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Abstract: 26 

Background: The effects of various surgical options and ulcerations on the survival of 27 

patients with stage IV skin malignant melanoma are unknown. Therefore, we evaluated the 28 

potential of these factors as prognostic markers in patients with stage IV malignant 29 

melanoma. 30 

Methods: We included 5760 patients from 2004–2015 who are screened from the SEER 31 

datasets in the study. The patients were divided into four groups: the R0 group, the primary 32 

tumor resection group, the metastasectomy group, and the no-resection group. The median 33 

follow-up survival time and overall survival were compared between the four groups as 34 

primary outcomes. 35 

Result: The R0, primary tumor resection, metastasectomy, and no-resection groups had 36 

median survival times of 11, 13, 20, and 4 months, respectively (p<0.001). Cox (proportional 37 

hazards) regression models estimated that patients in the R0, primary tumor resection, and 38 

metastasectomy groups had longer survival benefits, with hazard ratios of 0.396 (95% 39 

confidence interval [CI], 0.347–0.453), 0.509 (95% CI, 0.465–0.556), and 0.481 (95% CI, 40 

0.447–0.519), respectively. 41 

Conclusion: We highlight the importance of surgery in metastatic melanoma; each surgical 42 

group in this study is independently correlated with increased survival. In addition, the 43 

patient’s ulceration status is able to predict surgical treatment; however, in the ulcerated 44 

melanoma cases, caution should be exercised when considering a metastasectomy. 45 

 46 
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 48 

1 Background 49 

The common and increased morbidity tumor is represented by melanoma, which is among the 50 

potentially lethal cancers. Currently, more than 1.2 million Americans are living with the 51 

disease 1-3. Approximately 20–30% of stage IV melanoma patients initially diagnosed with 52 

locoregional disease will develop distant metastases 4,5, and 8% will present with concurrent 53 
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regional and distant metastases 6. A study on stage IV skin malignant melanoma patients 54 

demonstrated the 1-year survival rate to be 33–62% 7. Ultimately, patients with metastatic 55 

melanoma have poor prognoses.  56 

Several retrospective clinical studies have evaluated the survival of patients with stage IV 57 

malignant melanoma undergoing tumor resection 8. Surgical treatment is essentially a suitable 58 

standard of care 9,10. There is great clinical significance in evaluating the available surgical 59 

treatments for patients with metastatic melanoma based on the pathological criteria such 60 

as ulceration. Ulceration is an important independent hallmark of melanoma recurrence and 61 

adverse survival 5. To the best of our knowledge, the existing literature lacks informative 62 

analyses regarding the prognostic factors associated with survival in patients with different 63 

surgical interventions. Furthermore, the effect of ulceration on decisions regarding different 64 

resection sites in this stage IV skin malignant melanoma population is poorly evaluated. 65 

Therefore, this study aimed to assess the significance of surgical treatment choice and 66 

ulceration status as predictive markers by conducting a retrospective population-based study 67 

of stage IV melanoma patients.  68 

 69 

2 Materials and methods 70 

2.1 Data source 71 

The Surveillance, Epidemiology, and End Results (SEER) population-based program, 72 

supported by the National Cancer Institute, is one of the most representative sources of 73 

oncology statistics in the USA. SEER cases are collected from 18 accredited public 74 

population-based cancer registries, accounting for roughly 28% of the annual cancer 75 

diagnoses of the USA. This is comparable to the overall characteristics of the general 76 

population. We screened the cases using the statistical SEER*Stat software (version 8.3.6.1) 77 

in the client-server mode. Approval from the Institutional Research Board (IRB) was waived 78 

due to the data being anonymous and freely accessible. The data were extracted, interpreted, 79 

and analyzed on the basis of the SEER guidelines. 80 

 81 
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2.2 Patients 82 

We identified 5760 eligible patients that were initially diagnosed with stage IV malignant 83 

melanoma using the International Classification of Disease for Oncology, 3rd Edition. We 84 

collected the patients’ detailed clinicopathological characteristic data (Figure 1). We 85 

separated the patients into four groups according to surgical treatment: the R0 group 86 

(resection of all malignant lesions), the primary tumor resection group, the metastasectomy 87 

group, and the no-resection group. To assess the clinicopathological predictors for different 88 

melanoma-directed surgical interventions, patients were subdivided into categories based on 89 

their ulceration status. 90 

 91 

2.3 Statistical analysis 92 

The balance of categorical covariates in the patient characteristics between the four groups 93 

was evaluated using the Pearson’s Chi-square (χ2) test. We used the log-rank test to compare 94 

the survival distributions in the resection cohorts. We constructed Kaplan–Meier curves to 95 

estimate and compare the overall survival (OS), melanoma-specific survival (MSS), and 96 

median survival time (MST) between the four groups. We also compared the MST and OS of 97 

a stratified analysis according to the pathological melanoma ulceration status between the 98 

subgroups. We report the significant odds ratios (OR) with a 95% confidence interval (CI). 99 

We assessed survival factors utilizing the Cox proportional hazards regression. We used 100 

multivariable analyses (logistic regression) to find the baseline parameters meaningfully 101 

associated with different surgical interventions. Significant hazard ratios (HR) with 95% CI 102 

are reported. For all tests, the level of statistical significance was expressed as a p-value 103 

<0.001. SPSS software (version 22, Chicago, Illinois) was used to perform all statistical 104 

analyses. 105 

 106 

3 Results 107 

3.1 Demographic features and clinical and pathological data 108 
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The clinicopathological parameters and demographic data are presented in Table 1. We 109 

analyzed the data of 5760 patients with metastatic cancer concurrent with a primary tumor; 110 

among 5760 patients, 1297 (22.5%) patients underwent surgery of the primary tumor only, 111 

and 1447 (25.1%) patients underwent a metastasectomy only. Resections of the primary and 112 

metastatic sites were performed in 375 (6.5%) patients; 2641 (45.9%) patients did not 113 

undergo any surgical treatment. The ulcerated melanoma cases comprised 16.2% of the total 114 

cases. Significant differences were found in the age at diagnosis, primary site, disease spread, 115 

and ulceration status. Features of the ulceration subgroups are summarized in Table S1. 116 

 117 

3.2 Survival outcome 118 

Among the patients, 4492 (78.0%) melanoma-specific deaths were identified. The median OS 119 

and MSS of the entire cohort were 7 months (95% CI: 6.6–7.4 months, 5-year OS=6.5%) and 120 

8 months (95% CI: 7.6–8.4 months, 5-year OS=8.4%), respectively (Table S2). The Kaplan–121 

Meier survival analysis curves (Figure 2) estimated the R0 group (MST=20 months, 5-year 122 

OS=28.8%, p<0.001) have a longer survival outcome than the primary tumor resection group 123 

(MST=11 months, 5-year OS=18.5%, p<0.001) and the no-resection group (MST=4 months, 124 

5-year OS=6.5%, p<0.001). There were numerical differences in the OS and MSS between 125 

the primary site resection group and the metastasectomy group, but none were significant. 126 

The metastasectomy group and the R0 group showed similar results. 127 

 128 

3.3 Ulceration makes predictions from surgery to outcome 129 

Table 2 shows the MST duration and OS at three years of the subgroups stratified according 130 

to ulceration status. The stratified Kaplan–Meier survival curves are presented in Figure 3. 131 

In the non-ulcerated melanoma subgroup, the R0 resection group (MST=25 months, 95% CI: 132 

14.1–35.9 months, p<0.001), primary excision group (MST=13 months, 95% CI: 10.5–15.4 133 

months, p<0.001), and metastasectomy group (MST=16 months, 95% CI: 11.5–20.5 months, 134 

p<0.001) showed distinctly longer survival times compared to the no-resection group 135 

(MST=4 months, 95% CI: 3.3–4.7 months, p<0.001). Furthermore, differences in survival 136 
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time failed to reach significance between the R0 group and the primary site excision group 137 

(p=0.012) or between the R0 group and metastasectomy group (p=0.069). No additional 138 

survival benefit was detected when the metastasectomy group was compared with the 139 

primary excision group (p=0.447). 140 

In the ulcerated melanoma subgroup, survival time was higher after receiving R0 therapy than 141 

after receiving a primary site resection (p<0.001). Furthermore, both the R0 group (MST=13 142 

months, 95% CI: 9.9–16.1 months, p<0.001) and primary site excision group (MST=9 143 

months, 95% CI: 7.9–10.1 months, p<0.001) showed an improved OS when compared with 144 

the no-resection group (MST=4 months, 95% CI: 2.6–5.4 months, p<0.001), but not with the 145 

metastasectomy group (MST=7 months, 95% CI: 4.1–9.9 months, p=0.049). 146 

 147 

3.4 Relevance of clinicopathological parameters and OS 148 

The Cox (proportional hazards) multivariate analysis results are presented in Table 3. 149 

Predictive factors of poor OS were identified as age over 50 years, higher lactate 150 

dehydrogenase levels, type of surgical treatment, ulceration, and metastases in the brain, 151 

liver, lungs, or bone. Out of the four groups, the R0 group had the best HR of 0.396 (95% CI, 152 

0.347–0.453). Patients with primary site resection and metastasectomy showed significantly 153 

favorable survival and outcome benefits, with HRs of 0.509 (95% CI, 0.465–0.556) and 154 

0.481 (95% CI, 0.447–0.519), respectively. 155 

 156 

3.5 Predictors for surgical intervention 157 

To assess the relationship between ulceration and surgery, extracted cohorts were further 158 

subdivided into the no-resection group and the surgery group (all patients who underwent 159 

surgical interventions). The univariate logistic regression analysis (Table 4) revealed that 160 

ulceration was a significant independent prognostic factor of surgery (OR=0.236, 95% CI: 161 

0.189–0.295, p<0.001). 162 

 163 

4 Discussion 164 
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After a median follow-up of four months, the risk of melanoma-specific deaths in the no-165 

resection group was significantly higher than that in the surgical group. The multivariate Cox 166 

model showed that the three surgical groups (resection of all malignant lesions, primary site 167 

resection, and metastasectomy) were independently associated with increased survival. 168 

Despite improvements in survival, largely attributed to the new landscape of 169 

multidisciplinary effective systemic therapies over the last decade 11, surgical resection 170 

remains the only option that improves survival by reducing the tumor burden and interrupting 171 

the metastatic cascade. Therefore, surgical resection has an ongoing and expanding role in 172 

systemic medical treatment 11-13. Early and accurate assessments of surgical treatment 173 

patterns are necessary for proper management, and for ensuring that surgical resection is 174 

utilized to its full potential. 175 

The strategy of complete surgical resection in appropriately screened patients is supported by 176 

several clinical trials 14,15. In a retrospective analysis of patients in the Multicenter Selective 177 

Lymphadenectomy Trial, patients with stage IV melanoma who underwent wide-scale 178 

surgical resection had longer disease-free survival outcomes than those who received 179 

systemic medical therapy alone 3. In a large prospective trial, stage IV melanoma patients 180 

who underwent complete resection had a better median OS than patients who underwent 181 

nonsurgical treatment 16. Additionally, in a population-based meta-study, the survival 182 

outcomes (OS and MSS) were improved in patients who underwent primary tumor resection 183 

12. 184 

A complete metastasectomy was historically a potentially effective treatment option in 185 

advanced metastatic cases involving the skin and visceral organs 17. Patients with stage IV 186 

melanoma who underwent metastasectomies had better OS than those who did not 6. A 187 

metastasectomy is recommended for patients with metastatic melanoma by the National 188 

Comprehensive Cancer Network guidelines 18; however, the guidelines lack proper 189 

descriptions regarding whether primary tumor resections should be routinely practiced in 190 

advanced melanoma patients or not, and the conclusions are limited by conditions such as 191 
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solitary lesions. Selection bias may be contributing to observed associations between survival 192 

benefit and surgery in previous retrospective studies 6,8,11,19,20. 193 

In this study, patients with stage IV malignant melanoma who underwent surgery showed an 194 

improved survival compared with those who did not undergo surgery. This study also showed 195 

that survival outcomes were better among the surgical groups than among the no-resection 196 

group in the non-ulcerated subgroup. However, when comparing the three surgery groups 197 

with each other, no additional survival benefits were found. Within the ulcerated subgroup, 198 

the R0 group had better survival benefits than the primary site excision group. There were 199 

similar outcomes for the metastasectomy and no-resection groups. 200 

Ulceration of cutaneous melanoma is defined as defective layers of the epidermis overlying 201 

any portion of the primary melanoma, with an associated host response based on the 202 

histopathological microscopic examination 21,22. Studies are increasingly reporting a trend of 203 

a remarkably similar MSS between melanoma patients with ulceration and primary tumor 204 

patients having the greatest thickness but without ulceration leading to the American Joint 205 

Committee on Cancer melanoma T staging criteria 18,23,24. MSS in a wide range is influenced 206 

by the T stage during clinically early-stage melanoma. A detailed analysis of 521 ulcerated 207 

and 4140 non-ulcerated patients revealed that microscopic ulcerations have an independent 208 

effect on MSS in primary melanoma (27). The risk of dermal invasion and development of 209 

metastasis in the brain and other regions is estimated on the basis of histopathological 210 

heterogeneous phenomenon such as ulceration 20,25; however, convincing explanations 211 

regarding how ulceration mechanisms hold prognostic value have been poorly presented. 212 

Ulceration results from the progressive loss of epithelium due to the intercellular bonds of the 213 

epithelium weakening; therefore, ulceration is progressive and includes ongoing alterations 214 

that increase the number of inflammatory cells, proliferation of tumor cells, tumor growth, 215 

and increases the risk for metastases. One study reported that ulceration was the only primary 216 

tumor characteristic that remained an independent survival predictor on multivariate analysis 217 

after brain metastasis 25. However, we suggest that the choice to pursue resection in stage IV 218 

melanoma patients provides a dilemma. For example, the most important objective is 219 
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complete removal of the tumor; patients with ulceration are more likely to undergo resection, 220 

beyond just for survival benefit. The staging of patients with distant metastases is currently 221 

dictated by the site of metastases and no longer by the primary tumor characteristics 23. The 222 

influence of ulceration (or lack thereof) in the primary tumor of patients with American Joint 223 

Committee on Cancer stage IV melanoma has not been specifically defined. Our results may 224 

help address this knowledge gap with support from further prospective findings or trials. 225 

This study has several limitations. First, the inclusion of patients eligible for surgery 226 

introduced an inherent granular data bias; the most common resections, relation to OS 227 

expectancy, and high selection of patients eligible for complete R0 resection of all metastatic 228 

cutaneous, subcutaneous, and visceral malignant lesions were not taken into account. Second, 229 

information on micrometastases, tumor dormancy effects, and use of systemic regimens were 230 

not evaluated. Third, detailed complications, adverse events, and clinical considerations are 231 

not available in the SEER database. 232 

 233 

5 Conclusion 234 

The increasing efficacy of systemic treatment algorithms provides new treatment 235 

opportunities; however, surgery still plays a major role in stage IV melanoma treatment. The 236 

ulceration in the primary tumor is one of the predictive factors of poor OS in patients with 237 

stage IV melanoma. Despite its limitations, our population-based study still found that both 238 

the OS and MSS of patients could benefit from each of the three surgical types (R0 resection, 239 

primary excision, and metastasectomy). To conclude, patients with ulceration might 240 

predictably benefit from surgical treatment; however, caution should be exercised when 241 

considering metastasectomy in patients with ulcerated melanoma. 242 

 243 

6 List of abbreviations 244 

Surveillance, Epidemiology, and End Results (SEER) 245 

overall survival (OS) 246 

melanoma-specific survival (MSS) 247 

median survival time (MST) 248 

odds ratios (OR)  249 
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confidence interval (CI) 250 

hazard ratios (HR) 251 
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Figure legends 361 

Figure 1 Patient enrollment flowchart 362 
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Figure 2 Kaplan–Meier curves for A) Overall Survival (OS) and B) Melanoma-specific 364 

survival (MSS) according to surgical choice 365 

 366 

Figure 3 Kaplan–Meier survival curves of the four groups (the R0 group, the primary tumor 367 

resection group, the metastasectomy group, and the no-resection group) in the A) non-368 

ulcerated melanoma cases and B) ulcerated melanoma cases 369 
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