vranic S.
Molecular characterization of cancers with
NTRK gene fusions. Mod Pathol. 2019
Jan;32(1):147-153. doi: 10.1038/s41379-018-
0118-3. Epub 2018 Aug 31.

Si X, Pan R, Ma S, Li L, Liang L, Zhang P, et
al. Genomic characteristics of driver genes in
Chinese patients with non-small cell lung
cancer. Thorac Cancer. 2021 Feb;12(3):357-
363. doi: 10.1111/1759-7714.13757. Epub
2020 Dec 9.

Liu, F., et al., NTRK Fusion in Non-Small
Cell Lung Cancer: Diagnosis, Therapy, and
TRK Inhibitor Resistance. Front Oncol. 2022
Mar 17;12:864666. doi: 10.3389/fonc. 2022.
864666.

Vaishnavi A, Capelletti M, Le AT, Kako S,
Butaney M, Ercan D, et al. Oncogenic and
Drug-Sensitive NTRK1 Rearrangements in
Lung Cancer. Nat Med (2013) 19(11):1469 —
72. doi: 10.1038/nm.3352

Farago AF, Taylor MS, Doebele RC, Zhu
VW, Kummar S, Spira Al, et al
Clinicopathologic Features of Non-Small-Cell
Lung Cancer Harboring an NTRK Gene
Fusion. JCO Precis Oncol. 2018;2018:P0.18
.00037. doi: 10.1200/P0.18.00037. Epub 2018
Jul 23.

Xia H, Xue X, Ding H, Ou Q, Wu X,
Nagasaka M, et al.Evidence of NTRK1 Fusion
as Resistance Mechanism to EGFR TKI in
EGFR+ NSCLC: Results From a Large-Scale
Survey of NTRKL1 Fusions in Chinese Patients
With Lung Cancer. Clin Lung Cancer. 2020
May;21(3):247-254. doi: 10.1016/j.cllc.2019.
09.004. Epub 2019 Sep 26.

25.

26.

27.

28.

29.

30.

31.

32.

Zehir A, Benayed R, Shah RH, Syed A,
Middha S, Kim HR, et al. Mutational
landscape of metastatic cancer revealed from
prospective clinical sequencing of 10,000
patients. Nat Med. 2017 Jun;23(6):703-713.
doi: 10.1038/nm.4333. Epub 2017 May 8.
Erratum in: Nat Med. 2017 Aug 4;23(8):1004.
doi: 10.1038/nm0817-1004c.

Drilon A, Laetsch TW, Kummar S, DuBois
SG, Lassen UN, Demetri GD, et al. Efficacy
of Larotrectinib in TRK Fusion-Positive
Cancers in Adults and Children. N Engl J Med
(2018) 378(8):731 — 9. doi: 10.1056/NEJM
0al714448

Benayed R, Of fi n M, Mullaney K, Sukhadia
P, Rios K, Desmeules P, et al. High Yield of
RNA Sequencing for Targetable Kinase
Fusions in Lung Adenocarcinomas With No
Mitogenic Driver Alteration Detected by DNA
Sequencing and Low Tumor Mutation Burden.
Clin Cancer Res (2019) 25 (15):4712 — 22.
doi: 10.1158/1078-0432.Ccr-19-0225
Hechtman JF, Benayed R, Hyman DM, Drilon
A, Zehir A, Frosina D, et al. Pan-Trk
Immunohistochemistry Is an Efficient and
Reliable Screen for the Detection of NTRK
Fusions. Am J Surg Pathol. 2017 Nov;41
(11):1547-1551. doi:10.1097/PAS.0000000 00
0000911.

Hung YP, Fletcher CDM, Hornick JL.

Evaluation of pan-TRK immuno-
histochemistry in infantile fibrosarcoma,
lipofibromatosis-like  neural tumour and

histological mimics. Histopathology 2018; 73
(4): 634-644

Connor A, Perez-Ordofiez B, Shago M,
Skalova A, Weinreb I. Mammary analog
secretory carcinoma of salivary gland origin
with the ETV6 gene rearrangement by FISH:
expanded morphologic and
immunohistochemical spectrum of a recently
described entity. Am J Surg Pathol. 2012
Jan;36(1):27-34. doi: 10.1097/PAS.0b013e31
8231542a.

Yablonovitch A, Gnerre S, Yen J, Shell S,
Helman E, Fairclough S, Nagy RJ, Odegaard
J,  Chudova D, Talasaz A, Abstract 537:
NTRK1 fusion detection from clinical cfDNA
NGS using a de novo fusion caller, Cancer
research 81(13 Supplement) (2021) 537-537
Russo M, Misale S, Wei G, Siravegna G, et al.
Acquired Resistance to the TRK Inhibitor

CURRENT SCIENCE

0S5 (2), 14711480 (2025) | 1479



33.

34.

35.

36.

37.

38.

39.

40.

CURRENT SCIENCE

Desheng Wu et al.

Entrectinib in Colorectal Cancer. Cancer
Discov. 2016 Jan;6(1):36-44. doi: 10.1158/21
59-8290.

Drilon A, Li G, et al. What hides behind the
MASC: clinical response and acquired
resistance to entrectinib after ETV6-NTRK3
identification in a mammary analogue
secretory carcinoma (MASC). Ann Oncol.
2016 May;27(5):920-6. doi:10.1093/annonc
/mdw042,

Cocco E, Schram AM.et al. Resistance to
TRK inhibition mediated by convergent
MAPK pathway activation. Nat Med. 2019
Sep;25(9):1422-1427. doi: 10.1038/s41591-
019-0542-z.

Fuse MJ, Okada K, et al. Mechanisms of
Resistance to NTRK Inhibitors and
Therapeutic Strategies in NTRK1-Rearranged
Cancers. Mol Cancer Ther. 2017 Oct;16 (10):
2130-2143. doi: 10.1158/1535-7163.MCT-16-
0909.

Cocco E, Scaltriti M, Drilon A. NTRK fusion-
positive cancers and TRK inhibitor therapy.
Nat Rev Clin Oncol. 2018 Dec;15(12):731-
747. doi: 10.1038/s41571-018-0113-0.

Hyman D, Ho A, Shukla N, Drilon A,
Kummar S, Farago A, et al. Phase | and
Expanded Access Experience of LOXO-195
(BAY 2731954), a Selective Next-Generation
TRK Inhibitor (TRKi). Cancer Res (2019)
79(13 Supplement):CT127. doi: 10.1158/15
38-7445.SABCS18-CT12730.

O'Reilly EM, Hechtman JF. Tumour response
to TRK inhibition in a patient with pancreatic
adenocarcinoma harbouring an NTRK gene
fusion. Ann Oncol. 2019 Nov 1;30(Suppl_8):
Vviii36-viii40. doi: 10.1093/annonc/mdz385.
Epub 2019 Dec 24.

Cocco E, Lee JE, Kannan S, Schram AM,
Won HH, Shifman S, et al. TRK xDFG
Mutations Trigger a Sensitivity Switch from
Type | to 11 Kinase Inhibitors. Cancer Discov.
2021 Jan;11(1):126-141. doi: 10.1158/2159-
8290.CD-20-0571. Epub 2020 Oct 1.

Xia H, Xue X, Ding H, Ou Q, Wu X,
Nagasaka M, et al. Evidence of NTRK1
Fusion as Resistance Mechanism to EGFR

41.

42.

43.

44,

45.

46.

TKI in EGFR+ NSCLC: Results From a
Large-Scale Survey of NTRK1 Fusions in
Chinese Patients With Lung Cancer. Clin
Lung Cancer (2020) 21(3):247 — 54. doi:
10.1016/j.cllc.2019.09.004

Schrock AB, Zhu VW, Hsieh WS, Madison R,
Creelan B, Silberberg J, et al. Receptor
Tyrosine Kinase Fusions and BRAF Kinase
Fusions are Rare but Actionable Resistance
Mechanisms to EGFR Tyrosine Kinase
Inhibitors. J Thorac Oncol. 2018 Sep;13(9):13
12-1323. doi: 10.1016/j.jth0.2018.05.027.
Epub 2018 Jun 5.

Piotrowska Z, Isozaki H, Lennerz JK, Gainor
JF, Lennes IT, Zhu VW, et al. Landscape of
Acquired Resistance to Osimertinib in EGFR-
Mutant NSCLC and Clinical Validation of
Combined EGFR and RET Inhibition with
Osimertinib and BLU-667 for
Acquired RET Fusion. Cancer Discov. 2018
Dec;8(12):1529-1539. doi: 10.1158/2159-82
90.CD-18-1022. Epub 2018 Sep 26.

Wang B, Gao Y, Huang Y, Ou Q, Fang T,
Tang C, et al.Durable Clinical Response to
Crizotinib in IRF2BP2-NTRK1 Non-small-
cell Lung Cancer. Clin Lung Cancer. 2019
May;20(3):e233-e237. doi: 10.1016/j.cllc.20
18.12.017. Epub 2018 Dec 31.

Sha D, Jin Z, Budczies J, Kluck K, Stenzinger
A, Sinicrope FA. Tumor Mutational Burden as
a Predictive Biomarker in Solid Tumors.
Cancer Discov. 2020 Dec;10(12):1808-1825.
doi: 10.1158/2159-8290.CD-20-0522. Epub
2020 Nov 2.

45.Zhao P, Li L, Jiang X, Li Q. Mismatch
Repair De fi ciency/Microsatellite Instability-
High as a Predictor for Anti-PD-1/PD-L1
Immunotherapy Ef fi cacy. J Hematol Oncol
(2019) 12(1):54. doi: 10.1186/s13045-019-073
8-1

Zhang L, Liu H, Tian Y, Wang H, Yang X. A
novel NCOR2-NTRK1 fusion detected in a
patient of lung adenocarcinoma and response
to larotrectinib: a case report. BMC Pulm
Med. 2021 Apr 17;21(1):125. doi: 10.1186/s
12890-021-01490-x.

CURRENT SCIENCE

CS 5 (2), 1471-1480 (2025) | 1480



