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Background: The purpose of this retrospective analysis was to build and validate
nomograms to predict the cancer-specific survival (CSS) and overall survival (OS) of
head and neck neuroendocrine carcinoma (HNNEC) patients.

Methods: A total of 493 HNNEC patients were selected from the Surveillance,
Epidemiology, and End Results (SEER) database between 2004 and 2015, and 74
HNNEC patients were collected from the Affiliated Cancer Hospital of Xiangya School of
Medicine, Central South University/Hunan Cancer Hospital (HCH) between 2008 and
2020. Patients from SEER were randomly assigned into training (N=345) and internal
validation (N=148) groups, and the independent data group (N=74) from HCH was used
for external validation. Independent prognostic factors were collected using an input
method in a Cox regression model, and they were then included in nomograms to predict
3‐, 5‐, and 10‐year CSS and OS rates of HNNEC patients. Finally, we evaluated the
internal and external validity of the nomograms using the consistency index, while
assessing their prediction accuracy using calibration curves. A receiver operating curve
(ROC) was also used to measure the performance of the survival models.

Results: The 3-, 5-, and 10-year nomograms of this analysis demonstrated that M
classification had the largest influence on CSS and OS of HNNEC, followed by the AJCC
stage, N stage, age at diagnosis, sex/gender, radiation therapy, and marital status. The
training validation C-indexes for the CSS and OS models were 0.739 and 0.713,
respectively. Those for the internal validation group were 0.726 and 0.703, respectively,
and for the external validation group were 0.765 and 0.709, respectively. The area under
the ROC curve (AUC) of 3-, 5-, and 10-year CSS and OS models were 0.81, 0.82, 0.82,
and 0.78, 0.81, and 0.82, respectively. The C-indexes were all higher than 0.7, indicating
the high accuracy ability of our model’s survival prediction.

Conclusions: In this study, prognosis nomograms in HNNEC patients were constructed
to predict CSS and OS for the first time. Clinicians can identify patients’ survival risk better
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and help patients understand their survival prognosis for the next 3, 5, and 10 years more
clearly by using these nomograms.
Keywords: head and neck neuroendocrine carcinoma, nomograms, prediction model, cancer‐specific survival,
overall survival, SEER
INTRODUCTION

Neuroendocrine carcinomas are rare malignancies of the head and
neck. HNNEC is rare, accounting for approximately <5% of all head
and neck cancers. Most patients present with advanced disease at
the time of diagnosis. This may be due to the previous lack of clear
pathologic diagnostic criteria. In the previous literature, typical
carcinoid and atypical carcinoid neuroendocrine carcinomas
were exceedingly rare in HNNECs, perhaps because they had
been classified under non-descriptive categories, such as
“neuroendocrine carcinoma, not otherwise specified (NOS)”.
These tumors often look similar to other sites’ neuroendocrine
tumors, and are thus particularly difficult to distinguish (1). Early
studies showed that NECs had a varied histopathologic spectrum,
and the scope of nomenclature which was used to describe them
was very wide but both confusing and ambiguous (2, 3), and the
classification did not stress the use of the names “carcinoid” and
“atypical carcinoid” as diagnosis categories. This problem with
neuroendocrine carcinoma of the head and neck persisted until
theWorld Health Organization (WHO) in 2017 classified NEC into
three sub-categories: well-differentiated NEC (typical carcinoid),
moderately differentiated NEC (atypical carcinoid), and poorly
differentiated NEC (4). The poorly differentiated NEC was further
divided into large cell NEC and small-cell NEC (5, 6). Since then,
the classification of HNNEC has had a uniform standard. It has
been reported that poorly differentiated NEC has an extremely poor
prognosis, and the 5-year disease-specific survival was reported to
be 19.3% for small-cell NEC and 15.3% for large-cell NEC.

In the early years, the literature on head and neck NEC was
limited to case reports (7–15) and small retrospective case series
(5, 16–29). In recent years, some systematic reviews (30–39) and
meta-analyses (40, 41) have emerged. Research has found that
the most common head and neck neuroendocrine carcinomas
(NECs) are laryngeal neuroendocrine carcinoma (LNEC),
sinonasal neuroendocrine carcinoma (SNEC), and salivary
gland neuroendocrine carcinoma (42).

The most common clinical manifestation of salivary gland
NEC is a progressively expanding neck mass arising from the
parotid or submandibular glands (39). The main symptoms of
SNEC are nasal obstruction, epistaxis, nasal drainage, and facial
pain (43), and those of LNEC are throat discomfort, dysphagia,
hoarseness, and a neck mass (44, 45).

HNNEC is an exceedingly rare entity that is highly malignant,
aggressively invasive, and has a high relapse rate and a poor
prognosis. There is a paucity of data on the prognostic factors
influencing survival in HNNECs; therefore, it often presents
diagnostic uncertainty and therapeutic challenges, and patients
may be initially misdiagnosed. As a result, larger sample sizes are
needed to confirm the relationship between clinical factors and
2

prognosis, and further research is required to explore the risk
factors associated with HNNECs.

There was also a need to construct a prognostic prediction
model to accurately predict the survival of this cancer. For this
reason, we used the Surveillance, Epidemiology, and End Results
(SEER) database to construct a prognostic model related to CSS
and OS in patients with HNNECs to adjust clinical practice and
improve patient survival.
METHODS

Data Source
The SEER database is supported by the National Cancer Institute
as an authoritative source of information on population-based
cancer incidence and survival, and it is considered the gold
standard for cancer registry worldwide (46). This is an openly
available, validated, and deidentified database. Thus, our
research of SEER was not required for informed consent and
was accepted by the Ethical Committee and Institutional Review
Board of The Affiliated Cancer Hospital of Xiangya School of
Medicine, Central South University.

The SEER 22 database covers data from the years 2004 to
2015 from 22 cancer registries throughout the United States.
Cases collected were done based on the International
Classification of Diseases for Oncology, Third Edition (ICD-O-
3) topography, and histology/behavior codes. Using the SEER
database, 70 sites in the head and neck location were collected
and analyzed. The following codes were included in this study.
Oral cavity, oropharynx, and hypopharynx including malignant
neoplasms from C01.9 (base of tongue) to C06.9 (mouth, NOS),
C09.0 (tonsillar fossa) to C09.9 (tonsil, NOS), C10.0 (vallecula)
to C10.9 (oropharynx NOS), C12.9 (pyriform sinus) to C13.9
(hypopharynx NOS), C14.0 (pharynx, NOS), and C14.8
(overlapping lesion of the lip, oral cavity, and pharynx).
Nasopharynx included C11.0 (superior wall of the
nasopharynx) to C11.9 (nasopharynx, NOS). Nasal cavity and
sinuses included C30.0 (nasal cavity) to C31.9 (accessory sinus,
NOS). Larynx included C32.0 (glottis) to C32.9 (larynx, NOS).
Subsequently, we filtered the cases based on ICD-O-3 histology/
behavior codes covering large-cell neuroendocrine carcinoma
(8013/3), small-cell neuroendocrine carcinoma, NOS (8041/3),
typical carcinoid (8240/3), neuroendocrine carcinoma, NOS
(8246/3), and atypical carcinoid tumor (8249/3).

Patients and Clinicopathologic Factors
Patients contained in this study had to satisfy the eligibility
criteria: (a) The patients with HNNECs were enrolled between
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2004 and 2015, (b) HNNEC was their first or only primary
diagnosis, (c) The diagnosis was verified by histological
examination, and (d) Complete and integrated follow-up data
of patients could be available. The exclusion criteria included the
following: (a) Patients were younger than 20, (b) Information
about the tumor stage and the follow-up data was lacking,and(c)
Death certificate and autopsy cases were also excluded. Finally,
493 eligible HNNEC’s patients were chosen from the SEER
database. A random split‐sample approach was applied to
separate the total eligible patients into a training cohort
(n=345) and internal validation cohort (n=148) at a split ratio
of 7:3, using the “caret” package in R version 3.6.3. At the same
time, 74 patients with pathological diagnosis of HNNEC from
our medical center between 2008 and 2020 were included in the
external validation cohort. This retrospective validation was
approved by the Ethics Committee of our hospital.
(The ethical approval number: Medical Ethics Committee of
Hunan Cancer Hospital 2021 Scientific Research Express No. 1).

The detailed screening process is presented in Figure 1. We
analyzed patients’ demographic characteristics such as age,
gender, race, year of diagnosis, and marital status, and also
assessed clinical pathology features of the primary site,
histological grade, AJCC stage, surgery status, radiotherapy
status, and chemotherapy status. It is worth noting that the
criteria for grade classification in this analysis is according to
previous versions before the new World Health Organization
(WHO) 2017 classification. The TNM staging system was
confirmed according to the AJCC (American Joint Committee
on Cancer) Cancer Staging Manual (sixth edition for diagnosis
before 2010 and seventh edition for diagnosis in 2010 or later).
Frontiers in Oncology | www.frontiersin.org 3
Statistical Analysis
We carried out the analysis of the above-mentioned factors
descriptively. Overall survival (OS) measured the time from the
date of diagnosis until the date of death from any cause or last
follow-up, and the cancer special survival (CSS) was estimated
from the interval between the HNNEC diagnosis until the cancer-
associated death or the last follow-up. Then the Kaplan–Meier
method was applied to plot survival curves, using the log-rank test
to analyze the differences in survival. Both univariate and
multivariate Cox regression modeling was employed to evaluate
the significant prognostic factors of CSS and OS. By calculating the
hazard ratios (HR) and 95% confidence intervals (95% CI), the
relationship between the risk factors and survival could be
assessed. All analyses were completed by the statistical software
SPSS 22.0 and R version 3.6.3. The results of P<0.05 were selected
as statistically significant.

Construction and Validation
of the Nomograms
Using the independent prognostic factors identified in the
multivariate analysis, nomogram models of CSS and OS were
constructed. The calibration plot and concordance index (C-
index) was conducted to evaluate the performance of the CSS
and OS nomograms in the training, internal validation, and
external validation cohorts successively. The C-index ranges
from 0 to 1.0, with 1.0 expressing a perfect predictor and 0.5
indicating a completely random prediction. In addition, we
plotted the ROC curves and computed the areas under ROC
(AUC) to evaluate the model forecasting capability.
RESULTS

Patient Clinicopathological Data
Table 1 shows the demographic and clinical characteristics of the
SEER research population. Total patients in our study have a
mean age of 62 and a median age of 63. Over half (n =327, 66.3%)
of the patients were male. A total of 227 (46.0%) patients were
diagnosed at the age of 60-79 years. Most patients 430 (87.2%)
were white. The common sites of HNNEC were salivary gland
137 (27.8%), nasal cavity and sinuses 124 (25.2%), and larynx 117
(23.7%). Most of the patients in the overall cohort were grade III/
IV (60.8%), AJCC stage IV (62.5%), with a distant metastasis
(79.3%), and married (55.6%). Concerning treatment options,
more than two-thirds of the patients had received chemotherapy
(67.8%), with approximately half of the patients receiving
surgery (50.5%) and radiotherapy (41.0%). Of these patients,
316 (64%) died and the median survival was 24.0 ± 3.3 months,
with the median follow-up time of 19 months (range 1-
154 months).

Table S1 presents the demographic and clinical characteristics
of Hunan Cancer Hospital. The median patient age was 52 years
(20–75 years) in the HCH cohort. Consistent with the SEER cohort,
HNNEC tended to occur more frequently among men (n =58,
78.3%). The common sites of HNNEC originated in the nasal
cavity, sinuses (n =26, 35.1%), and nasopharynx (n =24, 32.5%).
FIGURE 1 | The flow chart of Surveillance, Epidemiology, and End Results
data selection.
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In our medical center cohort, most of the patients had AJCC IV
stage (n =37, 50%), with high grade (n =48, 65%), and no distant
metastasis (n =67, 90.5%). The majority of patients received
radiotherapy (n =49, 66.2%) and chemotherapy (n =51, 68.9%).
At the cutoff date of December 12, 2020, of the HCH patients, 44
(59.4%) died and the median survival was 26.0 ± 4.6 months, with
the median follow-up time of 20 months (range 2-144 months).

Survival Statistics
In SEER, we obtained believable data on CSS and OS for 493
HNNECs patients. In total, 316(64.0%) patients in the overall
cohort died by the time of the last follow-up. Among these
patients, 261(52.9%) died due to HNNEC and 55(11.2%) died
because of causes other than HNNEC. The OS rates of the overall
cohort at 3, 5, and 10 years were 44.3%, 36.5%, and 26.2%,
respectively. The CSS rates of the overall cohort at 3, 5, and 10
years were 50.9%, 43.0%, and 35.0%, respectively. Cumulative
incidence curves by age at diagnosis, race, gender, stage, and
treatment were presented in Figure 2. For the training cohort,
the overall 5-year survival rate of grades (I/II) and grades III/IV
were 23.6% and 35.5%, respectively. The 5-year cancer special
survival rates of them were 38.4% and 51.6%.

Independent Predictors for Patients
Univariate and multivariate analyses of characteristics associated
with the CSS and OS were presented in Table 2. For the training
cohort, univariate analysis manifested that the age, gender, AJCC
stage, T stage, N stage, M stage, surgery, and radiation therapy
were associated with OS significantly. (P<0.05); The tumor
location, AJCC stage, T stage, N stage, M stage, surgery,
radiation therapy, and marital status were correlated with CSS
significantly. (P<0.05).

Multivariate analysis was conducted to identify the
independent predictors of HNNCE. Multivariate Cox
proportional hazard regression models of OS showed that
age≥80 years (HR = 2.072 vs 20-39 years, P=0.023), being male
(HR =0.694 vs female, P=0.01), AJCC stage III (HR = 2.415 vs
AJCC stage I, P=0.033), N2 (HR =1.741 vs N0, P=0.08), N3
TABLE 1 | Baseline demographics and clinical characteristics of the patients
with HNNEC.

Variable All patients
(n=493)

Training
cohort
(n=345)

Validation
cohort
(n=148)

p-
value

Age(years) n (%) 0.577
20-39 36(7.2) 26(7.5) 10(6.7)
40-59 163(33.3) 110(31.9) 53(35.8)
60-79 227(46.0) 160(46.4) 67(45.2)
≥80 67(13.5) 49(14.2) 18(12.1)
Gender n (%) 0.809
Female 166(33.7) 115(33.3) 51(34.4)
Male 327(66.3) 230(66.7) 97(65.5)
Race n (%) 0.756
White 430(87.2) 301(87.3) 129(87.1)
Black 38(7.7) 28(8.1) 10(6.7)
Other ethnicity 25(5.1) 16(4.6) 9(6.0)
Year of Diagnosis n (%) 0.382
2004-2009 70(14.2) 164(47.5) 64(43.2)
2010-2015 423(85.8) 181(52.5) 84(56.7)
Location n (%) 0.848
Nasopharynx 33(6.7) 20(5.8) 13(8.7)
Nasal cavity and sinuses 124(25.2) 91(26.4) 33(22.2)
Larynx 117(23.7) 79(22.9) 38(25.6)
Salivary Gland 137(27.8) 99(28.7) 38(25.6)
Oral cavity,oropharynx, and
hypopharynx

82(16.6) 56(16.2) 26(17.5)

Histology n (%) 0.796
Large cell neuroendocrine
carcinoma

33(6.7) 22(6.4) 11(7.4)

Small cell carcinoma, NOS 231(46.9) 161(46.7) 70(47.2)
Carcinoid tumor, NOS 3(0.6) 3(0.9) 0(0)
Neuroendocrine carcinoma,
NOS

222(45.0) 157(45.5) 65(43.9)

Atypical carcinoid tumor 4(0.8) 2(0.5) 2(1.3)
Grade n (%) 0.219
Grade I/II 41(8.3) 28(8.1) 13(8.7)
Grade III/IV 300(60.8) 204(59.1) 96(64.8)
Unknown 152(30.8) 113(32.7) 39(26.3)
AJCC stage n (%) 0.980
I 62(12.6) 43(12.5) 19(12.8)
II 45(9.1) 32(9.3) 13(8.7)
III 78(15.8) 55(15.9) 23(15.5)
IV 308(62.5) 215(62.3) 93(62.8)
T classification n (%) 0.824
T1 110(22.3) 81(23.5) 29(19.5)
T2 130(26.4) 92(26.7) 38(25.6)
T3 88(17.8) 52(15.0) 36(24.3)
T4 139(28.2) 100(29.0) 39(26.3)
Tx 26(5.3) 20(5.8) 6(4.0)
N classification n (%) 0.574
N0 209(42.4) 146(42.3) 63(42.5)
N1 83(16.8) 57(16.5) 26(17.5)
N2 172(34.9) 118(34.2) 54(36.4)
N3 20(4.1) 17(5.0) 3(2.0)
Nx 9(1.8) 7(2.0) 2(1.3)
M classification n (%) 0.427
M0 391(79.3) 276(80.0) 115(77.7)
M1 96(19.5) 66(19.1) 30(20.2)
Mx 6(1.2) 3(0.9) 3(2.0)
Radiotherapy n (%) 0.181
Yes 202(41.0) 148(42.9) 54(36.4)
No 291(59.0) 197(57.1) 94(63.5)
Surgery n (%) 0.035
Yes 249(50.5) 185(53.6) 64(43.2)

(Continued)
TABLE 1 | Continued

Variable All patients
(n=493)

Training
cohort
(n=345)

Validation
cohort
(n=148)

p-
value

NO 244(49.5) 160(46.4) 84(56.7)
Chemotherapy n (%) 0.314
Yes 334(67.8) 229(66.4) 105(70.9)
NO 159(32.2) 116(33.6) 43(29.0)
Marital status n (%) 0.359
Married 274(55.6) 199(57.6) 75(50.6)
Divorced 56(11.4) 33(9.6) 23(15.5)
Single (never married) 85(17.2) 61(17.7) 24(16.2)
Widowed 78(15.8) 52(15.1) 26(17.5)
3-years OS (%) 44.3 43.2 – –

5-years OS (%) 36.5 35.8 – –

10-years OS (%) 26.2 24.9 – –

3-years CSS (%) 50.9 50.3 – –

5-years CSS (%) 43.0 42.5 – –

10-years CSS (%) 35.0 34.3 – –
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(HR =2.915 vs N0, P=0.01), M1 (HR =3.300 vs M0, P<0.001),
and not receiving radiotherapy (HR = 1.473 vs radiotherapy,
P = 0.038) were risk factors associated with OS. Multivariate
Cox analysis of CSS indicated that AJCC stage III (HR = 3.115
vs AJCC stage I, P=0.024), AJCC stage IV (HR = 3.526 vs AJCC
stage I, P=0.009), N3 (HR =2.338 vs N0, P=0.012), M1 (HR =
3.629 vs M0, P<0.001), and being widowed (HR = 1.674 vs
married, P=0.036) were risk factors connected with CSS.
(Table 3, 4).
Prognostic Nomogram for OS and CSS
Age, gender, AJCC stage, N stage, M stage, radiation therapy, and
marital status were the independent prognostic factors integrated
to establish prognostic nomograms for evaluating the 3-, 5-, and
10-year OS and CSS of HNNEC patients (Figure 3). Nomogram
provides every variable of a fraction on a logarithmic scale. Thus,
by summing each variable fraction to get the total points at
the bottom scale of the nomogram, we can predict the 3-, 5-, and
10-year OS and CSS of HNNEC patients. In this study,
the nomograms were not only conducted using internal
validation but also external. The C-index of OS nomogram was
0.713, 0.703, and 0.709 for training, internal validation, and
external validation groups, respectively. The C-index of CSS
nomogram was 0.739, 0.726, and 0.765 for training, internal
validation, and external validation groups, respectively. The
value of the C-index was all higher than 0.7; these indicated
that there was good concordance between the predicted
probability and the actual probability in the models. The
values for area under ROC curve (AUC) of 3-, 5-, and 10-year
for OS were 0.78, 0.81, and 0.82, respectively, and for CSS were
0.81, 0.82, 0.82, respectively (Figure 5). The internal validation
cohort’s AUC values for the CSS and OS were 0.74, 0.73, and
0.76, 0.73. The external validation cohort’s AUC values for the
CSS and OS were 0.74, 0.68, and 0.68, 0.61 (Figure 7). The
calibration curve also manifested a well-calibrated of nomogram
model (Figures 4, 6).
Frontiers in Oncology | www.frontiersin.org 6
DISCUSSION

A total of 493 patients diagnosed with HNNECwere collected in the
SEER database between 2004 and 2015. First, we developed and
validated nomogram models for HNNEC based on clinical features
and treatment modalities. Additionally, the calibration curves and
the ROC curve showed a high prediction accuracy of the proposed
nomograms. When external validation was performed on the
Independent medical center cohort, the C-indexes for OS or CSS
were all higher than 0.7. These results proved the high accuracy and
excellent discrimination ability of our models’ survival prediction.

Existing analysis of prognosis in HNNEC is usually achieved by
comparison with the OS or CSS. In recent years, some studies using
the SEER database have been published. Patel et al. reported on 201
SNEC cases in 2015. They compared DSS (CSS) between patients
with SNECs. Their results indicated that some adverse prognostic
TABLE 2 | Univariate analysis of OS and CSS in the training cohort.

Variables Univariate analysis (OS) Univariate analysis (CSS)
P-value P-value

Age(years) 0.025 0.774
Gender 0.041 0.092
Race 0.767 0.769
Year of Diagnosis 0.697 0.680
Location 0.060 0.009
Histology 0.110 0.545
Grade 0.012 0.032
AJCC stage ＜0.001 ＜0.001
T classification ＜0.001 0.001
N classification ＜0.001 ＜0.001
M classification ＜0.001 ＜0.001
Radiotherapy ＜0.001 0.001
Surgery ＜0.001 ＜0.001
Chemotherapy 0.749 0.218
Marital status 0.088 0.035
Wemade the p value less than 0.05 bold,whichmeans that the variable has significantmeaning.
TABLE 3 | Selected variables by OS multivariate Cox regression analysis
(training cohort).

Variables Multivariate analysis

HR 95% CI P-value

Age(years)
20-39 Reference
40-59 0.900 0.508-1.592 0.716
60-79 0.987 0.565-1.726 0.963
≥80 2.072 1.106-3.883 0.023
Gender
Female Reference
Male 0.692 0.523-0.916 0.010
Grade
Grade I/II Reference
Grade III/IV 1.284 0.676-2.441 0.445
Unknown 1.256 0.648-2.436 0.499
AJCC stage
I Reference
II 1.501 0.615-3.664 0.372
III 2.323 1.025-5.263 0.043
IV 1.955 0.895-4.269 0.092
T classification
T1 Reference
T2 0.916 0.568-1.476 0.718
T3 1.294 0.760-2.203 0.342
T4 1.202 0.733-1.970 0.467
Tx 0.785 0.394-1.564 0.491
N classification
N0 Reference
N1 1.191 0.759-1.868 0.448
N2 1.721 1.138-2.603 0.010
N3 2.827 1.510-5.292 0.001
Nx 0.960 0.318-2.900 0.942
M classification
M0 Reference
M1 3.300 2.303-4.728 ＜0.001
Mx 2.456 0.499-12.093 0.269
Radiotherapy
Yes Reference
No 1.500 1.036-2.171 0.032
Surgery
Yes Reference
NO 1.103 0.769-1.582 0.595
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021 | Volume 11 | Article
Wemade the p value less than 0.05 bold,whichmeans that the variable has significantmeaning.
619599

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yan et al. Survival Forecasting of HNNEC Patients
factors influence the survival of SNEC, including tumor locations
such as ethmoid and maxillary involvement, treatment plan such as
radiotherapy without surgical resection, and AJCC stages III and IV
(44). Ghosh et al. performed an analysis of 257 LNEC patients who
were diagnosed between 1973 and 2011. Equivalent prognosis
results were found in the LNEC group. Unfortunately, perhaps
due to the lack of independent prognostic factors, the above studies
only analyzed the characteristics and survival outcomes of cancer,
without building nomogram prognostic models. Based on this, the
main purpose of our study is to establish and validate prognostic
nomogrammodels for HNNECs to forecast the 3-, 5-, and 10-years
CSS and OS.

In our study, an OS nomogram was developed based on six
independent prognostic factors, including age, sex/gender, AJCC
Frontiers in Oncology | www.frontiersin.org 7
stage, N stage, M stage, and radiotherapy. A CSS nomogram was
developed based on four independent prognostic factors: AJCC
stage, N stage, M stage, and marital status. Every variable
corresponds to a fraction on the logarithmic scale of each
nomogram. The fractions for all variables were summed to
obtain the total score, and a vertical line could be drawn
straight from the total‐points scale to evaluate the chance of
surviving for 3, 5, and 10 years.

Our two nomograms included several prognostic variables
that are used in routine clinical practice. Some research studies
have found an inclination for the nomogram score to increase
with the M classification (44, 47). This trend matches the results
of our study. Our multivariable analyses indicated that M1 stage
was an independent risk factor for both CSS and OS, and it had
the highest fraction in both nomogram models. In other words,
patients with distant metastases had a dismal prognosis.

Retrospective research studies based on the SEER database
found that survival for grade III or IV (20.5%) LNEC was
significantly lower than that for grade I or II (60.2%). Low
histological grades (I/II) were observed to have better 5-years
CSS than grades III/IV, which is consistent with our results (47).
Although this is only a laryngeal neuroendocrine carcinoma
dataset, it remains persuasive in some sense because it is one of
the most common HNNEC tumors. Similar results were also
observed in another study that investigated sinonasal
neuroendocrine carcinoma (44). In addition, the multivariable
analyses showed that the AJCC III stage was an independent risk
factor for OS, and the AJCC III stage and AJCC IV stage are
independent risk factors for CSS. A higher AJCC stage also has a
higher score in both nomograms, and the same is true for the N
classification. These clearly indicated that higher AJCC stage and
N classification are indicators of poor prognosis. A similar result
was seen in a meta-analysis that included 436 reported cases,
which may be due to a high proclivity for the late stages to
metastasize distantly and recur.

Age and sex/gender are the secondary factors for OS but not
CSS. This finding is reasonable because CSS pays more attention
to cancer itself. In our analysis, older age indicated a worse
prognosis. Previous literature has reported that the average age at
the time of diagnosis was between 55 and 56 years for SNEC (17,
44). In addition, a meta-analysis that included 701 cases by van
der Laan et al. reported that the average age at the time of
diagnosis was between 60 and 63 years for LNEC (40). This is in
agreement with the above studies. The average age at the time of
diagnosis of 493 HNNEC patients in this analysis was 62.4 years,
with a standard deviation of 14.6 years. This suggests that HNNEC
is most frequently diagnosed in the age range of 48 to 77 years.
This paper has shown that the majority of patients were white
(83.2%), which was also in accordance with prior studies (47).

Furthermore, we also found a male predilection in our study,
with a male to female ratio of 1.97:1. The reason for this sexual
discrepancy might be that a higher proportion of men smoke (40,
47). However, whether gender was a risk factor for HNNEC
patients had not been confirmed previously, but this study found
that being female was an independent risk factor for overall
survival (HR = 0.692, p= 0.01).
TABLE 4 | Selected variables by CSS multivariate Cox regression analysis
(training cohort).

Variables Multivariate analysis

HR 95% CI P-value

Location
Nasopharynx Reference
Nasal cavity and sinuses 0.503 0.242-1.045 0.066
Larynx 1.260 0.653-2.430 0.490
Salivary Gland 0.516 0.251-1.059 0.071
Oral cavity, oropharynx, and hypopharynx 0.819 0.413-1.624 0.568
Grade
GradeI/II Reference
GradeIII/IV 2.040 0.984-4.231 0.055
Unknown 1.763 0.827-3.757 0.142
AJCC stage
I Reference
II 2.302 0.896-7.574 0.127
III 3.115 1.245-8.857 0.024
IV 3.526 1.379-9.017 0.009
T classification
T1 Reference
T2 0.777 0.462-1.307 0.341
T3 1.366 0.768-2.427 0.288
T4 1.423 0.818-2.473 0.212
Tx 1.102 0.547-2.219 0.786
N classification
N0 Reference
N1 1.181 0.716-1.950 0.515
N2 1.373 0.863-2.182 0.181
N3 2.064 1.053-4.047 0.035
Nx 0.838 0.278-2.522 0.753
M classification
M0 Reference
M1 3.629 2.471-5.330 ＜0.001
Mx 2.222 0.453-10.906 0.325
Radiotherapy
Yes Reference
No 0.649 0.425-0.992 0.046
Surgery
Yes Reference
NO 0.682 0.430-1.083 0.105
Marital status
Married Reference
Divorced 1.136 0.671-1.924 0.636
Single (never married) 1.378 0.925-2.052 0.115
Widowed 1.674 1.078-2.598 0.022
Wemade the p value less than 0.05 bold,whichmeans that the variable has significantmeaning.
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Moreover, we found that being married was a protective
variable of CSS. It influenced the survival of patients with
HNNEC. A report indicated that unmarried patients, including
the widowed and divorced, were at higher risk of tumor
metastasis, inadequate treatment, and death from cancer (48).
The reason for this possibility is that married patients had more
active desire and better adherence to treatment. Patients of
HNNEC may have one or more comorbidities, and the
economic burden also increases rapidly with comorbidities.
Single , divorced, and widowed patients have more
psychological vulnerability and economic burdens, while
married patients may often be accompanied by their spouses,
have more emotional and financial support, seek medical
attention more frequently, and have a lower burden of
comorbidities than unmarried patients. In addition, a review
proved that being married positively affects the probability of
early diagnosis of cancer. Accordingly, an unmarried person was
more likely to suffer from this disease and had a relatively shorter
life expectancy (49). In our study, such patients included those
who were single, divorced, or widowed (HR = 1.674, p= 0.022).

Apparently, undergoing surgery could improve the survival
rate significantly according to univariate analyses. However, this
was not significant in multivariate analysis. In our two
nomogram models, we found that those who underwent
postoperative radiotherapy could obtain a lower score than
those who didn’t. In other words, patients with postoperative
radiotherapy showed better survival rates. This was confirmed in
both univariate and multivariate analyses. This phenomenon was
also reported in a meta-analysis that found that surgery plus
radiotherapy with or without chemotherapy was associated with
a lower risk of death (50).
Frontiers in Oncology | www.frontiersin.org 8
Our survival curve also indicated that both surgery and
surgery combined with radiotherapy were significantly
associated with improved outcomes in HNNEC patients (5-
year CSS of 53.2% versus 29.1%, p < 0.001, and 51.8% versus
34.8%, p = 0.0014, respectively). However, chemotherapy did not
provide greater outcomes in these patients, and the application of
chemotherapy did not improve the overall survival of these
patients (5-year CSS of 37.7% versus 58.2%, p= 0.54).

We found that the most common locations for HNNEC were
the salivary gland, nasal sinuses, and larynx, which is in
agreement with previous reports. While univariate analysis
reached statistical significance, multivariate Cox regression
analysis showed that location may not be an independent
prognostic factor. Thus, it was not included in our nomogram.

An earlier study by Likhacheva et al. (2011) found that
pathologic classification may not be a crucial factor in the
clinical therapy of sinonasal NEC (5). However, Tom P et al.
(2015) suggested that the treatment outcome of laryngeal
neuroendocrine carcinoma was strongly dependent on
histological subtype (40) and Tom P et al. (2016) proposed
that histological diagnosis was the most influential factor
affecting the efficacy and survival of Head and Neck NECs
(50). The reason for these seemingly contradictory results is
unclear. This may be due to the absence of a widely accepted
histological grading system. For the existing grade classification,
there is a lack of intelligibly described criteria and practical
clinical significance. Indeed, the possibility that the report
provided inadequate data to confirm the histological nature of
the tumor cannot be ruled out. Univariate analysis of our
research showed that grade was significantly associated with
OS and CSS. The probable explanation may be that small cells,
A B

FIGURE 3 | Prediction model nomogram used to predict the cancer-specific survival rate (A) and overall survival rate (B).
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large cells, and NEC NOS are inclined to be higher grades. Small-
cell NEC has been reported in 50% of patients with positive
lymph nodes at the initial diagnosis, and 90% of all patients had
distant metastasis (51, 52). However, no significant difference
was recognized by multivariate analysis in our study.

As far as we know, other nomograms have been built to
predict the survival of head and neck cancer previously,
including those for nasopharyngeal carcinoma, tongue
squamous cell cancer, salivary gland cancer, and adenoid cystic
cancer, among others. However, our analysis is the first to design
a nomogram for HNNEC, and this nomogram could help
physicians make clinical decisions. For example, there are two
HNNEC patients in AJCC stage III: one is a 31-year-old married
man who received radiotherapy after surgery, while the other
Frontiers in Oncology | www.frontiersin.org 9
patient is a 77-year-old widowed woman who underwent surgery
only, without radiation therapy. According to the AJCC staging
system, these two patients would yield a duplicate prognosis.
However, applying our nomograms could produce a different
result: the 3-, 5-, and 10-year OS rates of the former patient were
80%, 74%, and 62%, respectively, and those of the latter were
32%, 22%, and 12%, respectively. The corresponding CSS rates
were 76%, 70%, 60%, and 42%, 31%, 19%, respectively.
LIMITATIONS

There were also some potential limitations to our study.
Although the strength of the SEER database is its relatively
A B

D E F

C

FIGURE 4 | Calibration nomogram for 3- year, 5- year, and 10- year OS (A–C) and 3- year, 5- year, and 10- year CSS (D–F). X–axis represents the nomogram
predicted survival, and Y–axis expresses the actual survival. The gray dashed line demonstrates the exact match between predicted and actual values of survival.
The red vertical line means ±95% confidence intervals.
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A B

FIGURE 5 | ROC curves of the nomogram predicting 3-year, 5-year, and 10-year CSS (A) and OS (B) of HNNECs in the training cohort. The ability of the prediction
model to be evaluated by the AUC.
A B D

E F G H

C

FIGURE 6 | Internal and external calibration of the nomogram. Internal calibration for (A) 3- and (B) 5-year CSS, and (C) 3- and (D) 5- OS nomogram calibration
curves; External calibration for (E) 3- and (F) 5-year CSS, and (G) 3- and (H) 5- OS nomogram calibration curves.
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greater ability to provide more data for studies of rare cancers,
this is a retrospective study and lacks specific treatment details.
For example, SEER data did not include the specific
chemotherapy regimen and could not distinguish between
sequential and concurrent chemoradiation. In addition, details
such as local control rate, cigarette use, alcohol consumption,
and toxic reactions are not available for research. We used the
data of our medical center to externally validate the nomogram
model, due to the rare incidence in our single hospital and the
extremely small number of HNNEC patients, a multi-centered,
large sample study is still required to further validation. In the
future, we look forward to prospective studies to test nomograms
to compensate for these limitations.
CONCLUSION

In conclusion, we have established an easy-to-use visual nomogram
with several clinical and pathological factors to predict the survival
risk of HNNECs. A fraction corresponding to HNNEC patients’
prognostic factors would be acquired on the nomogram point scale.
Adding these scores to the total on the bottom scale could predict
the 3-, 5-, and 10-year OS and CSS of HNNEC patients.
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35. López F, Hunt JL, Nixon IJ, Rinaldo A, Williams MD, Cardesa A, et al. How
phenotype guides management of the neuroendocrine carcinomas of the larynx.
J Laryngol Otol (2018) 132(7):568–74. doi: 10.1017/s0022215118000968

36. Ferlito A, Barnes L, Rinaldo A, Gnepp DR, Milroy CM. A review of
neuroendocrine neoplasms of the larynx: update on diagnosis and treatment.
J Laryngol Otol (1998) 112(9):827–34. doi: 10.1017/s0022215100141830

37. Iqbal MS, Paleri V, Moor J, Dobrowsky W, Kelly C, Kovarik J. Small cell
neuroendocrine carcinoma of larynx: case series and literature review.
J Laryngol Otol (2015) 129(9):910–5. doi: 10.1017/s0022215115001668

38. Chernock RD, Duncavage EJ. Proceedings of the NASHNP Companion
Meeting, March 18th, 2018, Vancouver, BC, Canada: Salivary
Neuroendocrine Carcinoma-An Overview of a Rare Disease with an
Emphasis on Determining Tumor Origin. Head Neck Pathol (2018) 12
(1):13–21. doi: 10.1007/s12105-018-0896-4

39. Mascitti M, Luconi E, Togni L, Rubini C. Large cell neuroendocrine
carcinoma of the submandibular gland: a case report and literature review.
Pathologica (2019) 111(2):70–5. doi: 10.32074/1591-951x-13-19
February 2021 | Volume 11 | Article 619599

https://doi.org/10.1038/modpathol.3880522
https://doi.org/10.1002/hed.21162
https://doi.org/10.1002/hed.21162
https://doi.org/10.1016/j.oraloncology.2011.09.016
https://doi.org/10.1007/s00428-017-2116-0
https://doi.org/10.1186/1758-3284-3-32
https://doi.org/10.1186/1758-3284-3-32
https://doi.org/10.1007/s12105-018-0894-6
https://doi.org/10.1007/s12105-007-0004-7
https://doi.org/10.1007/s12105-007-0004-7
https://doi.org/10.4103/0377-4929.59179
https://doi.org/10.1016/s1607-551x(09)70054-3
https://doi.org/10.1017/s0022215112002435
https://doi.org/10.1016/j.bjoms.2006.09.014
https://doi.org/10.1177/014556130808700511
https://doi.org/10.1017/s0022215100126519
https://doi.org/10.1001/archotol.1986.03780050053009
https://doi.org/10.1001/archotol.1986.03780050053009
https://doi.org/10.1007/s12105-013-0431-6
https://doi.org/10.1007/s12105-013-0431-6
https://doi.org/10.1016/s0046-8177(98)90452-x
https://doi.org/10.1017/s0022215106000594
https://doi.org/10.1097/00005537-200010000-00007
https://doi.org/10.1002/cncr.10537
https://doi.org/10.1002/cncr.20693
https://doi.org/10.3760/cma.j.issn.1673-0860.2011.12.013
https://doi.org/10.1097/00005537-200407000-00023
https://doi.org/10.1111/j.1365-2559.1991.tb00827.x
https://doi.org/10.1111/j.1365-2559.1991.tb00827.x
https://doi.org/10.13201/j.issn.1001-1781.2017.23.004
https://doi.org/10.12788/jcso.0165
https://doi.org/10.3760/cma.j.issn.0376-2491.2011.20.010
https://doi.org/10.1097/pas.0000000000000580
https://doi.org/10.1177/0003489415619179
https://doi.org/10.3342/ceo.2008.1.4.217
https://doi.org/10.1002/alr.21734
https://doi.org/10.1097/pap.0000000000000236
https://doi.org/10.1093/ajcp/aqz106
https://doi.org/10.1002/lary.21790
https://doi.org/10.1159/000276219
https://doi.org/10.1017/s0022215118000968
https://doi.org/10.1017/s0022215100141830
https://doi.org/10.1017/s0022215115001668
https://doi.org/10.1007/s12105-018-0896-4
https://doi.org/10.32074/1591-951x-13-19
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yan et al. Survival Forecasting of HNNEC Patients
40. van der Laan TP, Plaat BE, van der Laan BF, Halmos GB. Clinical
recommendations on the treatment of neuroendocrine carcinoma of the
larynx: A meta-analysis of 436 reported cases. Head Neck (2015) 37(5):707–
15. doi: 10.1002/hed.23666

41. Strojan P, Hernandez-Prera JC, Beitler JJ, Eisbruch A, Saba NF, Mendenhall
WM, et al. Small cell and large cell neuroendocrine carcinoma of the larynx: A
comparative analysis. Cancer Treat Rev (2019) 78:42–51. doi: 10.1016/
j.ctrv.2019.08.002

42. Angouridakis N, Goudakos J, Karayannopoulou G, Triaridis S, Nikolaou A,
Markou K. Primary neuroendocrine neoplasms of the larynx. A series of 4
cases reported and a review of the literature.Head Neck (2013) 35(6):E187–93.
doi: 10.1002/hed.22955

43. Mitchell EH, Diaz A, Yilmaz T, Roberts D, Levine N, DeMonte F, et al.
Multimodality treatment for sinonasal neuroendocrine carcinoma. Head Neck
(2012) 34(10):1372–6. doi: 10.1002/hed.21940

44. Patel TD, Vazquez A, Dubal PM, Baredes S, Liu JK, Eloy JA. Sinonasal
neuroendocrine carcinoma: a population-based analysis of incidence and
survival. Int Forum Allergy Rhinol (2015) 5(5):448–53. doi: 10.1002/
alr.21497

45. Hong S, Li L, Liu X, Tu C. Neuroendocrine carcinoma of the larynx with
subcutaneous and intramuscular metastases: a case report. Int J Clin Exp
Pathol (2014) 7(11):8217–22.

46. Davis FG, McCarthy BJ, Berger MS. Centralized databases available for
describing primary brain tumor incidence, survival, and treatment: Central
Brain Tumor Registry of the United States; Surveillance, Epidemiology, and
End Results; and National Cancer Data Base. Neuro-oncology (1999) 1
(3):205–11. doi: 10.1093/neuonc/1.3.205

47. Ghosh R, Dutta R, Dubal PM, Park RC, Baredes S, Eloy JA. Laryngeal
Neuroendocrine Carcinoma: A Population-Based Analysis of Incidence and
Frontiers in Oncology | www.frontiersin.org 13
Survival. Otolaryngol–head Neck Surg Off J Am Acad Otolaryngol-Head Neck
Surg (2015) 153(6):966–72. doi: 10.1177/0194599815594386

48. Aizer AA, Chen MH, McCarthy EP, Mendu ML, Koo S, Wilhite TJ, et al.
Marital status and survival in patients with cancer. J Clin Oncol Off J Am Soc
Clin Oncol (2013) 31(31):3869–76. doi: 10.1200/jco.2013.49.6489

49. Buja A, Lago L, Lago S, Vinelli A, Zanardo C, Baldo V. Marital status and stage
of cancer at diagnosis: A systematic review. Eur J Cancer Care (2018) 27(1):
e12755. doi: 10.1111/ecc.12755

50. van der Laan TP, Iepsma R,Witjes MJ, van der Laan BF, Plaat BE, Halmos GB.
Meta-analysis of 701 published cases of sinonasal neuroendocrine carcinoma:
The importance of differentiation grade in determining treatment strategy.
Oral Oncol (2016) 63:1–9. doi: 10.1016/j.oraloncology.2016.10.002
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