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Abstract
Background/Aim: Urothelial cancer (UC) is the most common malignancy of the urinary tract, and outcomes in 
advanced disease remain poor. Comprehensive genomic profiling has revealed rare but potentially actionable 
alterations, including mesenchymal-epithelial transition factor (MET) exon 14 skipping events, which are well 
established in non-small cell lung cancer but rarely described in UC. We hereby report a case of high-grade plasmacytoid 
UC harboring a novel MET exon 14 skipping alteration and discuss its potential clinical relevance.
Case Report: A 78-year-old man presented with pelvic pain and hematuria. Imaging showed irregular thickening of 
the bladder wall with bilateral ureterovesical junction and distal ureter involvement and rectal invasion, consistent 
with unresectable stage IVA (cT4N0) plasmacytoid UC. He received carboplatin–gemcitabine followed by maintenance 
avelumab. Next-generation sequencing of tumor tissue identified a novel intronic MET splice-site alteration, 
NM_000245.4: c.2942-22_2942-19delCTTT, at high variant allele frequency, predicted to cause exon 14 skipping; this 
result was confirmed on an independent panel, and no additional driver variants were detected.
Conclusion: This case broadens the spectrum of MET exon 14 skipping events in UC by documenting a novel intronic 
c.2942-22_2942-19delCTTT alteration in plasmacytoid carcinoma. It underscores the importance of routine genomic 
profiling in advanced and histologically rare UC to uncover targetable alterations and supports consideration of MET-
directed therapies or enrollment in tumor-agnostic trials for selected patients, while highlighting the need for further 
functional and clinical validation.
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Introduction

Urothelial cancer (UC) is the ninth most common 
malignancy worldwide for both sexes and the sixth for 

men, with both incidence and mortality rates increasing, 
predominantly affecting the elderly population (1). UC 
primarily arises from the epithelial lining of the urinary 
tract and is the most prevalent type of bladder cancer. It 
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also accounts for a significant proportion of cancers 
involving the renal pelvis, ureters, and urethra (2). Despite 
advances in surgical techniques, immunotherapy, and 
chemotherapy, the prognosis for patients with advanced 
or metastatic UC remains poor. 

Comprehensive molecular profiling of urothelial 
tumours has revealed the heterogeneous nature of UC, 
leading to an increased focus on targeted therapies. The 
mutational landscape of UC includes alterations in various 
genes, such as FGFR3, PIK3CA, TP53, KDM6A, ARID1A and 
RB1. Among these, aberrations in the mesenchymal-
epithelial transition factor (MET) proto-oncogene have 
gained attention due to their potential role in tumori- 
genesis and as therapeutic targets.

MET, located on chromosome 7 (7q21-q31), encodes 
for the receptor tyrosine kinase that plays an essential 
role in cellular proliferation survival and motility through 
activation of downstream signaling pathways, such as 
MAPK and PIK3/AKT. MET tyrosine kinase is expressed 
in epithelial cells of many organs, including the liver, 
pancreas, prostate and kidney (3, 4). 

Exon 14 (out of 21) of MET encodes a portion of the 
juxtamembrane domain that includes a binding site for the 
c-Cbl protein, a multifunctional protein with E3 ubiquitin 
ligase activity, responsible for MET degradation. Skipping of 
exon 14, often caused by splice-site mutations or small 
insertions/deletions, results in the loss of the c-Cbl binding 
site, leading to impaired degradation and protein 
accumulation. This dysregulation enhances MET signaling, 
promoting uncontrolled cell growth and proliferation, which 
results in cancer development and progression (5, 6). MET 
exon 14 skipping has been most frequently detected in non-
small cell lung cancer (NSCLC) – occurring in approximately 
3% of cases and conferring sensitivity to MET inhibitors. It 
has also been reported, albeit rarely, in other types of cancer 
including nervous system cancers, gastrointestinal cancers 
and cancers of unknown primary origin (7, 8).

A few studies have identified MET exon 14 skipping in a 
small subset of UCs (7-9), with an estimated relatively low 
frequency of less than 1%. Despite its rarity, this alteration 
has highly significant implications for precision oncology. It 

may contribute to oncogenesis in UC through enhanced MET 
signaling and resistance to conventional therapies (10). 
Emerging evidence suggests that solid cancer tissue samples 
harboring this alteration, including UC, may benefit from 
MET-targeted therapies, such as MET inhibitors (11, 12). 
However, due to its rarity, the clinical significance of MET 
exon 14 skipping in UCs remains to be fully elucidated, 
necessitating further research into its role as a prognostic 
biomarker and/or potential therapeutic target. 

Case Report

A 78-year-old man from Greece was referred to our clinic 
with pelvic pain and hematuria. A pelvic positron emission 
tomography–computed tomography (PET/CT) scan 
revealed irregular thickening of the bladder wall, more 
pronounced on the posterior aspect, suggestive of a 
malignancy with Maximum Standardize Uptake Value 
(SUVmax) 5.1 (Figure 1A). Notably, the imaging also 
showed involvement of both ureterovesical junctions and 
the distal ureters, more prominent on the right side with 
SUVmax 4.7 (Figure 1B and C). Mild to moderate bilateral 
hydronephrosis was observed, along with concentric 
mural thickening of the mid-rectum and the presence of 
bilateral pig-tail nephrostomy catheters.

Immunohistochemical analysis demonstrated strong 
positivity for CK, AE1/AE3, CD138 and GATA3 indicative of 
urothelial carcinoma with plasmacytoid morphology. 
Subsequent histopathological examination of the bladder 
tissue biopsy confirmed high-grade urothelial plasmacytoid 
carcinoma [pT2 – American Joint Committee on Cancer 
(AJCC) 8th Edition] with invasion into the rectal wall. The 
tumor was clinically staged as cT4N0, corresponding to 
stage IVA disease. Based on the extent of local invasion, the 
tumor was deemed unresectable by the multidisciplinary 
tumor board. The patient was initiated first-line systemic 
chemotherapy with carboplatin and gemcitabine, followed 
by maintenance immunotherapy with avelumab (Bavencio). 

To explore potential options for targeted therapy, 
molecular profiling was performed on formalin-fixed, 
paraffin-embedded (FFPE) tumor tissue using 
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comprehensive Next-Generation Sequencing (NGS). The 50-
gene panel OncomineTM Precision Assay (OPA, Thermo 
Fisher Scientific, Waltham, MA, USA) on the Ion Torrent 
Genexus System designed for detection of clinically relevant 
alterations was used. FFPE tissue sections, with 60% tumor 
cellularity, were processed per the manufacturer protocol. 
Library preparation, templating and sequencing were 
conducted using automated workflows. The average base 
coverage depth was approximately 5,000, with an average 
on-target percentage of >95%. For the amplicons covering 
the MET gene, the average base coverage depth was >3,000. 
No positive or negative FFPE controls were included in the 
sequencing run. 

Data analysis was conducted using Ion Torrent Oncomine 
Variant Caller (OVC), version 5.16, integrated within the 
Genexus Software Suite. Variant calling was performed with 
default settings for the OPA, optimized for detection of low 
frequency somatic variants. The analysis revealed a novel 

intronic alteration in the MET gene, resulting in exon 14 
skipping (NM_000245.4: c.2942-22_2942-19delCTTT), with 
a variant allele frequency (VAF) of 69.62% (Figure 2). No 
other driving gene variants were found. The presence of the 
MET exon 14 skipping alteration was subsequently 
confirmed using an independent NGS panel that also 
included MET, which reported a VAF of 67.06%.

Discussion

In solid tumours, MET gene alterations– including 
amplifications and single nucleotide variants (SNVs), have 
emerged as critical oncogenic drivers with therapeutic 
implications. MET amplification leads to over-expression 
and constitutive activation of the MET receptor tyrosine 
kinase, resulting in the sustained activation of downstream 
signaling cascades such as PI3K/AKT, MAPK, and STAT3 
pathways. These signaling events contribute to increase in 

Figure 1. Positron emission tomography–computed tomography (PET/CT) imaging of urothelial carcinoma. (A) PET/CT scan showing increased 
radiotracer uptake (green circle; SUVmax: 5.1) consistent with urothelial carcinoma. (B, C) View of the same PET/CT scan highlighting increased 
radiotracer uptake along both ureters (green circle), more pronounced on the right side (B; SUVmax: 4.7), suggesting possible involvement.
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cellular proliferation, survival, motility, and invasive 
potential. Activating MET SNVs, including those that lead to 
exon 14 skipping alteration, impair receptor degradation 
and prolong MET signaling. These alterations have been 
most extensively characterized in NSCLC, where MET exon 
14 skipping alterations and amplifications serve as 
biomarkers for targeted therapy with MET inhibitors. 
Similarly, MET aberrations have been implicated in gastric, 
colorectal and hepatocellular carcinomas although their 
prevalence and therapeutic relevance vary across tumor 
types (13, 14).

The identification of MET overexpression in UC is 
synonymous to shorter overall survival or progression 
free survival (15). However, MET amplification and SNVs 
appear to occur at lower frequencies compared to those 
in other solid tumors, yet may still hold clinical significance 
in some patient subsets with UC. Data from genomic 
profiling studies indicate that MET alterations and 
amplifications, particularly exon 14 skipping events may 
contribute to disease progression and resistance to 
conventional therapies. While MET-targeted therapies 
have not yet become standard of care in UC, preliminary 
evidence from basket trials and early-phase studies 

indicates potential benefit in MET-altered cases (16). 
These findings underscore the need for comprehensive 
molecular profiling in UC to identify patients who may 
derive therapeutic benefit from MET inhibition. 

Here, we reported a case of a 78-year-old man 
suffering from UC who underwent comprehensive 
molecular testing, which revealed a novel MET exon 14 
skipping alteration. This case illuminates the importance 
of molecular profiling in UC, particularly in patients with 
treatment-resistant or recurrent disease. The discovery 
of a novel MET exon 14 skipping alteration in this patient 
with advanced UC provides valuable insight into the 
potential role of targeted therapies for this malignancy. To 
date and to our knowledge, alterations leading to MET 
exon 14 skipping have been previously reported in only 
three other cases of UC, emphasizing the rarity of this 
genomic event in this specific type of cancer (7-9). 

UC remains a relatively understudied malignancy with 
a number of genes involved in its prognosis and therapeutic 
approach still not fully understood. In light of recent 
findings, HOOK3 amplification in bladder UC has been 
associated with poorer prognosis, emphasizing the 
relevance of gene expression and survival analyses in 

Figure 2. Identification of the mesenchymal-epithelial transition factor (MET) exon 14 skipping alteration. Coverage depth is shown on the graph, while 
the region of the alteration (vertical line) is highlighted with a red dot. The variant was detected with 69.62% variant allele frequency (VAF), supported 
by 91.95% reads on target. 
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uncovering potential oncogenic prognostic drivers (17). In 
addition, the rising therapeutic option of DPP4 inhibitors 
in upper tract UC reinforces the need for comprehensive 
molecular profiling to guide precision oncology in UC (18). 
While further research and clinical trials are necessary to 
determine the efficacy of these emerging therapeutic 
alternatives in UC, this case provides promising evidence 
supporting personalized treatment approaches based on 
the tumor’s molecular profiling. Targeted therapies, such 
as selective MET or DPP4 inhibitors, represent an exciting 
avenue for improving outcomes of patients with UC 
harboring this specific genetic alteration. 

The clinical benefit observed in patients with lung 
cancer treated with selective tyrosine kinase inhibitors 
(TKIs) when their tumor exhibits a MET exon 14 skipping 
alteration is unquestionable. However, this benefit has not 
yet been replicated in other malignancies. This discrepancy 
may be attributed to the rarity of the alteration in non-
pulmonary malignancies, differences in tumor biology, or 
uncertainty regarding the expression of the aberrant MET 
transcript resulting in diverse underlying function of the 
protein. Basket trials have been exploring the utility of 
targeted therapies across several tumor types that share 
actionable genomic variation. The recent Phase II trial by 
Kang et al., investigated tepotinib in patients with diverse 
advanced solid tumours harboring MET exon 14 skipping 
alterations or amplifications, including NSCLC, gastric 
cancer and UC. The sample size for UC was limited. 
However, preliminary signals of efficacy were observed, 
supporting the broader application of MET-targeted 
therapies beyond NSCLC. 

Study limitations. To date, clinical data on MET-targeted 
therapies in UC are limited. While MET exon 14 skipping 
alterations are well-established for NSCLC therapy 
management, their role in UC is less defined. A few early-
phase clinical trials have explored the activity of TKIs in 
advanced solid tumours, including UC, but most did not 
specifically enrich for MET exon 14 skipping alterations. For 
example, the Phase II trial of capmatinib and tepotinib 
included small numbers of patients with bladder cancer, 

though responses were primarily observed in MET-amplified 
or MET-dysregulated tumours rather than in MET exon 14 
skipping cancers (12). Thus, further studies are needed to 
evaluate the predictive value of MET exon 14 skipping 
alterations for MET-TKI response in UC specifically. Another 
limitation is the absence of transcriptomic or proteomic 
validation of the MET exon 14 skipping alteration. Even 
though genomic sequencing identified the splice site variant, 
the absence of RNA or protein-level data raises a small but 
not negligible risk of an inaccurate prediction regarding exon 
14 skipping. However, similar deletions within intron 13 
(from –12 to –35 upstream of exon 14) are known to induce 
MET exon 14 skipping (7, 19). Furthermore, intratumor 
heterogeneity remains a concern in UC; it is possible the 
MET exon 14 alteration may not be present in all tumor 
subclones, which could impact therapeutic efficacy. 

Conclusion 

In summary, our case adds to the limited but growing body 
of evidence supporting the clinical relevance of MET exon 
14 skipping in UC through comprehensive genomic 
profiling and highlights the need for continued 
investigation into its role as a therapeutic target. While 
MET alterations are more commonly studied in NSCLC, 
emerging evidence suggests that MET-targeted therapies 
might offer benefit across several tumor types. Overall, this 
report underscores the importance of precision oncology 
in guiding treatment decisions for rare molecular subsets.

Conflicts of Interest

The Authors declare no conflicts of interest regarding the 
present study.

Authors’ Contributions

Clinical management of the patient: F.S.; Conceptualization: 
E.P.; Drafting of the manuscript: E.P.; Investigation: C.B., 
F.P.; Interpretation of molecular data: E.P.; Literature 
review: E.P., L.F.; Methodology: G.K.; Supervision: N.S.



CANCER DIAGNOSIS & PROGNOSIS 6: 179-185 (2026)

184

Funding

This work received no specific funding from any funding 
agency in the public, commercial or non-profit sectors.

Artificial Intelligence (AI) Disclosure

During the preparation of this manuscript, a large 
language model (ChatGPT, OpenAI) was used solely for 
language editing and stylistic improvements in select 
paragraphs. No sections involving the generation, analysis, 
or interpretation of research data were produced by 
generative AI. All scientific content was created and 
verified by the authors. Furthermore, no figures or visual 
data were generated or modified using generative AI or 
machine learning–based image enhancement tools.

References

1 	 World Cancer Research Fund. (n.d.). Bladder cancer statistics. 
Available at: https://www.wcrf.org [Last accessed on June 
21, 2021]

2 	 Cassell A 3rd, Manobah B, Willie S: Diagnostic and therapeutic 
challenges of rare urogenital cancers: urothelial carcinoma 
of the renal pelvis, ureters and urethra. World J Oncol 12(1): 
20-27, 2021. DOI: 10.14740/wjon1360

3 	 Fujino T, Suda K, Mitsudomi T: Emerging MET tyrosine kinase 
inhibitors for the treatment of non-small cell lung cancer. Exp 
Opin Emerg Drugs 25(3): 229-249, 2020. DOI: 10.1080/ 
14728214.2020.1791821

4 	 Skead G, Govender D: Gene of the month: MET. J Clin Pathol 
68(6): 405-409, 2015. DOI: 10.1136/jclinpath-2015-203050

5 	 Reungwetwattana T, Ou SH: MET exon 14 deletion 
(METex14): finally, a frequent-enough actionable oncogenic 
driver mutation in non-small cell lung cancer to lead MET 
inhibitors out of “40 years of wilderness” and into a clear 
path of regulatory approval. Transl Lung Cancer Res 4(6): 
820-824, 2015. DOI: 10.3978/j.issn.2218-6751.2015.12.03

6 	 Lee JM, Kim B, Lee SB, Jeong Y, Oh YM, Song YJ, Jung S, Choi 
J, Lee S, Cheong KH, Kim DU, Park HW, Han YK, Kim GW, 
Choi H, Song PH, Kim KA: Cbl-independent degradation of 
Met: ways to avoid agonism of bivalent Met-targeting 
antibody. Oncogene 33(1): 34-43, 2014. DOI: 10.1038/
onc.2012.551

7 	 Frampton GM, Ali SM, Rosenzweig M, Chmielecki J, Lu X, 
Bauer TM, Akimov M, Bufill JA, Lee C, Jentz D, Hoover R, Ou 
SH, Salgia R, Brennan T, Chalmers ZR, Jaeger S, Huang A, Elvin 
JA, Erlich R, Fichtenholtz A, Gowen KA, Greenbowe J, Johnson 

A, Khaira D, McMahon C, Sanford EM, Roels S, White J, 
Greshock J, Schlegel R, Lipson D, Yelensky R, Morosini D, Ross 
JS, Collisson E, Peters M, Stephens PJ, Miller VA: Activation of 
MET via diverse exon 14 splicing alterations occurs in 
multiple tumor types and confers clinical sensitivity to MET 
inhibitors. Cancer Discov 5(8): 850-859, 2015. DOI: 
10.1158/2159-8290.CD-15-0285

8 	 Pilotto S, Gkountakos A, Carbognin L, Scarpa A, Tortora G, 
Bria E: MET exon 14 juxtamembrane splicing mutations: 
clinical and therapeutical perspectives for cancer therapy. 
Ann Transl Med 5(1): 2, 2017. DOI: 10.21037/atm.2016.12.33

9 	 Nosi V, Luca A, Milan M, Arigoni M, Benvenuti S, Cacchiarelli 
D, Cesana M, Riccardo S, Di Filippo L, Cordero F, Beccuti M, 
Comoglio PM, Calogero RA: MET Exon 14 skipping: a case 
study for the detection of genetic variants in cancer driver 
genes by deep learning. Int J Mol Sci 22(8): 4217, 2021. DOI: 
10.3390/ijms22084217

10 	Ji M, Ganesan S, Xia B, Huo Y: Targeting c-MET alterations 
in cancer: a review of genetic drivers and therapeutic 
implications. Cancers (Basel) 17(9): 1493, 2025. DOI: 
10.3390/cancers17091493

11 	Apolo AB, Nadal R, Girardi DM, Niglio SA, Ley L, Cordes LM, 
Steinberg SM, Sierra Ortiz O, Cadena J, Diaz C, Mallek M, 
Davarpanah NN, Costello R, Trepel JB, Lee MJ, Merino MJ, 
Bagheri MH, Monk P, Figg WD, Gulley JL, Agarwal PK, Valera V, 
Chalfin HJ, Jones J, Streicher H, Wright JJ, Ning YM, Parnes HL, 
Dahut WL, Bottaro DP, Lara PN Jr, Saraiya B, Pal SK, Stein MN, 
Mortazavi A: Phase I study of cabozantinib and nivolumab 
alone or with ipilimumab for advanced or metastatic urothelial 
carcinoma and other genitourinary tumors. J Clin Oncol 
38(31): 3672-3684, 2020. DOI: 10.1200/JCO.20.01652

12 	Kang EJ, Yang Y, Lee S, Kim YJ, Lim SM, Ahn MJ, Choi YJ, Lee Y, 
Kim TM, Kim I, Ahn HK, Jeung HC, Lee SI, Oh SY, Bae WK, Ryu 
H, Park KH, Lee KH: A phase II study of tepotinib in patients 
with advanced solid cancers harboring MET exon 14 skipping 
mutations or amplification (KCSG AL19-17). ESMO Open 
9(9): 103668, 2024. DOI: 10.1016/j.esmoop.2024.103668

13 	Lee J, Ou SH, Lee JM, Kim HC, Hong M, Kim SY, Jang J, Ahn S, 
Kang SY, Lee S, Kim ST, Kim B, Choi J, Kim KA, Lee J, Park C, 
Park SH, Park JO, Lim HY, Kang WK, Park K, Park YS, Kim KM: 
Gastrointestinal malignancies harbor actionable MET exon 
14 deletions. Oncotarget 6(29): 28211-28222, 2015. DOI: 
10.18632/oncotarget.4721

14 	Yuan P, Xue X, Qiu T, Ying J: MET alterations detection platforms 
and clinical implications in solid tumors: a comprehensive 
review of literature. Ther Adv Med Oncol 16: 17588359 
231221910, 2024. DOI: 10.1177/17588359231221910

15 	Xu X, Zhang G, He L, Zhu Y: Clinicopathological impacts of 
c-Met overexpression in bladder cancer: evidence from 1,336 
cases. Onco Targets Ther 12: 2695-2702, 2019. DOI: 
10.2147/OTT.S197540

16 	Coleman N, Wei Z, Hong DS, Mitchell EP, Zwiebel JA, Sharon 
E, Gray RJ, Wang V, McShane L, Rubinstein LV, Patton DR, 



Petropoulou et al: MET Exon 14 Skipping in Urothelial Carcinoma

185

Williams PM, Tricoli JV, Conley BA, Arteaga CL, Harris L, 
O’Dwyer PJ, Chen AP, Flaherty K, Hamilton SR: Phase II study 
of crizotinib in patients with MET amplification and MET 
exon 14 deletion: Results from NCI-MATCH ECOG-ACRIN trial 
(EAY131) subprotocols C1 and C2. J Clin Oncol 41(16_suppl): 
3108-3108, 2023. DOI: 10.1200/JCO.2023.41.16_suppl.3108

17 	Jaradat JH, Idrissi YA, Saeed A: HOOK3 amplification in 
bladder urothelial carcinoma: insights from gene expression 
and survival analysis. Anticancer Res 44(12): 5175-5185, 
2024. DOI: 10.21873/anticanres.17343

18 	Luo HL, Wu YT, Liu YY, Liu HY, Chang YL: Evaluation of the 
therapeutic potential of DPP4 inhibitor in upper tract 
urothelial carcinoma cells. Anticancer Res 45(3): 1001-1013, 
2025. DOI: 10.21873/anticanres.17487

19 	Cortot AB, Kherrouche Z, Descarpentries C, Wislez M, Baldacci 
S, Furlan A, Tulasne D: Exon 14-deleted MET receptor as a new 
biomarker and target in cancers. J Natl Cancer Inst 109(5): 
djw262, 2017. DOI: 10.1093/jnci/djw262


