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ABSTRACT

We present the first known case of a patient with
BRDZ2::NUTM1-driven NUT carcinoma. A 59-year-old woman
presented with poorly differentiated squamous cell lung
cancer metastatic to the pleura. Eventually, a positive NUT
immunohistochemistry, NUT fluorescence in situ hybridi-
zation, and RNA next-generation sequencing with a
BRDZ2::NUTM1 fusion led to the diagnosis of NUT carcinoma.
She received multiple lines of chemotherapy with response
and is still alive at 2 years postdiagnosis. This report ex-
pands on the known fusions in NUT carcinoma and high-
lights potential differences in patient prognosis on the basis
of gene fusion partners.

© 2023 The Authors. Published by Elsevier Inc. on behalf of
the International Association for the Study of Lung Cancer.
This is an open access article under the CC BY-NC-ND li-
cense (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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Introduction

NUT carcinoma is a rare and aggressive poorly
differentiated squamous cell carcinoma that affects pa-
tients of all ages. It carries a poor prognosis, with a
median overall survival (0S) of 6.7 months."” The
defining feature is rearrangement of the NUTM1 gene
with different fusion partners, most frequently BRD4,
followed by BRD3.” Both BRD4 and BRD3 are members

of the BET family, which also includes BRDZ and
BRDT. Despite the frequency of BRD4:NUTM1 and
BRD3::NUTM1 gene fusions, there have been no reported
fusions with the other BET genes. Herein, we present the
first known case of an individual with NUT carcinoma
with a BRD2::NUTM1 gene fusion.

Case Presentation

A 59-year-old woman with a never smoking history
presented with an incidentally noted 2.7 x 3.0 cm
left lower lobe (LLL) mass on computed tomography
(CT) in February 2021 (Figs. 1 and 24 and B). A
positron emission tomography (PET) scan revealed
avidity in the LLL mass (standardized uptake value
[SUV] 6.8 units) and regional lymph nodes (LNs) (SUV
3.1-4.9 units). A brain magnetic resonance imaging
scan was negative for metastatic disease. Biopsies
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Figure 1. Clinical timeline from initial diagnosis (February 2021) to the most recent follow-up (September 2023).

revealed poorly differentiated squamous cell carci-
noma with metastasis to the pleura, stage cT3N2M1a/
IVa (Fig. 2C-E).

She started carboplatin, paclitaxel, and pem-
brolizumab on March 2021. A chest CT on completion of
four cycles revealed that the LLL mass had decreased to
1.5 x 1.4 cm. The mass was consolidated with 50 Gy of
radiation.

Chest CT 3 months after revealed that the LLL mass
increased to 2.0 cm with new left hilar lymphadenopa-
thy. Nivolumab was started in December 2021. After 3
months of nivolumab, a chest CT revealed that the LLL
mass had increased to 3.4 cm with new left infrahilar
adenopathy.

A Dbiopsy of the LLL mass was performed; a
BRDZ2::NUTM1 gene fusion was identified by RNA-based

Figure 2. Initial CTscan imaging revealing the (A, arrow) left lower lobe mass and (B, arrowhead) hilar lymphadenopathy. (C)
HE staining of the left lower lobe lung resection revealing monomorphic phenotype, (D) pleomorphic areas, and (E) squamous
differentiation. (F) Immunohistochemistry for NUT revealing nuclear speckled staining. (G, H) BRD2::NUTM1 dual color bring-
together FISH performed on the patient’s core biopsy. The red-green doublet identifies the BRD2-NUTM1 allele, and single red
and green signals identify normal BRD2 and NUTM1 alleles, respectively. The horizontal scale bar represents 100 uM. CT,
computed tomography; FISH, fluorescence in situ hybridization.
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Figure 3. Schematic of the BRD2-NUT fusion protein identified in this case in comparison to the most common BRD3-NUT and
BRD4-NUT proteins. The black arrows indicate the location of translocation-associated break points. NLS, nuclear localization
signal; ET, extraterminal; TAD1, transcriptional activation domain 1; TAD2, transcriptional activation domain 2; NES, nuclear

export signal.

next-generation sequencing (NGS). Immunohistochem-
istry (IHC) for NUT was positive. These findings altered
the diagnosis to NUT carcinoma.

Docetaxel and ramucirumab were started in May
2022. After 4 months of treatment, a chest CT revealed a
stable LLL mass. The patient underwent a LLL lobectomy
with mediastinal lymphadenectomy in October 2022.
The histopathology revealed 2.5 cm residual NUT carci-
noma and metastatic disease in six of eight LNs. The
resection specimen had treatment effect and areas of
abrupt keratinization. IHC for NUT revealed positive
nuclear dot-like staining in the tumor cells, and fluo-
rescence in situ hybridization (FISH) confirmed a fusion
between NUTM1 and BRDZ2 (Fig. 2F-H; Supplementary
Methods).

In January 2023, docetaxel and ramucirumab were
resumed and discontinued in May 2023 owing to neu-
ropathy. A PET scan revealed residual avidity in a left
upper lobe (LUL) nodule, mediastinal, hilar, and supra-
clavicular LN; 45 Gy and 37.5 Gy of radiation were
delivered to the LUL and LN, respectively. A PET scan in
August 2023 revealed stable treated disease but new
lung nodules, avid subcarinal adenopathy, and an avid
right acetabular bone lesion. The patient has since started
on a clinical trial for NUT carcinoma (NCT05372640).
Written informed consent was provided by the patient for
this case report.

Discussion

We present the first known case of NUT carcinoma
harboring a BRD2::NUTM1 fusion oncogene. The case
highlights diagnostic challenges and a clinical course
with a remarkably good outcome for NUT carcinoma.

Our case illustrates the challenge of diagnosing NUT
carcinoma upfront. The diagnosis necessitates demon-
stration of rearrangement of the NUTM1 gene by either

(1) nuclear IHC staining for NUT,” (2) FISH testing, or (3)
PCR-based or NGS, preferably RNA-based NGS. Diagnosis
is often delayed owing to under-recognition, nonspecific
histologic features, and disease aggressiveness.

This case highlights the first known case of NUT
carcinoma with a BRD2::NUTM1 fusion. BRD2, BRD3, and
BRD4 are BET proteins,”” a family characterized by the
presence of two acetyl-histone-binding bromodomains
and an extraterminal protein-interaction domain. These
domains allow BET proteins to bind to regions of active,
acetylated chromatin, facilitating the transcriptional
elongation of associated genes. The oncogenic function of
BRD2-NUT is predicted to be similar to that of BRD4-
NUT as it retains all known functional domains of
BRD4-NUT, including the highly homologous dual bro-
modomains, extraterminal domain, and nearly the
entire NUT protein with its two p300-binding tran-
scriptional activation domains (TAD1, TAD2)*” (Fig. 3).
BRD4::NUTM1 has been found to promote tumorigenesis
through multiple mechanisms that block differentiation
and maintain growth, including up-regulation of the
proto-oncogenes MYC® and SOX2 through formation of
megadomains near these loci.”

The clinical course of this patient may shed light on
the natural history and treatment response of BRD2-
NUT-driven NUT carcinoma. This patient has a
thoracic primary tumor, which has a median OS of 4.4
months.” In our recent report of responses to chemo-
therapy in NUT carcinoma, the objective response rate
was only 31%.° Among head/neck origin NUT carci-
noma, non-BRD4-NUT-driven disease has improved
prognosis compared with BRD4-NUT-driven disease. In
clinical trials of targeted BET bromodomain inhibitors
for NUT carcinoma (molibresib, RO6870810, and Bristol-
Myers Squibb-986158), patients with partial responses
were limited to those with non-BRD4::NUTM1-driven
tumors."” These data suggest that the specific NUTM1
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fusion partner is both prognostic and predictive. In
contrast to most NUT carcinomas, this patient with
BRD2-NUT-driven NUT carcinoma has an OS of greater
than 2 years since diagnosis and responded to multiple
lines of chemotherapy. This favorable outcome stands
out and may reflect that BRD2::NUTM1 fusions have a
more chemotherapy-sensitive or less aggressive disease
biology. Ultimately, the prognostic and predictive impli-
cations of NUTM1 fusion partners will have to be char-
acterized in larger data sets.

With increased diagnostic awareness and clinical trial
development for NUT carcinoma, investigators should
take disease heterogeneity into account. In particular, all
patients should have fusion partner testing locally or
free-of-charge through the International NUT Carcinoma
Registry (NC-Registry.org). Current NUT carcinoma tar-
geted therapy trials are focused on combinations with
BET bromodomain inhibitors. For example, CTEP 10507
(NCT05019716) tests the addition of chemotherapy to
the BET bromodomain inhibitor ZEN-3694 and has a
non-BRD4, nonthoracic exploratory cohort that adds
chemotherapy later to account for disease heterogeneity.

Conclusions

We describe a patient presenting with NUT carci-
noma harboring a novel BRD2::NUTM1 fusion. The bio-
logical significance of this rearrangement is yet to be
elucidated; however, disease response to multiple che-
motherapies and patient survival at 2 years post-
diagnosis may suggest a more favorable prognosis but
would necessitate further evaluation.
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