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Abstract

Purpose Anorectal melanoma (ARM) poses a significant challenge due to the lack of established guidelines and a 5-year
overall survival rate of less than 20%. The only recognized death risk factors are positive lymph nodes and positive surgical
margins. This study aimed to identify the risk factors for local/distant recurrences and death in a 22-year multi-institutional
experience.

Methods All patients who underwent curative surgical resection or were referred to after resection at the Mayo Clinic for
non-metastatic ARM (2002-2024) were included. Risk factors for local/distant recurrences, and deaths were assessed through
multivariable Cox regression.

Results Eighty-eight patients were included in the study. Seventy-eight percent of patients had anal melanoma and 22%
rectal melanoma. Nineteen percent had clinically positive lymph nodes. The surgical margins were positive in 62% of local
surgeries, while they were positive in 13% of radical surgery cases. The first recurrence was often a local recurrence (67%),
followed by distant metastasis (21%), with an overall comparable overall survival between the two. Radiotherapy administra-
tion, radical surgery, and negative margins were associated with less local recurrence. Clinically positive lymph nodes and
local recurrences increased the risk of developing distant metastasis over time. Clinically negative lymph nodes, radiotherapy
administration, radical surgery, and negative margins all contributed to a reduced death risk.

Conclusion Local recurrences in ARM may influence distant metastasis and death more than what was previously believed.
Positive surgical margins in local surgery were remarkably high, reaching 62%. Protective factors for local recurrence and
death included radical surgery, negative surgical margins, and radiotherapy.
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Introduction

Anorectal melanoma (ARM), comprising less than 1% of all
melanomas and 0.1% of anorectal malignancies [1-4], rep-
resents a challenge due to its increasing incidence and a five-
year overall survival (OS) rate below 20% [5-8]. This low
survival rate could be attributed to the aggressive nature of
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ARM, delay in diagnosis, rapid disease progression, and high
metastasis rates compared to other melanoma subtypes [9].

Because of the rarity of the disease and the controver-
sial data in the literature, a consensus on the management
of ARM is lacking. Currently, the only curative treatment
option for non-metastatic patients is surgery, as radiotherapy
and systemic treatments such as chemotherapy and immu-
notherapy showed limited effect when used alone [10, 11].
Radical operations such as abdominoperineal resection
or low anterior resection were historically considered the
standard treatments for ARM. However, their role became
questioned due to the emergence of local surgery, which
showed a comparable OS when negative margins are
achieved, simultaneously preserving a good quality of life
[4, 6, 12-14].
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Achieving negative margins can be challenging in local
surgery due to the proximity of the sphincter complex,
which should not be damaged to preserve continence. In
some cases, ARM may present as a bleeding polypoidal
lesion, which can be often mistaken for a hemorrhoid and
thus excised in a non-oncological manner. Therefore, the
positive margins rate in local surgery is high, ranging from
30 to 73%, which conflicts with the only current recommen-
dation of negative margins and potentially further reduc-
ing the OS [10, 14-18]. Radical operations are now seen as
excessive for this disease, as many surgeons’ first approach
is to be as conservative as possible, avoiding stoma crea-
tion and organ resection if deemed feasible. However, every
approach should be reconsidered when new therapies, such
as immunotherapy, are available.

Given the paucity of extensive institutional data on this
rare disease, this study aims to describe the 20-year experi-
ence in the treatment of ARM at a quaternary center and to
identify the risk factors for recurrences and death.

Methods

This study was conducted per the “strengthening the report-
ing of observational studies in epidemiology” (STROBE)
guidelines [19]. After Institutional Review Board approval,
this study included all patients between January 2002 and
April 2024 who underwent surgical resection with curative
intent or were surgically or medically treated afterward at
the Mayo Clinic enterprise (Minnesota, Florida, Arizona)
for non-metastatic ARM. Exclusion criteria were no follow-
up and patients who did not undergo any surgery. Patients
referred for ARM recurrence were excluded.

Patient demographic data such as age, sex, race, body
mass index (BMI), date of diagnosis, symptoms, preopera-
tive tumor characteristics and localization, type of radio-
therapy, chemotherapy, or immunotherapy treatment were
collected. Peri/post-operative data were reviewed to identify
key markers of surgical performance and outcome, includ-
ing the type of operation performed, need for a second sur-
gery, pathology report, length of hospital stay, number of
lymph nodes harvested, number of positive lymph nodes,
margins resection status at first and second surgery, tumor
size, cancer status, date of recurrences, vital status, and last
follow-up date.

Reoperation was defined as patients who underwent a sec-
ond curative surgical resection. Local surgery (LS) is the
term for local excision, while radical surgery (RS) includes
abdominoperineal resection (APR) and low anterior resec-
tion (LAR). “Definitive surgery” was defined as the type
of most recent surgery. The “definitive surgical margin
status” refers to the margin status of the definitive surgery.
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Definitive surgical margin status and definitive surgery were
used in the Cox regression analyses.

A comprehensive “systemic therapy” variable was
created to limit the number of variables to fit in the mul-
tivariate analysis. Immunotherapy regimens included
pembrolizumab, ipilimumab, nivolumab, imatinib, pem-
brolizumab + ipilimumab, ipilimumab + nivolumab, resiqui-
mod, interferon-alpha, or sargramostim. Chemotherapy regi-
mens included temozolomide, temozolomide + cisplatin, or
paclitaxel + carboplatin.

Local recurrences were defined as biopsy-proven relapses
in the rectum, pelvis, pelvic lymph nodes, iliac lymph nodes,
and inguinal lymph nodes (for anal cancers). Distant metas-
tases were similarly defined as biopsy-proven relapses in
distant organs.

Categorical variables were reported as frequencies
(percent), while continuous variables were reported as
mean + standard deviation (SD) or median [interquartile
range] according to their distribution. Missing values were
excluded from the descriptive analyses. The chi-square and
Fisher tests for categorical variables and Mann—Whitney U
test for continuous variables were used to compare groups.
Cox regression and Kaplan—Meier analyses were conducted
to identify risk factors for death and recurrences. All tests
were two-sided; a significant difference was considered
with an alpha level <0.05. The statistical analysis utilized
BlueSky Statistics software v. 10.3.4 (BlueSky Statistics
LLC, Chicago, IL, USA).

Results
Demographic and tumor characteristics

After the exclusion criteria, 88 patients were included in
the study. The cohort development is depicted in Fig. 1,
while demographics and tumor characteristics are summa-
rized in Table 1. Fifty-five (63%) patients were female. The
mean age of the cohort was 64 + 10 years, while the mean
BMI was 29.6 (+6.3) kg/m?. The most frequent symptom
was rectal bleeding, seen in 70 (80%) patients, followed by
hemorrhoid-like protrusions in 7 (8) patients. None of the
patients were referred to the Mayo Clinic enterprise due to
recurrence.

The anal canal was the prevalent location of the disease
(n=69, 78%), with the remaining cases being in the rec-
tum. Clinically positive lymph nodes were noted in 17 (19%)
patients.

Treatment characteristics and outcomes

The treatment details are shown in Table 2 and Fig. 2. Of
note, 34 (39%) patients required a reoperation. Sixty-five
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Table 2 Treatment details and outcomes
Mayo Clinic 2002-2024 — -
(MN, FL, AZ) Characteristics Patients (n=288)
with Anor:lc_tflssMelanoma Definitive surgery, n (%)

(= ) Local surgery 65 (74)

Radical surgery 23 (26)
Edlusion: Time from 1st surgery to definitive surgery, days, 28.5 (20.8—45.0)

- Nosurgery=9

- Stage IV disease =41

- No follow-up = 20
N=70

\

Total patients meeting
inclusion criteria
N=88

Fig. 1 Flowchart of cohort development

Table 1 Cohort demographic and tumor characteristics

Characteristics Patients (n=88)
Men, n (%) 33 (37)

Age, years, mean (SD) 64 (10)

BMI, kg/m?, mean (SD) 29.6 (6.3)
Symptoms, n (%)

Rectal bleeding 70 (80)

Hemorrhoid like 7(8)

Mass 44

Incidental finding 7(8)
Location, n (%)

Rectum 19 (22)

Anal canal 69 (78)
Histology, n (%)

Nodular 3(3)

Spindle cell 8(9)

Superficial spreading 2(2)

Not otherwise specified 75 (85)
Depth of invasion, mm, mean (SD)* 9.7 4.2)
Number of mitosis/mm2, median (IQR)* 10 (7-17)
Tumor diameter, cm, mean (SD)* 2.4 (0.9)
Multifocal, n (%) 17 (81)
Ulcerated, n (%) 54 (61)
Lymphovascular invasion, n (%) 28 (32)
Positive clinical lymph nodes n (%) 17 (19)
Immunochemistry, n (%)*

S-100 57 (92)

MART-1 23 (100)

MELAN-A 46 (52)

VIMENTIN-A 4(67)

HMB45 42 (96)

* . . . .
Variable contains missing data

median, (IQR)
Definitive surgical margins, n (%)

Negative 56 (64)

Positive 32 (36)
Radiotherapy, n (%) 20 (23)
Systemic therapy, n (%) 40 (46)
First recurrence

Local 59 (67)

Distant 18 (21)

None 11 (13)
Follow-up, months, median (IQR) 97.9 (41.9-164.5)
S-year overall survival, % (95% CI) 28 (19-40)

(74%) patients underwent local surgery as the definitive sur-
gery, while 23 (26%) underwent radical surgery (25 APR,
one LAR). The definitive surgical margins were positive
in 32 (36%) patients: out of the 99 local surgeries (73 first
surgeries + 26 reoperations), only 38 surgical margins were
negative, indicating 61 patients (62%) with positive surgical
margins in local surgery overall. Conversely, out of the 23
radical surgeries, 20 surgical margins were negative, indi-
cating only 3 patients (13%) of positive surgical margins in
radical surgery. The median time from first surgery to defin-
itive surgery was 28.5 (20.8—45.0) days. Lymphovascular
invasion was present in 28 (32%) patients. Systemic therapy
was administrated to 40 (46%) patients (neoadjuvant setting
n=3, 3%; adjuvant setting n=37, 42%), while radiotherapy
was performed on 20 (23%) patients (neoadjuvant setting
n=35, 6%; adjuvant setting n=15, 17%).

After a median follow-up of 97.9 (41.9—-164.5) months,
the first recurrence that the patients presented mainly was
a local recurrence (n=59, 67%). Of these, 49 patients sub-
sequently developed distant metastasis, seven patients were
lost to follow-up, one patient died of sepsis, and two patients
survived after immunotherapy. The median time to local
recurrence was 6.1 (2.7-15.6) months, while the median
time to distant recurrence for patients with a local recurrence
was 14.0 (7.9-26.8) months. Of the 18 (21%) patients that
developed distant metastasis as the first recurrence, only one
survived five years, while another one was alive in the sec-
ond year of follow-up. A Kaplan—Meier analysis for 5-year
death was performed, revealing comparable death rates
between patients with local recurrences or distant metastasis
as the first recurrence (Fig. 3). The overall survival rate was
28% (95% confidence interval 19-40%).
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Total patients meeting
inclusion criteria

N=88
LS as first surgery
N=73
57/73 R1
|
x Yy X
No second surgery LS as second surgery RS as second surgery RS as first surgery
N=39 N=26* N=8* N=15
25/39 R1 4/26 R1 0/8R1 3/15R1
Definitive LS Definitive RS
N=65 N=23
29/65 R1 3/23 R1

Fig.2 Flowchart of patients’ treatment and surgical margins status

Multivariable analyses

Two multivariable Cox regression analyses were performed
to identify risk factors for local and distant recurrences
(Table 3). Radiotherapy administration, radical surgery, and
negative margins were associated with lower probabilities

of local recurrence. A Cox regression model with a time-
dependent variable (local recurrence) was used to assess
the risk of distant recurrence, accounting also for changes
over time. The HR with 95% confidence intervals (CI)
revealed that only clinically positive lymph nodes and local

= No recurrences Local Recurrence = Distant Metastasis
1.0
0.9
0.8
0.7
.g 0.6
S 05 p = 0.00033
B 04
0.3 H
0.2
0.1
0.0
0] 12 24 36 48 60
Months
Number at risk
- 11 1 10 5 5 4
59 49 35 21 13 10
— 18 15 7 6 5 3
0 12 24 36 48 60
Months

Fig.3 5-year survival Kaplan—-Meier analysis based on the pattern of the first recurrence
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Table 3 Cox regression
analyses showing risk factors

for local (A) and distant (B)
recurrences

(2025) 40:99 Page50f7 99
HR (95% confidence interval) p-value
(A) Variable for local recurrences
Located in the rectum 1.26 (0.62-2.58) 0.515
Ulcerated 0.67 (0.39-1.16) 0.151
Abdominoperineal resection 0.22 (0.09-0.54) <0.001
Negative Surgical margins 0.36 (0.20-0.63) <0.001
Radiotherapy performed 0.30 (0.14-0.66) 0.003
(B) Variable for distant recurrences
Located in the rectum 1.16 (0.63-2.13) 0.639
Clinically positive lymph nodes 3.43 (1.76-6.68) <0.001
Lymphovascular invasion 1.46 (0.84-2.52) 0.178
Abdominoperineal resection 0.91 (0.46-1.80) 0.785
Systemic therapy 1.03 (0.60-1.76) 0.929
Local recurrence 6.85 (3.81-12.33) <0.001

recurrences influenced the risk of developing distant metas-
tasis over time.

Similarly, a multivariable Cox regression analysis was
performed to identify risk factors for death (Table 4). Clini-
cally negative lymph nodes, radiotherapy administration,
radical surgery, and negative margins all contributed to a
reduced death probability.

Discussion

ARM remains a rare diagnosis for which medical and sur-
gical treatments are not standardized yet, probably contrib-
uting to the very low 20% OS at 5 years. This institutional
study aimed to describe the 20-year experience in a qua-
ternary center and to identify risk factors for recurrences
and death. As a novel paradigm shift, radical surgery and
radiotherapy decrease recurrences and mortality. Impor-
tantly, these results come from the most extensive institu-
tional cohort currently available in literature.

ARM manifested in 88% of cases with symptoms resem-
bling hemorrhoids, such as rectal bleeding, constipation,
and soft tissue protrusion. As a result, careful attention is

Table 4 Cox regression analysis showing risk factors for death

Variable HR (95% confidence p-value
interval)
Located in the rectum 1.75 (0.87-3.52) 0.118
Clinically positive lymph nodes 249 (1.12-5.54) 0.026
Lymphovascular invasion 1.11 (0.62-1.99) 0.720
Abdominoperineal resection 0.41 (0.18-0.92) 0.030
Negative surgical margins 0.58 (0.35-0.99) 0.044
Systemic therapy 1.17 (0.68-2.00) 0.581
Radiotherapy performed 0.33 (0.15-0.69) 0.004

essential during anal examinations to avoid misdiagnosis.
Although local surgery has proven similar OS compared to
radical surgery when negative margins are achieved [20-22],
local surgery still presents a higher chance of positive mar-
gins, leading to worse OS [14, 16, 23]. In fact, local sur-
gery suffers from common deep-margin positive resection,
likely because surgeons may stop the dissection at the inter-
nal sphincter muscle to avoid damaging it with subsequent
incontinence problems [10, 14—16]. Consistent with the lit-
erature, positive surgical margins were observed in 62% of
the local surgery cases, and only 13% of the radical surgery
cases [14, 17, 24].

Notably, most patients experienced some form of recur-
rence, with local recurrence being the predominant type
(67%). Among patients with local recurrence, progression
to systematic disease occurred after a median period of
8 months, suggesting that local recurrences may play a
more significant role in ARM survival than previously
thought and should, therefore, be prevented. This finding
challenges the current recommendations, which advocate
for local surgery when the surgeon anticipates negative
margins. The authors firmly believe that performing local
surgery poses a significant risk for local recurrence and
subsequent disease progression due to an extreme high
positive margin rate and to the nature of the surgery which
hinders the harvesting of pelvic lymph node, likely com-
promised at surgery due to the highly aggressive nature of
this tumor. Our hypothesis was supported by the results
of the Cox regression analysis, which showed that local
surgery, positive definitive margins, and omission of radio-
therapy increased the likelihood of local recurrence. More-
over, local recurrence was the strongest predictor of distant
metastasis, with a hazard ratio of 6.85. As an expectable
consequence, three significant predictors of death in this
study were local surgery, positive definitive surgical mar-
gins, and clinically positive lymph nodes.
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Another important discovery of this study is that radi-
otherapy could potentially prevent local recurrence and
death in ARM. Although a study by Wong et al. [25]
revealed no difference in survival rates for patients receiv-
ing radiotherapy, it is essential to say that this study was
based on a national database, which limits the treatment
details and staging for ARM. Another study by Kelly et al.
[26] which analyzed only patients with local surgery and
adjuvant radiotherapy, showed local disease control of
85%, which is higher than the literature reports of 31-53%
[16, 27]. Despite this, their survival rate was still abysmal,
possibly due to lymph node micrometastases not being
accounted for with local surgery. Concordantly, a grow-
ing number of studies are currently supporting the use of
radiotherapy in the neoadjuvant or adjuvant treatment of
head and neck mucosal melanoma, which shares a prog-
nosis comparable to ARM [28, 29].

One of the hypothetical reasons behind this change
of clinical practice, might be that radiotherapy reduces
local recurrences which can subsequently cause distant
metastases, as suggested by the median period of 8 months
between local recurrences and distant metastases.

Even if this study analyzes the current largest ARM
cohort from an institutional database, the retrospective
nature limits the results. However, conducting clinical
trials for such rare diseases is challenging. Although the
United Kingdom guidelines were published in 2020 [21],
the lack of adherence internationally represents a known
major problem for generalization of management and
results. Therefore, the tumor’s thickness/pT stage and the
mitosis count per mm.? were not assessed for every patient
and could not be used for multivariable analysis. Lastly,
immunotherapy and chemotherapy were grouped together
under a single “systemic therapy” variable, which makes
it difficult to assess their individual impact on outcomes.
However, studies to date have shown no significant differ-
ence in OS between the two [30, 31].

In conclusion, this study highlights a pattern for disease
progression in ARM, suggesting that local recurrences
may influence distant metastasis and mortality more than
what was previously believed. Positive surgical margins in
local surgery were remarkably high, reaching 62%. Protec-
tive factors for local recurrence and death included nega-
tive surgical margins, radical surgery, and radiotherapy,
suggesting them as primary objective and treatment for
this disease.

Author contributions All authors contributed to the study conception
and design. Material preparation, data collection and analysis were
performed by Richard Sassun, Annaclara Sileo, and Jyi Cheng Ng.
The first draft of the manuscript was written by Richard Sassun and
Annaclara Sileo, and all authors commented on previous versions of
the manuscript. All authors read and approved the final manuscript.

@ Springer

Funding Open access funding provided by Universita degli Studi di
Milano within the CRUI-CARE Agreement.

Data availability No datasets were generated or analysed during the
current study.

Declarations
Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Park HJ, Kim HJ, Park SH, Lee JS, Kim AY, Kim SW et al (2018)
Primary anorectal melanoma: MRI findings and clinicopathologic
correlations. Am J Roentgenol 211:W98-108. https://doi.org/10.
2214/AJR.17.18807/ASSET/IMAGES/LARGE/08_17_18807_
05C_CMYK.PEG

2. Chen H, Cai Y, Liu Y, He J, Hu Y, Xiao Q et al (2016) Inci-
dence, surgical treatment, and prognosis of anorectal melanoma
from 1973 to 2011: a population-based SEER analysis. Medicine
95:¢2770. https://doi.org/10.1097/MD.0000000000002770

3. Ng YYR, Tan GHC, Quek RHH, Farid MBHR, Soo KC, Teo
MCC (2018) Clinical patterns and management of primary
mucosal melanoma: a single centre experience. ANZ J Surg
88:1145-1150. https://doi.org/10.1111/ANS.14373

4. Klas V. James, Rothenberger A. David, Wong W. Douglas, Madoft
D. Robert (1999) Malignant tumors of the anal canal: the spec-
trum of disease, treatment, and outcomes - PubMed. Cancer
1645-869. https://doi.org/10.1002/(sici)1097-0142(19990415)
85:8<1686::aid-cncr7>3.0.co;2-7

5. Faure M, Rochigneux P, Olive D, Taix S, Brenot-Rossi I, Gilabert
M (2018) Hyperprogressive disease in anorectal melanoma treated
by PD-1 inhibitors. Front Immunol 9:360913. https://doi.org/10.
3389/FIMMU.2018.00797/BIBTEX

6. Kottakota V, Warikoo V, Yadav AK, Salunke A, Jain A, Sharma
M et al (2021) Clinical and oncological outcomes of surgery in
Anorectal melanoma in Asian population: a 15 year analysis at a
tertiary cancer institute. Cancer Treat Res Commun 28. https://
doi.org/10.1016/J.CTARC.2021.100415

7. Kobakova I, Stoyanov G, Popov H, Spasova-Nyagulova S, Ste-
fanova N, Stoev L et al (2018) Anorectal melanoma - a histopatho-
logical case report and a review of the literature. Folia Med (Plov-
div) 60:641-646. https://doi.org/10.2478/FOLMED-2018-0040

8. Fastner S, Hieken TJ, McWilliams RR, Hyngstrom J (2023) Ano-
rectal melanoma. J Surg Oncol 128:635-644. https://doi.org/10.
1002/JS0.27381

9. Heppt MV, Roesch A, Weide B, Gutzmer R, Meier F, Loquai C
et al (2017) Prognostic factors and treatment outcomes in 444
patients with mucosal melanoma. Eur J Cancer 81:36—44. https://
doi.org/10.1016/J.EJCA.2017.05.014


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.2214/AJR.17.18807/ASSET/IMAGES/LARGE/08_17_18807_05C_CMYK.JPEG
https://doi.org/10.2214/AJR.17.18807/ASSET/IMAGES/LARGE/08_17_18807_05C_CMYK.JPEG
https://doi.org/10.2214/AJR.17.18807/ASSET/IMAGES/LARGE/08_17_18807_05C_CMYK.JPEG
https://doi.org/10.1097/MD.0000000000002770
https://doi.org/10.1111/ANS.14373
https://doi.org/10.1002/(sici)1097-0142(19990415)85:8<1686::aid-cncr7>3.0.co;2-7
https://doi.org/10.1002/(sici)1097-0142(19990415)85:8<1686::aid-cncr7>3.0.co;2-7
https://doi.org/10.3389/FIMMU.2018.00797/BIBTEX
https://doi.org/10.3389/FIMMU.2018.00797/BIBTEX
https://doi.org/10.1016/J.CTARC.2021.100415
https://doi.org/10.1016/J.CTARC.2021.100415
https://doi.org/10.2478/FOLMED-2018-0040
https://doi.org/10.1002/JSO.27381
https://doi.org/10.1002/JSO.27381
https://doi.org/10.1016/J.EJCA.2017.05.014
https://doi.org/10.1016/J.EJCA.2017.05.014

International Journal of Colorectal Disease

(2025) 40:99

Page7of7 99

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kakish H, Xu K, Ahmed FA, Loftus AW, Elshami M, Hoehn RS
et al (2024) Preoperative therapy in melanoma: evolving perspec-
tives in clinical trials. Crit Rev Oncol Hematol 193. https://doi.
org/10.1016/J.CRITREVONC.2023.104193

Ong C V., Samlowski W (2024) Neoadjuvant ipilimumab plus
nivolumab therapy as a potential organ preservation strategy in
mucosal melanoma: case report. Front Oncol 14. https://doi.org/
10.3389/FONC.2024.1301424

Siegal B, Cohen D, Jacob ET (1983) Surgical treatment of anorec-
tal melanomas. Am J Surg 146:336-338. https://doi.org/10.1016/
0002-9610(83)90410-5

Ross M, Pezzi C, Pezzi T, Meurer D, Hickey R, Balch C (1990)
Patterns of failure in anorectal melanoma. A guide to surgical
therapy. Arch Surg 125:313-6. https://doi.org/10.1001/ARCHS
URG.1990.01410150035007

Fields AC, Goldberg J, Senturk J, Saadat LV, Jolissaint J, Shabat
G et al (2018) Contemporary surgical management and out-
comes for anal melanoma: a national cancer database analy-
sis. Ann Surg Oncol 25:3883-3888. https://doi.org/10.1245/
S$10434-018-6769-Y

Ho J, Mattei J, Tetzlaff M, Williams MD, Davies MA, Diab A
et al (2022) Neoadjuvant checkpoint inhibitor immunotherapy for
resectable mucosal melanoma. Front Oncol 12. https://doi.org/10.
3389/FONC.2022.1001150

Che X, Zhao DB, Wu YK, Wang CF, Cai JQ, Shao YF et al (2011)
Anorectal malignant melanomas: retrospective experience with
surgical management. World J Gastroenterol 17:534-539. https://
doi.org/10.3748/WJG.V17.14.534

Nilsson PJ, Ragnarsson-Olding BK (2010) Importance of clear
resection margins in anorectal malignant melanoma. Br J Surg
97:98-103. https://doi.org/10.1002/BJS.6784

Sassun R, Sileo A, Gomaa IA, Aboelmaaty S, McKenna NP,
Rumer KK et al (2024) Reducing the positive margins rate for anal
melanoma in the modern era: a national propensity score matched
study. Updat Surg. https://doi.org/10.1007/S13304-024-02045-5
Cuschieri S (2019) The STROBE guidelines. Saudi J Anaesth
13:S31-S34. https://doi.org/10.4103/SJA.SJA_543_18

Fadel MG, Mohamed HS, Weir J, Hayes AJ, Larkin J, Smith MJ
(2024) Surgical management of primary anorectal melanoma:
is less more?. J Gastrointest Cancer. https://doi.org/10.1007/
$12029-023-01009-Z

Smith HG, Bagwan I, Board RE, Capper S, Coupland SE, Glen
J et al (2020) Ano-uro-genital mucosal melanoma UK national
guidelines. Eur J Cancer 135:22-30. https://doi.org/10.1016/J.
EJCA.2020.04.030

Belli F, Gallino GF, Lo Vullo S, Mariani L, Poiasina E, Leo E
(2009) Melanoma of the anorectal region: the experience of the

23.

24.

25.

26.

27.

28.

29.

30.

31.

National Cancer Institute of Milano. Eur J Surg Oncol 35:757—
762. https://doi.org/10.1016/J.EJS0O.2008.05.001

Wei Pei, Haitao Zhou, Jianan Chen, Qian Liu (2015) Treatment
and prognosis analysis of 64 cases with anorectal malignant mela-
noma. Chin J Gastrointest Surg 1305-8. https://pubmed.ncbi.nlm.
nih.gov/27928805/. Accessed March 14, 2024

Sassun R, Sileo A, Ng JC, Violante T, Gomaa IA, Block MS
et al (2024) Neoadjuvant immunotherapy versus adjuvant chemo-
therapy in anorectal melanoma. BrJ Surg 111. https://doi.org/10.
1093/BJS/ZNAE269

Wong DL, Glazer ES, Tsao M, Deneve JL, Fleming MD, Shibata
D (2022) Impact of adjuvant therapies following surgery for anal
melanoma. Am J Surg 223:1132-1143. https://doi.org/10.1016/J.
AMIJSURG.2021.10.041

Kelly P, Zagars GK, Cormier JN, Ross MI, Guadagnolo BA (2011)
Sphincter-sparing local excision and hypofractionated radiation
therapy for anorectal melanoma. Cancer 117:4747-4755. https://
doi.org/10.1002/CNCR.26088

Temperley HC, O’Sullivan NJ, Keyes A, Kavanagh DO, Lar-
kin JO, Mehigan BJ et al (2022) Optimal surgical manage-
ment strategy for treatment of primary anorectal malignant
melanoma—a systematic review and meta-analysis. Langen-
becks Arch Surg 407:3193-3200. https://doi.org/10.1007/
S00423-022-02715-1

Grant-Freemantle MC, Lane O’Neill B, Clover AJP (2021) The
effectiveness of radiotherapy in the treatment of head and neck
mucosal melanoma: systematic review and meta-analysis. Head
Neck 43:323-333. https://doi.org/10.1002/HED.26470
Mizoguchi N, Kano K, Okuda T, Koge H, Shima S, Tsuchida K
et al (2024) Adjuvant therapy with immune checkpoint inhibitors
after carbon ion radiotherapy for mucosal melanoma of the head
and neck: a case-control study. Cancers (Basel) 16. https://doi.org/
10.3390/CANCERS 16152625

Taylor JP, Stem M, Yu D, Chen SY, Fang SH, Gearhart SL et al
(2019) Treatment strategies and survival trends for anorectal
melanoma: is it time for a change? World J Surg 43:1809-1819.
https://doi.org/10.1007/S00268-019-04960-W

Adileh M, Yuval JB, Huang S, Shoushtari AN, Quezada-Diaz F,
Pappou EP et al (2021) Anorectal mucosal melanoma in the era
of immune checkpoint inhibition: should we change our surgical
management paradigm? Dis Colon Rectum 64:555-562. https://
doi.org/10.1097/DCR.0000000000001872

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/J.CRITREVONC.2023.104193
https://doi.org/10.1016/J.CRITREVONC.2023.104193
https://doi.org/10.3389/FONC.2024.1301424
https://doi.org/10.3389/FONC.2024.1301424
https://doi.org/10.1016/0002-9610(83)90410-5
https://doi.org/10.1016/0002-9610(83)90410-5
https://doi.org/10.1001/ARCHSURG.1990.01410150035007
https://doi.org/10.1001/ARCHSURG.1990.01410150035007
https://doi.org/10.1245/S10434-018-6769-Y
https://doi.org/10.1245/S10434-018-6769-Y
https://doi.org/10.3389/FONC.2022.1001150
https://doi.org/10.3389/FONC.2022.1001150
https://doi.org/10.3748/WJG.V17.I4.534
https://doi.org/10.3748/WJG.V17.I4.534
https://doi.org/10.1002/BJS.6784
https://doi.org/10.1007/S13304-024-02045-5
https://doi.org/10.4103/SJA.SJA_543_18
https://doi.org/10.1007/S12029-023-01009-Z
https://doi.org/10.1007/S12029-023-01009-Z
https://doi.org/10.1016/J.EJCA.2020.04.030
https://doi.org/10.1016/J.EJCA.2020.04.030
https://doi.org/10.1016/J.EJSO.2008.05.001
https://pubmed.ncbi.nlm.nih.gov/27928805/
https://pubmed.ncbi.nlm.nih.gov/27928805/
https://doi.org/10.1093/BJS/ZNAE269
https://doi.org/10.1093/BJS/ZNAE269
https://doi.org/10.1016/J.AMJSURG.2021.10.041
https://doi.org/10.1016/J.AMJSURG.2021.10.041
https://doi.org/10.1002/CNCR.26088
https://doi.org/10.1002/CNCR.26088
https://doi.org/10.1007/S00423-022-02715-1
https://doi.org/10.1007/S00423-022-02715-1
https://doi.org/10.1002/HED.26470
https://doi.org/10.3390/CANCERS16152625
https://doi.org/10.3390/CANCERS16152625
https://doi.org/10.1007/S00268-019-04960-W
https://doi.org/10.1097/DCR.0000000000001872
https://doi.org/10.1097/DCR.0000000000001872

	A 22-year experience of surgical management of anorectal melanoma: risk factors for recurrence and death
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Results
	Demographic and tumor characteristics
	Treatment characteristics and outcomes
	Multivariable analyses

	Discussion
	References


