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Background: Accurate forecasting of the risk of death is crucial for people living with head and neck mucosal melanoma (HNMM).
We aimed to establish and validate an effective prognostic nomogram for HNMM.
Methods: Patients with HNMM who underwent surgery between 2010 and 2015 were selected from the Surveillance, Epidemiology,
and End Results (SEER) database for model construction. After eliminating invalid and missing clinical information, 288 patients were
ultimately identified and randomly divided into a training cohort (199 cases) and a validation cohort (54 cases). Univariate and
multivariate Cox proportional hazards regression analyses were performed in the training cohort to identify prognostic variables.
Independent influencing factors were used to build the model. Through internal verification (training cohort) and external verification
(validation cohort), the concordance indexes (C-indexes) and calibration curves were used to evaluate the predictive value of the
nomogram.
Results: For the training cohort, five independent risk predictors, namely age, location, T stage, N stage, and surgery, were selected,
and nomograms with estimated 1- and 3-year overall survival (OS) and cancer-specific survival (CSS) were established. The C-index
showed that the predictive performance of the nomogram was better than that of the TNM staging system and was internally verified
(through the training queue: OS: 0.764 vs 0.683, CSS: 0.783 vs 0.705) and externally verified (through the verification queue: OS:
0.808 vs 0.644, CSS: 0.823 vs 0.648). The calibration curves also showed good agreement between the prediction based on the
nomogram and the observed survival rate.
Conclusion: The nomogram prediction model can more accurately predict the prognosis of HNMM patients than the traditional TNM
staging system and may be beneficial for guiding clinical treatment.
Keywords: head and neck mucosal melanoma, SEER, nomogram, overall survival, cancer-specific survival

Introduction
Melanoma can be divided into uveal tract, cutaneous and mucosal melanoma (MM) according to the primary location of the
tumor. Their clinical manifestations and pathological characteristics are quite different.1 Head and neck mucosal melanoma
(HNMM) is a rare and aggressive disease that accounts for 1–4% of all melanomas and 50–60% of all MMs.2–4 A previous
study showed that the incidence of HNMM in the United States has risen over time since 1987.5 The most common sites of
HNMM are the nasal cavity, paranasal sinus and oral cavity, and HNMM rarely occurs in the nasopharynx, oropharynx,
hypopharynx or larynx.6,7 Among the causes of skin MM, there is clear evidence that it is related to excessive exposure to
ultraviolet light.8 However, the etiology of HNMM is still unclear but is not related to excessive UVexposure. The current
possible factors associated with HNMM include bad dentures, smoking, mechanical trauma, and family history.9
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The prognosis of HNMM is extremely poor, and the 5-year overall survival (OS) rate is only 20%-40%.10,11 Due to
the rarity of HNMM, large-scale prospective trials cannot be performed to evaluate the efficacy of various treatment
modalities, and the optimal treatment strategy remains uncertain. At present, various methods such as surgery, post-
operative radiotherapy, postoperative chemotherapy, and targeted therapy are used to treat head and neck mucosal
melanoma.12 However, surgery for early-stage lesions is still the preferred choice. Surgical resection to a negative
margin and the surgeon’s management of HNMM patients in a multidisciplinary team (MDT) plays an important role.13–
15 Besides, postoperative radiotherapy is still a controversial approach. The United Kingdom national guidelines
concluded that there was insufficient evidence to suggest that conventional postoperative adjuvant radiation therapy
was necessary for patients, and therefore adjuvant postoperative radiation therapy was recommended for patients with
risk factors, thus helping to ensure local disease control.16 A recently published meta-analysis confirmed that surgery
combined with postoperative adjuvant radiotherapy can control the local recurrence rate and reduce patient mortality.
However, it also stated that the control effect of distant metastasis is unclear.17 Due to differences in biological
characteristics, immunotherapy seems to be much less effective against mucosal melanoma than in cutaneous
melanoma.18

Considering the poor prognosis of HNMM, high-risk HNMM should be accurately identified. Several risk stratifica-
tions have been established in previous studies. In 1970, Ballantyne19 proposed the Ballantyne staging system for
HNMM based on the presence or absence of metastasis and treatment. Although the Ballantyne staging system is simple
and easy to use, there are few patients with simple lymph node metastasis, as most of the lesions are classified as stage
I. It is good to distinguish patients with different prognoses. For this reason, Prasad et al20 proposed a new staging
method based on the Ballantyne staging system in 2004, which increased the assessment of the depth of invasion;
however, this staging system requires surgery to be evaluated. In 2009, the American Joint Committee on Cancer (AJCC)
established a specific TNM staging system for HNMM that defined three T stages, T3, T4a and T4b, but did not consider
the location of the primary tumor. Although Moya-Plana et al21 proposed combining the TNM stage for HNMM and the
primary tumor separately to improve the risk stratification of HNMM patients, it undoubtedly increases the practicality of
clinical operations. In addition, patient age, treatment and other clinical factors may also play a role in the prognosis of
HNMM. Considering the comprehensive influence of these different prognostic factors, it is necessary to propose
a comprehensive prediction model that contains more prognostic information.

In recent years, the use of nomograms to construct predictive models has received increasing attention. By
comprehensively considering a variety of prognostic indicators and quantifying risks with intuitive charts, nomograms
have become a common tool for the prognostic evaluation of cancer patients. Therefore, this study aimed to construct an
effective HNMM nomogram prediction model. HNMM patients were selected from the Surveillance, Epidemiology, and
End Results (SEER) database,22 which has recorded in detail demographic information, such as tumor location and
morphology, diagnostic stage, and treatment since 1973, and patients were randomly divided into a training cohort and an
internal verification cohort. We selected independent risk factors through single-factor and multifactor Cox regression
analyses and built a model. Finally, we propose a new predictive tool to guide clinical prognosis and treatment decisions.

Materials and Methods
Patient Enrollment and Variables
The data used in this study were extracted from the SEER database, which includes 18 registries and covers approxi-
mately 30% of the US population. The study cohort consisted of patients diagnosed with melanoma between 2010 and
2015 who were analyzed using SEER*Stat software (version 8.3.8), as previous data did not include TNM staging for
these cases. The inclusion criteria were as follows: (1) diagnosis of melanoma (ICD-O-3 histology codes 8720–8790); (2)
the sites were limited to the following ICD-O-3 codes: tongue mucosa (C00.3–C00.8) topographic map code (C01.9–
C02.9), salivary glands (C07.9–C08.9), mouth (C04.0–C04.9), gums (C03.0–C03.9), other mouth (C05.0–C06.9),
nasopharyngeal (C11.0–C11.9), tonsils (C09.0–C09.9), oropharynx (C10.0–C10.9), hypopharyngeal (C12.9–C13.9),
other pharynx (C14.0–C14.8), nasal cavity (C30.0), middle ear (C30.1), paranasal sinuses (C31.0–C31.9) or throat
(C32.0–C32.9); and (3) the survival time and cause of death were given. The exclusion criteria were as follows: (1) not
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the first primary tumor; (2) less than 18 years old; (3) the survival time and cause of death were not provided; (4) n race
and age at diagnosis were not provided; (5) the clinical TNM stage was not provided; and (5) the use of surgery,
radiotherapy, and chemotherapy was not provided.

From the SEER database, we collected the following clinical characteristics: age, race, sex, TNM stage, radiotherapy,
chemotherapy, survival time, cause of death, and survival status. These steps of patient selection are shown in a flow
diagram (Figure 1). X-Tile software (Yale University, New Haven, Connecticut, USA) was used to assess the optimal
cutoff value of age (Figure 2). The best cutoffs for age were 69 years and 83 years.

According to the inclusion and exclusion criteria, patients were selected and randomly divided into a training cohort
(n=199) and a validation cohort (n=84) at a ratio of 7:3. The study endpoints included cancer-specific survival (CSS) and
OS, but the 1- and 3-year survival rates of these two endpoints were also considered.

OS was defined as the time from diagnosis to death from any cause. CSS was defined as the time from diagnosis to
death due to a specific type of MM. Patients who were alive at the last follow-up were censored.

Statistical Analysis
The X 2 test was used to compare the performance of patients in the training and validation cohorts. Univariate Cox
regression analysis was used to determine independent factors associated with survival time. Then, significant factors
(P<0.2) were further identified through backward stepwise analysis in the multivariate Cox proportional hazards model.
The results of the multivariate analyses were utilized to construct a nomogram for predicting 1- and 3-year OS and CSS.
The nomogram was validated by constructing discrimination and calibration curves (bootstrapping with 1000 resamples)
in both the development and validation cohorts. The concordance index (C-index), which measures the differences in
predictive ability between observed and nomogram-predicted results, was used to evaluate the discrimination of the
nomogram.

Figure 1 Flowchart of the patient selection in the study group.
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Results
Patient Characteristics
According to the inclusion and exclusion criteria, 283 of the 503 patients diagnosed with HNMM between 2010 and 2015
were registered in the SEER database. These patients were randomly divided into a training cohort (n=199) and
a validation cohort (n=84). The basic information of these patients is listed in Table 1. There were no significant
differences between the training and validation groups (P>0.05). Of these 283 patients, 233 were white (82.3%), and 50
were nonwhite (17.7%). The numbers of people aged ≤69, 69–83 and ≥83 years at the time of diagnosis were 149
(52.7%), 88 (31.1%) and 46 (16.3%), respectively. In all, 150 patients (53%) were female, and 133 patients (47%) were
male. The numbers of patients with T stages T3, T4a, and T4b were 160 (56.5%), 98 (34.6%), and 25 (8.8%),
respectively; those with N stages N0 and N1 were 236 (83.4%) and 47 (16.6%), respectively; and those with metastatic
statuses of M0 and M1 were 250 (88.3%) and 33 (11.7%), respectively. The numbers of patients whose primary tumor
was located in the sinuses, nasal cavity, oral cavity, and other sites were 41 (14.5%), 160 (56.5%), 69 (24.4%), and 13
(4.6%), respectively. In addition, most patients underwent surgery (83.7%), and approximately half of the patients
received radiotherapy. The majority of people (90.5%) did not receive radiotherapy.

Factors Associated with OS and CSS
For the training cohort, in the univariate Cox regression analysis of OS and CSS, the variables age, T stage, N stage,
M stage, site, and surgery were significant (P<0.05) (Table 2). We incorporated the significant factors (P<0.2) from the
univariate analysis into the multivariate Cox regression analysis to control for confounding variables (Table 3). In the
multivariate Cox analyses, age carried significant prognostic value for patients aged 69–83 years (hazard ratio (HR):
1.988, 95% confidence interval (CI) 1.183–3.341) and aged ≥83 years (HR: 2.905, 95% CI 1.447–5.832), and age ≥ 83
years was also significantly associated with disease-specific survival (DSS) (HR: 2.465, 95% CI 1.158–5.247). T4a
classification (OS: HR 1.723, 95% CI 1.045–2.841; DSS: HR 1.940, 95% CI 1.133–3.323) and T4b classification (OS:
HR 3.801, 95% CI 1.813–7.970; DSS: HR 3.774, 95% CI 1.686–8.449) were associated with the highest risk of death.
Patients with a higher N status had poorer OS (HR: 2.979, 95% CI 1.586–5.597) and DSS (HR: 3.135, 95% CI 1.625–
6.050), as did patients whose primary tumor was located in the sinuses (OS: HR 2.121, 95% CI 1.195–3.764; DSS: HR

Figure 2 Identification of optimal cut-off values of year of diagnosis (A and B) via X-tile software analysis.
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2.071, 95% CI 1.108–3.870). Surgery was a significant independent predictor of both OS (HR: 0.471, 95% CI 0.248–
0.897) and DSS (HR: 0.334, 95% CI 0.166–0.669).

Table 1 Baseline Demographic and Clinical Characteristics of Patient with Mucosal Melanoma of the Head and Neck

Variables Training Cohort (%) Test Cohort (%) Total (%) P

Race, n,% 0.530

White 162 81.4 71 84.5 233 82.3

Non-White 37 18.6 13 15.5 50 17.7

Age, n,% 0.797

≤69 104 52.3 45 53.6 149 52.7

69–83 64 32.2 24 28.6 88 31.1
≥83 31 15.6 15 17.9 46 16.3

Sex, n,% 0.511

Female 108 54.3 42 42 150 53.0

Male 91 45.7 42 42 133 47.0

T stage, n,% 0.937

T3 112 56.3 48 57.1 160 56.5

T4a 70 35.2 28 33.3 98 34.6

T4b 71 8.5 8 9.5 25 8.8

N stage, n,% 0.714

N0 167 83.9 69 82.1 236 83.4

N1 32 16.1 15 17.9 47 16.6

M stage, n,% 0.467

M0 174 87.4 76 90.5 250 88.3
M1 25 12.6 8 9.5 33 11.7

Site, n,% 0.886

Nasal cavity 114 57.3 49 54.8 160 56.5

Paranasal sinus 28 14.1 13 15.5 41 14.5
Oral cavity 49 24.6 20 23.8 69 24.4

Other 8 4.0 5 6.0 13 4.6

Surgery, n,% 0.635

None 31 15.6 15 17.9 46 16.3
Yes 168 84.4 69 82.1 237 83.7

Radiation, n,% 0.700

None 95 47.7 38 45.2 133 47.0
Yes 104 52.3 46 54.8 150 53.0

Chemotherapy, n,% 0.372

No 178 89.4 78 92.9 256 90.5

Yes 21 10.6 6 7.1 27 9.5
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Construction and Validation of the Nomograms for OS and CSS
Ultimately, patient age, T stage, N stage, site, and surgery were used to construct a nomogram in the training cohort for
predicting 1- and 3-year OS and CSS (Figures 3 and 4). We validated the nomograms internally and externally. The
C-index was used to evaluate the prediction accuracy of the nomogram. For internal verification of the nomogram, the

Table 2 Univariate Cox Regression Analysis of Overall Survival and Cancer-Specific Survival in the Training Cohort

Variables Overall Survival Cancer-Specific Survival

HR 95% CI P HR 95% CI P

Race

White Reference Reference

Non-White 1.286 0.777–2.130 0.328 1.333 0.780–2.276 0.293

Age

≤69 Reference Reference
69–83 1.574 1.002–2.470 0.049 1.335 0.818–2.177 0.247

≥83 2.988 1.708–5.227 <0.001 2.632 1.441–4.806 0.002

Sex

Female Reference Reference
Male 0.991 0.662–1.484 0.965 1.092 0.707–1.685 0.692

T stage

T3 Reference Reference
T4a 2.250 1.456–3.475 <0.001 2.560 1.603–4.087 <0.001

T4b 3.466 1.766–6.802 <0.001 3.478 1.652–7.325 0.001

N stage

N0 Reference Reference
N1 2.483 1.543–3.995 <0.001 3.021 1.854–4.925 <0.001

M stage

M0 Reference Reference

M1 3.075 1.811–5.222 <0.001 3.613 2.104–6.204 <0.001

Site

Nasal cavity Reference Reference

Paranasal sinus 2.602 1.564–4.330 <0.001 2.711 1.560–4.710 <0.001

Oral cavity 0.878 0.521–1.481 0.878 1.036 0.598–1.796 0.898
Other 1.562 0.621–3.931 0.343 1.899 0.747–4.825 0.178

Surgery

None Reference Reference

Yes 0.294 0.179–0.484 <0.001 0.245 0.147–0.408 <0.001

Radiation

None Reference Reference

Yes 0.732 0.489–1.095 0.128 0.714 0.463–1.102 0.128

Chemotherapy

No Reference Reference
Yes 1.572 0.891–2.775 0.119 1.550 0.839–2.862 0.162
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C-indexes to predict OS and CSS were 0.764 (0.717–0.811) and 0.783 (0.734–0.832), respectively. For external
verification of the nomogram, the C-indexes to predict OS and CSS were 0.808 (0.730–0.886) and 0.823 (0.754–
0.832), respectively. We also compared the distinction between the nomogram and the AJCC staging system. In the
training cohort, the C-indexes of the TNM staging system to predict OS and CSS were 0.683 (0.630~0.736) and 0.705
(0.650~0.760), respectively, both of which were lower than those of the current nomogram. In the validation cohort, the
C-indexes of the TNM staging system to predict OS and CSS were 0.644 (0.542~0.746) and 0.648 (0.544~0.752),
respectively. Moreover, calibration plots demonstrated an excellent correlation between the predicted and observed
values of OS and CSS in the training and validation cohorts (Figures 5 and 6). Validation of both nomograms showed
a good level of agreement with the predictive value.

Table 3 Multivariate Cox Regression Analysis of Overall Survival and Cancer-Specific Survival in the Training Cohort

Variables Overall Survival Cancer-Specific Survival

HR 95% CI P HR 95% CI P

Age

≤69 Reference Reference

69–83 1.988 1.183–3.341 0.010 1.702 0.967–2.995 0.065

≥83 2.905 1.447–5.832 0.003 2.465 1.158–5.247 0.019

T stage

T3 Reference Reference

T4a 1.723 1.045–2.841 0.033 1.940 1.133–3.323 0.016

T4b 3.801 1.813–7.970 <0.001 3.774 1.686–8.449 0.001

N stage

N0 Reference Reference

N1 2.979 1.586–5.597 0.001 3.135 1.625–6.050 0.001

M stage

M0 Reference Reference

M1 1.353 0.732–2.500 0.335 1.407 0.748–2.647 0.289

Site

Nasal cavity Reference Reference
Paranasal sinus 2.121 1.195–3.764 0.010 2.071 1.108–3.870 0.023

Oral cavity 0.943 0.496–1.796 0.859 1.016 0.512–2.015 0.964

Other 1.374 0.516–3.565 0.525 1.668 0612–4.546 0.318

Surgery

None Reference Reference

Yes 0.471 0.248–0.897 0.022 0.334 0.166–0.669 0.002

Radiation

None Reference Reference
Yes 0.650 0.674–1.879 0.650 1.252 0.708–2.216 0.440

Chemotherapy

No Reference Reference

Yes 1.102 0.568–2.138 0.774 1.001 0.493–2.034 0.997
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Discussion
HNMM is a highly invasive malignant tumor with an unknown etiology. Due to the complex anatomical structure of the
head and neck and the easy recurrence and metastasis of tumors, the treatment of HNMM has always been a great
challenge for clinicians. Undoubtedly, an accurate and effective prediction of the prognosis of HNMM patients has
important clinical significance for individualized treatment and follow-up. However, due to the high degree of malig-
nancy and aggressiveness of HNMM, the TNM staging system of the AJCC is different from the traditional tumor
staging system: T stage is divided only into the T3 and T4a/b stages, which seems to be too limited to be predictive.23,24

Therefore, it is essential to build a more effective forecasting tool. The nomogram is a statistical tool that can effectively
predict patient prognosis, and it has been proven to be more accurate than the AJCC TNM staging system.25–27

Therefore, this research developed a clinical nomogram model based on the SEER database to predict the OS and
CSS of HNMM patients so that clinicians can intuitively predict patient prognosis and conduct individualized treatment.
It is worth noting that using this training queue, the C-indexes of the OS and CSS nomograms reached 0.764 and 0.783,
respectively, which exceed those of the TNM staging system, thus showing greater reliability.

In this study, through univariate and multivariate Cox regression analyses, five independent prognostic indicators,
namely age at diagnosis, primary site, T stage, N stage, and surgery, were ultimately included in the nomogram prediction
model. We used X-Tile software to evaluate the cutoff point for age in the patient population. When 69 and 83 years were
used as the cutoff points, the model better distinguished the survival rate. In our analysis, we found that the OS and DSS
outcomes of elderly patients were worse than those of young patients. It was confirmed that age is an independent factor
for the prognosis of HNMM, consistent with previous studies.21,25,28,29 Regarding the location of the primary tumor, as
previously reported,28,30 we found that MM originating in the paranasal sinuses is associated with a poor prognosis, and
HNMM occurring in the paranasal sinuses should be considered high risk. This may be because tumors are usually close

Figure 3 Nomogram estimating the 1- and 3-year overall survival of HNMM patients.
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to or invade important anatomical structures (such as orbital contents, the skull base, and cranial nerves), and it is not
easy to obtain negative surgical margins.31,32

After controlling for other factors, such as location and N stage, we found that T stage has a good predictive effect on
HNMM, consistent with previous studies.36 Schmidt et al11 reported no difference in the survival rate of patients with T3
and T4a HNMM, although they were not stratified by anatomical location. Torabi et al33 found a significant difference in
prognosis between T3 and T4a MM occurring in the sinonasal cavity but no significant difference in the prognosis of
MM occurring in the non-sinonasal cavity. HNMM has a low incidence of lymph node metastasis and remote metastasis.
Amit et al34 noted that lymph node metastasis was not an important predictor of the prognosis of sinonasal MM. Moya-
Plana et al21 supported this view, suggesting that cervical lymph node treatment should be gradually degraded. Similar to
other studies,11,29 we found that an advanced N stage is a risk factor for the prognosis of HNMM. Interestingly, unlike
previous studies,11,29,42 our study suggests that M stage has no role in tumor prognosis.

At present, there is no standard treatment for HNMM. It is generally accepted that surgical resection is the preferred
treatment, especially for patients in stages T3 and T4a, the purpose of which is to achieve complete resection and obtain
a negative margin. Our research suggests that surgery plays an important role in the survival of HNMM patients. There are
many controversies about whether postoperative radiotherapy (including the radiotherapy plan and dose) should be
administered. In our research, we did not find that patients receiving radiotherapy had improved OS and DSS.
Radiotherapy as an adjunctive therapy is mainly used to prevent local recurrence. Under certain circumstances, adjunctive
radiotherapy may be effective in local control of the tumor, but there are no data to show that it provides a survival
advantage.35–37 Although it has also been shown that radiotherapy has no effect on OS in patients with non-sinonasal cavity
tumors, it improves OS in patients with sinonasal cavity tumors.33 Preliminary studies have proven that MM is sensitive to
heavy ion 12C6 + radiotherapy, which can improve the local control rate and OS rate.38 Recent studies have reported no
difference in OS between HNMM patients who receive radiotherapy and those who do not receive radiotherapy.39,40

Figure 4 Nomogram estimating the 1-and 3-year cancer-specific survival of HNMM patients.
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Although postoperative radiotherapy can achieve better local control, it cannot reduce the risk of distant metastasis.35

Therefore, improving the survival rate by increasing the intensity of local treatment is not very optimistic at this stage.
Our research was limited by the inherent restrictions of the SEER database. First, there is no detailed information on

targeted therapy. Based on the high frequency of c-kit mutations in mucocutaneous melanoma, molecular targeted
therapy and immunotherapy targeting mutated genes in melanomas may be beneficial to the long-term survival of
patients with advanced and distant metastases who cannot be treated by surgery, and targeted therapy and immunotherapy
have proven to be promising adjuvant therapies.41,42 Second, important clinical manifestations, such as surgical margins
and nerve infiltration, are not recorded in the SEER database, so they were not included in our study. Third, HNMM has
a high risk of recurrence and metastasis. However, there is no recurrence or reoperation data in the SEER database.
Finally, our nomogram was verified only on data from the SEER database because we could not access other data
sources. Further research is still needed to verify the accuracy of the model based on other overall external verifications.

Conclusion
In summary, independent prognostic factors of OS and CSS for patients with HNMM include age, location, T stage,
N stage, and surgery. This study is the first to establish an HNMM nomogram based on the SEER database and evaluate

Figure 5 Calibration curves showing the probability of 1-, and 3-year overall survival (A and B) and cancer-specific survival (C and D) between the nomogram prediction
and the actual observation in the training cohort of patients with HNMM.
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it using a range of indicators. The nomogram can be used to calculate the survival probability in individual patients.
Compared to the AJCC staging system alone, both the C-index and calibration curves of the nomogram performed well
and made accurate predictions for OS and CSS after one and three years for HNMM patients. The nomogram offers
further reference information for clinicians to provide personalized prognoses and help them to more confidently plan
mucosal melanoma treatment for patients with HNMM by integrating easily available factors, such as whether the patient
had undergone surgery. In the next phase of our study, we will attempt to optimize the nomogram by collecting
prospective data on HNMM and exploring and utilizing unknown prognostic factors. With the help of external validation
methods, we will verify the effectiveness of the model.

Statement of Ethics
All procedures performed in this study involving human participants were in accordance with the World Medical
Association Declaration of Helsinki. This study protocol was reviewed and the need for approval was waived by
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Figure 6 Calibration curves showing the probability of 1-, and 3-year overall survival (A and B) and cancer-specific survival (C and D) between the nomogram prediction
and the actual observation in the validation cohort of patients with HNMM.
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