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Abstract
The purpose of this abstract is to provide data on a 27-year-old woman with a rare and rapidly progressive cancer,
Nuclear in Testis (NUT) carcinoma (NC), and to highlight possible treatment options for her specific gene
translocation of NSD3-NUT. To our knowledge, this is the first case in the literature that was presented initially as
anaplastic thyroid cancer. We propose that targeted therapy with a histone lysine methyltransferase inhibitor may
be of benefit as adjunctive therapy in patients with the NSD3-NUT gene translocation.
Keywords: Nuclear in Testis (NUT) carcinoma, NUT midline carcinoma, NUT midline carcinoma thyroid, NUT
midline carcinoma BET, NUT midline carcinoma histone methyltransferase, NUT-midline immune checkpoint
inhibitors, NUT midline treatment

INTRODUCTION
Cancer of unknown primary site (CUP) is a heterogeneous group of metastatic cancers for which a primary
tumor cannot be identified after a standardized work-up at the time of diagnosis. Though its incidence is in
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decline, it remains surprisingly common, with historical series estimating an incidence of 3%-5% of invasive
cancer diagnoses; with the advent of newer diagnostic technologies, the incidence rate of CUP has decreased
to 1%-2%[1]. It is estimated by the American Cancer Society that in 2022, approximately 30,620 cases of CUP
will be diagnosed in the United States[2]. An accurate diagnosis is essential because tumor biomarkertargeted treatment can impact survival.
Nuclear protein in testis (NUT) carcinoma (NC), also known as NUT-midline carcinoma, is a rare and
nearly universally fatal malignancy that primarily affects children and young adults; it typically presents as
undifferentiated or poorly differentiated squamous cell carcinoma(SCC) arising from the midline structures
of the body (lung, head, neck, bladder, etc.). Non-midline cases continue to be reported. Of these, 20%-25%
of CUP cases are poorly differentiated and cannot be characterized histologically. A very high index of
suspicion is required to rule out NC in cases of CUP, as it can commonly be misdiagnosed as poorly
differentiated SCC. Approximately 5% of CUP cases are classified as squamous cell carcinoma, and by
comparison, less than 200 cases of NC have been reported in the literature worldwide as of 2021[3].
NC is characterized by a chromosomal translocation that results in a NUT-fusion oncoprotein, the presence
of which often is readily identified via nuclear immunohistochemical (IHC) staining positive for NUT,
although McEvoy et al. recommend defining the nuclear protein in testis (NUTM1) fusion partner rather
than relying on tumor morphology or immunohistochemical profile[4]. Diagnosis can be confirmed by
molecular analysis techniques, including fluorescence in situ hybridization (FISH), reverse-transcription
PCR, cytogenetics, and next-generation sequencing (NGS). It should be noted that while NGS testing can
facilitate the diagnosis of NC, it can still result in a false negative[5].
NC was first described in two cases reported in 1991, with the most common chromosome translocation
t(15;19)(q15;p13)[6]. This aggressive cancer has a median overall survival (OS) of 6.7 months and is likely the
most aggressive solid tumor in humans[7,8]. Due to the rarity of this disease, a national registry was created in
2010 in order to raise awareness and collect clinical data on its characteristics and response to treatment[9].
Since that time, NC has been diagnosed more commonly, given increased awareness and better diagnostic
capabilities.
The most common chromosomal rearrangement seen in NC is that of the NUTM1 gene on
chromosome 15, most commonly by the molecular translocation of bromodomain-containing protein 4
(BRD4) (78%) on chromosome 19 or bromodomain-containing protein 3 (BRD3) (15%), though others
have been described, including the gene translocation in our patient nuclear receptor SET domaincontaining 3 (NSD3)-NUT (6%)[8]. Recent studies have identified more novel fusion partners, including
ZNF532, ZNF592, MXD4, BCORL1, MXD1, CIC, MGA, and others[10,11].
Normally, NUT is a nuclear protein which binds histone acetyltransferase (HAT) and causes histone
acetylation. In NC, the most common NUT fusion partners are part of bromodomain and extra-terminal
(BET) family (i.e., BRD3 and BRD4). This family of proteins regulates transcription via epigenetics reading
of acetylated histone lysine tail residues. BRD4 regulates transcription, cell growth, cell cycle, and chromatin
structure driven by the BRD4 promoter. MYC and TP63 have been shown to be the key downstream target
of this gene, which promotes uncontrolled cell growth. A study showed BRD4 was hyperphosphorylated in
NC and cyclin-dependent kinase 9 (CDK9) was the potential kinase mediating this[12]. Therefore, by
blocking BRD4 hyperphosphorylation with inhibitors, it was proposed that this may mitigate the
proliferation of this deadly disease. NSD3 is an enzymatic protein involved in methylating histone lysines,
which regulate gene expression and chromatin integrity[13].
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CASE REPORT
Our patient was a 27-year-old woman who presented initially with a thyroid mass to an outside hospital,
which was diagnosed by biopsy as squamous cell carcinoma. The patient presented to our hospital for
further management. She underwent a partial excisional biopsy of the thyroid mass, with final pathology
showing muscular fibroconnective tissue with mixed inflammatory cells, giant cells, and focal necrosis
[Figure 1]. No thyroid tissue was identified. Biopsy of the left strap muscle showed skeletal muscle with
acute and chronic inflammation. Tumor cells were positive for p40, p53, epidermal growth factor receptor
(EGFR), and a high Ki-67 labeling index (40%-70%). Scattered tumor cells were weakly positive for pairedbox gene 8 (PAX-8) and rare tumor cells were positive for thyroid transcription factor 1 (TTF-1), which
raised the possibility that there could be a component of anaplastic thyroid carcinoma. However, NGS
testing eventually revealed the presence of a NUT fusion (NSD3-NUTM1), which is pathognomonic for
NC.
Despite a rapid work-up from presentation, she was found to already have metastatic disease at the time of
diagnosis. Computerized tomography (CT) of the chest, abdomen, and pelvis showed a few scattered
pulmonary nodules measuring up to 0.5 cm and a large thyroid mass with enlarged necrotic cervical lymph
nodes (LN). CT of the neck showed a 2.6 cm × 2.7 cm × 4.1 cm hypoattenuating lesion of the left thyroid
lobe, and bilateral pathologic cervical LNs (right measuring 3.1 cm × 2.2 cm level II/III and left 1.6 cm × 1.2
cm left level II/III). She was treated with carboplatin and paclitaxel weekly. Given high programmed deathligand 1 (PD-L1) expression in her tumor (Combined Positive Score 100 by PD-L1 IHC Analysis, Dako
22C3 pharmDx), pembrolizumab was added to her treatment regimen. She also underwent palliative
radiotherapy for the primary neck lesion (4500 cGy total dose) and a symptomatic acetabular metastatic
lesion (2000 cGy total dose). Positron Emission Tomography (PET) CT showed bilateral retropharyngeal
and cervical lymphadenopathy, which had been seen on a recent magnetic resonance imaging (MRI),
consistent with metastatic disease, L2 lucency consistent with metastatic disease, and a superior
mediastinum fluorodeoxyglucose (FDG) avid region in the upper esophagus consistent with an LN or
esophageal lesion [Figure 2]. Treatment course was complicated by purulent discharge from the neck mass
despite recurrent debridement, fever, anemia, and throat pain. Despite treatment, her disease progressed,
and she was eventually transitioned to hospice care, dying 170 days after her initial presentation.

DISCUSSION
We conducted a literature review of the prognosis and treatment of NC. A PubMed for eligible studies from
1991 to 2021 published in the English language was performed using the following Medical Subject
Headings (MeSH) terms: NUT midline carcinoma; NUT midline carcinoma thyroid; NUT midline
carcinoma BET; NUT-midline carcinoma histone methyltransferase; NUT-midline immune checkpoint
inhibitors; NUT-midline treatment. Results of the literature helped drive treatment for our patient.
When searching for “NUT midline carcinoma”, PubMed lists 202 results. Although most literature is
described via case reports, Chau et al. performed a retrospective study of the NC registry[8]. This resulted in
the largest retrospective study of 141 patients with NC. The median age at diagnosis in this cohort was 23.6
years old, and the median survival was 6.5 months (95%CI = 5.8 to 9.1 months) regardless of treatment[7].
The primary tumor location was found to be from the midline supradiaphragmatic structures, most often in
the thorax (51% of patients), followed by other sites in the head/neck (41%), bone and soft tissue (6%), and
others (1%). More than 60% of patients had one or more sites of metastases in this study. Survival was
examined by anatomical site and genetics. Nonthoracic primary with BRD3 or NSD3-NUT median overall
survival (mOS) was 36.5 months (95%CI = 12.5 to not reported months); nonthoracic primary BRD4-NUT
had mOS 10 months (95%CI = 7 to 14.6 months), and thoracic primary had the worst prognosis with mOS
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Figure 1. H&E Stain: Left image (40×) and Right image (60×): Cytopathology specimen of left thyroid biopsy. Cell block showing
detached atypical epithelial cells in loosely cohesive clusters with prominent nucleoli and wispy dense cytoplasm intermixed with
marked neutrophils, suspicious for squamous cell carcinoma.

Figure 2. PET/CT 64 days post-initial presentation: Left image (400×): FDG-avid diffuse enlargement of thyroid gland, compatible with
known malignancy. FDG-acid bilateral retropharyngeal and extensive FDG-avid bilateral cervical lymphadenopathy. Right image
(500×): FDG-avid subtle lucency of L2 vertebra, compatible with metastatic disease.

4.4 months (95%CI = 3.5 to 5.6 months). Additionally, complete surgical resection offered the biggest
improvement in survival, especially for tumors less than 6 centimeters in size; chemotherapy and radiation
treatment, unfortunately, are largely ineffective.
When adding the search term “thyroid,” four case reports were found. Agaimy et al. described a 42-year-old
woman with thyroid sclerosing mucoepidermoid carcinoma with eosinophilia, a rare thyroid cancer, with
concomitant NSD3-NUTM1 fusion diagnosed as NC[14]. Though our patient also harbored the same NSD3NUTM1 fusion protein, her thyroid tumor’s morphology favored anaplastic thyroid carcinoma with
squamous cell differentiation. Landa et al. described a 34-year-old woman who had a translocation
involving NUTM1 and BRD4 fusion[15]. This patient underwent a total thyroidectomy and
laryngopharyngectomy plus radiation and was alive 10 years after diagnosis, which is a clear outlier for
survival[15]. A third recent case report described another NUTM1-BRD4 fusion in a 38-year-old male PD-L1
positive and TTF-1, P63, epithelial membrane antigen (EMA), and c-myc on immunohistochemistry[16].
Due to this patient being PD-L1 positive, similar to our patient, she was treated with chemotherapy
followed by camrelizumab (a PD-1 inhibitor); however, she died 10 months after surgery. A fourth recently
published case report describes a high-grade thyroid carcinoma with an NSD3-NUTM1 fusion, similar to
our patient[17]. Interestingly, this patient also exhibited expression of PAX8 and TTF1.
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When adding the search term “treatment,” 109 articles were found. No standard treatments have been
established for NC; however, a multi-modality approach with surgery, systemic chemotherapy, and
radiation therapy remains the backbone of current standard of care. Given the rarity of this disease, it is
difficult to evaluate the efficacy of various treatment combinations. In a report utilizing the International
NUT Midline Carcinoma Registry, 40 patients with head and neck involvement were analyzed; the biggest
predictors for improved OS was initial surgery, with or without chemoradiation (chemoRT) or radiation
(P = 0.04; median PFS was 6.6 months, and mOS 9.7 months) and complete resection with negative margins
(P = 0.01). There were only three long-term survivors at 35, 72, and 78 months, with overall 2-year survival
of 30%; all three cases underwent surgery followed by adjuvant chemoRT or radiation alone[18]. When
postoperative chemoRT is offered, cisplatin, taxanes, and alkylating agents are the most commonly used
agents, albeit with limited success.
More recently, bromodomain inhibitors (BETis) and histone deacetylase inhibitors (HDACis) have
emerged as promising agents in combination with chemotherapy, and there have been some benefits seen
with immune checkpoint inhibitors and CDK9 inhibitors[19-21]. Epigenetics in cancer has shown that human
cancer cells exploit both genetic and epigenetic abnormalities. HDACi has been proposed for the
BRD4-NUT fusion protein since the gene activates histone acetyl-transferase p300, which can be reversed
by hyperacetylating histones artificially with HDACi, increasing transcription of pro-differentiative
disease[22]. These epigenetic changes are potentially reversible with agents such as HDACis and histone
methyltransferase inhibitors (HMTis).
When adding “BET” to the search term, 19 articles were found, the first one dating to 2012. It is
hypothesized that BRD-NUT fusion proteins function as oncogenes by sequestering histone
acetyltransferase activity, thus blocking differentiation[23]. BETis bind the acetyl-lysing pocket of
bromodomains BD1 and BD2, thus being of possible use in treating tumors driven by BET fusion proteins
(including BRDT, BRD2, BRD3, and BRD4) by blocking the binding of BRD-NUT proteins to chromatin
and thus resulting in terminal differentiation of NC cells[24]. BETis are being extensively studied in both solid
and liquid tumors. The acetyl-histone binding of BRD4-NUT bromodomains is required for the expression
of MYC, and bromodomains are required to enrich the MYC promoter[25]. A phase I and II, open-label,
dose-escalation study with the BETi molibresib was conducted and enrolled 65 total patients with various
tumor types, including 19 patients with NC. The most frequent treatment-related adverse effects were
thrombocytopenia (51%), gastrointestinal events including nausea, vomiting, diarrhea, dysgeusia
(22%-42%), anemia (22%), and fatigue (20%). Among the 19 patients with NC, four had partial response, 8
stable disease and 4 were progression-free for more than 6 months[26].
Birabresib was recently examined in a Phase 1b trial with 46 patients, 10 of whom had NC[27]. Six patients
had partial response or stable disease. Stathis et al. described the use of Birabresib in four NC patients,
describing dramatic and rapid response in two patients (OS of 18 and 19 months) and stable disease in a
third patient[28]. All patients died of the disease but the mOS was longer than reported in the largest
retrospective study, with OS of 6.7 months reported by Bauer et al. and 9.7 months reported by Chau and
colleagues[7,18]. Adverse effects were found to limit the use of BETi, with the most common toxicities being
diarrhea, nausea, decreased appetite, and thrombocytopenia. Given resistance to restoration of MYC
expression, Liao et al. proposed combining BETi with cyclin-dependent kinase (CDK)4/6 inhibitors[29].
Clinical trials are currently being performed with CUDC-907, a combined histone deacetylase inhibitor
(HDACi)/phosphatidylinositol 3-kinase inhibitor (PI3K inhibitor) for NC [NCT02307240].
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Combining immune checkpoint inhibitors (ICIs) with BETi to treat NC is also under investigation[30]. A
PubMed search resulted in 1 article by adding the term “immune checkpoint inhibitor”. Xie et al. performed
a retrospective review of patients with primary pulmonary NC in the First Affiliated Hospital of Guangzhou
Medical University between Jan 2015 and Dec 2018[31]. Seven patients were studied and five were treated
with ICIs. One patient who received atezolizumab died after surgery due to severe postoperative
complications (OS 1.5 months); another patient in the series received pembrolizumab following radiation
therapy and had a good clinical response (OS 19.5 months), while another case treated with nivolumab and
paclitaxel-albumin seemed to fail to benefit from treatment (OS of 3 months). Notably, another patient
treated with cetuximab, docetaxel + platinum chemoRT, followed by pembrolizumab and oxaliplatin on the
progression of disease had an OS of 26.7 months. The only patient alive at the time of follow-up (OS
12+ months) had received cetuximab, docetaxel + platinum, nivolumab, and pembrolizumab.
No studies were found using the PubMed search for NUT midline carcinoma and histone methyltransferase
as treatment.
Given that our patient did not have a BRD4-NUT fusion, she was not a candidate for enrolling in a BETi
clinical trial. Instead, our patient was treated with surgical removal of the primary tumor, radiation therapy,
and systemic treatment with weekly carboplatin and paclitaxel and pembrolizumab. In the literature, thus
far, there have been no proposed novel therapeutics that specifically target the fusion protein NSD3-NUT,
likely because this gene combination is less common than BRD4 or BRD3 fusion protein. However, we
would like to propose that additional research should be performed on the addition of HMTis as part of the
therapy for this specific gene mutation. Recently, the HMTi tazemetostat has been approved for metastatic
or locally advanced epithelioid sarcoma. Many other HMTis are in development.

CONCLUSION
NUT midline carcinoma is a rare, devastating, and universally fatal disease within 3 years of diagnosis, with
median overall survival ranging between 6.7 to 9.7 months[4,11]. Chemotherapy, surgery, and radiotherapy
improve survival without providing curative results. By introducing additional agents such as ICIs and
BETis, disease-free survival has been promising. We propose that for patients with NRD3-NUT
translocation, exploring the use of HMTis as adjunctive therapy may provide additional survival benefits.
We also highlight a case of NC mimicking anaplastic thyroid carcinoma with squamous cell differentiation,
where NGS helped expedite an accurate diagnosis. We further propose that diagnostic evaluation of young
patients with CUP and squamous features include NC in the differential diagnosis, given the rapidly
progressive nature of this disease.
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