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Abstract

Background and aims: Nuclear protein of the testis (NUT) carcinoma (NC) is a rare

and highly aggressive tumor defined by the presence of a somatic NUTM1 rearrange-

ment, occurring mainly in adolescents and young adults. We analyzed the clinical and

biological features of German pediatric patients (≤18 years) with NC.

Methods: This study describes the characteristics and outcome of 11 childrenwithNC

registered in the German Registry for Rare Pediatric Tumors (STEP).

Results: Eleven patients with a median age of 13.2 years (range 6.6–17.8) were ana-

lyzed. Malignant misdiagnoses were made in three patients. Thoracic/mediastinal

tumors were found to be the primary in six patients, head/neck in four cases; one

patient had multifocal tumor with an unknown primary. All patients presented with

regional lymph node involvement, eight patients (72.7%) with distant metastases.

Seven patients underwent surgery, eight radiotherapy with curative intent; poly-

Abbreviations: AURK, aurora kinase; BETis, inhibitors of BET proteins; EFS, event-free survival; ESCP, European Standard Clinical Practice; EXPeRT, European Cooperative Study Group for

Paediatric Rare Tumors; FISH, fluorescence in situ hybridization; Gy, Gray; HDAC, histone deacetylase; IHC, immunohistochemical; NC, NUT carcinoma; NUT, nuclear protein of the testis; OS,

overall survival; PFS, progression-free survival; SSG, Scandinavian SarcomaGroup; STEP, Seltene Tumor-Erkrankungen in der Pädiatrie; T-VEC, talimogene laherparepvec; VIDE, vincristine,

ifosfamide, doxorubicin and etoposide.
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chemotherapy was administered in all patients. Novel treatment strategies including

immunotherapy, targeted therapies, and virotherapy were applied in three patients.

Median event-free survival and overall survival were 1.5 and 6.5months, respectively.

Conclusions: Every undifferentiated or poorly differentiated carcinoma should

undergo testing for the specific rearrangement of NUTM1, in order to initiate an

intense therapeutic regimen as early as possible. As in adults, only few pediatric

patientswithNC achieve prolonged survival. Thus, novel therapeutic strategies should

be included and tested in clinical trials.

KEYWORDS

immunotherapy, lung carcinoma, NUT carcinoma, rare tumors

1 INTRODUCTION

Nuclear protein of the testis (NUT) carcinoma (NC) is a poorly differen-

tiated squamous cell tumor defined by the presence of specific somatic

translocations, which are rare and highly aggressive.1–3 NUTM1 rear-

rangements result in the fusion of the NUTM1 gene with a couple of

other genes.1–3 In most NC cases, this “target” gene is BRD4 (19p13);

other known translocation partners are BRD3 (9q34), ZNF539 (19p12),

or NSD3 (8p12).4–6 These aberrant gene fusions lead to the formation

of oncogenic complexes that disrupt histone acetylation followed by

massive alterations in the respective transcriptomes, which amongst

other events lead to the activation of oncogenes and disruption of an

orderly cell differentiation.7,8

Initially, NC is very oftenmisdiagnosed. This is likely due to its rarity,

lack of specific clinical, imaging, and histological features, and the fact

that the tumors are not restricted to a particular organ.9–11

However, using a simple immunohistochemistry employing a highly

specific anti-NUTM1-antibody makes the diagnosis quite easy and

straightforward.12

NC can occur at any age, from infants (even neonates) to elderly

people; however, most cases are found in adolescents and young

adults.1,2

Cure or long-term survival is rare and mostly associated with

the onset of tumor resections at localized disease stages; in adults,

non-BRD4-fusions are also reported to be associated with better

outcomes.1,8,13 NCs are mostly refractory to conventional poly-

chemotherapy; median overall survival (OS) is found to be very low,

ranging from 6.7 to 9.5months.1,8

Survival and response to treatment seem comparable between chil-

dren/adolescents and adult patients. In a retrospective analysis of 63

patients by Bauer et al.14 with NC, including 29 patients under the

age of 18 years, progression-free survival (PFS) and OS did not differ

significantly between the age groups over 18 years of age or below

18 years: for pediatric patients, PFS was 24% at 1 year and 14%

at 2 years, and OS was 41% at 1 year and 30% at 2 years, respec-

tively. For adult patients, they reported a PFS of 4% at 1 year and

4% at 2 years, respectively; OS was 16% at 1 year and 5% at 2 years,

respectively.14

The current treatment approach for all patients is surgical resec-

tion before or after chemotherapy and radiation.15,16 Novel treat-

ment options, among them inhibitors of BET proteins (BETis),17

histone deacetylase (HDAC) inhibitors,7 and immunotherapeutic

approaches with PD1/PD-L1 inhibition and oncolytic virotherapy

are currently explored.18–20 Currently three clinical trials currently

evaluate targeted therapies in pediatric patients with NC, among

them BET bromodomain inhibitors in combination with chemotherapy

(NCT05019716) or the cyclin-dependent kinase inhibitor ademaciclib

(NCT05372640).

Spreading the knowledge and a straightforward establishment of

the diagnosis of NC are both essential to enable better management

and counseling. To help to achieve these aims, a European Standard

Clinical Practice (ESCP) onNC in children and adolescents has recently

been published.16

Here, we report the characteristics, treatment, and outcomes of 11

pediatric patients (diagnosed≤18 years), withNCs diagnosed between

years 2011 and 2021 and being recorded in the German Registry

for Rare Pediatric Tumors (STEP—“Seltene Tumor-Erkrankungen in der

Pädiatrie”).

2 METHODS

2.1 Patients

Children and adolescents with NC were identified in the prospec-

tive STEP. Inclusion criteria were diagnosis of NC between 2011 and

2021 and age at diagnosis ≤18 years. Informed consent was obtained

from the legal guardians and/or patients. The STEP registry has been

approved by the institutional review boards of Erlangen, Germany, and

the participating hospitals.

2.2 Database

The database of the STEP registry contains patient and tumor char-

acteristics such as gender, age at diagnosis, histology, symptoms,
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localization, staging, tumor differentiation, molecular genetics, ther-

apy modalities, events, outcomes, last follow-up, pre-existing diseases,

family history, and germline genetic evaluation (if performed). Distinct

treatment modalities were surgery, chemotherapy, radiotherapy, tar-

geted therapy, immunotherapy, and oncolytic virotherapy. The quality

of the datawas verified by comparisonwith physicians’ letters andwith

reports on surgery, radiology, and pathology kept at the study center or

requested from the treating hospitals.

2.3 Diagnosis

Because there are no morphological features unique to NC, it is

diagnosed on the basis of its pathognomonic genetic characteris-

tic, the NUTM1 rearrangement, that results in the expression of an

aberrant NUTM1 fusion protein. Diagnosis of NC can be achieved

using immunohistochemical (IHC) staining with a specific monoclonal

antibody, which specifically recognizes the NUTM1 protein.21,22

Additional tests helping to identify the fusion partner of NUTM1

are in situ hybridization (fluorescence in situ hybridization; FISH) with

split-apart probes or next-generation sequencing-based assays.23 Fol-

lowing international and ESCP recommendations, evidence of positive

IHC staining was defined as being necessary for inclusion in this

analysis.16 The histological specimen were reviewed by experts in

pediatric pathology in order to confirm the diagnosis.

2.4 Statistical methods

A descriptive analysis was done. Event-free survival (events defined as

relapse, progressive disease, or death) and OS were calculated using

the Kaplan–Meiermethod, starting from the date of the first diagnosis.

3 RESULTS

The characteristics of the eleven patientswithNCare shown in Table 1.

The mean age at diagnosis was 13.2 years (range 6.6–17.8 years),

with a predominance of male patients (n = 8; 72.7%). For all patients,

the family history was unremarkable with regard to tumor predis-

position. Testing for germline mutations was done in none of the

patients.

Primary sites were lung and mediastinum (n = 6; 55%), cervical

lymph nodes (n= 1; 9%), paranasal sinuses (n= 1; 9%), sublingual gland

(n = 1; 9%), and mandibula (n = 1; 9%). One patient had widespread

disease at diagnosis, with an unknown primary (n= 1; 9%).

Presenting symptoms were nonspecific, with pain, local swelling,

cough, and weight loss, in most patients with a duration of about 1−2

months (range 1 week to 6 months). Because of the nonspecific pat-

tern of the symptoms, infectious causes were suspected initially in

five patients (45.5%). In three patients, othermalignant (mis)diagnoses

were made in the beginning. In one patient, the diagnosis of NC was

made retrospectively, 5 five years after the initial diagnosis. In six

patients (54.5%), NC was confirmed by reverse transcription poly-

merase chain reaction (RT-PCR), identifyingBRD4 as the fusionpartner

to NUTM1 in four patients (36.4%), BRD3–NUTM1 and ZNF539–

NUTM1 in one patient each (9%). In the other patients (n = 5, 45.5%),

diagnosis was confirmed by IHCwith anti-NUTM1 antibody immunos-

taining or FISH, thuswithout an explicit identification of the respective

fusion partner.

Except for lactate dehydrogenase, none of the known tumor mark-

ers was found to be elevated (data supplement). IHC and molecular

data of the NC samples are summarized in the data supplement. Focal

expression of neuroendocrine markers was rarely seen. TTF1 and

synaptophysin expression were always negative. Lymphoid markers

were rarely positive. P63 was positive in six out of six patients tested.

Ki67was>30% in all tested tumor samples (range>30–>90%).

Maximum tumor sizes were between 2.5 and 11.5 cm. All patients

(n = 11) had local lymph node involvement, eight patients (72.7%)

had distant metastasis. The most frequent sites of metastasis were

lung/mediastinum and bones in four patients each (36.4%); cerebral

and peritoneal metastasis was reported in one patient, and bone

marrow infiltration in another patient (9%) (Table 1).

3.1 Therapy

3.1.1 First line therapy

Six of the11patients (54.5%) received conventional chemotherapydue

to initial tumor extension and/or rapid progression. Chemotherapeutic

agents included alkylating agents, platin compounds, and anthracy-

clines, mostly used in combination in the sense of polychemother-

apeutic regimens (Table 2 ), often according to sarcoma treatment

protocols (Scandinavian Sarcoma Group’s [SSG] IX and Ewing). In

one patient, a complete surgical resection was achieved initially; four

other patients only achieved incomplete surgical resections initially; in

one patient, incomplete resection was achieved following neoadjuvant

chemotherapy.

All except one of the eleven patients rapidly experienced relapse or

progressive disease (Table 2) after initial chemotherapy. The median

number of cycles to progressive disease was two, with a range of one

to five.

3.1.2 Local therapy and radiotherapy

Eight patients received local radiotherapy with curative intent with

a median dose of 54 Gray (Gy; range: 24−66.6). Subtotal (R2) resec-

tions or biopsies were performed in nine patients. Only in patient #11,

prolonged survival was observed with R2 resection, in all other subto-

tally resected patients, rapid progression occurred despite radio- and

chemotherapy. In the other long-term survivors (patients #11 and #7),

R0 or R1 resections were possible.
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(A) (B)

F IGURE 1 Overall survival (OS) and event-free survival (EFS) of the whole cohort. (A) Overall survival (OS). MedianOSwas calculated as 7.8
months; 2-year OSwas 27.2% (with three long-term survivors; data of these patients are depicted in detail in Figure S1). (B) Event-free survival
(EFS). Median EFSwas calculated as 1.8months. 2-year EFSwas 0%.

3.1.3 Targeted therapy and new agents

Three out of 11 patients (27.3 %) received targeted therapy at

later stages, including BETi compounds in two patients; two patients

received immunotherapy with the PD-1 inhibitor pembrolizumab; in

one patient, pembrolizmab was combined with an Off-label use of

the oncolytic herpes simplex virus talimogene laherparepvec (T-VEC;

Imlygic®). No response was observed in the patients treated with BETi

compounds. After PD with pembrolizumab monotherapy, a combina-

tional treatment of T-VEC, chemotherapy and pembrolizumab resulted

in PR after one cycle and mixed response (MR) after two cycles in

patient #11. (For details, see supplemental material.)

3.2 Outcome

Patients experienced early tumor recurrence/progression within a

median of 1.8months (range 0.6–20.6) after diagnosis. All patients had

progressive disease or relapses after first-line therapy; the pattern of

treatment failure at first relapse or progression was evaluable for all

cases: four out of 11 (36.4%) showed isolated locoregional disease, four

out of 11 (36.4%) had isolated distant disease, and three out of 11

(27.3%) combined locoregional and distant progression or relapse.

Median EFS was 1.8 months, 1-year EFS was 9.1% (95% CI:

0.5−33.3%) and 2-year EFS was 0% (Figure 1). The overall median sur-

vival time of the entire cohortwas 7.8months.One-yearOS and2-year

OSwere 27.2% (95%CI: 6.5–53.9%) (Figure 1).

At the end of follow-up, nine patients (81.8%) had died (eight

patients (72.7%) from tumor progression and one patient from a bac-

terial infection associated with intense chemotherapy (stable disease

at the time point of death)).

3.2.1 Long-term survivors

Two patients are still alive (June 2023); one patient 9 years and 10

months after diagnosis without signs of recurrence, this patient had

a localized tumor, which was completely resected; a local lymph node

relapse was successfully treated with radiotherapy and chemotherapy.

Another patient currently receives therapy for a subsequent relapse

(3 years, 5months after diagnosis). Three patients (27.3%) experienced

prolonged survival of over 2 years after combinational treatments

(detailed information on the treatment of these patients in the data

supplement; Figure 1). These patients experienced relapses or pro-

gressive disease during therapy. In one of these patients, a complete

resection of the tumor was possible, a subsequent localized lymph

node relapse/progression was successfully treated with radiotherapy

and chemotherapy.

Despite several relapses and progressions another patient survived

for 8 years and 11 months after diagnosis, this patient was diagnosed

at the age of 17 years. This patient received targeted therapies and

immunotherapy (includingBETi compounds, BCL2-inhibitors andPD-1

inhibitor therapy) in combination with chemotherapy (including dox-

orubicin, cisplatinum, cyclophosphamide, gemcitabine, carboplatinum,

and capecitabine) and radiotherapy, the tumor harbored a BRD3–

NUTM1 fusion, which is associated with better EFS and OS in adult

patients.1,8,15

In another patient with prolonged survival, the ZNF539–NUTM1

fusion was found. After an initial response, this patient experienced

a relapse, which was treated with pembrolizumab monotherapy.

After further progression, a combinational treatment consisting of

pembrolizumab, chemotherapy (caboplatinum and etoposide), and

oncolytic virotherapy (Imlygic®; T-VEC) resulted in aMR.

4 DISCUSSION

NC is a very rare tumor, genetically defined by a translocation involv-

ing the NUTM1 gene. It represents an exceptionally aggressive tumor,

clinically demonstrated with lymph node involvement in all patients

in the present pediatric cohort and/or metastatic disease in 72.7%

of the patients as well as rapid progression despite initial response

to chemotherapy, corresponding to a median survival of less than

8 months. This observation is similar to previous reports from both

pediatric and adolescent patients with NC. In a previously reported

French cohort (n = 12) consisting of adult and pediatric patients,
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metastatic disease was seen in 8 patients (66.7%), corresponding in a

1-year EFS and OS of 8 and 17%, respectively.10 The international NC

registry reported PFS of 24% at 1 year and 14% at 2 years and anOS of

41% at 1 year and 30% at 2 years for a cohort of 29 pediatric patients,

with a lower number of patients with metastatic disease than in our

series and therefore probably slightly better overall- and event-free

survivals.14

Due to its rarity and nonspecific presentation, for a long time, the

diagnosis of NC was underestimated and often delayed. In our experi-

ence, an initial diagnosis ofNCwas proposedmore frequently in recent

times, which corresponds to the increasing number of patients diag-

nosed each year with NC and the increasing proportion of adult cases

comparedwith pediatric cases.8,14

Like the reports on adult patients, this series of pediatric-only

patients demonstrates the decent transient but then poor long-term

response to chemotherapy, which is often rapidly followed by mas-

sive tumor progression.10,23 Nevertheless, in some of our patients,

further responses to second-line or subsequent chemotherapy and/or

immunotherapy were seen, and prolonged survival was possible with

multimodal treatment regimens. Because those patients received a

combination of several different therapies not in a consecutive, but

rather in an overlapping manner, and with low patient numbers, we

were unable to conduct an analysis that identified elements of therapy

or chemotherapeutic agents with improved outcomes. So far, no con-

sensus has been reached about the optimal chemotherapy regimens.

According to the recent ESCP, amultimodal and aggressive approach is

highly recommended, as used in clinical practice in all of our patients.16

Thebest responseson chemotherapywereobserved for anthracycline-

, an alkylating agent, and cisplatinum-based regimens. Five patients

received therapy according to the SSG IX protocol developed for

unresectable Ewing’s sarcoma consisting of vincristine/cisplatinum,

doxorubicin and ifosfamide. In four of these patients, significant

responses were seen. Favorable responses with this sarcoma-like

approach have previously been reported.13,24 It has also been

suggested that applying multimodal Ewing’s sarcoma protocols,

combining vincristine, ifosfamide, doxorubicin, and etoposide (VIDE)

or vincristine, doxorubicin, cyclophosphamide, ifosfamide, etoposide

(VDCy-IE) or etoposide, cisplatinum (PE) could also be a favorable

treatment options. VIDE has been applied in two of our patients,

resulting in partial response and stable disease in one patient each.

Local treatment appears to play an important role in disease control,

as the extent of surgical resection and initial radiotherapy have been

reported as predictive of OS and EFS.14,25,26 In our cohort, complete

resection with adjuvant chemoradiotherapy resulted in long-term sur-

vival without recurrence in one patient.13 In two other long-term

survivors, subtotal resections (R1/R2) became possible. Radiotherapy

was applied in all patients, with curative intent in eight patients. Radio-

therapy doses were adapted upon the extent of local tumor burden as

in adult patients with epithelial carcinomas. Consequently, high doses

between40and66Gyhavebeen applied, following previous reports.15

With the discovery of the oncogenic mechanism, NC has become

a promising candidate for targeted therapeutic strategies. Three

patients in the present cohort received various targeted therapies,

among them, treatment with the aurora kinase (AURK) inhibitor alis-

ertib, the HDAC inhibitor vorinostat, BETi compounds (Molibresib

(GSK525762)) and BI 89499), and the PD-1 inhibitor pembrolizumab.

Several clinical trials evaluated different generations of BETi com-

pounds in NC; however, currently without the hoped-for clinical

efficacy—at least in monotherapy.27,28 One patient received therapy

with two different BETis: monotherapy with a first-generation BETi

(Molibresib (GSK525762)), resulted in PD. Later, based on preclinical

data, a dual BRD- and aurora-kinase inhibition (with BI 894999 and

the AURK-inhibitor alisertib) was applied with good clinical tolerabil-

ity, nevertheless resulting also in progressive disease.29 Responses to

HDAC inhibitors were also observed in some NC cases; one of our

patients received vorinostat at a very late point in therapy, over 8 years

after diagnosis. Despite the small number of published patients and

the transient responses, there is a rationale supporting further clini-

cal development of combinational treatments with HDAC inhibitors in

pediatric NCs.30

In recent years, several cases of NCs receiving PD-1/PD-L1

inhibitor therapy have been reported, and PD-1 inhibitor therapy

has been proven to be effective and safe in several other pediatric

malignancies.31–33 Reports of adult patients with unresectable NCs

suggested that these patientsmight benefitmore frompembrolizumab

than nivolumab, especially with prior chemoradiotherapy or radiother-

apy, which follows treatment strategies in lung cancer patients.32,34 In

two of our patients, pembrolizumabwas given after chemotherapy and

radiotherapy for the treatment of unresectable progressive disease or

relapse.

After progressive disease with pembrolizumab monotherapy, one

patient received a novel treatment strategy with pembrolizumab, con-

ventional chemotherapy, and virotherapy with the oncolytic herpes

simplex virus T-VEC (Imlygic®). This treatment follows preclinical data

and a case report of an adult patient, resulting in an OS of 3.5 years

after diagnosis and a MR at last follow up (June 2023).18,19 This

patient demonstrated response of nonirradiated tumor sites to chemo-

immunovirotherapy, although it is not possible to distinguish which

therapy element was responsible for the response. Details of therapy

and the outcomewill be reported separately.

As previously reported for adult patients, long-term survivors had

either localized, nonthoracic disease with sufficient local tumor con-

trol (patient #7), or non-BRD4-fusions (patients #10 and #11, with

BRD3–NUTM1 and ZNF539–NUTM1 fusion, respectively). Interest-

ingly, in all long-term survivors, after disease progression or relapse,

subsequent multimodal treatment approaches resulted in disease sta-

bilization and prolonged survival. Patient #10 was correctly diagnosed

with NC remarkable 5 years after initial presentation. In addition to

the prognostically more favorable BRD3–NUTM1 fusion, an overall

more indolent course of disease can be discussed here, therefore inter-

pretations about therapy response should be interpreted cautiously

here.

Currently, front-line immunotherapeutic approaches have not been

evaluated systematically in patients with NC. In later-line settings,

immunotherapy might be less effective due to the low immunogenicity

of advanced tumors demonstrated in the low number of TILs in the
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tumor specimen of our patients as well as the immunosuppressive

effects of prior chemotherapy. In the authors’ opinion, due to the rarity

and the exceptional aggressiveness of this entity, all patients with

newly diagnosed NCs should be treated in a clinical trial setting with

combinational approaches of conventional therapy and immunother-

apy, and/or targeted therapy (for example: NCT05019716).16,32 If

participation in a clinical trial is not possible for individual patients,

international specialists should be contacted to discuss treatment

options as published recommendations may not be up-to-date, espe-

cially with regard to the rapidly evolving field of targeted therapies and

immunotherapy.16

Due to the retrospective nature, several treatment modalities,

and, the small sample size, the results of this study must be inter-

preted cautiously. Over recent years, several groups have been formed

to more clearly understand the characteristics and the outcome of

rare tumors in children and adolescents (incidence < 2/million chil-

dren/year), among them the European Cooperative Study for Pediatric

Rare Tumors (EXPeRT), which has previously published a ESCP on NC

in children and adolescents and currently collects data on all diagnosed

EuropeanNC cases.16,35,36

As in adult patients, despite potential temporary response to

chemotherapy, only a minority of pediatric patients with NC achieves

long-term survival in the course of multimodal treatment regimens.

Early diagnosis of undifferentiated or poorly differentiated carcinomas

to identify the specific rearrangement of theNUTM1 gene is necessary

to initiate the optimal diagnostic and therapeutic strategy.

All pediatric patients with NC should be registered systematically

into pediatric rare tumor registries in order to get a better insight

into the characteristics and outcome of this very rare tumor entity

and to further develop treatment recommendations. Molecular pro-

filing should be performed systematically to better understand the

molecular pathogenesis, the outcome of the molecular subgroups

and hence to provide a sound basis for the evaluation of targeted

therapies.

Further analyses in international collaborations like the EXPeRT are

the next steps to improve knowledge on NC in childhood, hopefully

helping to optimize treatment and outcomes. Besides the ongoing clin-

ical trials, novel therapeutic approaches, including immunovirotherapy,

are currently being explored in an upcoming phase I trial, which

initially will be undertaken in a monocentric setting at University Hos-

pital Tuebingen (including pediatric patients aged 6 years or more)

only.

In future, great efforts should be made to set up clinical trials in

order to be able to investigate therapy strategies in an evidence-

based manner. Not only international cooperation, but also cooper-

ation between pediatrics and adult medicine is necessary to achieve

sufficient patient numbers.
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