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Abstract:

Nuclear protein of the testis (NUT) midline carcinoma (NMC) is a rare malignant tumor expressing NUT
with BRD4/3 rearrangements and is sometimes misdiagnosed as germinoma, especially in alpha-fetoprotein
(AFP)-elevated cases. A 28-year-old man had a mediastinal tumor with multiple bone metastases and elevated
AFP levels. Imaging/laboratory findings led to a pathological diagnosis of extragonadal germinoma. After un-
successful treatment with etoposide-cisplatin, he was re-diagnosed with sarcoma due to vimentin-positive
findings. He was treated with adriamycin-ifosfamide, which resulted in disease-control. A posthumous exami-
nation clarified the NUT rearrangement. Even in cases with characteristic findings, such as elevated AFP lev-
els and vimentin positivity, NMC should be considered as a differential diagnosis. We note, however, that
adriamycin-ifosfamide has some efficacy in such cases.
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Introduction

Nuclear protein of the testis (NUT) midline carcinoma
(NMC) is an uncommon and highly lethal neoplasm (1).
The prognosis is extremely, poor, with a median survival of
only 4.7 months in a previous study (2), and the median age
at the onset is 21.9 years old (3). The hallmark of NMC is
the genetic rearrangement of the NUT gene (on chromosome
15) with either BRD4 [t(15;19)(q13.2;p13.1)] or BRD3 (on
chromosome 19), and in NMC cases, tumor cells show posi-
tive staining for NUT in immunochemical analyses (4-7).

In representative cases with NMC, malignancies fre-
quently arise from the midline trunk or upper aerodigestive
tract; such cases are associated with rapid progression, a
poor response to cytotoxic agents and exceedingly poor dif-
ferentiation (8, 9). They are sometimes initially diagnosed as
other neoplasms, such as germ cell tumor (10), thymic can-
cer (11) or non-small-cell lung cancer (12). Indeed, a previ-
ous study reported that 50% of NMC patients were initially

diagnosed with other malignancies (2). Furthermore, the di-
agnosis of midline tumors is challenging, and oncologists
are forced to rely on tumor markers, the tumor location and
morphologic findings in order to determine therapeutic
strategies.

In young men with midline thorax tumors and elevated
alpha-fetoprotein (AFP) levels, oncologists tend to adminis-
ter a germ cell tumor regimen [bleomycin, etoposide and
cisplatin (BEP)] (13-15). This is because the initial diagno-
sis is that of an extra-gonadal germ cell tumor, for which
this treatment is expected to elicit a complete response. In
cases where tumors have features of non-round-cell sarco-
mas with vimentin expression, oncologists tend to use an
adriamycin-based regimen, as the initial diagnosis is that of
non-round cell sarcoma (16), where at least a partial re-
sponse is anticipated. Thus, clinicopathological features of
elevated serum AFP levels or immunohistochemical
vimentin expression are important not only for the making
correct diagnosis but also for selecting the optimal che-
motherapeutic regimen.
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Figure 1.

CT, PET/CT findings. a, b: Before etoposide and cisplatin treatment. The bulky tumor in

the left thorax and left lung lower lobe collapse are shown. c: After etoposide and cisplatin treatment

and before adriamycin and ifosfamide treatment. Note the increased pleural effusion and progressive

dislocation of the heart and trachea. d: Shows virtually no tumor progression following adriamycin

and ifosfamide treatment.

We herein report a young man with mediastinal tumor
that was initially diagnosed as an extra-gonadal germ cell
tumor due to elevated AFP levels (first-line BEP treatment
response; poor). A subsequent diagnosis of non-round cell
sarcoma was made due to the detection of vimentin expres-
sion (a moderate clinical response was elicited following
second-line adriamycin and ifosfamide treatment). A final
diagnosis of NMC was made posthumously upon a further
examination.

Case Report

A 25-year-old Japanese man presented to us after experi-
encing a slight fever and cough for 3 weeks. His personal
and family histories were unremarkable. He had smoked 10
cigarettes per day for 7 years and had a glass of beer a
week. Whole-body computed tomography (CT) showed a
large, 13-cm-diameter bulky tumor in the thorax with left
lower lobe pulmonary collapse, indicating lung cancer
(Fig. 1la). Since concomitant fluorodeoxyglucose-positron
emission tomography (*F-FDG PET)/CT showed bone me-
tastases to multiple areas, including the vertebrae and bilat-
eral femurs (Fig. 1b), an ultrasound-guided transbronchial
mediastinum biopsy was performed.

Blood laboratory tests showed that AFP (74.6 ng/mL: nor-

mal reference range 0.0-15.0 ng/mL), lactate dehydrogenase
(564 TU/L: normal reference range 120-234 IU/L) and C-
reactive protein (5.97 mg/dL: normal reference range 0.0-
0.300 mg/dL) levels were all elevated, while human chori-
onic gonadotropin and carcinoembryonic antigen levels were
within the upper limit of the normal range. An analysis of
the pathology led to the diagnosis of an extra-gonadal germ
cell tumor.

Based on the patient’s age, elevated AFP level, tumor lo-
cation and pathological findings, a clinical diagnosis of an
extra-gonadal germ cell tumor was made, and first-line treat-
ment with germinoma-oriented chemotherapeutic agents was
initiated. Specifically, the patient was treated with both
etoposide and cisplatin, but without bleomycin in order to
avoid pulmonary dysfunction.

However, contrary to expectations, the first-line treatment
failed (Fig. 1c), and a secondary biopsy from a disseminated
thorax tumor was performed immediately by laparoscopy in
order to reevaluate the pathological status. After the re-
biopsy and referral, the patient was transferred by ambu-
lance to our hospital, provisionally in order to administer a
second-line germinoma-oriented chemotherapy,
paclitaxel, cisplatin and ifosfamide (so-called TIP regi-
men) (17). However, the second pathological report indi-
cated a non-round-cell sarcoma, presenting with alveolar and

such as
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Figure 2. Pathological findings. a, b: Hematoxylin and Eosin staining (a: 40xmagnification, b:

400xmagnification). ¢, d: immunohistochemical staining [c: vimentin, d: NUT Family Member 1
(NUTM1)]. e: split signal of the NUTM1 gene on fluorescence in situ hybridization (82 %).

solid atypical cell growth with fibrous septum. The tumor
was vimentin-positive (Fig. 2a-c) and focally positive for S-
100, melan-A, AE1/3, CD99 and EMA but negative for
HMBA45, KIT, CD30, AFP, hCG, CD20, CD79a, Desmin,
CD34 and CD3.

Even though the patient had respiratory failure and
needed oxygen, adriamycin and ifosfamide (sarcoma-
oriented regimen) treatment was initiated as a second-line
chemotherapy in order to ameliorate the symptoms and pro-
long his life. After second-line chemotherapy, CT showed
that the tumor had not progressed (Fig. 1d), and a blood
laboratory test showed a gradual decrease in the AFP levels
(nadir: 31.4 ng/mL). Unfortunately, however, the effect of
treatment did not last, and the overall survival duration from
the second-line chemotherapy initiation was 73 days.

Advanced pathological examinations were subsequently
performed, revealing the presence of an 82% split signal of
NUT Family Member 1 (NUTMI) on fluorescence in situ
hybridization and NUTM1 positivity on immunohistochemis-
try (Fig. 2d-e). The patient’s next of kin provided written in-
formed consent to prepare this report.

Discussion

Although a patient with NMC having both AFP elevation
and vimentin expression has been previously reported (18),
we believe this is the first report to show that adriamycin-
based chemotherapy was effective to a degree in such a pa-
tient. It is difficult for doctors to diagnose mediastinum neo-
plasms due to their similarity to other malignancies (19). As
such, biomarkers that can facilitate the proper treatment
choice are urgently awaited, including tumor markers, histo-

logical information, immunohistochemical findings and

clinical features. Hence, elevation of the serum AFP level
(indicating an extra-gonadal germ cell tumor; AFP is a se-
cretory protein, so it is not always positively-staining in tis-
sues) or a vimentin-positive status (indicating a sarcoma) are
critical indicators, and an examination of the genomic status
is also warranted (12).

However, as in the present case, elevated AFP levels or
vimentin positivity can prompt physicians to misdiagnose
mediastinum neoplasm. There have been a number of re-
ports of NMC cases in which AFP levels were elevated (Ta-
ble 1) (9, 10, 18, 20) or in which the tumors were vimentin-
positive (Table 2) (18, 21-24). Therefore, when noting ele-
vated serum AFP levels or a vimentin-positive status, it is
necessary to distinguish between NMC and other malignan-
cies. Immunochemical staining for the NUT protein can be
performed to facilitate the diagnosis of NMC (25).

We were unable to clarify the relationship between
vimentin-positive staining and AFP elevation in this NUT
case. Generally, poorly differentiated tumors might be more
likely to be positive for vimentin than differentiated tu-
mors (26), and AFP elevation is commonly observed in sev-
eral types of tumors, indicating rapid progression (27, 28).
Therefore, we speculate that vimentin-positive staining and
AFP elevation were features indicating NMC’s poor differ-
entiation and aggressive progression.

Despite the small number of reported cases, patients with
positively vimentin-stained NMC tend to follow a similar
therapeutic clinical course, in that chemotherapy is initially
effective but then fails, followed by a rapid, dismal progres-
sion (18, 23, 24); this is precisely what we observed in the
present case. Although the optimal chemotherapeutic regi-
men remains unclear, platinum-based (1, 2, 10, 18, 20-23)
or anthracycline-based (1, 2, 29) regimens are the most
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Table 1. Case Reports of NUT Midline Carcinoma Presenting with Elevated Alpha Fetoprotein.
Reference Year Sex Age Primary site AFP LDH Treatment
18 2011 M 42 Mediastinum 659.9 ng/mL Not known CDDP + IFO

+ VP-16
21 2012 F 19 Lungs and ovary 326 ng/mL 1,982 U/L CDDP + IFO
+ VP-16
CBDCA + PAC
22 2013 M 36 Lung 62 ng/mL Not known CDDP + IFO
+ VP-16
GSK525762
(BET inhibitor)
9 2015 M 36 Lung 1,742.0 ng/mL 741 U/mL CDDP + IFO
+ VP-16
10 2016 M 28 Mediastinum 163.8 ng/mL 667 IU/L BLM + CDDP
+ VP-16
DXR
DOC
20 2017 M 22 Mediastinum 765 ng/mL 14,468 U/mL  CDDP + VP-16
Presentreport 2020 M 25 Lung 74.6 ng/mL 564 IU/L CDDP + VP-16
DXR + IFO
Table 2. Case Reports of Vimentin-positive NUT Midline Carcinoma.
Year Sex Age  Primary site Vimentin Treatment
18 2011 M 42 Mediastinum Positive CDDP + IFO
+ VP-16
23 2011 F 54 Nasal dorsum Positive CDDP
VP-16 + IFO
24 2014 F 18 Nasal cavity Positive Not known
Present report 2020 M 25 Lung Positive ~ CDDP + VP-16
DXR + IFO
commonly used to date. However, the treatment outcome re- 2. Lemelle L, Pierron G, Freneaux P, et al. NUT carcinoma in chil-

mains dismal, prompting intense research aimed at improved
clinical management. chemotherapeutic
agents are also needed, along with new molecular-targeted
agents: there is particular interest in epigenetic therapies us-
ing histone deacetylase or bromodomain and extra-terminal
(BET) inhibitors (30). Furthermore, novel treatment modali-
ties such as targeting microRNAs (miRs) are showing prom-
ise. In the case of NMC, miR-3140 has recently been re-
ported as a potential therapeutic target (31). More basic and
clinical research is clearly needed in order to improve the
NUT treatment outcome.

More effective
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