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Abstract

Introduction: Nuclear protein in testis midline carcinoma (NMC) is a rare
and extremely aggressive carcinoma (median survival < 7 months) with no
effective treatment options. CUDC-907 is a novel small molecule inhibitor of
histone deacetylase (HDAC) and phosphoinositide 3-kinase (PI3K) enzymes
currently being investigated in multiple tumor types, including NMC. Case
Report: A 61-year old female NMC patient enrolled on study CUDC-907-102
(NCT02307240) after rapidly progressing through two prior treatments. The
patient’s assessable sites of disease consisted of right pleural effusion, right hi-
lar soft tissue, and segment IV liver. Treatment was well tolerated with toxici-
ties primarily consisting of manageable diarrhea and thrombocytopenia. The
patient remains on active treatment after more than 32 months of stable dis-
ease. Discussion: Dysregulation of MYC in NMC is believed to play a central
role in pathogenesis. CUDC-907 has demonstrated potent suppression of
MYC expression and anti-tumor activity in preclinical NMC models, provid-
ing a mechanistic rationale for the prolonged disease stabilization observed
here. The treatment of additional NMC patients with CUDC-907 is needed to
further evaluate this promising report. Conclusion: This case demonstrates a
rare success in the treatment of a devastating disease using only a novel small
molecule, warranting further investigation of CUDC-907 in NMC.

Keywords

NMC, MYC, CUDC-907, HDAC, PI3K

DOI: 10.4236/crcm.2018.77039

Jul. 24, 2018 451

Case Reports in Clinical Medicine


http://www.scirp.org/journal/crcm
https://doi.org/10.4236/crcm.2018.77039
http://www.scirp.org
https://doi.org/10.4236/crcm.2018.77039
http://creativecommons.org/licenses/by/4.0/

P. Munster et al.

1. Introduction

Nuclear protein in testis (NUT) midline carcinoma (NMC) is a genetically de-
fined, rarely diagnosed, and poorly differentiated type of squamous cell carci-
noma [1] [2] [3] [4]. Initially described in children and young adults, NMC has
since been reported in patients of all age groups. Due to limitations on compre-
hensive cytogenetic and molecular assessments of adult carcinomas, accurate es-
timates on the actual prevalence and incidence of NMC are unavailable, and the
current estimated numbers are likely to be highly underreported [1]. With the
introduction of a diagnostic immunohistochemistry assay in 2009 and the estab-

lishment of an international NMC registry (http://www.nmcregistry.org/) in

2010, more patients will present with diagnosed NMC [1] [5]. The disease is ex-
tremely aggressive and invariably fatal despite aggressive chemotherapy and
radiation treatments. With a reported median overall survival (OS) of less than 7
months, NMC represents a rapidly deadly disease with an urgent need for new
effective treatment options [1] [3] [6].

The pathogenesis of NMC is genetically defined by the rearrangement and
translocation of NUT most often with either the bromodomain-containing pro-
tein 4 (BRD4; [t(15;19) (q14;p13.1)]) or BRD3 (t(15;9) (q14;p34.2) ). The func-
tion of NUT is poorly understood and its expression is usually restricted to the
germ cells of the testis and ovaries [5]. BRD4 and BRD3 belong to the bromo-
domain and extra-terminal domain family (BET) of proteins which bind to ace-
tylated lysine residues on histone proteins and function as epigenetic readers
and regulators of transcriptional activity [7]. Both proteins are believed to be es-
sential in the transcription of oncogenes such as c-MYC, MYCN, BCI2, and
FOSI1 [8]. In approximately 70% of cases, NMC is caused by the fusion of NUT
(chromosome 15) with BRD4 (chromosome 19), forming the BRD4-NUT onco-
gene [9]. In the remaining cases, NUT'is fused with BRD3 (25%) or to unidenti-
fied genes (5%). In recent reports, a NSD3-(nuclear receptor binding SET do-
main 3) NUT fusion was also identified, and a novel three-way translocation in-
volving chromosomes 9, 15, and 19 [10] [11] [12]. The BRD-NUT fusion pro-
teins appear to contribute to carcinogenesis by interacting with chromatin, trig-
gering aberrant histone acetylation, and blocking cellular differentiation. /n vitro
studies have demonstrated that MYC is a key downstream target of BRD4-NUT,
which associates with the MYC promoter and is required for MYC expression.
The dysregulation of MYC by BRD-NUT fusion proteins is believed to play a
central role in the pathogenesis of NMC [13] [14].

CUDC-907 is a novel oral small molecule that potently inhibits class 1 phos-
phoinositide 3-kinase (PI3K; a, B and Jisoforms) as well as histone deacetylase
(HDAG; class I and II) enzymes, blocking cellular proliferation and inducing
apoptosis in a variety of cancer cell lines. Preclinical experiments have demon-
strated that CUDC-907 dramatically decreased MYC mRNA and protein levels
in multiple MYC-dependent cell and animal models. Furthermore, CUDC-907
has been shown to effectively inhibit the growth of human NMC cell lines in
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culture, potently and rapidly eliminate MYC protein levels in these cells, and is
active in 7n vivo xenograft models of human NMC (BRD4-NUT fusion) [15].
The proposed mechanisms for the observed CUDC-907 induced MYC suppres-
sion include reduced MYC expression at the transcriptional level via HDAC in-
hibition and reduced MYC protein stability at the post-translational level via
PI3K inhibition [15].

CUDC-907 is currently being investigated in 3 clinical trials; a Phase 1 trial of
CUDC-907 with and without rituximab in relapsed/refractory lymphoma and
multiple myeloma patients, a phase 2 study of CUDC-907 in relapsed/refractory
diffuse large B-cell lymphoma patients, with a primary analysis population of
MYC-altered patients, and a Phase 1 study of CUDC-907 in patients with solid
tumors, including NMC patients. Herein we report on the case of a 61 year old
female NMC patient that enrolled on the Phase 1 CUDC-907-102
(NCT02307240) solid tumor study in November 2015 and remains on active

treatment. The patient consented to the publication of this case report.

2. Case Report

In January 2015 the patient, who is a never smoker, reported an approximate
8-week history of non-productive cough and wheezing. A chest x-ray and fol-
low-up computed tomography (CT) scan showed a 9-cm right upper lobe mass
with compression of superior vena cava and mediastinal extension versus right
paratracheal/pretracheal lymph node involvement and repeated pleural effu-
sions. Routine hematoxylin and eosin stained sections showed a high-grade ma-
lignant neoplasm eliciting a mixed desmoplastic and inflammatory response.
Interpretation was hampered by the small size of the specimen and “crush” arti-
fact, considered possibly inherent to the neoplasm. The only immunohisto-
chemical (IHC) marker that was convincingly staining positive was p63, usually
seen with squamous carcinomas. However, other epithelial markers (AE1/AE3,
CAMS5.2, CK5/6, CK7 and CK20) were negative. Hematopoietic markers in-
cluding CD45, CD2, CD3, CD20, CD30 and ALK were negative as were a mela-
nocytic marker (S-100) and neuroendocrine markers (TTF-1, CD56 and chro-
mogranin). The case was referred for a consultative opinion and definitive diag-
nosis. In February 2015 a histologic section of the original right upper lobe lung
biopsy showed several extensively crushed foci of atypical, somewhat dyshesive
larger cells in clusters and linear arrangements, some with vasculocentricity. In
some areas the cells appeared to show ovoid nuclei, open chromatin, inconspi-
cuous nucleoli, and moderate amount of cleared cytoplasm. Further IHC stain-
ing performed showed that the atypical cells did not express synaptophysin,
kappa or lambda immunoglobulin light chains RNA, MPO, HHVS, CD33,
SOX-10, ERG, desmin or CD99. IHC and fluorescent in situ hybridization test-
ing of tumor cells confirmed the diagnosis of NMC and the presence of
BRD4-NUT translocations t(15q14; 19p13.1).

The patient’s first reported treatment was with carboplatin and paclitaxel with
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adjuvant radiotherapy to the lungs from 25 February 2015 until disease progres-
sion on 11 May 2015 (best response of stable disease). The patient’s second-line
of treatment was with the investigational BET inhibitor GSK525762 from 11
June 2015 to 21 September 2015 (best response of stable disease). Other than a
dose reduction due to thrombocytopenia, the patient reportedly tolerated treat-
ment well with mild nausea, vomiting, decreased appetite, and approximately 10
pounds of weight loss and an increasing need for thoracentesis to remove pleural
fluid. A later CT scan showed progressive disease by RECIST on 30 September
2015.

In October 2015 the patient was referred to the University of California San
Francisco for management of their metastatic NMC and consideration for
enrollment on the CUDC-907-102 clinical trial. A CT scan of the chest, abdo-
men, and pelvis demonstrated evidence of disease progression with pulmonary
nodularity, increasing mediastinal adenopathy and an increased right pleural ef-
fusion. During screening for participation on the CUDC-907-102 trial the pa-
tient underwent thoracentesis on 28 October 2015, which was reported to signif-
icantly improve their pulmonary symptoms. A history of asthma (2012 - ongo-
ing), type II diabetes mellitus (2016 - ongoing), hypertension (1977 - ongoing),
intermittent tachycardia (August 2015 - ongoing), non-productive cough (Sep-
tember 2014 - ongoing), and right pleural effusion (October 2015 - ongoing)
were all reported. ECOG performance status of 1 was noted at screening and
remained so throughout study participation. The patient entered the trial with-
out any target lesions present. An ill-defined thoracic mass, right pleural effu-
sion, segment IV liver, and right hilar soft tissue were selected as non-target le-
sions to follow for response assessments.

On 05 November 2015, the patient began CUDC-907 treatment at the rec-
ommended phase 2 dose of 60 mg daily for 5 days on, 2 days off (5/2) on conti-
nuous 21-day cycles. On the first day of treatment Grade 2 diarrhea was reported
which continued for 14 days. Also on the same day, Grade 1 nausea was reported
which became Grade 2 the following day and continued for 3 days. On the
second day of study treatment loperamide and ondansetron were initiated to
help control the symptoms of diarrhea and nausea, respectively. On the 12" day
of treatment, Grade 1 hypokalemia and Grade 2 thrombocytopenia were re-
ported. Concomitant treatment with potassium chloride and lomotil (replacing
loperamide) were also initiated on this day. On the 15" day of Cycle 1 treatment
was held for the rest of the cycle (7 days) to alleviate the symptoms of thrombo-
cytopenia and diarrhea. During this final week of Cycle 1, a Grade 1 macu-
lo-papular rash possibly related to study treatment was also reported and per-
sisted for over 2 months. The last 4 scheduled doses of Cycle 2 were held due to
Grade 3 thrombocytopenia and Cycle 3 was initiated at the first dose reduction
level of 60 mg 4 days on, 3 days off (4/3). During Cycle 5, intermittent Grade 1
thrombocytopenia worsened to Grade 3. Treatment was then held for 5 days and

a second dose reduction occurred per protocol to 30 mg 5/2 at the start of Cycle 6.
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Initial staging studies after cycle 2 showed decreased right pleural effusion and
decreased extent of right lower lobe peribronchial opacities and right major fis-
sure nodular opacities with improved aeration of the right lower lobe. Restaging
scans at the end of Cycle 6 had revealed evidence of colitis in the distal colon.
Testing of the patient’s stool sample for Clostridium difficile were performed
with negative results. Symptoms of colitis and diarrhea were well controlled with
concomitant use of lomotil and budesonide. For the following 5 cycles, the pa-
tient experienced no new adverse events and reportedly even began to exercise
again. However, near the end of Cycle 12 the patient reported to their local
emergency department with again symptoms of diarrhea. A CT scan again
showed evidence of colitis and the patient began treatment with prednisone for
16 days while study treatment was held. A colonoscopy was performed and Clo-
stridium difficile tests were negative again. However, further work up for colitis
reported the presence of Campylobacter jejuni in the stool culture consistent
with active colitis. Study treatment was then restarted at the 3™ and final dose
reduction level of 30 mg 4/3. Following resolution of the colitis event, the patient
reported minimal occurrences of diarrhea that appears to have been well con-
trolled by loperamide.

No new adverse events or dose interruptions were reported after Cycle 13 un-
til Cycle 27 when the patient experienced episodes of Grade 1 bronchitis and
productive cough and study treatment was held for 11 days. A chest X-ray
showed stable to moderate right pleural effusion and vague retrocardiac streaky
densities, possibly reflecting atelectasis aspiration or infection. A CT scan of the
chest ruled out pneumonitis and thoracentesis was not performed due to the
apparent lack of fluid present to drain. The patient continued to have a mild
cough that was reportedly much improved and the bronchitis resolved within 1
week of starting. Study treatment was restarted again at 30 mg 4/3.

Since the end of Cycle 10 and Cycle 26 disease assessments, the patient’s
non-target segment IV liver and right hilar soft tissue lesions have been absent,
respectively, leaving only pleural effusion as the currently present site of disease.
The patient has not required any thoracentesis for pleural effusion. The best
overall response for every disease assessment by CT scan to date has been a
non-complete remission (CR)/non-progressive disease (PD) (Table 1).

As of 07 July 2018, the patient remains on active treatment for over 2 years in
Cycle 42.

3. Discussion

Overall CUDC-907 treatment has been well tolerated with adverse events con-
sisting primarily of mild-moderate diarrhea and intermittent thrombocytopenia.
Both of these events are commonly associated with CUDC-907 treatment as well
as with other HDAC and PI3K inhibitors [16] [17]. Diarrhea events were gener-
ally managed by the use of loperamide or lomotil and budesonide. The Grade 1
colitis event reported in Cycle 12 was considered related to the presence of
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Table 1. Summary of Patient Disease Assessments.

Non-Target Sites of Disease

Assessment ] Right hilar soft ' Best Overall Response
Segment IV liver tissue Pleural effusion
Cycle 2 Present Present Present Non-CR/non-PD
Cycle 4 Present Present Present Non-CR/non-PD
Cycle 6 Present Present Present Non-CR/non-PD
Cycle 8 Present Present Present Non-CR/non-PD
Cycle 10 Absent Present Present Non-CR/non-PD
Cycle 14 Absent Present Present Non-CR/non-PD
Cycle 18 Absent Present Present Non-CR/non-PD
Cycle 22 Absent Present Present Non-CR/non-PD
Cycle 26 Absent Absent Present Non-CR/non-PD
Cycle 30 Absent Absent Present Non-CR/non-PD
Cycle 34 Absent Absent Present Non-CR/non-PD
Cycle 38 Absent Absent Present Non-CR/non-PD

Disease assessments by CT scan. Present refers to continued presence without of equivocal progression.

Campylobacter jejuni and not study treatment. This was discovered following
additional work up due to the patient’s daughter also reporting events of diarr-
hea and may be associated with environmental factors. Furthermore, the patient
also has a remote history of colitis which may have been related to prior expo-
sure to Campylobacter jejuni. Thrombocytopenia events were managed by the
use of dose holds and/or reductions.

The patient has reported encouragingly prolonged and ongoing disease stabi-
lization for over 32 months. Due to the patient not having target lesions to
measure, the direct quantitative impact of CUDC-907 on anti-tumor activity
cannot be ascertained in this case. However, by the end of Cycles 10 and 26, the
patient’s segment IV liver and right hilar soft tissue lesions were absent, respec-
tively (Table 1). In addition, thoracentesis has not been required on study, sug-
gesting prolonged stability of the patient’s pleural effusion since treatment was
initiated. Hence, the patient’s assessable sites of disease either gradually receded
or remained stable through CUDC-907 treatment, demonstrating a marked im-
provement in disease control compared to their previous 2 therapies. Impor-
tantly the patient has demonstrated signs of improved quality of life since begin-
ning treatment, such as the ability to exercise again.

The median survival time for NMC patients from diagnosis is reported to be
less than 7 months, and there is a greater than 80% likelihood of death within
the first year of diagnosis for adult patients [1] [18] [19]. So far as current litera-
ture suggests, there appears only two cases of NMC patients reporting longer
survival times than the patient presented here. In one case, a 16-year old boy

with an endobronchial lesion (NUT variant) underwent resection and 4 cycles of
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adjuvant cisplatin and docetaxel followed by radiation therapy, was reported to
be disease free 34 months after diagnosis [20]. In the other case, a 10-year old
boy with a tumor in the iliac bone (BRD4-NUT positive) underwent combined
modality therapy used for inoperable Ewing sarcoma, consisting of two courses
of vincristine, doxorubicin, and ifosfamide, alternating with one course of cis-
platin, doxorubicin, and ifosfamide for 35 weeks. During the first 2 cycles the
patient also underwent hyper-fractionated accelerated radiotherapy to the tumor
area. A post-treatment biopsy revealed no viable tumor cells and the patient was
reportedly in continued complete remission 13 years later [21].

Presently there is no standard of care treatment in NMC due to the rarity and
fulminant nature of the disease [18]. BET inhibitors have been shown to compe-
titively inhibit BRD-NUT chromatin interactions, down regulate MYC and
MYC-dependent gene expression, and promote cellular differentiation [22]. Ob-
jective responses in NMC have been reported from treatment with BET inhibi-
tors OTX015/MK-8628 and GSK525762 [23] [24]. However, the effectiveness of
this drug class is unclear due to a lack of clinical data and restored MYC expres-
sion through WNT signaling has been proposed as a mechanism for acquired
resistance to BET inhibitors [24] [25] [26]. BET inhibition was unfortunately not
a successful approach in this patient who progressed less than 3 months after
treatment initiation. Another potentially promising approach in NMC has been
the investigation of HDAC inhibitors (HDACi). NMC is hypothesized to be dri-
ven by an imbalance of histone acetylation/deacetylation leading to the arrest of
differentiation and dysregulation of oncogenic MYC activity. Blocking endo-
genous histone deacetylation is believed to restore this imbalance and increase
the expression of pro-differentiation genes [27]. Objective responses from the
use of HDACi vorinostat have been reported in at least 2 NMC cases, demon-
strating the potential effectiveness of such treatments [28] [29].

CUDC-907 potently inhibits HDAC and PI3K activities, both of which have
been shown to individually suppress MYC-induced oncogenic transcriptional
programs via different mechanisms. HDAC inhibition potently suppresses ex-
pression of MYC at the transcriptional level, while PI3K inhibition results in
enhanced ubiquitin-mediated MYC protein degradation at the post-translational
level. When combined, there is preclinical evidence that dual HDAC and PI3K
inhibition results in synergistic suppression of MYC and anti-cancer effects in
multiple MYC-driven models, including BRD4-NUT NMC [15] [30] [31] [32]
[33]. CUDC-907 has also demonstrated promising and durable clinical activity
in MYC-altered diffuse large B-cell lymphoma (DLBCL) patients [16]. This case
highlights the general tolerability and promising activity of CUDC-907 in a tu-
mor type that is rapidly fatal and which has few therapeutic options available.
The study CUDC-907-102 continues to explore whether CUDC-907 may be an

effective treatment option for more patients with this devastating disease.

4. Conclusion

NMC is a rare, but underdiagnosed, rapidly fatal disease for which there are no
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established effective treatment options available. The dysregulation of MYC is
believed to be a central driver in the pathogenesis of NMC [13] [14]. CUDC-907,
a dual HDAC and PI3K inhibitor, has demonstrated preclinical suppression of
MYC expression and protein stability, potent anti-cancer activity in multiple
MYC-driven tumor models including NMC, and promising clinical activity in
MYC-altered DLBCL [15] [16]. In this case, a 61-year old female NMC patient
who had previously progressed rapidly through treatment with platinum-based
chemoradiotherapy and an investigational BET inhibitor has reported prolonged
disease stabilization (ongoing at over 32 months) and manageable toxicities
from treatment with CUDC-907. This case demonstrates a rare success in the
treatment of a particularly devastating disease using only a novel oral small mo-

lecule inhibitor, warranting further investigation.
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