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Case Report

Dual TMPRSS2:ERG Fusion in a Patient with Lung
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Abstract: The TMPRSS2:ERG fusion is considered prostate specific and has been rarely described in
other tumors. We describe the case of a patient who developed lung and prostate cancers, both harboring
the TMPRSS2:ERG fusion. The patient developed a cancer of the prostate with lymph node metastases
and after two years a nodule of the thoracic wall. The histology and immunohistochemical profile of
the two tumors were typical of prostate and lung cancers. The presence of the TMPRSS2:ERG fusion
was demonstrated by next-generation sequencing on both malignancies, leading to the assumption
that the lung nodule was a metastasis from the prostate cancer. The patient failed to respond to
antiandrogen therapy, while chemotherapy for lung cancer led to a significant objective response.
To our knowledge, this is the first case of a lung cancer harboring the TMPRSS2:ERG fusion, widening
the spectrum of lung cancer-associated molecular alterations.
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1. Introduction

The TMPRSS2:ERG fusion is the most frequent genetic alteration in prostate cancer (PCA) [1]. The
gene encoding for the androgen-regulated transmembrane protease serine S2 (TMPRSS2) translocates
with the E-twenty-six-related transcription factor ERG, leading to overexpression and oncogenicity of
ERG [2]. The TMPRSS2:ERG fusion is considered prostate specific, and the pathogenesis of the gene
fusion may be ascribed to higher levels of circulating androgens with potential direct effect on prostate
cell DNA [3]. The TMPRSS2:ERG fusion can be investigated by fluorescence in situ hybridization
or directly by sequencing the fusion RNA or indirectly by assessing the overexpression of the ERG
protein by immunohistochemistry [4].

The occurrence of the TMPRSS2:ERG rearrangement in tumors other than the prostate is exceedingly
rare, and therefore, the fusion can be considered pathognomonic for the diagnosis of PCA [5]. In the
lung, the TMPRSS2:ERG fusion has been detected so far in a single case of small-cell carcinoma but
never in non-small-cell lung cancer (NSCLC) [6]. Notwithstanding, the expression of TMPRSS2 in
normal and cancer lung tissues has never been investigated, and the expression of ERG seems limited
to endothelial normal cells [7].

Besides its diagnostic role, the presence of the TMPRSS2:ERG fusion has been variably and
inconsistently associated with the outcome of PCA. While the prognostic value of the TMPRSS2:ERG
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fusion in PCA is debated, the role of TMPRSS2 as target of therapy has increased in the last weeks. The
interest in the expression of the TMPRSS2 protein has recently risen since its recognition as the priming
enzyme of the spike protein of the coronavirus SARS-CoV-2 for the entry into type II pneumocytes [8].
In fact, serine proteases such as TMPRSS2 act through the proteolytic cleavage of coronavirus spike
proteins, allowing the entry of the virus into airway cells [9]. Camostat mesilate is a powerful inhibitor
of serine proteases, including TMPRSS2, and it efficiently prevents infections with SARS-CoV-2 of
human cells in vitro [7]. The effect of camostat mesilate on TMPRSS2 expressing cancer cells has never
been investigated, but it represents a potential therapeutic target in human cancers whose main genetic
alteration is the TMPRSS2:ERG fusion.

Here, we describe the first case, to our knowledge, of a patient who developed lung and prostate
cancers, both harboring the same TMPRSS2:ERG fusion.

2. Materials and Methods

Surgical specimens were formalin fixed, paraffin embedded, and routinely processed for histological
diagnosis. Three-micron-thick sections were cut from paraffin blocks and stained with hematoxylin and
eosin and through immunohistochemistry. TTF-1, BerEP4, NKX3.1, and PSA antibodies were performed
in all cases using an automated BenchMark ULTRA instrument (Roche-Ventana).

Next-generation sequencing (NGS) profiling was performed with the Oncomine 318 Focus Assay
(Thermo Fisher Scientific, Waltham, MA, USA), which was carried out on an Ion GeneStudio S5
System (Thermo Fisher Scientific). The Focus Assay allows the detection of genetic variants across 52
cancer-relevant genes from tumor DNA and RNA, including single-nucleotide variations, copy number
alterations, and gene fusions (Figure 1).Diagnostics 2020, 10, x FOR PEER REVIEW 3 of 6 
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Figure 1. Histological, immunohistochemical, and NGS features of the lung (top panel) and prostate 
(bottom panel) lesions (100× magnification for all histological images). Blue arrows indicate the 
genetic profile corresponding to the histological appearance. HE: hematoxylin and eosin; TTF-1: 
thyroid transcription factor-1; PSA: prostate-specific antigen. 

In August 2019, given the increase of serum PSA (2.3 ng/mL), the patient underwent multiple 
pleural biopsies to exclude the concomitant presence of lung cancer and prostate cancer metastases. 
The histological diagnosis revealed again a poorly differentiated adenocarcinoma positive for the 
lung markers TTF-1 and CK7 (see Figure S1) and negative for the prostatic markers (PSA and 
NKX3.1). The differential diagnosis suggested either a primitive pulmonary cancer or a metastatic 
localization of neuroendocrine castration-resistant prostate adenocarcinoma. Notwithstanding, given 
the high specificity of the TMPRSS2:ERG fusion for prostate cancer and the clinical data (progressive PSA 
increase after radical prostatectomy and during hormone therapy) and the absence of typical parenchymal 
lung lesions, the final decision oriented for a pleural metastasis from prostate adenocarcinoma with 
a neuroendocrine component. Therefore, a first-line therapy with enzalutamide was started. 

In January 2020, due to recurrent pleural effusion and respiratory failure, the patient was 
admitted to the thoracic surgery ward and a talc pleurodesis was performed. The CT scan showed a 
progressive disease with several pleural metastases and bone metastases of the IX and V left ribs with 
muscular infiltration, despite a PSA level of 1 ng/mL. 

In February 2020, the patient underwent another CT-guided pleural biopsy with a histological 
diagnosis of a papillary poorly differentiated adenocarcinoma (still immunoreactive for TTF-1 and 
negative for NKX3.1, p40, chromogranin, and calretinin). Histology always excluded pleural 
mesothelioma. The histology report together with the lack of response to enzalutamide favored the 
diagnosis of peripheral NSCLC with pleural and rib infiltration, harboring the same TMPRSS2:ERG 
rearrangement found in the prostate cancer. The patient was therefore submitted to first-line 
chemotherapy with carboplatin and pemetrexed. In June 2020, after six cycles of chemotherapy, the 
clinical condition of the patient improved, and a control CT scan showed significant objective 
response of the pleural lesions (Figure 2 right). 
  

Figure 1. Histological, immunohistochemical, and NGS features of the lung (top panel) and prostate
(bottom panel) lesions (100×magnification for all histological images). Blue arrows indicate the genetic
profile corresponding to the histological appearance. HE: hematoxylin and eosin; TTF-1: thyroid
transcription factor-1; PSA: prostate-specific antigen.

3. Results

A 77-year-old man, former smoker, was diagnosed with prostate adenocarcinoma in 2016 and
treated with radiation therapy. In May 2017, following a PSA increase (5.9 ng/mL), the patient underwent
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radical prostatectomy and lymphadenectomy with the histological report of a stage pT3b N1 Mx R1
PCA and a single lymph node metastasis. The patient started adjuvant treatment with leuprorelin.

In May 2019, our patient was admitted to the emergency room for acute respiratory distress. A CT
scan showed left pleural effusion, thickening, and nodules of the pleural surface, several mediastinal
lymph node metastases, and a bone metastasis in the IX left rib (Figure 2 left). Pleural effusion cytology
came back negative for malignancy. An ultrasound-guided bone biopsy of the lesion at the IX rib
level was carried out. Histology revealed malignant cells with adenocarcinoma aggregation. The
immunohistochemical workout was guided by the anamnesis of prostate cancer and included markers
of prostatic differentiation (NKX3.1 and PSA) and markers of lung differentiation (TTF-1 and CK7).
The cancer cells turned out to be highly immunoreactive for TTF-1 and BerEP4 and negative for the
prostatic markers, leading to the diagnostic suspect of lung adenocarcinoma (Figure 1 top panel).Diagnostics 2020, 10, x FOR PEER REVIEW 4 of 6 

 

 
Figure 2. CT scans of the lung lesions before and after chemotherapy with carboplatin and 
pemetrexed. Arrows highlight the significant response to therapy of mediastinal, pleural, and lung 
lesions. 

4. Discussion 
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whatsoever. The same happened to our patient, who was treated initially for PCA even if the histology 
of the pleural lesions was more suggestive of a primary lung cancer. The recent history of a PCA 
harboring the same TMPRSS2:ERG fusion in lymph node metastases and the absence of a typical lung 
primary lesion led the oncologists to pursue with the therapy for metastatic PCA. The lack of radiological 
objective response to androgen blockade and enzalutamide, despite PSA reduction, together with the 
results of repeated tissue biopsies all pointing to a histological diagnosis of primary adenocarcinoma 
of the lung, finally led us to treat the patient with NSCLC-oriented chemotherapy. The objective 
response to the lung-oriented chemotherapy confirmed the diagnosis of NSCLC ex juvantibus. 

Second, the patient would have been probably treated for lung cancer from the onset of the 
thoracic lesion if the TMPRSS2:ERG fusion had not been found using the multi-gene NGS panel, and 
a single specific gene molecular test approach would have been applied instead. In the current era of 
widespread molecular cancer profiling with NGS panels, it should be considered that the occurrence 
of rare or unexpected genetic variants may be sometimes misleading. The advantages of large 
molecular cancer profiling are clearly greater than its drawbacks, but data coming from wide genetic 
analyses must be always considered carefully. Multidisciplinary molecular tumor boards for the 
cross discussion of histological, molecular, imaging, and clinical findings are highly required to avoid 
misinterpretations. 

Finally, the TMPRSS2:ERG fusion has to be considered a driver genetic alteration also associated 
with NSCLC. The genetic profiles of prostate and lung cancers are clearly distinct in most cases with 
the TMPRSS2-ERG fusion being by far the most common genetic alteration in prostate cancer [10]. By 
contrast, the most common genetic alterations in NSCLC are either smoke related (RAS family) or 
p53 related [11]. Although rare, our observation could be replicated by others, particularly with the 
rapid shift of lung cancer molecular profiling towards NGS panels almost everywhere. The fusion has 
recently been found in a case of SCLC [6]. Recent advances on the key role of TMPRSS2 in the entry of 
SARS-CoV-2 in alveolar cells confirms the presence of TMPRSS2 expression in lung tissues. This finding 

Figure 2. CT scans of the lung lesions before and after chemotherapy with carboplatin and pemetrexed.
Arrows highlight the significant response to therapy of mediastinal, pleural, and lung lesions.

For routine molecular characterization of all newly diagnosed metastatic NSCLCs in our hospital,
a next-generation sequencing (NGS) profiling was carried out and revealed the TMPRSS2:ERG as a
unique alteration (covered by the panel) of the rib lesion (Figure 1 top panel).

For thorough diagnostic accuracy, the NGS panel and diagnostic immunohistochemistry were
also applied to the prostate cancer lymph node metastasis from the radical prostatectomy of 2017. The
prostate cancer tissue was positive for the prostate immunohistochemical markers (NKX3.1, PSA) and
negative for the lung markers (TTF-1, BerEP4) but harbored the TMPRSS2:ERG fusion as the only
molecular alteration (Figure 1 bottom panel).

In August 2019, given the increase of serum PSA (2.3 ng/mL), the patient underwent multiple
pleural biopsies to exclude the concomitant presence of lung cancer and prostate cancer metastases.
The histological diagnosis revealed again a poorly differentiated adenocarcinoma positive for the lung
markers TTF-1 and CK7 (see Figure S1) and negative for the prostatic markers (PSA and NKX3.1).
The differential diagnosis suggested either a primitive pulmonary cancer or a metastatic localization
of neuroendocrine castration-resistant prostate adenocarcinoma. Notwithstanding, given the high
specificity of the TMPRSS2:ERG fusion for prostate cancer and the clinical data (progressive PSA increase
after radical prostatectomy and during hormone therapy) and the absence of typical parenchymal
lung lesions, the final decision oriented for a pleural metastasis from prostate adenocarcinoma with a
neuroendocrine component. Therefore, a first-line therapy with enzalutamide was started.

In January 2020, due to recurrent pleural effusion and respiratory failure, the patient was admitted
to the thoracic surgery ward and a talc pleurodesis was performed. The CT scan showed a progressive
disease with several pleural metastases and bone metastases of the IX and V left ribs with muscular
infiltration, despite a PSA level of 1 ng/mL.
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In February 2020, the patient underwent another CT-guided pleural biopsy with a histological
diagnosis of a papillary poorly differentiated adenocarcinoma (still immunoreactive for TTF-1 and negative
for NKX3.1, p40, chromogranin, and calretinin). Histology always excluded pleural mesothelioma. The
histology report together with the lack of response to enzalutamide favored the diagnosis of peripheral
NSCLC with pleural and rib infiltration, harboring the same TMPRSS2:ERG rearrangement found in the
prostate cancer. The patient was therefore submitted to first-line chemotherapy with carboplatin and
pemetrexed. In June 2020, after six cycles of chemotherapy, the clinical condition of the patient improved,
and a control CT scan showed significant objective response of the pleural lesions (Figure 2 right).

4. Discussion

We describe what is, to our knowledge, the first case of NSCLC harboring the TMPRSS2:ERG
fusion. Our index patient experienced a troublesome diagnostic and clinical workflow mainly due to
the concomitant occurrence of prostate and lung cancers and the peculiar clinical presentation of the
lung tumor. This case report leads to the following considerations.

First, the TMPRSS2:ERG fusion is not pathognomonic of PCA. The diagnostic sensitivity of the
fusion for prostate cancer is actually low since it is detectable in approximately 50%–60% of tumors.
However, the specificity of the TMPRSS2:ERG fusion for PCA is generally considered very high, and
its detection in challenging cases is a guide to address diagnosis and therapy towards a prostate
malignancy whatsoever. The same happened to our patient, who was treated initially for PCA even if
the histology of the pleural lesions was more suggestive of a primary lung cancer. The recent history
of a PCA harboring the same TMPRSS2:ERG fusion in lymph node metastases and the absence of a
typical lung primary lesion led the oncologists to pursue with the therapy for metastatic PCA. The lack
of radiological objective response to androgen blockade and enzalutamide, despite PSA reduction,
together with the results of repeated tissue biopsies all pointing to a histological diagnosis of primary
adenocarcinoma of the lung, finally led us to treat the patient with NSCLC-oriented chemotherapy. The
objective response to the lung-oriented chemotherapy confirmed the diagnosis of NSCLC ex juvantibus.

Second, the patient would have been probably treated for lung cancer from the onset of the thoracic
lesion if the TMPRSS2:ERG fusion had not been found using the multi-gene NGS panel, and a single
specific gene molecular test approach would have been applied instead. In the current era of widespread
molecular cancer profiling with NGS panels, it should be considered that the occurrence of rare or
unexpected genetic variants may be sometimes misleading. The advantages of large molecular cancer
profiling are clearly greater than its drawbacks, but data coming from wide genetic analyses must be
always considered carefully. Multidisciplinary molecular tumor boards for the cross discussion of
histological, molecular, imaging, and clinical findings are highly required to avoid misinterpretations.

Finally, the TMPRSS2:ERG fusion has to be considered a driver genetic alteration also associated
with NSCLC. The genetic profiles of prostate and lung cancers are clearly distinct in most cases with
the TMPRSS2-ERG fusion being by far the most common genetic alteration in prostate cancer [10].
By contrast, the most common genetic alterations in NSCLC are either smoke related (RAS family) or
p53 related [11]. Although rare, our observation could be replicated by others, particularly with the
rapid shift of lung cancer molecular profiling towards NGS panels almost everywhere. The fusion has
recently been found in a case of SCLC [6]. Recent advances on the key role of TMPRSS2 in the entry of
SARS-CoV-2 in alveolar cells confirms the presence of TMPRSS2 expression in lung tissues. This finding
also bears important therapeutic implications since TMPRSS2 inhibitors such as camostat mesilate are
also potentially active in tumors harboring the TMPRSS2:ERG fusion, regardless of the tumor origin.

Whether TMPRSS2 acts under the androgen regulation also in the lung and the pathogenesis of
the TMPRSS2:ERG fusion in tissues other than the prostate must be elucidated in further biological
studies. In the meantime, we recommend considering the occurrence of this novel actionable gene
fusion in non-prostate-related malignancies.

Supplementary Materials: The following are available online at http://www.mdpi.com/2075-4418/10/12/1109/s1:
Figure S1: immunohistochemical expression of CK7 and TMPRSS2.

http://www.mdpi.com/2075-4418/10/12/1109/s1


Diagnostics 2020, 10, 1109 5 of 5

Author Contributions: Conceptualization, F.G., M.F., A.A. (Andrea Ardizzoni); Formal analysis, E.G., A.A.
(Annalisa Altimari), E.N., F.M.; Writing—original draft, F.G.; Writing—review & editing, A.A. (Andrea Ardizzoni),
M.F. All authors have read and agreed to the published version of the manuscript.

Funding: The research was funded by the Cornelia and Roberto Pallotti Foundation to M.F.

Acknowledgments: This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Conflicts of Interest: The authors declare no conflict of interest.

Patient’s Consent: Consent for photo release and case reporting has been obtained from the patient.

References

1. Cancer Genome Atlas Research Network. The Molecular Taxonomy of Primary Prostate Cancer. Cell 2015,
163, 1011–1025. [CrossRef] [PubMed]

2. Tomlins, S.A.; Laxman, B.; Dhanasekaran, S.M.; Helgeson, B.E.; Cao, X.; Morris, D.S.; Menon, A.; Jing, X.;
Cao, Q. Distinct classes of chromosomal rearrangements create oncogenic ETS gene fusions in prostate cancer.
Nature 2007, 448, 595–599. [CrossRef] [PubMed]

3. Graff, R.E.; Meisner, A.; Ahearn, T.U.; Fiorentino, M.; Loda, M.; Giovannucci, E.L.; Mucci, L.A.; Pettersson, A.
Pre-diagnostic circulating sex hormone levels and risk of prostate cancer by ERG tumour protein expression.
Br. J. Cancer 2016, 114, 939–944. [CrossRef] [PubMed]

4. Gsponer, J.R.; Braun, M.; Scheble, V.J.; Zellweger, T.; Bachmann, A.; Perner, S.; Vlajnic, T.; Srivastava, M.;
Tan, S.H.; Dobi, A.; et al. ERG rearrangement and protein expression in the progression to castration-resistant
prostate cancer. Prostate Cancer Prostatic Dis. 2014, 17, 126–131. [CrossRef] [PubMed]

5. Lara, P.N., Jr.; Heilmann, A.M.; Elvin, J.A.; Parikh, M.; de Vere White, R.; Gandour-Edwards, R.; Evans, C.P.;
Pan, C.-X.; Schrock, A.B. TMPRSS2-ERG fusions unexpectedly identified in men initially diagnosed with
nonprostatic malignancies. JCO Precis. Oncol. 2017. [CrossRef] [PubMed]

6. Ogino, A.; Choi, J.; Lin, M.; Wilkens, M.K.; Calles, A.; Xu, M.; Adeni, A.E.; Chambers, E.S.; Capelletti, M.;
Butaney, M.; et al. Genomic and pathological heterogeneity in clinically diagnosed small cell lung cancer in
never/light smokers identifies therapeutically targetable alterations [published online ahead of print, 2020
Mar 19]. Mol. Oncol. 2020. [CrossRef]

7. Liu, H.; Shi, J.; Wilkerson, M.; Yang, X.J.; Lin, F. Immunohistochemical evaluation of ERG expression in
various benign and malignant tissues. Ann. Clin. Lab. Sci. 2013, 43, 3–9. [PubMed]

8. Hoffmann, M.; Kleine-Weber, H.; Schroeder, S.; Krüger, N.; Herrler, T.; Erichsen, S.; Schiergens, T.S.; Herrler, G.;
Wu, N.; Nitsche, A.; et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a
Clinically Proven Protease Inhibitor. Cell 2020, 181, 271–280. [CrossRef] [PubMed]

9. Shirato, K.; Kawase, M.; Matsuyama, S. Middle East respiratory syndrome coronavirus infection mediated
by the transmembrane serine protease TMPRSS2. J. Virol. 2013, 87, 12552–12561. [CrossRef] [PubMed]

10. Mosquera, J.M.; Mehra, R.; Regan, M.M. Prevalence of TMPRSS2-ERG fusion prostate cancer among men
undergoing prostate biopsy in the United States. Clin. Cancer Res. 2009, 15, 4706–4711. [CrossRef] [PubMed]

11. Dall’Olio, F.G.; Conci, N.; Rossi, G.; Fiorentinoc, M.; De Giglioa, A.; Grillia, G.; Altimarid, A.; Gruppionid, E.;
Filippinia, D.M.; Di Federicoa, A.; et al. Comparison of Sequential Testing and Next Generation Sequencing in
advanced Lung Adenocarcinoma patients—A single centre experience. Lung Cancer 2020, 149, 5–9. [CrossRef]
[PubMed]

Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/j.cell.2015.10.025
http://www.ncbi.nlm.nih.gov/pubmed/26544944
http://dx.doi.org/10.1038/nature06024
http://www.ncbi.nlm.nih.gov/pubmed/17671502
http://dx.doi.org/10.1038/bjc.2016.61
http://www.ncbi.nlm.nih.gov/pubmed/26986253
http://dx.doi.org/10.1038/pcan.2013.62
http://www.ncbi.nlm.nih.gov/pubmed/24469092
http://dx.doi.org/10.1200/PO.17.00065
http://www.ncbi.nlm.nih.gov/pubmed/29629426
http://dx.doi.org/10.1002/1878-0261.12673
http://www.ncbi.nlm.nih.gov/pubmed/23462600
http://dx.doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/pubmed/32142651
http://dx.doi.org/10.1128/JVI.01890-13
http://www.ncbi.nlm.nih.gov/pubmed/24027332
http://dx.doi.org/10.1158/1078-0432.CCR-08-2927
http://www.ncbi.nlm.nih.gov/pubmed/19584163
http://dx.doi.org/10.1016/j.lungcan.2020.08.008
http://www.ncbi.nlm.nih.gov/pubmed/32932213
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

