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Construction, validation and,
visualization of a web-based
nomogram to identify the best
candidates for primary tumor
resection in advanced cutaneous
melanoma patients
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Yange Zhang', Haiying Cao' and Yu Jin*

Traumatology and Orthopaedics, Affiliated Hospital of Chengde Medical University, Chengde, China,
2Department of General Surgery, Beijing Shijitan Hospital, Capital Medical University, Beijing, China, *General
Surgery, Affiliated Hospital of Chengde Medical University, Chengde, China

Background: Existing studies have shown whether primary site resection (PSR) in
cutaneous melanoma (CM) patients with stage IV is controversial. Our study aimed
to identify the clinical characteristics of CM patients with stage IV who benefited
from PSR on a population-based study.

Methods: We retrospectively reviewed stage IV CM patients in the Surveillance,
Epidemiology, and End Results (SEER) database from 2004 to 2015. Patients were
divided into surgical and non-surgical groups according to whether PSR was
performed or not. According to the median cancer-specific survival (CSS) time of
the non-surgery group, the surgical group was divided into the surgery-benefit
group and the non-surgery-benefit group. Multivariate cox regression analysis was
used to explore independent CSS prognostic factors in the surgical group. Then,
based on the independent prognostic factors of the surgical group, we established
a web-based nomogram based on logistics regression.

Results: A total of 574 stage IV CM patients were included in our study, and 491
(85.60%) patients were included in the surgical group. The clinical characteristics
(benefit group and non-benefit group) included age, M stage, lesion location, and
ulceration status. These independent prognostic factors were includeed to
construct a web-based nomogram.

Conclusions: We constructed a web-based nomogram. This model was suitable for
identifying the best candidates suitable for PSR in stage IV CM patients.

KEYWORDS
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Introduction

Cutaneous melanoma (CM) is a highly aggressive malignant tumor that originates from
melanocytes (1). Global Cancer Statistics demonstrated that 324,635 new CM individuals were
diagnosed and 57,043 deaths for the disease worldwide in 2020 (2). Although the five-year
survival rate for CM patients with stage I-III is high [Five-year cancer-specific survival (CSS)

Abbreviations

CM, skin cutaneous melanoma; SEER, Surveillance, Epidemiology, and End Results; CSS, cancer-specific survival;
OS, Overall survival; HRs, Hazard Ratios; Cls, confidence intervals; AUC, area under the curve; ROC, receiver
operating characteristic; DCA, Decision curve analysis; K-M, Kaplan-Meier; CNS, central nervous system; LDH,
lactate dehydrogenase; CTLA-4, cytotoxic T lymphocyte antigen 4; PD-1, programmed death 1; BRAF, B-Raf
proto-oncogene; MEK, mitogen-activated protein kinase.
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for cutaneous melanoma at stage I, II, and III was 98%, 90%, 77%],
the five-year survival rate for stage IV CM patients is less than 20%
(3, 4). In the past period, based on further understanding of the
molecular pathogenesis of melanoma, significant changes have
taken place in the treatment of advanced CM patients. The
application of immunotherapy [e.g., checkpoint inhibitors against
cytotoxic T lymphocyte antigen 4 (CTLA-4) and/or programmed
death 1 (PD-1)], molecular targeted anti-tumor therapy [B-Raf
(BRAF),
(MEK)], and neoadjuvant therapy has greatly improved the

proto-oncogene mitogen-activated protein  kinase
survival prognosis of CM patients(1, 5-7). However, for stage IV
CM patients, the primary site resection (PSR) is controversial
because it is a local treatment for a systemic disease (8). Based on
the metastatic potential of CM, PSR for stage IV CM is
unsatisfactory, and therefore many scholars do not recommend
surgery for stage IV CM patients (9, 10). However, another part
of the scholars’ research showed that the prognosis of stage IV
CM patients could be improved by PSR or metastatic lesions
surgery(11-13). Therefore, there is still some controversy about
whether patients with stage IV melanoma should perform PSR.
PSR in stage IV lung cancer patients is also controversial.
However, a recent retrospective study has suggested that stage IV
lung cancer patients with specific clinicopathological features may

10.3389/fsurg.2022.975690

benefit from PSR (14). Inspired by these conclusions, we also
came up with a new idea that not all stage IV CM patients will
benefit from PSR, and patients with specific characteristics can
benefit from PSR.

However, large-scale population-based still

lacking, and it is clinically significant to screen for the types of

studies are
patients who would benefit from PSR. Therefore, we aimed to
analyze the stage IV CM patients in the Surveillance,
Epidemiology, and End Results (SEER) database and establish a
web-based nomogram to identify the best candidates for PSR
and their characteristics.

Methods
Patients

We obtained permission to access these study data (15708-
Nov2020). The inclusion criteria were: patients diagnosed with
stage IV CM between 2004 and 2015 with complete follow-up
data. Exclusion criteria were as follows: age less than 18 years,
Race unknown, TNM stage unknown, treatment unknown,
not the We obtained

mitotic status unknown, first tumor.

‘ Stage IV CM patients in SEER database (4816)

Exclusion criteria:
Less than 18 years old,

Unknown TNM stage,

Unknown survival months,
Unknown treatment modality,

‘ Stage IV CM patients met the criteria (573)
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TABLE 1 Demographic information for stage IV melanoma patients.

All patients Surgery to n-surgery to
primary primary site (n, %)
site (n, %)
Age 0.924 0.356
Mean 63.07 64.52 62.85
SD 15.17 13.47 15.43
Race 0.602 0.740
White 549 470 95.72 79 96.34
Black 13 12 2.44 1 1.22
Other 11 9 1.83 2 2.44
Sex 0.304 0.581
Female 167 141 28.72 26 31.71
Male 406 350 71.28 56 68.29
Location 1.959 0.743
Head and neck 150 132 26.88 18 21.95
Trunk 209 179 36.46 30 36.59
Upper limb and shoulder 87 75 15.27 12 14.63
Lower limb and hip 111 91 18.53 20 24.39
Others 16 14 2.85 2 2.44
Subtype of melanoma 19.128 <0.001
Malignant melanoma 263 208 42.36 55 67.07
Nodular 185 173 3523 12 14.63
Superficial spreading 50 44 8.96 6 7.32
Others 75 66 13.44 9 10.98
T stage 1.908 0.592
T1 87 71 14.46 16 19.51
T2 88 74 15.07 14 17.07
T3 112 98 19.96 14 17.07
T4 286 248 50.51 38 46.34
N stage 0.887 0.829
NoO 227 195 39.71 32 39.02
N1 160 136 27.70 24 29.27
N2 71 59 12.02 12 14.63
N3 115 101 20.57 14 17.07
M stage 6.332 0.042
Mla 125 110 22.40 15 18.29
Ml1b 103 95 19.35 8 9.76
Mic 345 286 58.25 59 71.95
Ulceration 0.827 0.363
No 178 149 30.35 29 35.37
Yes 395 342 69.65 53 64.63
Mitotic rate 4.083 0.130
<1 436 367 74.75 69 84.15
(continued)
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TABLE 1 Continued

All patients Surgery to Non-surgery to
primary primary site (n, %)
site (n, %)

>2 37 32 6.52 5 6.10
Radiation 3.542 0.060

No 400 350 71.28 50 60.98

Yes 173 141 28.72 32 39.02
Chemotherapy 0.446 0.504

No 409 353 71.89 56 68.29

Yes 164 138 28.11 26 31.71

the SEER database,
information (age, sex, and race), melanoma characteristics TNM

baseline data from including patient
stage (AJCC 7th Edition Melanoma), location, histological type,
mitotic rate, and ulceration), and surgery (primary site resection).
CSS was defined as the time from diagnosis to death because of
the CM. According to whether the PSR was performed or not,
Patients were divided into surgical and non-surgical groups.
Based on the median CSS time (8 months) of the non-surgical
group, we divided the surgical sets into the surgical beneficial and
the surgical non-profitable groups.

Statistical analysis

We used t-tests and chi-square tests for comparing continuous
and categorical variables, respectively. Multivariate Cox regression
analysis was performed to identify independent prognostic factors
associated with CSS. Hazard Ratios (HRs) with 95% confidence
intervals (CIs) for each factor were calculated. Statistical analyses
were performed by R software (version 4.0.3), all statistical tests
were two-sided, and p-value <0.05 was considered statistically
significant.

Construction, validation, and visualization of
a web-based nomogram

Zhang et al. have demonstrated that patients with PSR have a
longer median CSS time than those who did not undergo surgery
(13). Based on this conclusion, patients who underwent PSR were
randomly divided 7:3 into training and validation sets by the “caret”
package. We build a logistics-model nomogram based on the
independent prognostic factors of CSS. We use the area under the
curve (AUC) of the receiver operating characteristic curve (ROC),
the calibration curve, and the decision curve analysis (DCA) to
evaluate the discriminative ability and accuracy of the nomogram
both in training and validation sets. Then, a web-based nomogram
was performed using the “Dynnom” package. Finally, based on the
results of our prediction model, we divided all patients into three
groups, the surgery & beneficial group (probability of benefit >50%),
the surgery & non-beneficial group (probability of benefit <50%),
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and the non-surgical group. The patients in the three groups were
analyzed by Kaplan-Meier (K-M), and log-rank tests were calculated.
All statistical analyses and image visualizations were performed
using R software (version 4.0.3).

Results
Patients clinicopathological characteristics

We identified 573 patients with stage IV CM who met the
criteria from the SEER database (see Figure 1). Of these eligible
patients, 491 (85.69%) received PSR. Through t-test for age, chi-
square test for sex, race, location, histological type, TNM stage,
ulceration, and mitosis rate. Patients’ clinicopathological data in
the surgical and non-surgical groups were relatively balanced
(p>0.05). The
characteristics of the two sets (surgical and non-surgical groups)

results showed that the clinicopathological

were comparable (Table 1).
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FIGURE 2
Kaplan-Meier plots of stage IV cutaneous melanoma patients according to
primary site resection for cancer-specific survival.
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TABLE 2 Clinicopathological characteristics of training set and validation TABLE 3 Multivariate Cox analysis for CSS among population of surgery to

set. primary site.
Training set Validation set X/t Adjust HR 95%Cl p-value
(n, %) (n, %)
Age 1.011 1.001-1.021 0.027
Age 1.315 0.189
Race
Mean 63.44 6143
White Reference
SD 15.21 15.93
- . Black 1.57 0.703-3.507 0.271
Race 0986 | 0611 Other 1761 0.604-5.319 0.300
White 334 96.25 136 94.44
Sex
Black 7 2.02 5 347
Female Reference
Other 6 1.73 3 2.08
Male 1.033 0.751-1.419 0.843
Sex 0.088 0.767
Location
Female 101 29.11 40 27.78
Head and neck Reference
Male 246 70.89 104 72.22
Trunk 1.675 1.144-2.451 0.008
Location 3.490 0.479
Upper limb and shoulder 1.683 1.064-2.660 0.026
Head and neck 93 26.80 39 27.08
Lower limb and hip 1.535 0.959-2.458 0.074
Trunk 126 36.31 53 36.81
. Others 1.736 0.851-3.540 0.129
Upper limb and shoulder 52 14.99 23 15.97
bt f mel.
Lower limb and hip 63 | 1816 | 28 | 1944 Subtype of melanoma
Others 13 375 1 0.69 Malignant melanoma Reference
Subtype of melanoma 2.384 0.497 Nodular 1.055 0.755-1475 0754
Malignant melanoma 145 41.79 63 43.75 Superficial spreading 1.234 0.729-2.087 0.434
Nodular 118 34.01 55 38.19 Others 1.074 0.697-1.654 0.746
Superficial spreading 33 9.51 11 7.64 T stage
Others 51 14.70 15 10.42 T1 Reference
T stage 2.532 0.47 T2 0.892 0.521-1.528 0.678
T1 53 15.27 18 12.50 T3 0.787 0.479-1.294 0.345
i 50 14.41 24 16.67 T4 0.863 0.547-1.362 0.528
3 74 | 2133 | 24 | 1667 N stage
T4 170 48.99 78 54.17 NO Reference
N stage 6366 | 009 N1 0.875 0.608-1.258 047
NO 149 42.94 46 31.94
N2 0.745 0.436-1.274 0.282
N1 93 26.80 43 29.86
N3 1.088 0.736-1.610 0.672
N2 36 10.37 23 15.97
M stage
N3 69 19.88 32 22.22
Mla Reference
M stage 0.470 0.791
M1b 1.671 0.980-2.851 0.059
Mila 75 21.61 35 24.31
Milc 3.694 2.361-5.779 <0.001
Mib 67 19.31 28 19.44
Ulceration
Mlc 205 59.08 81 56.25
No Reference
Ulceration 0.023 0.88
Yes 1.441 1.030-2.014 0.033
No 106 30.55 43 29.86
Yes 241 | 6945 | 101 | 70.14 Mitotic rate
Mitotic rate 0449 | 0799 <! Reference
<1 260 74.93 107 7431 =1 1.053 0.733-1.513 0.78
o 66 | 1902 | 26 | 1806 >2 0.829 0.427-1.610 0.58
>2 21 6.05 11 7.64
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FIGURE 3
A nomogram to predict optimal candidates for primary tumor resection.
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FIGURE 4

ROC curves of the nomogram. ROC curves of the nomogram in the
training set (Red) and validation (Blue). ROC, receiver operating
characteristic.

Independent risk factors for CSS in stage Iv
Cm patients with primary tumor resection

The median CSS time in the surgical group was 17 months (95%

CI = 13.603-20.397 months), and the median CSS in the non-surgical
group was 8 months (95%CI =5.142-10.858 months). The K-M

Frontiers in Surgery

06

analysis and log-rank test of the surgical and the non-surgical
groups are shown in Figure 2. The results show that patients with
PSR can benefit more than patients without PSR. Then, patients
in the surgical group were further divided into the training set
(n=347, 70.67%) and the validation (n=144, 29.33%).
Comparability of the training and validation sets was confirmed by

set

the t-test and chi-square test (see Table 2). Multivariate Cox
regression analysis on the surgical group, age, M stage, lesion
location, and ulceration status were independent prognoses for CSS
(see Table 3).

Establishment and visualization of the
nomogram

We defined that a patient who underwent PSR benefited if the
survival time exceeded the median CSS time without surgery
(8 months). Therefore, patients in the surgery group with survival
times longer than 8 months were defined as the surgery benefit
group; those with less than or equal to 8 months were defined as
the surgery non-benefit group. Independent prognostic factors (age,
M stage, lesion location, and ulceration status) were included in
the logistics regression model to establish a nomogram in the
training set (see Figure 3).

Validation of nomogram and establishment
of the web-based nomogram
We established the ROC curves of the training set and the

validation set (see Figure 4). The AUC of the nomogram was
0.727 in the training set and 0.755 in the validation set. At the
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FIGURE 5
Calibration and decision curve analysis. Calibration curves of the nomogram in the training set (A) and the validation set (B), respectively. The nomogram'’s
decision curve analysis in the training set (C) and validation set (D), respectively.

same time, the calibration curves of the training set and the
validation set reflected the robust calibration characteristics of the
nomogram (Figures 5A,B). DCA indicated that the nomogram
could be an excellent predictive model to identify stage IV CM
patients suitable for PSR (Figures 5C,D). To further verify the
discriminatory ability of the nomogram, we performed K-M
analysis and log-rank test (Figure 6). The results showed that the
prognosis was more in the beneficial-surgical group than in the
non-beneficial-surgical group (p-values <0.001) or the non-surgical
group (p-values < 0.001). However, there was no difference between
the non-beneficial & surgical group and the non-surgical group
(p-values = 0.489). Based on the validation of the effectiveness of
the nomogram, we established a web-based nomogram for further
clinical promotion and application (https://zhehongli.shinyapps.io/
skem/).

Frontiers in Surgery 07

Clinical use of the web-based nomogram

The operation interface of the web-based nomogram was shown
in Figure 7A. We introduced the use of the web-based nomogram
by way of an example. For example, a stage IV CM patient had
clinicopathological features: 60 years old, stage M of Mla,
primary tumor location in the upper limb, and no ulceration at
the primary site. Patient characteristics were shown on the left
side of the network nomogram (Figure 7A left). The graphical
summary (Figure 7A right) and the numerical summary
(Figure 7B) showed the probability line and the exact numerical
value of the benefit (probability of surgical benefit of primary
focus=0.912, 95% CI=0.794-0.965),
according to the conclusion of the web-based nomogram, this
patient could benefit from PSR.

respectively. Therefore,
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Kaplan-Meier plot to differentiate beneficial groups according to our model.

Discussion

CM is a highly malignant tumor originating from melanocytes,
which can develop in different tissues and organs such as skin,
extremities, mucous membranes, and oculocutaneous membranes,
etc (15). The prognosis of CM patients is not good due to its high
degree of aggressiveness and metastatic nature (16). With the
introduction of targeted therapies and immune checkpoint
inhibitors, the survival of patients with advanced melanoma has
improved (17, 18). Currently, it is controversial whether PSR
should be performed on stage IV CM patients with a primary
diagnosis. Many surgeons do not recommend local surgery for
stage IV CM patients because the survival time for those is much
lower than for patients with stages I-III (9, 10). However, previous
retrospective studies have suggested a different perspective: PSR for
metastatic CM improves patient prognosis (13, 19). Not all stage
IV SCKM patients are suitable for PSR due to individual
differences and particularities. In the era of precision therapy,
determining the patient’s benefit has tremendous significance for
the prognosis of stage IV patients. The indications for PSR still
need to be clarified due to the lack of relevant studies. Validating
the premise that PSR can be beneficial for stage IV CM patients,
our study was a pioneering effort to find those patients who are
best suited for PSR. To our knowledge, this is the first study to
identify the best candidates for PSR in stage IV SCKM patients.

We found that the surgical group’s median CSS time was more
prolonged (CSS: 17 months vs. 8 months, p-value <0.001). This
necessity of PSR and

conclusion further confirmed the

Frontiers in Surgery

corroborated Zhang et al. and Tauceri et al. (13, 19). Then, we
further divided the patients in the surgical group into surgical
benefit and surgical non-benefit groups using the median CSS time
(8 months) of the non-surgical group. Finally, we used Cox
regression analysis to identify independent prognostic factors and
logistic models to construct a nomogram. After such a screening
process, stage IV CM patients who were genuinely suitable for PSR
were identified. In addition, we built a web-based nomogram to
find the best surgical target. Meanwhile, the validation of the
nomogram confirmed the excellent predictive performance of our
model.

In the nomogram, younger age was one of the essential factors in
the benefit from PSR. Older age was associated with worse outcomes
for stage IV CM patients who underwent either primary or metastatic
surgery (20, 21). This finding suggests that the patient’s condition is
critical to the traumatic impact of the surgery and the postoperative
recovery. In addition, we have also noticed that patients with Mla
distant
metastasis) and MI1b (lung metastasis) can benefit from PSR.

(skin or subcutaneous metastasis, or lymph node
However, the nomogram concluded that Mlc patients were not
recommended to undergo surgery, which may be closely related to
the occurrence of the central nervous system (CNS) metastasis
and/or increased lactate dehydrogenase (LDH) in Mlc stage
melanoma. LDH is recognized as one of the vital tumor prognostic
markers, and its high expression often indicates poor prognosis
(22). On the other hand, once melanoma is diagnosed with central
nervous system metastasis, its prognosis is abysmal (median OS is

only 4 months) (23). The revision of the 8th edition of the AJCC
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Web-based nomogram. Illustrate the web-based nomogram through an example. A stage IV CM patient has clinicopathological features: 60 years old, stage M
of Mla, primary tumor location in the upper limb, and no ulceration at the primary site. Patient characteristics are shown on the left side of the network
nomogram (Figure 5A left). The graphical summary (Figure 5A right) and the numerical summary (Figure 5B) show the probability line and the exact
numerical value of the benefit (probability of surgical benefit of primary focus = 0.912, 95% Cl = 0.794-0.965), respectively.

Model Summary

staging guidelines designates CNS metastasis as M1d, further
reflecting that the OS of patients with CNS metastases is generally
worse (4). Therefore, we have reason to believe that patients with
Mlc and M1d (8th edition of the AJCC staging guidelines) are not
suitable for PSR. A retrospective study by Tas F et al. showed that
five-year survival was lower in ulcerated melanoma than in non-
ulcerated melanoma (55.3% vs. 81.5%, p <0.001) (24). Ulceration
status is defined based on histopathologic examination of the
absence of the complete epidermal allodermis over any part of the
primary tumor with associated host response, and both the seventh
and eighth editions of the AJCC staging guidelines consider
ulceration as an additional T-category criterion (4, 25). Previous
studies have shown that both breslow tumor thickness and
ulceration are independent prognostic factors for OS in CM
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patients; therefore, we discussed T-staging into two variables:
Breslow tumor thickness (T1, T2, T3, and T4) and ulceration (Yes
and No) during the study (26, 27). Moreover, our nomogram
model suggested that stage IV CM patients without ulceration were
better candidates for surgery for the first time. Previous studies
have demonstrated that the location of the primary tumor is an
important prognostic factor, and whose primary site is the head
and neck having a worse prognosis than CM originating from
other sites (28, 29). Our study further deduces on this basis that
stage IV CM patients whose primary site is the head and neck are
more suitable for surgery than other primary sites.

Previous studies have demonstrated that PSR can extend survival
time in patients with metastatic cancers that have been screened for,
including non-small cell lung cancer (30, 31), breast cancer (32-34),
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kidney cancer (35), and colorectal cancer (36, 37). Firstly,
symptomatic occupancy consequences are mitigated by surgical
resection of primary site tumors. Secondly, tumor excision is
helpful for confirming the diagnosis and determining the best
course of treatment. Thirdly, PSR in metastatic cancer can prevent
tumor-related complications and prolong survival time, but it is
also associated with an increased chance of perioperative death
(38). By extension, we deduced that before making specific
judgments, the advantages and disadvantages of PSR for patients
with stage IV CM must be thoroughly evaluated. Our research was
carried out to identify the stage IV CM patients who would benefit
from PRS. In our study, K-M plots were used to differentiate the
beneficiary groups and showed that nomogram-screened patients
suitable for surgery had a longer median survival time, with a
statistically significant difference. Our study suggested that not all
stage IV CM patients were suitable for PSR, that only specific
patients will benefit from PSR, and that the potential benefit will
vary depending on the characteristics of CM patients.

Some limitations of this study should be noted. Firstly, the lack of
unknown information in the SEER database may have produced
selection bias during data screening. Secondly, the site of distant
metastasis is critical to the prognostic impact of melanoma
(e.g., brain, lung, liver, bone, etc.), but there is a lack of relevant
data for patients whose melanoma was diagnosed earlier than
2010. Thirdly, this is a retrospective analysis of the SEER database.
We do not know the relationship between the quality of survival of
CM patients with stage IV and other indicators that may impact
prognosis (e.g., targeted therapy, immunotherapy, supportive care).

Conclusions

Based on the confirmation that PSR benefits stage IV CM
patients, we propose a new method to screen patients who would
truly benefit from PSR. Our study suggested that not all stage IV
CM patients were suitable for PSR, that only specific patients will
benefit from PSR, and that the potential benefit will vary depending
on the characteristics of CM patients. It should be noted that in
stage IV CM patients, the younger the age, no ulceration, location
in the head and neck, and non-Mlc (Mla or Mlb) patients will
likely benefit from PSR. Meanwhile, we develop a dynamic
nomogram (web-based nomogram, https://zhehongli.shinyapps.io/
skem/) based on a static nomogram with good predictive efficacy,
achieving good clinical dissemination and application.

References

1. Amaria RN, Menzies AM, Burton EM, Scolyer RA, Tetzlaff MT, Antdbacka R,
et al. Neoadjuvant systemic therapy in melanoma: recommendations of the
international neoadjuvant melanoma consortium. Lancet Oncol. (2019) 20(7):
€378-89. doi: 10.1016/51470-2045(19)30332-8

2. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: gLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer J Clin. (2021) 71(3):209-49. doi: 10.3322/caac.
21660

3. Balch CM, Buzaid AC, Soong SJ, Atkins MB, Cascinelli N, Coit DG, et al. Final
version of the American joint committee on cancer staging system for cutaneous
melanoma. J Clin Oncol. (2001) 19(16):3635-48. doi: 10.1200/JC0O.2001.19.16.3635

Frontiers in Surgery

10

10.3389/fsurg.2022.975690

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author/s.

Author contributions

All authors contributed to the planning and design of the study.
ZHL, JQW and HHZ were involved in review of the raw data and
directly involved in the analysis. ZHL, and JQW provided
analytical feedback based on aggregated results. ZHL and JQW
drafted the manuscript, with input from all authors. ZHL was
responsible for the chart making. All authors provided substantive
review and commentary on multiple drafts and approved the final
version. YJ supervised the study. All authors contributed to the
article and approved the submitted version.

Acknowledgments

We are very grateful for the contributions of SEER database that
provide information on cancer research, as well as all colleagues
involved in the study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

4. Gershenwald JE, Scolyer RA, Hess KR, Sondak VK, Long GV, Ross MI, et al.
Melanoma staging: evidence-based changes in the American joint committee on
cancer eighth edition cancer staging manual. CA Cancer J Clin. (2017) 67(6):472-92.
doi: 10.3322/caac.21409

5. Long GV, Menzies AM, Nagrial AM, Haydu LE, Hamilton AL, Mann GJ, et al.
Prognostic and clinicopathologic associations of oncogenic BRAF in metastatic
melanoma. J Clin Oncol. (2011) 29(10):1239-46. doi: 10.1200/JCO.2010.32.4327

6. da Silva I P, Ahmed T, Reijers ILM, Weppler AM, Betof Warner A, Patrinely JR, et al.
Ipilimumab alone or ipilimumab plus anti-PD-1 therapy in patients with metastatic
melanoma resistant to anti-PD-(L)1 monotherapy: a multicentre, retrospective, cohort
study. Lancet Oncol. (2021) 22(6):836-47. doi: 10.1016/S1470-2045(21)00097-8

frontiersin.org


https://zhehongli.shinyapps.io/skcm/
https://zhehongli.shinyapps.io/skcm/
https://doi.org/10.1016/S1470-2045(19)30332-8
https://doi.org/10.3322/caac.21660
https://doi.org/10.3322/caac.21660
https://doi.org/10.1200/JCO.2001.19.16.3635
https://doi.org/10.3322/caac.21409
https://doi.org/10.1200/JCO.2010.32.4327
https://doi.org/10.1016/S1470-2045(21)00097-8
https://doi.org/10.3389/fsurg.2022.975690
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Li et al.

7. Eggermont AMM, Kicinski M, Blank CU, et al. Association between immune-
related adverse events and recurrence-free survival among patients with stage III
melanoma randomized to receive pembrolizumab or placebo: a secondary analysis of
a randomized clinical trial. JAMA Oncol. (2020) 6(4):519-27. doi: 10.1001/jamaoncol.
2019.5570

8. Enomoto LM, Levine EA, Shen P, Votanopoulos KI. Role of surgery for metastatic
melanoma. Surg Clin North Am. (2020) 100(1):127-39. doi: 10.1016/j.suc.2019.09.011

9. Ghafouri-Fard S, Gholipour M, Taheri M. MicroRNA signature in melanoma:
biomarkers and therapeutic targets. Front Oncol. (2021) 11:608987. doi: 10.3389/fonc.
2021.608987 Published 2021 Apr 22.

10. Erdei E, Torres SM. A new understanding in the epidemiology of melanoma.
Expert Rev Anticancer Ther. (2010) 10(11):1811-23. doi: 10.1586/era.10.170

11. Howard JH, Thompson JF, Mozzillo N, Nieweg OE, Hoekstra HJ, Roses DF, et al.
Metastasectomy for distant metastatic melanoma: analysis of data from the first
multicenter selective lymphadenectomy trial (MSLT-I). Ann Surg Oncol. (2012) 19
(8):2547-55. doi: 10.1245/s10434-012-2398-z

12. Liu JY, Lowe M. Neoadjuvant treatments for advanced resectable melanoma. J Surg
Oncol. (2019) 119(2):216-21. doi: 10.1002/js0.25352

13. Zhang D, Dong Y, Sun X, Yuan S, Yu J. Surgery of primary tumor improves the
survival of newly diagnosed metastatic melanoma: a population-based, propensity-
matched study. Cancer Manag Res. (2018) 11:339-46. doi: 10.2147/CMAR.S187208

14. Liang H, Liu Z, Huang ], Liu J, Wang W, Li J, et al. Identifying optimal
candidates for primary tumor resection among metastatic non-small cell lung cancer
patients: a population-based predictive model. Transl Lung Cancer Res. (2021) 10
(1):279-91. doi: 10.21037/tlcr-20-709

15. MacKie RM, Hauschild A, Eggermont AM. Epidemiology of invasive cutaneous
melanoma. Ann Oncol. (2009) 20(Suppl 6):vil-7. doi: 10.1093/annonc/mdp252

16. Guy GP Jr, Thomas CC, Thompson T, Watson M, Massetti GM, Richardson LC,
et al. Vital signs: melanoma incidence and mortality trends and projections—united
States, 1982-2030. MMWR Morb Mortal Wkly Rep. (2015) 64(21):591-6.

17. Verver D, van der Veldt A, van Akkooi A, Verhoef C, Griinhagen DJ, Louwman
W]J. Treatment of melanoma of unknown primary in the era of immunotherapy and
targeted therapy: a Dutch population-based study. Int J Cancer. (2020) 146(1):26-34.
doi: 10.1002/ijc.32229

18. Balch CM, Gershenwald JE, Soong SJ, Thompson JF, Atkins MB, Byrd DR, et al.
Final version of 2009 AJCC melanoma staging and classification. J Clin Oncol. (2009)
27(36):6199-206. doi: 10.1200/JC0O.2009.23.4799

19. Tauceri F, Mura G, Roseano M, Framarini M, Ridolfi L, Verdecchia GM. Surgery and
adjuvant therapies in the treatment of stage IV melanoma: our experience in 84 patients.
Langenbecks Arch Surg. (2009) 394(6):1079-84. doi: 10.1007/s00423-008-0312-8

20. Banerjee M, Lao CD, Wancata LM, Muenz DG, Haymart MR, Wong SL.
Implications of age and conditional survival estimates for patients with melanoma.
Melanoma Res. (2016) 26(1):77-82. doi: 10.1097/CMR.0000000000000213

21. Li W, Xiao Y, Xu X, Zhang Y. A novel nomogram and risk classification system
predicting the cancer-specific mortality of patients with initially diagnosed metastatic
cutaneous melanoma. Ann Surg Oncol. (2021) 28(7):3490-500. doi: 10.1245/s10434-
020-09341-5

22. Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. (2011)
144(5):646-74. doi: 10.1016/j.cell.2011.02.013

23. Cohen JV, Tawbi H, Margolin KA, Amravadi R, Bosenberg M, Brastianos PK, et al.
Melanoma central nervous system metastases: current approaches, challenges, and

Frontiers in Surgery

1

10.3389/fsurg.2022.975690

opportunities. Pigment Cell Melanoma Res. (2016) 29(6):627-42. doi: 10.1111/pcmr.
12538

24. Tas F, Erturk K. Primary tumour ulceration in cutaneous melanoma: its role on
TNM stages. Jpn ] Clin Oncol. (2021) 51(2):192-8. doi: 10.1093/jjco/hyaal91

25. Esteva A, Kuprel B, Novoa RA, Ko ], Swetter SM, Blau HM, et al. Corrigendum:
dermatologist-level classification of skin cancer with deep neural networks. Nature.
(2017) 546(7660):686. doi: 10.1038/nature22985

26. Ulmer A, Dietz K, Hodak I, Polzer B, Scheitler S, Yildiz M, et al. Quantitative
measurement of melanoma spread in sentinel lymph nodes and survival. PLoS Med.
(2014) 11(2):e1001604. doi: 10.1371/journal.pmed.1001604 Published 2014 Feb 18.

27. Mo R, Chen C, Mi L, Ma Z, Tan Q. Skin melanoma survival is not superior in
females in the new stage IIID of the 8th edition of the staging system: an analysis of
data from the surveillance, epidemiology, and end results (SEER) database. Ann Transl
Med. (2020) 8(21):1381. doi: 10.21037/atm-20-3332

28. Shi K, Camilon PR, Roberts JM, Meier JD. Survival differences between pediatric
head and neck versus body melanoma in the surveillance, epidemiology, and end results
program. Laryngoscope. (2021) 131(2):E635-41. doi: 10.1002/lary.28711

29. Kuruoglu D, Weissler JM, Bustos SS, Moran SL, Davis DMR, Bite U, et al. A 28-
year single institution experience with primary skin malignancies in the pediatric
population. J Plast Surg Hand Surg. (2022) 56(1):53-7. doi: 10.1080/2000656X.2021.
1914639

30. Jia J, Guo B, Yang Z, Liu Y, Ga L, Xing G, et al. Outcomes of local thoracic surgery
in patients with stage IV non-small-cell lung cancer: a SEER-based analysis. Eur
J Cancer. (2021) 144:326-40. doi: 10.1016/j.ejca.2020.12.002

31. Wen ], Liu D, Chen D, Chen J, Xu X, Chen C, et al. Treatment of clinical T4 stage
superior sulcus non-small cell lung cancer: a propensity-matched analysis of the
surveillance, epidemiology, and end results database. Biosci Rep. (2019) 39(2):
BSR20181545. doi: 10.1042/BSR20181545

32. Blanchard DK, Shetty PB, Hilsenbeck SG, Elledge RM. Association of surgery with
improved survival in stage IV breast cancer patients. Ann Surg. (2008) 247(5):732-8.
doi: 10.1097/SLA.0b013e3181656d32

33. Olson JA Jr, Marcom PK. Benefit or bias? The role of surgery to remove the
primary tumor in patients with metastatic breast cancer. Ann Surg. (2008) 247
(5):739-40. doi: 10.1097/SLA.0b013e3181706140

34. Pérez-Fidalgo JA, Pimentel P, Caballero A, Bermejo B, Barrera JA, Burgues O, et al.
Removal of primary tumor improves survival in metastatic breast cancer. Does timing of
surgery influence outcomes? Breast. (2011) 20(6):548-54. doi: 10.1016/j.breast.2011.06.
005

35. Karam JA, Wood CG. The role of surgery in advanced renal cell carcinoma:
cytoreductive nephrectomy and metastasectomy. Hematol Oncol Clin North Am.
(2011) 25(4):753-64. doi: 10.1016/j.hoc.2011.05.002

36. Verhoef C, de Wilt JH, Burger JW, Verheul HM, Koopman M. Surgery of the
primary in stage IV colorectal cancer with unresectable metastases. Eur J Cancer.
(2011) 47(Suppl 3):861-6. doi: 10.1016/S0959-8049(11)70148-4

37. Faron M, Pignon JP, Malka D, Bermejo B, Barrera JA, Burgues O, et al. Is primary
tumour resection associated with survival improvement in patients with colorectal cancer
and unresectable synchronous metastases? A pooled analysis of individual data from four
randomised trials. Eur J Cancer. (2015) 51(2):166-76. doi: 10.1016/j.¢jca.2014.10.023

38. Fong Y. Primary tumor resection and patients with asymptomatic colorectal cancer
and nonresectable metastases: results of recent randomized trials. JAMA Surg. (2021) 156
(12):1101-2. doi: 10.1001/jamasurg.2021.5023

frontiersin.org


https://doi.org/10.1001/jamaoncol.2019.5570
https://doi.org/10.1001/jamaoncol.2019.5570
https://doi.org/10.1016/j.suc.2019.09.011
https://doi.org/10.3389/fonc.2021.608987
https://doi.org/10.3389/fonc.2021.608987
https://doi.org/10.1586/era.10.170
https://doi.org/10.1245/s10434-012-2398-z
https://doi.org/10.1002/jso.25352
https://doi.org/10.2147/CMAR.S187208
https://doi.org/10.21037/tlcr-20-709
https://doi.org/10.1093/annonc/mdp252
https://doi.org/10.1002/ijc.32229
https://doi.org/10.1200/JCO.2009.23.4799
https://doi.org/10.1007/s00423-008-0312-8
https://doi.org/10.1097/CMR.0000000000000213
https://doi.org/10.1245/s10434-020-09341-5
https://doi.org/10.1245/s10434-020-09341-5
https://doi.org/10.1016/j.cell.2011.02.013
https://doi.org/10.1111/pcmr.12538
https://doi.org/10.1111/pcmr.12538
https://doi.org/10.1093/jjco/hyaa191
https://doi.org/10.1038/nature22985
https://doi.org/10.1371/journal.pmed.1001604
https://doi.org/10.21037/atm-20-3332
https://doi.org/10.1002/lary.28711
https://doi.org/10.1080/2000656X.2021.1914639
https://doi.org/10.1080/2000656X.2021.1914639
https://doi.org/10.1016/j.ejca.2020.12.002
https://doi.org/10.1042/BSR20181545
https://doi.org/10.1097/SLA.0b013e3181656d32
https://doi.org/10.1097/SLA.0b013e3181706140
https://doi.org/10.1016/j.breast.2011.06.005
https://doi.org/10.1016/j.breast.2011.06.005
https://doi.org/10.1016/j.hoc.2011.05.002
https://doi.org/10.1016/S0959-8049(11)70148-4
https://doi.org/10.1016/j.ejca.2014.10.023
https://doi.org/10.1001/jamasurg.2021.5023
https://doi.org/10.3389/fsurg.2022.975690
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Construction, validation and, visualization of a web-based nomogram to identify the best candidates for primary tumor resection in advanced cutaneous melanoma patients
	Introduction
	Methods
	Patients
	Statistical analysis
	Construction, validation, and visualization of a web-based nomogram

	Results
	Patients clinicopathological characteristics
	Independent risk factors for CSS in stage Iv Cm patients with primary tumor resection
	Establishment and visualization of the nomogram
	Validation of nomogram and establishment of the web-based nomogram
	Clinical use of the web-based nomogram

	Discussion
	Conclusions
	Data availability statement
	Author contributions
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


