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Construction and validation of a nomogram for

patients with skin cancer
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Abstract BN
Skin cancer is a common malignant tumor in human beings. At present, the construction of clinical prediction models mainly focuses |
on malignant melanoma and no researchers have constructed clinical prediction models for all kind of skin cancer to predict the
prognosis of skin cancer. We used patient data collected from the surveillance, epidemiology, and end results program database to
construct and validate our model for clinical prediction of skin cancer, hoping to provide a reference for clinical treatment of skin
cancer.

R software was used for univariate and multivariate Cox regression analysis of variables to screen out factors that have an impact
on the survival of skin cancer patients. Then the prognostic model of skin cancer patients was constructed and the nomogram was
drawn. Concordance Index (C-index), receiver operating characteristic (ROC) curve and calibration curve were used to evaluate the
clinical prediction model.

A total of 3180 skin cancer patients were included in this study. We constructed nomogram, a 3-year and 5-year clinical prediction
model for skin cancer patients. We used C-index to evaluate the accuracy of nomogram model, and the result of C-index was 0.728,
95%Cl (0.703-0.753). The nomogram model was evaluated by ROC curve. The area under the curve values of the ROC curve for 3-
year survival rate and 5-year survival rate were 0.732 and 0.768 respectively. The model calibration diagram of the modeling group
also shows that the model exhibits high accuracy.

The nomogram model of postoperative survival of patients with skin cancer, based on the surveillance, epidemiology, and end
results program database of patients with skin cancer, has shown good stability and accuracy in multi-method validation.

Abbreviations: AUC = area under the curve, BCC = Basal cell carcinoma, C-index = concordance index, MM = malignant
melanoma, NMSC = non-melanoma skin cancer, ROC = receiver operating characteristic, SCC = squamous cell carcinoma, SEER

= the surveillance, epidemiology, and end results program.
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1. Introduction

Skin cancer is a common malignant tumor in human beings.™" In
recent years, the incidence and mortality of skin cancer have been
rising rapidly in all countries in the world, especially in the United
States, where the incidence of skin cancer exceeds that of all other
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human malignant tumors combined.!?! Clinically, skin cancer is
mainly divided into Malignant Melanoma (MM) and Non-
melanoma Skin Cancer (NMSC). Among them, NMSC mainly
includes Basal Cell Carcinoma (BCC) and Squamous Cell
Carcinoma (SCC), which are the most common types of skin
cancer endangering human health.®!

The etiology of cutaneous squamous cell carcinoma is still
unclear, and its occurrence may be related to the following
factors:

1. Environmental factors such as daily exposure and ultraviolet
radiation';

2. Human papillomavirus can be detected in skin cancers such as
BCC and SCCPJ;

3. Long-term stimulation of chemical carcinogens such as
bitumen and tar derivatives.!®!

Apoptosis is the programmed death of cells, which is the result
of inducing apoptosis mechanism in cells induced by internal and
external factors. Studies on the pathogenesis of cutaneous
squamous cell carcinoma have found that apoptosis inhibition
plays an important role in the development of cutaneous
squamous cell carcinoma.”! In the treatment of malignant
tumor, radiotherapy and biotherapy are mainly through inducing
apoptosis to achieve therapeutic effect.'®! At present, the
construction of clinical prediction models mainly focuses on
MM and no researchers have constructed clinical prediction
models for all kind of skin cancer to predict the prognosis of skin
cancer.”! So we used patient data collected from the Surveillance,
Epidemiology, and End Results Program (SEER) database to
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construct and validate our model for clinical prediction of skin
cancer, hoping to provide a reference for clinical treatment of skin
cancer. This article was written in accordance with the TRIPOD
statement.! ')

2. Materials and methods

2.1. Data acquisition

Based on the SEER database, detailed clinical data were extracted
from SEER database for all skin cancer patients from 1973 to
2017 (the latest data is updated to 2017). Because the data for our
study came from the public database, our study did not require
the approval of the medical ethics committee.

2.2. Inclusion and exclusion of patients
2.2.1. Inclusion criteria for patients.

1. Pathologically confirmed skin cancer.

2. The age, race, gender, survival status, survival time and other
data of the patients were not missing.

3. There was no lack of data on TNM staging of skin cancer
(staging was based on the TNM staging system of AJCC
Cancer Staging Manual, 7th edition, 2010) and pathological

type.

2.2.2. Exclusion criteria for patients.

1. Patients with cancer other than skin cancer;

2. Missing data on age, race, sex, survival status, survival time,
etc.;

3. Missing data on staging, pathological type TNM skin
cancer.

2.3. Grouping of included patients

We used R software to randomly divide the patient data included
in the SEER database into modeling groups and validation
groups. The sample size of the modeling group accounts for 70%
of the total sample size, and the sample size of the verification
group accounts for 30% of the total sample size.

2.4. Statistical analysis

We used R software for statistical analysis. We conducted
univariate and multivariate Cox regression analysis on the
variables to screen out the factors that had an impact on the
survival of skin cancer patients. Then the prognostic model of
skin cancer patients was constructed and the nomogram was
drawn using the rms package. Concordance Index (C-index),
Receiver Operating Characteristic (ROC) curve and calibration
curve were used to evaluate the clinical prediction model. Finally,
the data from the validation group were used to verify the clinical
prediction model.

If the C-index is less than or equal to 0.5, the model is basically
unreliable. If the C-index is between 0.51 and 0.7, the model has
certain credibility. When the C-index is 0.7 to 0.89, the model has
clinical significance. When the C-index is greater than or equal to
0.9, the model has extremely high reliability and extremely high
predictive ability.

The Area Under the Curve (AUC) value of ROC curve is less
than or equal to 0.5, the model is basically unreliable. If the AUC
value is between 0.51 and 0.7, the model has low accuracy. When
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the AUC value is 0.71 to 0.9, the model has moderate accuracy.
Models with an AUC value greater than 0.9 have high accuracy.

The calibration curve for evaluating clinical prediction model
based on the correlation between predicted risks and actual
results. If the fit is good, the model has reliability and prediction
ability. On the contrary, the model has no reliability and
prediction ability.

3. Results

3.1. Characteristics of the patients

A total of 3180 skin cancer patients were included in this study,
and basic demographic characteristics are shown in Table 1.
From the table we can see that the age distribution of patients is
mainly over 60 years old, accounting for 75.2% of the total. The
mean survival time was 27.9+20.3 months. Caucasian patients
accounted for 89.4%. There were 1278 female patients and 1902
male patients. From the TNM stage, early skin cancer patients
accounted for the majority of the sample size. In histopathology,
adnexal and skin appendage neoplasms account for 77% of the
total sample, adenomas and adenocarcinomas account for 8.1%,
ductal and lobular neoplasms account for 7.2%.

3.2. COX regression analysis of skin cancer patients

We conducted a COX regression analysis of the related factors in
patients with skin cancer, and the univariate COX regression
analysis showed (Table 2) that age, race, and NM stage of skin
cancer were the influencing factors for the prognosis of patients
with skin cancer. Multivariate COX regression analysis showed
that age and NM stage of skin cancer affected the prognosis of
patients with skin cancer. Although in univariate and multivari-
ate COX regression analyses, skin cancer histological grade had
little effect on prognosis (P > .05). However, the single-factor
analysis for the prognosis of patients with skin cancer was
statistically significant (P<.05). Therefore, we constructed a
Nomogram model using age, race, NM stage, and histopatholo-

gy-

3.3. Establishment of nomogram model

We used rms package to construct Nomogram (Fig. 1), a 3-year
and S-year clinical prediction model for patients with skin cancer
after surgery, to provide a reference for clinical medical workers
to predict postoperative survival of patients with skin cancer
more accurately and efficiently.

3.4. Verification of nomogram model

We used C-index to evaluate the accuracy of Nomogram model.
The evaluation results showed that the C-index of the model was
0.728, 95%CI (0.703-0.753). In the model calibration diagram
of the modeling group, the blue line and the reference line (the
dashed line in the diagram) basically coincide, indicating the
model exhibits high accuracy (Figs. 2 and 3). Validation group
data were used to verify the model calibration diagram of the
modeling group, and high prediction consistency was found
(Figs. 4 and 5). The Nomogram model was evaluated using the
ROC curve. The AUC values of the ROC curve for 3-year
survival rate and 5-year survival rate were 0.732 and 0.768
respectively, indicating moderate accuracy of the Nomogram
model (Figs. 6 and 7).
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Demographics and clinicopathologic characteristics of patients with skin cancer.

Variable 0-49 years 50-59 years 60-69 years 70-79 years >80 years Total
341 449 735 778 877 3180
Survival Time (months) 32.6+21.7 29.6+209 28.7+20.6 28.3+20.3 243+184 27.9+20.3
Race
Black 33 (9.7%) 43 (9.6%) 38 (5.2%) 30 (3.9%) 17 (1.9%) 161 (5.1%)
White 279 (81.8%) 378 (84.2%) 658 (89.5%) 710 (91.3%) 817 (93.2%) 2842 (89.4%)
Other 29 (8.5%) 28 (6.2%) 39 (5.3%) 38 (4.9%) 43 (4.9%) 177 (5.6%)
Sex
Female 148 (43.4%) 176 (39.2%) 271 (36.9%) 303 (38.9%) 380 (43.3%) 1278 (40.2%)
Male 193 (56.6%) 273 (60.8%) 464 (63.1%) 475 (61.1%) 497 (56.7%) 1902 (59.8%)
Stage_T
TO 1 (0.3%) 1(0.2%) 0 (0.0%) 0 (0.0%) 1(0.1%) 3 (0.09%)
T 124 (36.4%) 147 (32.7%) 230 (31.3%) 218 (28.0%) 245 (27.9%) 964 (30.3%)
T2 66 (19.4%) 79 (17.6%) 132 (18.0%) 115 (14.8%) 135 (15.4%) 527 (16.6%)
T3 5 (1.5%) 0 (0.0%) 4 (0.5%) 3 (0.4%) 3 (0.3%) 15 (4.7%)
T4 3 (0.9%) 8 (1.8%) 7 (1.0%) 6 (0.8%) 7 (0.8%) 31 (1%)
X 142 (41.6%) 214 (47.7%) 362 (49.3%) 436 (56.0%) 486 (55.4%) 1640 (51.6%)
Stage_N
NO 291 (85.3%) 373 (83.1%) 597 (81.2%) 611 (78.5%) 658 (75.0%) 2530 (79.6%)
N1 11 (3.2%) 9 (2.0%) 11 (1.5%) 9 (1.2%) 8 (0.9%) 48 (1.5%)
N2a 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(0.1%) 2 (0.2%) 3 (0.1%)
N2b 3 (0.9%) 4 (0.9%) 12 (1.6%) 9 (1.2%) 10 (1.1%) 38 (1.2%)
N2c 0 (0.0%) 1(0.2%) 4 (0.5%) 0 (0.0%) 0 (0.0%) 5 (0.2%)
N3 2 (0.6%) 1(0.2%) 1(0.1%) 0 (0.0%) 0 (0.0%) 4 (0.1%)
NX 34 (10.0%) 61 (13.6%) 110 (15.0%) 148 (19.0%) 199 (22.7%) 552 (17.4%)
Stage_M
MO 338 (99.1%) 438 (97.6%) 725 (98.6%) 772 (99.2%) 868 (99.0%) 3141 (98.8%)
M1 3 (0.9%) 11 (2.4%) 10 (1.4%) 6 (0.8%) 9 (1.0%) 39 (1.2%)
Status
Alive 327 (95.9%) 416 (92.7%) 660 (89.8%) 642 (82.5%) 563 (64.2%) 2608 (82%)
Dead 14 (4.1%) 33 (7.3%) 75 (10.2%) 136 (17.5%) 314 (35.8%) 572 (18%)
Histology
Transitional cell papillomas and carcinomas 0 (0.0%) 3 (0.7%) 5 (0.7%) 1(0.1%) 5 (0.6%) 14 (0.4%)
Adenomas and adenocarcinomas 35 (10.3%) 43 (9.6%) 51 (6.9%) 60 (7.7%) 67 (7.6%) 256 (8.1%)
Adnexal and skin appendage neoplasms 278 (81.5%) 362 (80.6%) 574 (78.1%) 586 (75.3%) 649 (74.0%) 2449 (77%)
Mucoepidermoid neoplasms 4 (1.2%) 0 (0.0%) 1(0.1%) 1(0.1%) 3 (0.3%) 9 (0.3%)
Cystic, mucinous and serous neoplasms 13 (3.8%) 11 (2.4%) 36 (4.9%) 23 (3.0%) 22 (2.5%) 105 (3.3%)
Ductal and lobular neoplasms 2 (0.6%) 14 (3.1%) 47 (6.4%) 82 (10.5%) 84 (9.6%) 229 (7.2%)
Acinar cell neoplasms 1 (0.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 1(0.1%) 2 (0.1%)
Complex epithelial neoplasms 2 (0.6%) 9 (2.0%) 11 (1.5%) 14 (1.8%) 24 (2.7%) 60 (1.9%)
Complex mixed and stromal neoplasms 6 (1.8%) 7 (1.6%) 10 (1.4%) 11 (1.4%) 22 (2.5%) 56 (1.8%)
COX regression analysis of patients with skin cancer.
Univariate Univariate Univariate Multivariate Multivariate Multivariate
Variable Analysis HR Analysis 95% ClI Analysis P-value Analysis HR Analysis 95% Cl Analysis P value
Age
<50 1 (reference)
50-59 11.50 (6.73,19.65) < .05 11.22 (6.55,19.24) < .05
60-69 1.95 (1.05,3.65) < .05 1.69 (0.90,3.17) 10
70-79 2.80 (1.58,4.96) < .05 2.64 (1.49,4.67) < .05
>=80 4.87 (2.81,8.44) < .05 4.83 (2.78,8.40) < .05
Sex
Female 1 (reference)
Male 1.10 (0.93,1.31) .26 1.13 (0.96,1.35) 15
Race
Black 1 (reference)
White 1.31 (0.69,2.48) A1 1.13 (0.59,2.16) 72
Other 1.87 (1.13,3.07) < .05 1.40 (0.84,2.35) 20
Stage_T
T0 1 (reference)
T 3.724e+05 - .99 2.004e+06 - 99
T2 6.252e+05 - .99 3.437e+06 - .99
T3 5.026e+05 - .99 2.057e+06 - .99
T4 1.014e+06 - 99 4.214e+06 - .99
X 4.453e+05 - .99 1.954e+06 - 99
Stage_N
(continued)
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(continued).

Univariate Univariate Univariate Multivariate Multivariate Multivariate

Variable Analysis HR Analysis 95% CI Analysis P-value Analysis HR Analysis 95% CI Analysis P value

NO 1 (reference)

N1 1.49 (0.84,2.64) A7 1.20 (0.64,2.24) .56

N2a 13.47 (3.35,54.27) < .05 7.80 (1.92,31.62) < .05

N2b 2.86 (1.68,4.87) < .05 2.00 (1.16,3.47) < .05

N2¢c 13.11 (4.19,41.01) < .05 317 (0.90,11.23) .07

N3 2.098e-06 - .99 2.282e-06 - .99

NX 1.67 (1.38,2.04) < .05 1.53 (1.23,1.89) < .05
Stage_M

MO 1 (reference)

M1 5.94 (3.87,9.11) < .05 5.56 (3.36,9.18) < .05
Histology

Transitional cell papillomas and carcinomas 1 (reference)

Adenomas and adenocarcinomas 1.04 (0.33,3.32) 94 1.21 (0.37,3.89) 75

Adnexal and skin appendage neoplasms 0.74 (0.24,2.32) 61 0.90 (0.29,2.84) .86

Mucoepidermoid neoplasms 0.98 (0.16,5.87) .98 1.03 0.17,6.32) 97

Cystic, mucinous and serous neoplasms 0.24 (0.06,0.94) < .05 0.34 (0.09,1.33) 12

Ductal and lobular neoplasms 0.80 (0.25,2.58) 71 0.70 (0.21,2.28) .55

Acinar cell neoplasms 1.694e-06 - .99 3.711e-07 - .99

Complex epithelial neoplasms 1.31 (0.39,4.42) 67 1.16 (0.34,3.98) 81

Complex mixed and stromal neoplasms 1.36 (0.39,4.69) 63 1.49 (0.43,5.23) 53

Cl=confidence interval; HR =hazard ratio.
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Figure 1. Skin cancer survival nomogram. (To use the nomogram, an individual patient’s value is located on each variable axis, and a line is drawn upward to
determine the number of points received for each variable value. The sum of these numbers is located on the Total Points axis, and a line is drawn downward to the
survival axes to determine the likelihood of 3- or 5-year survival). A: Transitional cell papillomas and carcinomas; B: Adenomas and adenocarcinomas; C: Adnexal
and skin appendage neoplasms; D: Mucoepidermoid neoplasms; E: Cystic, mucinous and serous neoplasms; F: Ductal and lobular neoplasms; G: Acinar cell
neoplasms; H: Complex epithelial neoplasms; I: Complex mixed and stromal neoplasms.
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Figure 2. Nomogram-Predicted Probability of 3-Year Survival (the modeling group). In the model calibration diagram, the abscissa of the diagram is the prediction
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actual probability of the events. The blue line is the fitting line, representing the actual value corresponding to the predicted value. If the prediction model has high
accuracy, the blue line and the reference line (the dashed line in the diagram) basically coincide. On the contrary, the blue line and the reference line do not coincide.
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Figure 3. Nomogram-Predicted Probability of 5-Year Survival (the modeling group).
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Figure 6. The ROC curve for 3-year survival rate.
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Figure 7. The ROC curve for 5-year survival rate.

4. Discussion

Although the fatality rate of skin cancer is much lower than that of
other malignancies, the morbidity and mortality rates have also
been increasing in recent years, which are of great harm to human
health."! Therefore, it is of great significance to construct the
prognostic prediction model of skin cancer patients. At present,
there is no accurate prediction model for the prognosis of skin
cancer patients, and little is known about the prognostic factors of
skin cancer."?! This study collected data of patients with skin
cancer from SEER database, analyzed prognostic factors of
patients with skin cancer after surgery from a large sample and
multi-center perspective, and established a more accurate predic-
tion model to predict the prognosis of patients, so as to provide
certain reference and guidance for clinicians in clinical work.

In this study, we used SEER data on skin cancer patients to
construct a skin cancer clinical prediction model for 3180 skin
cancer patients, a large sample size and a comprehensive
population, which is widely used to predict the prognosis of
skin cancer patients. The Nomogram model was verified by c-
Index, ROC curve and calibration diagram, and the clinical
prediction model for skin cancer patients constructed in this study
was of moderate accuracy.

This study also has limitations:

1. The data used in this study were obtained from SEER
database, and the SEER database did not provide specific
treatment plans such as surgery, chemotherapy, and follow-up
treatment for skin cancer patients, nor did it record patients’
disease history, complications, tumor recurrence, systemic
diseases, etc. These missing values may affect the prognosis
prediction of patients.

2. Due to the limited histopathological classification of skin
cancer in SEER database, the Nomogram model we
constructed did not incorporate traditional MM, BCC, SCC.

3. The Nomogram model was validated using SEER database
patient data, and although the results suggest moderate

accuracy, further validation of the Nomogram model with
clinical data is needed.

5. Conclusions

The nomogram model of postoperative survival of patients with
skin cancer, based on SEER database of patients with skin cancer,
has shown good stability and accuracy in multi-method
validation, suggesting that this model may provide clinicians
with potential value in assessing postoperative survival of
patients with skin cancer.
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