Thoracic Cancer

Open Access,

Thoracic Cancer ISSN 1759-7706

ORIGINAL ARTICLE

Clinicopathological characteristics of primary lung nuclear
protein in testis carcinoma: A single-institute experience
of 10 cases

Yoon Ah Cho' ©, Yoon-La Choi’, Inwoo Hwang', Kyungjong Lee? ©, Jong Ho Cho? & Joungho Han'

1 Department of Pathology and Translational Genomics, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of
Korea

2 Respiratory and Critical Care Division of Department of Internal Medicine, Samsung Medical Center, Sungkyunkwan University School of Medicine
(SKKU-SOM), Seoul, South Korea

3 Department of Thoracic and Cardiovascular Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine, Seoul, Republic of
Korea

Keywords Abstract

Lung cancer; NUT carcinoma; pathology. Background: Nuclear protein in testis (NUT) carcinoma is a rare tumor associated

with NUT rearrangement that can present as poorly differentiated to undifferentiated

*Correspondence

Joungho Han, Department of Pathology and carcinoma, with or without abrupt squamous differentiation. It is often misdiagnosed
Translational Genomics, Samsung Medical as poorly differentiated carcinoma or undifferentiated carcinoma if NUT is not
Center, Sungkyunkwan University School of suspected. In this study, we retrospectively analyzed pulmonary NUT carcinoma cases
Medicine, 81 Irwon-ro, Gangnam-gu, Seoul, diagnosed with NUT immunohistochemical staining and discuss the differential diag-

06351, Republic of Korea.
Tel: +82234102805

Fax: +82234100025
Email: hanjho@skku.edu

nosis to provide information for this rare and aggressive entity.

Methods: Cases, diagnosed as “NUT carcinoma” in lung pleura and “metastatic
NUT carcinoma from the lung” in lymph nodes were diagnosed between 2017
and 2019 at the Samsung Medical Center (SMC). Clinical features such as age,
Received: 12 July 2020; sex, treatment and follow-up period, and pathological reports were obtained by
Accepted: 14 August 2020. reviewing patients’ electronic medical records.

Results: A total of 10 NUT carcinoma cases were found in the SMC pathology
database. Seven patients were men and six were non-smokers. Tumor cells
showed various cellular features such as round, squamoid, and spindle. Some
cases had initially been misdiagnosed as spindle cell neoplasm, round cell sar-
coma, squamous cell carcinoma and small cell carcinoma. All cases showed dif-
fuse strong nuclear expression of NUT immunohistochemical staining, and some
were positive for p63 staining and negative for CD56 staining.

Conclusions: NUT carcinoma is often misdiagnosed because of its various mor-
phologies. It is important to consider NUT as one of the differential diagnoses
when encountering lung biopsy with undifferentiated morphology.
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Key points

o Due to various morphological features, NUT carcinoma can be misdiagnosed

o It is important to consider NUT carcinoma when diagnosing a poorly differ-
entiated or undifferentiated tumor

Introduction organs, including the lung, bladder, pancreas, kidney, and
salivary glands are affected with a diverse range reported in
both age and sex of patients.>™ NUT carcinoma is a very
aggressive disease, patients usually present at an advanced

Nuclear protein in testis (NUT) carcinoma is a rare tumor
associated with NUT rearrangement."* It mostly arises in
midline regions of the head, neck, and thorax but various
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Primary lung NUT carcinoma

stage, and it is refractory to conventional chemotherapy
with an estimated 9% of patients with progression-free sur-
vival of only two years.””’

Histologically, NUT carcinoma presents as poorly differ-
entiated to undifferentiated carcinoma with or without
abrupt squamous differentiation, which shows polygonal
cells with eosinophilic cytoplasm and keratinization.®* "'
The tumor cells are usually composed of monomorphic
and primitive-appearing tumor cells. The undifferentiated
feature of NUT carcinoma leads to various differential
diagnoses, including poorly differentiated non-small cell
carcinoma, small cell lung carcinoma, round cell sarcoma,
and high grade lymphoma.” As a result, it is often misdi-
agnosed as poorly differentiated carcinoma or
undifferentiated carcinoma if NUT is not suspected.””'*!'?
A diagnosis of NUT carcinoma can be made using immu-
nohistochemical staining for NUT protein, which shows
99% negative predictive value and a positive predictive
value of 100%.”'* Previous studies have suggested a
bromodomain inhibitor can be used as a target inhibitor of
BRD-NUT fusion.">'® Approximately 70% of NUT carci-
noma cases are associated with BRD4-NUT fusion and in
the remaining 30%, NUT has been previously reported to
fuse with BRD3 or other unknown genes.'>'”

In this study, we retrospectively analyzed patients with
pulmonary NUT carcinoma diagnosed by NUT immuno-
histochemical staining and discuss the differential diagno-
sis to provide information for this rare and aggressive
entity.

Methods

Case selection

Cases diagnosed as “NUT carcinoma” in lung pleura and
“metastatic NUT carcinoma from the lung” in lymph
nodes between 2017 and 2019 were identified through the
pathology database at the Samsung Medical Center, Seoul,
Republic of Korea. Ultimately, 10 cases were included in
the study. Also consecutive 10 cases of poorly differenti-
ated squamous cell carcinoma (SCC), pleomorphic SCC
and small cell carcinoma (SmCC) were reviewed for histo-
logical comparison. Clinical features such as age, sex, treat-
ment and follow-up period, and pathological reports were
obtained by review of patients; electronic medical records.
Two independent pathologists (YAC and JHH) reviewed
all hematoxylin and eosin (H&E)-stained slides for patho-
logical features including histological morphology, keratini-
zation, lymphovascular invasion, necrosis, and mitosis.
Immunohistochemistry (IHC) slides and gross photo-
graphs were also reviewed. This study was approved by the
Institutional Review Board of Samsung Medical Center
(2020-04-124) and informed consent was waived.

3206  Thoracic Cancer 11 (2020) 3205-3212

Y.A. Cho et al.

Immunohistochemical staining,
interpretation and fluorescence in situ
hybridization assay

We used 5 pM formalin-fixed, paraffin-embedded tissue
sections which were deparaffinized and rehydrated with a
xylene and alcohol solution. Immunohistochemical
staining was performed using the BOND-MAX auto-
immunostainer (Leica Biosystems, Melbourne, Australia)
according to the manufacturer’s protocol. Sections under-
went antigen retrieval with ER2 buffer (pH 8.0) for
20 minutes at 97°C. After treatment with endogenous per-
oxidase blocking for 10 minutes, sections were incubated
with NUT antibody (C52B1, 1:50, Cell Signaling Technol-
ogy, Danvers, Massachusetts) for 15 minutes, and Bond
Polymer Refine Detection (DS9800, Leica Biosystems, Mel-
bourne, Australia) as a secondary antibody for 10 minutes.
IHC slides were interpreted by two independent patholo-
gists (YAC and JHH) as previously described.'> Antibody
against anaplastic lymphoma kinase (ALK) (clone 5A4;
1:30, Novocastra, Newcastle upon Tyne, UK) was used and
evaluation of ALK IHC expression was done as previously
described.'® PD-L1 expression was evaluated using PD-L1
IHC 22C3 pharmDx assay (Dako, Glostrup, Denmark) as
previously described.'” Two independent pathologists
(YAC and JHH) evaluated tumor cells with membranous
PD-L1 staining using tumor proportion scores with cutoff
points as previously described.”® The result of NUT gene
(NUTM1) translocation, break-apart fluorescence in situ
hybridization (FISH) was acquired as a generous gift from
Dr Yoon Kyung Jeon (Seoul National University).

Results

Clinical characteristics

Clinical characteristics of the cases are summarized in
Table 1. A total of seven male and three female patients
were included in the study. The median age at diagnosis
was 38 years (range, 18-49 years). Six patients were non-
smokers and the others were current or ex-smokers. All
cases presented with lung nodules with or without pleural
manifestation. Four patients were diagnosed following rou-
tine health examinations, two patients presented with
cough, two patients presented with chest pain, one patient
presented with right upper quadrant abdominal pain, and
the other patient presented with flank pain. The radiologi-
cal impression of the tumor was non-small cell lung cancer
(nine cases) and malignant tumor (one case). The speci-
mens were obtained from lung, lymph node, and pleural
tissues. The majority of the patients were stage III and IV,
except for one patient with stage IA (Table 1). With regard
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Table 1 Clinical characteristics of 10 nuclear protein in testis (NUT) cases

Primary lung NUT carcinoma

Smoking
Case history Tumor
No. Age Sex Specimen Organ (PY) Clinical symptoms Stage location Treatment Follow-up
1 34 M Biopsy Lung  Ex- Right upper v Peripheral Genexol/carboplatin, radiation Transferred to another
smoker  quadrant therapy, pembrolizumab institute
(7.5) abdominal pain
2 45 M Biopsy Lymph  Non- Incidental (routine IIA  Central  Alimta/carboplatin, Complete response
node  smoker  check-up) pembrolizumab
3 32 M Biopsy Liver Ex- Chest pain, cough IV Central  Refused further treatment Increased liver function test,
smoker transferred to another
(6) institute
4 38 M Biopsy Lymph  Non- Incidental A Central  Palliative gemcitabine/ Complete response
node  smoker (Routine cisplatin, pneumonectomy,
check-up) adjuvant navelbine/cisplatin
5 49 M Mass Pleura Non- Chest pain \% Peripheral Palliative vincristine, Disease progression,
excision smoker doxorubicin, tripegfilgrastim  transferred to another
and radiation institute
6 41 F  Biopsy Pleura Non- Flank pain Y Peripheral s/p palliative gemcitabine/ Partial response
smoker cisplatin
7 44 M Resection Lung  Ex- Incidental (routine IlIA Peripheral Lobectomy, adjuvant Gamma knife surgery for
smoker  check-up) Paclitaxel/carboplatin brain metastasis
(10)
8 48 F  Resection Lung  Non- Cough (routine A Central  Neoadjuvant carboplatin, Complete response
smoker check-up) genexol, pembrolizumab,
lobectomy, adjuvant
pembolizumab
9 43 M Biopsy Lung  Current  Incidental 1A Peripheral Lobectomy with adjuvant Complete response
smoker paclitaxel/carboplatin
(20)
10 18 F  Biopsy Lung  Non- Chest pain \Y Central  Palliative paclitaxel with Stable disease
smoker carboplatin

PY, pack-year; s/p, status post.

to tumor location, they were centrally located in five cases
and peripherally in the remainder.

Initial diagnoses of cases included spindle cell neoplasm,
(metastatic) SCC, and undifferentiated round cell sarcoma.
Except for one patient who refused further treatment and
one patient who underwent surgery, the remaining eight
patients underwent chemotherapy with different regimens.
One patient who had multiple bone and lymph node
metastases died one year after diagnosis. The remaining
patients survived with four patients transferred to other
institutes for further treatment.

Case presentation and pathological
findings

Table 2 summarizes the pathological characteristics. Tumor
cells showed round, squamoid, and spindle cellular fea-
tures. Some patients showed overlapping morphological
features of tumor cells and about 60% of cases showed
squamoid morphology. However, no cases showed kerati-
nization of tumor cells, even in those with predominant
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squamoid features. The cases showed poorly to
undifferentiated features with scant cytoplasm and irregu-
lar nuclear contours. One case (10%) showed increased
mitotic activity. In addition, three cases showed atypical
features, mimicking round cell tumor and undifferentiated
tumor features. Three cases (30%) showed fibrotic stroma
with separated cell clusters. Coagulative necrosis was
observed in four patients (40%). Inflammatory cell infiltra-
tion was identified in six patients (60%): two neutrophilic
and four lymphocytic infiltration, respectively.

Detailed histopathological features of NUT carcinoma
were as follows. Case 1 showed spindle cells that could be
misdiagnosed as spindle cell neoplasm (Fig lab). Squa-
mous cell carcinoma had been previously diagnosed in
three cases. Case 2 and 3 showed squamoid morphology
with abundant clear to eosinophilic cytoplasm; however,
no definite keratinization was found (Fig 1lc,d). Lympho-
cytic infiltration with abrupt necrosis was found around
the tumor cells. In Case 4, most of the cells showed epithe-
lioid features separated by fibrous stroma (Fig le); how-
ever, abrupt changes to squamoid and dyskeratotic cells

3207



Y.A. Cho et al.

Primary lung NUT carcinoma

‘Juasaid ‘A ‘21025 uoiodoid Jowny ‘Sq1 ‘S|ge|ieAe 10U /N ‘1Ussqy ‘N

J9dUBD 3| 911N 9P SIUIUSD) SOP S|PUONEN UOIRIZPDS ‘DDTIN4 L01dada1 401k} YIMOoIb [eulaplds ‘Y493 ‘unessyoild D ‘aseury ewoydwaA| dnsejdeue M1y ‘buiuiels saisod ‘+ ‘buluiels saanebsu ‘—

JusUOdwWod eWOUPIEd

—1950D 'L-411 pajenuaialipun Jusuodwod ewoupied
V/N +:£9d ‘INN N N N punoJ ‘3|puids ‘BWIOUDIED [N Pa)enUaIdyIpun ‘ewouied |NN oL
plowenbs ewounied
VN +:£9d "INN N N N ‘a)purds 1NN YUM JuSIsIsuod  ewouidled INN YHM URlsisuod 6
—950D adAy | ewounied
2dfy pim +:¢9d ‘INN N N N plowenbs  snowenbs ‘ewounied | AN 1192 snowenbs dnejse1a|n ]
ewounied
1NN YHM JUSISISU0d eWOUPIEd | NN YHM
—95aD ‘e9od ‘BLUOUIDIED [|2D |lews 1U)SISUOD ‘BWIOUIDIeD ||
adAy pim + 1NN N A A punoy -Uou ‘pajenualapip AUood  |[BWIS-UOU ‘palenuRIBLIP Aliood A
ewoun.Ied eWOUIDIED
adAy pjim A + 1NN N A (jed0o)) A plowenbs 1NN Jo annsebbng |192 snowenbs dnelsela|n 9
— (3pshw
UI00WS) UDY ‘001-S "MYL Ued’ulwsaq ‘95aD ‘e9d
+ e (€3v/13V) MD
+ (204 1Z-]pg €/€ apeib DDTDON4 ‘ewodies
adAy plim +:¢6d ‘1NN N A N punoy ewounied NN ||2> puNoJ palenualaiipun S
ulaned Jejnpuejbopnasd
— -l yum adAy (192 bun| wouy ewoun.ied
adfy pin +:€9d INN N A A plowenbs  snowenbs ‘ewouinied [NN 192 snowenbs d1eisels ¥
ewounied
=41 1NN Jonej ‘ewouidied
adAy plim +:£9d ‘INN N N A plowenbs pajenualaylp Aliood ewoui.ed (|32 snowenbs €
—:S¥aD '66AD ‘ulueibowoiyd ‘95ad ‘L-4LL plowenbs ewoupIed ewoupied
VN +:€9d “(€3v/13V) XD "INN N N A ‘punoy SUIPIW-1NN dHeIseIdN SulpiW-LNAN dAeIseIRN 4
ewoun.ied
1NN J0 aAnsabbns
adA} piim +:91VIS €A ‘1-411 ‘€9d ‘INN N N N 9|puids ‘uoneJajijoid |93 |edidAry wse|doau || 3|pulds L
snexs s)nsal DHI JBYI0 uonez BUWIOAS  SISOIDBN Abojoydiopy sisoubelp [eul4 sisoubelp [enu 'ON
Y493 -lunesay ono.qly ased

sased (1NN) Sisa} ul uiRjoad Jeapnu Q| Jo sonstaleleyd [ea16ojoyled g ajqel

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.

Thoracic Cancer 11 (2020) 3205-3212

3208



Y.A. Cho et al. Primary lung NUT carcinoma

Figure 1 Histological features of representative nuclear protein in testis (NUT) carcinoma. (a, b) NUT carcinoma consists of spindle cells that can be
misdiagnosed as spindle cell neoplasm (Case 1). (c) The tumor shows abrupt transition to a squamoid component intermingled with undifferentiated
features (Case 2); and (d) may show necrosis (Case 3). (e) Tumors might be separated with fibrous stroma (Case 4). (f-h) The undifferentiated round
cells without cytoplasm can mimic round cell sarcoma (Case 5). (i, j) There might be mitotic and pleomorphic features (Case 7); and (k, 1) small round

tumors with suspicious nuclear molding and inconspicuous nucleoli for neuroendocrine tumors (Case 10).

with clear cytoplasm were identified. Necrosis was also eas-
ily found. Case 8 showed a lobulated growth pattern
divided with fibrous stroma. The tumor cells consisted of
polygonal cells with scant cytoplasm and inconspicuous
nucleoli. Neither necrosis, keratinization, nor abrupt
change of dyskeratotic cells were identified. Similar to
NUT carcinoma, poorly differentiated SCCs consisted of
epithelioid cells, without mature keratinization and were
separated by fibrous stroma. Case 5 was initially diagnosed
as undifferentiated round cell sarcoma, Fédération
Nationale des Centres de Lutte le Cancer (FNCLCC) grade
3/3. Radiological findings suggested pleural malignancy
such as sarcoma and mesothelioma due to diffuse pleural
infiltration with fluid collection in the right hemithorax
and pleural seeding. The tumor showed undifferentiated
features with scant cytoplasm, high nuclear to cytoplasmic
ratio, and round and spindle morphology (Fig 1f-h). Case
7 showed pleomorphic features (Fig 1i,j). Cells were sepa-
rated by fibrous stroma and three mitotic figures were
found. Pleomorphic features were also found in some
SCCs. Similar to NUT carcinomas, there was lymphocytic
and neutrophilic infiltration with fibrous stroma. Case
10 showed undifferentiated features with high nuclear to

Thoracic Cancer 11 (2020) 3205-3212
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cytoplasmic ratio, inconspicuous nucleoli, and severe
crushing artifacts without definite necrosis and mitotic fig-
ures (Fig 1k,1). SmCCs also showed similar histological fea-
tures, such as severe crushing artifacts and scant
cytoplasm.

Immunohistochemical and fluorescence in
situ hybridization findings

All cases showed diffuse strong nuclear expression of
NUT. Five cases showed positive p63 IHC staining, with
three cases (Cases 3, 4, and 8) showing squamoid features.
One case showed TTF-1 positivity and remaining cases
showed negative staining. All cases showed negative
staining for CD56. Additional immunostaining was per-
formed in cases with unusual morphology. Case 1, which
showed spindle cell morphology, showed positivity for
CD34, p63, STAT6, and TTF-1, with negativity for CK
(AE1/AE3). Case 5 showed negativity for desmin, panTrk,
CD34, S-100, CD56, and smooth muscle actin staining and
weak positivity for CK(AE1/AE3) staining. Case 10, which
presented with spindle to round cell morphology with fine

3209
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Figure 2 Immunohistochemical staining of representative nuclear protein in testis (NUT) carcinoma. Case 1 shows positive staining for (a) cytokeratin
(AET/AE3): (b) NUT: and (c) STAT6. Case 3 shows positive staining for (d) NUT; and (e) p63. (f) NUT; and (g) p63 can be positive, as in Case 4. Diffuse
NUT staining is shown for (h) Case 5; and (i) Case 7. (k) Case 5 and Case 7 showed NUT translocation confirmed by fluorescence in situ hybridiza-

tion. Case 10 showed positive (j) NUT; and negative staining for (I) CD56.

chromatin, was suspicious for neuroendocrine features and
diffuse growth patterns. The tumor showed no necrosis
and fibrotic stroma. This case showed positivity for p63
and negativity for CD56 staining. The representative
immunostaining results are shown in Figure 2. Two cases,
showing p63 THC negativity also showed NUT transloca-
tion by fluorescence in situ (FISH) assay (Fig 2). All cases
diagnosed as poorly differentiated SCCs, pleomorphic
SCCs and SmCCs showed negative staining for NUT IHC.

Discussion

Due to various histological features, NUT carcinoma can
be misdiagnosed as other tumors when NUT is not
suspected.5’7’12’13 NUT carcinoma can present as entirely
undifferentiated carcinoma or present with abrupt transi-
tion to squamous differentiation.*'' In this study, four
cases were initially diagnosed as squamous cell carcinoma
due to evident squamoid morphology; however, in all
cases, there was no definite mature keratinization. In previ-
ous studies, keratinization is often focal, which can cause
sampling bias."'® When abrupt keratinization in

3210  Thoracic Cancer 11 (2020) 3205-3212

undifferentiated carcinoma is observed, NUT carcinoma
may be suspected.

In the present study, six out of 10 cases showed neutro-
philic or lymphocytic inflammatory cell infiltration.
Inflammatory cell infiltration has also been reported in a
previous study.”’ The presence of poorly or
undifferentiated tumors in a background of neutrophilic
infiltration might suggest the possibility of NUT
carcinoma.

One case in our study showed spindle cell morphology,
with an initial diagnosis of spindle cell neoplasm. In a pre-
vious study, various IHC was performed in a patient with
NUT carcinoma with spindle cell morphology to rule out
spindle cell carcinoma, high grade neuroendocrine tumor,
and sarcoma.”” In our case, CD34 and STAT6 staining was
positive, which was suspicious of a solitary fibrous tumor,
but the patient presented with a lung mass with aggressive
biological behavior. Intraparenchymal solitary fibrous
tumors are very rare and usually benign,”® and not com-
patible with our case. However, NUT IHC was performed
and the patient was finally diagnosed with NUT carci-
noma. Further studies are needed to explore whether aber-
rant expression of CD34 and STAT6 expression in NUT

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.
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carcinoma is clinically significant. In addition, in the clini-
cal setting of intrapulmonary mass with extensive spindle
cells, NUT carcinoma should be also included in the differ-
ential diagnosis together with spindle cell carcinoma, pleo-
morphic carcinoma, and sarcoma.

NUT carcinoma can mimic undifferentiated round cell
sarcoma,® since the tumor may consist of small cells with
round nuclei and scant cytoplasm.** In four of our cases
scant cytoplasm, with round morphology was evident.
Although one of the cases mimicked mesothelioma and
round cell sarcoma, the immunostaining profile was not
indicative of mesothelioma or round cell sarcoma. After
intradepartmental discussion, NUT IHC was performed to
make a final diagnosis. In addition, round cell morphology
with inconspicuous nucleoli and scant cytoplasm might be
reminiscent of neuroendocrine tumors, as in Cases 2, 7,
8 and 10; however, CD 56 staining was negative.

NUT carcinoma in our study showed poorly to
undifferentiated morphology with or without necrosis, and
this can mimic various diagnoses. All our cases showed dif-
fuse strong positive staining for NUT immunostaining. In
various studies, NUT immunostaining showed 99% nega-
tive predictive value and positive predictive value of
100%,>'* thus immunostaining is useful in daily practice
even in patients with various morphologies.

Clinically, age of patients ranged from 18 to 49 years
old, which is in accordance with previous studies."®*'*
Patient symptoms included cough, chest pain, and flank
pain, which are nonspecific. Four cases diagnosed inciden-
tally on routine health check-up showed no evidence of
disease after operation and adjuvant chemotherapy; how-
ever, the remaining patients showed disease progression or
no response to chemotherapy and radiation therapy.

In conclusion, NUT carcinoma can be a diagnostic chal-
lenge due to the various morphologies of the tumor and
rarity of the disease. Thus, it is important to consider NUT
carcinoma as a differential diagnosis when encountering
lung biopsy with undifferentiated morphology.

Acknowledgments

We would like to thank Yoon Kyung Jeon (Seoul National
University), for the NUT FISH assay.

Disclosure

The authors have no conflicts of interest to declare.

References

1 French CA, Kutok JL, Faquin WC et al. Midline carcinoma
of children and young adults with NUT rearrangement.
J Clin Oncol 2004; 22 (20): 4135-9.

Thoracic Cancer 11 (2020) 3205-3212

Primary lung NUT carcinoma

2 Zhou L, Yong X, Zhou J, Xu J, Wang C. Clinicopathological
analysis of five cases of NUT midline carcinoma, including
one with the gingiva. Biomed Res Int 2020; 1: 6. https://doi.
org/10.1155/2020/9791208.

3 Mao N, Liao Z, Wu J et al. Diagnosis of NUT carcinoma of
lung origin by next-generation sequencing: Case report and
review of the literature. Cancer Biol Ther 2019; 20
(2): 150-6.

4 French CA. NUT carcinoma: Clinicopathologic features,
pathogenesis, and treatment. Pathol Int 2018; 68 (11):
583-95.

5 Chau NG, Hurwitz S, Mitchell CM et al. Intensive treatment
and survival outcomes in NUT midline carcinoma of the
head and neck. Cancer 2016; 122 (23): 3632-40.

6 Lemelle L, Pierron G, Freneaux P et al. NUT carcinoma in
children and adults: A multicenter retrospective study.
Pediatr Blood Cancer 2017; 64 (12). https://doi.org/10.1002/
pbc.26693.

7 Sholl LM, Nishino M, Pokharel S et al. Primary pulmonary
NUT midline carcinoma: Clinical, radiographic, and
pathologic characterizations. ] Thorac Oncol 2015; 10
(6): 951-9.

8 Evans AG, French CA, Cameron M] et al. Pathologic
characteristics of NUT midline carcinoma arising in the
mediastinum. Am J Surg Pathol 2012; 36 (8): 1222-7.

9 Bishop JA, Westra WH. NUT midline carcinomas of the
sinonasal tract. Am ] Surg Pathol 2012; 36 (8): 1216-21.

10 Davis BN, Karabakhtsian RG, Pettigrew AL, Arnold SM,
French CA, Brill YM. Nuclear protein in testis midline
carcinomas: A lethal and underrecognized entity. Arch
Pathol Lab Med 2011; 135 (11): 1494-8.

11 Stelow EB, Bellizzi AM, Taneja K et al. NUT rearrangement
in undifferentiated carcinomas of the upper aerodigestive
tract. Am J Surg Pathol 2008; 32 (6): 828-34.

12 Cho HJ, Lee HK. Lung nuclear protein in testis carcinoma in
an elderly Korean woman: A case report with
cytohistological analysis. Thorac Cancer 2020; 11: 1724-7.
https://doi.org/10.1111/1759-7714.13438.

13 Lee T, Cho J, Baeck CH et al. Prevalence of NUT carcinoma
in head and neck: Analysis of 362 cases with literature
review. Head Neck 2020; 42 (5): 924-38.

14 Haack H, Johnson LA, Fry CJ et al. Diagnosis of NUT
midline carcinoma using a NUT-specific monoclonal
antibody. Am J Surg Pathol 2009; 33 (7): 984-91.

15 Filippakopoulos P, Qi J, Picaud S et al. Selective inhibition
of BET bromodomains. Nature 2010; 468 (7327): 1067-73.

16 French CA. Pathogenesis of NUT midline carcinoma. Annu
Rev Pathol 2012; 7: 247-65.

17 French CA, Ramirez CL, Kolmakova J et al. BRD-NUT
oncoproteins: A family of closely related nuclear proteins
that block epithelial differentiation and maintain the growth
of carcinoma cells. Oncogene 2008; 27 (15): 2237-42.

18 Shin SH, Lee H, Jeong B-H et al. Anaplastic lymphoma
kinase rearrangement in surgically resected stage IA lung
adenocarcinoma. J Thorac Dis 2018; 10 (6): 3460-7.

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd. 3211


https://doi.org/10.1155/2020/9791208
https://doi.org/10.1155/2020/9791208
https://doi.org/10.1002/pbc.26693
https://doi.org/10.1002/pbc.26693
https://doi.org/10.1111/1759-7714.13438

Primary lung NUT carcinoma

19

20

21

3212

Lee SE, Kim Y], Sung M et al. Association with PD-L1
expression and clinicopathological features in 1000 lung
cancers: A large single-institution study of surgically resected
lung cancers with a high prevalence of EGFR mutation. Int J
Mol Sci 2019; 20 (19). https://doi.org/10.3390/ijms20194794.
Cho JH, Zhou W, Choi YL et al. Retrospective molecular
epidemiology study of PD-L1 expression in patients with
EGFR-mutant non-small cell lung cancer. Cancer Res Treat
2018; 50 (1): 95-102.

Lee T, Choi S, Han J, Choi YL, Lee K. Abrupt dyskeratotic
and squamoid cells in poorly differentiated carcinoma: Case
study of two thoracic NUT midline carcinomas with

Thoracic Cancer 11 (2020) 3205-3212

22

23

24

Y.A. Cho et al.

cytohistologic correlation. J Pathol Transl Med 2018; 52 (5):
349-53.

Pelosi G, Cannone M, Balladore E et al. Spindle cell nuclear
in testis carcinoma of the lung: A challenging tumor.

J Thorac Oncol 2019; 14 (2): 311-3.

Schiavoni E, Alvarez Padilla F, Bustos M. Intrapulmonary
solitary fibrous tumors: Benign or malignant? Arch
Bronconeumol 2016; 52 (4): 225-6.

Kuroda S, Suzuki S, Kurita A et al. Cytological features of a
variant NUT midline carcinoma of the lung harboring the
NSD3-NUT fusion gene: A case report and literature review.
Case Rep Pathol 2015; 1: 5. https://doi.org/10.1155/2015/
572951.

© 2020 The Authors. Thoracic Cancer published by China Lung Oncology Group and John Wiley & Sons Australia, Ltd.


https://doi.org/10.3390/ijms20194794
https://doi.org/10.1155/2015/572951
https://doi.org/10.1155/2015/572951

	 Clinicopathological characteristics of primary lung nuclear protein in testis carcinoma: A single-institute experience of ...
	Introduction
	Methods
	Case selection
	Immunohistochemical staining, interpretation and fluorescence in situ hybridization assay

	Results
	Clinical characteristics
	Case presentation and pathological findings
	Immunohistochemical and fluorescence in situ hybridization findings

	Discussion
	Acknowledgments
	Disclosure
	References


