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Purpose: This study aimed to analyze the incidence trend and further explore the risk factors influencing the survival among patients
of malignant skin cancer in America.

Methods: Age-adjusted incidence rates, annual percentage change (APC) of different sex and ethnicity in 1973-2015 and patient
records were extracted from the Surveillance, Epidemiology, and End Results (SEER) database. Univariate analysis and multivariate
Cox regression were used to analyze risk factors influencing the survival in skin cancer patients. Survival curves and nomograms were
constructed to evaluate the survival prediction by R.

Results: The overall age-adjusted incidence of skin cancer increased in America from 1973 to 2005 (APC = 2.8%, 95% CI: 2.6-2.9%,
P < 0.05), particularly in white patients, 66-year-old people, and males. The 3- and 5-year overall survival (OS) rates were 51.4% and
33.8%, respectively. Independent predictors for short OS include age over 65, white ethnicity, other marital status and no surgery (P <
0.05). Stage was not an independent factor of survival (P > 0.05). The nomogram with a C-index of 0.72 (95% CI: 0.71-0.73) matched
an appropriate calibration curve.

Conclusion: Incidence of skin cancer in America was on the rise during 1973-2015 based on SEER database. Age, ethnicity, marital
status and surgical history were related with survival of malignant skin cancer. Nomograms were effective tools for predicting the
survival prognosis.

Keywords: malignant skin cancer, primary site surgery, SEER, incidence, overall survival, nomogram

Introduction

Skin cancer (SC) is divided into non-melanoma skin cancer (NMSC) and melanoma skin cancer (MM). Notably, melanoma
is the most threatening due to its aggressiveness, caused by a malignancy of melanocytes.' Incidence of melanoma is
rapidly increasing worldwide, which results in public health problems. Primary melanomas can be ocular, gastrointestinal,
mucosal, leptomeningeal, genitourinary, and lymphatic.* SCC and BCC are often referred to as non-melanoma skin cancer
(NMSC). Although NMSC:s are relatively non-lethal and curable by surgery, its incidence rate (case number) is about 10
times of that for melanoma.’ These three types of cancer share many clinical characteristics and trends.

The incidence of SC varies widely around the world, high in white populations, the highest in southern Australia.®®
The disparities of different sex and ethnicity have also been reported, generally men worse than women, white
populations or Caucasians worse than others.” > Studies have shown that factors influencing the survival period were
age, sex, ethnicity, socioeconomic status, etc.'>'¢ The classification of tumor stage made varying degrees of influence to
the incidence and prognosis before and after the screening program.'”'® Owing to the poor treatment effects, high risk of
recurrences and metastasis,'® especially melanoma, exploring the long-term incidence trend and prognostic factors of
malignant skin cancer efficiently was of vital importance.

In this study, we analyzed long-term incidence trend and the association between survival status of malignant skin cancer
patients and different demographics and clinical characteristics. Nomograms are computational diagrams that expresses the
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functional relations between several variables with lines or curves, widely used in risk prediction of diseases.” >* Although
some descriptive studies of skin cancer and the development mechanism have been analyzed, few of them analyzed the long-
term trend and survival prediction with nomograms in America. We drew nomograms with R to analyze the incidence trend
during 1973-2015 and prognostic factors, using the data from the Surveillance, Epidemiology, and End Results (SEER)
database, which can provide guidance for the prevention and clinical guidance of malignant skin cancer.

Materials and Methods

Case Selection and Definition of Variables

Data extracted from the SEER database in 1973-2015 were analyzed. Patients of SC diagnosed by the AJCC-6th in
2004-2015 were selected together with the following corresponding variables: age (0-49, 50-65, 66-), sex (female,
male), ethnicity (white, black, others (American Indian/AK Native, Asian/Pacific Islander)), marital status (married,
others), year of diagnosis (2004-2007, 2008-2011, 2012-2015), region (Alaska, East, Northern Plains, Pacific Coast,
Southwest), site (melanoma of the skin, other non-Epithelial Skin), stage (I, II, III, IV), tumor size (unclear, clear),
surgery (no surgery, primary site surgery), survival months, outcome (alive, dead). The inclusions are as follows: (1)
Pathologically confirmed skin cancer. (2) The age, ethnicity, gender, survival status, survival time and other data of the
patients were not missing. The exclusion criteria are: (1) Patients with non-malignant skin cancer; (2) Missing data on
corresponding variables. The specific flow chart is shown in Figure 1.

Statistical Analysis

The age-standardized incidence and annual percentage change (APC) of malignant skin cancer were explicitly depicted
in the SEER database. The incidence trend we analyzed was classified by overall, age, and ethnicity. R studio 4.0.2 was
used to presenting morbidity trends. Overall survival (OS) refers to the period from being diagnosed to death. The data
were divided into case and death groups using Excel 2016 and were analyzed separately for demographic characteristics.

skin cancer data extracted
from SEER database

4

age-adjusted incidence rates
and APC of different sex and
ethnicity

patient records in 2004-2015
from the SEER
(n=251584)

; ,

incidence trend
analysis

selection: malignant tumor of skin
cancer
exclusion: unknown information of
records, BCC, SCC

}

patients with complete
information and survival

month
(n=3551)
Figure | Flowchart of inclusion and exclusion.
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OS and survival curves were estimated by applying with the Kaplan—-Meier method and the log rank test. Univariate and
multivariate Cox regression were utilized to analyze relationships between cases demographics, clinical characteristics
and survival months. Variables of which P values were less than 0.05 in univariate analysis were then brought into the
multivariate cox analysis.

Nomograms are visualization of results of a regression equation, and often used to present the results of logistic
regression or cox regression. Nomogram results were evaluated by the concordance index (C-index), which was
associated with the accuracy of the prognostic prediction. According to the predicted survival along with observed
survival, calibration curve of the nomogram was performed. All P values were two-sided and P < 0.05 was considered
statistically significant eventually.

Results

Case Demographics
The total cases we finally selected from SEER were 3551 and 1080 of them ended to death outcome. Specific information
about demographics is shown in Table 1.

Incidence Trends

The overall age-adjusted incidence of SC increased from 7.4/100,000 to 27.9/100,000 during 1973-2015, with an APC of
2.8% (95% CI = 2.6-2.9, P<0.05) (Figure 2A). A significant increase was shown in both male and female population
with an APC of 3.1% (95% CI = 2.9-3.3, P<0.05) and 2.4% (95% CI = 2.2-2.5, P<0.05) (Figure 2B). Incidence among
white population increased remarkably from 8.1 per 100,000 to 34.7 per 100,000 during this period (APC = 3.1, 95% CI
=2.9-3.2, P<0.05) whereas black population (APC = 0.3, 95% CI: —0.2-0.7, P>0.05) and other ethnicities (APC = 1.4,
95% CI = 1.0-1.8, P<0.05) change slightly (Figure 2C). Evidently, the incidence of males was far greater than females,
white greater than other ethnicities.

Survival

Overall survival rate of patients with 3-year and 5-year was 51.4% and 33.8%, respectively. Overall, 1080 (30.4%)
patients died during follow-up. The related risk factors of short OS encompassed white ethnicity, over 66 years old,
unmarried, regions of Northern plains, male, stage III, other non-epithelial skin and no surgery (P < 0.05). Year of
diagnosis (P=0.089) and tumor size (P=0.45) did not seem to impose an impact on OS rate (Table 2, Figure 3).
Specifically, age 50-65 (vs age 0—49: hazard ratio (HR) = 2.000, 95% CI = 1.558-2.567, P<0.001) and 66- (vs age
0-49: HR = 5.475, 95% CI = 4.372-6.856, P<0.001), male (vs female: HR = 1.238, 95% CI = 1.091-1.404,
P<0.001), other marital status (vs married; HR = 1.213, 95% CI = 1.074-1.369, P=0.002), black ethnicity (vs white:
HR = 0.536, 95% CI = 0.368-0.780, P<0.001), other ethnicity (vs white: HR = 0.617, 95% CI = 0.459-0.830,
P<0.001), other non-epithelial skin (vs melanoma of skin; HR = 1.189, 95% CI = 1.050-1.345, P=0.006), stage II
(vs stage I: HR = 2.908, 95% CI = 2.370-3.568, P<0.001), stage III (vs stage I: HR = 4.097, 95% CI = 3.352-5.007,
P<0.001), stage IV (vs stage I: HR = 3.081, 95% CI = 2.623-3.618, P<0.001), primary site surgery (vs no surgery:
HR = 0.285, 95% CI = 0.244-0.333, P<0.001) were correlated with the overall survival rate. Year of diagnosis,
region, tumor size were not significantly statistical (P > 0.1).

According to the results of univariate Cox regression analysis and the log rank test, the covariates with P-values
greater than 0.05 and not satisfying the Cox proportion hazard regression model (the curves have clear crossovers)
were eliminated. The final variables incorporated are age, sex, surgical history, site, marital status. Age 50-64 (vs
age 0—49: HR = 1.880, 95% CI = 1.463-2.415, P<0.001) and age 65- (vs age 0—49: HR = 5.110, 95% CI = 4.076—
6.408, P<0.001), male (vs female: HR = 1.175, 95% CI = 1.032-1.336, P=0.015), other marital status (vs married:
HR = 1.153, 95% CI = 1.018-1.305, P=0.025), primary site surgery (vs no surgery: HR = 0.318, 95% CI = 0.271-
0.372, P<0.001) remain associated with the overall rate. Site (P=0.934) was not the significant factor.
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Table | Patients’ Demographics and Clinical Characteristics of Malignant

Skin Cancer
Characteristics Cases (%) Deaths (%)
All patients 3551 1080
Age
049 768 (21.6) 89 (8.2)
50-65 1147 (32.3) 231 (21.4)
66— 1636 (46.1) 760 (70.4)
Sex
Female 1428 (40.2) 385 (35.7)
Male 2123 (59.8) 695 (64.3)
Marital status
Married 1856 (52.3) 531 (49.2)
Others 1695 (47.7) 549 (50.8)
Ethnicity
White 3137 (88.3) 1005 (93.1)
Black 167 (4.7) 28 (2.6)
Others 247 (7.0) 47 (4.3)
Year of diagnosis
2004-2007 1071 (30.2) 498 (46.1)
2008-201 | 1145 (32.2) 384 (35.6)
20122015 1335 (37.6) 198 (18.3)
Region
Alaska 6 (0.2) 3(0.3)
East 1496 (42.1) 416 (38.5)
Northern Plains 2919 (8.2) 110 (10.2)
Pacific Coast 1540 (43.4) 501 (46.4)
Southwest 218 (6.1) 50 (4.6)
Site
Melanoma of the Skin 1520 (42.8) 426 (39.4)
Other Non-Epithelial Skin 2031 (57.2) 654 (60.6)
Stage
| 1392 (39.2) 213 (19.7)
I 430 (12.1) 164 (15.2)
n 377 (10.6) 175 (16.2)
v 1352 (38.1) 528 (48.9)
Tumor size
Unclear 1369 (38.6) 423 (39.2)
Clear 2182 (61.4) 657 (60.8)
Surgical history
No surgery 353 (9.9) 213 (19.7)
Primary site surgery 3198 (90.1) 867 (80.3)

Nomogram

As shown in Figure 4, We drew nomograms after multivariate Cox regression analysis, which comprised all significant
prognostic factors. In Figure 4A, variables in the prediction model are marked with a scale on a line segment, which
represents the range of available values of variable, and the length reflects the contribution of factors to the outcome.
Points at the top of the graph indicate the scores corresponding to each variable at different values, and the sum of all
variable scores is Total Points. The risk at the bottom of the graph represents the probability of cancer occurrence. It
depicted that age was the most significant predictor of overall survival, followed with surgical history, ethnicities and
marital status. Figure 4B is a case study of Figure 4A, which shows that a patient who were 66-years old, white ethnicity,
married and a history of primary site surgery scored 0.336. It showed a cumulative probability of death of 0.325 and
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Table 2 Survival, Univariate and Multivariate Analysis in Patients with Skin Cancer

Characteristics

Overall Survival Rate (%)

Univariate Survival

Multivariate Survival

3-year 5-year HR (95% CI) P HR (95% CI) P
All patients 51.4 338
Age <0.001
049 62.4 44.1 | (reference) | (reference)
50-65 54.3 36.5 2.000 (1.558-2.567) <0.001 1.880 (1.463-2.415) <0.001
66— 44.1 27.0 5.475 (4.372-6.856) <0.001 5.110 (4.076-6.408) <0.001
Sex
Female 52.7 35.6 | (reference) | (reference)
Male 50.5 325 1.238 (1.091-1.404) 0.001 1.175 (1.032-1.336) 0.015
Marital status
Married 52.7 353 | (reference) | (reference)
Others 49.9 32.1 1.213 (1.074-1.369) 0.002 I.153 (1.018-1.305) 0.025
Ethnicity <0.001
White 51.5 334 | (reference)
Black 533 40.1 0.536 (0.368-0.780) 0.001
Others 48.2 344 0.617 (0.459-0.830) 0.001
Year of diagnosis
2004-2007 729 64.9 | (reference)
2008-201 | 72.7 44.1 0.953 (0.828-1.097) 0.503
20122015 15.8 / 0.836 (0.698-1.002) 0.052
Region
Alaska 50.0 50.0 | (reference)
East 48.3 325 0.590 (0.189-1.836) 0.362
Northern Plains 4.5 2.8 0.875 (0.278-2.756) 0.820
Pacific Coast 53.6 36.2 0.684 (0.220-2.128) <0.512
Southwest 65.1 30.7 0.470 (0.146-1.507) 0.204
Site
Melanoma of the Skin 522 337 | (reference) | (reference)
Other Non-Epithelial Skin 50.7 339 1.189 (1.050-1.345) 0.006 1.005 (0.887-1.139) 0.934
Stage
| 61.4 40.7 | (reference)
Il 479 31.2 2.908 (2.370-3.568) <0.001
11l 40.1 23.1 4.097 (3.352-5.007) <0.001
v 45.3 305 3.081 (2.623-3.618) <0.001
Tumor size
Unclear 72.6 324 | (reference)
Clear 38.0 34.6 0.988 (0.872—1.118) 0.843
Surgical history
No surgery 27.2 15.9 I (reference) | (reference)
Primary site surgery 54.0 358 0.285 (0.244-0.333) <0.001 0.318 (0.271-0.372) <0.001

0.424 at 3-years and 5-years separately. The C-index 0.71 (95% CI: 0.70-0.72) displayed well to predict overall survival.
The model calibration diagram indicated that the model exhibits high accuracy (Figure 5) since the black line roughly

coincided with the reference line (the dashed line in the diagram). High prediction consistency was also found through

validation group data after verifying the model calibration diagram of the modeling group.

Discussion

From the SEER-based study, we analyzed the incidence trend of malignant skin cancer patients stratified by total, sex and

ethnicities in 1973-2015. Furthermore, 3- and 5-year overall survival predictions based on univariate and multivariate
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Figure 2 Age-adjusted incidence rate of skin cancer in 2004-2015.
Notes: Stratified by total (A), sex (B), ethnicity (C).

analysis were evaluated through nomograms with a C-index of 0.76, of which calibration was reliable. Although
incidence trends of skin cancer were previously studied, few of them analyzed the long-term trend over the past 30—
40 years in America. With regard to the survival prediction, prognostic factors were assessed insufficiently.

In our study, the result of an overall increasing trend of skin cancer patients was in accordance with descriptions in
most regions, such as Puerto Rico.'? Singapore,”* and a SEER-based study in America.?® It might be the result of
increasing awareness of physical examination, access to healthcare and screening methods, cumulative intense and
complex sunlight exposure.”®*® In terms of sex differences, men were usually more likely to be exposed in sunlight than
women due to the different social conditions. In addition, women pay more attention to skin maintenance and protection
against sunburn. Concerning the ethnicity, it was universally accepted that white populations were more sensitive to the
ultraviolet radiation due to lack of pigment cells of skin. European ancestry and fair skin phenotype are known factors of
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Figure 3 Continue.

SC, reported by Dimitriou et al and Schmerling et al.>>** In view of the increasing incidence of malignant skin cancer
and significant difference between sex and ethnicity, main focus should be on men and white people. Daily skincare
protection and early clinical screening will be recommended to prevent malignant skin cancer. In this long-term trend of
incidence, we did not consider the specific age, histology and predilection site of SC. The next step to explore the age-
specific, site-specific incidence and how BCC, SCC or other types of skin cancer were distributed were worth discussing.

Our study has shown that OS rate of malignant SC with 3- and 5-year was 51.4% and 33.8%, respectively, much
lower than the 5-year survival rate (nearly 90%) for melanoma of skin cancer in the United States from 2010 to 2014.%"
This may be because we incorporated a malignant stage of skin cancer with lymph node metastases and distant
metastases. Another study indicated that the survival rate for advanced melanoma metastasis is only 15-20%, with

a 5-year survival of 6% in metastatic melanoma patients.*
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Figure 3 Survival curves of malignant skin cancer patients.
Notes: Age (A), sex (B), marital status (C), ethnicity (D), year of diagnosis (E), region (F), site (G), stage (H), tumor size (l), surgery (J).

In the present study, age, marital status, ethnicity and surgical history were recognized as independent prognostic
factors. Especially, surgical history and age were top predictors of OS. Compared to those age under 44, the mortality
was 5.11 times higher in the 66-year-old group. This could indicate that aging gradually becomes an important cause of
SC patients’ death. In addition to that, cancer survival rate was also affected by marital status.>® Previous researches
pointed out that the married group had longer OS than the unmarried, which is in accordance with our study.>*> It could
be speculated that married patients may be more accessible to companionship and moral support. It was reported that
white ethnicity was a risk factor of survival, which reflects that the melanoma occurred more frequently in people with
paler skin.?® This may be caused by fair-skinned individuals having the highest risk of sunburn and skin cancer. In the
present analysis, other ethnicities had the longest OS, whereas the white group had the shortest OS. The hazard ratio of
people who had surgery was 0.318 times lower than those not having a surgery, indicating that surgery was a protective
factor. These data proved that an increasing number of people were able to acquire a cure by surgical resection at present.
Given that surgical management was improved, the 5-year OS rate for skin cancer people raised to more than 30%. What
differed from the previous studies was that stage did not seem to be an independent factor for SC survival in our
study.®”*® This might be related to the fact that the variables were not incorporated comprehensively due to database
privilege limitations.

We constructed a nomogram that incorporated both demographic and clinical characteristics, with univariate and
multivariate analysis in advance. Supported by the bootstrap-corrected C-index and calibration curve, the nomogram
performed well indeed. Nomograms are graphical calculation instruments based on statistical predictive models that
provide predictions on likely treatment outcomes. Nomograms provide individualized risk estimates by incorporating and
illustrating important prognostic factors, and are superior to other available decision aids in more accurately predicting
outcomes in patients with cancer. There are some limitations in our study as well. Firstly, variables about cancer
metastasis and chemotherapy regimen information were not included due to some objective factors. Second, the sample
size we brought eventually was still relatively not big enough after integrating corresponding variables. Thirdly,
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Figure 4 Nomograms for predicting overall survival of malignant skin cancer patients.
Notes: (A) Predicting 3- and 5-year overall survival of malignant skin cancer patients; (B) predicting the probability of malignant skin cancer.

malignant skin cancer was not specifically classified limited by sample size and it is worth exploring further. Finally, for
some reasons, we did not do a validation queue, even though a validation queue is not a required procedure for
nomograms. However, the high-quality database SEER can be well trusted because of the high-volume facilities to
case finding, which ensured the data accuracy, completeness, and reporting timelines.*® In the future, large databases such
as SEER can provide a more integrative and interconnected strategy combined with big data for skin cancer prevention
and management, which is a valuable and necessary tool to collect multinational data.*°

Conclusions
Our study demonstrated incidence trends of malignant skin cancer and constructed a nomogram to predict their long-term
survival based on SEER database. Overall, the incidence of SC was increasing, higher in male and white population. The

nomogram which displayed great accuracy and consistency selected out several variables associated with the survival of
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Figure 5 Calibration curves for overall survival of malignant skin cancer patients.
Notes: (A) 3-year; (B) 5-year.

skin cancer: age, ethnicity, married status, and surgical history. It showed that the nomogram was an effective tool for
predicting the prognosis.

Abbreviations

APC, annual percentage change; SEER, the Surveillance, Epidemiology, and End Results; OS, overall survival; SC, skin
cancer; SCC, squamous cell carcinoma; BCC, basal carcinoma; NMSC, non-melanoma skin cancer; APC, annual
percentage change; C-index, concordance index; HR, hazard ratio.
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