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Abstract 

Background:  Second head and neck neuroendocrine carcinoma (NEC) after radical radiotherapy for nasopharyngeal 
carcinoma (NPC) treatment is rarely reported. The prognosis of second cancer is poor, and our research focuses on 
finding a breakthrough in the treatment. In this study, we aimed to investigate clinicopathological characteristics and 
to identify the genomic landscape of second head and neck NECs.

Methods:  We collected five second head and neck NEC cases in the recent three years from our patient database. 
Clinicopathological data and images were obtained. Genomic analysis was performed using high-throughput second 
generation sequencing. KEGG pathway enrichment analyses between high-frequency mutations were performed 
using the STRING database.

Results:  All patients had been diagnosed with second NEC, according to the pathological observations. The interval 
between diagnosis of NPC and NEC ranged from 10 to 18 years. Two patients had brain or liver metastasis at three and 
nine months, respectively, after the diagnosis of NEC. Three patients died of the disease with the overall survival time 
ranging from three to nine months. Commonly altered genes (50%) in second head and neck NECs included TP53, 
RB1, NOTCH2, PTEN, POLG, KMT2C, U2AF1, EPPK1, ELAC2, DAXX, COL22A1, and ABL1. Those genetic lesions might affect 
p53 signaling, MAPK signaling, PI3K-Akt signaling, sphingolipid signaling, and neurotrophin signaling pathways.

Conclusions:  Second head and neck NECs had poor prognosis. We revealed, for the first time, the mutational 
landscape, high-frequency somatic mutations, and potential signaling pathways of second head and neck NECs. Its 
optimal treatment model needs to be further studied in future clinical trials.
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Background
Nasopharyngeal carcinoma (NPC) mainly occurs in 
east and southeast Asia [1]. The most common site for 
NPC is the pharyngeal recess, and squamous cell car-
cinoma is its most common type, accounting for more 
than 95% of NPC cases [2]. The primary treatment for 
NPC is radiotherapy, and for locally advanced NPC, 
radiotherapy combined with chemotherapy is the stand-
ard treatment [3]. For radical radiotherapy, the clinical 
study RTOG0225 recommended the Intensity Modulated 
Radiation Therapy (IMRT) [4]. Long-term results after 
IMRT showed that the 5-year local recurrence rate of 
NPC reduced to 7.4%, and the 5-year overall survival rate 
increased to 82.0%  [5]. Concomitantly, the development 
of radiation-induced carcinomas has become one of the 
serious complications; the most common types are squa-
mous cell carcinomas and sarcomas.

Second neuroendocrine carcinoma (NEC) of head 
and neck is rare, especially of the nasopharynx [6–8]. To 
our knowledge, there have been only a dozen NEC cases 
reported with a history of radiotherapy for NPC [9–12]. 
Very little research has been done on genetic alterations 
of radiation induced NECs. In particular, the mutational 
landscape of second head and neck NECs has not been 
studied before. NEC can be classified as large cell NEC, 
small cell NEC, typical carcinoid and atypical carcinoid. 
Poorly differentiated NECs of the nasopharynx are very 
aggressive and have a high recurrence and metastasis rate 
[13–16]. There is currently no effective treatment, thus 
research into the mechanisms of NEC and possible ther-
apy targets is vital.

In this study, we identified the clinicopathologic fea-
tures of five NEC patients with NEC in the high incidence 
area of NPC, who had received radical radiotherapy for 
NPC before. We also investigated their mutational char-
acteristics, hoping to find potential targets for the treat-
ment of second head and neck NECs.

Methods
Sample and data collection
We collected all patients with NPC (N = 1052) in our 
hospital from June, 2017 to September, 2020. Then we 
selected five patients who met the criteria of radiation-
induced head and neck NEC (second NEC). All patients 
had a history of radical radiotherapy for NPC. Clinical 
data, such as clinicopathologic features, treatments, 
and outcomes were extracted from medical records. 

The TNM status of each tumor was reclassified accord-
ing to the criteria of the American Joint Committee 
on Cancer (2008). Radiographic and nasal endoscopy 
images were exported from our medical image system. 
Magnetic resonance imaging (MRI) and nasal endos-
copy images at diagnosis and during the follow-up of 
NEC were compared.

The paraffin blocks of the original NPC biopsy speci-
mens, and the second NEC surgical specimens were 
sectioned for histopathological and immunohistochem-
ical staining. Samples were taken and evaluated by the 
Department of Pathology in our hospital. Among these 
five patients, three of them had no valid data regarding 
NPC specimens due to storage timeout or exhaustion 
of paraffin blocks.

The paraffin blocks of the second NEC specimens 
were collected for genetic testing. Among these five 
patients, one did not undergo genetic testing for per-
sonal reasons.

Based on previous studies [10], the criteria for the 
diagnosis of radiation induced neoplasms include (1) a 
history of radiation therapy is required and the tumor 
is induced in the radiation target area, (2) it takes a long 
latent period (at least two years) from the end of radi-
otherapy to the onset of the induced tumor, (3) there 
must be a different histopathological pattern between 
the induced tumor and the primary tumor to rule out 
metastasis or recurrence.

Hematoxylin and eosin (H&E) staining 
and immunohistochemistry
Paraffin sections were stained for CD56, EBER, SYN, 
CGA, P40, and CK5/6. Images were acquired after 
H&E and immunohistochemical staining. The immu-
nohistochemical staining were scored by experienced 
pathologists based on the intensity and percentage [17]. 
The staining intensity was scored as 1 (light-yellow), 2 
(brown-yellow), 3 (brown). The staining percentage was 
scored as 1 (0–25%), 2 (26–50%), 3 (51–75%), 4 (76–
100%). The final score was defined as the intensity score 
multiplied by the percentage score. Finally, the expres-
sion was identified as negative (−) if the final score was 
0, weakly positive (+) if the final score was between 1 
and 4, moderately positive (++) if the final score was 
between 5 and 8, and strongly positive (+++) if the 
final score was between 9 and 12.

Keywords:  Radiation-induced neoplasms, Neuroendocrine carcinoma, Nasopharyngeal carcinoma, Radiotherapy, 
Mutational analysis
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High‑throughput second generation sequencing 
and genetic alteration detection
Based on current scientific research and clinical data, 
samples were tested for 688 genes associated with the 
development, diagnosis, treatment, and prognosis of 
solid tumors at the Beijing Genomics Institute (BGI) 
using high-throughput second generation sequencing.

Mutational analysis and pathway enrichment analysis
Second NEC somatic landscape, also named Oncoplot, 
which contains somatic driven-gene mutation types and 
frequency, was visualized using R Bioconductor pack-
ages, “GenVisR” and “reshape2”. Protein interaction and 
KEGG pathway enrichment analyses of high-frequency 
mutations were performed using the STRING database 
(https://​string-​db.​org/).

Statistical analysis
Survival times were obtained through imaging and tel-
ephone follow-up. The end time of follow-up was defined 
as 2020/09/26. Progression free survival (PFS), from the 
beginning of the treatment to progression or death, and 
overall survival (OS), from the beginning of treatment to 
death, were recorded and used to assess patients’ survival 
time.

Results
Poor prognosis of radiation‑induced head and neck NEC
We collected all patients with NPC (N = 1052) in our hos-
pital from June, 2017 to September, 2020. Then we found 
26 NPC patients with other head and neck tumors.11 of 
them were patients with second tumors after radiother-
apy for NPC, as shown in Fig. 1. Of the 11 patients, five 
were diagnosed with NEC, four with sarcoma, and two 
with squamous cell carcinoma (NPC recurrence excluded 
by immunohistochemistry). The clinical characteristics of 
five NEC patients are summarized in Table 1. All patients 
were 49–67-year-old males. Patients had been diagnosed 
with NPC, stages from T2N0M0 to T3N2M0, with poorly 

differentiated or undifferentiated squamous carcinoma. 
All patients received radical radiotherapy and regular fol-
low-up. The interval between diagnosis of NPC and NEC 
ranged from 10 to 18 years. The sites of second NEC were 
left nasal cavity, right hard palate, left nasal cavity, right 
nasal cavity-skull base, and left ethmoidal sinus, which 
were all within the radiation area. The patients were diag-
nosed with small cell NEC and received surgery and/or 
radiotherapy combined with chemotherapy. Three of five 
patients received re-irradiation for NEC. Patient 1 and 
Patient 3 had poor prognosis because of disease progres-
sion. The response was PD six months and two months 
respectively after RT. The response of Patient 4 was SD 
three months after RT. The main toxicities of radio-
therapy were skin and mucosal related reactions, sore 
throat, bone marrow suppression, irritating cough, loss 
of appetite, etc. Two of them had brain or liver metasta-
sis at three and nine months, respectively, after diagno-
sis of NEC. Three of them died of the disease, with the 
OS ranging from three to nine months. The other two 
patients were still alive at the time of writing this study, 
with a follow-up period of five months and one month.

Histopathological and immunohistochemical features 
of radiation‑induced head and neck NECs
We compared the H&E and immunohistochemical 
expression of the original NPC specimens to the sec-
ond NEC specimens of Patient 1 and Patient 2; as shown 
in Fig.  2A,  B. Patient 1 was pathologically diagnosed 
with nasopharyngeal undifferentiated non-keratiniz-
ing carcinoma in 2008 (NPC-2008) and left nasal cav-
ity high-grade NEC in 2018 (NEC-2018). Patient 2 was 
pathologically diagnosed with nasopharyngeal poor dif-
ferentiated squamous carcinoma in 2007 (NPC-2007) 
and right hard palate small cell NEC in 2020 (NEC-2020). 
Immunohistochemistry (IHC) expression for CD56, 
EBER, SYN, CGA, P40, and CK5/6 were performed by 
semi-quantitative analysis. The NPCs were strongly posi-
tive (+++) for EBER and CK5/6, and moderately posi-
tive (++) for P40, whereas the NECs were moderately 
positive (++) or strongly positive (+++) for CD56 and 
SYN, and weakly positive (+) or moderately positive 
(++) for CGA. Also, we analyzed NEC IHC expression 
of Patient 3, Patient 4 and Patient 5 (Fig. 2C). It showed 
that CD56, SYN, CGA expression were all positive on dif-
ferent levels, whereas EBER, CK5/6, P40 were all nega-
tive; therefore, it supported the diagnosis of NEC.

Local progression or distant metastasis 
in radiation‑induced head and neck NECs
MRI and nasal endoscopy images at diagnosis and dur-
ing the follow-up of NEC are shown in Fig. 3. For Patient 
1, the tumor was in the left nasal cavity, mainly in the Fig. 1  Flow chart of patient selection

https://string-db.org/
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lower nasal cavity. The lesion in the lower nasal cav-
ity disappeared in nasal endoscopy five months after 
chemoradiotherapy; however, there was an increase 
in the upper bound of the tumor according to the MRI 
(2019/05, red arrow). For Patient 3, the tumor was mainly 
in the left middle nasal cavity and it was connected with 
the thickened left lateral wall and the posterior wall 
of nasopharyngeal mucosa. The size of the tumor was 
approximately 33  mm ×  17  mm × 24  mm. The patient 
underwent the surgery and chemoradiotherapy for 
NEC. One month after the treatment, the lesion in the 
nasopharynx and left nasal cavity was not seen in the 
MRI or nasal endoscopy. However, brain metastasis was 
observed through MRI (2019/06, red arrow).

Commonly mutated genes and pathways 
of radiation‑induced head and neck NECs
We analyzed the data of four cases and showed the TOP 
50 mutated genes and their frequency (Fig. 4A). Two out 
of four cases had TP53, RB1, NOTCH2, PTEN, POLG, 
KMT2C, U2AF1, EPPK1, ELAC2, DAXX, COL22A1, or 
ABL1 mutations. The single-nucleotide variant (SNV) 
class was dominated by C>T (Fig.  4B). KEGG pathway 
enrichment analysis showed radiation-induced head and 
neck NECs might affect p53 signaling, MAPK signaling, 

PI3K-Akt signaling, sphingolipid signaling, and neurotro-
phin signaling pathways (Fig. 4C). It reveals a mutational 
signature different from that of NPC, which includes 
genetic lesions mainly affecting chromatin modification, 
ERBB-PI3K signaling and autophagy machinery [18], or 
NF-κB pathway of recurrent NPC [19]. All four cases 
had tumor mutation load of < 2 mutations per megabase 
(Mb).

Discussion
Patients with NPC have long-time survival after radi-
cal radiotherapy; Therefore, second carcinoma has 
become an interesting and important issue to study. 
Radiotherapy is an important cause of second cancer, 
also called radiation-induced neoplasms. Based on pre-
vious studies, squamous cell carcinoma and sarcoma 
are the main pathologic types of second cancers in the 
head and neck [20–23], whereas NEC is rare. How-
ever, we identified more NEC cases than sarcoma or 
squamous cell carcinoma cases. That is different from 
previous literature. In our study, the radiotherapy for 
NPC of these five patients was 2D radiotherapy, with 
a large irradiation range. The nasal cavity, hard palate, 
and ethmoidal sinus received a certain dose of radia-
tion, not only the skull base or nasopharynx. Besides, it 

Table 1  Clinical characteristics of five neuroendocrine carcinoma patients with a history of radical radiotherapy for nasopharyngeal 
carcinoma

NEC, neuroendocrine carcinoma; NPC, nasopharyngeal carcinoma; OS, overall survival; IMRT, intensity modulated radiation therapy; RT, radiotherapy; CT, 
chemotherapy; ST, surgery therapy; GP, gemcitabine + DDP (cisplatin); VP, VP16 (etoposide) + DDP (cisplatin); 2D, two-dimensional radiotherapy

–, not performed; *, no exact details

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5

Age 59 67 50 56 49

Gender Male Male Male Male Male

Year diagnosed NPC 2008 2007 2005 2010 2002

NPC stage T3N2M0 T3N1M0 T3N0M0 T2N0M0 *

Treatment of NPC

RT 2008 2007 2005 2010 2002

70 Gy/35F 70 Gy/35F Radical RT 70 Gy/35F Yes*

2D 2D 2D 2D 2D

CT DDP DDP DDP DDP Yes*

Date diagnosed NEC 2018/09/20 2020/03/09 2019/01/31 2020/04/29 2020/09/01

Sites of NEC Left nasal cavity Right hard palate Left nasal cavity Right nasal cavity-
skull base

Left ethmoidal sinus

Treatment of NEC

ST – 2020/03/06 2019/02/19 2020/04/23 2020/08/24

RT GTV 70 Gy/33F – GTV 66 Gy/30F GTV 64 Gy/30F –

2018/10/23 – 2019/04/08 2020/05/25 –

IMRT – IMRT IMRT –

CT VP VP VP VP GP

PFS 6 m 3 m 4 m Censored Censored

OS 9 m 3 m 9 m Alive Alive
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Fig. 2  Histopathological and immunohistochemical features of five cases. A Histopathological and immunohistochemical images of NPC vs. NEC 
for Patient 1 and Patient 2. B NPC and NEC IHC expression for Patient 1 and Patient 2. C NEC IHC expression for Patient 3, Patient 4 and Patient 5. 
NPC nasopharyngeal carcinoma, NEC neuroendocrine carcinoma, IHC immunohistochemistry
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took a long latency period from the end of radiotherapy 
to the onset of second NEC; different histopathological 
patterns were existed between the induced NEC and 
the primary NPC. According to the diagnostic crite-
ria of RIN put forward by previous studies, all patients 
included in our study met the diagnosis of RIN.

We reported the phenotype of five patients with head 
and neck NECs, who had a history of radical radio-
therapy for the treatment of NPC. All five patients were 
male, which was in accordance with previous studies 
that indicated that head and neck NEC occurs predom-
inantly in male patients. After concurrent radiotherapy 
with or without adjuvant chemotherapy, NPC lesions 
cured. However, the patients developed second NECs 

within the irradiation area 10–18 years later; with dif-
ferent pathological features than those of NPC. Re-
irradiation treatment for most second NECs were not 
effective but caused side effects. Unfortunately, they 
soon had aggressive local invasion or distant metastasis 
and three of the patients died of NEC despite receiv-
ing comprehensive treatment. Though we only identi-
fied five cases, that was the result of statistical data of 
NPC radiotherapy induced tumor in our hospital in the 
recent 3 years. In addition, the occurrence of radiation 
induced head and neck NEC is rare. That is a very spe-
cial, tough group worthy of attention that has no stand-
ard treatment. That is also the limitation and specificity 
of our study.

Fig. 3  MRI and nasal endoscopy images at diagnosis and during the follow-up of NEC of Patient 1 and Patient 3. A MRI images of patient 1 at 
diagnosis. B MRI images of Patient 1 during the follow-up. Progression in the upper bound of the tumor during the follow-up of Patient 1 (red 
arrow). C Nasal endoscopy images at diagnosis (2018/09) and during the follow-up (2019/05) of Patient 1. D MRI images of patient 3 at diagnosis. 
E MRI images of Patient 3 during the follow-up. Brain metastasis during the follow-up of Patient 3 (red arrow). F Nasal endoscopy images at 
diagnosis (2018/12) and during the follow-up (2019/06) of Patient 3
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Fig. 4  Genomic landscape of four second head and neck NEC cases. A Oncoplot of mutations. The tumor mutation burden, TMB, is shown on the 
top panel. The TOP 50 mutated genes and proportions are shown in left panels. Specific mutation types are displayed in different colors and shown 
in the right panel. Notes: Patient 2_20S3087569, Patient 3_19S0735242, Patient 4_20S6942679, Patient 5_20S6942573. B SNV class of mutations. C 
Protein interaction and KEGG pathway enrichment analyses between high-frequency mutations
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Poorly differentiated second NEC has an extremely 
poor prognosis. Chen reported 11 patients with sec-
ond primary malignancies after curative radiotherapy 
for NPC and found that the OS of patients with NEC 
was only three and four months (2/11), whereas that 
of patients with squamous cell carcinoma was 11–63 
months (9/11) [9]. Wang reviewed 18 patients with NEC 
arising from the sinonasal tract, of which eight were 
post-irradiated NEC and 10 were primary ones [10]. The 
5-year OS rates of post-irradiated NEC and primary NEC 
were 62.5 and 70% (P = .08), respectively. Because of the 
rare occurrence of second head and neck NECs, there is a 
lack of large studies on the survival time of these patients. 
However, it is widely recognized that second head and 
neck NECs often have local progression or distant metas-
tasis. Our study was in accordance with previous one-
sas it showed that patients have a poor OS time (three 
to nine months). Thus, further studies on the molecular 
biological behavior and genetic background of NECs 
are essential to lay a foundation for advanced treatment 
strategies.

It is well known that Epstein–Barr virus (EBV) is closely 
related to NPC, and other nasopharyngeal malignancies, 
such as NK/T-cell lymphoma [24, 25]. Large cell NEC of 
the nasopharynx was also reported to be associated with 
EBV [26]. EBV-positive large cell NEC was shown to be 
sensitive to chemoradiotherapy and might have better 
prognosis [27]. However, the relationship between EBV 
and second NEC prognosis is unclear. EBV-encoded 
small RNA (EBER) is widely accepted to as an indicator of 
EBV infection [28]. In our study, four patients were posi-
tive for primary NPCs and negative for induced NECs, 
according to the detected EBER status, which means the 
tumor microenvironment and biological behavior might 
be completely altered in induced NECs. There was no 
EBER expression in second NECs; therefore, it is worth 
further exploring whether the corresponding pathologi-
cal transformation had occurred.

The occurrence of radiation induced NEC is rare and 
has been rarely reported in previous literature. There 
is currently no report on genomic profiles of head and 
neck NECs, including second head and neck NECs. 
We are the first to perform the genetic analysis of NPC 
radiotherapy induced head and neck NECs. TP53 and 
RB1 were confirmed as characteristic genetic mutations 
in both small cell lung cancer (SCLC) and pulmonary 
large cell NEC [29–31]. In our study, commonly altered 
genes (50%) in second head and neck NECs included 
TP53, RB1, NOTCH2, PTEN, POLG, KMT2C, U2AF1, 
EPPK1, ELAC2, DAXX, COL22A1, and ABL1. Though 
limited by the small sample size, TP53 and RB1 muta-
tions were consistent with lung NECs. Other genetic 
mutations, such as NOTCH and KMT2C may be useful 

for the treatment. NOTCH signaling pathway has been 
confirmed to be correlated with the occurrence, devel-
opment, and prognosis of SCLC [32, 33]. SCLC cells 
with activation of NOTCH signaling may benefit from 
NOTCH pathway inhibitors combined with chemother-
apy [33]. Retrospective analysis showed that NOTCH 
signaling pathway may be a potential biomarker for the 
immunotherapy in non-small cell lung cancer (NSCLC) 
[34]. KMT2C and KMT2D usually form complexes 
responsible for the methylation of H3K4.

It was found that KMT2C/2D mutations were accom-
panied by high mutation rate of tumor suppressor gene 
TP53 and oncogene KRAS. The specific deletion of 
KMT2C/2D may promote the initiation of TP53/KRAS-
induced lung cancer [35]. KMT2C/2D mutations were 
also reported to be closely associated with MSI-H and 
higher TMB. Colorectal cancer patients with KMT2C/2D 
mutations may benefit from the immune checkpoint 
inhibitor treatment [36]. Therefore, whether head and 
neck NECs with NOTCH or KMT2C mutations would be 
beneficial for immunotherapy is worth exploring.

Conclusions
Second head and neck NECs had poor prognosis. We 
revealed, for the first time, the mutational landscape, 
high-frequency somatic mutations, and potential sign-
aling pathways of second head and neck NECs. We 
believe our study may pave the way for finding potential 
therapeutic targets for the treatment of second head 
and neck NECs.
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