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ABSTRACT

Background. There is no widely employed staging system
for mucosal melanoma (MuM) that incorporates all ana-
tomic sites. We hypothesized that MuM patients arising
from different anatomical sites could be staged using a
common approach.

Methods. A prospective database contained 1814 MuM
patients with a median follow-up of 5.14 years was
employed. Overall survival (OS) was calculated from the
time of pathological diagnosis to the date of death from any
cause. Multivariate analyses of prognostic variables and
OS were performed using the Cox proportional hazard
model.

Results. For localized MuM, the most significant median
OS differences were primary tumors invading submucosa
(i.e., T1) versus deeper (i.e., T2/T3/T4): 4.3 versus 3.4, 3.1,
and 2.9 years, respectively (p < 0.001). For patients only
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with regional node metastasis at presentation, the most
significant were: 1 versus > 2 regional nodes (N1 vs. N2,
2.5 vs. 2.1 years, p < 0.001). For patients with distant
metastasis at presentation, the median OS was 1.5, 1.2, 0.8,
and 0.6 years respectively for skin/subcutaneous tissue/
distant lymph nodes (Mla), lung metastasis (M1b), all
other visceral sites except brain (Mlc), and brain (M1d)
(»p < 0.001). Based on these results, the staging system for
MuM is proposed: (1) Stage I: TINOMO (median OS,
4.3 years); (2) Stage II: T2-4NOMO (3.1 years); (3) Stage
IHA: TI1-4NIMO (2.5 years), Stage IIIB: T1-4N2MO
(2.1 years); (4) Stage IV: TuyNynyM1 (0.9 years)
(p < 0.001).

Conclusions. A single, unified, staging system for muco-
sal melanoma inclusive of all anatomical primary tumor
sites can harmonize staging of MuM and the design of
clinical trials.

A standardized staging system for mucosal melanoma
(MuM) across anatomic sites has not been established. The
American Joint Committee on Cancer (AJCC) 8th Edition
Cancer Staging Manual only included a staging system for
MuM of the head and neck region." Most current prog-
nostic criteria used for classification and staging of
cutaneous melanoma (CM), such as primary tumor thick-
ness and ulceration or the use of the sentinel node biopsy
for staging, have not been shown to apply to mucosal


http://crossmark.crossref.org/dialog/?doi=10.1245/s10434-022-11670-6&amp;domain=pdf
https://doi.org/10.1245/s10434-022-11670-6

5222

C. Cui et al.

melanoma.'™ However, MuM patients usually have poor
prognosis, and a staging system is in need urgently. Pre-
viously, we examined the natural history and patterns of
metastasis of 706 MuM from different anatomic sites.’
With few exceptions, the presenting stages, incidence of
nodal and distant metastases, the site of predilection of
distant metastases, or overall survival were similar despite
different primary anatomic sites. The prognostic charac-
teristics of MuM can be staged as a single histological
group, regardless of the anatomic site of the primary
tumor.® Therefore, in this study, we combined these
cohorts of mucosal melanoma from multiple anatomical
sites to identify factors that could potentially be used in a
unified staging system for MuM.

METHODS
Database

A prospective database containing clinical and patho-
logical information for 1814 patients with mucosal
melanoma treated between December 2005 and May 2020
at the following institutions that served as the basis for
prior studies® was updated for this study: Peking University
Cancer Hospital & Institute (1703 patients, 94.0%), Yun-
nan Cancer Hospital (55 patients, 3.0%), SUN YAT-SEN
University Cancer Center (30 patients, 1.6%), and the First
Hospital of Jilin University (26 patients, 1.4%) (Table 1).
MuM primary anatomic sites were: nasal cavity and para-
nasal sinuses, oral cavity, upper gastrointestinal tract
(esophageal and gastric), lower gastrointestinal tract (colon
and anorectal), gynecological sites, urological sites.
Patients with vulvar melanoma and anal cutaneous mela-
noma (i.e., with skin and its appendages in pathology) were
excluded. Patients presenting with melanoma in one or
more lymph nodes without a known primary tumor also
were excluded from this study.

The extent of resection of the primary conformed to The
NCCN Guidelines for Melanoma to guarantee the negative
margin, which was similar across all surgeons for all
patients. Specifically, most of the tumor in the head and
neck was completely resected with negative margin, and
some of them received local radiotherapy after operation.
Part of the patients with gynecological or anorectum tumor
underwent extended resection, and the margin was gener-
ally 1-2 cm. The others received local resection with
negative margin. Usually, lymph node surgery was per-
formed if the patients showed positive node in CT or MRI
imaging without distant metastasis. Generally speaking, the
number of lymph nodes in the dissection for most of head
and neck tumors is at least 15, and the number of those in
the dissection for most of gynecological or anorectum

tumors is at least 10 according to The NCCN Guidelines
for Melanoma. There was no difference in the number of
nodes removed that could affect the results of the prog-
nosis. All primary tumor pathology specimens were
centrally reviewed at Peking University Cancer Hospital &
Institute for presence or absence of tumor ulceration, tumor
thickness (measuring depth of the primary MuM in mm),
and depth (not level) of invasion). Depth of invasion was
defined as follows: T1, tumor invading the mucosa or
submucosa; T2, tumor invading the muscularis propria; T3,
tumor invading the adventitia; T4, tumor invading adjacent
structures.> All patients had imaging examination to
detect regional or distant metastases. Patients categorized
as “clinically node negative” were based on radiographic
findings, primarily by CT or MRI or PET/CT scans.
Regional node staging by lymphatic mapping and sentinel
node biopsy was not performed. The number of metastatic
regional lymph nodes from each defined anatomic region
was recorded based on lymph node dissection of clinically
node-positive basin(s). Microsatellites, satellites, and in-
transit metastases occurred rarely and so were not included
in the analysis. All patients received baseline imaging
examination for initial stage diagnosis, then every
3 months in the period of adjuvant treatment, and every 1
or 2 months for the evaluation of advanced melanoma.
Almost all patients were included in the analysis. The
patients who could not collect the data of the T stage were
included in the Tx group. Similarly, those who could not
know the N stage were included in the Nx group. These
patients were enrolled in the overall population, and the
factors of Tx and Nx were taken into account in the uni-
variate and multivariate analysis.

Statistical Analyses

In our study, almost all of the patients died of progres-
sion of the melanoma. This is a retrospective study, so the
data could not be collected exactly for the reason of death
in every patient. We used overall survival (OS) instead of
melanoma-specific survival (MSS) to describe the real
situation in this study. OS was calculated from the onset of
pathological diagnosis to the date of death from any cause.
Survival rates were estimated by using the Kaplan-Meier
method, and statistical significance was evaluated by the
log-rank test. Multivariate analyses of prognostic variables
and OS were performed using the Cox proportional hazard
model.” Variables with a p value < 0.10 in univariate
analyses were included in multivariate analysis. Both uni-
variate and multiple covariate analyses of OS were used to
identify significant combinations of prognostic factors
within the proposed stages of localized, regional nodal
metastatic, or distant metastatic MuM.
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TABLE 1. Clinical and pathological characteristics—all patients (N = 1814)
Mucosal melanoma (MuM) Patients (%)
Age at diagnosis (year) (n = 1814) Median (range) 59 (16,87)
<40 121 (6.7)
40.1-50 362 (20.0)
50.1-60 586 (32.3)
60.1-70 525 (28.9)
> 70 220 (12.1)
Male/female (n = 1814) 677/1,137 (37.3/62.7)
Anatomic sites of primary tumor (n = 1814) Nasal cavity and sinuses 519 (28.6)
Oral cavity 241 (13.3)
Upper GI (esophageal and gastric) 121 (6.7)
Lower GI (colon and anorectal) 460 (25.4)
Gynecologic 404 (22.3)
Urologic 69 (3.8)
Depth of invasion (n = 1814) T1(Mucosa or submucosa) 343 (18.9)
T2 (Muscularis propria) 402 (22.2)
T3 (Adventitia) 385 (21.2)
T4 (Adjacent structures) 306 (16.9)
Unknown 378 (20.8)
Thickness (n = 1814) < 1.0 mm 127 (7.0)
1.1-2.0 mm 181 (10.0)
2.1-4.0 mm 526 (29.0)
> 4.0 mm" 531 (29.3)
Unknown 449 (24.8)
Ulceration (n = 1814) Absent 471 (26.0)
Present 1,035 (57.1)
Not available 308 (17.0)
Only regional lymph node metastasis at presentation
(n = 352) 1 lymph node 113 (32.1)
2-3 lymph nodes 125 (35.5)
4 or more lymph nodes 103 (29.3)
Unknown 11 (3.1)
Distant metastasis at presentation (n = 603) Skin, subcutaneous tissue, or distant lymph nodes 87 (14.4)
Lung metastases 125 (20.7)
All other visceral metastatic sites except brain 348 (57.7)
Brain with or without other sites 43 (7.1)
c¢KIT mutation (n = 1677) Present 132 (7.9)
BRAF mutation (n = 1680) Present 138 (8.2)
NRAS mutation (n = 986) Present 128 (13.0)
Serum elevated LDH (n = 603)* Present 260 (43.1)
Clinical stage at presentation Localized disease 842 (46.4)
(n = 1814) Regional metastases 352 (19.4)
Distant metastases 603 (33.2)
Unknown 17 (0.9)

LDH lactate dehydrogenase

“Distant metastases MuM

*Thickness >4.0 mm included: 4.1-6.0 mm: 206 (11.4%); 6.1-8.0 mm: 123 (6.8%); 8.1-10.0 mm: 99 (5.5%); 10.1-15.0 mm: 79 (4.4%);

>15.0 mm: 24 (1.3%)
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RESULTS

The data cutoff was March 20, 2021. The median fol-
low-up was 5.14 years (95% CI 4.81-5.46). The
distribution of all 1814 MuM patients based on clinical and
pathological characteristics is shown in Table 1. The
median age at diagnosis was 59 years, and 62.7% were
female. The anatomic sites of the primary MuM were:
nasal cavity and paranasal sinuses, 28.6%; oral cavity,
13.3%; upper gastrointestinal tract (esophageal and gas-
tric), 6.7%; lower gastrointestinal tract (colon and
anorectal), 25.4%; gynecological sites (excluding vulva),
22.3%; urological sites, 3.8%.

Overall, 343 MuM pts (18.9%) presented with T1
lesions (depth of invasion, mucosa or submucosa), 402
(22.2%) with T2 lesions (muscularis propria), 385 (21.2%)
with T3 lesions (adventitia), 306 (16.9%) with T4 lesions
(adjacent structures) and 378 (20.8%) with an unknown
depth (Table 1). Tumor thickness was > 4.0 mm in 531 pts
(29.3%), and tumor ulceration was present in 1035 pts
(57.1%).

Among MuM patients only presenting with nodal
metastases, 113 patients presented with one metastatic
lymph node (32.1%), 125 had two to three metastatic
lymph nodes (35.5%), and 103 had four or more metastatic
lymph nodes (29.3%) (Table 1). Some patients had lymph
node metastasis but without surgery. They were included in
the group of stage III with Nx. However, they were not
included in the group of exact N stage, such as N1, N2, and
N3 group, because these patients the exact number of
lymph nodes could not be determined. Among the 603
(33.2%) patients who presented with distant metastases, 87
presented with skin, subcutaneous tissue, or distant lymph
nodes (14.4%), 125 had lung metastases (20.7%), 348 had
metastases at other visceral metastatic sites except brain
(57.7%), and 43 presented with brain metastases (with or
without other sites) (7.1%; Table 1). Of the 603 patients
who presented with distant metastases, 260 (43.1%) had an
elevated serum LDH.

In China, resected MuM patients mainly received high-
dose interferon or adjuvant temozolomide-based
chemotherapy, and advanced MuM usually received
chemotherapy (including dacarbazine/temozolomide, car-
boplatin/cisplatin, or paclitaxel) combined with anti-VEGF
therapy (endostar or bevacizumab) before 2016. After
2016, almost all patients received PD-1 immunotherapy or
PD-1/PDL1-based combination therapy. All patients were
balanced, and the treatment did not affect the survival of
patients in different years. Meanwhile, the data were not
biased among MuM patients in terms of adjuvant treat-
ment, so the relevant treatment might not affect the
survival results and the staging system.

Localized Mucosal Melanoma

Among 660 patients who presented with localized MuM
(i.e., no regional or distant metastasis at presentation), the
distribution based on depth of primary tumor invasion was
28.2% for T1 tumors, 23.8% for T2 tumors, 26.2% for T3
tumors, and 21.8% for T4 tumors (Table 2). There were
significant differences in median OS and 5-year survival
according to depth of primary tumor invasion: T1 (4.3
years; 41.8% 5-year survival), T2 (3.4 years; 22.4% 5-year
survival), T3 (3.1 years; 8.0% 5-year survival), and T4 (2.9
years; 8.6% 5-year survival) (p < 0.001; Table 2; Fig. 2a).
Using the tumor thickness T-category definitions described
for CM in the AJCC 8th edition staging system (i.e.,
<1.0mm, 1.1-2.0 mm, 2.1-4.0 mm, and > 4.0 mm),
there were no significant OS or 5-year survival differences
by univariate analysis (p = 0.361) (Table 2; Fig. Sla).

Another important prognostic and staging criterion for
CM is primary tumor ulceration. Overall, 57.1% of primary
MuM tumors were ulcerated. However, there were no
significant differences in median OS or 5-year survival
comparing ulcerated versus nonulcerated MuM versus
unknown (3.2 vs. 3.6 vs. 3.0 years, p = 0.057) (Table 2;
Fig S1b).

The most significant primary tumor factor identified in
both univariate and multivariate analysis were NRAS
mutation status (p < 0.001) and the depth of invasion
(» < 0.001; Table; Fig. 2a). Other factors that did not
significantly correlate with OS included patient gender and
age, anatomic site of primary melanoma (head and neck vs.
gastrointestinal tract vs. gynecological and urological,
3.3 years vs. 3.4 years vs. 3.2 years, p = 0.926) (Table 2;
Fig. 1a), and c-kit/Braf mutational status, when analyzed
for the entire cohort.

Mucosal Melanoma with Regional Metastases

Various stratifications of number of nodal metastases
were analyzed with respect to OS, including those cate-
gories used for CM (AJCC 8th edition melanoma staging
system) (1 vs. 2-3 vs. 4 or more metastatic nodes)
(Fig. Slc). We examined combinations of 1 metastatic
node versus > 1 metastatic node; 1-2 metastatic nodes
versus > 2; or 1-3 metastatic nodes versus > 3; and 1
versus 2 versus >2. The most significant survival differ-
ences were: 1 versus 2 or more regional metastatic nodes.
The median OS was 2.5 years versus 2.1 years, and the
3-year survival was 32.6% versus 14.2% (p < 0.001;
Fig. 2b). This combination was statistically significant in a
multiple covariate analysis OS (p < 0.001; Table 3). Pri-
mary tumor depth of invasion also was statistically
significantly associated with OS by both univariate and
multiple covariate analysis.
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TABLE 2. Univariate and multivariate Cox proportional hazards model for localized disease MuM (N = 660%)

Characteristics N Univariate analysis p Multivariable analysis p

HR (95% CI) HR (95% CI)
Sex
Female 426
Male 234 1.01 (0.84-1.22) 0.91
Age (year) 0.18
<40 45
40.1-50 134 0.83 (0.57-1.20) 0.32
50.1-60 202 0.84 (0.58-1.20) 0.33
60.1-70 197 0.72 (0.50-1.03) 0.07
> 70 82 0.65 (0.42-0.99) 0.05
ECOG
0 368
> 1 292 1.29 (1.08-1.54) 0.01 1.16 (0.97-1.39) 0.11
Anatomic site 0.93
Head and neck 294
Gastrointestinal tract 172 0.96 (0.78-1.20) 0.73
Gynecological and urological 194 0.97 (0.79-1.19) 0.76
Depth of invasion < 0.001 < 0.001
T1 (Mucosa or submucosa) 186
T2 (Muscularis propria 157 1.76 (1.35-2.30) < 0.001 1.58 (1.21-2.07) 0.001
T3 (Adventitia) 173 2.50 (1.94-3.22) < 0.001 2.04 (1.57-2.66) < 0.001
T4 (Adjacent structures) 144 2.80 (2.14-3.63) < 0.001 2.36 (1.79-3.12) < 0.001
Thickness (mm) 0.36
<1.0 81
1.1-2.0 100 1.07 (0.77-1.47) 0.70
2.1-4.0 256 1.23 (0.93-1.61) 0.15
>4.0 223 1.06 (0.79-1.44) 0.69
Ulceration 0.06 0.25
Absent 209
Present 422 1.24 (1.03-1.51) 0.03 1.18 (0.97-1.44) 0.10
Unknown 29 1.36 (0.90-2.06) 0.15 1.06 (0.69-1.62) 0.79
CKIT mutation 0.04 0.80
Absent 560
Present 58 0.97 (0.72-1.32) 0.86 0.96 (0.71-1.30) 0.79
Unknown 42 0.49 (1.17-3.18) 0.01 1.86 (0.26-13.42) 0.54
BRAF mutation 0.02 0.44
Absent 581
Present 39 1.16 (0.81-1.66) 0.43 1.01 (0.70-1.45) 0.97
Unknown 40 0.47 (0.26-0.83) 0.01 0.26 (0.03-2.04) 0.20
NRAS mutation < 0.001 < 0.001
Absent 216
Present 22 2.14 (1.24-3.70) 0.01 1.78 (1.03-3.10) 0.04
Unknown 422 1.95 (1.55-2.45) < 0.001 1.74 (1.38-2.21) < 0.001

ECOG Eastern Cooperative Oncology Group
?Only includes patients without regional or distant metastasis at presentation and known primary tumor depth of invasion and thickness
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FIG. 1 OS for patients with
MuM stratified by anatomic site
of presentation: localized (a),
regional (b), distant metastatic
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Mucosal Melanoma with Distant Metastases

In MuM patients who presented with distant metastatic
disease, the median OS and 2-year survival for distant
metastases was 1.5 years and 35.1% for the skin, subcu-
taneous tissue, or distant lymph nodes; 1.2 years and 18.5%
for lung metastases; 0.8 years and 10.1% for all other
visceral metastatic sites except brain; and 0.6 years and
7.0% for brain metastases (with or without metastases at
other sites) (p < 0.001; Fig. 2c). Patients with distant

metastasis who had an elevated serum lactate dehydroge-
nase at the time of staging had a lower median OS and
2-year survival compared with those with a normal serum
LDH (0.7 vs. 1.2 years, 10.7% vs. 18.8%; p < 0.001;
Fig. 2d).

In multivariate analysis, site of distant metastases and
serum LDH level was the most significant prognostic factor
(p < 0.001; Table 4). ECOG status, depth of invasion,
CKIT, and BRAF mutation status were independent pre-
dictors of overall survival in the multivariate analysis.
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FIG. 2 continued
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L 343(0) 298(45) 199 (144) 109 (221) 55(270) 28 (288) 15 (298) 6(305) 2 (306)

Median OS

N Years ( 95%CI) 1-YR  2-YR 3-YR 5-YR

—— Elevated LDH 260 0.69 (0.57-0.80) 32.7% 10.7% 4.1%
—= Normal LDH 343 1.17 (1.10-1.24) 58.0% 18.8% 7.2%

P<0.001

(e)

Overall survival probability
w
(=]

0.0%
0.0%

Number at risk

( number censored) Years

— 258 (0) 242 ( 16) 203 ( 51) 148 (72) 100 ( 100)65 ( 122)36 ( 137)16 ( 142)6 ( 143) 3 ( 146)2 ( 147)

L 584 (0) 513 (69)386 ( 159249 ( 264)107 ( 387)52 ( 425)19 (446) 3 (456) 2 (456)
352 (0) 295 ( 56)193 (138)69 ( 243) 29 (270) 10 (284) 2 (291)
603 (0)284 (319)79 (498) 23 (540) 2 (551)

Median OS
N Years (95%CI) 1-YR 2-YR 3-YR 5-YR
—= Stage [ 258 426 (3.80-4.73) 93.8% 80.2% 70.2% 43.8%
= Stage IT 584 3.09 (2.93-3.25) 88.2% 72.1% 51.6% 15.4%

Stage I1I 352 2.18 (2.08-2.28) 84.1% 559% 25.5% 7.1%
Stage IV 603  0.94 (0.86-1.02) 47.3% 153% 59% 0.0%

P<0.001
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TABLE 3. Univariate and multivariable Cox proportional hazards model for regional metastases Mum (N = 265%)

Characteristics N Univariate analysis 14 Multivariable analysis 14
HR (95% CI) HR (95% CI)

Sex

Female 159

Male 106 1.07 (0.82-1.40) 0.62

Age (year) 0.37

<40 21

40.1-50 62 0.66 (0.39-1.11) 0.17

50.1-60 82 0.85 (0.51-1.40) 0.52

60.1-70 70 0.82 (0.49-1.37) 0.45

> 70 30 0.64 (0.35-1.16) 0.14

ECOG

0 132

>1 133 1.12 (0.86-1.47) 0.39

Anatomic site 0.47

Head and neck 110

Gastrointestinal tract 99 1.19 (0.88-1.61) 0.25

Gynecological and urological 56 1.17 (0.83-1.67) 0.37

Depth of invasion 0.01 0.02

T1(Mucosa or submucosa) 41

T2 (Muscularis propria) 69 1.24 (0.79-1.94) 0.35 1.38 (0.88-2.16) 0.17

T3 (Adventitia) 93 1.82 (1.20-2.74) 0.004 1.90 (1.25-2.88) 0.003

T4 (Adjacent structures) 62 1.91 (1.23-2.97) 0.004 1.58 (1.01-2.48) 0.05

Thickness (mm) 0.41

< 1.0 17

1.1-2.0 42 1.20 (0.63-2.29) 0.58

2.1-4.0 115 1.33 (0.74-2.39) 0.34

>4.0 91 1.04 (0.57-1.89) 091

Ulceration 0.51

Absent 79

Present 170 1.07 (0.80-1.43) 0.65

Unknown 16 0.79 (0.46-1.36) 0.39

Regional lymph node metastases < 0.001 0.001

1 lymph node 83

2-3 lymph nodes 102 1.60 (1.15-2.23) 0.01 1.62 (1.16-2.28) 0.01

4 or more lymph nodes 80 2.05 (1.44-2.91) < 0.001 2.09 (1.43-3.04) < 0.001

CKIT mutation 0.02 0.05

Absent 222

Present 25 1.67 (1.10-2.55) 0.02 1.41 (0.91-2.16) 0.12

Unknown 18 1.76 (0.93-3.36) 0.09 1.96 (1.02-3.77) 0.05

BRAF mutation 0.29

Absent 229

Present 18 0.94 (0.55-1.59) 0.81

Unknown 18 1.66 (0.87-3.16) 0.12

NRAS mutation 1.00

Absent 88

Present 10 0.97 (0.42-2.24) 0.94

Unknown 167 1.00 (0.74-1.34) 1.00

ECOG Eastern Cooperative Oncology Group

“Only includes patients with regional metastasis and without distant metastasis at presentation and known primary tumor depth of invasion and thickness
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TABLE 4. Univariate and multivariable Cox proportional hazards model for distant metastases MuM (N = 603
Characteristics N Univariate analysis )4 Multivariable analysis p

HR (95% CI) HR (95% CI)
Sex
Female 366
Male 237 1.13 (0.95-1.34) 0.18
Age (year) 0.61
<40 27
40.1-50 104 1.11 (0.72-1.73) 0.64
50.1-60 214 1.09 (0.72-1.66) 0.68
60.1-70 181 1.24 (0.81-1.88) 0.33
> 70 77 1.01 (0.64-1.60) 0.96
ECOG < 0.001 <0.001
0 197
1 383 1.62 (1.34-1.95) < 0.001 1.42 (1.14-1.77) 0.002
>2 23 3.89 (2.51-6.04) < 0.001 2.97 (1.80-4.89) < 0.001
Anatomic site 0.15
Head and neck 218
Gastrointestinal tract 228 0.97 (0.80-1.18) 0.76
Gynecological and urological 157 1.19 (0.96-1.47) 0.12
Depth of invasion < 0.001 < 0.001
T1 (Mucosa or submucosa) 69
T2 (Muscularis propria) 143 1.08 (0.79-1.47) 0.63 0.89 (0.65-1.24) 0.50
T3 (Adventitia) 95 2.12 (1.53-2.94) < 0.001 1.64 (1.16-2.33) 0.01
T4 (Adjacent structures 75 1.40 (0.99-1.99) 0.06 1.17 (0.81-1.70) 0.41
Unknown 221 1.54 (1.15-2.05) 0.003 1.62 (1.13-2.31) 0.01
Thickness (mm) 0.07 0.81
<1.0 24
1.1-2.0 36 1.21 (0.71-2.07) 0.48 1.13 (0.65-1.97) 0.67
2.1-4.0 142 1.03 (0.66-1.62) 0.89 1.00 (0.63-1.61) 0.99
>4.0 179 0.87 (0.56-1.37) 0.56 0.89 (0.54-1.47) 0.66
Unknown 222 1.18 (0.76-1.83) 0.47 0.84 (0.50-1.42) 0.52
Ulceration 0.82
Absent 127
Present 272 1.04 (0.84-1.30) 0.71
Unknown 204 1.08 (0.85-1.36) 0.53
Regional lymph node metastases 0.44
No 310
Yes 234 1.10 (0.92-1.31) 0.30
Unknown 59 1.16 (0.87-1.55) 0.31
Distant metastases < 0.001 < 0.001
Skin, subcutaneous tissue, or distant lymph nodes 87
Lung 125 1.43 (1.06-1.93) 0.02 1.48 (1.09-2.02) 0.01
All other visceral metastatic sites except brain 348 2.32 (1.79-3.01) < 0.001 2.12 (1.62-2.76) < 0.001
Brain 43 3.45 (2.34-5.08) < 0.001 2.43 (1.59-3.72) < 0.001
Serum LDH level
Elevated 260
Normal 343 0.59 (0.50-0.70) < 0.001 0.63 (0.52-0.76) < 0.001
CKIT mutation 0.01 0.04
Absent 515
Present 36 1.70 (1.20-2.40) 0.003 1.48 (1.04-2.11) 0.03
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Table 4. (continued)

Characteristics N Univariate analysis )4 Multivariable analysis p
HR (95% CI) HR (95% CI)

Unknown 52 1.14 (0.83-1.56) 0.41 4.52 (0.60-33.99) 0.14

BRAF mutation 0.02 0.01

Absent 482

Present 70 1.45 (1.12-1.88) 0.01 1.42 (1.08-1.86) 0.01

Unknown 51 1.13 (0.82-1.55) 0.45 0.21 (0.03-1.59) 0.13

NRAS mutation 0.06 0.46

Absent 332

Present 60 0.92 (0.69-1.24) 0.60 0.84 (0.62-1.14) 0.27

Unknown 211 1.22 (1.02-1.46) 0.03 1.07 (0.78-1.46) 0.69

ECOG Eastern Cooperative Oncology Group; LDH lactate dehydrogenase

4Only includes patients with distant metastasis at presentation

Thus, we propose that MuM M category distant metastases
can be stratified by anatomic site of the distant metastasis
in similar fashion as for the CM staging criteria in the
AJCC 8th edition.

Analysis of Potential Stage Groupings

We next analyzed combinations of prognostic factors
that would best fit potential stage groupings. We used the
same categories defined for CM in the AJCC Sth, and those
combinations of independent prognostic factors resulting
from our own analysis of MuM.

Stage I and II stage groups—Using the CM AJCC 8th
edition as a template, we first examined whether localized
MuM could be categorized using tumor thickness and
ulceration; however, there were no significant survival
differences (Figs. Sla and S1b). When we used combina-
tions of T1, T2, T3, and T4 for localized mucosal
melanoma, the most significant survival differences
occurred when Stage I was defined as T1 only, and Stage II
as any T2/T3/T4 primary tumor (Fig. 2a and e). Combi-
nations were analyzed using the depth of primary tumor
invasion criteria to select the best partitioning of survival
curves. The most significant OS differences were observed
when patients with T1 tumors were compared with tumors
at deeper tissue penetrations as a group (i.e., T2-T4)
(Fig. 2a and e). Therefore, we propose that mucosal mel-
anoma localized to the primary mucosal site should be
categorized as Stage I MuM for T1 tumors and Stage II
MuM defined as any T2, T3, or T4 tumors.

Stage III stage groups—Because the most significant
survival differences were observed when comparing MuM
with one nodal metastasis versus two or more nodal
metastases (Fig. 2b), we propose that MuM with regional
node metastases should be categorized as one metastatic

node (i.e., N1) for Stage IIIA disease and two or more
regional metastatic nodes (i.e., N2 category) for Stage I1IB
disease.

Stage IV stage groups—Consistent with AJCC staging
for CM, we defined substages for stage IV MuM (Table 5).

Survival Rates and Incidence of Proposed Stage
Groupings

The median OS was 4.3 years for Stage I, 3.1 years for
Stage II, 2.2 years for Stage III, and 0.9 years for Stage IV
(p < 0.001; Fig. 2e). The 3-year survival rates were 70.2%
for Stage I, 51.6% for Stage II, 25.5% for Stage III, and
5.9% for presenting Stage IV (p < 0.001; Fig. 2e). Survival
rates according to T and N categories in localized and
regional MuM are shown in Table S1. And the median OS
was 2.12 years (95% CI 2.00-2.25 years) and 2.08 years
(95% CI 1.87-2.30 years) in the patients before and after
2016. The survival was similar between the patients before
and after 2016 according to the survival curves. Using
these definitions, the incidence for stage at diagnosis for
our entire cohort of 1814 patients was: Stage 1, 14.4%;
Stage II, 32.5%; Stage III, 19.6%; and Stage 1V, 33.5%.
Proposed TNM staging and stage groupings for mucosal
melanoma are defined in Table 5.

DISCUSSION

To our knowledge, this is the first study proposing an
evidence-based staging system for mucosal melanoma for
all anatomical sites. Based on a multifactorial analysis of a
large database, we recommend the TNM staging and stage
grouping definitions for mucosal melanoma as listed in
Table 5. The proposed staging system follows the general
approach for staging of cutaneous melanoma but uses
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TABLE 5 Proposed TNM
criteria and stage grouping
definitions for mucosal
melanoma (all anatomic sites)

T category

T3—invasion of adventitia

T4—invasion of adjacent structures

N category

NO—no regional metastatic node

N1—1 regional metastatic node

T2—invasion of muscularis propria

T1—invasion of mucosa or submucosa

N2—2 or more regional metastatic nodes

M category
MO—no distant metastases

MIla—distant metastases to the skin, subcutaneous tissue, or distant lymph nodes

M1a(0) when serum LDH is normal
Mila(1) when serum LDH is elevated
M1b—Ilung metastases (with or without M1a sites of disease)
M1b(0) when serum LDH is normal
MI1b(1) when serum LDH is elevated
MIlc—all other visceral metastatic sites except brain (with or without M1a or M1b sites of disease)

MI1c(0) when serum LDH is normal
Milc(1) when serum LDH is elevated
MI1d for brain with or without other sites (with or without M1a, M1b or MIc sites of disease)
M1d(0) when serum LDH is normal
M1d(1) when serum LDH is elevated

Stage grouping definitions
Stage I: TINOMO

Stage II: T2-4NOMO
Stage IITA: T1-4N1MO
Stage IIIB: T1-4N2MO
Stage IV: T1-4N1-2M1

definitions based on the data analysis specific for MuM.
We defined Stage I and II localized MuM based on the
depth of tumor invasion, because tumor thickness and
ulceration were not prognostic in this analysis. For Stage
III MuM, we recommend only two categories: Stage IIIA,
one metastatic node (N1); Stage IIIB, 2 or more nodal
metastases (N2). For Stage IV MuM, consistent with The
AJCC CM staging system, we did not propose stage IV
stage groups.

A key principle of deriving MuM staging is our finding
in this and previous publications that there were no survival
differences of melanoma patients according to the ana-
tomic site of the primary mucosal melanoma.>® Similar
conclusions were made in a retrospective study of 444
German mucosal melanoma patients, where a multivariate
Cox regression did not find primary tumor site as an
independent prognostic factor.® Taken together, these data
support that mucosal melanomas can be staged using a
common staging system, regardless of the anatomic site of
the primary.'

For localized MuM, unlike the staging factors used for
cutaneous melanoma," there are no standardized thresh-
olds of tumor staging for mucosal melanomas using tumor
thickness or level of tissue invasion. In our study, 46.4% of
patients presented with locally advanced lesions (i.e., depth
of invasion at least T3 or tumor thickness > 4 mm), 33.8%
(223/660) of patients presented with tumor thickness
>4 mm, and 48.0% (317/660) of primary MuM pene-
trated to the submucosal layer or deeper (T3 or T4). Such
patients have a high risk of harboring subclinical distant
metastases. Nonetheless, depth of invasion was indepen-
dently associated with OS, while the measured tumor
thickness (in mm) was not.>® The prognostic value of
depth of invasion has been previously explored in MuM
involving oropharyngeal sites.'™'! In multiple other MuM
studies, tumor thickness was associated with little or no
prognostic significance.®'*!?

Several studies have reported that tumor thickness is a
prognostic factor for vulvar melanoma, but the natural
history, metastatic behavior, and survival rates of vulvar
melanoma have generally been shown to be more
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consistent with those of cutaneous melanoma, not mucosal
melanomas.®'*'® Similarly, a large study of anorectal
melanoma demonstrated that tumor thickness was a sig-
nificant prognostic factor as a continuous variable (73%
had a tumor thickness > 4.0 mm) and that tumor ulcera-
tion, present in 88% of patients, was not a significant
variable.'” This study included lesions arising in the rectum
(32%), anorectal junction (28%), and anal canal (40%).
These sites reflect potentially heterogenous sites of origin,
i.e., from either rectal mucosa (derived from endoderm) or
anus (which is derived from ectoderm). We did not include
melanomas derived from the ectoderm, including the anal
verge, anus, or female vulva, because the natural history of
such melanomas appear to behave more like those of
cutaneous melanoma.

The presence of primary tumor ulceration is a significant
adverse determinant of survival for patients with cutaneous
melanoma.'”'® In contrast, 57.1% of primary tumors in our
series of MuM were ulcerated, but this characteristic was
not an independent prognostic factor for 0S.° The high
frequency of tumor ulceration in these patients may have
diminished the ability to discern survival differences and
precluded this as a T-category factor.

The number of regional lymph node metastases was
independently associated with OS.° This is consistent with
results for cutaneous melanoma.'® In several studies, the
presence of nodal metastases was an independent risk
factor for disease progression,™''™' including patients with
lymph node metastases from vaginal and anal melanomas
whose OS was significantly lower.”’~** Among our stage
IIT patients, the number of metastatic nodes was detected
surgically, and this factor predicted the patient’s subse-
quent clinical course, similar to the results of Stage III
patients with cutaneous melanoma.'®

Patients who present with distant metastatic mucosal
melanoma at the time of initial diagnosis have a poor
prognosis and OS.'>* Among patients with Stage IV
MuM in this study, the site of distant metastases was a
significant prognostic factor. We defined categories Mla
through M1d according to sites of distant metastases based
on OS and consistent with a similar categorization in CM.
Also, MuM patients with an elevated serum lactate dehy-
drogenase (LDH) level at the time of staging had a worse
prognosis, which is similar to the findings for cutaneous
melanoma, where elevated serum LDH was an independent
prognostic factor that also is used as an M-category crite-
rion."” We recommend that an elevated serum LDH at the
time of staging be designated in parenthesis, consistent
with the staging rules used for cutaneous melanoma (8th
edition).'

There are some limitations in this study. A possible
limitation of this study is that the patients are all of Chinese
ethnicity. Meanwhile, there is no evidence that mutational

events or pathological characteristics of patients in this
study are any different from the results published involving
other ethnic populations.** Another limitation of this study
is that the database of patients from 2005 to 2020 spans a
long time. The purpose is to expand the number of cases.
Although there are some differences in the treatment of
patients in different years, the overall patients are balanced
and the treatment does not affect the survival of patients in
different years.

The structure of head and neck MuM is special indeed,
although currently the Mucosal Melanoma of the Head and
Neck-American Joint Committee on Cancer (AJCC) stag-
ing system criteria is specifically applicable to it, this study
provides another stage system for head and neck MuM. We
also will compare the advantages and disadvantages of the
two stage systems in the future, hoping to provide more
choices for clinical practice. A standardized approach to
staging this uncommon cancer, if validated and ultimately
employed, may greatly facilitate reporting of treatment
outcomes for patients with MuM and in the design, strati-
fication, and analysis of clinical trials for such patients.
Future studies are warranted to explore the potential
prognostic impact of additional clinicopathological ele-
ments, as well as molecular and immune factors, to
enhance risk modeling and ultimately improve clinical
decision-making.*’
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supplementary material available at https://doi.org/10.1245/s10434-
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