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A B S T R A C T

Background and Aims: NUT carcinoma (NC) is a sporadic, highly aggressive tumor that primarily affects children, 
adolescents, and young adults and is characterized by the presence of somatic NUTM1 rearrangements. This 
analysis by the European Cooperative Study Group for Pediatric Rare Tumors (EXPeRT) aims to fill the knowl
edge gap regarding the clinical characteristics of children with NC.
Methods: A retrospective case series of NC-patients aged 0–18 years treated between 2011 and 2023 was con
ducted using the EXPeRT database. Relevant clinical characteristics, including treatment and outcome were 
recorded.
Results: Twenty-seven patients with a median age of 13 years (range 7–18) were analyzed. Thirteen patients were 
initially misdiagnosed. Sixteen patients had thoracic and 11 extra-thoracic tumors, including three in the nasal/ 
sinus region and two in the submandibular glands. Despite intense multimodal treatment, median event-free and 
overall survivals were 1.5 and 6.5 months, respectively.

Abbreviations: AURK, aurora kinase; AYA, adolescents and young adults; BETis, bromodomain and extraterminal (BET) domain inhibitors; CDK, cyclin-dependent 
kinase; EFS, event-free survival; PE, Cisplatin, etoposide; ESCP, European Standard Clinical Practice Protocol; EXPeRT, European Cooperative Study Group for 
Paediatric Rare Tumors; FISH, fluorescence in situ hybridization; FRACTURE, French very rare tumors group; GCSF, granulocyte colony-stimulating factor; Gy, Gray; 
HDAC, histone deacetylase; IHC, immunohistochemical; LDH, lactate dehydrogenase; NC, NUT carcinoma; NGS, next-generation sequencing; NUT, nuclear protein of 
the testis; OS, overall survival; PFS, progression-free survival; SSG, Scandinavian Sarcoma Group; STEP, German Pediatric Rare Tumor Group; T-VEC, talimogene 
laherparepvec; VIDE, vincristine, ifosfamide, doxorubicine and etoposide; VDCy/IE, vincristine, doxorubicine, cyclophosphamide/ifosfamide, etoposide.
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Conclusions: Early diagnosis of NC by examination of the NUTM1 rearrangement in undifferentiated or poorly 
differentiated carcinomas is crucial in order to initiate specific and intensive therapy as quickly as possible. 
Similar to adult patients, only a minority of pediatric patients achieved prolonged survival. Therefore, the 
development of novel therapeutic strategies in future joint clinical trials is essential.

1. Introduction

Amongst very rare childhood tumors, defined as neoplasms with an 
incidence of < 2/ 1,000,000 per year, are nuclear proteins of the testis 
(NUT) carcinomas (NC). NC can occur at any age, ranging from infants 
and neonates to elderly individuals, but most cases are typically 
observed in adolescents and young adults (AYA). [1,2] These tumors are 
poorly differentiated squamous cell tumors, defined by specific somatic 
translocations involving the NUTM1 gene located on chromosome 
15q14, resulting in the pathogenic fusion of the NUTM1 gene with other 
genes.[1–3] In the majority of NC cases, the fusion partner gene is BRD4, 
which is located on chromosome 19p13. Several other known trans
location partners have been identified, including BRD3 on chromosome 
9q34, and NSD3 on chromosome 8p12.[4–6].

To date, no strong risk factors for the development of NC or other 
relevant biomarkers have been identified. Until recently, NC has 
frequently been misdiagnosed because of its scarcity, the absence of 
specific clinical, imaging, and histological characteristics, and the fact 
that it is not confined to a particular organ or body region.[7–9] How
ever, NC can now be efficiently diagnosed by immunohistochemistry, 
using a highly specific anti-NUTM1 antibody. [10].

Long-term survival or cure is rare and is generally associated with the 
possibility of tumor resection in localized stages when complete resec
tion can be achieved.[1,11,12].

A retrospective analysis of 63 patients with NC showed no significant 
differences in progression-free survival (PFS) or overall survival (OS) 
between patients above and below the age of 18 years, even though 
younger patients seemed to have a slightly better outcome. [13,14]
Indeed, among 29 pediatric patients, PFS was 14 % whereas OS was 30 
% at two years. For the 34 adult patients, PFS at one year was 4 % and OS 
was 5 % at two years, respectively.[13,14] A recently published pedi
atric German series (11 cases) demonstrated a worse outcome than that 
reported in cohorts of US pediatric and adult NC patients, probably 
because of the large number of patients with advanced disease in this 
limited cohort. [15].

Currently, the primary treatment approach for all patients consists of 
complete surgical resection either before or after chemotherapy and 
radiation. [16,17] Due to the highly aggressive nature of this tumor, 
novel treatment options such as inhibitors of BET proteins (BETis), 
histone deacetylase (HDAC), EZH2 (Enhancer of Zeste Homolog 2 
(Drosophila), and CBP/p300 have been tested in several clinical trials, 
without yet a clear efficacy. In addition, immunotherapy with PD1/PD- 
L1 inhibition and oncolytic virotherapy are currently being explored. 
[19–22].

Due to the rarity of the disease, it seems crucial to disseminate 
knowledge and establish a straightforward diagnosis of NC to improve 
its early management and counseling. Recently, the European Standard 
Clinical Practice (ESCP) Protocol for NC in children and adolescents was 
published to aid in achieving these goals. [17] This collaborative anal
ysis of the European Cooperative Study Group for Pediatric Rare Tumors 
(EXPeRT) aimed to characterize a contemporary large cohort of children 
and adolescents with NC across Europe, documenting their clinical 
characteristics, management, and outcomes to define prognostic risk 
factors and to help determine whether survival in pediatric patients may 
be better than that in adults, as suggested by published data.

2. Methods

2.1. Patients

This European retrospective analysis was based on patients regis
tered in the databases of cooperating national rare tumor pediatric 
working groups and EXPeRT members from Germany (n = 12), France 
(n = 9), Italy (n = 4), Israel (n = 1), and Greece (n = 1). [18] Other 
European rare tumor working groups had no recorded cases of NC in 
their databases. The inclusion criteria were pathological diagnosis of NC 
between 2011 and 2021 and age at diagnosis of ≤ 18 years. According to 
current guidelines, NC were confirmed by positive NUTM1 antibody 
staining, fluorescence in situ hybridization (FISH) with split-apart 
probes, or next-generation sequencing (NGS)-based assays. [17,19–21].

Pseudonymized data (including results from genetic investigations) 
were collected using standardized proformas designed for this analysis. 
Family history was evaluated for possible cancer predisposition syn
dromes by using the modified Jongman criteria. All patients and/or their 
guardians provided informed consent for data collection within country- 
specific rare tumor groups and for analysis at diagnosis. [22] Statistical 
analyses were performed using GraphPad Prism 9.4 (Dotmatics, Boston, 
MA, USA) and SPSS Statistics, version 29 (IBM, Armonk, NY, USA). 
Descriptive statistical analysis and chi-square or Fisher’s exact tests were 
used for nominal variables to obtain p values. Kaplan-Meier analysis of 
event-free survival (EFS) and overall survival (OS) and the Gehan- 
Breslow-Wilcoxon test were used for survival analysis. Statistical sig
nificance was set at p ≤ 0.05.

3. Results

We identified 27 pediatric patients (Table 1) with a median age of 
14.5 years (range, 4 – 18 years) and a relatively balanced sex distribu
tion (male-to-female ratio, 1.25:1). Patients frequently presented with 
general non-specific symptoms, such as fever (n = 6), weight loss (n =
8), night sweats (n = 13), cough (n = 13, almost all cases of thoracic 
tumors), pain (n = 16), and dyspnea (n = 6), with a median duration of 
2 months (range, 20 days to 6 months) before diagnosis (Table 1). 
Thirteen patients (48 %) initially had an erroneous diagnosis, such as 
lung infections or incorrect cancer diagnosis as primitive neuro
ectodermal tumors (PNET, two patients), thymic carcinoma, lymphoma, 
or bronchial carcinoma (one patient each). One patient had acute 
myeloid leukemia (AML M5) eight years prior to NC diagnosis. None of 
the patients had a family history of a suspected cancer predisposition 
syndrome.

Sixteen patients had primary thoracic tumors, 11 had extra-thoracic 
sites including four located in the nasal area or nasal sinuses, and two in 
the submandibular glands. Other locations included the pancreas, 
pterygopalatine fossa, vocal cords, and parathyroid glands. One patient 
had multifocal disease of unknown origin (Table 1).

The median maximum tumor diameter was 6.5 cm (range 0.9–18.8 
cm). The majority of the patients (n = 18; 67 %) had metastasis at 
diagnosis, mainly in the distant lymph nodes (n = 11, 41 %), bone 
marrow (n = 7, 26 %), and bones (n = 5, 19 %). No distant metastasis in 
central nervous system was present. (Table 1).

Age, sex distribution, and maximum tumor diameter were compa
rable between the thoracic and non-thoracic tumors (Table 2). The 
initial lactate dehydrogenase (LDH) levels were significantly higher in 
thoracic tumors than in non-thoracic tumors (median: 600 U/l vs. 380 
U/l in non-thoracic tumors, p = 0.026). Bone marrow infiltration and 
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Table 1 
Patient characteristics; Abbreviations: No: patient number; Age: age at diagnosis (y, years); m months; NUTM1 positive: positive NUTM1 immunohistochemistry; max. size: maximum tumor diameter, BM: bone marrow; 
LN: regional lymph nodes; OS: overall survival; EFS: event-free survival in months; AML, acute myeloid leukemia; NK, unknown; CNS; central nervous system. SVCS: Superior vena cava syndrome; n.d.: not determined; m, 
months.

Patient characteristics Symptoms Tumor characteristics Metastases Outcome

No. gender age 
(y)

previous 
malignancy

duration (m) 
before 
diagnosis

Symptoms Primary site Fusion 
transcript 
gene fusion

NUTM1 
positive 
(ICH)

Maximum 
size (cm)

Presence liver BM lung LN bone Status at 
the last 
follow-up

EFS 
(m)

OS 
(m)

1 male 3,9 absent 1 swelling Pterygopalatine 
fossa

n.d. yes 4.7 no no no no no no alive 2.7 78

2 male 6,6 absent 3 cough, pain Lung n.d. yes 6 yes no no no yes no dead 0.5 2.8
3 female 7,8 absent 3 cervical lymph- 

adenopathy
Lymph node ZNF532:: 

NUTM1
yes 4 yes no no no yes no dead 20.6 35

4 male 9,1 absent 4 weight loss, 
malaise, food 
intolerance

Lung n.d. yes 6 yes no no yes no yes dead 4.9 10.1

5 male 9,3 absent 2 swelling, fever Salivary gland n.d. yes 0.9 no no no no no no alive 132 132
6 male 10,5 absent 2 Pain Sinus n.d. yes 3.5 yes no no no yes yes dead 5.9 9.2
7 male 12,8 absent 2 swelling, 

dysphagia, facial 
nerve paralysis

parathyroid 
gland

BRD4:: 
NUTM1

yes 13 yes no no no yes yes dead 4.1 18.3

8 male 13,0 absent 2 dysphonia Vocal cord BRD4:: 
NUTM1

n.d. 2 no no no no no no dead 17.7 30.2

9 male 13,2 absent 4 weight loss, fever, 
asthenia, dyspnea

Lung BRD4:: 
NUTM1

yes 10 yes no no no yes no dead 5.3 8.4

10 female 13,2 absent 3 respiratory 
distress, SVCS, 
dyspnea

Lung BRD4:: 
NUTM1

yes 7.5 yes no yes yes yes yes dead 4.3 19.0

11 male 13,8 absent 0.5 pain, cough, fever lung BRD4:: 
NUTM1

yes 11 no no no no no no dead 4.0 5.0

12 female 14,3 absent 6 cough, fever Lung BRD4:: 
NUTM1

yes 18.8 yes no no no no yes dead 2.1 2.6

13 female 14,5 absent 1 Pain Multiple n.d. yes 6 yes no yes yes yes yes dead 0.5 3.9
14 female 14,5 absent 3 swelling, epistaxis nasal sinus n.d. yes 5 no no no no no no dead 23.3 31.0
15 male 14,8 absent 6 pain, weight loss, 

fever, dyspnea,
Lung BRD4:: 

NUTM1
yes 6.5 yes no yes no no no dead 1.6 2.4

16 female 15,1 absent 1 weight loss, pain Pancreas n.d. yes 8.4 yes yes no no no no dead 4.6 6.8
17 female 15,2 absent 4 asthma, pain Lung n.d. yes 5 yes no yes no yes yes dead 0.9 16.0
18 female 15,3 AMLM5 1 asthenia, cough Lung BRD4:: 

NUTM1
yes 9 no no no no no no dead 11.5 18.8

19 male 15,8 absent 2 Pain Nose n.d. yes 3 no no no no no no dead 3.2 9.4
20 female 16,6 absent 1 weight loss, pain, 

dyspnea, asthenia
Lung BRD4:: 

NUTM1
yes 8.4 yes no yes yes no yes dead 8.1 11.6

21 male 16,8 absent 2 cough, dyspnea, 
weight loss

Lung BRD4:: 
NUTM1

n.d. 12 yes no yes yes no yes dead 0.7 7.4

22 female 16,8 absent 1 fever, cough, pain Lung n.d. yes 10 yes yes yes no yes yes dead 3.0 6.0
23 male 17,3 absent 1 swelling Salivary gland BRD4:: 

NUTM1
n.d. 11 yes no no yes yes no dead 0.4 4.0

24 female 17,3 absent 2 cough, dyspnea, 
weight loss

Lung BRD3:: 
NUTM1

n.d. 7 yes no no yes yes no dead 10.1 109

25 male 17,9 absent 1 cough, pain Lung n.d. yes 3.4 yes no no yes yes no dead 0.4 4.1
26 female 17,9 absent 2 cough, dyspnea Lung n.d. yes 10 yes no no no yes no dead 4.3 5.4
27 male 18,0 absent 1 cough, pain, 

weight loss, fever
Lung n.d. yes 2.4 no no no no no no dead 1.5 4.8

​
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lung metastasis also occurred significantly more often in thoracic tu
mors: 25.9 % vs. 0 (p = 0.004) and 25.9 % vs. 3.7 % (p = 0.037, Table 2). 
Since the upper limit of 18 years was selected in the present cohort, 
analyze of the age as risk factor was not adequate, even if patients with 
non-thoracic NC tended to be younger.

Four patients underwent R0 resection of their primary tumors, two of 
them primarily without neoadjuvant therapies, five patients underwent 
R1/R2 resection after neoadjuvant chemotherapy, and 18 patients un
derwent exclusive tumor biopsies. Chemotherapy was administered to 
all patients, with most receiving several lines of chemotherapy, due to 
relapse or progression.

The best tumor responses were observed in patients receiving intense 
sarcoma protocols (SSG IX and Ewing sarcoma protocols), including five 
patients with complete remission (CR). Despite achieving CR, four of 
these five patients had tumor relapses. The response rate in first-line 
therapy defined by CR + partial response [PR]) in IRS III/IV patients 
was 64 % for sarcoma protocols and 25 % for non-sarcoma protocols. 
(Table 3).

Targeted therapy with BETis alone or in combination with chemo
therapy was administered to three patients with initial tumor failure, 
resulting in progressive disease (PD) in all patients. The PD-1 inhibitor 
pembrolizumab was administered to two patients with initial PR in both 
patients. Other targeted (HDACi without measurable efficacy) and/or 
experimental therapies (combination therapy consisting of oncolytic 
viruses, pembrolizumab, and chemotherapy with PR in one patient) 
were also administered to two patients after failure of pembrolizumab.

Twenty patients received local radiotherapy with curative intent at a 
median dose of 52 Gy (range: 21.0–66.6 months), and two received 
palliative radiotherapy at lower doses.

Only one patient had no progressive disease or relapse after the first- 
line therapy. The pattern of treatment failure at the first relapse or 
progression was evaluated for all remaining patients (n = 26): four (15 
%) showed isolated locoregional relapse, eight (31 %) had isolated 
distant tumor disease, and 14 (54 %) had combined locoregional and 

distant progression or relapse. Only one patient survived after a local 
relapse with a second line therapy including chemotherapy and 
radiotherapy.

Overall, 25/27 patients (92.6 %) died: 24 (88.9 %) from tumor 
progression and one after severe bacterial infection. Median EFS was 
0.38 years (4.5 months), 1-year EFS were 15.7 % (95 % CI: 4.9 %–32 %) 
and the 2-year EFS was 3.9 % (95 % CI: 0.3 %–16.7 %) (Fig. 1A). The 
median OS of the entire cohort was 0.7 years. One-year OS was 35.1 % 
(95 % CI: 17.2 % − 52.4 %), and 2-year OS was 23.4 % (95 % CI: 6.0 % −
37.2 %) (Fig. 1F).

Patients with thoracic NCs had significantly worse OS and EFS 
compared to patients with non-thoracic primary tumors (median OS 
thoracic vs. non-thoracic 0.5 years and 1.6 years; p = 0.01; median EFS 
thoracic vs. non-thoracic 0.2 years and 0.8 years, p = 0.008). Metastatic 
disease was associated with significantly worse OS (median OS 0.6 years 
vs. 2.5 years; p = 0.05) but not EFS. The extent of surgery (biopsy and R2 
resection vs. R0/R1 resection) did not significantly influence the EFS or 
OS. In addition, the type of fusion transcript (BRD4::NUTM1 vs. non 
BRD4::NUTM1) could does not appear to significantly impact outcomes.

4. Discussion

NC is an exceptionally rare disease, with only 27 pediatric cases re
ported over a 10 year-period in five large European countries. As shown 
in this series, this entity is an emerging diagnosis, often initially mis
diagnosed, as broader approaches to tumor genome sequencing and, due 
to increased attention to NC, specific diagnostic methods such as 
immunohistochemical staining and FISH analysis are increasingly being 
applied to unclear cases of pediatric solid tumors.

NCs are exceptionally aggressive, corresponding to a 2-year EFS of 4 
% and a 2-year OS of 23 % in the present cohort, with only two long-term 
survivors. For a cohort of 29 pediatric patients, the international NC 
registry reported a PFS of 24 % at one year and 14 % at two years and an 
OS of 41 % at one year and 30 % at two years. Interestingly, pediatric 
patients had less frequent metastatic disease in the series published by 
the International USA driven NC Registry than in our series, resulting in 
better OS and EFS. [13].

Similar to adult patients, the present series of pediatric-only patients 
demonstrated only a transient response to chemotherapy, which was 
often followed by rapid tumor progression. [8,19] Nevertheless, further 
transient responses and some prolonged survival (but no cure) to sub
sequent lines of therapy could have been observed. Early multimodal 
and aggressive therapeutic approaches used in clinical practice for pe
diatric cancers are recommended by the ESCP for NC. [17] The best 
responses were observed for regimens that employed anthracyclines and 
cisplatin. Favorable responses to combination chemotherapy consisting 
of vincristine/cisplatin, doxorubicin, and ifosfamide have been reported 
[23]. Six patients in our European cohort received this therapy, five of 
whom showed a significant response. Multimodal protocols, including 
vincristine, ifosfamide, doxorubicin, and etoposide (VIDE), or vincris
tine, doxorubicin, cyclophosphamide, ifosfamide, and etoposide (VDCy- 
IE), or etoposide and cisplatin (PE), were also used in nine patients with 
transient responses in four patients. Despite the initial response to these 
regimens, no significant improvement in survival rates could be reached. 
Early local treatment has been reported to play an essential role in 
disease control, as tumor progression could be early and the extent of 
surgical resection with initial radiotherapy have been reported to be 
predictive of OS and EFS. [13,14,24] In our cohort, complete resection 
with adjuvant chemoradiotherapy resulted in longer survival without 
recurrence in the two patients with localized disease. However, wide
spread local tumor spread was frequent and prevented complete resec
tion with R0 or R1 resections; complete resection could be performed in 
only five patients. In the present cohort, patients with non-metastatic 
disease had significantly better OS but not EFS. We assume that this is 
attributable to the aggressiveness of the disease.

A previous prognostic model within an adult US cohort of patients 

Table 2 
Comparison of thoracic and non-thoracic NUT carcinoma characteristics. 
*Comparison between thoracic and non-thoracic NCs;Abbreviations: LN Lymph 
node; BM bone marrow; y years; LDH lactate dehydrogenase; n, number of 
patients.

Characteristics All patients Thoracic 
NC

non- 
Thoracic 
NC

p- 
value*

Patients (%) 27 (100 %) 16 (59 %) 11 (41 %) ​
Age at diagnosis (min, 

max, median; y)
3.9; 18; 13.4 6.5; 18; 15.3 3.9; 17.2; 

13
¡

Sex ​ ​ ​ 0.147
Male (n; %) 15 (56 %) 7 (26 %) 8 (30 %) ​
Female (n; %) 12 (44 %) 9 (33 %) 3 (11 %) ​
Median duration of 

symptoms before 
tumor diagnosis 
(months, range)

2 (0.8–6.1) 2 (0.8–6.1) 2 (1.0–4.0) 0.560

Initial LDH level (U/l) 530 
(208–1700)

600 
(208–1700)

380 
(240–390)

0.026

Initial misdiagnosis ​ ​ ​ ​
Yes (n; %) ​ 9 (33 %) 6 (22 %) 0.930
No (n; %) ​ 7 (26 %) 5 (19 %) ​
Maximum median tumor 

size (cm; range) 
6.5 
(0.9–18.8)

7.2 
(2.4–18.8)

6.5 
(0.9–13)

0.184

Metastases at diagnosis ​ ​ ​ 0.300
Yes (n; %) 18 (67 %) 12 (44 %) 6 (22 %) ​
No (n; %) 9 (33 %) 4 (15 %) 5 (19 %) ​
Location of metastases ​ ​ ​ ​
Bone (n; %) 10 (37 %) 8 (30 %) 2 (7 %) 0.086
LN (distant) (n; %) 11 (41 %) 7 (26 %) 4 (15 %) 0.740
BM (n; %) 7 (26 %) 7 (26 %) 0 0.004
Lung (n; %) 8 (30 %) 7 (26 %) 1 (4 %) 0.037
Liver (n; %) 2 (7 %) 1 (4 %) 1 (4 %) −
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Table 3 
Details of NC therapies. Abbreviations: Pt. patient number; 1: Scandinavian Sarcoma Group’s SSG IX protocol; 2: inhibitors of BET proteins (pat. #24 received 2 BETis, 
a first generation (Molibresib (GSK525762))and later a second generation BETi (BI 89499) as compassionate use; 3 Octreotide: Octreotide before correct diagnosis; 4: 
recombinant oncolytic herpes simplex virus talimogene laherparepvec (T-VEC, Imlygic®). CR: complete response; PR: partial response; SD: stable disease; PD: pro
gressive disease; MR: mixed response;.

Pt Line of therapy Number 
of cycles

Therapy 
according to 
protocol

Chemotherapeutic agents Targeted therapy Best 
response

Outcome 
at end of 
treatment 
line

Radio- 
therapy

Surgery 
results

1 First 
line

2 ​ carboplatin paclitaxel ​ − PD 15 Gy biopsy 
only

Second line 1 ​ etoposide, 
cisplatin

​ − PD

2 First 
line

9 SSG IX protocol; 
VAI/PAI

ifosfamide, adriamycin, 
vincristine, cisplatin

​ CR CR 54 Gy R0 

3 First line 4 EWING 2012: 
VDC-IE

vincristine, doxorubicin, 
cyclophosphamide, 
ifosfamide, etoposide

​ SD PD − biopsy 
only 

4 First 
line

1 − cyclophosphamide, 
dexamethasone (suspected 
lymphoma)

​ ​ PD 21 Gy biopsy 
only 

Second line 2 PEI (according 
to germ cell 
tumor protocol)

etoposide, ifosfamide, 
cisplatin

​ ​ PD

Third line 1 ​ docetaxel ​ ​ PD
5 First 

line
4 EWING 2012: 

VDC-IE
vincristine, doxorubicin, 
cyclophosphamide, 
ifosfamide, etoposide

​ − PD 56 Gy R2 

6 First 
line

4 SSG IX protocol; 
VAI/PAI

vincristine, cisplatin, 
adriamycin, ifosfamide

​ PR 
(after 2 
cycles)

PD 32 Gy biopsy 
only 

Second line 2 lung cancer 
protocol adapted

carboplatin, paclitaxel, 
etoposide

BETi2 ​ PD

Third line 3 ​ cisplatin, etoposide and 
vincristine, doxorubicin 
and cyclophosphamide, 
cisplatin, 
etoposide

​ − PD

7 First 
line

1 lung cancer 
protocol adapted

carboplatin, paclitaxel, 
etoposide

​ ​ PD 25 Gy biopsy 
only 

Second line 2 EWING 2008: 
VIDE

vincristin, etoposide, 
doxorubicin, ifosfamide

​ ​ PD

8 First 
line

4 ​ cisplatin, etoposide, 
doxorubicin

​ PR 
(after 2 
cycles)

PD 66.6 Gy R2 

9 First 
line

5 ​ cisplatin etoposide; and 
carboplatin, doxorubicin 
and 
cisplatin

​ PR 
(after 3 
cycles)

PD 60 Gy biopsy 
only 

Second line 5 ​ etoposide BETi − PD
10 First 

line
8 PAC doxorubicin, cisplatin, 

cyclophosphamide
​ PR 

(after 5 
cycles)

PD 60 Gy biopsy 
only

11 First 
line

1 lung cancer 
protocol adapted

Cisplatin, 
etoposide

​ ​ PD − biopsy 
only 

Second line 4 EWING 2008: 
VIDE

vincristine, etoposide, 
doxorubicin, ifosfamide, 
cyclophosphamide

​ PR 
(after 3 
cycles)

PD

12 First 
line

1 ​ carboplatin; etoposide 
cyclophosphamide

​ ​ PD 30 Gy R2 

Second line 3 SSG IX protocol; 
VAI/PAI1

ifosfamide, adriamycin, 
vincristine, cisplatin

​ ​ PD

13 First 
line

2 EWING 2008: 
VAC

vincristine, actinomycin D, 
ifosfamide

​ SD SD 50 Gy R0 

14 First 
line

2 ​ gemcitabine, cisplatin ​ − PD − biopsy 
only

15 First 
line

5 Ewing’s sarcoma 
protocol

etoposide, ifosfamide, 
cisplatin (IEC) and 
vincristine, doxorubicin, 
cyclophosphamide, 
ifosfamide, etoposide (VDCy- 
IE)

​ PR 
(after 3 
cycles)

PD 8 Gy biopsy 
only

Second line 1 ​ cisplatin, gemcitabine ​ ​ PD
16 First 

line
5 TIP paclitaxel, 

cisplatin, 
ifosfamide

​ CR 
(after 5 
cycles)

PD 
(after end of 
therapy)

60 Gy R0 

(continued on next page)
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Table 3 (continued )

Pt Line of therapy Number 
of cycles 

Therapy 
according to 
protocol 

Chemotherapeutic agents Targeted therapy Best 
response 

Outcome 
at end of 
treatment 
line 

Radio- 
therapy 

Surgery 
results

17 First 
line

5 Rhabdoid 
registry

doxorubicin, 
ifosfamide, carboplatin, 
etoposide 
and 
vincristine, 
cyclophosphamide, 
actinomycin D

​ − PD 30 Gy biopsy 
only

Second line 1 ​ carboplatin, docetaxel ​ − PD
18 First 

line
1 ​ ifosfamide, vincristine, 

actinomycin D doxorubicin
​ PR 

(after 1 
cycle)

PR 30 Gy biopsy 
only

Second line 1 ​ vincristine, doxorubicin, 
cyclophosphamide

​ − PD

19 First 
line

1 ​ vincristine, adriamycin, 
ifosfamide 
and 
cyclophosphamide, etoposide

​ PR 
(after 2 
cycles)

PR 36 Gy biopsy 
only

Second line 1 ​ carboplatin, etoposide ​ − PD
Third line 1 ​ etoposide ​ − PD

20 First 
line

6 & 8 EWING 2008: 
VIDE & VAC

vincristine, etoposide, 
doxorubicin, ifosfamide/ 
cyclophosphamide 
and 
vincristine, actinomycin D, 
ifosfamide

​ CR 
(after 4 
cycles)

CR 59 Gy biopsy 
only

Second line 1 ​ irinotecan temozolomide ​ − PD
Third line 3 ​ cisplatin, 

paclitaxel
​ PR 

(after 2 
cycles)

PD

21 First 
line 
(emergency)

1 ​ vincristine, doxorubicin, 
cyclophosphamide

​ − PD − biopsy 
only

Second line 2 ​ cisplatin, adriamycin, 
cyclophosphamide

​ − PD

Third line 2 EWING 2012: 
VDC-IE

vincristine, doxorubicin, 
cyclophosphamide, 
ifosfamide, etoposide

​ − PD

22 First 
line

3 ​ oxaliplatin, irinotecan, 5- 
fluorouracil

​ − PD 45 Gy biopsy 
only

Second line 3 ​ etoposide, ifosfamide, 
carboplatin

​ − PD

23 First 
line

12 SSG IX Protocol; 
VAI/PAI

ifosfamide, adriamycin, 
vincristine, 
cisplatin

​ CR CR 64 Gy R0 

24 First 
line

4 EWING 2012: 
VDC-IE

vincristine, doxorubicin, 
cyclophosphamide, 
ifosfamide, etoposide

​ − PD − biopsy 
only 

Second line 6 ​ gemcitabine, carboplatin ​ ​ PD
Third line 10 ​ gemcitabine, capecitabine ​ PR 

(after first, 
fifth and 8th 
cycle)

PD

Fourth, fifth 
and sixth line

9 ​ ​ octreotide3; 
pembrolizumab; alisertib; 
vorinostat; navitoclax; 
BETi2

− PD

25 First 
line

12 SSG IX Protocol; 
VAI/PAI

ifosfamide, adriamycin, 
vincristine, cisplatin

​ CR 
(after 4 
cycles)

PD 
(after end of 
therapy)

60 Gy R1 

Second line 3 ​ pembrolizumab ​ SD 
(after 1 
cycle)

PD

Third line 2 ​ pembrolizumab + Imlygic4 +

carboplatin, etoposide
​ PR 

(after 1 
cycle)

MR

26 First 
line

3 ​ cisplatin, 
etoposide 
and 
etoposide, ifosfamide, 
cisplatin

​ − PD 30 Gy biopsy 
only 

Second line 1 ​ adriamycin, docetaxel ​ − PD
Third line 1 ​ etoposide ​ − PD

(continued on next page)
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with NC categorized the patients into three groups based on their out
comes. Based on this categorization, patients with non-thoracic NC and 
non-BRD4 fusion genes had the best outcomes with a median OS of 36.5 
months. Patients with non-thoracic NC and BRD4::NUTM1 fusion genes 
had an intermediate prognosis with a median OS of 10 months. Finally, 
patients with thoracic NCs had the worst prognosis, with a median OS of 
only 4.4 months. [14] Also within the current patients’ series, patients 
with non-thoracic primary tumors had significantly better EFS and OS 
than those with primary thoracic tumors did. However, because the 
fusion partner of NUT was determined in only approximately half of the 
patients with NC, we could not apply this prognostic model entirely to 
the current cohort. Adults with NC and non-BRD4 fusions generally 
demonstrated better outcomes; yet, significance was not attained. We 
expect that this prognostic model will also be applicable to pediatric 
patients.

Based on the NC-specific translocation mechanism, potential mo
lecular targets have been identified, which has led to the generation of 
target-specific inhibitors, such as BETi (molibresib (GSK525762), 
amredobresib (BI 89499)), and the PD-1 inhibitor pembrolizumab. 
Clinical trials have evaluated various generations of BETi compounds in 
NC, but their efficacy as monotherapies has not yet been proven [25,26]. 
Recently, several reports of NCs treated with PD-1/PD-L1 inhibitors 
have demonstrated clinically relevant responses. [27 28] Reports sug
gest that adult patients with unresectable NCs might benefit more from 
pembrolizumab than from nivolumab, especially when prior chemo
radiotherapy or radiotherapy is involved, which aligns with the treat
ment strategies in lung cancer patients. [29] In two of our patients, 
pembrolizumab was administered after chemotherapy and radiotherapy 
for unresectable PD or relapse, resulting in transient response in both 
patients.

In the present cohort, patients with longer survival had either 
localized, non-thoracic disease with sufficient local tumor control. 
Notably, in all instances of long-term survival, subsequent multimodal 
treatment approaches lead to disease stabilization and extended survival 
after disease progression or relapse. In one case, the patient was accu
rately diagnosed with NC five years after the initial presentation. In 
addition to the prognostically more favorable BRD3::NUTM1 fusion, an 
overall indolent course of the disease can be discussed here; therefore, 
the therapeutic response should be interpreted cautiously.

5. Conclusion

In conclusion, the long-term survival rate of pediatric patients with 
NC is low despite transient responses to chemotherapy in some cases and 
multidisciplinary strategy. Early diagnostic workup of undifferentiated 
or poorly differentiated carcinomas seems crucial for rapid identifica
tion of NC through specific gene rearrangements and initiation of the 

most effective therapeutic approaches. All pediatric patients diagnosed 
with NC should be registered in rare tumor registries, ideally with 
adults’ patients to enhance the understanding of this rare tumor entity 
and establish more efficient treatment recommendations. In parallel, 
molecular profiling should be conducted systematically to understand 
the pathogenesis and outcomes of molecular subgroups and to identify 
potential therapeutic targets. International collaborations such as 
EXPeRT as well as cooperation between pediatric and adult oncologists 
should play a vital role in improving knowledge and optimizing treat
ment and outcomes for children with NC. To ensure the success of future 
clinical trials, it is essential to conduct evidence-based trials to investi
gate novel therapeutic strategies.
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Table 3 (continued )

Pt Line of therapy Number 
of cycles 

Therapy 
according to 
protocol 

Chemotherapeutic agents Targeted therapy Best 
response 

Outcome 
at end of 
treatment 
line 

Radio- 
therapy 

Surgery 
results

27 First 
line

8 SSG IX protocol; 
VAI/PAI

vincristine, cisplatin, 
adriamycin, ifosfamide

​ CR 
(after 3 
cycles)

Relapse 
(5 months 
after last 
cycle)

54 Gy R2

A: Event-free survival (EFS) of the whole cohort (median EFS: 0.4 years); B: Event-free survival of patients with distant metastasis (median EFS 0.3 years) and without 
(median EFS 0.8 years); C: Event-free survival of patients with thoracic primary tumor (median EFS 0.2 years) and with non-thoracic primary tumor (median EFS 0.8 
years); D: Event-free survival of patients with BRD4::NUTM1 fusion (median EFS 0.4 years) and patients without BRD4::NUTM1 fusion (median EFS 1.9 years) E: Event- 
free survival of patients with R0/R1 surgery (median EFS 0.3 years) and patients with R2 surgery / biopsy (median EFS 0.4 years).
F: Overall survival (OS) of the whole cohort (median OS: 0.7 years); G: Overall survival of patients with distant metastasis at diagnosis (median OS 0.6 years) and 
patients without distant metastasis at diagnosis (median OS 2.5 years); H: Overall survival of patients with thoracic primary tumor (median OS 0.5 years) and overall 
survival of patients with non-thoracic primary tumor (median OS 1.6 years); I: Overall survival of patients with BRD4::NUTM1 fusion (median OS 0.6 years) and overall 
survival of patients with non-BRD4::NUTM1 fusion (median OS 6 years); J: Overall survival of patients with R0/R1 surgery (median OS 1.5 years) and patients with R2 
surgery / biopsy (median OS 0.76 years).
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Fig. 1. Outcomes of pediatric patients with NC according to various risk factors: Event-free and Overall survival.
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