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Abstract

Pathological staging of primary anorectal mucosal melanoma is often performed according to the American Joint Commission
on Cancer (AJCC) guidelines for cutaneous melanoma, as an anorectal melanoma-specific staging system does not exist.
However, it remains unknown whether prognostic factors derived for cutaneous melanoma also stratify risk in anorectal
melanoma. We retrospectively determined correlations between clinicopathological parameters and disease-specific survival in
160 patients. Patients were grouped by clinical stage at presentation (localized disease, regional or distant metastases). Cox
proportional hazards regression models determined associations with disease-specific survival. We also summarized the somatic
mutations identified in a subset of tumors analyzed for hotspot mutations in cancer-associated gene panels. Most of the patients
were white (82%) and female (61%). The median age was 62 years. With a median follow-up of 1.63 years, median disease-
specific survival was 1.75 years, and 121 patients (76%) died of anorectal melanoma. Patients presenting with regional (34%) or
distant metastases (24%) had significantly shorter disease-specific survival compared to those with disease localized to the
anorectum (42%). Of the 71 anorectal melanoma tumors analyzed for hotspot genetic alterations, somatic mutations involving
the KIT gene (24%) were most common followed by NRAS (19%). Increasing primary tumor thickness, lymphovascular
invasion, and absence of regression also correlated with shorter disease-specific survival. Primary tumor parameters correlated
with shorter disease-specific survival in patients presenting with localized disease (tumor thickness) or regional metastases
(tumor thickness, absence of regression, and lymphovascular invasion), but not in patients presenting with distant metastases.
Grouping of patients according to a schema based on modifications of the 8th edition AJCC cutaneous melanoma staging system
stratified survival in anorectal melanoma. Our findings support stage-specific associations between primary tumor parameters
and disease-specific survival in anorectal melanoma. Moreover, the AJCC cutaneous melanoma staging system and minor
modifications of it predicted survival among anorectal melanoma patients.

Introduction
Primary anorectal melanoma accounts for ~1.5% of all

melanomas and 16.5% of all mucosal melanomas [1, 2], and
represents the second most common subtype of mucosal
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melanoma after sinonasal. In a SEER database study of
anorectal melanoma patients in the United States from
1973-2011, the annual anorectal melanoma incidence was
0.343 cases per 1 million (0.259 in men and 0.407 in
women) and has steadily increased over time [2, 3]. Anor-
ectal melanoma is an aggressive melanoma subtype with 5-
year overall survival rates estimated between 14% [4] to
30% [5, 6] and an estimated median overall survival of
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9-19 months [3, 7-9]. Among mucosal melanoma subtypes,
anorectal melanoma exhibits the shortest interval to disease
progression and the highest rate of metastasis [10].

Mucosal melanomas, including melanomas arising in the
sinonasal, anorectal, and genitourinary mucosa, present
unique clinical and pathological challenges distinct from
cutaneous melanoma. Mucosal melanomas arise in non-
keratinizing epithelia (squamous, columnar, or junctional)
in anatomic locations less amenable to examination, com-
monly lack pigmentation and frequently simulate common
benign processes (e.g., sinonasal polyps, hemorrhoids)—all
of which compromise early detection [8, 9]. The higher
density of lymphovascular structures in mucosal sites also
provides greater access to, and thus, may increase the
likelihood of systemic dissemination of tumor cells. Taken
together, it is not surprising that mucosal melanoma patients
more commonly present with regional and/or distant
metastases (~35-50%) compared to only 11% of patients
with cutaneous melanoma at diagnosis [11]. Surgical
extirpation of mucosal melanoma can also be challenging
because of the less distinctive microanatomic boundaries in
mucosal sites compared to skin; and anatomic and func-
tional constraints such as sphincter preservation impact
approaches to local control. Mucosal melanomas also har-
bor unique molecular-genetic alterations reflecting their
origin in anatomic sites protected from exposure to ultra-
violet light [12—-14]. Finally, mucosal melanomas may have
lower response rates to immune checkpoint blockade ther-
apy compared to cutaneous melanoma [3, 13, 15-17].

Identifying risk stratification systems that accurately
reflect the unique biology of anorectal melanoma remains
an important challenge. Clinical stage at presentation, as
defined by Ballantyne [18], is one predictor of survival in
anorectal melanoma, and in previous studies, patients with
localized disease (i.e., restricted to the anorectum) had
longer survival compared to those that presented with
regional and/or distant metastases [2, 8, 10, 18-21]. How-
ever, the Ballantyne system lacks granularity, particularly
regarding risk stratification among patients with early-stage
disease. In addition, owing to the rarity of anorectal mela-
noma, few studies have assessed the association between
discrete pathological variables of the primary tumor and
clinical outcomes [22—24]. Further, most prior studies have
grouped the various subtypes of mucosal melanoma (sino-
nasal, genitourinary, and anorectal) together, precluding
assessment of prognostic variables that may be unique to a
given subtype [10]. As such, these studies were neither
designed nor sufficiently powered to determine the relative
contribution of conventional prognostic factors specifically
in anorectal melanoma or to consider these in the context of
stage at presentation [10].

Taken together, there is a critical unmet need to delineate
the clinicopathological parameters that accurately predict

the biological behavior of anorectal melanoma—particu-
larly among patients presenting with localized and regional
metastatic disease. Delineation of patients at highest risk for
disease progression could identify populations that might
benefit from early therapeutic intervention, such as neoad-
juvant therapy or entry into clinical trials. Conversely,
identification of individuals at low risk for relapse could
spare such patients toxicities associated with additional
treatments, and support surveillance-based approaches.
Thus, we retrospectively determined associations between
clinicopathological parameters of primary tumor and
metastatic disease and disease-specific survival in 160
patients with anorectal melanoma.

Materials and methods
Selection of cases

The study was approved by the Institutional Review Board
of The University of Texas MD Anderson Cancer Center.
The pathology archives were searched to identify patients
with anorectal melanoma referred to MD Anderson at some
point during their care, during the period from March 1986
through October 2012 (n=254). This time period was
selected in order to ensure adequate follow-up for surviving
patients and to avoid the potential impact on survival due to
novel (targeted/immuno-) therapies. Data collected from all
patients were examined for completeness and patients were
selected for inclusion in the final analyses based on the
availability of both: (i) hematoxylin-eosin (H&E)-stained
slides of primary tumors (for reevaluation of histologic
parameters, particularly in older cases) and/or detailed
pathology reports (issued by one of the coauthors) doc-
umenting histopathological parameters that included at least
primary tumor thickness, ulceration status, and mitotic rate
(as required for staging of cutaneous melanoma according
to criteria in the 8th [25] and/or 7th [26] editions of the
American Joint Commission On Cancer Staging Manuals),
and (ii) carefully annotated demographic, clinical manage-
ment, and follow-up data (minimum of 4 years for surviving
patients). Overall, 160 patients met these criteria and were
included in the final analyses. Some patients in the current
study may have been included in prior reports from MD
Anderson [5, 7, 27], but the overall results here reported are
not duplicated.

Clinical, histopathological, and mutational data
For each patient, the following demographic/clinical data
were collected: date and age at diagnosis; sex; ethnicity;

anatomic location of primary tumor (rectum, located above
the dentate line; anorectal junction, referring to the area of
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anal sinuses, valves and papillae, [i.e., the level of the
dentate line]; anal canal, referring to the smooth anoderm or
squamous zone located below the dentate line; and anal
verge, referring to the anocutaneous junction); details of
regional metastases (date of diagnosis, clinically occult or
clinically evident), anatomic site, type of lymph node(s)
removed (sentinel or non-sentinel), number of all lymph
nodes removed and number of lymph nodes involved by
metastatic melanoma, size of metastatic deposit, micro-
anatomic location of the metastatic focus within the lymph
node, and presence of extranodal extension; treatment
approach, including type(s) of surgery for primary anorectal
melanoma and regional lymph nodes as well as non-surgical
therapies (radiation and systemic); details of distant
metastases (date of diagnosis, anatomic location, and lactate
dehydrogenase level at diagnosis, when available); and date
and cause of death, when applicable.

H&E-stained slides of the primary tumor were reviewed/
evaluated for each case by at least one dermatopathologist
(PN, MTT, VGP, JLC, DI, CAT, AHD, WLW, and AJL).
Discrepancies with outside diagnoses were adjudicated in a
consensus conference setting with the majority opinion
prevailing. The following primary tumor histopathological
parameters were recorded: histologic type, tumor thickness
[28] measured from top of the granular layer of squamous
epithelium/columnar epithelium of colonic mucosa, or base
of the ulcer to the deepest point of invasion and was cate-
gorized according to American Joint Commission on Can-
cer (AJCC) 8th edition pathological T-category criteria (T1:
<1.0 mm; T2: 1.1-2.0 mm; T3: 2.1-4.0 mm; T4: >4.0 mm);
level of rectal wall invasion (lamina propria, submucosa,
muscularis propria, or serosa and beyond); vertical growth
phase [29]; radial growth phase; mitotic rate of the invasive
component [30], determined using the hot spot approach
(highest number of mitotic figures in the invasive compo-
nent/mmz) [31]; tumor-associated epithelial ulceration [32];
regression, defined as spontaneous partial or complete dis-
appearance of a previously documented melanoma with
associated dermal fibrosis, dilated vessels and a variable
density of pigmented macrophages without evidence to
suggest these changes were due to therapeutic interventions
or external trauma [33]; lymphovascular invasion [34];
perineural invasion [35]; microscopic satellitosis [36];
tumor-infiltrating lymphocytes [37] (absent, non-brisk, or
brisk); precursor melanocytic nevus [38]; predominant
cytology (epithelioid, nevoid, spindled, or mixed); and
“final resection margin’ status after completion of all local
surgical procedures (negative, involved by in situ mela-
noma, or involved by invasive melanoma). As we could not
consistently demonstrate an obvious histopathologic origin
from either glandular or squamous mucosa, we relied on the
grossly defined anatomic landmarks as defined above to
designate anatomic location.

SPRINGER NATURE

We used a modified Ballantyne staging system [18] to
assign clinical stage at presentation, defined as the period up
to 120 days from the date of diagnosis to include imaging
studies and definitive surgical management. The patients
were grouped as follows: group L (patients with localized
disease confined to the anorectum), which included patients
with clinically negative lymph nodes that were not eval-
vated pathologically (LcNO) and patients with
pathologically-negative lymph nodes (LpNO); group R
(patients with regional lymph node metastases), which
included patients with clinically occult regional metastases
(RpN+ with pathologically confirmed microscopic metas-
tasis) and clinically evident regional metastases (RcN-+
determined by clinical evaluation/imaging); and group D
(patients with distant metastases).

Group L patients were classified according to four sys-
tems: (i) the AJCC 8th edition [25] for cutaneous mela-
noma: stage I versus stage II; (i) AJCC 8th edition
T-categories for cutaneous melanoma [39]; (iii) modified
T-categories based on three groups of different tumor
thickness, thin: <1.0 mm (T1); intermediate: >1.0 to 4.0 mm
(T2/3) and thick: >4.0mm (T4); and (iv) the tumor
thickness-mitotic rate system, previously derived for strati-
fication of primary vulvar melanomas [40] (Supplemental
Table 1).

For mutational analyses, areas containing predominantly
viable tumor tissue were identified on H&E-stained slides
and the corresponding formalin-fixed paraffin-embedded
(FFPE) tissue was manually macrodissected from mirror-
image unstained slides for genomic DNA extraction, which
was then analyzed for mutations by PCR-based DNA
sequencing or PCR-based primer extension or pyr-
osequencing of select exons of specific genes (KIT, NRAS
and/or BRAF) (n=153) or PCR-based primer extension
assay of 12 genes (n=9) or next generation sequencing-
based assay 46 genes (AmpliSeq Cancer Panel, Life
Technologies; San Francisco, CA, USA) (n=9) [41].
Genomic alterations, including pathogenic mutations and
potential germline variants were identified and recorded.

Statistical analysis

The clinical and histopathological characteristics were
summarized using descriptive statistics. Fisher’s exact test
was used to determine the associations between histo-
pathological and clinical characteristics [42]. Median
follow-up period was quantified used the Kaplan—Meier
estimated potential follow-up method [43]. Overall survival
was defined as the time interval from the date of diagnosis
to the date of death due to any cause. Disease-specific
survival was defined as the time interval from the date of
diagnosis to the date of death directly related to the pro-
gression of anorectal melanoma. Patients who were free of
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anorectal melanoma at the time of death were censored in
the analysis of disease-specific survival. The survival curves
for overall survival and disease-specific survival were esti-
mated by the Kaplan—Meier method [44]. Log-rank tests
were used to assess the significance of differences in
disease-specific survival between groups [45]. Univariate
Cox proportional hazards regression models were used to
determine the association of clinicopathological character-
istics with disease-specific survival or overall survival [46].
A multivariable Cox proportional hazards model for
disease-specific survival was obtained by first including all
covariates with p-value <(0.10 from univariate Cox models
and then performing a stepwise selection using a threshold
of 0.05 for the significance level of the Wald chi-square to
identify covariates to be retained in the final model. The
Bayesian Information Criterion was used to compare the
performance of staging systems and the model with a lower
value was preferred considering both model fitting and
model size. No adjustments were made for the multiple
comparisons. We used R version 3.1.1 (R Core Team 2014)
to conduct all analyses.

Results

Demographic characteristics of primary anorectal
melanoma

The clinicopathological characteristics of patients included in
the analysis (n = 160) are summarized in Table 1. Overall,
61% were women and the majority (82%) were white. The
median age at diagnosis was 62 years (range: 26—89 years).
Tumor thickness was >4.0 mm in 118 (73.7%) patients, with
a median of 6.9 mm; 141 (88.1%) tumors were ulcerated.
Sixty-two tumors (38.8%) extended into the submucosa, 28
(17.5%) extended into the muscularis propria, and 18 (11.2%)
extended into the serosa and beyond.

The initial diagnostic biopsy procedure was polypectomy
or hemorrhoidectomy in the majority of the patients (Sup-
plemental Fig. 1). Sixty-six of 126 patients that underwent
surgical management of anorectal melanoma had their sur-
geries performed at MD Anderson; wide excision and
regional lymph node dissection were most frequent. Ninety
patients that had achieved negative margins after planned
excisional surgery (Table 1), of which seven developed
local recurrence. Final margins of 15 and 50 patients were
positive for melanoma in situ and invasive melanoma,
respectively. Adjuvant radiation therapy was administered
for disease control to the primary site only (45 patients) or
to the primary and regional nodal basin (23 patients)
(Supplemental Fig. 2). A variety of approaches to systemic
therapy were employed in the neoadjuvant and adjuvant
settings (Supplemental Fig. 2).

Table 1 Clinicopathological parameters and outcome of primary
anorectal melanoma patients included in retrospective analysis

Clinicopathological parameter/outcome Retrospective analysis

cohort n =160
Median age at diagnosis (range) 62 (26-89) years

n %

Sex
Female 98 61
Male 62 39
Unknown - -
Ethnicity
African American 6 4
Asian 7 4
White 131 82
Hispanic 13 8
Unknown 3 2
Anatomic site
Anorectal junction 45 28
Rectum 51 32
Anal canal 59 37
Anal verge 4 2
Unknown 1 1
Clinical stage at presentation
Localized disease 67 42
Regional metastases 55 34
Distant metastases 38 24
Histological type
Unclassified 42 26
Acral lentiginous 65 41
Nodular 48 30
Superficial spreading 5 3
Tumor thickness, mm
<1.00 6 4
1.01-2.00 14 9
2.01-4.00 22 14
>4.00 118 73
Level of rectal wall invasion
Lamina propria 6 4
Submucosa 62 39
Muscularis propria 28 17
Serosa and beyond 18 11
Unknown 46 29
Vertical growth phase
Not identified 4 3
Present 156 97
Unknown - -
Radial growth phase
Not identified 50 31
Present 70 44
Unknown 40 25
Mitotic rate of invasive component, mitotic figures/mm?>
0 5 3
1
2-10 70 44
>10 79 49
Ulceration
Not identified 19 12
Present 141 88

SPRINGER NATURE
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Table 1 (continued)

Clinicopathological parameter/outcome

Median age at diagnosis (range)

Retrospective analysis
cohort n =160

62 (26-89) years
n %

Regression
Not identified 140 88
Present 18 11
Unknown 2 1
Lymphovascular invasion
Not identified 86 54
Present 74 46
Perineural invasion
Not identified 137 86
Present 23 14
Microscopic satellitosis
Not identified 123 77
Present 34 21
Unknown 3 2
Tumor-infiltrating lymphocytes
Absent or non-brisk 155 97
Brisk 3 2
Unknown 2 1
Precursor nevus
Not identified 157 98
Present 2 1
Unknown 1 1
Predominant cytology
Epithelioid 101 63
Spindled 13 8
Nevoid 1
Mixed 45 28
Unknown
Final resection margin status
Negative 90 56
Positive for in situ melanoma 15 10
Positive for invasive melanoma 50 31
Unknown 5 3
Outcome
Dead 131 82
Alive 18 11
Lost to follow-up 11 7
Cause of death
Anorectal melanoma 121 76
Other 4 2
Unknown or alive 35 22

Overall, 131 of 160 patients had died during follow-up,
most (n=121, 92.4%) due to progression of anorectal
melanoma; 11 were lost to follow-up. The median follow-
up of the 8 patients that were alive at their last encounter
was 5.0 years (range: 0.4-20.8 years). The median overall
survival was 1.8 years, and median disease-specific survival
was 1.8 years (95% CI: 1.6-2.2 years) (Supplemental
Fig. 4). The 5-year disease-specific survival was 22% (95%
CI: 16-30%). Most patients in our cohort presented with

SPRINGER NATURE
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Fig. 1 Genomic mutations in anorectal melanoma. a, Prevalence of
hotspot mutations in 71 cases of anorectal melanoma. Fractions indi-
cate number of cases in which mutations were detected (numerator)
compared to the number of cases evaluated (denominator) for each
gene. Among tumors with KIT mutations, three cases had point
mutations involving two different codons (black), while 13 had
mutations involving only one (gray)

metastatic disease at diagnosis (Table 1), including 34%
with regional nodal metastases and 24% with distant
metastases (irrespective of regional disease); 42% had dis-
ease confined to the anorectum.

Seventy-one anorectal melanoma tumors (54 primaries, 14
regional metastases, 2 distant metastases, 1 unknown source)
from patients in this cohort were evaluated for frequently
reported (hotspot) mutations (Fig. 1, Table 2 and Supple-
mental Fig. 3). Among the genes evaluated, the frequency of
mutations was 24% KIT (16 of 68 evaluated tumors, and the
L576P point mutation was most common; n = 5), 19% NRAS
(6 of 31; most commonly affecting codons Q61 and G12;
n=2 each), 2% BRAF (1 of 47; an activating K601E
mutation).

Associations between clinicopathological
parameters and disease-specific survival

Clinical stage at presentation (Fig. 2a) significantly corre-
lated with disease-specific survival (p <0.001) on univariate
analysis (Table 3, Fig. 2b). Patients presenting with regional
metastases (median 1.81 years, hazard ratio [HR] =1.52;
p =0.05) or distant metastases (median 1.25 years, HR =
3.24; p<0.001) had shorter disease-specific survival com-
pared to patients presenting with localized disease (median
2.39 years). Five-year disease-specific survival rates were
32%, 18%, and 6% for patients presenting with localized,
regional, and distant disease, respectively (Supplemental
Fig. 4). In addition, the following primary tumor parameters
correlated with shorter disease-specific survival on uni-
variate analysis among all patients: tumor thickness, either
categorized by cut-offs in the 8th edition AJCC Staging
Manual for cutaneous melanoma (p =0.01) or when con-
sidered as a continuous variable (HR =1.03; p <0.001)
(Fig. 3a); lymphovascular invasion (HR =2.19; p <0.001;
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Table 2 Summary of molecular

P : Tissue tested Gene
genetic findings in anorectal

Incidence Type of

Exon Aminoacid change Synchronous mutations in

melanoma mutation other genes
P KIT 3 Missense 11 V560D -
P KIT 4 Missense 11 L576P -
R KIT 1 Missense 11 L576P KDR C482R*
P KIT 1 Ins30bp 11 - -
P KIT 1 Missense 13 K642E M541L°
P KIT 1 Missense 13 V654A -
pP KIT 1 Missense 13 K642Q N822Y -
DP KIT 1 Missense 11 K558N D579Y -
p° KIT 1 Missense 17 N822H V824M -
P KIT 1 Missense 17 D816H -
P KIT 1 Missense 17 N8221I -
P NRAS 1 Missense 2 G12C -
P NRAS 2 Missense 2 G128 -
P NRAS 1 Missense 2 G13D -
P NRAS 1 Missense 3 Q61K -
P NRAS 1 Missense 3 Q61L -
P BRAF 1 Missense 15 K601E -
R P53 1 Missense 5 R196P -
+del10bp
P ERBB2 1 Missense 21 V8421 KIT M541L%
P KIT 1 Missense 11 M541L*
P primary, R regional metastasis, D distant metastasis
Possible germline variant
®Cases harboring point mutations involving two different codons of KIT gene
Fig. 3b); perineural invasioin (HR =1.68; p=0.04; disease-specific survival among patients grouped separately

Fig. 3c); and final surgical margins positive for invasive
melanoma (HR =2.4; p<0.001; Fig. 3d) (Table 2). The
presence of primary tumor regression correlated with longer
disease-specific survival (HR =0.37; p=0.01; Fig. 3e).
Ulceration, mitotic rate, and level of rectal wall invasion did
not correlate with disease-specific survival (Fig. 3f-h).
Multivariable models (Table 3) were constructed consider-
ing only factors that were significant on univariate analysis.
These showed that the presence of distant metastases (HR
=2.71; p<0.001), increased tumor thickness (as a con-
tinuous variable) (HR = 1.02; p =0.004), and lymphovas-
cular invasion (HR=1.83; p=0.003) independently
correlated with shorter disease-specific survival, while pri-
mary tumor regression independently correlated with longer
disease-specific survival (HR = 0.28; p = 0.001).

Stage-specific associations between
clinicopathological parameters and disease-specific
survival

Because clinical stage was among the most robust pre-
dictors of disease-specific survival in our cohort (Fig. 2,
Table 3), we next considered factors associated with

according to their clinical stage at presentation (Fig. 2a), to
determine stage-specific associations between histopatho-
logical parameters and disease-specific survival (Table 4).
This analysis also incorporated measurements of disease
burden among patients with metastases, including the
number of regional lymph nodes involved by melanoma;
clinical detectability (by imaging studies or pathological
examination) for patients with regional metastasis; and
serum lactate dehydrogenase levels and the location/number
of anatomic sites involved for patients with distant metas-
tasis. Of the primary tumor pathological parameters eval-
uated, tumor thickness, lymphovascular invasion and
regression correlated with disease-specific survival among
L and among R patients (Table 4). Parameters of regional
(number of nodes involved and whether these were clini-
cally evident or occult) and distant (lactate dehydrogenase
levels, site and number of organs involved) metastatic dis-
ease burden did not significantly correlate with disease-
specific survival among group R and D patients,
respectively.

Multivariable models (Table 5) were constructed for each
stage group considering only factors that were significant on
univariate analysis. Among group L patients, only tumor

SPRINGER NATURE
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A L R D

Retrospective analysis cohort n=160

LcNO: Localized disease; regional lymph

L: Disease localized nodes not sampled n=27 (17%)

to primary site
n=67 (42%)

LpNO: Localized disease; regional lymph
nodes negative by pathologic evaluation
n=40 (25%)

RpN+: Clinical occult regional disease,
i.e., imaging negative, but pathologically
confirmed micrometastasis n=18 (11%)

R: Disease involving
regional lymph node(s)
n=55 (34%)

RcN+: Clinically evident regional lymph
node metastasis, i.e., imaging positive
macrometastasis n=37 (23%)

D: Distant metastasis
n=38 (24%)

p < 0.001

0.6

DSS probability
0.4

Group L

0.2

e GOUPR

0 2 4 6 8 10
Years after diagnosis

Fig. 2 Stratification of anorectal melanoma patients according to
clinical stage at presentation. a Classification of patients using a
modified Ballantyne clinical staging system. The patients were clas-
sified initially according to anatomic sites of involvement as having
localized disease, regional metastases, or distant metastases. Patients
with localized disease and regional disease were further subdivided on
the basis of nodal status. b Kaplan—Meier estimates of disease-specific
survival (DSS) based on clinical stage at presentation

thickness as a continuous variable (HR = 1.08; p = 0.001)
independently correlated with shorter disease-specific sur-
vival in the multivariable model. In the LcNO subgroup,
tumor thickness as a continuous variable (HR =1.14; p =
0.03) and age 262 years (HR =4.35; p =0.02) indepen-
dently correlated with shorter disease-specific survival. In
the LpNO subgroup, only lymphovascular invasion (HR =
2.97; p=0.006) independently correlated with shorter
disease-specific survival. Among group R patients, tumor
thickness as a continuous variable (HR = 1.04; p = 0.001)
and lymphovascular invasion (HR =2.23; p =0.02) inde-
pendently correlated with shorter disease-specific survival,

SPRINGER NATURE

while presence of regression (HR =0.16; p =0.004) inde-
pendently correlated with longer disease-specific survival in
the multivariable model. In the RpN-subgroup, tumor
thickness as a continuous variable (HR =1.16; p =0.01)
and lymphovascular invasion (HR = 6.4; p =0.008) inde-
pendently correlated with shorter disease-specific survival.
In the RcN+-subgroup, ulceration independently correlated
with longer disease-specific survival (HR = 0.21; p =0.02),
while perineural invasion correlated with shorter disease-
specific survival (HR =2.98; p=0.05). Among patients
who did not present with distant metastases, (groups L + R;
Fig. 2b), tumor thickness as a continuous variable (HR =
1.04; p<0.001) and lymphovascular invasion (HR = 1.85;
p =0.03) independently correlated with shorter disease-
specific survival, whereas primary tumor regression (HR =
0.12; p=0.005) independently correlated with longer
disease-specific survival.

Risk stratification of patients with localized
anorectal melanoma

Whereas metastatic disease at presentation strongly corre-
lated with shorter disease-specific survival, with few other
features of the primary tumor impacting disease-specific
survival in this setting, patients presenting with localized
anorectal melanoma showed significant variability in their
disease-specific survival. Therefore, we performed addi-
tional focused analyses on group L patients (Fig. 2) to
compare candidate risk models. First, we applied the 8th
edition cutaneous melanoma AJCC staging system (and
modifications thereof) by grouping these patients according
to (i) a two-group system: stage I (T1a through T2a) versus
stage II (T2b through T4b); (ii) eight individual T-sub-
categories; and (iii) a modified cutaneous melanoma T-
category criteria to map to 3 tumor thickness groups: ‘thin’
(T1), ‘intermediate’ (T2/3) and ‘thick’ (T4) (Supplemental
Table 1). Grouping of patients according to AJCC cuta-
neous melanoma stage I/II delineated two groups of patients
with a trend to distinct disease-specific survival, but this did
not achieve statistical significance (p =0.1) (Fig. 4a,
Table 6). Although there were too few events within some
of the individual T-sub-categories to assess disease-specific
survival, overall survival could be stratified according to the
8T-sub-categories (Fig. 4b, Table 6), albeit with significant
overlap of the Kaplan—Meier-curves (p = 0.14). In contrast,
the 3-category grouping based on modified tumor thickness
ranges significantly differentiated disease-specific survival
among anorectal melanoma patients with localized disease
(p =0.03) (Fig. 4c, Table 6).

We recently reported a 2-tier prognostic model (tumor
thickness-mitotic rate system, Supplemental Table 1) [40]
that accurately risk-stratified patients with primary vulvar
melanoma according to primary tumor thickness and mitotic
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Table 3 Univariate and multivariable Cox proportional hazards model for disease-specific survival
Clinical or histopathologic parameter n Univariate analysis Multivariable analysis
(n=160) HR (95% CI) )4 HR (95% CI) P
Median age at diagnosis, years
<62 80 - - - -
>62 80 1.20 (0.84, 1.72) 0.31 - -
Sex
Female 98 - - - -
Male 62 0.76 (0.53, 1.10) 0.15 - -
Anatomic site 0.15
Anorectal junction 45 - - - -
Rectum 51 0.74 (0.47, 1.15) 0.18 - -
Anal canal 59 0.71 (0.46, 1.11) 0.13 - -
Anal verge 4 0.18 (0.03, 1.34) 0.10 - -
Clinical stage at presentation <0.001 <0.001
Localized disease (Group L) 67 - - - -
Regional metastases (Group R) 55 1.52 (0.99, 2.31) 0.05 1.38 (0.90, 2.13) 0.14
Distant metastases (Group D) 38 3.24 (2.03, 5.18) <0.001 2.71 (1.66, 4.41) <0.001
Histological type 0.002
Unclassified 42 - - - -
Acral lentiginous 65 0.47 (0.30, 0.73) 0.001 - -
Nodular 48 0.58 (0.37, 0.92) 0.02 - -
Superficial spreading 5 0.19 (0.05, 0.79) 0.02 - -
Tumor thickness, mm
As a categorical variable 0.01 - -
<1.0 6 - - - -
1.0-2.0 14 4.36 (0.55, 34.40) 0.16 - -
2.0-4.0 22 3.26 (0.43, 24.58) 0.25 - -
>4.0 118 6.46 (0.90, 46.41) 0.06 - -
As a continuous variable 160 1.03 (1.02, 1.05) <0.001 1.02 (1.00, 1.05) 0.004
Level of rectal wall invasion 0.24
Lamina propria 6 - - - -
Submucosa 62 0.47 (0.20, 1.12) 0.09 - -
Muscularis propria 28 0.68 (0.28, 1.67) 0.40 - -
Serosa and beyond 18 0.59 (0.23, 1.53) 0.28 - -
Vertical growth phase
Not identified 4 - - - -
Present 156 2.09 (0.29, 15.00) 0.46 - -
Mitotic rate of invasive component, per 0.15
mm? figures/mm?
0 5 - - - -
1 6 4.84 (0.54, 43.37) 0.16 - -
2-10 70 5.99 (0.83, 43.35) 0.08 - -
>10 79 6.87 (0.95, 49.62) 0.06 - -
Ulceration
Not identified 19 - - - -
Present 141 1.47 (0.79, 2.73) 0.23 - -
Regression
Not identified 140 - - - -

SPRINGER NATURE



504

P. Nagarajan et al.

Table 3 (continued)

Clinical or histopathologic parameter n Univariate analysis Multivariable analysis
(n=160) HR (95% CI) )4 HR (95% CI) )4

Present 18 0.37 (0.17, 0.79) 0.01 0.28 (0.13, 0.61) 0.001
Lymphovascular invasion

Not identified 86 - - - -

Present 74 2.19 (1.52, 3.17) <0.001 1.83 (1.23, 2.72) 0.003
Perineural invasion

Not identified 137 - - - -

Present 23 1.68 (1.03, 2.72) 0.04 - -
Microscopic satellitosis

Not identified 123 - - - -

Present 34 1.34 (0.87, 2.06) 0.18 - -
Precursor nevus

Not identified 157 - - - -

Present 2 0.34 (0.05, 2.40) 0.28 - -
Final resection margin status <0.001 -

Negative 90 - - - -

Positive for in situ melanoma 15 0.95 (0.51, 1.76) 0.86 - -

Positive for invasive melanoma 50 2.40 (1.62, 3.55) <0.001 - -

Statistically significant p-values are bolded

rate. To determine if this system also stratified risk among
other mucosal melanoma subtypes, we categorized the
group L anorectal melanoma patients according to the tumor
thickness-mitotic rate system (Supplemental Table 1), and
observed a trend towards statistical significance (p =0.1)
for overall survival (Fig. 4d, Table 6).

Since risk stratification based predominantly on tumor
thickness, either as a 3-group approach or a 2-group AJCC
cutaneous melanoma-based staging system approach,
appeared to stratify disease-specific survival among group L
patients, we evaluated their performance on the whole
cohort of 160 anorectal melanoma patients in the context of
the overall AJCC 8th edition cutaneous melanoma staging
system (i.e., assessed together with stage III and IV anor-
ectal melanoma patients; Fig. 5a, b). Both systems sig-
nificantly  stratified disease-specific  survival =~ when
considering all anorectal melanoma patients together, with
comparable Bayesian Information Criterion values for each
(Table 7).

Discussion

Our study represents the largest single-institution retro-
spective study of anorectal melanoma patients and encap-
sulates the disease course typical in the pre-targeted/
immunotherapy era. Mutational analyses in a subset of our
patient cohort confirmed a high incidence of KIT mutations
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in anorectal melanoma (16 of 68 patients)—a frequency
similar to prior reports [13, 14], supporting that our patient
cohort appropriately reflects the biological spectrum of
anorectal melanoma in the population. Our study is the first
to describe stage-specific clinicopathological prognostic
parameters in this disease. The 5-year disease-specific sur-
vival was 22% (95% CI: 16-30%) in our cohort, which is
similar to or slightly higher than previously reported 5-year
disease-specific survival [47]. Clinical stage at presentation
(defined as localized disease, regional metastases, or distant
metastases) [18] robustly correlated with disease-specific
survival. In addition, tumor thickness, lymphovascular
invasion, and regression correlated with disease-specific
survival in the complete cohort. Interestingly, patients
whose final resection margins were positive for melanoma
in situ had disease-specific survival similar to those with
negative margins (Fig. 3d). This could be due to a number
of different factors. First, 13/15 (87%) patients with margins
positive for melanoma in situ eventually developed metas-
tasis, which would ultimately determine patient outcome. In
addition, since immunohistochemical studies were not
routinely used in the assessment of margin status, margins
with more subtle involvement may have been under-called.
Additional significant associations between disease-specific
survival and discrete histopathological parameters were
identified in a stage-specific fashion.

Among patients with disease localized to the anorectum
(group L), greater tumor thickness correlated with shorter
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Fig. 3 Disease-specific survival
(DSS) in patients with anorectal
melanoma stratified according to
primary tumor histopathologic
parameters. Each pair of images
consists of a representative
micrograph of a histopathologic
feature of anorectal melanoma
(left) and the respective
Kaplan—-Meier disease-specific
survival estimates (right).

a Tumor thickness, measured
according to American Joint
Commission on Cancer (AJCC)
8" edition cut-offs for cutaneous
melanoma: T1< 1.0 mm, T2 >
1.0-2.0 mm, T3 >2.0-4.0 mm,
T4 >4.0 mm (arrow- tumor
thickness measured
perpendicular to the surface
along the thickest aspect of
anorectal melanoma involving
colonic mucosa; H&E, 20x).

b Lymphovascular invasion
(H&E, 400x). ¢ Perineural
invasion of nerve fibers (H&E,
400x). d Margin status, (—):
negative, (+) IS: positive for

in situ (IS), (+) Inv: positive for
invasive melanoma; pictured:
involvement of resection margin
by invasive melanoma (H&E,
200x). e Histologic regression
(H&E, 200x). f Tumor-
associated ulceration,
characterized by absence of
epithelium overlying melanoma
and associated fibrinous exudate
on the mucosal surface (H&E,
200x). g Mitotic figures/mm>
(x4, arrows) within the invasive
component (H&E, 400x).

h Level of rectal wall invasion
by melanoma, LP lamina
propria, SM submucosa, MP
muscularis propria and 2S serosa
and beyond; pictured: MP
invasion (H&E, 20x). NI not
identified, P present

disease-specific survival. However, correlations observed
between tumor thickness within the discrete subgroups were
inconsistent. For example, tumor thickness independently
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correlated with disease-specific survival among LcNO
patients, but not among LpNO patients. This discrepancy
might be at least partially attributed to the overall small
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Fig. 3 (Continued)

number of patients in our cohort. Moreover, it is possible
that presence of lymphovascular invasion in LpNO patients
may be a more prognostically relevant variable than tumor
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thickness, which is also supported by the higher hazard ratio
in univariate analysis (2.97 higher risk for disease-specific
survival when lymphovascular invasion was present



507

Prognostic model for patient survival in primary anorectal mucosal melanoma: stage at presentation...

sisA[eue o[qeLIBADNW JUoNDbOsSqNS Ul PIPNIOUI SIOJOWEIE],

pap[oq a1e sanfeA-d Jjueoyrusis A[[eonsnels

SISEISEIOW JURISIP JO SIsouSeIp e
S[OAS] H('T PAYRAR[Q H(F'T2 ‘SBaSIP dNe)Se)aull JUIPIAD A[[eDSIUI[D S1SDISnIauio0vu ‘sapou YdwA] [euoi3ar o} SISeISeIoW A/7y+ ‘SOLI059)ed UTelIad Ul sIoquinu maj 00} 03 anp pauriojrad o jou pnod
SISA[EUR QJBLIBAIUN JA ‘BUIOUB[OW QAISBAUL J0J 9ANIsod UISIBW UONIISAI [BUY Y+ ‘SIsOi[[ares 91d0dsoIom S ‘uoiseAul [einautiad jNJ ‘uoiseAur Je[noseAaoydwA] 747 ‘UOISSAIZAI JO 20USqe
DY~ ‘UONLININ /) WW/OT< SHINFY SNONU [ ‘PUOADQ IO BSOIOS 0) UOISEAUT [[2M [2IOAI JO [9AS] AHT ‘O[qRHIEA SNONUNUOD € SE SSAUNOIY) Jowny [ ] ‘SIsouderp je d5e jusned uerpour 25y

(EL°L *99°0) $T'T 0T0
(1€°6 “06°0) 68°C ‘80°0
(198 ‘¥8°0) 69°C ‘01°0
(PI'ST'IL'0) 8T'€E €10
(S9I°8L°0) LE'E “01°0

(IL'T %S°0) ¥T'1 ‘S9°0
(628 “T¥0) T8'1 ‘TH0
(€6'7 ‘81°0) $6'0 S6°0
(01T “€1°0) TS'0 ‘9€°0
(01T *61°0) €9°0 9+°0
(IT°LT “68°0)

06°€ 2L0°0

(09°€ “65°0) S¥'T “TH'0
(L8'T “TH0) 88°0 ‘FL0
(10T °6T°0) LL'0 ‘650°0
(SS'T °19°0) ST'T ‘¥S'0
(10°'T “S0°0) ¥T°0 *:S0°0
(LLY ‘¥70) #1'1 °SS°0
(S8'81°CE°0) L¥'T ‘8E0
(6¥°0 “00°0) TO'0 200

(LO'T 'T6'0) 66'0 ‘68°0
(81°€ *6L°0) 8S'T ‘0T°0

dN
dN
dN
dN
dN
dN
dN
dN
dN
dN
dN

dN

(8%'¢ ‘671 TI'T “:#00°0
(ST'T8L0) TE'T “I€0

65°€ “LT'D SO'T 100
(€€ “SP'1)

€2°C .100°0>

(060 “ST°0) 9€°0 *,£0°0
(66'C ‘0L°0) ¥'1 “TE0
(FTO¥'9L°0) €SS 60°0
(F1°T*LT0) 9L°0 090
(90T “€0'1)

¥0'1 .100°0>

(L8'T 08°0) €T'T ‘#€°0

dN
dN
dN
dN
dN
dN
dN
dN
(65T ‘6€°0) T0'T “86'0
(961 *81°0) ¥$°0 ‘ST’
(¥8'T TE'0) LL'O “SSO

dN
(10°S 20'D) 92T %S0°0
(0S°C ‘8%°0) OI'T ‘T80
(LL'9 “98°0) TH'T +60°0
(ST'€ “€L°0) €S°T °LTO
(IT'T *L0°0) 8T'0 ‘600
(L6°0 “80°0) LT'0 “.S0°0
(69°€°90°0) L¥'0 ‘8°0
(SE€°S °L0°0) T9'0 °L90
(901 “L6'0) TO'T ‘9¥°0
(LOE “69°0) 9¥'1 “TE0

dN
dN
dN
dN
dN
dN
dN
dN
(86t '€€°0) 8T'T ‘TL'O
(I1€°€ ‘v€0) SO'T ‘€6'0
(60°€ ‘T'0) €T'T ‘180

dN
(S8'11 ‘16°0) 8T'€ “LOO
(016 “29°0) 8€°T 0T0
(I€°0€ ‘61°'1) 109 +£0°0
(€9°01 ‘ST ¥9°€ +T0°0
(EL'T*¥0°0) #€°0 ‘1€°0
(19'9 °01°0) €8°0 98°0
(66'S1°TT'0) 06'T 950
(06°€ “€°0) S6'0 ‘¥6°0
(€TT 10D TI'T %£0°0
(6¥'C ‘7£°0) 260 ‘88°0

dN
dN
dN
dN
dN
dN
dN
(S8°T *¥5°0) 00°T “00°T
(T¥'T *95°0) LT'T *89°0
(FS'T €€°0) 1L°0 ‘6£°0
(99T *9%°0) 88°0 690

dN
(8S% ‘17D

SET 100

(19T '¥9°0) 6T'1 ‘8¥°0
(69 ‘1€'1)

10°€ .10°0

(€6°€ ‘91'D)

Y1°T %200

(#6°0 ‘60°0)

870 +¥0"0
(TET91°0) 9%°0 ST°0
(LY'L'P1°0) €0'T ‘86°0
(16°€ “90°0) 8%°0 ‘6%°0
901 ‘10'1)

$0'T “:#00°0
(TETIL0) 8T “1¥°0

dN
dN
dN
dN
dN
dN
dN
dN
dN
dN
dN

dN

(ZT1'9°0L°0) 90'C ‘61°0
(S¥°€ *61°0) 0E'T “09°0

(6%°S L8°0) 61°C ‘10
(8%°9 ‘9¢'1)

L6'T 9000

(LET *¥0°0) TE0 °LTO
(€EL°S °69°0) 66'1 ‘1T°0
dN

(L¥'€ “81°0) 6L°0 ‘SL'O

(T 10D 90°T 4€0°0
(TI'T °ST0) €50 ‘10

dN
dN
dN
dN
dN
dN
dN
dN
dN
dN
dN

dN

(€1°9 “19°0) €6'1 ‘9T°0
(197 'TT0) TO'T “86°0
(099 “11°0) 98°0 ‘680
(L8'€ “€¥°0) 6T°1 S9°0
(IT¥ *L0°0) ¥S°0 “SS°0
dN

dN

dN

(€TT1 20D TI'T %T0°0
€1 ‘8D 't %1070

dN
dN
dN
dN
dN
dN
dN
dN
dN
dN
dN

dN

(€8°¢ ¥8'0) 6L°1 ‘€10
(9L'T*¥S0) TTT *¥9°0

(I8°€ °SL'0) 69T ‘0T°0
(88°¢ “TI'T)

60'C %200

(291 ‘60°0) 6€°0 ‘61°0
(98°S SL°0) 60°C '91°0
dN

(1€°€ “€2°0) L8°0 ‘80
(€1°1 “€0'1)

801 +100°0
(0T'TS9°0) T'1 950

P 'SA T SINS-IN JO #
€ SA [ SANS-N JO #
T SA T SANS-N JO #
PIIN "SA OTIN>

STIN 'sA QIIN>

qIIN "sA BTN

HATe
SISBISRIQWOIORIA

€< 'SA T NTIHIO #
€T SA T NTIHO #
I<'SA T NTI+HJO #

NTI+

AVIN+
LVS

INd
IAT

DHI—
1N
LIN
AT

LL
£ 79293y

1D %S6 ¥H
‘onpea-d (3¢ =u)

1D %56 dH
‘onfea-d (zg1 =u) Y+71

1D %S6 4H
‘onfea-d (Lg = ) +NOI

1D %S6 d4H
‘onfea-d (81 = u) +Ndy

1D %S6 4H
‘onfea-d (GG = u)

1D %56 ¥H
‘onea-d (0y = u) -Nd'1

1D %S6 4H
‘onfeA-d (Lg =u) -N9T

1D %56 dH
‘onfea-d (L9 =u) T

dnoin

10owered
s13o1oyred-ootur)

sisougeIp Jo 9Jep 9y} woij [eAlalns oyroads-oseasip 1o s1ojowered [eordojoyredoorurpo jo [opouwr sprezey [euontodoid xo) oerrearun oyroads 95els [eorur)) ¢ dqel

SPRINGER NATURE



l.
jan et a
arajan
P. Nag

508

n-
as a cOr
. SS or-
hickne en rep
or t be ther
tum has to o )
ased tun kness ared hip
incre. thic omp tions
for i or ac ela tal
06 ian tum nom he r rec
o 1. Median I mela and t in ano ith
ared 1 ble). orecta [10], ome cw
comp varia for an es LI t oute utcom the
inuous reater subtyp: patien orse o Weverf t
= Ud tobe g lanoma ess and firmed w 52]. Ho es direc
_ . — r
% te sal me thickn ly con 23,48 obscu Some
5 32 muco tumor eneral y [5’ 22’ ut-offs eports. the
Z 2 en SS C tr . to
é _a betwe ma has gthickne hickness differen Ordlng 48]’
P E elano tumor or t the acc a [23, i
o = m easing ent tum across lanoma elanom including
. ° incr differ ults 1 me S m ffs, i or-
g ~ = f res ta eou ~otts, an
3 I 0 f C n t S
E gi Lo 2 .gﬁ use rison o d an()r(.3 for cuta rical cu reviou ing to
'&16 S = I g £ compa; stratifie criteria ific nume ddition’ P accord tion-
20 gs _ s g ies ory eci In a ients relati
T § < & q &3 2 stud C T-categ pplied Spm [52]. tratify pat mining gether,
| v ) < a T to
\Q:J% ‘ = 2 T Z AJ'Cle others or 10.0 mdid nots hen dete Taken rts that
o S S : . (o)
3 - 5 hi [51, dies ion w ters oh -
= w n e . C on
= o o = m stu tatio am nt ec
S 5 0 m ma en ar atie fin
- S 4] g = 4.0 lano J{SN] or p ap o de mor
20 = = g3 I me at p tum nom ed t t
2z g 2g o g S ecta al stage primary ctal mela are need between
8 -0 =2 g : =T inic en re ion . i
EL) | o - g < a S Cll. betwe T ano ntatio tlonSh p stases
S =7 gd ! ° S ships large t prese he rela ) meta lar
S| bl S = | o0 S = ies on al R t] e u
“5 g V2 = o -8 tudies te stage ding val. ph nod hOVaSc_ al
it + S g S NE QE) S rpora 2 regar rviva ! (lym d lymp Surviv
3 - ) - g o inco criteri atient SE regiona ess an pecific gional
& R S g sus dp it ickn e-S re .
Q —_ e IS N sen: an . W thic iseas cult 10n
= N = " ng ickness atients mor er dis lly oc rrelat |
g o g < L 3 g thic ong p ater tu h short linica ed co rviva
5] S @ . S =l m re it ith ¢ Crvi su
= o = 5 A g w1 ith obs ific 1t
= Y g | &8 R), lated w ur cifi cu
—_ 2 al se O e ocC
S = S v roup rre tho )- e-spect 1y ith
S =T o 2 (g ion co ng N+ iseas inica it
§S + 85 ) ion mo Rp di ith cli istent w
2 CE 2% Hmvas ularly a tastases, ss and ts with consiste cuta-
o & s _ E 2‘ (parﬂ}cl node me thickne . patl(zlr;pN +) ISAJCC foz1 with
h=! : L) B m .
z 3 2% S p mor lano s ition rate
2 . I =g lym tu me tase t editi integ ver,
& e g e d ;£ een tal etas 8% e s n owever
¢ A0 S 5 - | g betw orec m he wa H 1t
— ® = n de t . €
2 =% = $2 5 o ions to tegory s [39] by th
2| |z 2 s= 5% regional Iymp Hicaions 1o T-ca bgroup driven RpN+
v . .
B & = ! ° 3 iona odi in whic IT'su ikely
'° 2E ; ! 8 regi t m nw e IIT sub lik o R ry
o ~ * — = 4 en a. 1 tag X S 18 red mas
o + 5 3 =} - rec oma, ion s ent: pa pri
< g p= 3 he lan sig ati om the ing.
» 53| g3 t e as +p c f tting
" Z 3 Z’ s m to cN den 0 se
5 x g g & neou ory R bur ess ot ase er
3 Qe 2 x -categc ong | e ickn is dise ng
: 1 S8 a8 : S the N anosls antlic dlseastum"r thll in this d with lo but
5 E s2 g = | =T ro sta he itica ting lear,
a = N L = l g the p eta t crit ela is unc ison a
z 25 Tq g I S T m thus, SS CorT is SO
= A =2 £3 Rl Z 9 ate d . le ion ients lysi
B @;: = EEE E g gret:ients’ ar.ls pOsslbiy ulCeratloN+ patl?stica] ana Z cOhOrEi
9 el S == a 1 o in Rc tati om n
e L& S< =73 P oma ce 1 in of s elan Is a
< S = ER-! elan ifican iva itations tal mi tumo 1l
3 o & = & m igni ific surv imitat rectal ry ga
= o o s fic lim no ma on
5 - =2 The eci to ur a primat 1 am ng
2 5% s & €-Sp ble Ino of 1val mo
= o F 83 iseas ibutal ients. 3% urv ival a .
= — 22 dis ttri tien in 11. ific s 1va ST
S O ae 2 € a a in ci urv asta
% o= £¢ . 5 5 may b ohort Ofpresent isease-spe ecific s nal met lower
5 IR =3 T E mall ¢ was p er dise ase-sp t regio aled -
2 I & - 2 ; S ession ith long d dise eviden is reve us me
g el =35 regr d wi rove ically alys taneo ri-
I3 S o te : p inica -an in cu f p
g 1 Sg conelaed v £ with recent s slasts In eataneous
g S e ;G ien ing ec ta igni rem
3 a3y J 8 atie nti ar metasta sig a -
3 b 2 s p ese h de tic om pre
£ s = g E se pr thoug h no nos elan out pre
= ol = o 2 = tho Al mp prog S m In tin
s = g 3 g s ). inel ly the eou 53]. en
5 2 o= 3 > £ N+ tine ion, tan 3 res -
= IS o | = 3 (Rc en S10. in cu [33, S p se
= Sz |2 5 ! s e of s Tessic in od ion wa isea
15} INES o S oz . es ith reg on TSto sion d .
2, @ S & rat ith ssi de es er iation
g Il o ~ | g g o) w re un egr long iat
5 T S ! s 23 ma reg rly I ith soc
a sz o o | =N ano or 00 ma, it as be
> = m d p lano d w
< S S s £ € tumc an e late t an may
o 4 = = 5 3 S ary ial ar m 1relal tha ival Of
O RiE T o m ers ulv correlat rvi s.
3 o oV fv Iso ting . su &
pt o g ntr o als es nt btyp
= 2 .S co dy d gg tie su
) SV 12 7 stu an su pa a
S ; g 8Z ious s ] ed om.
= g s - s ou ase 401, improv elan
5 N 25% of ¢ o and i sal m
2 z g ' = gE 25% Surviva n an 1 muco
E =0 ! Lo =S S 2 ecific 1ess1o enita
g < < - | o = 3 Sp reg nog
2 ﬁ 7 g<= | 2 = § between CIOSS 2
e S| 52 T E: mmon a
(=3 = | 2 =R cO
17} b7 - =)
Ik 13|zl
< = S
> 2 = S ef_ |92
& z =
= e 8 . &
2 2 > Q2 o
£ EP g > 5
@) selx )
S E S = ~
n 2 s < =
(7] = &
- O a
]
©
-

URE
INGERNAT
SPR



Prognostic model for patient survival in primary anorectal mucosal melanoma: stage at presentation... 509
Fig. 4 Risk stratification of A AJCC 8t Edition B AJCC 8t Edition
patients with localized anorectal St T-cat r
melanoma using T-categories. o age o category
Kaplan—Meier plots of group ST ST —Tla T1ib
L anorectal melanoma patients o ] | i ---T2a T2b
only for a disease-specific z° E’ e | ----T3a T3B
survival using American Joint ] 2 Stage | 5 o f -—-Tda .
Commission on Cancer (AJCC) 'E 2 | ———
stage (stage I: Tla to T2a; stage a 31 & 31 :
II: T2b to T4b), b overall 2. Stage |l a
survival according to the AJCC S]] S
8th-edition T-category system o p=0.1 o p=0.14
(T1a to T4b), c disease-specific ° T ) T T ° T T T T
. . i 0 2 4 6 8 10 0 2 4 6 8 10
survival using modified tumor Years Years
thickness system (thin: tumor
thickness < 1.0 mm [T1]; C D .
intermediate: tumor thickness . Tumor.thlgkness and
> 1.0-4.0 mm [T2/3]; thick: Tumor thickness mitotic rate
tumor thickness >4.0 mm [T4]) S F
and, overall survival for tumor - "_I - |
thickness-mitotic rate system Z 97 1 Z o]
(T1: tumor thickness < 2.0 mm 5 ol ""l. ) 5 o) T
and mitotic rate <2/mm?; T2: _fgu © --'--1[ Thin 8-
tumor thickness >2.0 mm and & 2 “771_Intermediate_ 24
itotic rate > 2/mm?) [40 .
mitotic rate mm~) [40] § o) Thick 8 o ™
g- T T T pI=0. 03 g- L) L) T e=0.1
0 2 4 6 8 10 0 2 4 6 8 10
Years Years
Table 6 Groupmg of anore?ctal System Groups Survival Group L ARM patients, n = 67
melanoma patients presenting
with only localized disease using n  HR (95% CI) p-value
the various T-categories and
modifications of the American AJCC 8th edition stage 1 DSS 8 - -
Joint Commission on Cancer il 59 3.37 (081 1397) 0.095
(AJCC) 8th-edition cutaneous . ’
melanoma and tumor thickness AJCC 8th edition T-category (ON) 0.142
(TT)-mitotic rate staging Tla 3 Reference -
systems and results of univariate Tib 2 3.96 (0.36, 43.78) 0.262
analysis of overall survival (OS) T2a 3 1.00 (0.06, 16.33) 1.000
and disease-specific survival
(DSS) T2b 4 3.65 (0.33, 40.42) 0.291
T3a 1 3.79 (0.24, 6.91) 0.348
T3b 13 1.95 (0.24, 15.86) 0.534
T4a 3 3.11 (0.28, 34.40) 0.355
T4b 38 4.86 (0.66, 35.66) 0.120
Modified tumor thickness DSS 0.032
Thin (TT: <1.0 mm) 5  Reference -
Intermediate (TT: >1.04.0 21 2.36 (0.30, 18.31) 0.412
mm)
Thick (TT: >4.0 mm) 41 4.98 (0.67, 36.69) 0.116
Tumor thickness- pT1 oS 5  Reference -
Mitotic rate pT2 62 3.33 (0.80, 13.80) 0.097

note, since mucosal melanoma may respond less favorably
to immune checkpoint blockade therapy compared to
15-17], the relationship

cutaneous melanoma [3,

13,

Statistically significant p-values are bolded

tumor-associated immune

between regression, the composition and density of the

infiltrate, and response to

immune-modulatory therapy among mucosal melanoma
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A 8t Edition AJCC CM stage system (n=160)
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Fig. 5 Comparison of risk stratification of all anorectal melanoma
patients using two staging systems derived from the 8th edition
American Joint Commission on Cancer (AJCC) cutaneous melanoma
criteria. A, 8" edition AJCC stage system for cutaneous melanoma, B,
Combination of modified tumor thickness and AJCC stage systems

remains a provocative question. Analyses in contemporary
patient datasets that include tumor burden, comprehensive
immune profiling, and tumor mutational burden are neces-
sary to address this systematically.

Among patients presenting with clinically evident
regional or distant metastases, we found no meaningful
correlations between most primary tumor parameters
(including conventional high-risk features such as greater
tumor thickness and lymphovascular invasion) and disease-
specific survival. This is mostly similar to cutaneous mel-
anoma in which the prognosis of these patients is largely
driven by their advanced stage [54]. However, measures of
regional disease burden (satellitosis, the number of nodes
involved and whether these were clinically evident or
occult) also did not independently correlate with disease-
specific survival among patients with regional metastases.
However, among the 55 patients in our cohort with regional
metastases, 25% (14/55) underwent comparatively limited
evaluation of the extent of their regional disease burden
(without a formal pathological enumeration of the number
and extent of regional lymph node burden) (Supplemental
Table 2). Further, indices of distant metastatic disease
burden, including lactate dehydrogenase levels and site(s)
of distant metastasis (including central nervous system
involvement), also did not correlate with disease-specific
survival among patients with distant metastases. However,
our cohort included only 38 patients presenting with distant
metastases, significantly limiting the power of these ana-
lyses. Additional studies utilizing larger number of anor-
ectal melanoma patients with regional and distant disease
are likely needed to further evaluate the prognostic role of
metastatic disease burden in anorectal melanoma.

Our primary goal was to optimize risk stratification of
anorectal melanoma patients by integrating relevant clin-
icopathological variables, particularly among those

Table 7 Comparison of risk

. . Risk stratification systems
stratification of all anorectal

n=160 HR (95% CI) p-value BIC value

melanoma patients using two
staging systems derived from the
8th edition American Joint
Commission on Cancer (AJCC)
cutaneous melanoma criteria
using Bayesian Information
Criteria (BIC) model

staging system
Stage I (group L)
Stage II (group L)
Stage III (group R)
Stage IV (group D)
Modified tumor thickness system
Thin (group L)
Intermediate (group L)
Thick (group L)
Stage III (group R)
Stage IV (group D)

8th Edition AJCC cutaneous melanoma

<0.001 1037.1
8 Reference -
59 3.47 (0.84, 14.39)  0.09
55 4.57 (1.11, 18.86)  0.04
38 9.85 (2.34, 41.42)  0.002
<0.001 1038.6
5 Reference -
21 2.42 (0.31, 18.76)  0.40
41 5.07 (0.69, 37.28) 0.11
55 5.39 (0.74, 39.20)  0.10
58 11.74 (1.59, 86.59) 0.02

Statistically significant p-values are bolded
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presenting with localized disease. Although a formal sta-
ging system for anorectal melanoma does not exist, most
studies have applied the Ballantyne -clinical system
[6, 10, 18, 24, 49, 55-61]. For anorectal melanoma patients
who presented with localized disease, we found that a 3-
group system based on minor modifications of the AJCC
8th edition tumor thickness cut-offs for cutaneous mela-
noma (thin: T1, intermediate: T2-3 and thick: T4) most
robustly stratified disease-specific survival (Fig. 3, Table 6),
followed by the 2-group system also based on 8th edition
AJCC for cutaneous melanoma cut-offs (Stage I: T1a to T2a
versus Stage II: T2b to T4b). The 3-group modified ‘tumor
thickness’ system was derived based on our initial obser-
vation that although tumor thickness correlated with
disease-specific survival among all anorectal melanoma
patients, there was considerable overlap between T2 and T3
patients (Fig. 2a) and also predicted disease-specific survi-
val among patients with localized anorectal melanoma.
When applied to the entire cohort in conjunction with AJCC
stage III and IV patients, both the ‘stage’ and the modified
‘tumor thickness’ systems accurately risk-stratified patients
according to disease-specific survival, supporting the
application of 8th edition AJCC cut-offs for cutaneous
melanoma to patients with anorectal melanoma.

Compared to the 2-group system based on 8th edition
AJCC cutaneous melanoma stage I and II and the tumor
thickness-mitotic rate system, the 3-group system based on
modified tumor thickness alone delineated a third group of
patients that were at intermediate risk for progression
(Fig. 3d). Whether this group of patients and those designated
with “thick” melanomas may benefit from more frequent
follow-up and/or potential adjuvant therapy(ies) compared to
the “thin” melanoma patients should be explored further.
Taken together, our study supports that the 8th edition AJCC
staging system for cutaneous melanoma (or slight modifica-
tions of it) represents a robust approach for risk stratification
among patients with anorectal melanoma, including those
with localized disease. Since there were too few events within
some of the individual T-sub-categories to assess disease-
specific survival, only overall survival could be derived for
AJCC 8th edition T-category and tumor thickness-mitotic
rate system. Additional studies utilizing larger patient cohorts
are required to validate these observations.

There are several limitations to our study. First, this was
a retrospective study and due to the long interval of time
studied (since 1986), patients in our cohort were treated
with a broad array of clinical and surgical management
strategies; some patients were treated elsewhere, while
majority had their disease management at MD Anderson
(Supplemental Fig. 2). Our study was not powered to detect
differences related to the different treatment strategies used
or responses to such therapies. Additionally, only 6 patients
in our cohort had tumor thickness <1.0 mm; therefore, the

data on thin melanomas is quite limited in the current study.
We note that the median tumor thickness in our series (6.9
mm) was less than that reported in prior large series on
anorectal melanoma (range: 7.3-12.0mm from 286
patients) [22, 48, 49, 52], supporting that our patient cohort
reflects the anorectal melanoma disease spectrum typically
encountered in clinical practice. A further limitation was the
mutational analyses; the assays used to identify mutations in
our cohort of anorectal melanoma was derived from our
routine clinical practice. Thus, the assay platforms and the
number of genes evaluated varied over time and were not
comprehensive. Only a few cases tested carried mutations,
so we were underpowered to determine whether discrete
molecular-genetic alterations correlated with patient out-
come; such investigations are warranted going forward.

In conclusion, our analysis of clinicopathological para-
meters in 160 anorectal melanoma patients supports the
prognostic significance of tumor thickness in patients with
clinically localized disease, while meaningful associations
were not identified in anorectal melanoma patients with
distant or clinically evident regional metastases. Classifi-
cation according to minor modifications (modified tumor
thickness) of the AJCC 8th edition cutaneous melanoma
staging system robustly stratifies patients with localized
anorectal melanoma. Our study supports the rationale to
evaluate these systems in additional larger cohorts of ano-
genital melanoma patients. To support ongoing and future
planned efforts, we strongly recommend that all prognostic
indicators for primary cutaneous melanoma also be recor-
ded in the diagnosis and stratification of risk for primary
anorectal melanoma.
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