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Abstract

A number of oncogenic driver mutations have been identified in melanocytic nevi and melanoma, 

but translocations also play a role in tumorigenesis and provide potential therapeutic targets for 

malignant lesions. Various translocations, such as those involving the anaplastic lymphoma kinase 

(ALK), NTRK1, and NTRK3 have been reported in spitzoid melanocytic neoplasms leading to 

kinase-fusion proteins that result in immunohistochemically detectable ALK or NTRK expression. 

We have previously reported that ALK expression can be found in non-spitzoid primary and 

metastatic cutaneous melanomas. In this study we report that non-spitzoid metastasizing 

melanomas of adults may also harbor NTRK fusions and that NTRK expression can be 

immunohistochemically detected in these tumors. Out of 751 melanomas analyzed by next 

generation sequencing, 4 metastatic melanomas were identified with NTRK fusions, three 

involving NTRK1, one involving NTRK2. They occurred in three women and one man. Two of the 

corresponding primary tumors were from the trunk, one from an extremity and one tumor arose in 

anal skin. One primary tumor displayed features of superficial spreading melanoma and three were 

nodular melanomas. All tumors were cytologically characterized by the presence of large 

epithelioid melanocytes. All tumors were immunoreactive with anti-Trk antibody. Next generation 

sequencing documented that the NTRK1 fusion partners included TRIM63, DDR2 and GON4L. 

One tumor harbored an NTRK2-TRAF2 fusion. Thus, our findings document that NTRK kinase 

fusions can occur in non-spitzoid metastasizing melanomas of adults. The presence of an NTRK 

family fusion in these tumors may provide a therapeutic opportunity in a small subset of patients 

with metastatic melanoma.
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INTRODUCTION

Several driver mutations have been identified in melanoma. Four major mutation categories 

have been proposed for cutaneous melanoma: mutant BRAF, RAS, NF1, and Triple-wild-

type (WT) tumors(1). The latter group encompasses melanomas with molecular aberrations 

that are infrequent, such as mutations of KIT(2, 3), GNA11(4), and GNAQ(4), or genomic 

rearrangements of BRAF(5, 6) and RAF1(7). Aside from mutations, the pathogenesis of 

melanoma is also influenced by other events, including, but not limited to DNA copy 

number changes(8–11), translocations(12–15), DNA methylation(16), and alternative 

transcriptional initiation(17).

With regard to genomic rearrangements in melanocytic tumors, much has been learned from 

the study of spitzoid neoplasms(10, 18). The most common type of aberrations in this 

subclass of melanocytic tumors involve various receptor tyrosine kinases, including ALK, 

ROS1, NTRK1, NTRK3, RET, or MET, and the serine-threonine kinases BRAF(12, 19, 20). 

The rearrangements link the kinase domain of these signaling proteins to a wide range of 

fusion partners, leading to highly expressed and kinase-active proteins. The resulting 

chimeric proteins stimulate multiple oncogenic signaling pathways and promote tumor 

initiation and progression(12).

Recent searches for possible similar genomic rearrangements in melanomas led to the 

discovery of a novel ALK isoform(17). This transcript is expressed from a de novo 

alternative transcription initiation (ATI) site in ALK intron 19, and was accordingly named 

ALKATI. Melanomas with ALKATI expression show positive staining by ALK 

immunohistochemistry(17). In a large set of primary and metastatic melanomas ALK 

immunoreactivity was found only rarely, and if present, was not associated with ALK 

translocations, but with the truncated ALKATI isoform(21). Nonetheless, for the few patients 

whose tumors express ALK, it may provide a unique therapeutic opportunity.

In this study we sought to determine the frequency of neurotrophic tropomyosin receptor 

kinase (NTRK) gene rearrangements in metastasizing melanomas as this would also provide 

an option for targeted therapy, if the tumor did not respond to immunotherapy or other 

available treatments.

MATERIALS AND METHODS

Case Selection

The institutional data set (MSK BioPortal) was searched for cases of melanoma, which had 

been analyzed by MSK-IMPACT for treatment purposes(22). 751 cases were identified, 

including melanomas of cutaneous (449 total, 395 non-acral, 54 acral), mucosal/

paramucosal (113), uveal (70) and primary CNS (2) origin, as well as metastases with 

unknown primary site (117). Of the 751 lesions, three metastatic melanomas of cutaneous 

origin and one metastasis from an anal primary melanoma were found with NTRK fusions.

Lezcano et al. Page 2

Am J Surg Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The corresponding histopathologic material was retrieved and reviewed, including the 

metastatic lesions, which were subjected to sequence analysis, and the respective primary 

melanomas.

Immunohistochemical Analysis

Five micron thick tissue sections were cut from tissue blocks. All four metastatic lesions 

were examined and two primary tumors, from which tissue was available.

A commercially available anti-TRK rabbit monoclonal antibody (clone EP1058Y; Abcam, 

Cambridge, MA) was used for immunohistochemical expression analysis of NTRK. The 

immunohistochemical assays were performed on a Leica-Bond-3 (Leica, Buffalo Grove, IL) 

automated stainer platform. The staining extent and pattern was recorded for each tumor.

Next-Generation Sequencing

Next-Generation Sequencing (NGS) analysis was carried out within the context of an 

Institutional Review Board–approved protocol using MSK-IMPACT (NCT01775072), a 

deep-coverage hybridization capture-based assay encompassing 410 cancer-associated 

genes. MSK-IMPACT can detect missense mutations, indels, copy number alterations, and 

select gene fusions(22). Analysis of tumor and normal (typically from blood) DNA was 

carried out to allow for accurate somatic mutation calling.

RESULTS

Clinical Findings

Four patients with metastatic melanomas harboring NTRK rearrangements were identified 

out of 751 melanoma lesions for which NGS analysis (MSK-IMPACT) was available. They 

included three women and one man, in a range of 36 – 63 years of age (Table 1).

Pathologic Findings

All four metastatic tumors with documented NTRK gene fusions (Table 1) were amelanotic 

and displayed epithelioid cell features (Figs. 1, 2). The metastatic sites included lymph 

nodes, skin, colon, and duodenum. All metastatic tumors were immunoreactive for NTRK. 

No immunoreactivity for NTRK was found in a separate analysis of 20 lesions of metastatic 

melanoma lacking NTRK rearrangement.

Of the primary melanomas, two tumors were from the trunk, one from the lower extremity, 

and one arose in perianal skin. The latter showed features of superficial spreading 

melanoma, with an in situ component displaying intraepithelial pagetoid spread (Fig. 3). The 

three other tumors were primary nodular melanomas (Table 1, Fig 4). Tumor thickness 

ranged from 2.3 to 6.2 mm (mean = 4 mm; median = 3.7 mm). The tumor mitotic rates 

ranged from 4 to 27 mitoses per mm2 (Table 1). Three melanomas were amelanotic. One 

tumor was focally pigmented. One tumor was ulcerated. The tumors were predominantly 

composed of epithelioid melanocytes (Figs. 3, 4). Tissue material for immunohistochemistry 

was available for two of the primary tumors. They were immunoreactive for NTRK. Positive 

staining was seen in both the in situ and invasive component (Fig. 4).
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Sequence Analysis

MSK-IMPACT identified the presence of NTRK fusion and partners. For NTRK1, the 

partners included TRIM63, DDR2 and GON4L. NTRK2 was fused to TRAF2 (Table 1). In 

two cases, the kinase fusions were found co-existing with known melanoma driver 

mutations, including an NF1 mutation (case 3) and NRAS Q61L mutation (case 4). Two 

tumors (cases 1 and 2) lacked a known driver mutation.

DISCUSSION

While early-stage primary cutaneous melanoma is surgically curable, the prognosis is less 

favorable for patients with regional metastasis, and survival has historically been poor for 

patients with distant metastatic disease(23). However, recent advances in immunotherapy 

and the development of selective kinase inhibitors(24–29) have provided new opportunities 

for treatment of patients with advanced metastatic melanoma. Patients whose tumors harbor 

activating BRAFV600 mutations achieve improved overall survival and durable 

responses(30, 31). Tumors with NRAS (32)and KIT (2, 33–35) alterations have been 

targeted with more modest success.

While mutations of BRAF, NRAS and NF1 are the most common alterations in 

melanoma(1), a number of less common genomic aberrations have been identified, which 

might also provide new therapeutic opportunities(19, 36). The identification of new targets 

continues to increase therapeutic options for cancer patients(37). We have recently found a 

new isoform of the ALK receptor-tyrosine kinase in melanoma and other cancer types, and 

reported on a patient harboring this isoform who had transient clinical benefit to 

crizotinib(17).

In this study, we sought to determine the frequency of NTRK family rearrangement and 

expression in melanoma. Reviewing NGS data for melanomas of 751 patients, we found 

four metastatic lesions that harbored NTRK fusions. Three were derived from cutaneous 

primary tumors, one from a mucosal/paramucosal primary tumor.

Based on our cohort, the frequency of NTRK rearrangement in metastatic non-acral 

cutaneous melanoma is approximately 0.8% (3/395) and 0.9% (1/113) in mucosal/

paramucosal melanomas. This is lower than the previously found expression rate for ALK 

(2.3%) in a series of 603 melanomas(21). However, in contrast to ALK expression in 

melanoma, which was related to the presence of an ALK isoform, NTRK expression was 

associated with the presence of a kinase fusion. Notably, two NTRK fusions co-occurred 

with other putative drivers (NF1 and NRAS). While this observation makes one consider 

that some melanomas may harbor multiple drivers, it is also possible that in context with a 

known driver mutation, the genetic alteration involving NTRK may not be critical for tumor 

growth and merely reflect a “passenger” aberration. Nonetheless, co-existing genetic 

abnormalities, whether at the intratumoral or intracellular level, may have implications for 

therapeutic efficacy of targeting a single driver alteration as previously observed in other 

tumors and implicated genes(38–40).
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The presence of a fusion with placement of NTRK1 or NTRK2 downstream to a 

constitutively expressed promoter explains the homogenous expression of NTRK in 

melanomas, as detected by immunohistochemistry. This lies in contrast to ALK, which tends 

to show heterogeneous ALK immunoreactivity from focal and weak to strong and diffuse, 

likely related to epigenetic regulation of ALKATI expression.

While a prior IHC study used the pan-TRK antibody clone EPR17432 to document NTRK 

expression(41), in this study we used the clone EP1058Y, because it produces more 

consistent and reliable results in our clinical laboratory.

NTRK comprises a family of tropomyosin receptor kinases (42). Members include three 

transmembrane proteins referred to as Trk A, B and C receptors. The corresponding genes 

are NTRK1, NTRK2 and NTRK3, respectively. These receptors play an important role in 

the development and function of neuronal tissue(42). The NTRK1 gene is located on 

chromosome 1q21-q22(43). The NTRK2 gene is located on 9q21.33. Gene fusions represent 

the main molecular aberration involving NTRK in tumorigenesis, and have been found in 

various malignancies across different histologic phenotypes, including many different 

epithelial malignancies as well as glioblastomas, sarcomas, and so-called spitzoid 

melanomas(12, 44–46). The type of NTRK fusions previously reported to be associated with 

spitzoid melanocytic neoplasms included LMNA-NTRK1 and TP53-NTRK1(12), and 

ETV6-NTRK3, MYO5A-NTRK3 and MYH9-NTRK313.

The fusions found in this series included TRIM63-NTRK1, TRAF2-NTRK2, DDR2-

NTRK1 and GON4L-NTRK1; all intrachromosomal rearrangements. The Tripartite Motif 

Containing (TRIM) 63 gene encodes for an E3 ubiquitin protein ligase(47, 48) that that 

mediates ubiquitination and proteasomal degradation of muscle proteins and that has been 

implicated in melanoma cell invasion(49). The TNF receptor-associated factor 2 (TRAF2) is 

involved in signal transduction from TNF receptors acting as a mediator of anti-apoptotic 

signals and activation of MAPK and NFkB(50–52). The discoidin domain tyrosine kinase 2 

(DDR2) encodes a collagen-induced receptor that activates pathways relevant to wound 

repair, tumor growth and invasiveness(53). The GON-4 like gene GON4L encodes a 

transcription factor associated with expression of CD24, a driver of progression and 

metastases in certain tumors(54, 55). Although the role of the specific kinase fusions in the 

pathogenesis of melanoma and their impact on the phenotype is speculative and needs to be 

addressed by future studies; the promising responses seen to tyrosine kinase inhibitors in a 

wide variety of NTRK-rearranged tumors irrespective of histology and fusion partner, and 

the development of tyrosine kinase inhibitor-resistance through additional mutations on the 

kinase domain of the chimeric protein give testimony of NTRK’s relevance in tumorigenesis 

and tumor survival.(56, 57)

With regard to the histopathologic characteristics of the primary melanomas of this series, 

none of them displayed Spitz nevus-like features or was associated with a pre-existing nevus 

that had changed. Thus, our observations document that NTRK fusions in melanocytic 

neoplasms are not unique to Spitz tumors, and can also be found in association with adult-

type non-spitzoid melanomas.
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Most importantly, however, the fact that NTRK rearrangements and NTRK protein 

expression can be found in a small subset of cutaneous melanomas using NGS and 

immunohistochemistry, has relevance for clinical care. Targeting NTRK and NTRK fusions 

represents a promising new opportunity for cancer treatment(58, 59). Recently, the NTRK 

inhibitor larotrectinib demonstrated a 78% objective response rate in tumors with NTRK 

family fusions, regardless of histology(58–61). Given this efficacy, it would be worth testing 

the tumors of patients diagnosed with metastatic melanomas arising from cutaneous and 

paramucosal primary sites for NTRK fusions. IHC is an efficient way for screening for such 

NTRK kinase fusions. Thus, this provides another opportunity for pathologists to assist their 

clinical colleagues and patients in the search for personalized cancer treatment options.

Acknowledgments

Research reported in this publication was supported in part by the Cancer Center Support Grant of the National 

Institutes of Health/National Cancer Institute under award number P30CA008748.

References

1. Cancer Genome Atlas N. Genomic Classification of Cutaneous Melanoma. Cell. 2015; 161(7):

1681–96. [PubMed: 26091043] 

2. Carvajal RD, Antonescu CR, Wolchok JD, et al. KIT as a therapeutic target in metastatic melanoma. 

Jama. 2011; 305(22):2327–34. [PubMed: 21642685] 

3. Curtin JA, Busam K, Pinkel D, Bastian BC. Somatic activation of KIT in distinct subtypes of 

melanoma. Journal of clinical oncology: official journal of the American Society of Clinical 

Oncology. 2006; 24(26):4340–6. [PubMed: 16908931] 

4. Van Raamsdonk CD, Griewank KG, Crosby MB, et al. Mutations in GNA11 in uveal melanoma. 

The New England journal of medicine. 2010; 363(23):2191–9. [PubMed: 21083380] 

5. Botton T, Yeh I, Bastian BC. Melanoma BRAF fusions–letter. Clinical cancer research: an official 

journal of the American Association for Cancer Research. 2014; 20(24):6631. Epub 2014/12/17. 

[PubMed: 25512635] 

6. Botton T, Yeh I, Nelson T, et al. Recurrent BRAF kinase fusions in melanocytic tumors offer an 

opportunity for targeted therapy. Pigment cell & melanoma research. 2013; 26(6):845–51. 

[PubMed: 23890088] 

7. Palanisamy N, Ateeq B, Kalyana-Sundaram S, et al. Rearrangements of the RAF kinase pathway in 

prostate cancer, gastric cancer and melanoma. Nature medicine. 2010; 16(7):793–8.

8. Wilson MA, Zhao F, Khare S, et al. Copy number changes are associated with response to treatment 

with carboplatin, paclitaxel, and sorafenib in melanoma. Clinical cancer research: an official journal 

of the American Association for Cancer Research. 2015

9. Bastian BC, LeBoit PE, Pinkel D. Genomic approaches to skin cancer diagnosis. Archives of 

dermatology. 2001; 137(11):1507–11. [PubMed: 11708957] 

10. Bastian BC, Wesselmann U, Pinkel D, Leboit PE. Molecular cytogenetic analysis of Spitz nevi 

shows clear differences to melanoma. The Journal of investigative dermatology. 1999; 113(6):

1065–9. [PubMed: 10594753] 

11. Bauer J, Bastian B. Genomic analysis of melanocytic neoplasia. Advances in dermatology. 2005; 

21:81–99. [PubMed: 16350439] 

12. Wiesner T, He J, Yelensky R, et al. Kinase fusions are frequent in Spitz tumours and spitzoid 

melanomas. Nature communications. 2014; 5:3116.

13. Yeh I, de la Fouchardiere A, Pissaloux D, et al. Clinical, histopathologic, and genomic features of 

Spitz tumors with ALK fusions. The American journal of surgical pathology. 2015; 39(5):581–91. 

[PubMed: 25602801] 

14. Hantschke M, Mentzel T, Rutten A, et al. Cutaneous clear cell sarcoma: a clinicopathologic, 

immunohistochemical, and molecular analysis of 12 cases emphasizing its distinction from dermal 

Lezcano et al. Page 6

Am J Surg Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



melanoma. The American journal of surgical pathology. 2010; 34(2):216–22. [PubMed: 

20087159] 

15. Kiuru M, Hameed M, Busam KJ. Compound clear cell sarcoma misdiagnosed as a Spitz nevus. 

Journal of cutaneous pathology. 2013; 40(11):950–4. [PubMed: 23980901] 

16. Neumann LC, Weinhausel A, Thomas S, Horsthemke B, Lohmann DR, Zeschnigk M. EFS shows 

biallelic methylation in uveal melanoma with poor prognosis as well as tissue-specific 

methylation. BMC cancer. 2011; 11:380. [PubMed: 21871071] 

17. Wiesner T, Lee W, Obenauf AC, et al. Alternative transcription initiation leads to expression of a 

novel ALK isoform in cancer. Nature. 2015

18. Bastian BC, LeBoit PE, Pinkel D. Mutations and copy number increase of HRAS in Spitz nevi 

with distinctive histopathological features. The American journal of pathology. 2000; 157(3):967–

72. [PubMed: 10980135] 

19. Yeh I, Botton T, Talevich E, et al. Activating MET kinase rearrangements in melanoma and Spitz 

tumours. Nature communications. 2015; 6:7174. Epub 2015/05/28. 

20. Yeh I, Tee MK, Botton T, et al. NTRK3 kinase fusions in Spitz tumours. J Pathol. 2016; 240(3):

282–90. Epub 2016/10/21. [PubMed: 27477320] 

21. Busam KJ, Vilain RE, Lum T, et al. Primary and Metastatic Cutaneous Melanomas Express ALK 

Through Alternative Transcriptional Initiation. The American journal of surgical pathology. 2016; 

40(6):786–95. Epub 2016/02/13. [PubMed: 26872010] 

22. Cheng DT, Mitchell TN, Zehir A, et al. Memorial Sloan Kettering-Integrated Mutation Profiling of 

Actionable Cancer Targets (MSK-IMPACT): A Hybridization Capture-Based Next-Generation 

Sequencing Clinical Assay for Solid Tumor Molecular Oncology. The Journal of molecular 

diagnostics: JMD. 2015; 17(3):251–64. Epub 2015/03/25. [PubMed: 25801821] 

23. Coit DG, Andtbacka R, Anker CJ, et al. Melanoma, version 2.2013: featured updates to the NCCN 

guidelines. Journal of the National Comprehensive Cancer Network: JNCCN. 2013; 11(4):395–

407. [PubMed: 23584343] 

24. Salama AK, Kim KB. Trametinib (GSK1120212) in the treatment of melanoma. Expert opinion on 

pharmacotherapy. 2013; 14(5):619–27. [PubMed: 23432625] 

25. Kainthla R, Kim KB, Falchook GS. Dabrafenib for treatment of BRAF-mutant melanoma. 

Pharmacogenomics and personalized medicine. 2014; 7:21–9. [PubMed: 24516336] 

26. Fisher R, Larkin J. Vemurafenib: a new treatment for BRAF-V600 mutated advanced melanoma. 

Cancer management and research. 2012; 4:243–52. [PubMed: 22904646] 

27. Chapman PB, Hauschild A, Robert C, et al. Improved survival with vemurafenib in melanoma with 

BRAF V600E mutation. The New England journal of medicine. 2011; 364(26):2507–16. 

[PubMed: 21639808] 

28. Ribas A, Flaherty KT. BRAF targeted therapy changes the treatment paradigm in melanoma. 

Nature reviews Clinical oncology. 2011; 8(7):426–33.

29. Flaherty L, Hamid O, Linette G, et al. A single-arm, open-label, expanded access study of 

vemurafenib in patients with metastatic melanoma in the United States. Cancer journal. 2014; 

20(1):18–24.

30. Long GV, Weber JS, Infante JR, et al. Overall Survival and Durable Responses in Patients With 

BRAF V600-Mutant Metastatic Melanoma Receiving Dabrafenib Combined With Trametinib. 

Journal of clinical oncology: official journal of the American Society of Clinical Oncology. 2016; 

34(8):871–8. Epub 2016/01/27. [PubMed: 26811525] 

31. Ascierto PA, McArthur GA, Dreno B, et al. Cobimetinib combined with vemurafenib in advanced 

BRAF(V600)-mutant melanoma (coBRIM): updated efficacy results from a randomised, double-

blind, phase 3 trial. The Lancet Oncology. 2016; 17(9):1248–60. Epub 2016/08/03. [PubMed: 

27480103] 

32. Dummer R, Schadendorf D, Ascierto PA, et al. Binimetinib versus dacarbazine in patients with 

advanced NRAS-mutant melanoma (NEMO): a multicentre, open-label, randomised, phase 3 trial. 

The Lancet Oncology. 2017; 18(4):435–45. Epub 2017/03/13. [PubMed: 28284557] 

33. Kalinsky K, Lee S, Rubin KM, et al. A phase 2 trial of dasatinib in patients with locally advanced 

or stage IV mucosal, acral, or vulvovaginal melanoma: A trial of the ECOG-ACRIN Cancer 

Lezcano et al. Page 7

Am J Surg Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Research Group (E2607). Cancer. 2017; 123(14):2688–97. Epub 2017/03/24. [PubMed: 

28334439] 

34. Hodi FS, Corless CL, Giobbie-Hurder A, et al. Imatinib for melanomas harboring mutationally 

activated or amplified KIT arising on mucosal, acral, and chronically sun-damaged skin. Journal of 

clinical oncology: official journal of the American Society of Clinical Oncology. 2013; 31(26):

3182–90. Epub 2013/06/19. [PubMed: 23775962] 

35. Guo J, Si L, Kong Y, et al. Phase II, open-label, single-arm trial of imatinib mesylate in patients 

with metastatic melanoma harboring c-Kit mutation or amplification. Journal of clinical oncology: 

official journal of the American Society of Clinical Oncology. 2011; 29(21):2904–9. Epub 

2011/06/22. [PubMed: 21690468] 

36. Shain AH, Garrido M, Botton T, et al. Exome sequencing of desmoplastic melanoma identifies 

recurrent NFKBIE promoter mutations and diverse activating mutations in the MAPK pathway. 

Nature genetics. 2015

37. Dietel M, Johrens K, Laffert MV, et al. A 2015 update on predictive molecular pathology and its 

role in targeted cancer therapy: a review focussing on clinical relevance. Cancer gene therapy. 

2015

38. Tiseo M, Gelsomino F, Boggiani D, et al. EGFR and EML4-ALK gene mutations in NSCLC: a 

case report of erlotinib-resistant patient with both concomitant mutations. Lung cancer. 2011; 

71(2):241–3. Epub 2010/12/21. [PubMed: 21168933] 

39. Wilmott JS, Tembe V, Howle JR, et al. Intratumoral molecular heterogeneity in a BRAF-mutant, 

BRAF inhibitor-resistant melanoma: a case illustrating the challenges for personalized medicine. 

Molecular cancer therapeutics. 2012; 11(12):2704–8. Epub 2012/09/11. [PubMed: 22962325] 

40. Schmitt MW, Loeb LA, Salk JJ. The influence of subclonal resistance mutations on targeted cancer 

therapy. Nature reviews Clinical oncology. 2016; 13(6):335–47. Epub 2015/10/21. 

41. Hechtman JF, Benayed R, Hyman DM, et al. Pan-Trk Immunohistochemistry Is an Efficient and 

Reliable Screen for the Detection of NTRK Fusions. The American journal of surgical pathology. 

2017; 41(11):1547–51. Epub 2017/07/19. [PubMed: 28719467] 

42. Nakagawara A. Trk receptor tyrosine kinases: a bridge between cancer and neural development. 

Cancer Lett. 2001; 169(2):107–14. Epub 2001/06/30. [PubMed: 11431098] 

43. Weier HU, Rhein AP, Shadravan F, Collins C, Polikoff D. Rapid physical mapping of the human 

trk protooncogene (NTRK1) to human chromosome 1q21-q22 by P1 clone selection, fluorescence 

in situ hybridization (FISH), and computer-assisted microscopy. Genomics. 1995; 26(2):390–3. 

Epub 1995/03/20. [PubMed: 7601468] 

44. Prasad ML, Vyas M, Horne MJ, et al. NTRK fusion oncogenes in pediatric papillary thyroid 

carcinoma in northeast United States. Cancer. 2016; 122(7):1097–107. Epub 2016/01/20. 

[PubMed: 26784937] 

45. Pavlick D, Schrock AB, Malicki D, et al. Identification of NTRK fusions in pediatric mesenchymal 

tumors. Pediatr Blood Cancer. 2017; 64(8) Epub 2017/01/18. 

46. Yoshihara K, Wang Q, Torres-Garcia W, et al. The landscape and therapeutic relevance of cancer-

associated transcript fusions. Oncogene. 2015; 34(37):4845–54. Epub 2014/12/17. [PubMed: 

25500544] 

47. Bodine SC, Latres E, Baumhueter S, et al. Identification of ubiquitin ligases required for skeletal 

muscle atrophy. Science. 2001; 294(5547):1704–8. Epub 2001/10/27. [PubMed: 11679633] 

48. von Grabowiecki Y, Abreu P, Blanchard O, et al. Transcriptional activator TAp63 is upregulated in 

muscular atrophy during ALS and induces the pro-atrophic ubiquitin ligase Trim63. Elife. 2016; 5 

Epub 2016/02/27. 

49. Rambow F, Job B, Petit V, et al. New Functional Signatures for Understanding Melanoma Biology 

from Tumor Cell Lineage-Specific Analysis. Cell Rep. 2015; 13(4):840–53. Epub 2015/10/23. 

[PubMed: 26489459] 

50. Park ES, Choi S, Shin B, et al. Tumor necrosis factor (TNF) receptor-associated factor (TRAF)-

interacting protein (TRIP) negatively regulates the TRAF2 ubiquitin-dependent pathway by 

suppressing the TRAF2-sphingosine 1-phosphate (S1P) interaction. The Journal of biological 

chemistry. 2015; 290(15):9660–73. Epub 2015/02/27. [PubMed: 25716317] 

Lezcano et al. Page 8

Am J Surg Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



51. Petersen SL, Chen TT, Lawrence DA, Marsters SA, Gonzalvez F, Ashkenazi A. TRAF2 is a 

biologically important necroptosis suppressor. Cell Death Differ. 2015; 22(11):1846–57. Epub 

2015/04/18. [PubMed: 25882049] 

52. Shen RR, Zhou AY, Kim E, et al. TRAF2 is an NF-kappaB-activating oncogene in epithelial 

cancers. Oncogene. 2015; 34(2):209–16. Epub 2013/12/24. [PubMed: 24362534] 

53. Xu J, Lu W, Zhang S, et al. Overexpression of DDR2 contributes to cell invasion and migration in 

head and neck squamous cell carcinoma. Cancer Biol Ther. 2014; 15(5):612–22. Epub 2014/02/22. 

[PubMed: 24556606] 

54. Agarwal N, Dancik GM, Goodspeed A, et al. GON4L Drives Cancer Growth through a YY1-

Androgen Receptor-CD24 Axis. Cancer research. 2016; 76(17):5175–85. Epub 2016/06/18. 

[PubMed: 27312530] 

55. Lu P, Hankel IL, Knisz J, et al. The Justy mutation identifies Gon4-like as a gene that is essential 

for B lymphopoiesis. J Exp Med. 2010; 207(7):1359–67. Epub 2010/06/10. [PubMed: 20530203] 

56. Drilon A, Li G, Dogan S, 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). Annals of oncology: official journal of the European Society for Medical 

Oncology/ESMO. 2016; 27(5):920–6. Epub 2016/02/18. 

57. Russo M, Misale S, Wei G, et al. Acquired Resistance to the TRK Inhibitor Entrectinib in 

Colorectal Cancer. Cancer Discov. 2016; 6(1):36–44. Epub 2015/11/08. [PubMed: 26546295] 

58. Meldolesi J. Neurotrophin Trk Receptors: New Targets for Cancer Therapy. Rev Physiol Biochem 

Pharmacol. 2017 Epub 2017/09/09. 

59. Drilon A, Nagasubramanian R, Blake JF, et al. A Next-Generation TRK Kinase Inhibitor 

Overcomes Acquired Resistance to Prior TRK Kinase Inhibition in Patients with TRK Fusion-

Positive Solid Tumors. Cancer Discov. 2017; 7(9):963–72. Epub 2017/06/05. [PubMed: 

28578312] 

60. DM H. The efficay of larotrectinib (LOXO-101), a selective tropomyosin receptor kinase (TRK) 

inhibitor, in adult and pediatric TRK fusion cancers. Journal of Clinical Oncology. 2017

61. Drilon A, Laetsch TW, Kummar S, et al. Efficacy of Larotrectinib in TRK Fusion-Positive Cancers 

in Adults and Children. The New England journal of medicine. 2018; 378(8):731–9. Epub 

2018/02/22. [PubMed: 29466156] 

Lezcano et al. Page 9

Am J Surg Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Metastatic melanoma in dermis (case 1). A: Amelanotic tumor is present in the dermis. B: 

The tumor is composed of epithelioid melanocytes. C: The tumor cells are immunoreactive 

for NTRK.
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Figure 2. 
Metastatic melanoma in lymph node (case 2). A: Amelanotic melanoma is located 

predominantly at the periphery of the node. B: The tumor cells display epithelioid cell 

features. C: The tumor cells are immunoreactive for NTRK.
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Figure 3. 
Primary perianal melanoma (case 2). A: Silhouette of the tumor. B: There is intraepithelial 

melanoma characterized by pagetoid spread overlying invasive melanoma composed of 

sheets of large epithelioid cells. C: The melanoma in situ peripheral to the invasive tumor 

displays prominent pagetoid spread and is pigmented. D: The melanoma in situ is 

immunoreactive for NTRK.

Lezcano et al. Page 12

Am J Surg Pathol. Author manuscript; available in PMC 2019 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 4. 
A: Silhouette of the primary nodular melanoma (case 3). B: The tumor is composed of large 

amelanotic epithelioid melanocytes.
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Table 1

Clinical, pathologic and molecular findings of melanomas with NTRK fusions

Case 1 Case 2 Case 3 Case 4

Age (years) 63 47 55 36

Gender Male Female Female Female

Site of primary Shin Perianal Umbilical Back

Breslow 2.3 mm 2.8 mm 4.5 mm 6.2 mm

Ulceration No No No Present

Tumor mitotic rate 11/mm2 8/mm2 4/mm2 27/mm2

Type Nodular Superficial spreading pattern Nodular Nodular

Cytology Large epithelioid Large epithelioid Large epithelioid Large epithelioid

Melanin Absent Present Absent Absent

Age (years) at metastasis 65 47 58 39

Site of metastasis Skin, lymph node Lymph node Colon Duodenum

NTRK1-Fusion NTRK1-TRIM63 NTRK2-TRAF2 NTRK1-DDR2 NTRK1-GON4L

Other driver mutations None None NF1 truncation; RAC1 p295 NRAS Q61L
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