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Background: Trunk melanoma is one of the most common and deadly types of melanomas. Multiple
factors are associated with the prognosis of patients with trunk melanoma. Currently, direct, and reliable
clinical tools for early assessment of individual specific risk of death are limited, and most of them are
prediction models for all-cause death. Their accuracy in predicting competitiveness events, which make up
a relatively large portion, may be substantially compromised. Hence, we conducted this study to investigate
the risk factors of trunk melanoma-specific death to establish a comprehensive prediction model suitable for
clinical application.

Methods: Patients with trunk melanoma analyzed in this study were from the SEER program [2010-2015].
The random sampling method was used to split the included cases into the training and validation cohorts
at a ratio of 7:3. Univariate and multivariate competing risk models were used to screen the independent
influencing factors of specific death, and then a nomogram covering these independent predictors was
constructed. The concordance index (C-index) and a calibration curve were used to evaluate the calibration
degree and accuracy of the nomogram.

Results: We identified 21,198 patients with trunk melanoma from the SEER database, and 3,814 of them
died (17.99%). Among the death cases, deaths from other causes accounted for 66.50%The prognostic
nomogram included 8 variables and 16 independent influencing factors. The overall C-index in the training
set was 0.89, and the receiver operating characteristic (ROC) curve for predicting 1-, 3-, and 5-year survival
was 0.928 [95% confidence interval (CI): 0.911-0.945], 0.907 (95% CI: 0.895-0.918), and 0.891 (95% CI:
0.879-0.902), respectively. The C-index of the model in the validation set was 0.89, and the area under
the ROC curve (AUC) for predicting 1-, 3-, and 5-year cancer-specific death (CSD) was 0.927 (95% CI:
0.899-0.955), 0.916 (95% CI: 0.901-0.930), and 0.905 (95% CI: 0.899-0.921). Both the training set and the
validation set showed the ideal calibration degree.

Conclusions: This model can be used as a potential tool for prognostic risk management of trunk

melanoma in the presence of many competing events.
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Introduction

Cancer is currently the first or second most common cause
of premature death in most countries worldwide. Due to
the aging of the population, the strong impact of population
growth changes on the incidence of cancer and its high cost
of treatment are a major challenge facing today’s society
(1,2). Melanoma, one of the most advanced malignancies
with the worst prognosis, is growing at a rate of 3-5%
per year, the fastest rate of any malignancy (3). Melanoma
has a very high mortality rate and remains by far the most
refractory malignancy in the world. Nodular melanoma
is most commonly found in the trunk, head, or neck,
accounting for 10-15% of all melanomas (4-6). Currently,
the 5-year survival rate for trunk melanoma is as high as
around 90% in high-income countries, but less than half
that in low- and middle-income countries (7,8). Although
the incidence of melanoma is relatively low among all
cancers, it is displaying an increasing trend of incidence
among the young and middle-aged group, which will cause
a great burden to the families of patients (9,10).

Currently, the American Joint Committee on Cancer
(AJCC) staging system is the main method to evaluate
the prognosis of patients with melanoma. However, there
are significant differences in the subsequent treatment

Highlight box

Key findings
*  We developed and validated a nomogram for the specific death
prognosis of trunk melanoma.

What is known and what is new?

¢ Trunk melanoma is a common skin cancer with a poor prognosis.
The traditional AJCC staging system is used to predict the survival
of melanoma of trunk, but is not specific for melanoma of trunk;
thus, a more feasible survival predictive model is needed.

¢ Improved prognostic accuracy and discriminative ability in patients
with melanoma of trunk when compared with the AJCC system.
This nomogram can be used as a potential tool for the prognostic

risk management of trunk melanoma.

What is the implication, and what should change now?
® The nomogram under the competitive risk model has a better
performance in predicting CSD.

© Annals of Translational Medicine. All rights reserved.

effects of patients in the same stage, suggesting that the
AJCC staging system needs to be improved in predicting
prognosis and treatment (11). This method is only suitable
for evaluating primary tumor (T), tumor thickness, ulcer
status, regional lymph nodes (N), number of metastatic
lymph nodes (LNs), satellite lesion, intermediate metastasis
status, distant metastasis status (M), tumor location, and
lactate dehydrogenase (LDH) level. However, the linearity
decreases compared with the previous staging system,
and the groups tend to overlap, which does not mean that
the prognosis is poor; there is still substantial room for
improvement (12,13).

Melanoma has long been considered a malignant tumor with
few treatment options. Currently, the main treatment methods
remain surgical resection and targeted therapy (14-17).
Increased biological understanding and unprecedented
innovations in therapies targeting mutated driver genes
and immune checkpoints have substantially improved the
prognosis of patients. However, the low response rate and
inevitable occurrence of resistance to currently available
targeted therapies have stymied further advancements
in melanoma management. Therefore, it is necessary
to understand the mechanisms underlying melanoma
pathogenesis more comprehensively, which might lead to
more substantial progress in therapeutic approaches and
expand clinical options for melanoma therapy.

Nomograms are widely used as prognostic devices in
oncology and medicine to generate individual probabilities
of clinical events by integrating various prognostic and
determining variables (18). Previous studies have developed
and validated methods for predicting recurrence and
melanoma-specific death in patients with negative sentinel
LNs, as well as novel nomograms and risk classification
systems for predicting cancer-specific death (CSD) in
patients initially diagnosed with metastatic cutaneous
melanoma. Factors incorporated into such nomograms have
included sex, age, date of diagnosis, date of sentinel lymph
node biopsy (SLNB), characteristics of the primary tumor
(Breslow thickness, ulceration), recurrence and follow-up
details, race, marital status, insurance, AJCC stage T and
N, number of metastatic organs, surgical treatment, and
chemotherapy (19,20). Recently, many studies have also
documented the prognosis of other tumors, such as parotid

Ann Transl Med 2022;10(24):1371 | https://dx.doi.org/10.21037/atm-22-6045



Annals of Translational Medicine, Vol 10, No 24 December 2022

carcinoma, maxillary sinus carcinoma, and breast cancer in
the elderly (21-23). Although some studies have mentioned
melanoma, no specific studies have been conducted on
trunk melanoma due to its small sample size, single source
of sample size, or lack of CSD risk factor assessment. So it
is necessary to carry out more studies on trunk melanoma
(24-26). In addition, most existing models focus on the
outcome of all-cause death. Therefore, the accuracy of these
risk models in predicting competitive events, which make
up a relatively large portion and are a random factor in the
model of all-cause death, may be significantly compromised.
Furthermore, a small number of models use traditional
survival analysis to explore specific deaths, which requires
removing competitive events. This can also cause serious
bias when the proportion of competitive events is large.

The Surveillance, Epidemiology, and End Results
(SEER) database is a publicly available, population-based
resource, because local registries report information for all
cancer cases within a specific region and/or defined racial/
ethnic population (27). The datasets retrieved from the
SEER database are of sufficient size to create a prediction
model. The data of the cases used in this study are reliable
and the sample size is sufficient. Through data mining
technology, we can reduce the characteristics of dimensional
heterogeneity, timeliness, scarcity, irregularity, and so on
to a certain extent, to better assess the risk of patients and
assist clinical decision-making to establish disease prediction
models (28).

Within this study, we utilized a representative cohort
of patients with trunk melanoma from the SEER database
registry to identify independent prognostic factors and
to develop and validate a predictive model for trunk
melanoma in the form of a nomogram to help clinicians in
the prevention and treatment of trunk melanoma, to make
specific decisions, and to accurately predict disease outcomes.
We present the following article in accordance with the
TRIPOD reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-6045/rc).

Methods
Data source

The SEER database is representative of the US population,
with patient-level data abstracted from 18 geographically
diverse populations that represent rural, urban, and regional
populations. Trunk melanoma cases between 2010 and 2015
in the SEER public access database and their corresponding
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details were retrieved with the use of SEER*Stat software. A
total of 25,542 samples were included, so there was no need
to introduce external validation.

Study population

We retrospectively analyzed data from the SEER data
repository from 2010 to 2015. The SEER data warchouse
(https://seer.cancer.gov/) is publicly accessible. We followed
the SEER 18 rules for custom data selection (with an
additional search completed and uploaded in November
2019 [1992-2017]. All patients with a primary diagnosis
of trunk melanoma were included in the analysis. The
exclusion criteria were as follows: nonconformance to the
primary site and indeterminate factors [race, marriage,
positive regional LNs, and survival months, derived AJCC
stage group, RX-Ubiquitin like small molecule modifier (RX
SUMO)-surgery other Registry/Digital Information System
(Reg/Dis), THOR database Cross-reference data (DX)
bone bound SEER met, DX brain bound SEER met, DX
liver bound SEER met, DX lung bound SEER met]; some
sites were not operated on [RX Summary-Surg Prim Site
(1998+), RX Summary-Scope Reg LN Sur (2003+)]; and
LNs were not submitted for examination. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).

Variable selection

We calculated the ratio of deaths from other causes to the
total number of deaths. When the ratio of deaths from
other causes was high (e.g., >20%), a competing risk model
was constructed. Factors including age, race, sex, marriage,
laterality, behavior, stage, T stage, N stage, surgery, LN
surgery, surgery other, radiation, chemotherapy, Breslow,
pretreatment, LDH, mitotic, ulceration, LN positive,
bone, brain, liver, and lung involvement, malignant, time,
and status were the independent predictive factors. We
randomly divided the cohort into a training cohort and
validation cohort according to the ratio of 7:3. In the
training cohort, univariate and multivariate competing risk
models were used to screen for variables with P>0.1 among
univariate variables. The variable of 0.1 was included in the
multivariate competing risk model, and P>0,1 was selected
as the multivariate factor. A variable of 0.05 constructed a
competing risk model for the predicted years plot. Non-
metrology and different receiver operating characteristic
(ROC) curves were used to evaluate the prediction accuracy
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Figure 1 Flow diagram illustrating recruitment of patients. SEER, Surveillance, Epidemiology, and End Results; AUC, area under the ROC

curve; ROC, receiver operating characteristic.

of each variable, and calibration curves were used to
evaluate the calibration of the predicted years plot.

Statistical analyses

The data after cleaning is randomly sampled, and the data
is split according to the ratio of 7:3. The data is randomly
divided into the training queue and the verification queue,
and the basic information of the training set and the
verification set is statistically analyzed. The training set
data is used for internal model validation, and the validation
set data is used for external model validation. Data were
statistically analyzed according to normal distribution.
Measurements (age and tumor size) were expressed as
means and standard deviations, using #-tests for independent
samples, n-test and frequency (%) for categorical variables,
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chi-square tests for comparison between groups, and the
chi-square test or non-parametric U-test was applied for
difference analysis. Log-rank test and Kaplan-Meier curve
were used to analyze the differences in survival between
groups. All statistical methods were analyzed by R software
4.2.0 (The R Foundation for Statistical Computing, Vienna,
Austria) and SPSS 13.0 (IBM Corp., Chicago, IL, USA). A
P value <0.05 was considered statistically significant.

Results
Patient characteristics

As shown in Figure 1, we initially retrieved 12,7188 patient
cases from the SEER database, and after screening, a total
of 21,198 patients with trunk melanoma were eligible, and
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3814 of them died (17.99%). Among the death cases, deaths
from other causes accounted for 66.50%. Therefore, the
impact of deaths from other causes cannot be eliminated
when considering specific mortality by Cox regression
analysis or all-cause death. The median age of the cases
at diagnosis was 59.93x15.60 years, 68.16% were male,
most patients were White (n=21,004, 99. 08%, P<0.05),
and 69.72% were married. Among 21,198 cases of trunk
melanoma, laterality was found in 8,726 cases (41.16%)
on the left side. Among them, stage I was the longest
concurrent tumor stage (n=16,205, 76.45%), followed by
stage II (n=2,753, 12.99%) and stage III (n=1,983, 9.35%,
P<0.05), and stage IV (n=257, 1.21%). In addition, most of
the torso melanoma patients were classified as T'1 (66.48%),
followed by T2 (16.77%), T3 (9.27%), and T4 (7.48%).
Almost 95.84% of patients did not have LN metastasis (NO),
and 85.16% of patients did not have ulcers. Nearly half of
the patients received surgery (n=11,380, 53.68%), and a
minority of patients received chemotherapy (n=321, 1.51%).
Detailed population statistics and clinical characteristics are
provided in Table 1.

Developing and validating the nomogram

A competing risk model was constructed and factors of
significance in univariate analysis (P<0.05) were included
in the multivariate competing risk model analysis. The
results showed that the risk factors of trunk melanoma
included age, marriage, race, sex, behavior, stage, T stage,
N stage, surgery, LN surgery, surgery other, pretreatment
LDH, radiation, mitotic, ulceration, LN positive, bone,
brain, liver, Breslow, and lung involvement. Independent
predictors, specific deaths at different levels, and deaths
from other causes are described in Figure SI.

All variables were further identified by multivariate
assessment of the Fine-Gray ratio example distribution
risk model. After optimizing the nomogram, we finally
included variables in the estimation model and summarized
their effect sizes (Table 2). We used these variables to create
a competing event nomogram to assess 3- and 5S-year
CSD probabilities (see Figure S2 for more details). The
likelihood of death at different time points for each patient
was calculated through this model by adding a score for
each integration variable.

The C-index obtained through internal verification of
the training set was 0.899 [standard error (SE): 0.001],
and the areas under the nomogram curve were 0.928

[95% confidence interval (CI): 0.99-0.945], 0.907 (95%
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CI: 0.895-0.918) and 0.891 (95% CI: 0.879-0.902). The
C-index obtained through external verification of the
validation set was 0.890 (SE: 0.002), and the areas under
the nomogram ROC curve were 0.927 (95% CI: 0.899-
0.955), 0.916 (95% CI: 0.901-0.930) and 0.905 (95% CI:
0.899-0.921), respectively. The calibration curve was highly
consistent with the nomogram ideal curve, the calibration
degree was ideal, and the discrimination degree of the area
under the ROC curve (AUC) was high (Figures 2,3).

Discussion

Despite the low incidence of trunk melanoma, its growth
rate is faster, and the fatality rate is higher in patients with
late stage. Although studies with substantial sample sizes of
melanoma patients have been conducted, and nomograms
have been constructed, their clinical application has been
limited by lack of information and external data validation.
This study on trunk melanoma involved competitive risk
analysis and a nomogram was developed and verified for its
specificity in predicting CSD (29).

Within this study, for the first time, we used SEER data
to create a prognostic line chart of patients with trunk
melanoma, and to include more accurate indicators. The
larger sample size in the SEER database reduced the error
in this study to some extent. The established nomogram
can ensure that the selected variables can be directly related
to the prognosis of melanoma, which has good clinical
application value.

Whereas previous studies of melanoma based on the
SEER database have focused on incidence and survival
outcomes (30-32), we focused in this study on creating
a predictive nomogram with strong clinical application.
Both the training set and the validation set showed the
ideal calibration degree. The model we constructed can
be applied to all trunk melanoma patients, is suitable for
clinical application in medical institutions at all levels, and
can, to a certain extent, make up for the inadequacy of
AJCC staging method and provide an accurate prognostic
assessment tool. In addition, our nomogram can facilitate
clinician and patient interactions. In addition, local datasets
can be used for external verification of the modified
nomogram according to the situation of different medical
institutions, to optimize adaption to the local situation.

Other studies have evaluated the predictive nomogram
for other types of melanoma. Xu et #/. included a
300-column study in their research on head and neck
melanoma and obtained a C-index value >0.7. Xiao er al.
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Table 1 Basic characteristics of trunk melanoma patients in the training and internal validation cohorts

Factors Define Train (n=14,841) Test (n=6,357) All (n=21,198)
Age (years) 59.89+15.64 60.02+15.49 59.93+15.60
Marriage Married 10,296 (69.38) 4,484 (70.54) 14,780 (69.72)
Divorced 2,503 (16.87) 1,005 (15.81) 3,508 (16.55)
Single 890 (6.00) 388 (6.10) 1,278 (6.03)
Other 1,152 (7.76) 480 (7.55) 1,632 (7.70)
Race White 14,700 (99.05) 6,304 (99.17) 21,004 (99.08)
Other 141 (0.95) 53 (0.83) 194 (0.92)
Sex Male 10,141 (68.33) 4,308 (67.77) 14,449 (68.16)
Female 4,700 (31.67) 2,049 (32.23) 6,749 (31.84)
Laterality Left 6,034 (40.66) 2,692 (42.35) 8,726 (41.16)
Right 5,807 (39.13) 2,374 (37.34) 8,181 (38.59)
Bilateral 3,000 (20.21) 1,291 (20.31) 4,291 (20.24)
Behavior Behav1 6,735 (45.38) 2,840 (44.68) 9,575 (45.17)
Behav2 5,836 (39.32) 2,542 (39.99) 8,378 (39.52)
Behav3 2,270 (15.30) 975 (15.34) 3,245 (15.31)
Stage | 11,353 (76.50) 4,852 (76.33) 16,205 (76.45)
I 1,906 (12.84) 847 (13.32) 2,753 (12.99)
M 1,386 (9.34) 597 (9.39) 1,983 (9.35)
I\ 196 (1.32) 61 (0.96) 257 (1.21)
T T 9,859 (66.43) 4,233 (66.59) 14,092 (66.48)
T2 2,511 (16.92) 1,044 (16.42) 3,555 (16.77)
T3 1,368 (9.22) 598 (9.41) 1,966 (9.27)
T4 1,103 (7.43) 482 (7.58) 1,585 (7.48)
N NO 14,213 (95.77) 6,103 (96.00) 20,316 (95.84)
N1 408 (2.75) 187 (2.94) 595 (2.81)
N2 220 (1.48) 67 (1.05) 287 (1.35)
Surgery Surg1 7,935 (53.47) 3,445 (54.19) 11,380 (53.68)
Surg2 5,621 (37.87) 2,420 (38.07) 8,041 (37.93)
Surg3 217 (1.46) 88 (1.38) 305 (1.44)
Surg4 1,068 (7.20) 404 (6.36) 1,472 (6.94)
LNSur None 6,276 (42.29) 2,718 (42.76) 8,994 (42.43)
1-3 5,825 (39.25) 2,509 (39.47) 8,334 (39.32)
4+ 339 (2.28) 130 (2.04) 469 (2.21)
Others 2,401 (16.18) 1,000 (15.73) 3,401 (16.04)

Table 1 (continued)
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Factors Define Train (n=14,841) Test (n=6,357) All (n=21,198)
SurgOth None 9,158 (61.71) 3,901 (61.37) 13,059 (61.60)
Yes 5,683 (38.29) 2,456 (38.63) 8,139 (38.40)
Radiation No 14,677 (98.89) 6,267 (98.58) 20,944 (98.80)
Yes 164 (1.11) 90 (1.42) 254 (1.20)
Chemotherapy No 14,605 (98.41) 6,272 (98.66) 20,877 (98.49)
Yes 236 (1.59) 85 (1.34) 321 (1.51)
Breslow 0.7 [0.4, 1.4] 0.7 [0.4, 1.3] 0.7 [0.4,1.4]
Pretreatment LDH Other 13,288 (89.54) 5,696 (89.60) 18,984 (89.56)
Normal level 1,112 (7.49) 444 (6.98) 1,556 (7.34)
Above 441 (2.97) 217 (3.41) 658 (3.10)
Ulceration No 12,626 (85.08) 5,427 (85.37) 18,053 (85.16)
Yes 2,215 (14.92) 930 (14.63) 3,145 (14.84)
Mitotic 010, 2] 010, 2] 010, 2]
Positive No 2,404 (16.20) 1,018 (16.01) 3,422 (16.14)
Yes 6,220 (41.91) 2,653 (41.73) 8,873 (41.86)
Other 6,217 (41.89) 2,686 (42.25) 8,903 (42.00)
Bone No 14,790 (99.66) 6,343 (99.78) 21,133 (99.69)
Yes 51 (0.34) 14 (0.22) 65 (0.31)
Brain No 14,791 (99.66) 6,340 (99.73) 21,131 (99.68)
Yes 50 (0.34) 17 (0.27) 67 (0.32)
Liver No 14,788 (99.64) 6,344 (99.80) 21,132 (99.69)
Yes 53 (0.36) 13 (0.20) 66 (0.31)
Lung No 14,758 (99.44) 6,333 (99.62) 21,091 (99.50)
Yes 83 (0.56) 24 (0.38) 107 (0.50)
Malignant 1 9,378 (63.19) 4,004 (62.99) 13,382 (63.13)
>1 5,463 (36.81) 2,353 (37.01) 7,816 (36.87)
Status 0 12,167 (81.98) 5,217 (82.07) 17,384 (82.01)
1 1,204 (8.11) 505 (7.94) 1,709 (8.06)
2 1,470 (9.90) 635 (9.99) 2,105 (9.93)
Time (years) 59.34+24.96 59.19+24.75 59.30+24.90

Data are present as n (%), median [range], or mean + SD. LNSur, LN surgery; LN, lymph node; SurgOth, surgery other; LDH, lactate

dehydrogenase; SD, standard deviation.
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Table 2 Results of univariate and multivariate analyses of the validation cohort were performed using the Fine-Gray ratio example distribution

hazard model

Univariate analysis

Multivariate analysis

Characteristics Define
HR (95% Cl) Z(P) HR (95% Cl) Z(P)
Age 1.018 (1.014-1.022) 9.222 (<0.001) 1.017 (1.012-1.022) 7.173 (<0.001)
Marriage Married Ref NA Ref NA
Divorced 1.601 (1.387-1.848) 6.436 (<0.001) 1.241 (1.047-1.47) 2.495 (0.013)
Single 2.416 (2.008-2.907) 9.352 (<0.001) 1.252 (0.999-1.57) 1.949 (0.051)
Other 1.804 (1.497-2.173) 6.208 (<0.001) 1.249 (1.021-1.527) 2.162 (0.031)
Race White Ref NA Ref NA
Other 3.655 (2.595-5.149) 7.416 (<0.001) 1.748 (1.165-2.622) 2.697 (0.007)
Sex Female Ref NA Ref NA
Male 1.388 (1.219-1.581) 4.936 (<0.001) 1.139 (0.982-1.322) 1.718 (0.086)
Behavior Behav1 Ref NA Ref NA
Behav2 0.665 (0.575-0.769) -5.499 (<0.001) 0.968 (0.829-1.132) -0.405 (0.69)
Behav3 0.359 (2.446-3.172) 15.436 (<0.001) 1.111 (0.952-1.298) 1.333 (0.18)
Stage | Ref NA Ref NA
Il 8.244 (7.021-9.679) 25.747 (<0.001) 2.538 (1.881-3.425) 6.09 (<0.001)
n 17.756 (15.276-20.639) 37.473 (<0.001) 5.821 (4.295-7.888) 11.358 (<0.001)
I\ 71.670 (55.927-91.843) 33.760 (<0.001) 6.949 (4.19-11.524) 7.512 (<0.001)
T AN Ref NA Ref NA
T2 4.428 (3.690-5.314) 15.994 (<0.001) 1.495 (1.125-1.986) 2.774 (0.006)
T3 11.217 (9.445-13.322) 27.554 (<0.001) 1.488 (1.056-2.095) 2.274 (0.023)
T4 23.176 (19.676-27.298) 37.632 (<0.001) 1.868 (1.19-2.931) 2.717 (0.007)
N NO Ref NA Ref NA
N1 8.186 (6.950-9.642) 25.179 (<0.001) 1.386 (1.119-1.718) 2.990 (0.003)
N2 14.959 (12.197-18.345) 25.981 (<0.001) 1.533 (1.149-2.044) 2.906 (0.004)
Laterality Left Ref NA Ref NA
Right 1.001 (0.882-1.137) 0.022 (0.022) Ref NA
Bilateral 1.027 (0.882-1.196) 0.340 (0.340) Ref NA
Surgery Surg1 Ref NA Ref NA
Surg2 1.937 (1.712-2.191) 10.514 (<0.001) 1.199 (0.566-2.538) 0.473 (0.640)
Surg3 3.035 (2.091-4.405) 5.842 (<0.001) 0.731 (0.35-1.527) -0.834 (0.400)
Surg4 2.482 (2.044-3.013) 9.185 (<0.001) 1.497 (1.174-1.908) 3.259 (0.001)

Table 2 (continued)

© Annals of Translational Medicine. All rights reserved.
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Table 2 (continued)

Univariate analysis Multivariate analysis
Characteristics Define
HR (95% Cl) Z(P) HR (95% Cl) Z(P)
LNSur No Ref NA Ref NA
LNSur1-3 2.611 (2.256-3.021) 12.877 (<0.001) 0.866 (0.383-1.962) —0.344 (0.730)
LNSur4+ 6.976 (5.474-8.888) 15.710 (<0.001) 0.966 (0.496-1.882) —-0.102 (0.920)
LNSur others 2.502 (2.098-2.983) 10.220 (<0.001) 1.009 (0.55-1.85) 0.029 (0.980)
SurgOth No Ref NA Ref NA
Yes 1.709 (1.525-1.913) 9.290 (<0.001) 1.126 (0.652-1.947) 0.427 (0.670)
Pretreatment LDH Low Ref NA Ref NA
Normal level 1.621 (1.354-1.940) 5.270 (<0.001) 0.903 (0.733-1.111) —0.966 (0.330)
Above 2.657 (2.113-3.340) 8.362 (<0.001) 1.133 (0.874-1.468) 0.945 (0.340)
Radiation No Ref NA Ref NA
Yes 16.869 (13.486-21.099) 25.931 (<0.001) 1.876 (1.383-2.546) 4.043 (<0.001)
Chemotherapy No Ref NA Ref NA
Yes 9.194 (7.507-11.260) 21.451 (<0.001) 1.56 (1.186-2.051) 3.181 (0.002)
Mitotic 1.275 (1.261-1.290) 41.035 (<0.001) 1.054 (1.033-1.076) 5.182 (<0.001)
Ulceration 7.589 (6.778-8.498) 35.116 (<0.001) 1.408 (1.211-1.638) 4.436 (<0.001)
LN positive No Ref NA Ref NA
Yes 2.025 (1.710-2.398) 8.180 (<0.001) 0.779 (0.583-1.042) -1.682 (0.093)
Other 0.574 (0.470-0.702) -5.408 (<0.001) 0.89 (0.478-1.658) —-0.368 (0.710)
Bone No Ref NA Ref NA
Yes 38.806 (24.615-61.179) 15.752 (<0.001) 1.811 (0.935-3.505) 1.762 (0.078)
Brain No Ref NA Ref NA
Yes 39.498 (25.846-60.359) 41.035 (<0.001) 4.466 (2.456-8.12) 4.905 (<0.001)
Liver No Ref NA Ref NA
Yes 29.086 (18.138-46.644) 13.987 (<0.001) 0.995 (0.501-1.974) -0.015 (0.99)
Breslow 1.419 (1.398-1.441) 44.799 (<0.001) 1.046 (0.993-1.103) 1.687 (0.092)
Lung No Ref NA Ref NA
Yes 24.708 (17.581-34.724) 18.472 (<0.001) 1.176 (0.694-1.995) 0.603 (0.55)
Malignant 1 Ref NA Ref NA
2+ 1.038 (0.924-1.166) 0.632 (0.530) - -

HR, hazard ratio; Cl, confidence interval; NA, not available; LNSur, LN surgery; LN, lymph node; SurgOth, surgery other; LDH, lactate
dehydrogenase.
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obtained a C-index is 0.817 for the prognosis of non-
metastatic abdominal melanoma. However, Zeng er al.
obtained a C-index of 0.778 in the study of uveal melanoma
(25,33,34).

In order to include a larger amount of samples, we
choose the SEER database for its numerous data on tumor,
which can provide a wide platform for further research.
Additional, prediction models have strict requirements for
the information on samples, and the SEER database has
relatively complete data to better reflect the authenticity of
nomogram and its clinical application value. We obtained
26 indicators, including 24 specific factors, and finally used
8 indicators to construct the nomogram with a C-index of
0.89. In general, a C-index >0.7 is considered to have very
good prediction accuracy, so our model can be used as a
very desirable prospective prediction tool for melanoma.

The C-index of some published models for predicting
melanoma ranges from 0.70 to 0.82, which is not sufficient
for clinical application. The low C-index is mainly
because the competing event is a random event, which will
reduce the accuracy of all-cause death. In the opinions of

© Annals of Translational Medicine. All rights reserved.

Zaorsky et al. and Yang er al., Due to the large deviation
of independent influencing factors, Cox regression would
seriously overestimate the accuracy, which was confirmed in
our study. The impact of deaths from other causes cannot
be eliminated when considering specific mortality by Cox
regression analysis or all-cause death. So, we recommend
the use of competing risk models in this study, especially in
large sample sizes (35,36).

Melanoma is one of the most immunogenic cancers
and, as such, is most likely to respond favorably to
immunotherapy. However, like many cancers, melanomas
acquire a variety of inhibitory mechanisms that often work
in concert to evade detection and destruction by innate and
adaptive immunity. Intensive investigation of the cellular
and molecular events associated with melanoma formation,
ultimately leading to immune suppression, has led to
the discovery of new therapeutic targets and synergistic
combinations of immunotherapy, targeted therapy, and
chemotherapy (37). Melanoma is a complex disease with
multiple factors involved in body activities and resulting in
chaos in the functional balance of each system. Melanoma

Ann Transl Med 2022;10(24):1371 | https://dx.doi.org/10.21037/atm-22-6045
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reprograms its metabolic pathways to enable it to survive,
grow, and proliferate. Using metabolomics to study the
metabolism of different melanomas has become an urgent
task (38).

There are 2 main immunotherapy options for
melanoma, 3 if oncolytic viruses (T-VEC; Imlygic) are
included, although they are rarely used clinically. The 2
most important classes of drugs are anti-programmed cell
death 1 (PD-1) drugs (nivolumab or pembrolizumab) and
anti-cytotoxic T lymphocyte-associated antigen-4 (anti-
CTLA-4) drugs (ipilimumab) (39,40). Evidence has shown
that the long-term survival rate with anti-PD-1 drugs
alone is 40-45%. The combination of anti-CLTA-4 agents
has been shown to increase the 5-year survival rate by an
additional 7-10% (41,42). Therefore, for patients with
metastatic trunk melanoma, we recommend the use of anti-
PD-1 drugs alone or combined with anti-CTLA-4 drugs in
clinical treatment, either from the perspective of efficacy or
safety.

Immunotherapy for melanoma starts with the T-cell
CTLA-4 molecule. CTLA-4 is an inhibitory immune
checkpoint expressed on the surface of T cells and used
to downregulate immune responses. Ipilimumab (Yervoy)
activates the immune system by targeting CTLA-4, thereby
enhancing the activation and proliferation of T cells and
stimulating antitumor immune responses. Nivolumab
(Opdivo) is a PD-1 antibody that binds to the PD-1
receptor on T cells, thereby preventing PD-1 from binding
to PD-L1 and activating the body’s immune system to
attack tumors (43). Although the above two drugs show
better therapeutic properties, for melanoma, it is important
that patients receive immunotherapy on the first line. As
first-line agents alone, the PD-1 inhibitors nivolumab
and pembrolizumab have been shown to improve 5-year
survival. The combination of nivolumab and ipilimumab,
a CTLA-4 inhibitor, may also improve remission in
melanoma patients and may be the treatment of choice
in this field (44). The advent of immunotherapy has
revolutionized the treatment of patients with melanoma,
regardless of biomarker status. Therefore, we suggest that
future research on melanoma treatment should consider
the direction of immune metabolism, and carry out clinical
validation of single and combination therapies.

Studies have shown that 5-year survival rates in
melanoma patients eligible for clinical trials can approach
50% with immunotherapy, which is certainly a way
to greatly improve the mortality rate specific to trunk
melanoma (45-47). Not all patients will respond to the drug,

© Annals of Translational Medicine. All rights reserved.
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with its effect depending on whether the patient’s T cells
can respond. Even for some patients with T-cell immune
response, their T cells may not function in the tumor
microenvironment for some reason. Therefore, whether or
not patients use drugs and what kind of drugs they use are
included in the basic information of SEER database, which
will bring a more convincing platform to the subsequent
related research.

Our study was the first to build a competitive risk model
to predict the prognosis of trunk melanoma-specific death.
Our research still has some limitations: as a result of our
data sources in the SEER database, the small amount of
basic information meant that among the large population
obtained, we only had a handful of the information
that could be used for modeling and part of the cancer
characteristics lacked some clinical parameters, some cases
were lacking certain background information (48). At the
same time, we conducted internal verification and did not
introduce external data for verification; we recommend
the introduction of external data as verification in the
competing risk model analysis in the future.

Conclusions

The competing risks nomogram presented here can be
used to assess CSD in patients with trunk melanoma
and can be used to develop antitumor immune-related
prognostic rehabilitation programs and follow-up strategies
that are favorable for survival. And our predictive model
is appropriate for all individuals with trunk melanoma
and could be broadly utilized at all levels of medical
centers. The comprehensiveness of this nomogram could
compensate the inefficiencies of the AJCC staging tool, and
allow a precise assessment of the prognosis of individuals
with trunk melanoma. However, our risk evaluation model
needs to be further verified by external data, and we will
continue to pay attention to it in follow-up research.
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