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ABSTRACT

Background: NUT carcinoma (NC) is a rare and aggressive malignancy characterized by rearrangements of the NUTM1 gene. These rearrange-
ments typically involve genes from the bromodomain and extraterminal protein family, such as BRD4. Primary NC of the parotid gland is ex-
ceedingly uncommon, and its molecular heterogeneity remains poorly understood. Frequently, these tumors are misdiagnosed as other poorly
differentiated carcinomas. To enhance understanding of this malignancy, we performed a comprehensive literature review and present the
first reported case of parotid NC harboring an NSD3::NUTM1 fusion.

Methods: A 45-year-old male presented with a rapidly enlarging parotid mass. Imaging revealed a 9.4 cm tumor with cervical lymph node
involvement. He underwent total parotidectomy, radical neck dissection, and reconstruction. The tumor was analyzed by histopathology, im-
munohistochemistry, and targeted RNA sequencing using the lllumina TruSight Fusion Panel. A literature review of parotid NC cases was inte-
grated with this case for comparative clinicopathological and molecular analysis.

Results: Histopathology showed a high-grade, poorly differentiated carcinoma featuring squamous differentiation, cribriform architecture,
and rhabdoid morphology. Immunohistochemistry demonstrated positivity for NUT-P4, cytokeratin 7, and MOC31, with patchy cytokeratin 5/6
and P40 staining confined to squamous differentiation areas. Molecular analysis identified an in-frame NSD3::NUTM1 fusion, a novel finding in
parotid NC. Despite aggressive surgical intervention, the patient developed extensive pulmonary and hepatic metastases within six days after
surgery and died due to metastatic disease five weeks postoperatively. Analysis of 13 previously reported cases and the current case yielded a
median patient age of 33 years, with 35.7% initially misdiagnosed as squamous cell carcinoma or undifferentiated carcinoma. Most cases ex-
hibited squamous differentiation and demonstrated positive nuclear staining for NUT on immunohistochemistry. Metastases were frequently
observed, involving lymph nodes in 64.3% of cases, bones in 42.9%, and the lungs or liver in 21.4%. The BRD4::NUTM1 fusion was predominant
(50%), while the NSD3::NUTM1 fusion correlated with rapid disease progression. Overall survival durations varied significantly among cases,
ranging from 1.25 to 47 months, with a median survival of approximately seven months.

Conclusions: This first reported case of parotid NUT carcinoma with an NSD3::NUTM1 fusion underscores its aggressive clinical course and diag-
nostic complexity. The rapid metastatic progression contrasts with earlier reports of non-thoracic NSD3::NUTM1 tumors, suggesting site-specific
prognostic differences. Accurate diagnosis relies on NUT immunohistochemistry and molecular confirmation. Comprehensive genomic profil-
ing and evaluation of targeted therapies are essential to improve outcomes in this lethal entity.

clinical and molecular characteristics of rare NC subtypes, particularly
those affecting the salivary glands.

INTRODUCTION

Nuclear protein in testis (NUT) carcinoma (NC) is a rare and aggressive
malignancy characterized by chromosomal rearrangements involving
the NUTM1 gene, typically fused to bromodomain and extraterminal
(BET) family genes such as BRD4 or BRD3 [1,2]. NC predominantly aris-
es in midline anatomical structures, including the thorax and the head
and neck regions [3]. The prognosis is generally poor, with median over-
all survival ranging from 6.5 to 6.7 months [1,2]. Although NC primar-

Knowledge Gaps in Parotid NC Research

Despite advancements in NC research, our understanding of salivary
gland NC, particularly in the parotid gland, remains significantly limit-
ed. Existing literature has predominantly focused on the BRD4::NUTM1
fusion, with limited exploration of other molecular variants such as NS-
D3::NUTMT1 [4,6]. Additionally, the lack of epidemiological data specific to
parotid NC restricts our comprehension of its true incidence and geo-

ily originates at midline sites, recent studies indicate it can also devel-
op in non-midline locations, such as salivary glands [4,5]. Additionally,
emerging research has uncovered significant molecular heterogeneity
within NC, exemplified by the identification of the ZNF532::NUTM1 fusion
variant, thereby broadening our understanding of its pathogenesis [4].
These developments highlight the need for further investigation into the

Archives of Otorhinolaryngology-Head & Neck Surgery. 2025;9(1):2

graphical distribution, further obscuring the understanding of its rarity
[5]. Misdiagnosis of parotid NC as poorly differentiated carcinoma or
squamous cell carcinoma is common, reflecting inadequate diagnostic
criteria and awareness among clinicians [4,5]. Moreover, inconsistencies
in the histopathological descriptions within the existing literature, com-
bined with a lack of systematic morphological analyses, hinder the devel-
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Figure 1. Preoperative contrast-enhanced magnetic resonance imaging (MRI) for anatomical delineation of the parotid gland tumor. (A) Axial and (B) coronal T1-weighted
fat-saturated images demonstrate an ill-defined mass centered in the superficial lobe of the parotid gland, exhibiting medial extension into the deep lobe (arrows). The
lesion shows peripheral contrast enhancement and internal T1 hypointensity, radiologically consistent with central necrosis. (C) An enlarged adjacent cervical lymph node is
visualized, also demonstrating peripheral enhancement and central necrosis (arrow), suggestive of nodal metastatic involvement.

opment of standardized diagnostic approaches [5]. Previous literature
reviews on parotid NC have been limited in scope and depth, offering
insufficient clinicopathological and molecular detail. Hence, there is an
urgent need to integrate a broader array of case data and provide struc-
tured comparative analyses to improve the understanding of molecular
diversity, diagnostic challenges, and research implications of parotid NC.

Research Objectives

To address these knowledge gaps, this report describes a patient diag-
nosed with primary parotid NC harboring the NSD3::NUTM1 fusion. To
our knowledge, this is the first documented occurrence of this particular
fusion variant in parotid NC, thereby enhancing the understanding of
this underrecognized malignancy. The primary rationale for this case re-
portis the tumor’s distinct molecular characteristics, which may improve
diagnostic accuracy and clinical management. By thoroughly document-
ing the histopathological, immunohistochemical, and molecular find-
ings, and conducting a detailed literature review, this study aims to eluci-
date diagnostic complexities and the molecular heterogeneity of parotid
NC. Specifically, our objectives are to: (1) describe the clinicopathological
and molecular characteristics of this novel NSD3::NUTM1 fusion case; (2)
perform a comprehensive comparative analysis with previously report-
ed parotid NC cases; and (3) provide insights that could lead to standard-
ized diagnostic criteria, thereby advancing future research and clinical
practice.

CASE PRESENTATION

A 45-year-old male was referred to the head and neck oncology service
of a tertiary medical center for evaluation of a rapidly enlarging soft
tissue mass located in the unilateral postauricular region. His medical
history included severe obstructive sleep apnea, chronic obstructive pul-
monary disease, a prior pulmonary embolism, and a successfully treated
hepatitis C infection. Histopathological analysis of the initial biopsy spec-
imen demonstrated a poorly differentiated squamous cell carcinoma.

Preoperative Imaging Findings

Preoperative imaging, including computed tomography (CT), positron
emission tomography (PET), and magnetic resonance imaging (MRI), re-

Archives of Otorhinolaryngology-Head & Neck Surgery. 2025;9(1):2

vealed an ill-defined mass centered in the superficial lobe of the parotid
gland, with extension into the deep lobe. The lesion measured 44 x 59
x 60 mm at initial evaluation (Figures 1A—B). Suspicious cervical lymph-
adenopathy was identified on the ipsilateral side (Figure 1C); however,
no evidence of distant metastasis was observed. Follow-up imaging
performed two months later demonstrated substantial tumor enlarge-
ment. The mass had increased to 90 x 94 x 90 mm in size, representing a
nearly fivefold increase in volume. Surgical resection was subsequently
performed due to the rapid progression.

Surgical Procedure

The patient underwent a left total pinnectomy, followed by a total pa-
rotidectomy with deliberate sacrifice of the facial nerve due to tumor
involvement. Additional procedures included a partial mandibulectomy
with condylotomy and a radical neck dissection. Surgical reconstruction
was achieved using an anterolateral thigh free flap, along with static fa-
cial reanimation utilizing fascia lata slings.

Pathology Findings

Macroscopically, the fungating tumor measured 90 x 75 x 80 mm in
the superior to inferior, anterior to posterior, and superficial to deep
dimensions. The cut surface was variegated, featuring firm white nod-
ules interspersed with softer hemorrhagic regions. Histological analysis
revealed an invasive carcinoma exhibiting high-grade morphological
features. Tumor cells exhibited discohesion and nuclear enlargement,
with an absence of overt differentiation (Figure 2A). Foci of squamous
differentiation were noted, along with poorly formed glands and cribri-
form architectural patterns. Focal areas of keratinizing squamous differ-
entiation were observed, accompanied by dense neutrophilic infiltration
(Figure 2B). Additional findings included focal spindle cell proliferation,
areas of cytoplasmic clearing, and rhabdoid morphology. Tumor cells
also displayed marked nuclear pleomorphism, prominent nucleoli, and
variable amounts of eosinophilic cytoplasm. Lymphovascular invasion
was observed, while no perineural invasion was identified. Metastatic
carcinoma was present in 42 of 47 dissected lymph nodes, with extran-
odal extension documented in at least four. The postoperative patholog-
ical stage was determined to be pT4aN3bMO, indicating extensive local
invasion, significant regional lymph node involvement with extranodal
extension, and no evidence of distant metastasis at the time of surgery.
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Figure 2. Histopathological features of parotid NUT carcinoma. (A) Hematoxylin and eosin (H&E) staining reveals a monotonous population of tumor cells exhibiting disco-
hesion, nuclear enlargement, and absence of overt differentiation. (B) H&E staining highlights focal areas of keratinizing squamous differentiation, accompanied by dense
neutrophilic infiltration. (C) Immunohistochemical staining for NUT demonstrates diffuse nuclear reactivity within tumor cells, confirming the diagnosis of NUT carcinoma.

Immunohistochemistry Results

Immunohistochemical analysis demonstrated strong cytoplasmic positivity
for cytokeratin 7 and patchy expression of cytokeratin 5/6, confined to ar-
eas of squamous differentiation. P40 showed sparse nuclear staining in re-
gions with squamous features. Extensive nuclear positivity for NUT-P4 was
observed, demonstrating diffuse nuclear reactivity within tumor cells, con-
firming the diagnosis of NC (Figure 2C). Membranous staining for MOC31
was also noted, including within squamoid areas. P16 exhibited a patchy
mosaic pattern. Expression of BRG1 and INI1 was retained, while CD56
showed rare focal positivity. Immunostains for androgen receptor protein,
myogenin, synaptophysin, chromogranin, INSM1, DOG1, SOX10, smooth
muscle actin, and caldesmon were negative.

Molecular Confirmation

Targeted next-generation sequencing using the lllumina TruSight RNA
Fusion Panel confirmed the diagnosis of NC. The analysis identified an in-
frame NSD3:NUTM1 fusion, involving exons 1 through 7 of NSD3 (WHSCTL1)
on chromosome 8p11.23 and exons 2 through 7 of NUTMT on chromo-
some 1514 (Figure 3). The predicted chimeric fusion protein consists of an
N-terminal NSD3 segment, including the proline-tryptophan-tryptophan-
proline (PWWP) histone-binding domain, fused to a nearly full-length C-ter-
minal NUTM1 region, excluding only the six amino acids encoded by exon 1
of NUTM1. Notably, the fusion preserves the AD1 domain of NUTM1, which
mediates recruitment of the histone acetyltransferase p300, contributing
to megadomain formation and transcriptional activation.

Postoperative Complications

Six days after surgical resection, the patient exhibited clinical deteriora-
tion marked by recurrent episodes of oxygen desaturation and apnea,
prompting urgent radiologic reassessment. Repeat CT revealed extensive
new metastatic lesions involving both lungs and the liver, consistent with
rapidly progressive systemic dissemination. Although the postoperative
pathological stage was pT4aN3bMO, indicating no distant metastases at
the time of surgery, these findings reflect the highly aggressive nature of
NSD3:NUTM1 fusion positive NUT carcinoma of the parotid gland. The clin-
ical course declined rapidly, and the patient died five weeks after surgery
due to complications from infection and metabolic derangement resulting
from widespread metastatic disease.

LITERATURE REVIEW OF PAROTID NC

The rapid clinical progression and presence of a unique NSD3:NUTM1 fu-
sion in the current case (case 14) underscore the highly aggressive nature
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and diagnostic complexity of parotid NC. Given the rarity of this tumor and
the potential for initial misclassification, these observations prompted a
detailed review of the literature. To contextualize the clinicopathological
and molecular features of this malignancy, we examined 13 previously re-
ported cases published between 2009 and 2022, in addition to the current
case. This synthesis aimed to identify shared histopathological patterns,
immunophenotypic characteristics, and fusion types, with particular em-
phasis on diagnostic pitfalls, metastatic behavior, and patterns of disease
progression (Table 1) [4,5,7-14].

Clinicopathological Characteristics

Patient ages ranged from 9 to 55 years, with a median of 33 years. The
cohort comprised eight males (57.1%) and six females (42.9%). Notably,
three cases (21.4%) involved patients under the age of 20, underscoring the
need to consider NC in the differential diagnosis of poorly differentiated
salivary tumors in younger individuals. Tumor sizes were reported in 11
cases (cases 1 through 4, 6, and 9 through 14), ranging from 2.3 to 9.4 cm,
with a median size of 3.8 cm. Size data were unavailable for cases 7 and
8, while case 5 reported only a size range (1 to 5 cm), thereby precluding
inclusion in quantitative analysis. The current case (case 14) exhibited the
largest tumor (9.4 cm), which demonstrated a nearly fivefold increase in
volume over a two-month interval, reflecting an exceptionally aggressive
growth trajectory.

Initial histopathological diagnoses were frequently nonspecific. Five
cases (35.7%) were initially misclassified as either poorly differentiated car-
cinoma or squamous cell carcinoma, underscoring the persistent diagnos-
tic challenges associated with this neoplastic entity. TNM staging data were
available for only 3 of the 14 cases (21.4%), specifically case 8 (pT3N2b),
case 9 (pT3N1), and the current case (pT4aN3bMO). This limited dataset
constrains the ability to establish meaningful correlations between clinical
stage and oncologic outcomes.

Histopathology

Histologically, nine of the 14 cases (64.3%) exhibited poorly differentiated
carcinoma with confirmed squamous differentiation, characterized by fea-
tures such as squamoid morphology, keratinization, or abrupt squamous
transitions (cases 1, 7 through 14). In contrast, four cases (cases 2 through
4 and 6) were described as undifferentiated or poorly differentiated with-
out explicit mention of squamous features, suggesting either true lack of
differentiation or incomplete histologic characterization in the source re-
ports. One case (case 5) lacked available histopathological data, precluding
meaningful morphological assessment. The current case (case 14) demon-
strated a particularly distinctive histological profile, exhibiting cribriform
architecture and rhabdoid cytomorphology, in addition to classical NC
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Figure 3. Schematic representation of the NSD3::NUTMT1 fusion event generated using Arriba. The diagram illustrates a chromosomal rearrangement involving WHSCTL1 (also
known as NSD3) located on chromosome 8p11.23 and NUTM1 on chromosome 15q14. The resulting chimeric transcript is predicted to consist of exons 1 through 7 of the 5'
partner gene NSD3 (HGNC:12767, ENST00000527502) fused in-frame to exon 2 and all subsequent exons of the 3' partner gene NUTM1 (HGNC:29919, ENSTO0000333756).
At the protein level, the fusion product retains the N-terminal portion of NSD3, including an intact PWWP histone-binding domain, joined to the majority of the NUTM1
protein, excluding only the six amino acids encoded by exon 1. Notably, the fusion preserves the AD1 domain of NUTM1, which mediates recruitment of the histone acetyl-
transferase p300, a key epigenetic regulator implicated in megadomain formation and transcriptional activation.

features such as geographic necrosis and marked nuclear pleomorphism.
These findings underscore the histologic heterogeneity of parotid NC and
highlight the importance of recognizing subtle morphologic patterns that
may prompt targeted immunohistochemical and molecular testing.

Immunohistochemistry

All 14 cases demonstrated nuclear positivity for NUT by immunohistochem-
istry, which remains a hallmark diagnostic feature of NC. This consistent
nuclear staining supports the central role of NUTM1 rearrangements in tu-
mor pathogenesis and affirms the utility of NUT immunohistochemistry as a
frontline screening tool. Retained expression of SMARCB1/INIT was observed
across all cases, enabling distinction from SMARCB1-deficient malignancies,
such as malignant rhabdoid tumors, which may exhibit overlapping mor-
phological features. Cytokeratin markers, including CK5/6, AE1/AE3, and
CK7, were universally positive (100%), reinforcing the epithelial origin of
these tumors. In addition, expression of TP63 (p63) or TP40 (p40) was de-
tected in 12 cases (85.7%), with staining patterns ranging from diffuse (>90%
of tumor cells) to focal (<10%), predominantly localized to regions of squa-
mous differentiation. For cases 5 and 6, data regarding TP63/TP40 expres-
sion were not reported, limiting full immunophenotypic comparison across
the cohort.

Molecular Features

Specific NUTM1 gene fusions were identified in 10 of 14 cases (71.4%), re-
flecting the central role of NUTM1 rearrangements in the pathogenesis of
parotid NC. Among these, seven cases (50.0%) harbored the BRD4::NUTM1
fusion, while one case (7.1%) exhibited the ZNF532::NUTM1 fusion, one case
(7.1%) the NSD3:NUTM1 fusion, and one case (7.1%) an unspecified non-
BRD4 variant. Fusion data were unavailable for cases 2, 6, and 11, and were
inconclusive in case 8 due to failed fluorescence in situ hybridization. The
novel NSD3:NUTM1 fusion identified in the current case (case 14) under-
scores the molecular heterogeneity observed in NUTM1-rearranged parotid
carcinoma and raises the possibility of fusion-specific biological behavior.
Survival duration appeared to vary by fusion type: BRD4:NUTM1 cases
demonstrated survival ranging from 5 to 15 months, the ZNF532:NUTM1
case survived 8 months, the NSD3::NUTM1 case survived 1.25 months, and
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the non-BRD4 variant case survived 47 months. Although interpretation is
limited by small sample sizes and heterogeneity in follow-up duration, these
findings collectively suggest the presence of fusion-specific prognostic vari-
ability within this rare disease subset.

Metastasis

Metastatic disease was observed in 13 of 14 cases (92.9%), demonstrating
the highly invasive nature of parotid NC. Lymph nodes were the most fre-
quently involved sites, affected in 64.3% of cases, with cervical lymph node
involvement specifically reported in 50.0%. In addition to nodal spread, dis-
tant metastases were also documented. Bone involvement was present in
42.9% of cases, while pulmonary and hepatic metastases were each report-
ed in 21.4%. Case 10 was the only patient in the cohort with no evidence of
metastatic spread at the time of reporting. Notably, multi-site metastases
occurred in cases 7, 9, and the current case (case 14), suggesting a particu-
larly aggressive disease course in these patients. In the current case, wide-
spread dissemination was identified as early as six days following surgical
resection, further underscoring the fulminant metastatic potential of this
malignancy, even in the immediate postoperative period.

Recurrence

Tumor recurrence was clearly documented in three cases (21.4%) within
one to three months following surgery (cases 4, 9, and 11), indicating a pro-
pensity for early relapse in a subset of patients. In case 2, recurrence was
noted, though the precise timing was not reported, highlighting inconsistent
data reporting in the literature. For the remaining 10 cases (71.4%), no infor-
mation on recurrence status was available, precluding a more comprehen-
sive evaluation of recurrence patterns or potential risk factors. The limited
recurrence data further hinder exploration of correlations between molec-
ular subtypes, treatment modalities, and relapse timing. These gaps under-
score the need for standardized follow-up protocols and uniform reporting
of postoperative outcomes to clarify recurrence dynamics in parotid NC.

Treatment

Surgical intervention was implemented in 13 of 14 cases (92.9%), indicating
that resection remains a principal component of management for parotid
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Table 1. Clinicopathological and Molecular Features of Parotid Gland NUT Carcinoma: A Review of 13 Prior Cases and a New Case

Case Author

1 den
Bakker
etal. [7]

2 Park et
al. [8]

3 Vulsteke
et al. [9]

4 Kli-
janienko
etal.
[101

5 Lemelle
etal.
[11]

6 Storck
etal.
[12]

7 Agaimy
et al. [5]

8 Agaimy
et al. [5]

Year

2009 15/M
2014 12/M
2015 32/M
2016  21/F
2017  21/F
2017 9/M

2018 39/F
2018 35/M

Age/Sex Size Initial

(cm) Diagnosis

6 Poorly
differentiated
carcinoma

2.4 Poorly
differentiated
squamous

cell carcinoma

3.8 Poorly
differentiated
carcinoma,
suggested
myoepithelial
carcinoma
with neu-
ro-endocrine
features

5 Poorly
differentiated
adenoid cystic
carcinoma

NMC or
primary
carcinoma of
the salivary
glands

3 NA

NA  High-grade
mucoepi-
dermoid

carcinoma

NA Undifferenti-
ated large cell
carcinoma

Histopathology

Undifferentiated basa-
loid cells with focal
squamoid differentia-
tion, islands of atypical
hyaline cartilage (mes-
enchymal chondroid
differentiation)

Sheets or nests of
poorly differentiated
cells with desmo-
plastic stroma, small
irregular ovoid nuclei,
small nucleoli, indi-
vidual cell necrosis,
frequent mitosis, tiny
necrotic foci

Infiltrative nodular
mass, solid growth
pattern of undifferen-
tiated cells, monoto-
nous with prominent
vesicular nuclei, high
mitotic and apoptotic
activity

Poorly differentiated
roundish to oval

cells, scant basophilic
cytoplasm, dusty
chromatin, prominent
nucleoli, mitotic fig-
ures, apoptotic bodies,
eosinophilic collagen
stroma

NA

Monomorphic popula-
tion of malignant cells

Poorly cohesive
sheets of small to
medium-sized cells,
pseudoalveolar/solid/
corded/nested pat-
tern, pale-eosinophilic
to clear cytoplasm,
abrupt squamous
differentiation, single
cell necrosis/apopto-
sis, extensive necrosis,
granulocytosis

Poorly cohesive sheets
of small to medi-
um-sized cells, abrupt
squamous differenti-
ation (noted in bone
metastasis)
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IHC Profile

NUT+, cytokeratin
(CAM5.2)+, p63+,
CD56+, actin-,
calponin-, desmin-,
chromogranin A-,
synaptophysin-,
myogenin-, CD34-,
CD99-, EBER-ISH-

NUT+, pankeratin+,
p63+, vimentin-,
S-100-, CD34-, syn-
aptophysin-, chro-
mogranin A-, CD56-,
SMA-, desmin-,
WT-1-, CD99-

NUT+, prekeratin+,
alfa-SMA (moder-
ate)+, synaptophysin
(focal)+, NCAM
(focal)+, p63 (near
100% nuclear)+,
S-100-, HPV-, EBV-

NUT+, cytokeratin
(AE1/AE3, 7)+, EMA+,
p63 (focal)+, S-100-,
synaptophysin-,
chromogranin A-,
CD56-, androgen
receptor-, CD45-,
CD99-, EBV-ISH-

AE1/AE3 cyto-
keratins+, TTF1-,
desmin-, myogenin-,
CD45-, CD34-

NUT+, MNF116+,
INI-1 (retained
nuclear staining)+,
myogenin-, CD99-,
ALK-1-, CD34-, CD3-,
CD20-, SMA-, MSA-,
S100-, GFAP-

NUT+, p63+, pancy-
tokeratin (variable)+,
neuroendocrine
markers-, EBER ISH-,
SMARCBT1 (intact)+

NUT+, p63+, pancy-
tokeratin (variable)+,
neuroendocrine
markers-, EBER ISH-,
SMARCB1 (intact)+

NUTM1 Fusion

BRD4::NUTM1

NA

BRD4::NUTM1

BRD4::NUTM1

BRD4::NUTM1

NA

BRD4::NUTM1

Unknown
(FISH failed)

Metastasis Recurrence

Yes NA

(level 2

lymph

node)

Yes Yes

(cervical (2 events

lymph within 1

nodes) year)

Yes NA

(bone,

sixth rib)

Yes Yes

(subman- (prepec-

dibular toral sub-

lymph cutaneous

nodes, nodules,

liver) 3 months
post-treat-
ment)

Yes NA

(subman-

dibular

lymph

nodes)

Yes NA

(subman-

dibular

lymph

nodes)

Yes NA

(bone: sa-

crum, L3

vertebra,

femur,

rib;

lymph

nodes,

lungs)

Yes NA

(osseous:

pelvic

bone)

Treatment

Surgical
excision
+RT+CT
(doxorubicin,
ifosfamide,
cisplatin,
etoposide,
vincristine)

Total
parotidec-
tomy + neck
dissection +
chemo-radi-
ation

Partial parot-
idectomy +
RT + CT (PAI:
cisplatin,
doxorubicin,
ifosfamide;
then CAP:
cyclophos-
phamide,
doxorubicin,
cisplatin) +
denosumab

Surgery + RT

NA

Surgical
debulking +
lymph node
resection

+ CT (VAI-
PAI-VAI:
vincristine,
adriamycin,
ifosfamide,
cisplatin) +
IMRT (59.4
Gy to prima-
ry, 50.4 Gy to
contralateral
nodes)

Radical
parotidec-
tomy + neck
dissection

+ chemora-
diotherapy
(66 Gy with
cisplatin) +
palliative

RT (30 Gy to
lumbosacral
spine) +
targeted
therapy

Total
parotidec-
tomy + neck
dissection

+ palliative
chemother-
apy
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Alive
7
mo)

DOD
(24
mo)

NA

DOD
5
mo)

NA

Alive
8
mo)

DOD

mo)

NA
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Table 1. Clinicopathological and Molecular Features of Parotid Gland NUT Carcinoma: A Review of 13 Prior Cases and a New Case (Cont.)

Case Author

9 Agaimy
et al. [5]

10  Esteves
etal.
[13]

11 Saik et
al. [14]

12 Chenet
al. [4]

13 Chenet
al. [4]

14 Current
case

Year

2018 55/F
2020 34/M
2021 34/F
2022 22/M
2022 52/F
2025 45/M

Age/Sex Size Initial

(cm) Diagnosis

9 NA

3.5 NA

3.8 High-grade
neuroen-
docrine
carcinoma
(core biopsy);
high-grade
salivary gland
neoplasm,
possibly mu-
coepidermoid
carcinoma
(resection)

25 NA

23 NA

9.4 Poorly
differentiated
squamous

cell carcinoma

Histopathology

Poorly cohesive
sheets of small to
medium-sized cells,
pseudoalveolar/
solid/corded/nested
pattern, inconspicuous
to prominent nucleoli,
abrupt squamous dif-
ferentiation, single cell
necrosis/apoptosis,
extensive necrosis

Nests and anasto-
mosing strands of
undifferentiated cells,
foci of necrosis, abrupt
keratinising squamous
epithelium

Multilobular, infil-
trative, small round
blue cell morphology,
cohesive sheets of
undifferentiated

cells, nuclear/cellular
pleomorphism, prom-
inent nucleoli, focal
cytoplasmic clearing,
abrupt squamous
appearance, extensive
necrosis, frequent
mitoses

Large cohesive sheets
of poorly differentiat-
ed squamous (basa-
loid) cells with islands
of abrupt keratiniza-
tion, focal tumor cells
with pale/transparent
cytoplasm, prominent
nucleoli

Large cohesive sheets
of poorly differen-
tiated squamous
(basaloid) cells with
islands of abrupt
keratinization, focal
undifferentiated small
blue cells, focal cystic
changes

Invasive carcino-

ma, high-grade,
pleomorphic nuclei,
prominent nucleoli,
variable eosinophilic
cytoplasm, squamous
differentiation, poorly
formed glands, cribri-
form structures, focal
spindle cell growth,
cytoplasmic clearing,
rhabdoid morphology

IHC Profile

NUT+, p63+, pancy-
tokeratin (variable)+,
neuroendocrine
markers-, EBER ISH-,
SMARCBT1 (intact)+

NUT+, cytokeratins
(CAMS5.2, AE1/AE3)+,
p63+, C-MYC (70%
of cells)+, P53 (weak,
patchy)+, HDAC2
(strong)+, HDAC4
(strong)+, HDAC6
(strong)+, pHDAC457
(moderate)+,
HDAC1-, HDAC3-,
pHDAC3-, HDAC7-,
HDACS8-

NUT+, p16+, p63
(strong, diffuse)+,
p40 (strong,
diffuse)+, AE1/AE3
(variable)+, CK5/6
(variable)+, Cam 5.2
(variable)+, CD56
(variable)+, CK7
(focal, squamous
areas)+, synap-
tophysin (focal)+,
CK14-, CK20-, chro-
mogranin-, CD45-,
CD99-, S100-, SMA-,
TTF1-, AR-, ER-, HER-
2-, EBER ISH-

NUT+, pankeratin+,
CK5/6+, p63+, p40
(scattered), MYC+,
PD-L1-, CD34-,
CD99-, TTF1-,
synaptophysin-,
chromogranin A-,
S-100-, EBV-ISH-

NUT+, pankeratin+,
CK5/6+, p63+, p40
(diffuse), MYC+,
PD-L1 (<1%), CD34-,
CD99-, TTF1-,
synaptophysin-,
chromogranin A-,
S-100-, EBV-ISH-

NUT-P4+, MOC31+,
cytokeratin 7+, cyto-
keratin 5/6 (patchy,
squamous areas)+,
P40 (rare, squamous
areas)+, P16 (patchy,
mosaic)+, BRG1
(retained)+, INI1
(retained)+, CD56
(rare)+, androgen
receptor-, myogen-
in-, synaptophysin-,
chromogranin-,
INSM1-, DOG1-,
SOX10-, SMA-,
caldesmon-

NUTM1 Fusion

BRD4::NUTM1

NUTT-variant
(non-BRD4)

NA

BRD4::NUTM1

ZNF532::NUTM1

NSD3::NUTM1

Metastasis Recurrence

Yes Yes

(lung, (parotidec-

liver, tomy scar,

bone) 3 months
post-sur-
gery)

No NA

Yes Yes

(perip- (left

arotid parotidec-

and facial tomy site,

lymph 1 month

nodes, post-radio-

spine, therapy)

skull

base)

Yes NA

(intra-

cranial,

naso-

pharynx,

bone)

Yes NA

(lymph

node)

Yes NA

(cervical

lymph

nodes,

bilateral

pulmo-

nary,

hepatic)

Note: Staging was reported only for case 8 (pT3N2b), case 9 (pT3N1), and the current case (pT4aN3bMO0); all others lacked such data in the original literature.
Abbreviations: ALK-1, Anaplastic Lymphoma Kinase 1; AR, androgen receptor; CAP, Cyclophosphamide, Doxorubicin, Cisplatin (chemotherapy regimen); CT, chemotherapy; DOD, died of

disease; EBER-ISH, Epstein-Barr Virus encoded RNA in situ hybridization; EBV, Epstein-Barr Virus; ER, estrogen receptor; FISH, fluorescence in situ hybridization; GFAP, Glial Fibrillary Acidic
Protein; Gy, Gray (unit of radiation dose); HER-2, Human Epidermal Growth Factor Receptor 2; HPV, Human Papillomavirus; IHC, immunohistochemistry; IMRT, intensity-modulated radio-
therapy; INSM1, Insulinoma-Associated Protein 1; M/F, male/female; mo, months; MSA, muscle-specific actin; NA, not available; NCAM, Neural Cell Adhesion Molecule; OS, overall survival;
PAI, Cisplatin, Doxorubicin, Ifosfamide (chemotherapy regimen); PD-L1, Programmed Death-Ligand 1; pHDAC457, phosphorylated Histone Deacetylase 4, 5, and 7; RT, radiotherapy; SMA,
smooth muscle actin; TTF1, Thyroid Transcription Factor 1; VAI, Vincristine, Adriamycin, Ifosfamide (chemotherapy regimen).
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Treatment

Superficial
parotidec-
tomy, then
total parot-
idectomy +
facial nerve
excision +
radical neck
dissection +
chemo-ra-
diotherapy

Radical pa-
rotidectomy
+ lymph-
adenectomy
+ chemora-
diotherapy
(cisplatin +
IMRT: 66 Gy
to surgical
bed, 54 Gy to
lymph node
chains)

Radical pa-
rotidectomy
+ selec-

tive neck
dissection

+ adjuvant
radiotherapy
+ pembroli-
zumab +
palliative
radiotherapy
(head, neck,
spine)

Parotidecto-
my + RT

Parotidec-
tomy + RT
+CT

Total pinnec-
tomy + total
parotidecto-
my + facial
nerve sacri-
fice + partial
mandibulec-
tomy/con-
dylotomy +
radical neck
dissection +
anterolateral
thigh free
flap recon-
struction +
static facial
reanimation
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Result

DOD
7
mo)

Alive
47
mo)

DOD

mo)

DOD
(15
mo)

Alive

mo)

DOD
(1.25
mo)
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NC. Radiotherapy was administered in 11 cases (78.6%) and chemothera-
py in 10 cases (71.4%), reflecting the frequent use of multimodal therapeu-
tic strategies. However, detailed information regarding the timing, dosage,
or treatment objectives of these non-surgical modalities was often unavail-
able, limiting further comparative analysis. Treatment data for case 5 were
not reported, precluding its inclusion in therapeutic outcome evaluation.

Outcome

Of the 14 cases reviewed, seven patients (50.0%) died of disease, with a
reported median survival of seven months (range, 1.25 to 24 months).
Four patients remained alive at the time of last follow-up, with follow-up
durations ranging from 7 to 47 months. These observations reflect the
marked variability in clinical trajectories associated with parotid NC. How-
ever, interpretation of outcome patterns remains limited due to the small
sample size and heterogeneity in treatment strategies and reporting. Fur-
ther studies are needed to clarify potential prognostic factors and optimize
therapeutic decision-making.

DISCUSSION

This case report describes a 45-year-old male diagnosed with primary
parotid NC harboring a rare NSD3:NUTM1 fusion, representing the first
documented instance of this fusion in parotid NC. The patient initially
presented with a rapidly enlarging 9.4 cm postauricular mass, initially mis-
diagnosed as squamous cell carcinoma. This misdiagnosis underscores
the diagnostic complexity of NC due to its poorly differentiated morphol-
ogy and features overlapping with squamous cell carcinoma. Despite ag-
gressive surgical intervention, including total parotidectomy and radical
neck dissection, extensive pulmonary and hepatic metastases developed
within six days postoperatively, leading to the patient's death within five
weeks. Our case analysis, supported by a comprehensive literature re-
view, challenges prior reports suggesting a relatively favorable prognosis
for NSD3:NUTM1 NC. Instead, it highlights significant molecular hetero-
geneity and aggressive metastatic behavior. Diagnostic features such as
rapid tumor growth, cribriform architecture, and rhabdoid morphology
underscore the importance of performing NUT immunohistochemistry
and molecular analyses when NCis clinically suspected. These diagnostic
strategies balance cost-effectiveness with the critical need for accurate
diagnosis, which is essential for guiding potential targeted therapies, in-
cluding BET inhibitors.

Detailed Analysis of the Current Case

This case of primary parotid NC harboring an NSD3::NUTM1 fusion signifi-
cantly advances our understanding of the molecular and clinical aspects
of this rare malignancy. Being the first documented instance of this fu-
sion in parotid NG, it highlights the expanding spectrum of NUTM1 gene
rearrangements and their contribution to aggressive tumor behavior.
The present case emphasizes diagnostic and therapeutic challenges re-
sulting from the molecular heterogeneity of NC. Consequently, detailed
molecular profiling is essential to accurately differentiate NC from other
salivary gland malignancies. This analysis further investigates the bio-
logical implications of the NSD3:NUTM1 fusion, clinical progression, di-
agnostic complexities, prognostic variations, and potential therapeutic
strategies, providing valuable direction for future research and clinical
management.

Molecular characteristics

NC is defined by chromosomal rearrangements of the NUTMT gene,
most commonly fused with BET family genes such as BRD4 or BRD3 [15].
However, this case is distinguished by the presence of an NSD3:NUTM1
fusion, a variant that has been infrequently reported in NCs [6]. To our
knowledge, this is the first reported case of a primary parotid gland NC
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harboring this specific fusion. This finding expands our understanding
of the molecular heterogeneity of NCs and highlights the importance of
comprehensive molecular testing in the diagnosis of poorly differentiat-
ed carcinomas.

Fusion biology and epigenetic implications

The NSD3:NUTMT1 fusion is particularly noteworthy because of its rarity
and significant biological implications. NSD3 is a histone methyltransfer-
ase within the Nuclear SET Domain-containing (NSD) protein family [16].
It binds specifically to the extraterminal domain of BET proteins, suggest-
ing that the NSD3::NUTM1 fusion oncogene shares functional similarities
with the well-characterized BRD4::NUTM1 oncogene [17]. This fusion dis-
rupts normal cellular differentiation pathways, leading to sustained pro-
liferation of poorly differentiated tumor cells.

Clinical behavior

From a clinical perspective, this case aligns with the known aggressive
nature of NC. Despite thorough preoperative imaging, including CT, PET,
and MRI, no distant metastases were initially detected. Nevertheless, the
patient experienced rapid disease progression, developing extensive me-
tastases shortly after surgical intervention and ultimately succumbing to
the disease within five weeks. This rapid clinical deterioration and early
postoperative metastatic spread reflect the highly aggressive biological
behavior commonly associated with NC. These findings are supported by
existing literature; for example, Agaimy et al. analyzed 10 cases of salivary
gland NC, reporting that most patients developed widespread metasta-
ses soon after surgery, with seven patients (70%) dying between 1 and 24
months postoperatively (median survival of 5.5 months) [5].

Diagnostic challenges

The absence of detectable distant metastases on comprehensive preop-
erative imaging in this case highlights a diagnostic limitation. This issue
reflects not the inadequacy of the imaging modalities themselves, but the
tumor’s intrinsic biological aggressiveness and its capacity for rapid sys-
temic dissemination. Although CT, MRI, and PET provide high-resolution
anatomical and functional evaluations, these modalities are inherently
limited in detecting micrometastatic disease. This limitation is particularly
pronounced in tumors characterized by accelerated proliferative kinetics.

In this case, the initial impression of radiologic stability prior to sur-
gery was misleading. Within six days, extensive pulmonary and hepatic
metastases emerged. This progression exemplifies a critical diagnostic
gap. The gap stems from a temporal discrepancy between the timing of
imaging and the real-time biological dynamics of an epigenetically dys-
regulated malignancy such as NC.

Accurate diagnosis is further complicated by the histopathological
ambiguity of NC. The tumor often exhibits poorly differentiated morphol-
ogy with abrupt squamous features. Such patterns can result in initial
misclassification as squamous cell carcinoma or other high-grade salivary
gland neoplasms. In this case, the diagnostic challenge was amplified by
the rarity of parotid NC and its overlap with more prevalent malignancies.

Routine application of NUT immunohistochemistry in all undifferenti-
ated parotid tumors is not feasible due to cost and resource constraints.
However, in the presence of specific clinical and histological indicators,
targeted testing becomes essential. These indicators include rapid tumor
growth, unusually young patient age for salivary gland malignancy, and
high-grade morphology with squamous differentiation. In such scenari-
os, immunohistochemical detection of NUT protein should be promptly
performed. This should be followed by molecular confirmation using
next-generation sequencing or fluorescence in situ hybridization.

Aselective, criteria-based approach to diagnostic testing ensures effi-
cient resource utilization. At the same time, it enables timely and accurate
identification of NC. Early diagnosis is crucial for prognostic assessment,
therapeutic planning, and consideration of targeted treatments such as
BET inhibitors.
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Prognostic discrepancies

While NC typically carries a poor prognosis, recent analyses suggest surviv-
al outcomes may differ based on anatomical site and specific fusion type.
A risk model by Chau et al. indicated patients with non-thoracic primary
tumors harboring BRD3::NUT or NSD3:NUT fusions had significantly lon-
ger median survival durations, approximately 36.5 months [2]. However,
the aggressive clinical progression observed in the current case, marked
by rapid metastasis and patient death within two months postoperatively
despite having an NSD3:NUTM1 fusion originating in the parotid gland, no-
tably diverges from these findings. This discrepancy highlights limitations
within existing prognostic frameworks and underscores the possibility of
substantial biological variability even among rare fusion subtypes such as
NSD3:NUTM1, for which data are limited (only seven cases reported by
Chau et al. [2]). Consequently, this case emphasizes the urgent need for
refined prognostic stratification in future studies to more accurately pre-
dict clinical outcomes in this aggressive malignancy.

Survival analysis

An integrated review of previously reported parotid NC cases, along with
the current case (Table 1), shows a median survival of approximately seven
months. This finding highlights the inherently aggressive nature of parotid
NC. The fulminant progression and rapid fatality observed in our patient
further reinforce this observation. The patient survived only 1.25 months
after surgery. This outcome contrasts sharply with the 36.5-month medi-
an survival reported for NSD3:NUTM1 fusion-positive non-thoracic carci-
nomas, most of which arise in midline head and neck sites [2]. Although
interpretation is limited by the inclusion of only one parotid case with
NSD3:NUTM1 fusion, the marked survival disparity suggests a potentially
more aggressive clinical phenotype. This difference raises the possibility
that other biological factors may influence disease behavior. These may
include differences in the tumor microenvironment, variability in fusion
breakpoint architecture, or the presence of additional genetic alterations.

Therapeutic implications

The identification of the rare NSD3::NUTM1 fusion presents potential thera-
peutic implications. Recent interest in small molecule BET inhibitors stems
from their effectiveness in targeting BRD4-NUTM1 oncoproteins associat-
ed with NC [18]. Although clinical data specifically evaluating BET inhibi-
tors in NSD3::NUTM1 fusion tumors remain limited, experimental studies
have shown that NSD3-NUT fusion proteins maintain the proliferative
and undifferentiated state of NC cells. These fusion proteins mechanisti-
cally resemble the BRD4-NUT complexes known to drive tumor growth.
Preliminary studies indicate BET inhibitors, such as JQ1, can disrupt these
mechanisms by inducing cellular differentiation and reducing proliferation
in models expressing the NSD3::NUT fusion [19]. These findings highlight
BET inhibition as a potentially promising therapeutic approach for tumors
harboring the NSD3::NUTMT1 fusion, although further preclinical and clinical
investigations are necessary to validate efficacy and clinical applicability.

Literature and Case Comparison

The aggressive clinical progression and identification of the novel NS-
D3::NUTM1 fusion in this case highlight the diagnostic and therapeutic
complexities associated with parotid NC. Consequently, we conducted a
comparative analysis with previously reported cases. This review compiles
data from 13 cases documented between 2009 and 2022, together with
the current case, to comprehensively detail their clinical, histopathological,
and molecular characteristics. The analysis aims to enhance understand-
ing of diagnostic challenges and prognostic factors associated with parotid
NC.

Aggressiveness and molecular heterogeneity

Parotid NC is recognized for its highly aggressive clinical behavior, char-
acterized by rapid tumor growth, extensive metastasis, and poor over-
all prognosis, posing substantial clinical management challenges. The
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central pathogenic feature of NC involves NUTM1 gene fusions, which
alter the chromatin landscape via epigenetic dysregulation, resulting in
aberrant activation of genes related to cell proliferation. Specifically, the
BRD4::NUTMT1 fusion recruits histone acetyltransferase EP300 to create hy-
peracetylated chromatin domains (megadomains), significantly enhancing
transcriptional activity of key oncogenes such as MYC and TP63 [1]. In this
review, elevated MYC expression was consistently noted in cases with the
BRD4::NUTM1 fusion (e.g., cases 10, 12, 13), underscoring its essential role
in tumor growth and differentiation blockade [20]. Therapeutic targeting
of MYC or the upstream BRD4::NUTM1 complex, potentially through BET
inhibitors, holds promise for tumors harboring this fusion.

However, regulatory mechanisms governing MYC expression in
non-BRD4 fusions, such as NSD3:NUTM1, require further exploration. In
contrast, the NSD3:NUTM1 fusion may predominantly modulate H3K36
methylation, suppressing differentiation-related genes and promoting
an undifferentiated tumor phenotype [17]. Other rare fusion variants,
like ZNF532::NUTM1, remain inadequately characterized; preliminary data
suggest they induce similar chromatin alterations associated with aggres-
sive tumor behavior [17]. The broad spectrum of fusion variants identified
highlights the significant molecular diversity in parotid NC, distinct from
previously described cases dominated by BRD4::NUTM1. This heteroge-
neity potentially influences not only the underlying tumor biology but
also therapeutic responsiveness, including BET inhibitor sensitivity in NS-
D3:NUTMT1 cases and potential survival differences among various fusion
subtypes. Future research should focus on elucidating fusion-specific epi-
genetic mechanisms to facilitate the development of targeted therapeutic
strategies tailored to distinct molecular profiles.

Histopathology and diagnostic features

The histopathologic characteristics of parotid NC exhibit considerable het-
erogeneity. Most reported cases demonstrate features consistent with
poorly differentiated carcinoma, frequently displaying squamous differen-
tiation, including squamoid, keratinizing, or abrupt squamous morpholo-
gies. Positive NUT immunohistochemistry is a defining diagnostic hallmark
of NUT carcinoma. When accompanied by retained SMARCB1/INI1 expres-
sion, it reliably distinguishes NC from SMARCB1-deficient malignancies, in-
cluding malignant rhabdoid tumors. Immunohistochemical positivity for
cytokeratins (CK5/6, AE1/AE3, CK7) and p63/p40 further supports an origin
from parotid ductal squamous epithelium, consistent with the observed
aggressive clinical behavior [4]. The histologic implications of other fusion
variants, notably ZNF532:NUTM1, remain insufficiently characterized but
likely involve comparable epigenetic alterations [17]. These findings under-
score the diagnostic importance of NUT immunohistochemistry and high-
light the necessity of further research into fusion-specific morphological
features, which is critical for precise differential diagnosis and molecular

subtyping.

Metastatic patterns and invasiveness

Parotid NC demonstrates a significant propensity for metastasis, com-
monly spreading to cervical lymph nodes, bone, lung, and liver, empha-
sizing its aggressive nature. Particularly rapid metastatic progression has
been observed in cases with the NSD3::NUTM1 fusion. The rare occurrence
of cases without detectable metastasis may be attributed to early diagno-
sis or specific molecular subtype characteristics, though these possibilities
require further investigation. The rapid metastatic pattern underscores
the critical need for prompt initiation of systemic therapies. Future studies
should aim to elucidate the molecular mechanisms underlying fusion-spe-
cific metastatic behaviors and identify reliable biomarkers for predicting
metastatic risk, thereby improving the efficacy of therapeutic interven-
tions.

Study Limitations

This review included an analysis of 13 previously reported cases and one
newly documented case of parotid NC. A significant limitation of the cur-
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rent study is the substantial heterogeneity and incompleteness of avail-
able case data, which restricts the depth of prognostic insights. Critical
details such as TNM staging, tumor size, recurrence status, and molecular
fusion types were often unavailable, thereby complicating accurate eval-
uations of survival and recurrence risks. Furthermore, variability in treat-
ment approaches, including surgery, radiotherapy, and chemotherapy,
along with inconsistent reporting standards, further challenge the robust-
ness of comparative analyses. Since most data originate from individual
case reports or small case series, potential selection biases may impact the
broader applicability of these findings.

Future Research

Future research should emphasize comprehensive molecular sequencing
to systematically explore epigenetic mechanisms and treatment respons-
es specific to non-BRD4::NUTM1 fusion types, including NSD3::NUTM1 and
ZNF532::NUTM1. Prospective clinical trials are essential for enhancing me-
dian survival outcomes and elucidating molecular underpinnings of surviv-
al variability across different fusion variants. Clinically, given the frequent
misdiagnosis and rapid progression associated with parotid NC, NUT im-
munohistochemistry should be selectively applied in cases with suggestive
clinical or histopathological features. Additionally, integrating advanced
molecular diagnostic techniques such as next-generation sequencing or
fluorescence in situ hybridization to detect NUTM1 fusions can facilitate
early diagnosis and personalized treatment strategies. Considering the ag-
gressive metastatic potential of parotid NC, future studies should prioritize
identifying predictive biomarkers and evaluating combination therapeutic
strategies to improve clinical management and patient survival.

CONCLUSION

This report presents the first documented case of parotid NC harboring an
NSD3:NUTM1 fusion, significantly expanding the molecular understand-
ing of this rare and highly aggressive tumor type. A comprehensive anal-
ysis of 14 cases, including 13 previously reported and the current case,
reveals a metastatic rate of 92.9%, frequent initial misdiagnosis as poorly
differentiated carcinoma, and a median overall survival of approximately
seven months. These findings underscore the substantial molecular het-
erogeneity and diagnostic difficulties inherent to NC. Considering these
complexities, NC should consistently be included in the differential diag-
nosis of poorly differentiated malignancies of the parotid gland. Accurate
diagnosis is critically dependent on NUT protein detection via immuno-
histochemistry and confirmation through next-generation sequencing.
Additional research focusing on the molecular mechanisms of NC, partic-
ularly concerning non-BRD4::NUTM1 fusion variants and related epigenetic
pathways, is imperative for identifying clinically relevant biomarkers. This
study emphasizes the importance of comprehensive molecular profiling
to enhance diagnostic accuracy and improve patient outcomes. Addition-
ally, it highlights the pressing necessity for developing targeted therapeutic
approaches specific to distinct fusion variants.
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