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ABSTRACT
Background/Aims: The aim of our study was to develop and validate a nomogram to predict cancer-specific survival and make a risk 
stratification system for primary gastrointestinal melanoma.
Materials and Methods: Patients with primary gastrointestinal melanoma in the Surveillance, Epidemiology, and End Results database 
between 2000 and 2018 were included and randomly divided into the training and validation cohort (8:2). A prediction nomogram 
of cancer-specific survival was constructed based on the risk factors identified in the multivariate Cox regression. Calibration curve, 
time-dependent receiver operating characteristic, and decision curve analysis were performed. Further, a risk stratification system was 
developed based on the nomogram.
Results: A total of 433 patients were included. The nomogram was constructed based on age, site, and tumor size, Surveillance, 
Epidemiology, and End Results (SEER) stage, and therapy. The area under the curves of the nomogram predicting 6-, 12-, and 18-month 
cancer-specific survival were 0.789, 0.757, and 0.726 for the internal validation and 0.796, 0.763, and 0.795 for the external validation. 
Calibration curves and decision curve analysis were performed. Further, patients were divided into 2 risk subgroups. The Kaplan–Meier 
analysis and the log-rank test showed that the risk stratification made well differentiation of patients with different risks of cancer-
specific survival.
Conclusion: We developed and validated a practical prediction model of cancer-specific survival and a risk stratification system for 
patients with primary gastrointestinal melanoma, which might be available in clinical practices.
Keywords: Mucosal melanoma, gastrointestinal tract, prognostic nomogram, risk stratification, cancer-specific survival

INTRODUCTION
Primary mucosal melanoma (MM) is an aggressive cancer 
arising from the uncontrolled proliferation of melano-
cytes located in the mucosal membrane. Compared to 
cutaneous melanoma, primary MM is far rarer but carries 
a poorer prognosis. Bishop and Olszewski1 found that the 
5-year survival was 34% in MM while it was 89% in cuta-
neous melanoma. Primary gastrointestinal melanoma 
(PGIM), as an even rare subtype of MM, has the worst 
prognosis among MM.2 Previous studies reported that 
the median survival of PGIM was 12.0-19.5 months.3,4 
Meanwhile, the incidence of PGIM was found to be on the 
rise.5 Even though, the rareness of the tumor has conse-
quently made it difficult to conduct sufficient research in 
a single center with a large population and there is little 
evidence regarding the risk factors of cancer-specific sur-
vival (CSS) in PGIM.

The Surveillance, Epidemiology, and End Results (SEER) 
database contains information about the incidence and 
prognosis of various cancers and has become a good 
way to investigate rare tumors such as PGIM. Studies 
of PGIM based on the SEER database including the 
epidemiology, therapy, and prognosis have been pub-
lished.4,6-12 However, neither the prediction model of 
CSS nor the risk stratification system of PGIM patients 
was constructed. A reliable prediction model for CSS 
and risk-stratification system of PGIM patients may help 
clinicians to differentiate high-risk patients from low-
risk patients, and thus make a more favorable decision. 
Considering the short median survival time of PGIM, we 
believed that the analysis focusing on short-term can-
cer-specific mortality may be more necessary. Hence, 
the aim of our study was to establish and validate a prac-
tical nomogram for predicting the 6-, 12-, and 18-month 
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CSS, as well as to develop a risk-stratification system for 
PGIM patients.

MATERIALS AND METHODS
Patient Enrollment and Data Collection
All data of patients with PGIM were retrieved and col-
lected from the SEER database, 18 Registries (with plus 
data, 2000-2018, Nov 2020 Sub; http:​//see​r.can​cer.g​
ov/). The inclusion criteria were as follows: (i) primary 
sites located in the gastrointestinal (GI) tract (identified 
by International Classification of Diseases for Oncology-
Morphology codes, C15.0 to C21.8 and C26.0 to C26.9); 
(ii) ICD-O-3 codes for the histological type were mela-
noma (8720-8780); (iii) ICD-O-3 histological behavior as 
malignant; (iv) the label of “primary by international rules” 
as primary to identify the primary melanoma; (v) complete 
clinical information. The exclusion criteria were as follows: 
(i) patients without confirmed positive histology or exfo-
liative cytology; (ii) patients with missing/unknown cause 
of death; (iii) patients with incomplete follow-up data. 
Only the first lesion of PGIM was included for analysis in 
patients with multiple lesions of PGIM.

Data of baseline information, tumor characteristics, ther-
apy provided, and follow-up data were collected. Baseline 
information included age (20-40 years, 41-64 years, >64 
years), gender (female, male), marital status [married, oth-
ers (unmarried, widowed, single, etc.)], race (White, Black, 
and others), previous cancer history (no, yes). Tumor 
characteristics included site [upper GI tract (esophagus, 
stomach), intestine, anorectum], tumor size (≤3 cm, 3-5 
cm, ≥5 cm), and SEER stage (localized, regional, distant). A 
localized cancer is defined as a malignancy limited to the 
site of origin. A regional cancer is defined as direct tumor 
extension beyond the limits of the site of origin and/or 
regional lymph nodes involved. Distant tumors are tumor 
cells that have broken away from the primary tumor, have 
travelled to other parts of the body, and have begun to 

grow at a new location. Therapy provided was grouped 
into 4 groups: none, surgery only, radiation/chemotherapy 
only, and surgery combined with radia​tion/​chemo​thera​py. 
Follow-up data included CSS and survival time (month). 
The unit of follow-up time was month. For patients with 
more than zero days of survival but did not reach 1 month, 
the survival time was recorded as 0.5 month to differenti-
ate them from those who had zero day of survival.

As the SEER database is available to the public, approval 
from a local ethics committee is not necessary.

Statistical Analysis
All of the cases were randomly divided into either the 
training or validation cohort (the split ratio was 8:2). 
The training cohort was used to establish the prediction 
model and to construct the nomogram and risk stratifica-
tion system, while the validation cohort was used to vali-
date the model.

Univariate and multivariate Cox regressions were per-
formed to identify the significant variables. Those vari-
ables identified were applied to establish the nomogram 
to predict CSS. To evaluate the predictive accuracy of 
nomogram, the C-index and the calibration plots were 
performed (bootstraps with 300 resample). Time-
dependent receiver operating characteristic curves and 
the area under the curve (AUC) were used to evaluate 
the discriminative power of the nomogram. In addition, 
decision curve analysis (DCA) for nomogram was also 
performed. Furtherly, patients were divided into dif-
ferent risk-stratification groups based on the cut-off 
value of the total point calculated by the nomogram. 
Survival analysis between 2 groups was conducted 
using the Kaplan–Meier method and log-rank test. All 
the statistical analyses were performed by R software 
version 4.1.3. The cut-off value of the total point cal-
culated by the nomogram was identified by X-tile 
(Version 3.6.1). A 2-sided P < .05 was considered  
statistical significant.

RESULTS
Patient Characteristics and Prognosis Outcome
A total of 433 PGIM who met the inclusion criteria were 
included (Figure 1). The demographic and clinical char-
acteristics of patients were shown in Table 1. Most PGIM 
patients (63.5%) were older than 64 years old. Of the 
patients, 43.0% (n = 186) were male while 57.0% (n = 
247) were female. Tumors were more commonly located 
in the anorectum (86.6%) than the upper GI tract (5.3%) 

Main Points
•	 Patients with primary gastrointestinal melanoma (PGIM) 

had poor prognosis with an 18.0-month median cancer-
specific survival (CSS) time.

•	 Age, site, tumor size, Surveillance, Epidemiology, and End 
Results (SEER) stage, and therapy are independent risk 
factors associated with CSS in PGIM.

•	 A prediction nomogram for the CSS of PGIM patients was 
constructed.

•	 The risk stratification built in this study made well differen-
tiation of patients with different risks of CSS.

http://seer.cancer.gov/
http://seer.cancer.gov/
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and intestine (8.1%). The proportion of tumor size ≤3 
cm, 3-5 cm, and ≥5 cm were 43.0%, 27.9%, and 29.1%, 
respectively. Of the patients, 34.4%, 34.2%, and 31.4% 
were at localized, regional, and distant stages. As high as 
8.5% of patients did not accept any therapy, while 58.7% 
accepted surgery only, 9.2% accepted radia​tion/​chemo​
thera​py, and 23.6% accepted surgery combined with 
radia​tion/​chemo​thera​py.

For all patients, the median CSS time was 18.0 months 
(95% CI: 14.7-21.3). The 6-, 12-, and 18-month CSS 
rates were 77.6%, 59.6%, and 48.6%. The median CSS 
time was longer in tumors located in the intestine and 
anorectum compared to those located in the upper 
GI tract (anorectum vs. upper GI tract: 18.0 months vs. 
9.0 months, P = .035; intestine vs. upper GI tract: 22.0 
months vs. 9.0 months, P = .075). The median sur-
vival months were 33.0 months for the localized stage, 
21.0 months for the regional stage, and 7.0 months for 
the distant stage (P < .001). Compared to patients who 
accepted any therapies, patients without treatment had 
a poorer prognosis (no therapy vs. therapy: 5.0 months vs. 
19.0 months, P < .001).

All of the cases were randomly divided into either the 
training (n = 347, 80%) or validation cohort (n = 86, 20%). 
The median CSS was 18.0 months (95% CI: 14.5-21.5) 
and 18.0 months (95% CI: 10.7-25.3) in the training and 
validation cohorts, respectively (log-rank test, P = .241). 
The baseline characteristics were balanced between the 
training and validation cohorts (Table 1).

Figure 1.  The inclusion and exclusion flowchart of patients with 
primary gastrointestinal melanoma.

Table 1.  Baseline Information and Clinical Characteristics of the 
Included Patients

Variables
Total  

(n = 433)
Training Cohort  

(n = 347)
Validation  

Cohort (n = 86) P

Age, years, n (%)

  20-40 13 (3.0%) 9 (2.6%) 4 (4.7%) .604

  41-64 145 (33.5%) 117 (33.7%) 28 (32.6%)

  >64 275 (63.5%) 221 (63.7%) 54 (62.8%)

Gender, n (%)

  Male 186 (43.0%) 153 (44.1%) 33 (38.4%) .395

  Female 247 (57.0%) 194 (55.9%) 53 (61.6%)

Marital status, n (%)

  Others 195 (45.0%) 160 (46.1%) 35 (40.7%) .398

  Married 238 (55.0%) 187 (53.9%) 51 (59.3%)

Race, n (%)

  White 371 (85.7%) 298 (85.9%) 73 (84.9%) .137

  Black 24 (5.5%) 22 (6.3%) 2 (2.3%)

  Others 38 (8.8%) 27 (7.8%) 11 (12.8%)

Prior cancer, n (%)

  No 338 (78.1%) 271 (78.1%) 67 (77.9%) 1.000

  Yes 95 (21.9%) 76 (21.9%) 19 (22.1%)

Site, n (%)

  Upper GI tract 23 (5.3%) 17 (4.9%) 6 (7%) .469

  Intestine 35 (8.1%) 26 (7.5%) 9 (10.5%)

  Anorectum 375 (86.6%) 304 (87.6%) 71 (82.6%)

Tumor size, n (%)

  ≤3 cm 186 (43.0%) 156 (45%) 30 (34.9%) .132

  3-5 cm 121 (27.9%) 97 (28%) 24 (27.9%)

  ≥5 cm 126 (29.1%) 94 (27.1%) 32 (37.2%)

SEER stage, n (%)

  Localized 149 (34.4%) 121 (34.9%) 28 (32.6%) .655

  Regional 148 (34.2%) 115 (33.1%) 33 (38.4%)

  Distant 136 (31.4%) 111 (32%) 25 (29.1%)

Therapy, n (%)

  None 37 (8.5%) 29 (8.4%) 8 (9.3%) .904

  Surg 254 (58.7%) 203 (58.5%) 51 (59.3%)

  Rd/Cm 40 (9.2%) 31 (8.9%) 9 (10.5%)

  Surg + Rd/Cm 102 (23.6%) 84 (24.2%) 18 (20.9%)

Cm, chemotherapy; GI, gastrointestinal; Rd, radiation; SEER, the Surveillance, 
Epidemiology, and End Results database; Surg, surgery.
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The Establishment and Validation of Nomogram for 
Cancer-Specific Survival
Data from the training cohort was included to identify the 
significant variables. In the univariate Cox regression of CSS, 
age, site, tumor size, SEER stage, and therapy were identi-
fied as significant (P < .05). Multivariate Cox regression 
showed that age, site, tumor size, SEER stage, and therapy 
were independent risk factors for CSS and were applied to 
the establishment of nomogram (P < .05, Table 2).

The nomogram was virtually displayed for predicting  
6-, 12-, and 18-month CSS (Figure 2). The point of differ-
ent levels in all variables is shown in Table 3. Internal vali-
dation and external validation were performed. The AUCs 
of the nomogram predicting 6-, 12-, and 18-month CSS 
were 0.789, 0.757, and 0.726 for the internal validation 
(Figure 3A) and 0.796, 0.763, and 0.795 for the external 
validation (Figure 3B). The calibration curves for CSS at 
6-, 12-, and 18-month showed good consistency between 
the actual observation and the nomogram prediction in 
the internal validation (Figure 4A–C) and external valida-
tion (Figure 4D–F). The DCA of 6-, 12-, and 18-month 
CSS demonstrated good net benefits across a range of 
risk thresholds both in the internal validation and external 
validation (Figure 5A and 5B).

Risk Stratification System Based on the Nomogram Model
Based on the cutoff value of the total points calculated 
by the nomogram, a risk stratification system was devel-
oped. Patients were divided into 2 groups according to 
the point: low-risk (point: 0-182) and high-risk (point: 
183-333). The Kaplan–Meier analysis was performed to 
compare the CSS of different risk stratification groups.

In all patients, the 6-, 12-, and 18-month CSS were 
90.0%, 75.1%, and 63.4% in the low-risk subgroup and 
56.9%, 33.7%, and 23.8% in the high-risk subgroup. 
The median CSS was 31.0 months (95% CI: 24.5-37.5) 
in the low-risk subgroup and 8.0 months (95% CI: 6.2-
9.8) in the high-risk subgroup (Figure 6A). In the train-
ing cohort, the 6-, 12-, and 18-month CSS were 89.2%, 
75.2%, and 63.0% in the low-risk subgroup and 56.5%, 
33.1%, and 23.2% in the high-risk subgroup. The median 
CSS was 30.0 months (95% CI: 23.8-36.2) in the low-
risk subgroup and 8.0 months (95% CI: 5.8-10.2) in the 
high-risk subgroup (Figure 6B). In the validation cohort, 
the 6-, 12-, and 18-month CSS were 93.8%, 74.4%, 
and 65.5% in the low-risk subgroup and 58.2%, 35.6%, 
and 25.9% in the high-risk subgroup. The median CSS 
was 45.0 months (95% CI: 0.0-112.8) in the low-risk 

subgroup and 8.0 months (95% CI: 4.2-11.8) in the 
high-risk subgroup (Figure 6C). The Kaplan–Meier and 
log-rank test showed that the risk stratification made 
well differentiation of patients with different risk of 
cancer-specific mortality.

Table 2.  Univariate and Multivariate Cox Regression of CSS

Variable

Univariate Cox regression Multivariate Cox regression

HR (95%CI) P HR (95%CI) P

Age, years

  20-40 1 (Ref) 1 (Ref)

  41-64 2.01 (0.92-9.23) .069 3.27 (1.02-10.47) .046

  >64 3.70 (1.18-11.63) .025 4.69 (1.47-15.02) .009

Gender

  Male 1 (Ref)

  Female 1.18 (0.91-1.53) .203

Marital status

  Married 0.83 (0.64-1.07) .156

  Others 1 (Ref)

Race

  White 1 (Ref)

  Black 1.07 (0.64-1.79) .786

  Others 1.11 (0.71-1.72) .652

Prior cancer

  No 1 (Ref)

  Yes 0.95 (0.69-1.31) .746

Site

  Upper GI tract 1 (Ref) 1 (Ref)

  Intestine 0.38 (0.18-0.82) .014 0.27 (0.12-0.60) .002

  Anorectum 0.44 (0.25-0.78) .005 0.45 (0.25-0.81) .008

Tumor size

  ≤3 cm 1 (Ref) 1 (Ref)

  3-5 cm 1.27 (0.92-1.75) .142 1.02 (0.73-1.42) .911

  ≥5 cm 1.98 (1.47-2.66) <.001 1.58 (1.13-2.21) .008

SEER stage

  Localized 1 (Ref) 1 (Ref)

  Regional 1.49 (1.08-2.06) .015 1.49 (1.07-2.07) .017

  Distant 3.05 (2.21-4.20) <.001 2.94 (2.04-4.23) <.001

Therapy

  None 1 (Ref) 1 (Ref) .005

  Surg 0.24 (0.15-0.38) <.001 0.48 (0.28-0.79) .029

  Rd/Cm 0.48 (0.27-0.86) .014 0.50 (0.27-0.93) .086

  Surg + Rd/Cm 0.30 (0.18-0.49) <.001 0.62 (0.36-1.07) .005

Cm, chemotherapy; GI, gastrointestinal; Rd, radiation; SEER, the Surveillance, 
Epidemiology, and End Results database; Surg, surgery.
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DISCUSSION
Mucosal melanoma is rarely observed in the GI tract. 
Nowadays, the reports of PGIM were mainly case 
reports, case series, or retrospective studies based on a 
small population.13-15 A large population-based study in 
a single center is difficult to carry out due to the rare 
nature of the tumor. Studies of PGIM with a relatively 
large population published today were mainly based on 
the SEER database. In 2021, Badakhshi et al10 developed 
a nomogram for predicting the overall survival of PGIM 
patients. However, the prediction model for CSS and 
risk-stratification system for PGIM patients have not 
been established yet. In this study, through the investi-
gation of the risk factors of CSS, we built the prognostic 
model for CSS of patients with PGIM and stratified the 
patients into low- and high-risk subgroups. We believed 
this model would be available in clinical practices includ-
ing prognosis evaluation, individual treatment decisions, 
and management of patients.

The PGIM most commonly occurs in the sixth and sev-
enth decades of life.4,16 In this study, 63.5% of patients 
were older than 65 years old, and the older patients had 
a poorer prognosis compared to the younger. The PGIM 
can arise in every part of the GI tract. The most common 
site is the anus (31.4%), followed by the rectum (22.2%), 
while PGIM located in the esophagus, stomach, and intes-
tine are quite rare.4 The prognosis of PGIM differs in dif-
ferent sites. The median survival time of different GI tract 
reported was 12 months for the esophagus, 5 months 
for the stomach, 16 months for the small intestine, and 
14-20 months for the anorectum.4,17-19 In this study, 

Figure 2.  Nomogram for predicting 6-, 12-, and 18-month cancer-specific survival of primary gastrointestinal melanoma patients.

Table 3.  Points Assigned for Variables

Variables Point

Age, years

  20-40 0

  41-64 77

  >64 100

Site

  Upper GI tract 85

  Intestine 0

  Anorectum 33

Tumor size

  ≤3 cm 0

  3-5 cm 1

  ≥5 cm 30

SEER stage

  Localized 0

  Regional 26

  Distant 70

Therapy

  None 48

  Surg 0

  Rd/Cm 4

  Surg + Rd/Cm 18
Cm, chemotherapy; GI, gastrointestinal; Rd, radiation; SEER, the  
Surveillance, Epidemiology, and End Results database.
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PGIM located in the upper GI tract had a worst prognosis 
compared to those located in the intestine and anorec-
tum, which was in accordance with previously reported. 
Previous study about anorectum melanoma revealed 
that patients with smaller tumor size had better survival 
outcome.20 Our study also found that tumor size ≥5 cm 
was associated with a 1.58-fold cancer-specific mortality 

compared to those ≤3 cm, which implicated that tumor 
size is a prognostic factor of CSS in PGIM patients.

The stage of tumor has been proved to be associated 
with the prognosis of various tumors. The most widely 
used staging system is the American Joint Committee 
on Cancer (AJCC) TNM staging system; however, it has 

Figure 3.  Time-dependent receiver operating characteristic curve for predicting patients’ 6-, 12-, and 18-month CSS of nomogram in the 
(A) training cohort and (B) validation cohort.

Figure 4.  Calibration curve for 6-, 12-, and 18-month cancer-specific survival in the (A-C) training cohort and (D-F) validation cohort.
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not been applicated to PGIM. A previous study by Kahl 
et al12 found that the median CSS time of anorectal dif-
fered at different SEER stages (localized: 33.0 months, 
regional: 18.0 months, distant: 6.0 months), which 
implicated the value of SEER stage in PGIM. Hence, the 
SEER stage system was used in this study. The mul-
tivariate Cox regression revealed that the SEER stage 
showed a good predictive value of CSS in PGIM patients 
in this study. A higher SEER stage was associated with 
a poorer prognosis.

Only 34.4% of patients in this study were diagnosed at 
an early stage and 65.6% were diagnosed at an advanced 
stage. The low survival rate may be related to the late dis-
covery of melanoma lesions as well as the lack of stan-
dardized treatments.21 The rarity nature of the tumor has 
led to a paucity in the treatment protocol. Surgical resec-
tion is considered the optimal therapy of PGIM and stud-
ies have identified that surgery significantly increased the 
survival prognosis.4,22 The controversy mainly exists in the 
choice of surgical procedure. For anorectal melanoma, 
early research found that extensive surgery led to bet-
ter disease control,23 while recent studies concluded that 
the extensive surgery led to better local control but did 
not improve survival prognosis compared to conservative 
surgery.8,11 This might be because the “early tumor spread 
to distant sites thus overcoming the potential benefits 
of local control.”8 In view of the deficient evidence of the 
benefit of extensive surgery, as well as the related mor-
bidity of the procedure, some researchers advocated 

Figure 5.  The decision curve analysis for predicting 6-, 12-, and 
18-month cancer-specific survival in the (A) training cohort and  

(B) validation cohort.

Figure 6.  The Kaplan–Meier survival curve of risk stratification groups for cancer-specific survival in (A) whole patients, (B) the training 
cohort, and (C) the validation cohort.
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conservative treatments as the first-line therapy.11,24,25 
For PGIM in other sites, studies comparing extensive 
surgery and conservative surgery were absent due to the 
limited cases. In this study, the results of multivariate 
Cox regression demonstrated that surgery is a protective 
factor of CSS, but the effect of different surgical options 
was not investigated and further studies are warranted.

Primary gastrointestinal melanoma patients with advanced 
stage may be poor surgical candidates. Adjuvant therapies 
including radiation, chemotherapy, and immunotherapy 
may therefore represent promising treatment choices for 
them. At present, the effect of adjuvant therapy remains 
unknown. Studies in other MM revealed that the radiation 
may improve local control but did not affect survival.26,27 
Khaliq et al28 used 4 cycles of chemotherapy in a gastric 
melanoma patient and achieved a resolution of lesion, 
while another study reported a poor prognosis of an intes-
tinal melanoma patient who accepted chemotherapy.29 
Immunotherapy, which was considered a promising way 
to treat cutaneous melanoma, was not that effective in 
PGIM. Bolzacchini et al30 reported a case of gastric mela-
noma treated with BRAF inhibitor vemurafenib, followed 
by monoclonal antibody direct against CTLA-4 ipilim-
umab. The patient passed away 11 months after being 
diagnosed. Nevertheless, the studies published now were 
all case reports or case series and thus not sufficient to 
make meaningful conclusions. Further research is war-
ranted to identify the effect of adjuvant therapy in PGIM.

Here, we developed a prognostic prediction model for 6-, 
12-, and 18-month CSS based on the factors we identi-
fied in the multivariate Cox regression. The AUC were all 
above 0.7 in the training cohort and validation cohort, 
which indicated a good predictive ability of the model. The 
calibration curve revealed good consistency between the 
predicted and actual probabilities of survival. Besides, DCA 
showed the good net benefits of the prediction model 
across a range of risk thresholds, which reflect the clini-
cal value of the model. Further, we stratified the patients 
into 2 risk subgroups based on the total points calculated 
from the prediction model (Table 3 and Figure 6). The 
Kaplan–Meier curve revealed that the high-risk group had 
a worse prognosis compared to the low-risk group. The 
model successfully differentiated the patients that were 
at a high risk of mortality from those not and may be avail-
able in the clinical management of PGIM patients.

This study still encountered some limitations. First, this is 
a retrospective SEER database-based study, and only the 
patients with complete follow-up data were included in 

this study, which might induce a selection bias. Second, 
the detailed course of radiation and chemotherapy were 
not available, meanwhile, data regarding the immuno-
therapy data were not included in the database, which 
might be associated with the prognosis. Third, although 
we developed a prediction model and validated it inter-
nally and externally, further external validation with data 
from multi-center is not available due to the rarity of the 
neoplasm. Nevertheless, considering the rarity of PGIM, 
our study still has a practical function in the predictive of 
CSS prognosis and risk-stratification of PGIM.

In conclusion, we investigated the factors associated with 
the CSS of PGIM and developed a practical prediction 
model for CSS. Patients were further divided into differ-
ent risk subgroups. The model may be available in clinical 
practice and help clinicians in predicting prognosis and 
individualizing the treatment for PGIM patients with dif-
ferent risks.

Ethics Committee Approval: This study was based on publicly avail-
able data from the SEER database and did not involve interaction 
with human subjects or the use of personally identifiable informa-
tion. The study did not require informed consent for SEER registra-
tion cases, and the author obtained a “limited use data agreement” 
from SEER. No trial registration was required.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept – S.Q.; Design – S.Q.; Supervision – T. 
H.; Data Collection and/or Processing – R.C., H.Y.; Analysis and/or 
Interpretation – S.Q., R.C., S.S.; Literature Review – S.Q.; Writing – 
S.Q.; Critical Review – Z.Y., T.H.

Declaration of Interests: The authors have no conflict of interest to 
declare.

Funding: This study received no funding.

REFERENCES
1. Bishop KD, Olszewski AJ. Epidemiology and survival outcomes of 
ocular and mucosal melanomas: a population-based analysis. Int J 
Cancer. 2014;134(12):2961-2971. [CrossRef]
2. Cui C, Lian B, Zhou L, et al. Multifactorial analysis of prognostic 
factors and survival rates among 706 mucosal melanoma patients. 
Ann Surg Oncol. 2018;25(8):2184-2192. [CrossRef]
3. Al-Haseni  A, Vrable  A, Qureshi  MM, et  al. Survival outcomes of 
mucosal melanoma in the USA. Future Oncol. 2019;15(34):3977-
3986. [CrossRef]
4. Cheung MC, Perez EA, Molina MA, et al. Defining the role of surgery 
for primary gastrointestinal tract melanoma. J Gastrointest Surg. 
2008;12(4):731-738. [CrossRef]
5. Coté TR, Sobin LH. Primary melanomas of the esophagus and ano-
rectum: epidemiologic comparison with melanoma of the skin. Mela-
noma Res. 2009;19(1):58-60. [CrossRef]

https://doi.org/10.1002/ijc.28625
https://doi.org/10.1245/s10434-018-6503-9
https://doi.org/10.2217/fon-2019-0465
https://doi.org/10.1007/s11605-007-0417-3
https://doi.org/10.1097/CMR.0b013e32831ef262


Qiu et al. Predicting the Survival of Gastrointestinal MelanomaTurk J Gastroenterol 2023; 34(8): 850-858

858

6. Zheng  YW, Cong  CS, Su  C, Sun  YP, Xing  LG. Epidemiology and 
survival outcomes of primary gastrointestinal melanoma: a SEER-
based population study. Int J Clin Oncol. 2020;25(11):1951-1959. 
[CrossRef]
7. Callahan A, Anderson WF, Patel S, et al. Epidemiology of anorectal 
melanoma in the United States: 1992 to 2011. Dermatol Surg. 
2016;42(1):94-99. [CrossRef]
8. Ciarrocchi A, Pietroletti R, Carlei F, Amicucci G. Extensive surgery 
and lymphadenectomy do not improve survival in primary melanoma 
of the anorectum: results from analysis of a large database (SEER). 
Colorectal Dis. 2017;19(2):158-164. [CrossRef]
9. Chen HY, Cai YB, Liu Y, et al. Incidence, surgical treatment, and 
prognosis of anorectal melanoma from 1973 to 2011: a population-
based SEER analysis. Medicine. 2016;95(7):e2770. [CrossRef]
10. Badakhshi H, Wang ZM, Li RJ, Ismail M, Kaul D. Survival and prog-
nostic nomogram for primary gastrointestinal melanoma (PGIM): a 
population-based study. Anticancer Res. 2021;41(2):967-974. 
[CrossRef]
11. Iddings DM, Fleisig AJ, Chen SL, Faries MB, Morton DL. Practice 
patterns and outcomes for anorectal melanoma in the USA, review-
ing three decades of treatment: is more extensive surgical resection 
beneficial in all patients? Ann Surg Oncol. 2010;17(1):40-44. 
[CrossRef]
12. Kahl AR, Gao X, Chioreso C, et al. Presentation, management, and 
prognosis of primary gastrointestinal melanoma: a population-
based study. J Surg Res. 2021;260:46-55. [CrossRef]
13. Ishizaki M, Aibara Y, Furuya K. Primary malignant melanoma of 
the esophagogastric junction: report of a case. Int J Surg Case Rep. 
2013;4(8):700-703. [CrossRef]
14. Augustyn A, de Leon ED, Yopp AC. Primary gastric melanoma: case 
report of a rare malignancy. Rare Tumors. 2015;7(1):5683. [CrossRef]
15. Callaghan GM, Kelleher FC, Ridgway PF, Crowther S, Alakkari A, 
Ryan BM. A case of primary gastric melanoma exhibiting a rare BRAF 
V600R mutation. Eur J Case Rep Intern Med. 2018;5(3):000749. 
[CrossRef]
16. Yde SS, Sjoegren P, Heje M, Stolle LB. Mucosal melanoma: a lit-
erature review. Curr Oncol Rep. 2018;20(3):28. [CrossRef]
17. Zhang S, Gao F, Wan DS. Effect of misdiagnosis on the prognosis 
of anorectal malignant melanoma. J Cancer Res Clin Oncol. 
2010;136(9):1401-1405. [CrossRef]

18. Droesch JT, Flum DR, Mann GN. Wide local excision or abdomin-
operineal resection as the initial treatment for anorectal melanoma? 
Am J Surg. 2005;189(4):446-449. [CrossRef]
19. Chen HC, Fu Q, Sun KL. Characteristics and prognosis of primary 
malignant melanoma of the esophagus. Medicine. 
2020;99(28):e20957. [CrossRef]
20. Goldman S, Glimelius B, Påhlman L. Anorectal malignant mela-
noma in Sweden. Report of 49 patients. Dis Colon Rectum. 
1990;33(10):874-877. [CrossRef]
21. Schuchter  LM, Green  R, Fraker  D. Primary and metastatic dis-
eases in malignant melanoma of the gastrointestinal tract. Curr 
Opin Oncol. 2000;12(2):181-185. [CrossRef]
22. La Selva  D, Kozarek  RA, Dorer  RK, Rocha  FG, Gluck  M. Primary 
and metastatic melanoma of the GI tract: clinical presentation, 
endoscopic findings, and patient outcomes. Surg Endosc. 
2020;34(10):4456-4462. [CrossRef]
23. Brady MS, Kavolius JP, Quan SH. Anorectal melanoma. A 64-year 
experience at Memorial Sloan-Kettering Cancer Center. Dis Colon 
Rectum. 1995;38(2):146-151. [CrossRef]
24. Yeh JJ, Shia J, Hwu WJ, et al. The role of abdominoperineal resec-
tion as surgical therapy for anorectal melanoma. Ann Surg. 
2006;244(6):1012-1017. [CrossRef]
25. Homsi  J, Garrett  C. Melanoma of the anal canal: a case series. 
Dis Colon Rectum. 2007;50(7):1004-1010. [CrossRef]
26. Owens JM, Roberts DB, Myers JN. The role of postoperative adju-
vant radiation therapy in the treatment of mucosal melanomas of 
the head and neck region. Arch Otolaryngol Head Neck Surg. 
2003;129(8):864-868. [CrossRef]
27. Benlyazid  A, Thariat  J, Temam  S, et  al. Postoperative radio-
therapy in head and neck mucosal melanoma: a GETTEC study. 
Arch Otolaryngol Head Neck Surg. 2010;136(12):1219-1225. 
[CrossRef]
28. Khaliq  A, Siddappa  PK, Thandassery  RB, et  al. Melanoma of 
stomach. J Gastrointest Cancer. 2012;43(4):630-633. [CrossRef]
29. Doğan M, Ozdemır S, Geçım E, Erden E, İçlı F. Intestinal malignant 
melanoma presenting with small bowel invagination: a case report. 
Turk J Gastroenterol. 2010;21(4):439-442. [CrossRef]
30. Bolzacchini E, Marcon I, Bernasconi G, Pinotti G. Primary mela-
noma of the stomach treated by BRAF inhibitor and immunotherapy. 
Dig Liver Dis. 2016;48(8):974. [CrossRef]

https://doi.org/10.1007/s10147-020-01759-x
https://doi.org/10.1097/DSS.0000000000000579
https://doi.org/10.1111/codi.13412
https://doi.org/10.1097/MD.0000000000002770
https://doi.org/10.21873/anticanres.14850
https://doi.org/10.1245/s10434-009-0705-0
https://doi.org/10.1016/j.jss.2020.11.048
https://doi.org/10.1016/j.ijscr.2013.04.037
https://doi.org/10.4081/rt.2015.5683
https://doi.org/10.12890/2018_000749
https://doi.org/10.1007/s11912-018-0675-0
https://doi.org/10.1007/s00432-010-0793-z
https://doi.org/10.1016/j.amjsurg.2005.01.022
https://doi.org/10.1097/MD.0000000000020957
https://doi.org/10.1007/BF02051925
https://doi.org/10.1097/00001622-200003000-00014
https://doi.org/10.1007/s00464-019-07225-8
https://doi.org/10.1007/BF02052442
https://doi.org/10.1097/01.sla.0000225114.56565.f9
https://doi.org/10.1007/s10350-007-0242-5
https://doi.org/10.1001/archotol.129.8.864
https://doi.org/10.1001/archoto.2010.217
https://doi.org/10.1007/s12029-011-9342-5
https://doi.org/10.4318/tjg.2010.0133
https://doi.org/10.1016/j.dld.2016.04.002

