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Background: There still remains no well-established treatment strategy for head and neck 

mucosal melanoma (HNMM). We aim to evaluate the effectiveness and safety of primary surgery 

with postoperative radiotherapy for this disease.

Patients and methods: A single-arm, Phase II clinical trial was conducted at Sun Yat-Sen 

University Cancer Center. Patients with nonmetastatic, histologically proven HNMM were 

prospectively enrolled. Patients received primary surgery followed by intensity-modulated 

radiotherapy with an equivalent dose at 2 Gy per fraction of 65–70 Gy to CTV1 (high-risk 

regions including tumor bed) and 50–55 Gy to CTV2 (low-risk regions). Additional use of 

adjuvant chemotherapy (AC) depended on consultation from a multidisciplinary team. This 

trial is registered with ClinicalTrials.gov, number NCT03138642.

Results: A total of 33 patients were enrolled and analyzed between July 2010 and November 

2016. There were 18 (54.5%) patients with T3 disease and 15 (45.5%) patients with T4a disease. 

The median age at diagnosis was 58 years (range 27–83 years), and 61% of the cohort were 

males. The overall median follow-up duration was 25.3 months (range 5.3–67.1 months). The 

3-year overall survival (OS), local relapse-free survival (LRFS), regional relapse-free survival 

(RRFS), and distant metastasis-free survival (DMFS) rates were 44.4, 91.7, 78.1, and 41.7%, 

respectively. Patients with T4a disease showed significantly inferior OS (P=0.049) and DMFS 

(P=0.040) than those with T3 disease. Prophylactic neck radiation (PNR) was nearly associated 

with superior RRFS (P=0.078). However, there was no significant difference in OS, LRFS, 

RRFS, and DMFS for patients treated with or without AC (P>0.05 for all). Toxicities were 

generally mild to moderate.

Conclusion: Primary surgery with postoperative radiotherapy yielded excellent local control 

and acceptable toxicity profile for HNMM. Nevertheless, high rates of distant metastases 

resulted in limited survival.

Keywords: head and neck mucosal melanoma, efficacy, safety, primary surgery, postoperative 

radiotherapy

Introduction
Melanoma is one of the most malignant cancers, and based on the origin of site, it 

is subdivided into ocular, cutaneous, and mucosal melanomas. Previous studies have 

reported that among Caucasians, mucosal melanomas are a rare subdivision (1.3% 

of all melanomas), whereas in Asians, this subdivision is the second most common 

(22.6% of all melanomas).1–3 Mucosal melanoma’s overall prognosis is worse than 

cutaneous and ocular melanomas. Over half of all mucosal melanomas are head 

and neck mucosal melanomas (HNMM), where nasal, sinonasal, and oral cavity 

Correspondence: Li-Xia Lu
Department of Radiation Oncology, 
State Key Laboratory of Oncology in 
South China, Collaborative Innovation 
Center for Cancer Medicine, Sun Yat-
Sen University Cancer Center, 651 
Dongfeng Road East, Guangzhou 510060, 
Guangdong Province, People’s Republic 
of China
Tel/fax +86 20 8734 3030
Email lulx@sysucc.org.cn

Journal name: Cancer Management and Research
Article Designation: ORIGINAL RESEARCH
Year: 2018
Volume: 10
Running head verso: Yao et al
Running head recto: Primary surgery with postoperative RT in HNMM
DOI: http://dx.doi.org/10.2147/CMAR.S185017

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://www.dovepress.com/permissions.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
https://www.facebook.com/DoveMedicalPress/
https://www.linkedin.com/company/dove-medical-press
https://twitter.com/dovepress
https://www.youtube.com/user/dovepress


Cancer Management and Research 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6986

Yao et al

are the most common primary sites.4–6 This malignancy 

is aggressive, where 5-year survival ranges from 14 to 

40%.7–10 Currently, surgery with or without postoperative 

radiotherapy is the widely accepted standard of care for 

the treatment of HNMM,10,11 However, the use of adjuvant 

chemotherapy (AC) has yet to be established as a method for 

improving treatment outcomes. Although a large multicenter 

retrospective study among an exclusive Caucasian population 

reported a 5-year survival rate of 26.7% among patients who 

received surgery followed by radiotherapy,12 these findings 

may not be generalizable in Asian populations due to both 

ethnic- and genetic-related differences between populations. 

In this study, we prospectively enrolled a predominantly Asian 

population with HNMM to evaluate both the efficacy and 

safety of primary surgery with postoperative radiotherapy ± 

AC in the treatment of HNMM.

Patients and methods
Study design and participants
We conducted a single-arm, Phase II clinical trial at Sun 

Yat-Sen University Cancer Center (SYSUCC) in Guang-

zhou, China. All patients received physical examinations 

and provided detailed medical history. We also performed 

comprehensive biochemical laboratory test, blood cell count, 

fiberoptic nasopharyngoscopy, chest and upper abdomen 

computed tomography (CT) scan, nasopharyngeal and neck 

magnetic resonance imaging (MRI), and single-photon 

emission CT of bone or positron emission tomography–CT. 

Detailed inclusion criteria and exclusion criteria are shown 

in the Supplementary materials. Briefly, participants were 

considered eligible if they aged ≥18 years and had stage III/

IVA mucosal melanoma that was pathologically confirmed 

diagnosis arising from head and neck.

Procedures
This study was registered with the National Cancer Trial 

Registry as NCT03138642 (ClinicalTrials.gov). The protocol 

of this study received approval from SYSUCC’s human eth-

ics committees, and written informed consent was obtained 

from all patients. The Declaration of Helsinki and Good 

Clinical Practice guidelines defined by the International 

Conference on Harmonization were applied in this study. 

Detailed information on treatment is presented in the Supple-

mentary materials. Briefly, each patient received primary 

surgery with or without neck dissection. All specimens 

were sent for pathological examination. Intensity-modulated 

radiotherapy (IMRT) was delivered to each patient within 

4–6 weeks after primary surgery. The recommendations 

for additional use of prophylactic neck radiation (PNR) 

and/or AC were determined by a multidisciplinary team’s 

consultation.

Follow-up and outcome
Patient’s follow-up visits were at least every 3 months during 

the first 2 years and every 6 months thereafter. We calculated 

follow-up from the first day of therapy to the last examina-

tion or death. For patients with evidence of local-regional 

recurrence or distant metastasis, additional examination or 

imaging modalities were performed to confirm or exclude 

disease progression at the discretion of the treating physi-

cian. Detailed information on follow-up is presented in the 

Supplementary materials. Based on the Common Terminol-

ogy Criteria for Adverse Events (Version 4.0), adverse events 

were recorded at each visit.

Statistical analysis
The endpoints assessed were overall survival (OS), local 

relapse-free survival (LRFS), regional relapse-free survival 

(RRFS), and distant metastasis-free survival (DMFS). Data 

for all endpoints were analyzed in all eligible patients who 

completed the treatment protocol. Data for adverse events, 

including acute and late complications, were shown using 

descriptive statistics. Kaplan–Meier method was applied to 

calculate survival rates with a corresponding two-sided 95% 

bootstrap CI, and the difference was compared using the 

log-rank test. Variables with P-values ≤0.05 in the univariate 

analysis were included in the multivariable Cox regression 

analysis. R Version 3.3.2 was used for all analyses (http://

www.r-project.org/).

Results
Patients’ characteristics
Between July 2010 and November 2016, a total of 34 patients 

were enrolled in this trial. One patient was excluded due 

to withdrawal of consent. Table 1 presents the remaining 

patients’ characteristics, progression, and treatment. The 

median age at diagnosis was 58 years (range 27–83 years), 

and 61% of the total cohort were males. Locations included 

the nasal cavity without further anatomic detail in 13 cases, 

maxillary sinus in eight cases, inferior turbinate in five 

cases, ethmoidal sinus in four cases, and oral cavity in three 

cases. According to the seventh American Joint Committee 

on Cancer (AJCC) classification of HNMM, there were 18 

(54.5%) patients with T3 disease and 15 (45.5%) patients with 

T4a disease. No cervical lymph node or remote metastases 

were on initial assessment, but two (6.1%) patients had a 
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microscopically positive lymph node (N1) after elective 

neck dissection.

Treatment
All patients received an initial regimen of primary surgery. 

Neck dissection was not performed routinely, where only 

three (9%) of the 33 patients arising from oral cavity received 

elective neck dissection. Of the three patients who received 

elective neck dissection, two patients had a microscopically 

positive lymph node (N1). However, the above two patients 

with histologically proven N1 disease developed distant 

metastasis rapidly within 6 months of starting surgery. The 

median equivalent dose at 2 Gy per fraction (EQD2) of the 

tumor site was 68.3 Gy (IQR, 67–70 Gy). A total of 23 (70%) 

of these patients received hypofractionated conformational 

radiation therapy and 10 (30%) patients received conforma-

tional radiation therapy. The median interval between surgery 

and radiation therapy was 55 days (IQR, 42–72 days). AC 

was given to 23 (70%) of the 33 patients, and 10 (43%) of 

the 23 patients completed at least 4 cycles of chemotherapy. 

The primary cause for uncompleted chemotherapy was due to 

patient refusal (39%; 9/23), followed by disease progression 

during AC (17%; 4/23).

Surveillance
The median follow-up duration was 25.3 months (range 

5.3–67.1 months) for the entire cohort. Only one (3%) patient 

developed local recurrence, and five (15%) patients had 

regional relapse. The one local relapse was occurred in male 

aged 67 years with T4aN0 mucosal melanomas arising from 

the right nasal cavity, right ethmoidal sinus, and nasal septum 

who received an EQD2 of 70 Gy irradiation after primary 

surgery within 23 months of starting radiotherapy. The one 

patient who had regional relapse was treated with elective neck 

dissection alone, and the other four regional relapse patients 

did not receive any elective neck dissection and/or PNR. Inter-

estingly, regional control was achieved in all patients treated 

with PNR (11/11 patients; 100%). For the entire group, 19 

1-year survival (%): 84.6 (73.1, 98.0)
3-year survival (%): 44.4 (28.6, 68.9)
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Figure 1 Kaplan–Meier analysis of (A) OS, (B) local relapse-free survival, (C) regional relapse-free survival, and (D) distant metastasis-free survival in the total population.
Abbreviations: OS, Abbreviations.
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(58%; 19/33) patients developed distant metastasis, and 17 

patients died (15 patients due to distant metastasis; one patient 

due to local relapse; and one patient due to noncancer causes). 

Overall, the 1- and 3-year OS, LRFS, RRFS, and DMFS rates 

were 84.6 and 44.4%, 100 and 91.7%, 89.4 and 78.1%, and 

59.2 and 41.7%, respectively (Figure 1A–D).

Safety
During radiotherapy, 70% (23/33) of patients suffered radi-

ation-related acute adverse events. The incidence of grade 3 

acute adverse events occurred in 18% (6/33) of patients (two 

patients had dermatitis and mucositis, one patient had anemia 

and leucopenia, one patient had dermatitis and leucopenia, 

and two patients had nausea). Radiation-related late compli-

cations of grade 3 occurred in 12% (4/33) of patients (two 

patients had muscle fibrosis, one patient had nasal perfora-

tion, and one patient had dermatitis). During chemotherapy, 

five (22%) of the 23 patients had grade 3 adverse events, 

and there were no reported grade 4 adverse events. Grade 

3 leucopenia was recorded in two (9%) of the 21 patients, 

with anemia being the most common event following. Nau-

sea (9%), vomiting (4%), and nephrotoxicity (4%) were 

frequently recorded the most for grade 3 nonhematological 

adverse events (Table 2).

Univariate and multivariate analyses
Univariate analysis was performed to identify independent 

prognostic factors, and the outcomes are shown in Table 3. 

Understandably, T stage was the most important factor in 

predicting OS and DMFS (P<0.05 for all). The 3-year OS 

was significantly higher for patients with T3 disease than 

those with T4a disease (3-year OS, 78.8 vs 17.5%, P=0.049; 

Figure 2A). Similarly, T3 disease was significantly associ-

ated with better DMFS than T4a disease (3-year DMFS, 

42.1 vs 25.3%, P=0.040; Figure 2B). Interestingly, patients 

treated with PNR had higher RRFS rate than those without 

prophylactic neck irradiation, nearly meeting statistical 

significance (100 vs 65.9%, P=0.076; Figure 2C). However, 

there was no significant difference in OS, LRFS, RRFS, and 

DMFS for patients treated with or without AC (P>0.05 for 

all) (Table 3 and Figure 2D). Given the limited number of 

patients in the current study, categorical variables failed 

to retain significance in multivariate analysis (P>0.05 for 

all; Table S1).

Discussion
To the best of our knowledge, this is the first clinical trial to 

analyze the effectiveness and safety of combined primary 

surgery with postoperative radiotherapy ± AC for HNMM in 

an Asian population. Our findings indicate that this regimen 

provides sufficient local control, where distant metastasis 

remained the major failure pattern for HNMM. Addition-

ally, patients with T3 disease had significantly higher OS 

and DMFS rates than those with T4a disease. We also found 

that PNR contributed to the improvement in regional control.

Current evidence suggests that postoperative radiotherapy 

contributes to improve local control for HNMM.10,13,14 In 

the present study, postoperative radiotherapy was delivered 

to each patient and showed to have higher LRFS rates than 

those reported in previous studies (ranging 23–75%).10,15,16 

Our findings could be explained by several reasons. First, 

developments in radiation technology, such as IMRT, 

have improved tumor target conformity and reduced local 

relapse in comparison with two-dimensional conventional 

radiotherapy (2DCRT).17 Prior studies10,16,17 were generally 

conducted in the 2DCRT era, but all patients in this 

study received IMRT. Therefore, the advance in radiation 

technology may partly contribute to the sufficient local 

control in this study. Second, due to tumor rarity, majority of 

series9,10,16,18 extend retrospectively several decades to collect 

enough patients. In contrast, patients enrolled in this clinical 

trial were diagnosed within 7 years. We consider that the 

treatment advances in recent years potentially contributed 

to higher local control rate. Finally, given the poor survival 

Table 2 Treatment-related adverse events

 Grades 1 and 2 Grade 3

Adverse events during radiotherapy (n=33)
Hematological   

Anemia 12 (36%) 1 (3%)
Thrombocytopenia 6 (18%) 0
Neutropenia 13 (39%) 0
Leucopenia 15 (45%) 2 (6%)

Nonhematological   
Dermatitis 26 (79%) 3 (9%)
Mucositis 21 (64%) 2 (6%)
Nausea 5 (15%) 1 (3%)
Vomiting 3 (9%) 0
Keratitis 1 (3%) 0

Adverse events during chemotherapy (n=23)
Hematological   

Anemia 16 (70%) 1 (4%)
Thrombocytopenia 7 (30%) 0
Neutropenia 10 (43%) 1 (4%)
Leucopenia 14 (61%) 2 (9%)

Nonhematological   
Nausea 14 (61%) 2 (9%)
Vomiting 10 (43%) 1 (4%)
Mucositis 7 (30%) 0
Nephrotoxicity 8 (35%) 1 (4%)
Hepatitis 6 (26%) 0
Neurotoxicity 3 (13%) 0

Notes: Some patients had more than one event. No grade 4 events were reported. 
No patients died from adverse events.
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among HNMM patients,9,10 our findings reveal that high rate 

of local control was most likely due to some patients died 

before local relapse could have develop.

Elective therapy of the neck is usually not performed 

since less than 10% of mucosal melanoma patients present 

regional lymph nodes.6,10 However, the incidence was much 

higher in patients with oral mucosal melanoma, which ranged 

from 25 to 76%.9,19 Consistent with previous studies, our 

results showed that two of the three (67%) patients had a 

microscopically positive lymph node after neck dissection. 

However, the above two patients with histologically proven 

N1 suffered distant metastasis within 6 months of starting 

surgery. Therefore, the effect of neck dissection still needs 

further exploration. Currently, there is controversy over the 

necessity of PNR in HNMM patients with N0 disease.9,18,20 

Our results found that RRFS was 100% for patients treated 

with PNR, and further analysis revealed that PNR contributed 

to higher RRFS rate. This infers that routine PNR should 

be considered in clinical practice even in patients with N0 

disease.

HNMM is considered to be a highly malignant tumor, as 

majority of patients quickly succumb to distant metastases.6,7 

For this reason, it is of great importance to add effective 

systemic therapy for high-risk patients.21 However, prior to 

the start of the study, there was no systemic therapy regimen 

demonstrated as effective for HNMM. A recent randomized 

Phase II trial by Lian et al22 reported that temozolomide 

with cisplatin contributed to improve survival than that of 

high-dose IFN-a2b as systemic adjuvant therapy among 

patients with resected mucosal melanoma. However, we 

failed to find the effectiveness of adjuvant temozolomide 

and cisplatin chemotherapy in improving the survival of 

HNMM. One reason underlying this observation might 

be due to potential selection bias for AC use. Considering 

our research design type, we could not deduce whether AC 

directly improves survival.

Table 3 Clinicopathological characteristics and univariate analysis of OS, RRFS, and DMFS in the 33 patients with HNMM

  OS RRFS DMFS

Characteristics Entire 
cohort, n (%)

HR (95% CI) P-valuea HR (95% CI) P-valuea HR (95% CI) P-valuea

Gender        
Female 13 (39.4) Reference  Reference  Reference  
Male 20 (60.6) 1.16 (0.43, 3.11) 0.773 2.37 (0.40, 14.24) 0.330 2.10 (0.83, 5.33) 0.110
Age (years)        
<58 16 (48.5) Reference  Reference  Reference  

≥58 17 (51.5) 1.58 (0.57, 4.39) 0.372 0.00 (0.00, Inf) 0.048 1.11 (0.42, 2.95) 0.831
T stageb        
T3 18 (54.5) Reference  Reference  Reference  
T4a 15 (45.5) 2.68 (0.97, 7.42) 0.049 2.40 (0.40, 14.39) 0.325 2.65 (1.01, 6.96) 0.040
N stageb        
N0 31 (93.9) Reference  Reference  Reference  
N1 2 (6.1) 2.39 (0.30, 19.28) 0.398 0.00 (0.00, Inf) 0.663 5.13 (1.05, 25.08) 0.024
PNR        
No 22 (66.7) Reference  Reference  Reference  
Yes 11 (33.3) 0.66 (0.21, 2.06) 0.475 0.00(0.00, Inf) 0.076 0.75 (0.26, 2.14) 0.588
AC        
No 10 (30.3) Reference  Reference  Reference  
Yes 23 (69.7) 1.81 (0.51, 6.37) 0.349 0.25 (0.04, 1.52) 0.105 0.94 (0.35, 2.49) 0.893
Cancer in the 
family

       

No 5 (15.2) Reference  Reference  Reference  
Yes 28 (84.8) 0.27 (0.03, 2.08) 0.179 1.26 (0.14, 11.31) 0.835 0.51 (0.12, 2.23) 0.362
Smoking history        
No 8 (24.2) Reference  Reference  Reference  
Yes 25 (75.8) 0.62 (0.17, 2.20) 0.455 0.68 (0.08, 6.12) 0.732 0.45 (0.13, 1.59) 0.204
Drinking history        
No 5 (15.2) Reference  Reference  Reference  
Yes 28 (84.8) 2.56 (0.81, 8.11) 0.098 1.56 (0.17, 14.02) 0.687 0.82 (0.19, 3.60) 0.790

Notes: aP-values were calculated using the Chi-squared test or Fisher’s exact test if indicated. bAccording to the seventh edition of the Union for International Cancer 
Control/American Joint Committee on Cancer staging system.
Abbreviations: DMFS, distant metastasis-free survival; HNMM, head and neck mucosal melanoma; OS, overall survival; RRFS, regional relapse-free survival.
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In the present study, the 3-year OS rate was 44.4%, which 

is consistent with previous reports.23–25 Although primary 

surgery with postoperative radiotherapy with or without 

AC yielded an excellent local control, we must note that the 

survival of HNNM was not sufficient enough. Considering 

that more than 50% of patients suffered distant metastasis 

within 3 years, the lack of long-term survival benefit from 

local therapy is likely because of distant metastasis being the 

major limiting factor. This suggests that improving survival 

by escalating the intensity of local therapy may not be avail-

able, and novel therapeutic paradigms designed to abrogate 

the risk of distant relapse should be pursued in clinical trials. 

Further analysis revealed that early-stage HNMM was sig-

nificantly associated with superior OS and DMFS. Therefore, 

early diagnosis of HNMM is of great importance to improve 

survival outcomes.

The primary concern in the present study was serious 

radiation-related toxicity during conventional irradiation tech-

niques when applied to the region of the head and neck. In the 

2DCRT era, the rate of radiation-induced blindness can be up 

to 40% after 2DCRT for HNMM.26,27 Compared with 2DCRT, 

IMRT minimizes dose to organs at risk (OARs), while provid-

ing a more conformal dose to complex-shaped target volumes, 

facilitating a lower rate of radiation-induced toxicity.17 This was 

seen in the present study, where radiation-induced blindness 

was not observed, and only 12% (4/33) of patients experienced 

radiation-related late toxicities of grade 3. We hypothesize 

that the lower rate of radiation-related toxicities in our study is 

largely due to the technical advantages of IMRT.

We must note that in this trial, some limitations were 

observed. A major concern was that this trial was from a 

single center, among an Asian population, and external 

validation was not performed. However, external validation 

was not performed mainly due to a lack of data availability 

from other centers. Therefore, our findings may not be gen-

eralizable to other Asian patients. Second, this study was not 

designed to assess the use of combined primary surgery and 

postoperative radiotherapy as a mean of selecting patients 

HR (95% CI): 2.68 (0.97, 7.42), P=0.049
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Figure 2 Kaplan–Meier analysis of (A) OS and (B) distant metastasis-free survival for patients with stage T3 vs stage T4a; (C) regional relapse-free survival for patients 
treated with or without prophylactic neck radiation; and (D) overall survival for patients treated with or without adjuvant chemotherapy.
Abbreviation: OS, Abbreviations.
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who might benefit from this approach but to assess the 

safety and efficiency of patients treated by this approach. 

Finally, our study was limited by the small sample size and 

some prognostic factors may not have been fully identified. 

However, HNMM incidence is low and a large prospective 

cohort trial would be difficult to develop.

Conclusion
Primary surgery in combination with postoperative radio-

therapy ± AC yielded an excellent local control and accept-

able toxicity profile. Nevertheless, high rates of distant 

failure resulted in limited survival. Since risk of distant 

metastasis is high for this disease, it is important for future 

clinical trials to use targeted agents or immune modulators 

to test potentially novel systemic therapies to improve the 

distant control of HNMM. Further analyses revealed that 

early stage at initial diagnosis was significantly associ-

ated with better survival among HNMM populations. 

Hence, early diagnosis of HNMM is of great importance 

to improve survival.

Keypoints
•	 Primary surgery with postoperative radiotherapy was 

administered to evaluate the efficacy and safety in head 

and neck mucosal melanoma (HNMM) patients

•	 This regimen provides a sufficient local control (3-year 

rate, 92%) and has an acceptable toxicity profile in the 

Asian population.

•	 Distant metastases resulted in limited survival, and early 

diagnosis of HNMM is of great importance to improve 

survival.

Abbreviations
2DCRT, two-dimensional conventional radiotherapy; AC, 

adjuvant chemotherapy; AJCC, American Joint Committee 

on Cancer; CT, computed tomography; DMFS, distant 

metastasis-free survival; HNMM, head and neck mucosal 

melanomas; IMRT, intensity-modulated radiotherapy; 

LRFS, local relapse-free survival; MRI, magnetic 

resonance imaging; OARs, organs at risk; OS, overall 

survival; PNR, prophylactic neck radiation; RRFS, regional 

relapse-free survival; SYSUCC, Sun Yat-Sen University 

Cancer Center.

Data sharing statement
The key raw data have been uploaded onto the Research 

Data Deposit (RDD) public platform, with the approval RDD 

number of RDDA2018000801.

Acknowledgments
This study was presented in part as an oral abstract at 14th 

National Congress of Radiation Oncology and China Society 

for Radiation Oncology & The Sino-American Network for 

Therapeutic Radiology and Oncology (CSTRO-SANTRO) 

new technology and application in radiation oncology (OR-

067; Abstract ID, 808544), November 10–12, 2017. This 

study was funded by the Planned Science and Technology 

Project of Guangdong Province (No 2016A020215085) and 

the 308 Clinical Research Funding of Sun Yat-Sen University 

Cancer Center (No 308-2015-011). The funders have no 

involvement in the conduct of the research or preparation 

of the article.

Disclosure
The authors report no conflicts of interest in this work.

References
 1. Gutman M, Inbar M, Chaitchik S, et al. Malignant melanoma of the 

mucous membranes. Eur J Surg Oncol. 1992;18(4):307–312.
 2. Shoo BA, Kashani-Sabet M. Melanoma arising in African-, Asian-, 

Latino- and Native-American populations. Semin Cutan Med Surg. 
2009;28(2):96–102.

 3. Chi Z, Li S, Sheng X, et al. Clinical presentation, histology, and 
prognoses of malignant melanoma in ethnic Chinese: a study of 522 
consecutive cases. BMC Cancer. 2011;11:85.

 4. Lourenço SV, A MS, Sotto MN, et al. Primary oral mucosal melanoma: 
a series of 35 new cases from South America. Am J Dermatopathol. 
2009;31(4):323–330.

 5. Ross MI, Henderson MA. Mucosal melanoma. In: Balch CM, Houghton 
AN, Sober AJ, et al, editors. Cutaneous Melanoma. 5th ed. St Louis, 
MO: Quality Medical Publishing; 2009:337–350.

 6. Moreno MA, Roberts DB, Kupferman ME, et al. Mucosal melanoma 
of the nose and paranasal sinuses, a contemporary experience from the 
M. D. Anderson Cancer Center. Cancer. 2010;116(9):2215–2223.

 7. Manolidis S, Donald PJ. Malignant mucosal melanoma of the head 
and neck: review of the literature and report of 14 patients. Cancer. 
1997;80(8):1373–1386.

 8. Jethanamest D, Vila PM, Sikora AG, Morris LG. Predictors of sur-
vival in mucosal melanoma of the head and neck. Ann Surg Oncol. 
2011;18(10):2748–2756.

 9. Patel SG, Prasad ML, Escrig M, et al. Primary mucosal malignant 
melanoma of the head and neck. Head Neck. 2002;24(3):247–257.

 10. Temam S, Mamelle G, Marandas P, et al. Postoperative radiotherapy 
for primary mucosal melanoma of the head and neck. Cancer. 
2005;103(2):313–319.

 11. Trotti A, Peters LJ. Role of radiotherapy in the primary management 
of mucosal melanoma of the head and neck. Semin Surg Oncol. 
1993;9(3):246–250.

 12. Schmidt MQ, David J, Yoshida EJ, et al. Predictors of survival in head 
and neck mucosal melanoma. Oral Oncol. 2017;73:36–42.

 13. Krengli M, Jereczek-Fossa BA, Kaanders JH, Masini L, Beldì D, 
Orecchia R. What is the role of radiotherapy in the treatment of 
mucosal melanoma of the head and neck? Crit Rev Oncol Hematol. 
2008;65(2):121–128.

 14. Wu AJ, Gomez J, Zhung JE, et al. Radiotherapy after surgical resection 
for head and neck mucosal melanoma. Am J Clin Oncol. 2010;33(3): 
281–285.

 15. Heppt MV, Roesch A, Weide B, et al. Prognostic factors and treatment 
outcomes in 444 patients with mucosal melanoma. Eur J Cancer. 
2017;81:36–44.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6994

Yao et al

 16. Sun S, Huang X, Gao L, et al. Long-term treatment outcomes and 
prognosis of mucosal melanoma of the head and neck: 161 cases from 
a single institution. Oral Oncol. 2017;74:115–122.

 17. Spratt D, Cabanillas R, Lee NY. The paranasal sinuses. In: Lee NJ, Lu JJ, 
editors. Target Volume Delineation and Field Setup: A Practical Guide 
for Conformal and Intensity-Modulated Radiation Therapy. Berlin: 
Springer; 2013:45–49.

 18. Krengli M, Masini L, Kaanders JH, et al. Radiotherapy in the treatment 
of mucosal melanoma of the upper aerodigestive tract: analysis of 74 
cases. A Rare Cancer Network study. Int J Radiat Oncol Biol Phys. 
2006;65(3):751–759.

 19. Sun CZ, Chen YF, Jiang YE, Hu ZD, Yang AK, Song M. Treatment 
and prognosis of oral mucosal melanoma. Oral Oncol. 2012;48(7): 
647–652.

 20. Nandapalan V, Roland NJ, Helliwell TR, Williams EM, Hamilton JW, 
Jones AS. Mucosal melanoma of the head and neck. Clin Otolaryngol 
Allied Sci. 1998;23(2):107–116.

 21. Narasimhan K, Kucuk O, Lin HS, et al. Sinonasal mucosal melanoma: 
a 13-year experience at a single institution. Skull Base. 2009;19(4): 
255–262.

 22. Lian B, Si L, Cui C, et al. Phase II randomized trial comparing 
high-dose IFN-α2b with temozolomide plus cisplatin as systemic 
adjuvant therapy for resected mucosal melanoma. Clin Cancer Res. 
2013;19(16):4488–4498.

 23. Jangard M, Hansson J, Ragnarsson-Olding B. Primary sinonasal 
malignant melanoma: a nationwide study of the Swedish population, 
1960-2000. Rhinology. 2013;51(1):22–30.

 24. Cheng YF, Lai CC, Ho CY, Shu CH, Lin CZ. Toward a better under-
standing of sinonasal mucosal melanoma: clinical review of 23 cases. 
J Chin Med Assoc. 2007;70(1):24–29.

 25. Meleti M, Leemans CR, de Bree R, Vescovi P, Sesenna E, van der Waal 
I. Head and neck mucosal melanoma: experience with 42 patients, 
with emphasis on the role of postoperative radiotherapy. Head Neck. 
2008;30(12):1543–1551.

 26. Katz TS, Mendenhall WM, Morris CG, Amdur RJ, Hinerman RW, Vil-
laret DB. Malignant tumors of the nasal cavity and paranasal sinuses. 
Head Neck. 2002;24(9):821–829.

 27. Shuman AG, Light E, Olsen SH, et al. Mucosal melanoma of the head 
and neck: predictors of prognosis. Arch Otolaryngol Head Neck Surg. 
2011;137(4):331–337.

Powered by TCPDF (www.tcpdf.org)

www.dovepress.com
www.dovepress.com
www.dovepress.com


Cancer Management and Research 2018:10 submit your manuscript | www.dovepress.com

Dovepress 

Dovepress

6995

Primary surgery with postoperative RT in HNMM

Supplementary materials

Inclusion criteria and exclusion 
criteria
Participants were considered eligible if aged ≥18 years and 

have stages III/IVA mucosal melanoma that was pathologi-

cally confirmed diagnosis (in accordance with the American 

Joint Committee on Cancer, 7th edition staging system) 

arising from head and neck. Additional eligibility criteria 

included concentrations of hemoglobin ≥90 g/L, platelet 

count ≥100×109/L, white blood cell count ≥4.0×109/L, abso-

lute neutrophil ≥2.0×109/L, sufficient organ function (less 

than 2.5 times the normal values of alanine transaminase and 

aspartate transaminase and creatinine clearance rate >60 mL/

min), Eastern Cooperative Oncology Group performance sta-

tus 0 or 1, and agreeing regular follow-up. Participants were 

excluded if they had distant metastasis, had malignant disease 

in the past 3 years, or had previously received therapy for 

their mucosal melanoma. Diagnostic biopsy of the primary 

site was allowed. Participants were also excluded if they were 

pregnant or breastfeeding, had serious comorbidities, or had 

active lupus erythematosus or scleroderma, unstable cardiac 

disease needing treatment, COPD exacerbation or an acute or 

fungal infection requiring treatment, or other acute or fungal 

infection requiring treatment.

Detailed treatment strategy
Each patient underwent surgery with curative intent. Based on 

tumor location and extension, surgical type and approached 

were determined. Because of the lack of a proven benefit of 

elective neck treatment, the decisions were mostly dependent 

on the location of the primary tumor. Only three patients 

(3/33, 9%) who had oral mucosal melanoma underwent 

elective neck dissection. Intensity-modulated radiotherapy 

(IMRT) was delivered to each patient within 4–6 weeks after 

primary surgery. Dose modification was not permitted during 

radiotherapy. Patients are prescribed an EQD2 of 65–70 Gy to 

CTV1 (high-risk regions including tumor bed) and 50–55 Gy 

to CTV2 (low-risk regions). Radiation physicians determined 

prophylactic irradiation to upper neck, and patients were 

given an EQD2 of 70–77 Gy to CTVnd (clinically negative 

lymph nodes) and 50–55 Gy to CTVn2 (neck nodal regions). 

If there is a residual tumor (gross tumor volume [GTV]), an 

EQD2 of 70–77 Gy is prescribed to GTV.

In most retrospective studies, adjuvant chemotherapy 

(AC) failed to prolong the overall survival (OS). In the cur-

rent trial, the recommendations for additional use of AC 

depended on a multidisciplinary team’s consultation. Addi-

tional chemotherapy contained cisplatin and temozolomide 

(cisplatin [25 mg/m2/day intravenously on the first, second, 

and third days] and temozolomide [200 mg/m2/day service on 

the first through fifth day]). Patients received chemotherapy 

once every fourth week at a 4–6 cycles maximum, or until 

progression of disease is indicated or patient requests to stop.

Detailed follow-up and outcome
Patient’s follow-up visits were at least every third month 

during the first 2 years and every sixth month thereafter. We 

calculated follow-up duration as day 1 of therapy to mortal-

ity date or last follow-up. Additionally, fiberoptic endoscopy 

and biopsy were used to diagnose local relapses. Clinical 

examination was used to diagnose regional relapse and in 

uncertain cases, using an magnetic resonance imaging (MRI) 

scan of the neck or fine needle aspiration. Physical examina-

tions, clinical symptoms, and imaging methods comprising 

bone scan, abdominal sonography, computed tomography 

(CT), MRI, and/or PET–CT were used to diagnose distant 

metastases.

Endpoints
The endpoints assessed were OS, local relapse-free survival 

(LRFS), regional relapse-free survival (RRFS), and distant 

metastasis-free survival (DMFS). We calculated OS as the 

first date of treatment to death due to any cause. LRFS 

and RRFS analyses were calculated from the first date of 

treatment to first local or regional failure, respectively. We 

calculated DMFS from the date of first treatment to the date 

of first remote. Treatment-related adverse event was also an 

endpoint. Based on the Common Terminology Criteria for 

Adverse Events (Version 4.0), adverse events were recorded 

at each visit including treatment, follow-up, and end of study.

Table S1 Multivariate analysis of prognostic factors for patients 
with HNMM

Endpoint Variable HR 95% CI P-valuea

OS Drinking history (no 
vs yes)

1.62 0.59–4.46 0.348

T stage (T3 vs T4a)b 2.38 1.04–5.46 0.041
RRFS PNR (no vs yes) 0.66 0.26–1.71 0.393

Age (≥58 vs <58) 1.30 0.55–3.04 0.55
DMFS T stage (T3 vs T4a)b 2.26 0.96–5.31 0.062

N stage (N0 vs N1)b 2.88 0.58–14.28 0.195

Notes: aP-values were calculated using an adjusted Cox proportional hazards 
model. bAccording to the 7th edition of the Union for International Cancer Control/
American Joint Committee on Cancer staging system.
Abbreviations: DMFS, distant metastasis-free survival; HNMM, head and neck 
mucosal melanoma; OS, overall survival; PNR, prophylactic neck radiation; RRFS, 
regional relapse-free survival.
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