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Purpose Gene rearrangements that involve NTRK1/2/3 can generate fusion oncopro-
teins that contain the kinase domains of TRKA/B/C, respectively. These fusions are
rare in non-small-cell lung cancer (NSCLC), with frequency previously estimated to be
< 1%. Inhibition of TRK signaling has led to dramatic responses across tumor types with
NTRK fusions. Despite the potential benefit of identifying these fusions, the clinicopath-
ologic features of NTRK fusion-positive NSCLCs are not well characterized.

Methods We compiled a database of patients with NSCLCs that harbor NTRK fusions.
We characterized clinical, molecular, and histologic features with central review of his-
tology.

Results We identified 11 patients with NSCLCs that harbor NTRK gene fusions verified
by next-generation sequencing and with available clinical and pathologic data. Fusions
involved NTRK1 (n = 7) and NTRK3 (n = 4), with five and two distinct fusion partners,
respectively. Fifty-five percent of cohort patients were male with a median age at diagno-
sis of 47.6 years (range, 25.3 to 86.0 years) and a median smoking history of 0 pack-years
(range, 0 to 58 pack-years). Seventy-three percent of patients had metastatic disease at
diagnosis. No concurrent alterations in KRAS, EGFR, ALK, ROS1, or other known on-
cogenic drivers were identified. Nine patients had adenocarcinoma, including two with
invasive mucinous adenocarcinoma and one with adenocarcinoma with neuroendocrine
features; one had squamous cell carcinoma; and one had neuroendocrine carcinoma. By
collating data on 4,872 consecutively screened, unique patients with NSCLC, we esti-
mate a frequency of NTRK fusions in NSCLC of 0.23% (95% CI, 0.11% to 0.40%).

Conclusion NTRK fusions occur in NSCLCs across sexes, ages, smoking histories, and
histologies. Given the potent clinical activity of TRK inhibitors, we advocate that all
NSCLCs be screened for NTRK fusions by using a multiplexed next-generation
sequencing-based fusion assay.

JCO Precis Oncol. © 2018 by American Society of Clinical Oncology

INTRODUCTION non-small-cell lung cancer (NSCLC), NTRK3
fusions are nearly ubiquitous among rare cancer
types, such as mammary analog secretory carci-
noma and infantile fibrosarcoma."> In NSCLC,
NTRK fusions are estimated to occur at a fre-

quency of approximately 0.1% to 1%."%* They

The neurotrophin kinase (N7TRK) genes NTRK1,
NTRK2, and NTRK3 encode the tropomyosin
receptor tyrosine kinases TRKA, TRKB, and
TRKC, respectively, which function during nor-

mal neuronal development and maintenance.  gare less common than other oncogenic gene

Gene rearrangements that involve each NTRK
gene have been described in a wide variety of
adult and pediatric solid tumor malignancies,
and are believed to drive tumor growth and
survival through expression of a constitutively
active fusion protein that contains the TRK
kinase domain. Although the frequency of NTRK

fusions is low in common cancer types, including

© 2018 by American Society of Clinical Oncology

rearrangements that involve the anaplastic lym-
phoma kinase (ALK), ROS proto-oncogene 1
(ROS1I), and RET proto-oncogene (RET), which
occur at frequencies of approximately 4% to 6%,
1% to 2%, and 1% to 2%, respectively.’”

Much like ALK-, ROSI-, or RET-rearranged
NSCLCs, NTRK-rearranged NSCLCs seem to
be oncogene dependent. Targeted inhibition of
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Table 1. Clinical Characteristics of Patients With NTRK-Rearranged Non—Small-

Cell Lung Cancer
Characteristic No. (%)
No. of patients 11
Median age at diagnosis, years (range) 48 (25-86)
Sex
Male 6 (55)
Female 5(45)
Smoking history, pack-years
0-5 8(73)
5-20 0
520 327)
Median pack-years of smoking (range) 0 (0-58)
Stage at diagnosis (AJCC seventh edition, criteria)
I 0
I 2 (18)
I 1(9)
v 8(73)
Histology (local assessment)
Adenocarcinoma 9 (82)
Squamous cell carcinoma 19)
Neuroendocrine carcinoma 19
No. of sites of metastasis
Lymph nodes 8
Bone 6
Pleura or malignant effusion 5
Lung 5
Liver 4
Brain 4
Adrenal gland 2
Skin/soft tissue 1
Pericardium 1
Trachea 1

Abbreviation: AJCC, American Joint Committee on Cancer.

TRK signaling in preclinical models results in
cell death and tumor regression.* In early-phase
clinical trials, solid tumors that harbor NTRK
gene rearrangements have been highly sensi-
tive to selective TRK tyrosine kinase inhibitors
(TKIs), including larotrectinib, which is selec-
tive for TRKA/B/C, and entrectinib, which
targets TRKA/B/C as well as ALK and ROSI.
The objective response rate to larotrectinib
across 55 adult and pediatric tumors with NTRK
gene rearrangements is 75%.% Responses have
been seen across tumor types and NTRK gene
partners. Among four patients with NSCLC,

Response Evaluation Criteria in Solid Tumors
(RECIST) responses were seen in three, and
the fourth had an approximately 20% reduction
in tumor size. One of four NTRK-rearranged
tumors treated with entrectinib in an adult phase
I trial was NSCLC, and this patient had a par-
tial response, including a complete response in
the CNS.” Despite the potent activity of TRK
inhibitors, the clinical and pathologic features of
NTRK-rearranged NSCLCs are poorly defined.
We show that NTRK fusions occur across age
and smoking status and suggest that all patients
with NSCLC be screened for fusions by using a
multiplexed next-generation sequencing (NGS)
assay.

METHODS

Physicians across seven institutions contributed
de-identified patients with NSCLC to an NTRK
fusion NSCLC database. Clinical staging was
performed by treating physicians using Amer-
ican Joint Committee on Cancer, seventh edi-
tion, criteria. NTRK fusions were identified and
validated as part of routine clinical testing at
each institution. Assays used identified fusions
through a variety of technologies: RNA-based
fusion-targeted anchored multiplex polymerase
chain reaction (PCR) and Illumina (San Diego,
CA) sequencing'® (Massachusetts General Hos-
pital [MGH] Solid Fusion Assay, Memorial Sloan
Kettering [MSK] Solid Fusion Assay, ArcherDx
FusionPlex performed at Caris Life Sciences
[Irving, TX]); DNA hybridization capture with
intron tiling and Illumina sequencing (Founda-
tionOne'' [Foundation Medicine, Cambridge,
MA], MSK-Integrated Mutation Profiling of
Actionable Cancer Targets [IMPACT]'>%), total
nucleic acid extraction, PCR amplification, and
ion torrent sequencing (PCDx'; Paradigm,
Phoenix, AZ).

The Kaplan-Meier method was used to obtain
estimates of overall survival from diagnosis of
stage IV disease to death or last follow-up (cen-
sored). The Clopper-Pearson exact method for
the binomial distribution was used to obtain Cls
for NTRK fusion frequencies.

Two central pathologists (M.S.T. and M.M.-K.)
reviewed tumor histology. When used, immu-
nohistochemistry was performed on a BOND
automated system (Leica Biosystems, Buffalo
Grove, IL) with the standard chromogen 3,3'-
diaminobenzidine tetrahydrochloride hydrate
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Table 2. Molecular Characteristics of NTRK Rearrangements in Non-Small-Cell Lung Cancer Tumors Included in the Study Cohort

Patient Fusion Pack- Concurrent Genetic
No. NTRK Partner Position of Fusion Years Histology Alteration Detectedt Molecular Assay
1 NTRK1 SQSTM1  SQSTMI exon 6 to 30 AC None MGH Solid Fusion,
NTRKI exon 10 FISH®
2 NTRK1 TPR TPR exon 21 to 0 AC-NE MDM4 amp FoundationOne,
NTRKI exon 10 MGH Snapshot,
MGH Solid Fusion,
FISH
3 NTRK1 IRF2BP2 IRF2BP2 exon 1 to 0 AC None MSK-IMPACT,
NTRKI exon 10 FoundationOne
4 NTRKI TPM3 TPM3 exon 8 to 2 AC None MSK-IMPACT,
NTRKI exon 12 MSK Solid Fusion
5 NTRK1 MPRIP MPRIP exon 21 to 0 AC ATM L745s*8 Hybridization capture
NTRKI exon 11% DNA NGS, FISH,
RT-PCR, RNASeq*
6 NTRK3 ETVe6 ETV6 exon 4 to 0 AC None Caris ArcherDx
NTRK3 exon 12 FusionPlex, RT-PCR
7 NTRK1 IRF2BP2 IRF2BP2 exon 1 to 30 AC SMARCBI Q368* FoundationOne
NTRKI exon 8
8 NTRK3 ETV6 ETV6 exon 5 to 58 SCC TP53 E258K, CREBBP FoundationOne
NTRK3 exon 15 P248fs*3, MLL3 1.325fs*30
Amplifications: CCND2,
RICTOR, FGF6, FGF23
9 NTRK1 SQSTM1 SQSTMI exon 5 to 0 AC None Paradigm PCDx
NTRKI exon 10
10 NTRK3 ETV6 ETV6 exon 4 to 0 AC CTNNBI (D32N), FoundationOne
NTRK3 exon 12 CDKN2A/B loss
11 NTRK3 SQSTM1 SQSTM1 exon 6 to 1 NE ARID1A R892GfsTer27 MGH Solid Fusion,
NTRK3 exon 15 MGH Snapshot
Abbreviations: AC, adenocarcinoma; AC-NE, adenocarcinoma with neuroendocrine features; FISH, fluorescent in situ hybridization; IMPACT, Integrated Mutation
Profiling of Actionable Cancer Targets; MGH, Massachusetts General Hospital; MSK, Memorial Sloan Kettering; NE, neuroendocrine carcinoma; NGS, next-generation
sequencing; RT-PCR, reverse transcriptase polymerase chain reaction; SCC, squamous cell carcinoma.
tVariants of unknown significance not shown.
+This fusion position is referred to as exon 14 in Drilon et al’® but is exon 11 in current nomenclature (NTRKI RefSeq Variant 1 NM_001012331.1).

using antigen retrieval solution ER1 (citrate buffer
with surfactant, pH 6.0) or ER2 (EDTA buffer
with surfactant, pH 9.0), with antibody incu-
bated at room temperature as follows: a-TTF1
(ready-to-use [RT'U] PA0364 [Leica Biosystems],
ER2 for 30 minutes), a-ANp63 (p40, RTU
API3066AA [Biocare Medical, Pacheco, CA],
ER1 for 30 minutes), a-chromogranin (RTU
PA0430 [Leica Biosystems], ER2 for 20 min-
utes), and a-synaptophysin (RTU PA0299 [Leica
Biosystems], ER2 for 20 minutes). Data collec-
tion and analysis were performed under institu-
tional review board—approved protocols.

RESULTS

We reached out to physicians at 47 institutions in
the United States who were actively participat-
ing in a TRK inhibitor clinical trial that enrolled

adult patients and invited them to contribute
data on living or deceased patients with NSCLCs
that harbored an NTRK gene rearrangement.
Data on 14 patients were initially contributed
from seven institutions. Candidate fusions ini-
tially were identified by using a combination of
RNA- and DNA-based NGS assays, with vali-
dation by one or more of RINA-based NGS,
fluorescent in situ hybridization, and reverse
transcription PCR on a patient-by-patient basis.
Among these patients, in-frame TRK fusions
that contained the kinase domain were verified
in 11, which formed the study cohort.

Of note, three patients were excluded from the
study cohort for the following reasons. The
first patient had an NTRKI fusion detected
by MSK-IMPACT, a DNA-based hybridiza-
tion capture NGS assay,”” but not by subse-
quent confirmatory testing with the MSK Solid
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Fig 1. (A) Schematic of the human NTRK loci. Exon numbers are shown below their respective boxes for reference sequence NTRK1 transcript
variant 1 (NM_001012331.1), NTRK?2 transcript variant a (NM_006180.4), and NTRK3 transcript variant 1 (NM_001012338.2). Fusion breakpoints
are shown as dotted lines for the indicated patients. Patient 7 has an exonic breakpoint; all other breakpoints are intronic. Note that exons are
drawn at a larger scale than introns and that introns are not drawn to the same scale for each gene (NTRK1 locus is approximately 21 kilobases [kb],
NTRK?2 is approximately 358 kb, and NTRK3 is approximately 384 kb). (B) Schematic of predicted fusion protein products (see also Tables 2 and 3).
Triangles and E notation indicate the fusion breakpoints and subsequent TRK exon. Purple-shaded domains are those predicted or shown to induce
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Table 3. Frequency of NTRK Fusions Among Consecutively Tested, Unique Patients With NSCLC

Fusion MGH MSKCC Total Frequency, % (95% CI)
No. of NSCLCs screened 1,804 3,068 4,872
NTRK1 2 4 6 0.12 (0.05 t0 0.27)
NTRK2 0 1 1 0.02 (0.00 to 0.11)
NTRK3 2 2 4 0.08 (0.02 to 0.21)
All NTRK 4 7 11 0.23 (0.11 to 0.40)
NOTE. This group includes patients 1 to 4, 11, and S1 to S6.
Abbreviations: MGH, Massachusetts General Hospital; MSKCC, Memorial Sloan Kettering Cancer Center; NSCLC, non-small-cell lung cancer.

Fusion Assay, an RNA-based fusion-specific tar-
geted NGS assay that uses anchored multiplex
PCR." The candidate fusion contained P2RYS
exon 2 fused with NTRKI exons 1 to 5. Because
NTRKI exons 1 to 5 lack the kinase domain,
this was believed to be a nonfunctional fusion.
This patient also had a concurrent KRAS G12C
mutation, an established oncogenic driver. The
second patient had an NTRK?2 intragenic dele-
tion that disrupted the exon 18 3’ splice site,
which is predicted to disrupt the kinase domain
and, therefore, to be inactivating. The third
patient had an NTRKI alteration detected by
fluorescent in situ hybridization but not veri-
fied by NGS. This patient also had a concurrent
HER2 1.755P mutation, which is predicted to be
activating.”

The clinical characteristics of the 11 patients in
the study cohort are listed in Table 1. At the time
of data analysis, six patients were living, and five
were deceased. The molecular characteristics of
the study cohort are listed in Table 2 and shown
in Figure 1 (patients 1 to 11). Seven patients had
NTRKI fusions with five distinct fusion part-
ners, and four had NTRK3 fusions with two dis-
tinct fusion partners. Patient 4 had a candidate
NTRK]I fusion detected by MSK-IMPACT with
an equivocal partner, and the correct fusion part-
ner was determined using the MSK Solid Fusion
Assay. All NTRK fusions couple the kinase
domain of NTRKI or NTRK3 (with or without
the membrane-spanning helix) to an N-terminal
gene fusion partner with domains known or
predicted to mediate dimerization or oligom-
erization (Table 2; Fig 1). Two of nine patients
tested had concurrent mutations in 7P53. In all

patients tested, potential oncogenic alterations
in the following genes, when interrogated, were
not detected: KRAS (zero of 10), EGFR (zero of
11), ALK (zero of 11), ROSI (zero of 11), BRAF
(zero of 11), PIK3CA (zero of 10), HER?2 (zero of
eight), and MET (zero of eight).

To estimate the overall frequency of NTRK
fusions in NSCLC, we reviewed consecutively
tested patients with NSCLC from MGH and
the MSK Cancer Center, where NGS screen-
ing of 4,872 unique patients identified 11 NTRK
fusions (0.23%; Table 3). The frequencies of
NTRK1, NTRK2, and NTRK3 fusions were
0.12%, 0.02%, and 0.08%, respectively. Five of
these patients had available clinical and patho-
logic data for inclusion in the study cohort, and
we report the molecular details of the additional
six patients (S1 to S6; Appendix Table Al). We
diagram the fusion positions of all 17 of these
patients (study cohort patients 1 to 11 plus patients
S1 to S6) in Figure 1.

We next examined the histologic features of the
11 patients who formed the study cohort. Nine
were adenocarcinoma, one was squamous cell
carcinoma, and one was neuroendocrine carci-
noma. Among the patients with adenocarcinoma,
we observed a range of histologic subtypes,
including adenocarcinoma with neuroendocrine
features (patient 2; Fig 2A), poorly differentiated
adenocarcinoma with solid pattern and signet
ring cells (patient 1; Fig 2B), and invasive muci-
nous adenocarcinoma (patients 4 and 6; Fig 2C).
Squamous cell histology was observed in patient
8 and was confirmed with adequate sampling and
by immunohistochemical expression of p40 and

Fig 1. (Continued).

dimerization in the fusion partner (C4ZF, C4 zinc finger; PB1, Phox and Bem1p interaction domain; CC, coiled coil; Pointed, sterile alpha motif
[SAM]/helix loop helix [HLH] oligomerization domain; RRM, RNA recognition motif). Green-shading indicates domains are other annotated
sequence features (ZF, zinc finger; PH, pleckstrin homology). Gray shading indicates the transmembrane domain (TM). The kinase domains of
TRKA/B/C are indicated and shown in light red, blue, and gold, respectively. Proteins are drawn to scale (MPRIP-N'TRK1 fusion = 1,332 amino

acids). Ig, immunoglobulin.
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Fig 2. Histology of select
patient tumors; original
magnification x100 unless
otherwise specified. (A)
Patient 2 had an adenocar-
cinoma with solid growth
pattern, diffuse neuroen-
docrine differentiation, and
signet ring cells; inset shows
high magnification (x400).
(B) Patient 1 had poorly
differentiated adenocarcino-
ma with solid and single-cell
growth patterns. (C) Patient
4 had mucinous adenocar-
cinoma, and patient 6 had
similar histology (data not
shown). (D) Patient 8 had
squamous cell carcino-
ma. (E) Patient 11 had
neuroendocrine carcinoma
with well-differentiated
morphology and increased
mitotic activity (left); high
magnification (x400) shown
in middle.

absence of T'TF1 (patient 8; Fig 2D). Patient 11
(Fig 2E) had a morphologically well-differentiated
neuroendocrine tumor (equivalent to atypical
carcinoid) with an increased mitotic index of 12
per 10 high-power fields and a brain metastasis;
this tumor was classified as large-cell neuroen-
docrine carcinoma in accordance with current

WHO criteria.'®

Although analysis of the cohort is limited by
size and the fact that this review is retrospec-
tive across multiple institutions, we sought to
describe clinical outcomes in these patients.
Across the cohort of 11 patients, eight (73%)
received at least one TRK TKI at some point in
their treatment course, and 10 (91%) received a
platinum doublet. One patient (9%) received no
treatment. The median overall survival of the 10

patients with metastatic disease was 40.8 months
(95% CI, 0.79 months to not reported), with a
median follow-up of 52.8 months (Fig 3).

Three patients had early-stage disease at the time
of diagnosis. Patient 4 had stage IIB (T3NO) dis-
ease at diagnosis, was treated with surgery fol-
lowed by adjuvant cisplatin and pemetrexed,
and remained recurrence free at the most recent
follow-up 30.0 months after initial diagno-
sis. Patient 6 had stage ITA (T'1bNT1) disease at
diagnosis, was treated with surgery followed by
cisplatin and pemetrexed, and developed meta-
static disease 24.5 months after initial diagnosis.
Patient 10 had stage IIIB (T4N2MO) disease at
diagnosis, was treated with chemotherapy and
radiation, and developed metastatic disease 10
months after initial diagnosis. The remaining

ascopubs.org/journal/po JCO™ Precision Oncology
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Fig 3. Overall survival
of the 10 patients with met-
astatic disease measured
from the date of stage IV
diagnosis to date of death
or last known follow-up.
Censored patients are
marked on the curve.

eight patients had metastatic disease at the time
of diagnosis.

DISCUSSION

TRK TKIs have shown tremendous promise in
NTRK fusion-positive solid tumors across can-
cer types,*” which follows the paradigm now
well established for EGFR mutant and ALK or
ROS] tusion-positive NSCLCs. Although NTRK
fusions are rare in NSCLC, uncertainty remains
about which patients should undergo testing for
these alterations. We describe the clinicopath-
ologic features of a cohort of 11 patients with
NSCLCs harboring NTRK gene rearrangements
that resulted in the fusion of the TRK tyrosine
kinase domain with a dimerization-inducing
partner. These are predicted or previously have
been reported to be activating.*'” The current
cohort includes both men and women across a
range of ages, histologies, and smoking histories.
Although the cohort is small, the only defining
pattern of clinical characteristics that emerges is
the lack of an alternate canonical driver muta-
tion in all patients, similar to others with kinase
fusion-positive NSCLCs." Of note, NTRK rear-
rangements were identified in patients with
and without a history of smoking; although the
majority of patients (eight [73%] of 11) had a
minimal to never smoking history, three of the
11 had a history of = 30 pack-years. Similarly,
ALK-, ROS1-, and RET-driven NSCLCs are
enriched in never-smokers but can be seen in
current and former smokers as well.>!”?* Nine
of the 11 patients had adenocarcinoma that
tended to be mucinous or poorly differentiated,
including one with a TPR-NTRKI fusion with

100 A
90 1
= 80
< 70
=
'S 60
S
1% 50
= 40
S 30
=>
o 20 4
10
0
No. at risk
10

12 24 36 48 60 72
Time Since Diagnosis (months)

8 4 3 2 1 0

neuroendocrine differentiation. However, other
histologies also were observed, including one
squamous cell carcinoma with an ETV6-NTRK3
fusion and one neuroendocrine carcinoma with

an SQSTM1-NTRK3 fusion.

Ascertainment bias as a result of selective test-
ing has historically limited an accurate assess-
ment of frequency of NTRK fusions in NSCLC.
We have combined the clinical experience from
multiplexed targeted NGS screening of 4,872
unique, consecutive patients with NSCLC at
both MGH and MSK Cancer Center to estimate
an NTRK fusion frequency of 0.23% in NSCLC.
These assays generally are used at the time of
tissue diagnosis in both institutions; therefore,
this population likely represents a previously
unscreened group in which patients were not
already selected to be negative for other known
driver mutations in lung cancer. We note that
cancers selected for molecular testing may be
enriched for patients with metastatic disease
because no established role exists for targeted
therapies in early-stage lung cancer to date.
Although NTRK fusions are rare in lung cancer,
we estimate that with approximately 234,000
new NSCLC diagnoses annually in the United
States, > 500 of these patients may be candi-
dates for highly effective TRK inhibitor therapy.
Significantly more patients with NTRK fusion
NSCLC may exist when considering the global

incidence of lung cancer.

The natural history of NTRK fusion NSCLCs,
compared with NSCLCs in general, is not well
established. Although we observed a median
overall survival of 40.8 months among the 10
patients with metastatic disease, we acknowl-
edge the small size of this retrospective cohort,
among whom eight received at least one TRK
TKI. The observation that one of two patients
diagnosed at stage II and one at stage III devel-
oped relapsed metastatic disease is consistent
with the natural history of NSCLCs in general,
although selection bias may have existed against
screening patients with early-stage cancer who
did not develop metastatic disease.

Because there seems to be no uniform defining
clinical or pathologic feature of NTRK fusion-
positive NSCLCs, we recommend screening all
NSCLCs for NTRK gene rearrangements. In
our experience, RNA-based fusion assays, such
as the MGH or MSK Solid Fusion Assays or
related ArcherDx FusionPlex, have a number of

ascopubs.org/journal/po JCO™ Precision Oncology 7
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advantages over DNA-based methods, includ-
ing high sensitivity, confident identification of
breakpoints and in-frame fusions, and deeper
coverage.'” Three patients with predicted non-
functional NTRK alterations also were identi-
fied in this study, which emphasizes the added
value of NGS-based sequencing and attention to
the breakpoints. Although immunohistochemical
assays for the detection of TRK expression are in
development,? allocation of an unstained slide
for TRK immunohistochemistry may be imprac-
tical given the need to test for a wide range of
molecular alterations on often-limited tissue
samples. Similarly, given the seeming lack of
concurrent canonical driver mutations in these
patients, consideration of an initial DNA-based
NGS for mutational profiling may be reason-
able, with reflex multiplexed fusion-targeted
RNA-based NGS in tumors that lack such a
driver. However, sequential testing for possible
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Appendix

Table Al. Molecular Characteristics of NTRK Rearrangements in Patients With Non-Small-Cell Lung Cancer for Whom Full Clinicopathologic
Correlation Was Not Available

Patient No. NTRK Fusion Partner Position of Fusion Molecular Assay
S1 NTRK1 TFG TFG exon 4 to NTRKI exon 9 MSK-IMPACT,
MSK Solid Fusion
S2 NTRK1 F11R FI1IR exon 4 to NTRK]I exon 10 MSK-IMPACT
S3 NTRK2 STRN STRN exon 3 to NTRK2 exon 16 MSK-IMPACT,
MSK Solid Fusion
S4 NTRK3 SQSTM1 SQSTMI1 exon 5 to NTRK3 exon 14 MSK-IMPACT,
MSK Solid Fusion
S5 NTRK3 RBPMS RBPMS exon 5 to NTRK3 exon 14 MSK-IMPACT,
MSK Solid Fusion
S6 NTRK3 EML4 EML4 exon 2 to NTRK3 exon 14 MGH Solid Fusion, NTRK3
FISH

NOTE. No tumor had a concurrently detected genetic alteration of known significance.
Abbreviations: FISH, fluorescent in situ hybridization; IMPACT, Integrated Mutation Profiling of Actionable Cancer Targets; MGH, Massachusetts General Hospital;
MSK, Memorial Sloan Kettering.
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