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Introduction: NTRK fusion genes have been found in several solid tumors, among which NSCLC and sarcoma.
Novel NTRK translocation-related tumors are still being discovered.
Methods: We report a 49-year-old patient with a mass in the left lower lung lobe that was resected. This specimen
was analyzed and sequenced using targeted DNA next generation sequencing (NGS) and anchored-multiplex-PCR
(AMP) targeted RNA NGS.
Results: On pathological evaluation, a peribronchial mucinous neoplasm with a unique morphology was found.
RNA NGS analysis showed anETV6-NTRK3 translocation in a low-grade mucinous bronchial adenocarcinoma.
Conclusions: This entity represents a novel subtype of non-small cell lung cancer, which we would like to term
‘ETV6-NTRK3 translocation-associated low-grade mucinous bronchial adenocarcinoma’.

1. Introduction
Neurotrophic tropomyosin receptor kinase (NTRK) fusion-positive
tumors are one of the genetic subtypes of non-small-cell lung cancer
(NSCLC) in a rapidly expanding mutational landscape. Of interest, firstgeneration NRTK-tyrosine kinase inhibitors (TKI) entrectinib and laro
trectinib are already FDA approved, while taletrectinib and the next
generation NTRK-TKIs repotrectinib and selirectinib are being studied
[1]. While NTRK gene fusions are found in only 0.2 %–3.3 % of NSCLC
[1–3], NTRK fusions are certainly not restricted to lung cancer and can
be found in a heterogeneous group across several tumor types. We report
the finding of an NTRK fusion in a not previously described bronchial
salivary gland-type non-small cell lung cancer.
2. Case report
A 49-year-old male was referred to our academic center with a mass
in the left lower lobe. His presenting symptom at the referring hospital
was hemoptysis. Furthermore, he had noted some shortness of breath
during the last two years, for which formoterol/beclomethasone was

prescribed by the general practitioner under the suspicion of asthma.
There were no other symptoms present. His previous medical history
only noted epilepsy in adolescence, and he used no medication in
addition to the formoterol/beclomethasone, and was a never-smoker.
He had an office job with no exposure to inhaled toxins. The referring
hospital performed a chest X-ray in which a mass was noted, and an
additional positron emission tomography-computed tomography (PETCT) followed, showing [18]F-fluorodeoxyglucose (FGD) uptake in a
centrally located sharply demarcated mass of 44 by 29 mm in the left
lower lobe (Fig. 1A + B, arrow). There was no suspicion of metastatic
disease.
Bronchoscopy showed no endobronchial tumor, and bronchial
washings showed no abnormalities. A transthoracic biopsy was per
formed but was deemed non-representative. At that point, the patient
was referred to our hospital.
Given that the tumor was centrally located, endobronchial ultraso
nography (EBUS) was performed. Endobronchial ultrasound imaging
showed a mass with ingrowth in the vascular structures. Fine-needle
aspiration results, however, showed no signs of malignancy. Because
the tumor was centrally located and no pathologic diagnosis had been
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Fig. 1. CT and FDG PET-CT scan showing the mass in the left lower lobe on the CT scan (arrow; Fig. 1 A) and FDG uptake in the mass on the PET scan
(arrow; Fig. 1B).

Fig. 2. Macroscopic appearance of the lobectomy specimen following fixation and sectioning, showing a well-circumscribed, multilocular peribronchial tumor,
containing mucinous material and focal solid, intracystic papillary projections.

made, a 68Ga-DOTATATE PET was performed to evaluate the possibility
of a bronchial carcinoid. This scan showed no signs of 68Ga-DOTATATE
uptake compatible with carcinoid.
As suspicion of a malignancy remained high, the patient was dis
cussed in our multidisciplinary tumor board. This led to the recom
mendation for surgery to establish the diagnosis and resection with
curative intent in case of malignancy.

2.2. Pathology
2.2.1. Macroscopy
The lobectomy specimen contained a well-circumscribed, multi
loculated peribronchial tumor (2.6 × 3.5 × 3.0 cm), with a part-cystic /
part-solid consistency, and a variegated appearance, and areas of
mucinous change Fig. 2. The resection margins were clear, and no
pleural invasion was seen. The surrounding lung parenchyma was un
remarkable except for an indistinct area of hemorrhage.

2.1. Surgery
The patient was operated using a 3-port Video Assisted Thoraco
scopic Surgery (VATS) approach. On inspection, there were no adhe
sions, and the oblique fissure was well-developed. The tumor was
localized anterior of the lower lobe bronchus, very close to the inferior
pulmonary vein. The tumor was solid and looked white on appearance;
the intra-operative impression was that the tumor had a very high
probability of being malignant. A frozen section procedure was not
performed in order to avoid tumor spill. The central location of the
tumor precluded a wedge resection. A VATS lobectomy of the left lower
lobe with hilar and mediastinal lymph node dissection was performed.
The postoperative course was uncomplicated, and the patient was dis
charged three days post-operatively.

2.2.2. Histology
Microscopically, the tumor was predominantly located in the peri
bronchial tissue, with expansile ‘pushing-border’ invasion into the sur
rounding parenchyma and focal extension into the lumen of a larger
bronchus. It consisted of cysts of varying size lined by a variably com
plex proliferation of epithelial cells with abundant mucinous cytoplasm,
arranged in trabecular, acinar, papillary, and micropapillary configu
rations. Tumor cells had basal, monomorphic, hyperchromatic nuclei
lacking prominent nucleoli or evident mitotic activity. Cysts were filled
with mucinous material, no necrosis was seen, and there were no nodal
metastases. Surrounding the tumor, a variable amount of hyalinized
stroma was seen, which was also present in the fibrovascular cores of
papillary structures, but no desmoplastic stroma response was recog
nized. Immunohistochemically, tumor cells were focally positive for
cytokeratin 5, with variable staining for P63. Androgen receptor stain
ing showed weak nuclear patterns. The tumor had a low proliferative
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Fig. 3. Microscopic appearance of the resected
tumor. A-D: hematoxylin-eosin stains: A. Area
adjacent to bronchus (*), with extensive cystic
configuration (**); B. Area of more complex,
acinar, papillary, and focally cribriform archi
tecture; C. Area of complex, intracystic papil
lary projection; D. Focal invasive acinar
pattern. E-F. immunohistochemical stains,
demonstrating negative staining for napsin A
and TTF-1 (A; with adjacent positive internal
control of alveolar epithelium (arrows: TTF-1
(clone SP141, DAB (brown)), napsin A (clone
MRQ-60, AEC (red)), positive cytoplasmic
staining for MUC4A (F; clone 8G7), nuclear
staining for P63 (G; clone 4A4), nuclear stain
ing for androgen receptor (H; clone Sp107), and
nuclear positivity for Pan-TRK (H; clone
ERP17341). TTF-1: thyroid transcription factor1; AR: androgen receptor. Scale bars: A: 1 mm;
B-I: 100 μm. J. Schematic diagram showing the
structure of the ETV6-NTRK3 chimeric fusion
transcript detected by targeted RNA sequencing
in this case, annotated in the DNA sequence
with the region encoding the ETV6 sterilealpha-motif (SAM) domain and the NTRK3
protein tyrosine kinase (PTK) domain (For
interpretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article).

fraction (<1%, Ki-67). Pan-TRK immunohistochemistry showed
convincing nuclear and minimal granular cytoplasmic positivity. MUC4
was positive. TTF-1, napsin A, S100, CDX-2, GATA-3, GCDFP15, chro
mogranin A, SOX-10, CD117, DOG-1, and BRAFV600E were negative.

thought to include a bronchial gland adenoma, a glandular papilloma, a
‘goblet cell-rich’ low-grade mucoepidermoid carcinoma, or a salivary
gland-type intraductal papillary mucinous neoplasm (IPMN) [4–6]. A
pulmonary non-terminal respiratory unit (TRU) type invasive / in situ
mucinous adenocarcinoma was deemed less likely due to the lack of a
parenchymal component and the highly complex architecture. The
ETV6-NTRK3 fusion, which was found in this tumor, would argue
against an adenoma/papilloma as well as an IPMN (which typically
harbor AKT1 or HRAS mutations when of salivary gland origin), or a
mucoepidermoid carcinoma (which are classically positive for a MAML2
translocation). On the other hand, NTRK fusions have been described in
secretory carcinomas and low-grade sinonasal-type carcinomas (SNAC)
of salivary gland origin [7–9]. The morphology, however, was not
typical for either diagnosis, and the immunohistochemical profile is also
not consistent (negative for GATA-3, GCDFP15, chromogranin A,
SOX-10, CD117, and DOG-1).

2.2.3. Molecular profiling
Next-generation sequencing on DNA isolated from hematoxylinstained FFPE slides (tumor percentage 70–80 %; LOD 20 % for muta
tions, 60 % for CNV detection), using a targeted panel including most
known hot-spot driver mutations for pulmonary adenocarcinoma (incl.
KRAS, EGFR, BRAF, HER2, and MET (see supplementary file for details))
was negative, and no mutations in AKT1 or HRAS were found. Sufficient
coverage (>100x) was achieved for all genes of interest, and SNP
analysis did not reveal evidence of genomic imbalance. RNA was iso
lated for fusion detection using anchored-multiplex-PCR (AMP) targeted
NGS using the Archer FusionPlex Solid Tumor panel (see supplementary
file for details of target genes included, QC metrics consistent with
reliable results (Ct-score: 25.2 (Ct<30 considered reliable), total number
of reads following trimming (>3 M): 2.6 M, Percentage of unique frag
ments (>2%): 8.7 %)). This demonstrated an ETV6 (NM_001987.4) exon
4 - NTRK3 (NM_002530.3) exon 14 fusion (unique RNA start sites of
fusion: 125; the average number of break-point spanning reads: 22.8 %,
in frame). MAML2 fusion was not detected.

3. Discussion
This case demonstrates a novel primary peribronchial mucinous
neoplasm with a unique morphology, which expands the ever-increasing
list of ETV6-NTRK3 positive malignancies [10–12], and which we would
like to term ‘ETV6-NTRK3 translocation-associated low-grade mucinous
bronchial adenocarcinoma’.

2.2.4. Differential diagnosis
Based on the morphology, the differential diagnosis of the tumor was
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3.1. ETV6-NTRK3 fusions in cancer
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The ETV6 gene is located on chromosome 12 and encodes a regu
latory transcription factor. The NTRK3 (neurotrophic receptor tyrosine
kinase 3) gene is located on chromosome 15 and encodes Trk membrane
receptor kinase. The chimeric fusion gene encodes an activated mem
brane receptor kinase protein (Fig. 3J), which can promote cell prolif
eration and survival through the activation of the Ras-MAP kinase and
PI3K-Akt pathways. NTRK3 fusions are relatively common in salivary
gland tumors, with a frequency of 5% in a recent large pan-cancer study
[13], and ETV6-NTRK3 fusions having been found in both secretory
carcinoma (common, >95 %) and salivary duct carcinoma (rare) [14].
Secretory carcinoma (SC) (previously known as ‘mammary analog
secretory carcinoma’ (MASC)) is a low-grade, salivary gland carcinoma.
While the location of our case may certainly suggest a salivary gland
origin, the current tumor does not share the morphological or immu
nohistochemical features of secretory adenocarcinoma. ETV6-NTRK3
fusion is also commonly found in secretory carcinoma of the breast,
congenital fibrosarcoma, cellular mesoblastic nephroma, certain he
matopoietic malignancies, ALK-negative inflammatory myofibroblastic
tumors, and (radiation-induced) papillary thyroid carcinomas, but none
of these diagnoses were deemed likely in this case.
NTRK gene fusions are also rarely found in non-small cell lung can
cers NSCLC [1,2], but our case does not bear a resemblance to known
types of (mucinous) adenocarcinoma of the lung. Although similar in its
composition of well-differentiated mucinous cells and a partly papillary
architecture, it would also appear to fall outside the spectrum of
so-called ‘ciliated muconodular papillary tumors’ of the lung due to its
lack of an evident biphasic cellular architecture, with an absence of
ciliated cells and TTF-1 staining, its peribronchial location, as well as the
presence of a hitherto in ciliated muconodular papillary tumors unde
scribed genomic alteration [15].
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4. Conclusion
We therefore believe that this is a novel tumor entity, and the bio
logical behavior of this tumor type is unknown and would require
investigation in a larger international cohort of what is undoubtedly a
rare diagnostic entity. In our patient, a total resection was possible, so
whether this tumor entity would respond to NTRK targeted therapy is
unknown. We would also advocate the use of ancillary molecular tech
niques in peribronchial tumors of uncertain type or differentiation, to
increase our understanding and possibilities of reproducible classifica
tion of this highly variable, rare, and under-investigated category of
primary pulmonary neoplasms.
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