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[ Abstract] Objective To construct nomogram models to predict the risk factors for early death in patients with
metastatic melanoma (MM). Methods The study covered 2138 cases from the Surveillance, Epidemiology, and End
Results Program (SEER) database and all these patients were diagnosed with MM between 2010 and 2015. Logistic
regression was performed to identify independent risk factors affecting early death in MM patients. These risk factors
were then used to construct nomograms of all-cause early death and cancer-specific early death. The efficacy of the model
was assessed with receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA).
In addition, external validation of the model was performed with clinicopathologic data of 105 patients diagnosed with
MM at Sichuan Cancer Hospital between January 2015 and January 2020. Results According to the results of logistic
regression, marital status, the primary site, N staging, surgery, chemotherapy, bone metastases, liver metastases, lung
metastases, and brain metastases could be defined as independent predictive factors for early death. Based on these factors,
2 nomograms were plotted to predict the risks of all-cause early death and cancer-specific early death, respectively. For the
models for all-cause and cancer-specific early death, the areas under the curve (AUCs) for the training group were 0.751
(95% confidence interval [CI]: 0.726-0.776) and 0.740 (95% CI: 0.714-0.765), respectively. The AUCs for the internal
validation group were 0.759 (95% CI: 0.722-0.797) and 0.757 (95% CI: 0.718-0.780), respectively, while the AUCs for the
external validation group were 0.750 (95% CI: 0.649-0.850) and 0.741 (95% CI: 0.644-0.838), respectively. The calibration
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curves showed high agreement between the predicted and the observed probabilities. DCA analysis indicated high clinical

application value of the models. Conclusion The nomogram models demonstrated good performance in predicting

early death in MM patients and can be used to help clinical oncologists develop more individualized treatment strategies.
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SEER cases--patients diagnosed with
metastatic melanoma in 2010-2015
(n=3056)

Patients diagnosed with metastatic
melanoma from Jamuary 2015 to
January 2020 in Sichuan Cancer
Hospital (n=232)

Patients excluded (n=918/n=127)

4. Treatment unknown
5. Missing follow-up data

1. No definitive histological examination
2. Age, race, marital status, and staging information unknown
3. Liver, brain, lung, and bone metastases unknown

H

Patients included (n=2 138)

|
Y 1

Training cohort Internal validation External validation
(n=1498) cohort (1=640) cohort (n=105)
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Fig 1 Flow chart for data inclusion of patients with MM in this study
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R 1 IGEIEERNAEENS ERlogistic @A ( n=1498 )

Table1 Univariate and multivariate logistic regression analysis of the training data sets (n=1498)

Univariate logistic regression analysis Multivariate logistic regression analysis
Variable All-cause early death Cancer-specific early death All-cause early death Cancer-specific early death
OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Agelyr.

<40 1.10 (0.69-1.75)  0.701  1.08 (0.67-1.73) 0.757 0.88 (0.51-1.50)  0.636

40-65 1.70 (1.07-2.72) ~ 0.026  1.55(0.97-2.49) 0.067 1.41(0.82-2.44)  0.212

>65 1 (ref) 1 (ref) 1 (ref)
Marital status

Married 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Single 1.40 (1.14-1.72) ~ 0.002  1.35(1.09-1.66) 0.006 1.48 (1.16-1.88)  0.002  1.37 (1.08-1.73) 0.001
Primary site

Skin (NOS) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Unspecified parts on the face 0.50 (0.25-1.16)  0.115  0.53 (0.24-1.14) 0.103 1.42 (0.56-3.59)  0.461 1.23(0.48-3.13) 0.665

Skin on the scalp and neck 0.27 (0.15-0.46)  <0.001  0.30 (0.17-0.52) ~ <0.001 0.47 (0.23-0.97)  0.040  0.53 (0.26-1.08) 0.078

Skin on the trunk 0.64 (0.46-0.89)  0.009  0.60 (0.43-0.85) 0.003 1.16 (0.68-1.98)  0.579  0.98 (0.58-1.66) 0.938

Skin on the upper limb and shoulder 0.59 (0.36-0.95)  0.029  0.59 (0.36-0.95) 0.031 1.24 (0.64-2.38)  0.522  1.15(0.60-2.21) 0.667

Skin on the lower limb and hip 0.31(0.19-0.52) <0.001  0.35(0.21-0.58)  <0.001 0.60 (0.31-1.18)  0.140  0.66 (0.34-1.28) 0.219

Choroid 0.08 (0.01-0.61)  0.014  0.09 (0.01-0.68) 0.019 0.09 (0.01-0.76)  0.027  0.10 (0.01-0.82) 0.032

External ear 0.27 (0.06-1.24)  0.091  0.30 (0.06-1.38) 0.121 0.59 (0.10-3.58)  0.567  0.67 (0.12-3.83) 0.648

Other rare sites 0.33(0.14-0.78) ~ 0.011  0.37 (0.16-0.87) 0.023 0.42 (0.15-1.13)  0.086  0.50 (0.19-1.34) 0.168
Melanoma type

Malignant melanoma, NOS 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Nodular melanoma 0.46 (0.30-0.70)  <0.001  0.51 (0.34-0.78) 0.002 0.91(0.51-1.62)  0.757  0.97 (0.55-1.71) 0.911

Superficial spreading melanoma 0.45(0.19-1.06)  0.066  0.41 (0.17-1.02) 0.054 0.76 (0.28-2.09)  0.594  0.67 (0.24-1.88) 0.448

Spindle cell melanoma 0.47 (0.17-1.30)  0.145 0.52 (0.19-1.45) 0.214 0.54(0.17-1.68)  0.286  0.66 (0.22-2.01) 0.468

Amelanotic melanoma 1.08 (0.47-2.49)  0.853  1.01(0.43-2.36) 0.978 1.09 (0.44-2.66)  0.857  1.02(0.41-2.54) 0.962

Other rare types 0.31 (0.14-0.68)  0.003  0.35(0.16-0.76) 0.008 0.54 (0.23-1.30)  0.171  0.64 (0.27-1.51) 0.310
T stage

TO 1 (ref) 1 (ref) 1 (ref) 1 (ref)

T1-T2 0.34 (0.22-0.55) <0.001  0.36 (0.22-0.57) <0.001 1.08 (0.53-2.22)  0.824  1.09 (0.53-2.21) 0.820

T3-T4 0.51 (0.38-0.70) <0.001  0.52 (0.38-0.71) <0.001 1.46 (0.78-2.71)  0.236  1.44 (0.78-2.66) 0.249

TX 1.13(0.89-1.44) 0319  1.06 (0.83-1.35) 0.654 1.22(0.91-1.63)  0.190  1.16 (0.87-1.55) 0.317
N stage

NO 1 (ref) 1 (ref) 1 (ref) 1 (ref)

N1 1.06 (0.78-1.43)  0.718  1.09 (0.80-1.47) 0.580 1.29(0.91-1.82)  0.147 127 (0.90-1.79) 0.168

N2 0.27 (0.13-0.58) ~ 0.001  0.30 (0.14-0.64) 0.002 0.39 (0.17-0.90)  0.027  0.40 (0.18-0.91) 0.030

N3 0.68 (0.42-1.09)  0.108  0.60 (0.37-0.99) 0.045 1.16 (0.66-2.04)  0.613  0.95 (0.54-1.70) 0.874

NX 1.94 (1.51-2.48) <0.001 1.87 (1.45-2.39) <0.001 1.77 (1.33-2.35)  <0.001  1.67 (1.26-2.21) <0.001
Surgery

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.34 (0.26-0.44) <0.001  0.36 (0.28-0.48)  <0.001 0.42 (0.27-0.66) <0.001  0.48 (0.31-0.75) 0.001
Chemotherapy

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 0.32 (0.25-0.41) <0.001  0.35(0.27-0.45)  <0.001 0.27 (0.20-0.36) <0.001  0.29 (0.22-0.38)  <0.001
Bone metastasis

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 1.48 (1.16-1.87)  0.001  1.42(1.11-1.80) 0.005 1.50 (1.13-2.00)  0.005 1.33 (1.00-1.77) 0.047
Brain metastasis

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 1.89(1.53-2.34) <0.001  1.90(1.53-2.35)  <0.001 2.00 (1.56-2.55) <0.001 1.91(1.50-2.43)  <0.001
Liver metastasis

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 1.94 (1.55-2.42) <0.001 1.98 (1.58-2.48) <0.001 2.23(1.70-2.92) <0.001  2.21 (1.69-2.88) <0.001
Lung metastasis

No 1 (ref) 1 (ref) 1 (ref) 1 (ref)

Yes 1.76 (1.43-2.17) <0.001  1.74 (1.40-2.15) <0.001 1.45(1.14-1.84)  0.003  1.46 (1.15-1.86) 0.002

NOS: not otherwise specified; OR: odds ratio; CI: confidence interval.
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