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Introduction

NUT midline carcinoma (NMC) is a rare and highly 
aggressive carcinoma, sharing some histopathologic 
characteristics with squamous cell carcinomas (1). 
From the first case reported by Kubonishi et al. in 
1991 (2), it has attached much interest. In contrast to 
other squamous cell carcinomas, NMC is defined by a 
chromosomal rearrangement involving the gene nuclear 
protein in testis (NUT; also known as NUTM1) on 
chromosome 15, contributing to the fusion of NUT to 
bromodomain-containing protein 4 (BRD4) in most cases 
and bromodomain-containing protein 3 (BRD3) in minor  

cases (3). It has no gender preference and can affect patients 
from neonatal period to eighth decade of life but mainly 
among children and young adult patients (4). Importantly, 
though rare, most cases are at an advanced stage and 
progress rapidly to death when diagnosis (5). NMC has a 
tendency to arise from midline anatomical sites, especially 
the head and neck and the mediastinum (6,7). However, the 
primary pulmonary NMC is exceptionally rare from existing 
literature and the diagnosis and differential diagnosis are 
challenging. So, in the present study, the authors present 
a case of NMC arising primarily in the lung and aim to 
emphasize the diagnosis and treatment of this kind of 
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carcinoma. The following case presented by us conforms 
with the CARE-Guideline (8). We present the following 
case in accordance with the CARE reporting checklist  
(available at http://dx.doi.org/10.21037/acr-19-168).

Case presentation

A 69 years old man with no apparent clinical symptoms 
underwent a physical examination on June 11, 2018. 
Computed tomography at local hospital demonstrated 
a mass measuring approximately 1.7 cm × 1.1 cm ×  
2.5 cm in the apex of left upper lobes as well as the left hilar 
lymph node (Figure 1), which indicated T3N1M0 IIIa stage 
disease according to the international standard in TNM 
staging of pulmonary carcinoma. In addition, there were 
two subpleural calcified nodules in the anterior segment 
of the right upper lobe. The patient had a medical history 
of hypertension and atrial fibrillation for 1 year. Because 
this patient was in a good general condition and there was 
no evidence of metastatic disease, he underwent the left 
upper lobectomy plus regional lymphadenectomy with 
curative intent. A mass measuring 2.5 cm × 1.5 cm in the 
apical segment of the left upper lobe can be seen during 
the surgery. In addition, there was metastatic lymph nodes 
abutting bronchus confirmed by postoperative pathological 
diagnosis. After a genetic test using tissues was conducted, 
an EGFR mutation and the amplification of ALK, KRAS, 
BRAF, ERBB2, ROS1, NRAS etc. were not detected at 
that time. An initial diagnosis of neuroendocrine carcinoma 
with adenocarcinoma was rendered by local hospital 
and this patient was referred to our center for further 
management on July 25, 2018. After reviewing the case 
by our pathologists, the patient was suspected as NMC. A 
histological examination of surgical specimens revealed a 

poorly differentiated neoplasm sharing some histopathologic 
features with squamous cell carcinomas. The tumor 
cells showed proliferation of nest-like distribution 
accompanied by focal abrupt keratinization without the 
gradual differentiation of the squamous epithelial layer and 
surrounded by fibrous tissue hyperplasia and inflammatory 
infiltration in different degree. Immunohistochemical 
staining was diffusely positive for p63 and CD56 and 
was partially positive for CK56, Ki-67/MIB-1 (+30%) 
and PCK (Figure 2), but negative for PDL1 (22C3), P40, 
Syna, CaA, CK7, NapsinA, TTF-1. The reliability of 
the initial diagnosis of neuroendocrine carcinoma with 
adenocarcinoma was doubted by our pathologist, because 
the histopathologic features and immunohistochemical 
staining did not support it. There was also a possibility 
of poorly differentiated squamous cell carcinoma, but 
the patient was a non-smoker and his disease progressed 
rapidly. Therefore, the fluorescence in situhybridization 
(FISH) analysis was performed using NUTM1 dual color 
break apart probe (ZytoLight® SPEC NUTM1 Dual 
Color Break Apart Probe, ZytovisionGmbH, Germany) 
on paraffin-embedded sections of resected specimen and 
the result was positive, which indicated that the percentage 
of translocation cells was 65% (positive criteria was over 
15%) (Figure 3). Given the histopathologic features, 
immunohistochemistry along with the result of FISH, the 
diagnosis of NMC was confirmed.

Consider ing the  poor  prognos i s  of  NMC and 
postoperative high-risk recurrence factors, this patient was 
given further adjuvant chemotherapy of etoposide combined 
with cisplatin plus bevacizumab (Avastin™), specifically 
etoposide 130 mg d1, 100 mg d2–5; cisplatin 50 mg d1;  
40 mg d2–3, bevacizumab 500 mg d1, 21 days repeated 
from August 24, 2018 to October 13, 2018. CT of the chest 

Figure 1 Disease status at diagnosis by CT scan (axial). (A) Mass (arrow) on lung window; (B) mass (arrow) on mediastinal window; (C) left 
hilar lymph node (arrow) on mediastinal window.
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Figure 2 Pathologic features of this case. (A,B) Pathology image of resected specimen by hematoxylin and eosin stain showing the tumor 
cells of nest-like distribution accompanied by sudden focal keratosis pattern and surrounded by fibrous tissue hyperplasia and inflammatory 
infiltration in different degree (A: 200×, B: 400×); (C,D,E,F) Immunohistochemistry staining of tumor cells from a resected specimen that 
were positive for p63 (C), MIB-1 (D), CD56 (E) and CK56 (F) (200×).
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performed after two cycles of combined chemotherapy 
showed no tumor recurrence or metastasis. Molecular 
analysis with next-generation sequencing (NGS) were 
conducted on September 17, 2018 in postoperative tissue 
and 5 somatic variants were detected by the NGS genetic 
testing panel (OncoScreen Plus™, Burning Rock Company, 
China) covering 520 genes including whole exon regions of 
312 genes and hotspot mutation regions (exons, introns, and 
promoter regions) of 208 genes. The results are summarized 
in Table 1. In this specimen, the tumor mutational burden 

(TMB) was 1.6 mut/Mb and microsatellite instable (MSI) 
was microsatellite stable. However, this patient suspended 
treatment because of acute heart failure on the fourth day 
of the third cycle of chemotherapy. Later, from November 
3, 2018, he accepted etoposide combined with carboplatin 
plus bevacizumab (etoposide 110 mg d1–2, 100 mg d3–5; 
carboplatin 340 mg d1; bevacizumab 500 mg d1) in the 
fourth cycle. On April 26, 2019, the CT of chest indicated 
no recurrence or metastasis and this patient remains disease-
free at 10 months. The timeline was shown in Figure 4. 
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Written informed consent was obtained from the patient 
for publication of this manuscript and any accompanying 
images.

Discussion

NMC is an orphan but aggressive disease. Till now, there 
has been less than 50 cases arising in lung were reported 
to our best of knowledge in English literature (10). Most 

patients were at an advanced stage at diagnosis and the 1-, 
2- and 5-year overall survival (OS) was 21.81%, 7.27% and 
0%, respectively. However, patients with metastatic disease 
and tumor size more than 5 cm (largest tumor dimension) 
had significantly poorer OS. So, the present case may have 
a relatively good prognosis for its non-metastatic disease 
and small tumor size. Interestingly, NMC is a young age 
carcinoma, because the median age at diagnosis was only  
23 years old for the whole NMC patients as reported (10). 
It is caused by the rearrangement of chromosome involving 
the NUT gene, instead of being associated with hundreds 
of mutations and other environmental factors, which may 
arise over a period of many years (4). However, in the 
present study, our case was diagnosed at 69 years old with 
no symptoms and metastasis. This phenomenon did make 
some difficulty for the initial diagnosis.

The diagnosis of NMC depends on the demonstration 
of NUT gene rearrangement or misexpression. There are 
several methods available for the diagnosis of NMC, such as 
immunohistochemistry, karyotype, FISH (3), RT-PCR (11) 
and NGS (12). Because NMC is rare, these methods are not 
routinely applied to every patient with carcinoma, leading 
to the misdiagnosis or late diagnosis of this disease.

Till now, there has been no standard therapy for 
NMC. Surgery is still the primary treatment for NMC 
if patients can be diagnosed at the early stage. NMC is 
often initially responsive to chemotherapy and radiation, 
but it invariably recurs rapidly and does not respond to 
subsequent therapeutic interventions (13). However, 

Figure 3 The translocations involving the chromosomal region 
15q14 harboring the NUTM1 gene was detected as distinct red 
and green signals in dual-color FISH assays. The split-apart red 
and green signals indicated NUT rearrangement in 65% of the 
tumor cells. Magnification, 1,000×.

Table 1 Variants detected by NGS

Variants Mutation type Allele fraction Target therapy

CCND1 (BCL1, 
B-cell leukemia/
lymphoma1)

Copy number gain (CN =3.89), NM_053056.2, 
cytogenetic location: 11q13.3

Palbociclib (possible responsiveness) (9), 
abemaciclib (possible responsiveness), 
ribociclib (possible responsiveness), G1T28 
(possible responsiveness)

DDR2 (discoidin 
domain receptor 
tyrosine kinase 2)

Exon 12 Missense, NM_001014796.1, 
c.1279A>G, p.Lys427Glu (Figure 4)

Allele 
fraction: 
24.53%

Dasatinib (uncertain)

CSF1R (colony-
stimulating factor-1 
receptor)

Exon 18 Missense, NM_001288705.1, 
c.2486A>C, p.Asp829Ala

Allele 
fraction: 
21.80%

None

DAXX (death domain-
associated protein 6)

Copy number gain (CN =4.22), NM_001141970.1, 
cytogenetic location: 6p21.32

None

RUNX1 Copy number gain (CN =3.77), NM_001754.4, 
cytogenetic location: 21q22.12

None

NGS, next-generation sequencing.
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Surgical resection at 
local hospital

11/06/2018 25/07/2018 26/04/2019

Adjuvant chemotherapy

24/08/2018-13/10/2018
1st-3rd cycles

03/11/2018-24/11/2018 
4th cycles

Diagnosed as NMC 
in our hospital

Etoposide, Cisplatin, 
Bevacizumab

Etoposide, Carboplatin, 
Bevacizumab

No recurrence and 
metastasis on CT

Figure 4 The timeline of the patient.

Filippakopoulos et al. found that selective inhibition of 
BET bromodomains could be effective for NMC (14), 
and following a novel oral BET inhibitor, OTX015/MK-
8628, is currently in clinical development for targeting 
BRD2/3/4/T, and two NMC patients have responded 
rapidly to this inhibitor (15). As it is mentioned above, we 
assess two biomarkers of immunotherapy for this patient. 
The immunohistochemical staining of PDL1 was negative 
and the TMB was low expression, which suggest that he 
might not benefit from immunotherapy.

Stefano et al. (16) firstly reported that metastatic NMC 
patients carried other somatic mutations including deleted 
in colorectal cancer (DDC), mixed lineage leukemia protein 
3, and splicing factor 3B subunit genes in NMC cells. In 
the present case, we conduct the NGS for the patient. 
Interestingly, 5 variants including CCND1, DDR2, CSF1R, 
DAXX, and RUNX1 were found.

The  cyc l in  D1  (CCND1)  gene  i s  l oca t ed  on 
Chromosome 11q13, the amplification of which can be 
detected in different kinds of human malignancies. CCND1 
encodes cyclin D1 that regulates cell cycle by forming 
active complexes with either CDK4 or CDK6, which in 
turn phosphorylate the retinoblastoma protein (Rb) and 
drive G1 to S phase progression (9). The dysregulation of 
CCND1 may alter cell cycle progression and contribute 
to tumorigenesis. Several clinical trials had confirmed 
CDK4/6 related inhibitors may be sensitive to CCND1-
amplified tumors (17). If CCND1 was identified to play a 
role in NMC, new therapeutic inhibitors targeting CDK4/
CDK6 should be considered.

The discoidin domain receptor 2 (DDR2) gene is 
localized in chromosome 1q23 which is a member of 
the discoidin domain receptor subclass of the receptor 
tyrosine kinase (RTKs) protein family. It is known that 
DDR2 alterations lead to more aggressive phenotypes of 
cancer (18). Several clinical activity and cases suggest that 

patients with advanced non-small-cell lung cancer and a 
DDR2 mutation responded to dasatinib treatment (19-21).  
However, p.Lys427Glu is not located in functional 
domain of DDR2 protein, so the efficacy of dasatinib is 
uncertain for this patient. In addition, immunotherapy in 
patients with DDR2 mutation is also in debate. MinYuen  
et al. (22) identified that in patients with urothelial cancer, 
the effective rate of immunotherapy in patients with 
deleterious DDR mutation was the higher compared with 
DDR alterations of unknown significance, but the effective 
rate was the lowest in patient with wild-type DDR genes, 
which indicating immune checkpoint inhibitors might 
be the potential therapy for NMC patients with DDR2 
alterations.

A novel colony-stimulating factor 1 receptor (CSF1R) 
missense mutation, c.2486A>C p.Asp829Ala, was identified 
in the patient. It is the first time to report this mutation 
in a malignant tumor according to the TCGA pan-cancer 
database. It is localized in chromosome 5q32. Mutations in 
this gene have been associated with an autosomal dominant 
disease called hereditary diffuse leukoencephalopathy 
with spheroids and with a predisposition to myeloid  
malignancy (23). In case of CSF1R mutation involvement 
in NMC, theoretically, corresponding tyrosine kinase 
inhibitors can be taken into account.

The overexpression of death domain-associated 
prote in (DAXX) i s  a  common feature  in  diverse 
cancers, which correlates with tumorigenesis, disease 
progression and treatment resistance (24). Additionally, 
immunohistochemistry analysis of tumor specimens has 
documented increased DAXX expression levels in several 
cancer types including prostate, ovarian, oral squamous 
cell carcinoma, and lung cancer (25). Further studies 
will be required to clarify roles of DAXX in lung cancer 
tumorigenesis and to explore the appropriate treatment 
strategy.
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RUNX1 gene is located on chromosome 21 which 
participates in regulating the differentiation and maturation 
of hematopoietic stem cells and plays a key role in 
embryonic development and adult hematopoiesis. However, 
the overexpressed RUNX proteins is not only associated 
with leukemia development, but also with solid tumor 
formation in the skin, lungs, intestines and breasts (26). If 
the involvement of RUNX1 in NMC was confirmed, there 
would be more treatment options for this patient.

The strengths of this case are that we demonstrated a 
rare primary lung NMC with detailed process of diagnosis, 
treatment and gene mutations which may contribute to the 
more therapy options for this disease. However, we do not 
have the opportunity to find out the exact rearrangement of 
NUTM1 gene fusion. Furthermore, more cases and studies 
are required to clarify and verify the roles of these gene 
mutations in NMC.

Conclusions

Primary pulmonary NMC is a rare and aggressive disease 
with poor prognosis. Till now, there has been less than  
50 case arising in lung were reported to our best of 
knowledge in English literature and this is the first case 
report of pulmonary NUT carcinomas with DDR2, 
CCND1, CSF1R, RUNX1 and DAXX somatic mutations, 
it is aimed at suggesting characteristic diagnostic features 
and possible therapeutic approaches towards this aggressive 
neoplasm. However, further clinical trials need to confirm 
the role of these variants in NMC development and develop 
potential therapy for NMC patients.
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