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Abstract 

 

The utilization of concurrent immunotherapy and its impact on overall survival among 

late-stage melanoma patients treated by surgery: a query on the National Cancer Database  

 

By Yiman Li 

 

Background: Melanoma is a type of cancer that can develop quickly from skin to body. 

Stage III or IV melanoma patients, a combination therapy of immunotherapy and surgery 

provide anti-cancer benefits and improve patients overall survival. Surgery is a primary 

treatment to remove parts or whole tumor. The main goal of this study is to examine the 

utilization of immunotherapy in addition to surgery among late-stage melanoma patients 

regarding their socioeconomic status and to verify the impact of the concurrent 

immunotherapy and surgery on overall survival. 

 

Methods: 23454 eligible melanoma patients (≥18 years) with stage III or IV who 

diagnosed in 2004-2012 in NCDB. The overall survival was the primary outcome defined 

as months from the date of surgery to death or last follow-up. We used univariate analysis 

(UVA)/ multivariable analysis (MVA) Cox proportional hazard regression model, and 

Kaplan-Meier (KM) method for overall survival estimation by comparing combination 

therapy and surgery group. The numerical and categorical covariates were examined by 

ANOVA and Chi-square test, and multivariable logistic regression model was used to 

predict the usage of immunotherapy. The subgroup analyses were carried out by 

including an interaction term in MVA models.  

 

Results: 6193 (26.4%) patients got concurrent immunotherapy vs.17261 (73.6%) 

received no immunotherapy subjects were 62% male and 96.8% white with a median age 

of 57 years. Patients accepted immunotherapy were more likely to be male, white, to 

receive private insurance, to live in the areas with higher income and education, to live in 

a metro area, to be diagnosed in more recent years. In the UVA, the concurrent 

immunotherapy was significantly associated with prolonged overall survival (HR=0.59, 

95% CI=0.57-0.62, p<0.001) compared to no immunotherapy, and such benefit did not 

differ much by disease stage (p-value=0.492).  

 

Conclusion: In this study, melanoma patients treated with immunotherapy plus surgery 

had significantly better survival than surgery only patients. The opportunity of to be 

benefited from the immunotherapy is more located among the population with higher 

socioeconomic status. The results may indicate the need for related policy development 

that leads to more accessible for this treatment. 
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1 Introduction:  

Melanoma is the most dangerous form of skin cancer, and it causes the 70% deaths of 

skin cancer.1 Immunotherapy is a cancer treatment that can slow down the speed of 

growth of cancer cells, stop cancer from duplicating bad cancer cells, and boost the 

immune system to fight against cancer. Immunotherapy also improves the body self-

defense to fight cancer and maintain the immune system, and it is associated with 

provided overall survival advantage at different stages for melanoma patients.2 In recent 

years, there are more melanoma patients would like to choose immunotherapy, and it has 

significant influence to provide novel treatment for melanoma patients.3 Some clinical 

trials suggest that a combination of immunotherapy and surgery has better overall 

survival rates compared to the surgical control group for stage III, and they are mainly 

focused on early stage patients, and no previously research looked into stage III and stage 

IV for overall melanoma patients. 4 On trial for combination therapy of immunotherapy 

shows that a total of 260 patients with melanoma (Stage1) has 81% in three-year survival 

compared with 67% for the surgery alone group.5 Immunotherapy plus surgery can 

significantly improve the overall survival with a diagnosis of melanoma. The findings of 

this clinical trial show that among 163 patients with 25 months follow-up, the novel 

therapy of immunotherapy and surgery can improve median overall survival in patients 

with melanoma brain metastasis.6 Anti-melanoma antibodies can be detected among 

different stages of melanoma, and the immune response can delay the progression of the 

melanoma.7. Some other clinical trials focus on cutaneous melanoma for stage III from 

the National Cancer Database. There is a cohort study shows melanoma patients with 

phase 3 cutaneous who treated with immunotherapy. The overall survival of 1854 

https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true


2 
 

patients accepted the immunotherapy plus surgery among total 6165 study population is 

significantly associated with survival compared with surgery alone [Hazard Ratio =0.66, 

95% confidence interval (CI) 0.56-0.77, P <0.001].8  For other combination of 

immunotherapy plus chemotherapy, or radiation therapy, the adjuvant immunotherapy 

plus chemotherapy show significant survival compared with chemotherapy.9 Another 

study from national perspective of National Cancer Database finds that a total of 20322 

head and neck melanoma patients in NCDB with immunotherapy from 2004 to 2012, 

combinational immunotherapy was significantly increased overall survival [Hazard 

Ratio, 0.67, 95% CI (0.57, 0.80)], and patients who have head and neck cutaneous 

melanoma with received concurrent immunotherapy plus surgery has better overall 

survival than who did not have.10 Immunotherapy has developed for several decades, and 

IL-2 and interferon α-2b are the major immunotherapies. Patients are more likely to 

benefit from these types immunotherapy.11, 12 From 2004 to 2015, National Cancer 

Database displays most of the melanoma patients underwent surgery (48.77%), and 

16.93% of patients receive immunotherapy, and surgery plus immunotherapy (8.68%). 

Patients who accept immunotherapy had a significantly better 2-year overall survival 

(42.47% vs. 49.21%, p < 0.001) compared to others.13   

The aim of the current study was to check the impact of melanoma patients underwent 

surgery, radiotherapy, and immunotherapy. We focused the disparity of utility of 

immunotherapy regarding the socioeconomic status and overall survival for patients with 

melanoma who treated with surgery or combined with immunotherapy. The database is 

from the National Cancer Database, and our study population was patients from 2004 to 

2012 with melanoma of stage 3 and stage 4. For the socioeconomic status, we looked at 

https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
https://www.tandfonline.com/doi/full/10.1080/15384047.2016.1264543?scroll=top&needAccess=true
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the age, sex, income, race, and education of patients who had melanoma. We also 

investigated the effect of immunotherapy and the trend of the year of diagnosis. For the 

future study, we may assess overall survival outcomes by several subgroup analysis 

which demographic groups, socioeconomic status, radiation status and chemotherapy 

status.  

 

2 Materials and methods:  

2.1 Data source and patient selection 

The source of data is from the National Cancer Database, and NCDB is sponsored by the 

Commission on Cancer (CoC) and the American Cancer Society. NCDB collects data 

around 850,000 (70%) of all newly incident cancer every year around country.14 Our 

retrospective study, from figure 1, we included 523492 cases of melanoma patients since 

2004. Inclusion criteria based on patients who got surgery; including invasive tumor; 

patients with first or only one cancer diagnosis; the analytic AJCC (American Joint 

Committee on Cancer) stage in 3, 4, and immunotherapy therapy at any facility as yes or 

no. Exclusion criteria based on patients with missing vital status; patients with diagnosis 

year above 2012; time gap between surgery and immunotherapy outside of +/- 183 days. 

For our final selection patients, we had 23454 cases, and all of these patients were with 

surgery treatment. 

2.2 Definition of treatment cohorts, covariates and outcome 

Study Cohort: Stage III and IV melanoma patients who treated by immunotherapy plus 

surgery and without immunotherapy (surgery alone).  
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Covariates: facility type, facility location, sex, race, insurance status, median income and 

percentage of no high school degree at the residential zip code based on 2007-2012 

survey, residential category as metro/rural/urban based on 2013 national survey, 

Charlson–Deyo score, sequence number, year of diagnosis, AJCC Analytic Stage Group, 

radiation, chemotherapy, and age at diagnosis. 

Outcome: Overall survival was defined as months from the date of surgery to date of 

death or the date of the last follow-up. 

2.3 Statistical methods 

All statistical analyses were done in SAS® 9.4, and SAS® macros developed by BBISR at 

Winship Cancer Institute.15 The significance level was set at 0.05. 

2.3.1 Descriptive analysis 

The descriptive data table included numeric variables with means, medians, standard 

deviations and categorical variables with frequencies and percentages.  

2.3.2 Bivariate analysis  

We compared different characteristics from the immunotherapy group and surgery, for 

categorical variables, Chi-square were used, while for numerical variables, we used 

analysis of variance (ANOVA) to test the difference between two treatment groups. The 

Kaplan-Meier method along with the log-rank test was applied to estimate the survival 

rate and compare the survival pattern by study cohorts.  

2.3.3 Survival analysis  

For overall survival outcome (OS), we fitted date into the Cox proportional hazards 

models and reported the Hazard ratio, 95% confidence interval, and P-value. In univariate 
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analysis, each covariate was associated with OS separately. In the multivariable model, 

all variables of interest entered the model initially and then a backward elimination 

process was carried out by removing one variable at a time until all variables in the final 

have a p-value < 0.1. The variables considered include Immunotherapy status, Sex, Race, 

Insurance status, median income from 2007 to 2012, percentage of high school degree 

from 2007 to 2012, metro area status, Charlson–Deyo score, Sequence number, Year of 

diagnosis, AJCC Analytic Stage Group, radiation status, chemotherapy status and Age at 

diagnosis. Also in order to evaluate the effect of immunotherapy in subgroups, the 

interaction term between the study cohort and the subgroup variable was tested in the 

multivariable Cox regression model. 

2.3.4 Multivariable Logistic Regression analysis  

To predict the utilization of immunotherapy in this study population, we fitted the data 

into a multivariable logistic regression model, in which the outcome was set as the 

immunotherapy status and all other covariates were listed as independent variables. The 

final model was also built by a backward selection with a removal alpha level of 0.1.  

 

3. Results 

3.1   Patients’ characteristics overall or by comparison group 

From figure 1, our study includes 523492 melanoma cases from National Cancer 

Database. Based on patients who got surgery with an invasive tumor, cancer stage in 3/4, 

and who were first or only one cancer diagnosis, we got 34237 cases. After excluding 

patients with missing vital status, the year of diagnosis from 2012 and later, we finally 

selected 23454 melanoma patients. Table 1 displays the characteristics analysis for a total 



6 
 

of 23454 patients. Among 23454 target melanoma patients, 17261(73.6%) received the 

immunotherapy, 14541(62.0%) patients were male, 22694 (96.8%) were White, and had 

a median age of 57.  About 47.8% of the patients lived in the areas had median income < 

$48,000, and about 38.1% of the patients resided in the zip code with the percentage of 

No high school >=13%; 81.7% lived in the metro area with more than >= million 

population, 48.1% were treated in an academic/research program facility, and 54% were 

covered by a private insurance.   

Table 2 shows the descriptive analysis by comparing the two study cohorts 

(immunotherapy plus surgery vs. surgery alone).  A percentage of utilization of 

immunotherapy were not evenly distributed across the baseline characteristics.  It was 

24.7% in academic/research facility center compared to 22% in a comprehensive 

community cancer program for immunotherapy patients. Immunotherapy would be more 

applied to patients covered by private insurance (35.1% vs. 27.2%) among patients who 

were insured by government insurance or not insured. More patients who treated with 

immunotherapy were with less 7% with no high school degree compared with high than 

21% (29.1% vs. 21.0%). Patients were more likely to choose immunotherapy were white 

than other race (26.65% vs. 19.21%), and patients with Charlson-Deyo were 0 compared 

with 1+ (27.7% vs. 18.7%). Within immunotherapy plus surgery group, the median of 

age among those patients were 50 compared no immunotherapy group with median of 

age 61. The trend over the year of diagnosis did not change much. Due to the large 

sample size, all those comparisons were statistically significant with p-value less than 

0.05. 

3.2   Regression Analysis 



7 
 

3.2.1 Univariate Analysis 

Table 3 summarizes the results from UVA with OS.  We found that melanoma patients 

with immunotherapy plus surgery had better overall survival than surgery alone patients 

[Hazard Ratio= 0.59, 95% CI 0.57-0.62, P <0.001]. For univariate analysis, northeast 

area (Hazard Ratio=1, P=0.005), Male (Hazard Ratio= 1.42, 95%  CI: 1.36-1.47, 

P<0.001), non-white (Hazard Ratio= 1.32, 95%  CI: 1.20-1.45, P<0.001), Medicare 

(Hazard Ratio= 2.19, 95%  CI: 2.10-2.28, P<0.001), income less than $38,000 form 

2007-2012 (Hazard Ratio= 1.38, 95%  CI: 1.31-1.46, P<0.001), higher than 21% without 

high school degree from 2007-2012 (Hazard Ratio= 1.39, 95%  CI: 1.31-1.48, P<0.001), 

Rural area (Hazard Ratio= 1.07, 95%  CI: 1.02-1.13, P<0.001), Charlson-Deyo Score 1+ 

(Hazard Ratio= 1.58, 95%  CI: 1.51-1.65, P<0.001), Analytic stage group 4 (Hazard 

Ratio= 3.70, 95%  CI: 3.54-3.86, P<0.001) had worse overall survival for those 

melanoma patients who had surgery. Melanoma patients who accepted surgery, we found 

that patients with radiation or chemotherapy had worse overall survival [Radiation: 

Hazard Ratio= 2.43, 95% CI 2.31-2.55, P <0.001; Chemotherapy: Hazard Ratio= 1.69, 

95% CI 1.61-1.78, P <0.001].  

3.2.2 Multivariable Survival Analysis 

Table 4 was for the results by multivariable survival analysis, and we built our model by 

backward selection with alpha level 0.1 from variables of immunotherapy, facility type, 

facility location, sex, race, insurance status, income from 2007-2012, percentage of no 

high school degree from 2007-2012, metro areas in 2013, Charlson–Deyo score, 

sequence number, year of diagnosis, AJCC Analytic Stage Group, radiation, and age at 

diagnosis. We had 23454 cases in our original dataset, and after backward selection, we 
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got 19469 patients in our new model which was due to the missing values in some 

variables. The variables of the percentage of no high school degree from 2007-2012 and 

metro areas in 2013 were removed from backward selection in the model. According to 

the final multivariable model, the melanoma patients with immunotherapy had better OS 

[Hazard Ratio= 0.81, 95% CI 0.77-0.685, P <0.001] after controlling for the other 

covariates in the model. In addition,  the worse OS was related Male (Hazard Ratio= 

1.28, 95% CI: 1.23-1.33, P<0.001), non-white (Hazard Ratio= 1.11, 95% CI: 1.00-1.23, 

P=0.044), Medicaid/Other Government/Not insured/Unknown (Hazard Ratio=1.52, 95% 

CI: 1.43-1.61, P<0.001), income less than $38,000 form 2007-2012 (Hazard Ratio=1.28, 

95% CI: 1.20-1.36, P<0.001), Charlson-Deyo Score 1+ (Hazard Ratio= 1.31, 95% CI: 

1.25-1.37, P<0.001), Sequence Number 00 (Hazard Ratio= 1.33, 95% CI: 1.24-1.42, 

P<0.001) and Analytic stage group 4 (Hazard Ratio= 2.78, 95% CI: 2.65-2.92, P<0.001). 

We also found that surgery patients who accepted radiation therapy had worse Overall 

Survival [Radiation: Hazard Ratio= 1.73, 95% CI 1.64-1.83, P <0.001], which may be 

due to the selection bias during the follow up not at the baseline, for example, radiation or 

chemotherapy may be considered when patients prognostics started worsening. 

In Table 5, a multivariable model with an interaction between immunotherapy status and 

AJCC stage was fitted. The summary enables us to estimate the effect of immunotherapy 

within each subgroup defined by the AJCC stage. The interaction P-value was 0.492 

which means there was no significant difference between stage 3 and stage 4 regarding 

the HR by immunotherapy. It also showed that combination therapy of immunotherapy 

and surgery had significantly better than surgery alone for both stage 3 (P<0.001) and 4 

(P=0.007). Patients who treated with combination therapy in stage 3 (Hazard Ratio= 0.81, 
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95% CI: 0.76-0.85) performed better overall survival than stage 4 (Hazard Ratio= 0.84, 

95% CI: 0.75-0.96). 

3.2.3 Multivariate Logistic Regression Analysis 

By Table 6, we presented disparity of immunotherapy utilization by socioeconomic 

status. We concluded that facility location (P<0.001), race (P=0.001), insurance status 

(P<0.001), income and education from 2007-2012 (P=0.009), analytic stage group 

(P<0.001) and age (Odds Ratio= 0.95, 95% CI: 0.95-0.96, P<0.001) were significant 

associated with utilization of immunotherapy. Furthermore, patients who had less 

accessibility to the immunotherapy were more likely from South facility location (Odds 

Ratio= 0.67, 95% CI: 0.61-0.74, P<0.001), nonwhite (Odds Ratio= 0.69, 95% CI: 0.55-

0.87, P=0.001), Medicare (Odds Ratio= 0.62, 95% CI: 0.55-0.69, P<0.001), living in low 

social economic area with low income and low education (Odds Ratio= 0.83, 95% CI: 

0.71-0.98, P=0.009), Charlson-Deyo Score with 1+ (Odds Ratio= 0.91, 95% CI: 0.82-

1.01, P=0.079), stage 4 (Odds Ratio= 0.52, 95% CI: 0.46-0.58, P<0.001). The backward 

selection with an alpha level of removal of 0.1 was used in the model, and we had a total 

of 19586 population in our study. The variables of Facility type, Radiation status, 

Sequence Number, Sex, Urban/Rural 2013, and Year of Diagnosis were removed from 

the final multivariate Logistic Regression. 

3.3   Association with overall survival 

Figure 2 presents the Kaplan-Meier curve for Overall Survival among a total of 23454 

patients. By KM method, the 5-year survival rate is 53.6% for immunotherapy stage III 

patients and 17.5% immunotherapy stage IV patients. Melanoma patients treated with 
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immunotherapy plus surgery had with a median overall survival of 140.4 months, and 

patients who only got surgery had with a median overall survival of 53.6 months (P< 

0.0001). 12 month overall survival for combination therapy and surgery alone were 

93.5% (92.9%, 94.1%) and 82.2% (81.6%, 82.8%); 36 month overall survival for 

combination therapy and surgery alone were 73.8 % (72.7%, 74.9%) and 58.4% (57.6%, 

59.1%); 60 month overall survival for combination therapy and surgery alone were 

63.3% (62.1%, 64.5%) and 47.6% (46.9%, 48.4%);  

Figure 3 and figure 4 show the Kaplan-Meier curve for Overall Survival stratified by 

Analytic stage 3 and 4. For figure 2, stage 3 patients treated surgery alone had with a 

median overall survival of 71.7 months, and patients got combination therapy with a 

median overall survival of 142 months (P< 0.0001).  As figure 3, we had surgery alone 

patients with stage 4 with a median overall survival of 11.2 months, and patients treated 

with immunotherapy and surgery with a median overall survival of 18.4months (P< 

0.0001). 12-month overall survival for stage 3 and 4 with surgery only were 89% and 

47.7%, and with combination therapy were 95.9% and 64.8%. 60-month overall survival 

for stage 3 and 4 treated with surgery without immunotherapy were 53.6% and 17.5%, 

and who accepted immunotherapy plus surgery were 66.2% and 28.6% 

 

4. Discussion 

The benefits of immunotherapy are well established, we should focus disparities among 

patients’ social economical with immunotherapy patients. According to our study, we 

identified patients’ disparities for social economic status with stage III and IV melanoma 

cancer, and we investigated the effect of immunotherapy for overall survival by 
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comparing immunotherapy plus surgery and surgery alone group. By analyzing overall 

survival for melanoma patients, we found that combination therapy of immunotherapy 

had a significantly better survival rate than surgery alone (P<0.0001). There was also 

significant difference survival rate at 12-month, 36-month, 60-month and 120-month, 

between the cohort study group for both stage 3 and 4 (P<0.0001). For the areas, our 

study results agreed with The Kaplan-Meier Melanoma-Specific survival curves 

according to stage three and four from the right edition International Melanoma 

Database.16 From our overall regression analysis, we evaluated the likelihood of  treating 

immunotherapy was significantly associated with melanoma patients from Academic/ 

Research Program, Northeast facility location, female, white, Private insurance median 

income between $48,000-$62,999, with High School Degree, metro areas, Charlson-

Deyo Score with 0, year of diagnosis at 2007, analytic stage group for stage III , no 

radiation therapy and no chemotherapy. For stage III and IV, we can see that there was no 

significant difference for overall survival for patients who treated with combination 

therapy, and stage 3 had relative better overall survival than stage 4 for the patients who 

accepted immunotherapy and surgery.  

The immunotherapy treatment can improve survival outcomes in melanoma, and patients 

from stage 3 and 4 can experience the overall survival benefit.17 There are several studies 

approaching the effect of overall survival for treated with immunotherapy. A clinical 

study of ninety-four patients who treated with immunotherapy had the median survival 

was 37 months, and 17 months for patients without immunotherapy. The overall p-value 

for survival is 0.0277 (<0.05) between these comparison group.18 Patients had similar 

results as our research for age of diagnosis, patients with median age of diagnosis were 
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from 60 years old. As insurance status, patients with private insurance may be sicker than 

Medicaid and government insurance.  In another primary research study, there a was total 

of 25 patients with melanoma stage 3 and 4 who had surgically removed tumor 

infiltrating lymphocytes (TIL) and interleukin (IL)-2 with or without immunotherapy. 

The result of immunotherapy with TIL and IL-2 can significantly increase disease-free 

survival and overall survival for these melanoma patients. 19 There was a retrospective 

study at Massachusetts General Hospital, 142 melanoma patients treated with 

immunotherapy and 79 had surgery. These patients who had surgery followed by 

immunotherapy showed a median survival of 22.7 months, and who only got 

immunotherapy had with 10.8 months survival.20 The combination therapy of 

immunotherapy with the granulocyte-macrophage colony-stimulating factor (GM-CSF) 

and surgery can provide significantly increased overall survival for early stage melanoma 

patients.21 

By comparing to the literature, scientists use NCDB as a research database with large 

sample size, which is an advantage. Since our study is retrospective, and many 

unobserved cases may still have some bias for final estimation for treatment effect.  It is 

hard to make estimation for the different treatment when a treatment decision was made 

beyond baseline or during the follow up phase. As we observed in Radiation and 

Chemotherapy, the interpretation is count-intuitive. This challenge will become one of 

our further development for this project. The sample size is relative large using stratified 

by groups, and we should focus and stratify the different groups more specifically, like 

from different location, skin types of melanoma, age groups and details of analytic stage. 

For constructing the multivariable regression model, we should consider collinearity 
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between chemotherapy and immunotherapy. After testing the collinearity, we can decide 

if it is necessary to add the variable of chemotherapy status. As bigger scope, National 

Cancer Database can make mistakes like data recording, reporting or coding scale.  

5.  Conclusion 

There are multiple retrospective studies demonstrates combination therapy of 

immunotherapy plus surgery provides significant better overall survival for early stage 

melanoma patients. Our study included melanoma patients with stage III and IV, and we 

compared the difference of characteristics among patients with immunotherapy and 

without. The characteristics can be demographic areas, social status variables and stages 

of cancer, and melanoma patients were more likely to receive immunotherapy based on 

different status. We also show that combination therapy is a benefit for analytic stage III 

and IV and we also know that there is no significant difference overall survival for these 

two stages. There are only 26.4% patients got immunotherapy in stage III and IV, and 

14.4% with Medicaid/other government/not insured, 14.2% with income less than  

$38,000, 13.4% without high school degree higher than 21%, 2.2% with rural areas. The 

evidence of benefit with immunotherapy is clear, and disparities for different 

characteristics are significant different. To solve the disparities, government should focus 

on the insurance policy, pay more attention on rural areas and improve education for 

different levels study. Insurance status can be very serious for policy change, and 

education factor can be very import in the provision of health system. 
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Table 1 Baseline demographic and clinical characteristics for stage III or IV melanoma 

patients treated by surgery 

Variable Level N (%) = 23454 

Immunotherapy No 17261 (73.6) 

Yes 6193 (26.4) 

 

Facility Type missing 3524 

Comprehensive Community 

Cancer Program 

7080 (35.5) 

Academic/Research Program 9584 (48.1) 

Other 3266 (16.4) 

 

Facility Location Northeast 3973 (19.9) 

South 7380 (37.0) 

Midwest 5128 (25.7) 

West 3449 (17.3) 

Missing 3524 

 

Sex Male 14541 (62.0) 

Female 8913 (38.0) 

 

Race white 22694 (96.8) 

nonwhite 760 (3.2) 

 

Primary Payor Medicaid/Other 

Government/Not 

Insured/Unknown 

3375 (14.4) 

Private 12667 (54.0) 

Medicare 7412 (31.6) 

 



17 
 

Variable Level N (%) = 23454 

Census Median Income Quartiles 

2007-2012 

<$38,000 3267 (14.2) 

$38,000-$47,999 5437 (23.6) 

$48,000-$62,999 6376 (27.7) 

>=$68,000 7960 (34.5) 

Missing 414 

 

Percent No High School Degree 

2007-2012 

>=21% 3099 (13.4) 

13.0-20.9% 5686 (24.7) 

7.0-12.9% 7973 (34.6) 

<7.0% 6298 (27.3) 

Missing 398 

 

Urban/Rural 2013 Metro 18393 (81.7) 

Urban 3625 (16.1) 

Rural 490 (2.2) 

Missing 946 

 

Charlson-Deyo Score 0 20075 (85.6) 

1+ 3379 (14.4) 

 

Sequence Number 00 21296 (90.8) 

01 2158 (9.2) 

 

Year of Diagnosis 2004 2142 (9.1) 

2005 2218 (9.5) 

2006 2491 (10.6) 

2007 2365 (10.1) 

2008 2429 (10.4) 

2009 2675 (11.4) 

2010 2948 (12.6) 

2011 3062 (13.1) 

2012 3124 (13.3) 

 

AJCC Analytic Stage Group 3 20127 (85.8) 

4 3327 (14.2) 
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Variable Level N (%) = 23454 

Radiation No 20663 (88.6) 

Yes 2667 (11.4) 

Missing 124 

 

Chemotherapy No 19933 (87.7) 

Yes 2786 (12.3) 

Missing 735 

 

Age at Diagnosis Mean 57.33 

Median 57.00 

Minimum 18.00 

Maximum 90.00 

Std Dev 16.35 

Missing 0.00 

 

 

 

 

 

 

 

 

 

 

 

 



19 
 

Table 2 Overall Compare Immunotherapy status in surgery 

 Immunotherapy  

 _____________________  

Covariate Statistics Level No N=17261 Yes N=6193 
Parametric 

P-value* 

Facility Type N (Row %) Comprehensive Community 

Cancer Program 

5523 (78.01) 1557 (21.99) <.001 

N (Row %) Academic/Research Program 7217 (75.3) 2367 (24.7) 

N (Row %) Other 2528 (77.4) 738 (22.6) 

 

Facility Location N (Row %) Northeast 2971 (74.78) 1002 (25.22) <.001 

N (Row %) South 5987 (81.12) 1393 (18.88) 

N (Row %) Midwest 3646 (71.1) 1482 (28.9) 

N (Row %) West 2664 (77.24) 785 (22.76) 

 

Sex N (Row %) Male 10844 (74.58) 3697 (25.42) <.001 

N (Row %) Female 6417 (72) 2496 (28) 

 

Race N (Row %) white 16647 (73.35) 6047 (26.65) <.001 

N (Row %) nonwhite 614 (80.79) 146 (19.21) 

 

Primary Payor N (Row %) Medicaid/Other Government/Not 

Insured/Unknown 

2457 (72.8) 918 (27.2) <.001 

N (Row %) Private 8220 (64.89) 4447 (35.11) 

N (Row %) Medicare 6584 (88.83) 828 (11.17) 

 

Census Median Income 

Quartiles 2007-2012 

N (Row %) <$38,000 2496 (76.4) 771 (23.6) <.001 

N (Row %) $38,000-$47,999 4092 (75.26) 1345 (24.74) 

N (Row %) $48,000-$62,999 4575 (71.75) 1801 (28.25) 

N (Row %) >=$68,000 5773 (72.53) 2187 (27.47) 

 

Percent No High School 

Degree 2007-2012 

N (Row %) >=21% 2449 (79.03) 650 (20.97) <.001 

N (Row %) 13.0-20.9% 4249 (74.73) 1437 (25.27) 

N (Row %) 7.0-12.9% 5783 (72.53) 2190 (27.47) 

N (Row %) <7.0% 4466 (70.91) 1832 (29.09) 
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 Immunotherapy  

 _____________________  

Covariate Statistics Level No N=17261 Yes N=6193 
Parametric 

P-value* 

Urban/Rural 2013 N (Row %) Metro 13451 (73.13) 4942 (26.87) 0.003 

N (Row %) Urban 2724 (75.14) 901 (24.86) 

N (Row %) Rural 383 (78.16) 107 (21.84) 

 

Charlson-Deyo Score N (Row %) 0 14514 (72.3) 5561 (27.7) <.001 

N (Row %) 1+ 2747 (81.3) 632 (18.7) 

 

Sequence Number N (Row %) 00 15635 (73.42) 5661 (26.58) 0.053 

N (Row %) 01 1626 (75.35) 532 (24.65) 

 

Year of Diagnosis N (Row %) 2004 1562 (72.92) 580 (27.08) <.001 

N (Row %) 2005 1615 (72.81) 603 (27.19) 

N (Row %) 2006 1791 (71.9) 700 (28.1) 

N (Row %) 2007 1689 (71.42) 676 (28.58) 

N (Row %) 2008 1759 (72.42) 670 (27.58) 

N (Row %) 2009 1962 (73.35) 713 (26.65) 

N (Row %) 2010 2228 (75.58) 720 (24.42) 

N (Row %) 2011 2278 (74.4) 784 (25.6) 

N (Row %) 2012 2377 (76.09) 747 (23.91) 

 

AJCC Analytic Stage 

Group 

N (Row %) 3 14420 (71.65) 5707 (28.35) <.001 

N (Row %) 4 2841 (85.39) 486 (14.61) 

 

Radiation N (Row %) No 15044 (72.81) 5619 (27.19) <.001 

N (Row %) Yes 2115 (79.3) 552 (20.7) 

 

Chemotherapy N (Row %) No 14341 (71.95) 5592 (28.05) <.001 

N (Row %) Yes 2338 (83.92) 448 (16.08) 
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 Immunotherapy  

 _____________________  

Covariate Statistics Level No N=17261 Yes N=6193 
Parametric 

P-value* 

Age at Diagnosis N  17261 6193 <.001 

Mean  60.19 49.36 

Median  61 50 

Min  18 18 

Max  90 90 

Std Dev  16.26 13.72 

 

*  The parametric p-value is calculated by ANOVA for numerical covariates 

and chi-square test for categorical covariates. 
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Table 3 Univariate analysis of factors potentially associated with survival for stage III or 

IV melanoma patients 

  

Covariate Level N 
Hazard Ratio 

 (95% CI) 

HR P-

value 

Type3 

P-value 

Immunotherapy Yes 6193 0.59 (0.57-0.62) <.001 <.001 

No 17260 - - 

 

Facility Type Other 3266 1.03 (0.98-1.09) 0.271 <.001 

Academic/Research 

Program 

9584 0.91 (0.87-0.94) <.001 

Comprehensive 

Community Cancer 

Program 

7079 - - 

 

Facility Location West 3448 0.90 (0.84-0.96) <.001 0.005 

Midwest 5128 0.98 (0.92-1.03) 0.411 

South 7380 0.97 (0.92-1.02) 0.200 

Northeast 3973 - - 

 

Sex Male 14541 1.42 (1.36-1.47) <.001 <.001 

Female 8912 - - 

 

Race nonwhite 760 1.32 (1.20-1.45) <.001 <.001 

white 22693 - - 

 

Primary Payor Medicaid/Other 

Government/Not 

Insured/Unknown 

3375 1.70 (1.61-1.79) <.001 <.001 

Medicare 7411 2.19 (2.10-2.28) <.001 

Private 12667 - - 

 

Census Median Income 

Quartiles 2007-2012 

<$38,000 3267 1.38 (1.31-1.46) <.001 <.001 

$38,000-$47,999 5437 1.25 (1.19-1.31) <.001 

$48,000-$62,999 6376 1.17 (1.12-1.23) <.001 

>=$68,000 7959 - - 
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Covariate Level N 
Hazard Ratio 

 (95% CI) 

HR P-

value 

Type3 

P-value 

Percent No High School 

Degree 2007-2012 

>=21% 3099 1.39 (1.31-1.48) <.001 <.001 

13.0-20.9% 5686 1.29 (1.23-1.36) <.001 

7.0-12.9% 7972 1.19 (1.13-1.25) <.001 

<7.0% 6298 - - 

 

Urban/Rural 2013 Urban 3625 1.07 (1.02-1.13) 0.005 <.001 

Rural 490 1.21 (1.07-1.36) 0.002 

Metro 18392 - - 

 

Charlson-Deyo Score 1+ 3378 1.58 (1.51-1.65) <.001 <.001 

0 20075 - - 

 

Sequence Number 00 21296 1.21 (1.14-1.29) <.001 <.001 

01 2157 - - 

 

Year of Diagnosis 2004 2142 1.20 (1.10-1.30) <.001 <.001 

2005 2218 1.17 (1.08-1.26) <.001 

2006 2491 1.21 (1.12-1.31) <.001 

2007 2365 1.18 (1.09-1.28) <.001 

2008 2429 1.22 (1.12-1.32) <.001 

2009 2675 1.20 (1.11-1.30) <.001 

2010 2948 1.13 (1.04-1.22) 0.003 

2011 3062 1.06 (0.98-1.15) 0.127 

2012 3123 - - 

 

AJCC Analytic Stage 

Group 

4 3327 3.70 (3.54-3.86) <.001 <.001 

3 20126 - - 

 

Radiation Yes 2667 2.43 (2.31-2.55) <.001 <.001 

No 20662 - - 

 

Chemotherapy Yes 2785 1.69 (1.61-1.78) <.001 <.001 

No 19933 - - 
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Covariate Level N 
Hazard Ratio 

 (95% CI) 

HR P-

value 

Type3 

P-value 

Age at Diagnosis  23453 1.03 (1.03-1.03) <.001 <.001 
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Table 4 Multivariable analysis of risk factors potentially associated with survival for 

stage III or IV melanoma patients treated by surgery 

 

Covariate Level 
Hazard Ratio (95% 

CI) 

HR P-

value 

Type3 P-

value 

Immunotherapy Yes 0.81 (0.77-0.85) <.001 <.001 

No - - 

 

Facility Type Other 0.98 (0.92-1.03) 0.412 0.021 

Academic/Research 

Program 

0.94 (0.90-0.98) 0.006 

Comprehensive 

Community Cancer 

Program 

- - 

 

Facility Location West 0.87 (0.82-0.93) <.001 <.001 

Midwest 1.00 (0.95-1.06) 0.954 

South 0.86 (0.81-0.91) <.001 

Northeast - - 

 

Sex Male 1.28 (1.22-1.33) <.001 <.001 

Female - - 

 

Race nonwhite 1.11 (1.00-1.23) 0.044 0.044 

white - - 

 

Primary Payor Medicaid/Other 

Government/Not 

Insured/Unknown 

1.52 (1.43-1.61) <.001 <.001 

Medicare 1.19 (1.13-1.26) <.001 

Private - - 

 

Census Median Income Quartiles 

2007-2012 

<$38,000 1.28 (1.20-1.36) <.001 <.001 

$38,000-$47,999 1.15 (1.09-1.21) <.001 

$48,000-$62,999 1.12 (1.06-1.18) <.001 

>=$68,000 - - 
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Covariate Level 
Hazard Ratio (95% 

CI) 

HR P-

value 

Type3 P-

value 

Charlson-Deyo Score 1+ 1.31 (1.25-1.37) <.001 <.001 

0 - - 

 

Sequence Number 00 1.33 (1.24-1.42) <.001 <.001 

01 - - 

 

Year of Diagnosis 2004 1.23 (1.13-1.35) <.001 <.001 

2005 1.20 (1.10-1.31) <.001 

2006 1.30 (1.20-1.41) <.001 

2007 1.20 (1.11-1.31) <.001 

2008 1.18 (1.08-1.28) <.001 

2009 1.22 (1.12-1.32) <.001 

2010 1.10 (1.02-1.20) 0.018 

2011 1.06 (0.97-1.15) 0.195 

2012 - - 

 

AJCC Analytic Stage Group 4 2.78 (2.65-2.92) <.001 <.001 

3 - - 

 

Radiation Yes 1.73 (1.64-1.83) <.001 <.001 

No - - 

 

Age at Diagnosis  1.02 (1.02-1.02) <.001 <.001 

 

*  Number of observations in the original data set = 23454. Number of observations used = 19469. 

** Backward selection with an alpha level of removal of .10 was used.  The following variables were 

removed from the model: Percent No High School Degree 2007-2012, and Urban/Rural 2013. 
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Table 5 Multivariable Survival Analysis interaction 

 

 
 

Covariate Level 
Hazard Ratio (95% 

CI) 

HR P-

value 

Type3 P-

value 

Comparisons Stratified by AJCC 

Analytic Stage Group : 

Immunotherapy : - - 0.492 

 

4 Yes vs. No 0.84 (0.75-0.96) 0.007 - 

 

3 Yes vs. No 0.81 (0.76-0.85) <.001 - 

 

*  Number of observations in the original data set = 23454. Number of observations used = 19469. 

** Backward selection with an alpha level of removal of .10 was used.  The following variables were 

removed from the model: Urban/Rural 2013. 

*** The estimated stratified treatement effect was controlled by: Age at Diagnosis, Census Median Income Quartiles 

2007-2012, Charlson-Deyo Score, Facility Location, Facility Type, Primary Payor, Race, 

Radiation, Sequence Number, Sex, Year of Diagnosis 
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Table 6 Multivariable Logistic Regression Model 
 

 Immunotherapy=Yes 

 ---------------------------------------- 

Covariate Level 
Odds Ratio 

(95% CI) 

OR P-

value 

Type3 P-

value 

Facility Location West 0.82 (0.73-0.92) <.001 <.001 

Midwest 1.11 (1.00-1.22) 0.051 

South 0.67 (0.61-0.74) <.001 

Northeast - - 

 

Race nonwhite 0.69 (0.55-0.87) 0.001 0.001 

white - - 

 

Primary Payor Medicaid/Other 

Goverment/Not 

Insured/Unknown 

0.67 (0.60-0.75) <.001 <.001 

Medicare 0.62 (0.55-0.69) <.001 

Private - - 

 

Residential Characteristics  <$48,000 & >=13% 

No HSD 

0.83 (0.71-0.98) 0.023 0.009 

<$48,000 & <13% 

No HSD 

0.92 (0.83-1.02) 0.123 

>=$48,000 

& >=13% No HSD 

1.05 (0.97-1.14) 0.237 

>=$48,000 & <13% 

No HSD 

- - 

 

Charlson-Deyo Score 1+ 0.91 (0.82-1.01) 0.079 0.079 

0 - - 

 

AJCC Analytic Stage Group 4 0.52 (0.46-0.58) <.001 <.001 

3 - - 

 

Age at Diagnosis  0.95 (0.95-0.96) <.001 <.001 
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 Immunotherapy=Yes 

 ---------------------------------------- 

Covariate Level 
Odds Ratio 

(95% CI) 

OR P-

value 

Type3 P-

value 

 

*  Number of observations in the original data set = 23454. Number of observations used = 19586. 

** Backward selection with an alpha level of removal of 0.1 was used.  The following variables were removed from 

the model: Facility Type, Radiation, Sequence Number, Sex, Urban/Rural 2013, and Year of Diagnosis. 
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Selection and Exclusion Criteria 
Sample 

Size 
Excluded 

Melanoma Cancer Cases 523492 - 

Include Patients who got immunotherapy 19855 503637 

Include Invasive Tumor 18703 1152 

Include the first or only one cancer diagnosis 16103 2600 

Include Analytic Stage in 2 3 4 14387 1716 

Include Radiation therapy at any CoC facility as 0 or 1 14322 65 

Exclude patient with missing vital status 12519 1803 

 

Figure 1 Selection/Exclusion Diagram- Overall Sample Size Reduction 
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Figure 2 Cumulative survival by immunotherapy for stage III and IV melanoma patients 

treated by surgery 
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Figure 3 Overall survival of immunotherapy group in stage 3 
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Figure 4 Overall survival of immunotherapy group in stage 4 

 
 
 
 


