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Background: Neoadjuvant checkpoint inhibition (CPI) has recently
demonstrated impressive outcomes in patients with stage 3 cutaneous
melanoma. However, the safety, efficacy, and outcome of neoadjuvant CPI
in patients with mucosal melanoma (MM) are not well studied as MM is a rare
melanoma subtype. CPI such as combination nivolumab and ipilimumab
achieves response rates of 37-43% in unresectable or metastatic MM but
there is limited data regarding the efficacy of these agents in the
preoperative setting. We hypothesize that neoadjuvant CPI is a safe and
feasible approach for patients with resectable MM.

Method: Under an institutionally approved protocol, we identified adult MM
patients with resectable disease who received neoadjuvant anti-PD1 +/- anti-
CTLA4 between 2015 to 2019 at our institution. Clinical information include
age, gender, presence of nodal involvement or satellitosis, functional status,
pre-treatment LDH, tumor mutation status, and treatment data was collected.
Outcomes include event free survival (EFS), overall survival (OS), objective
response rate (ORR), pathologic response rate (PRR), and grade >3 toxicities.
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Results: We identified 36 patients. Median age was 62; 58% were female.
Seventy-eight percent of patients received anti-PD1 + anti-CTLA4. Node
positive disease or satellite lesions was present at the time of treatment
initiation in 47% of patients. Primary sites of disease were anorectal (53%),
urogenital (25%), head and neck (17%), and esophageal (6%). A minority of
patients did not undergo surgery due to complete response (n=3, 8%) and
disease progression (n=6, 17%), respectively. With a median follow up of 37.9
months, the median EFS was 9.2 months with 3-year EFS rate of 29%. Median
OS had not been reached and 3-year OS rate was 55%. ORR was 47% and PRR
was 35%. EFS was significantly higher for patients with objective response and
for patients with pathologic response. OS was significantly higher for patients
with pathologic response. Grade 3 toxicities were reported in 39% of patients.

Conclusion: Neoadjuvant CPI for resectable MM is a feasible approach with
signs of efficacy and an acceptable safety profile. As there is currently no
standard approach for resectable MM, this study supports further investigations

using neoadjuvant therapy for these patients.
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Introduction

Mucosal melanoma (MM) is an aggressive form of melanoma
that arises from melanocytes present on the mucosal lining of the
respiratory, gastrointestinal and urogenital systems (1). MM
differs from cutaneous melanoma because of its more aggressive
biological behavior, lower tumor mutation burden, and a unique
driver mutation profile (2, 3). This rare patient population is often
excluded from melanoma clinical trials and there is limited
prospective data to guide management of disease in both
resectable and unresectable settings.

The 5-year overall survival rate for MM is about 25% with a
significantly poorer survival compared to other subtypes of
melanoma (4). This may be related to a more advanced
disease at diagnosis and the challenges of achieving definitive
local control at presentation due to anatomic constraints. Wide
local excision of the MM with negative margins is associated
with a better prognosis. However, given its high rates of local
failure and development of distant metastasis, relapse-free
survival is generally short (5, 6). Achieving a RO surgical
resection is especially challenging because of the multifocal
pattern of growth, the complexities of the anatomical sites,
and the higher proportions of patients who present with
locally advanced disease and require extensive and potentially
disfiguring surgeries (6, 7). Postoperative radiation therapy
improves the rates of local control, but there is no evidence
that it improves overall survival in MM patients (8). The
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magnitude of benefit of adjuvant systemic therapy is uncertain
in MM and the utility of routine lymph node sampling and
completion lymph node dissection is being investigated (9-12).

Neoadjuvant therapy is a very promising therapeutic
approach in patients with clinical stage III cutaneous
melanoma. Neoadjuvant immunotherapy possesses the
advantage of immunological priming with the tumor cells in
situ and earlier initiation of systemic therapy in these patients
may be beneficial in delaying or preventing distant spread of
disease (13). Neoadjuvant therapy may also potentially facilitate
resection of disease by tumor downstaging before surgery.
However, there are few studies investigating the role of
neoadjuvant therapy in MM. A recent published neoadjuvant
phase II trial with 21 MM patients who received neoadjuvant
toripalimab/axitinib followed by adjuvant toripalimab reported
a pathological response rate of 30% with a median recurrence-
free survival (RES) of 55.7 weeks (14).

As the neoadjuvant approach is not well studied in MM, we
conducted this retrospective cohort study evaluating the clinical
and pathologic responses and outcomes after neoadjuvant
immunotherapy in patients with resectable MM.

Materials and methods

Patients treated for MM between January 2015 to December
2019 were identified from our single-center institutional
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database at MD Anderson Cancer Center, Houston, Texas. We
then extracted patients with resectable MM treated with
neoadjuvant checkpoint inhibitors (Anti-CTLA4 and/or Anti-
PD1). Clinical information including gender (male or female),
age, LDH (above or below upper limit of normal), ECOG
(Eastern Cooperative Oncology Group) performance status,
primary tumor localization (head and neck, anorectal,
urogenital and esophageal), nodal involvement and satellitosis
were obtained. Additionally, the following pathologic features of
the primary tumor were recorded: ulceration (present or absent);
Breslow depth (tumor thickness); and mutation status (BRAF,
cKIT, NRAS mutated or wild type).

Clinical outcomes assessed were overall survival (OS)
defined as time from start of treatment date to date of death
and event-free survival (EFS) defined as time from start of
treatment date to date of first progression. Different starting
times were used for different analyses. For analyses by treatment,
the start date was the date of treatment. For analyses by objective
response, the start date was the date of the assessment of
objective response at 42 days after the start of treatment. For
analyses by pathologic response, the start date was the date of
surgery. For patients without surgery, the start date was assumed
to be the same as the date of objective response assessment. For
EFS, the event was the earlier of disease progression or death,
and patients who remained alive without disease progression
were censored at the last follow-up date. The same starting times
were used for OS.

Objective response rate (ORR) was evaluated by a radiologist
per RECIST 1.1 (15), and pathologic response rate (PRR) was
evaluated by a pathologist according to the International
Neoadjuvant Melanoma Consortium (INMC) criteria:
pathologic complete response defined as absence of residual
viable tumor and pathologic partial response defined as < 50% of
viable tumor cells (16). Clinical outcomes were assessed for all
patients including patients who did not undergo surgery due to
progression or complete response. The Kaplan-Meier method
was used to estimate the distribution of OS and EFS and
distributions were compared using the log-rank test. All
statistical analyses were performed using R version 4.1.1. All
statistical tests used a two-sided significance level of 5%.
Treatment toxicities were categorized in Toxicities per
Common Terminology Criteria for Adverse Events (CTCAE)

version 5.

Results

Thirty-six patients were identified in the database with
resectable MM treated with neoadjuvant checkpoint inhibitors.
Baseline characteristics of patients are described in Table 1. The
median age of patients was 62 and 58% were female. Seventeen
(47%) patients had nodal involvement or clinically or
pathologically detected satellitosis. The most common primary
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site was anorectal (53%) followed by urogenital (25%), head and
neck (17%), and esophageal (6%). Mutation analysis was not
accessible for 3 patients. KIT mutation (30%) was the most
common, followed by NRAS (12%) and BRAF (6%) mutations.

Treatment data was summarized in Table 2 and
Supplemental Table 1. All patients received neoadjuvant
checkpoint inhibitors. Twenty-eight (78%) patients received
combination anti-PD1 and anti-CTLA4. Anti-PD1 and anti-
CTLA4 monotherapy was used in 7 (19%) and 1 (3%) patients,
respectively. Seventeen (47%) patients received adjuvant
systemic therapy. Sixteen (44%) and 1 (3%) patients received
adjuvant Anti-PD1 and biochemotherapy, respectively
(Supplemental Table 2). Nine (25%) patients received adjuvant
radiation. Median time from last dose of neoadjuvant systemic
therapy to surgery was 31 days.

Twenty-seven (75%) of patients underwent surgery
(Supplemental Table 3). Six patients (17%) had disease
progression to unresectable disease prior to surgery. Five of
these patients had combination Anti-PD1 and Anti-CTLA4 and
1 patient had Anti-CTLA4 only. Three patients (8%) had a
complete objective response prior to surgery and did not
undergo surgery; all remain disease-free at 35.5, 43.7, and 73.8
months following initiation of neoadjuvant systemic therapy.
With a median follow-up of 37.9 months, the median EFS was
9.2 months and the 2-year and 3-year EFS were 36% and 29%.
The 2-year OS was 64% and 3-year OS 55%; median OS had not
been reached (Table 3). The ORR was 47% with 23% of patients
having a complete response and 23% having a partial response
(Table 4). PRR was 35%, with 26% of patients having pathologic
complete or near complete response (Table 5).

Figure 1 summarizes OS and EFS by objective response. For
OS, objective response was associated with improvement
(HR=0.31, 95% CI: (0.078, 1.25), p=0.085). Estimates of OS at
3 years were 74% for patients with a complete or partial response
and 51% for patients with no objective response. For EFS, the
association with objective response was statistically significant
(HR=0.24, 95% CI: (0.085, 0.69), p=0.005). Year 3 estimates of
EFS were 52% for patients with a complete or partial response
and 10% for patients with no objective response.

Figure 2 summarizes OS and EFS by pathologic response.
Pathologic response was associated with a significant
improvement in OS (HR=0.23, 95% CI: (0.048, 1.07),
p=0.042). Estimates of OS at 3 years were 80% for patients
with a complete, major, or partial pathologic response and 40%
for patients with no pathologic response. For EFS, the
association with pathologic response was also statistically
significant (HR=0.20, 95% CI: (0.058, 0.71), p=0.006). Year 3
estimates of EFS were 60% for patients with a complete, major,
or partial pathologic response and 18% for patients with
no response.

OS (p=0.10) and EFS (p=0.24) were higher for patients who
received combination anti-PD1 and anti-CTLA4 compared to
anti-PD1 or anti-CTLA4 monotherapy, but the difference was not
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TABLE 1 Baseline characteristics of patients with mucosal melanoma
treated with neoadjuvant checkpoint inhibitors.

Total number of patients 36 %
Median Age (range) 62 (33-83)
Female patients 21 58
Primary site involvement only 19 53
Node positive or satellitosis 17 47
Satellitosis 3 8
ECOG 0-1 36 100
Ulceration 24 67
LDH > ULN 8 22
Mutations:
KIT mutant 10 30
BRAF mutant 2 6
NRAS mutant 4 12
Not assessed 3 8
Primary site of disease:
Anorectal 19 53
Urogenital 9 25
Head and Neck 6 17
Esophagus 2 6

ECOG, Eastern Cooperative Oncology Group; LDH, lactate dehydrogenase; ULN, upper
limit of normal.

significant (Supplemental Figure 1). There was no significant
difference in OS (p=0.50) or EES (p=0.35) between patients with
localized disease only and with regional nodal or satellites disease
(Figure 3). There was no significant difference in OS (p=0.60) or
EFS (p=0.97) between patients age > 65 or age < 65 (Figure 4). OS
stratified by objective response and pathologic response were
described in Figures 5 and 6 and demonstrated improved OS
for patients with an objective or pathologic response.

Fourteen (39%) patients had grade 3 or above toxicities
(Table 6). The most common were transaminitis (14%), colitis
(11%) and hypophysitis (11%). Among the 14 patients with

TABLE 2 Neoadjuvant and adjuvant treatment received by patients
with mucosal melanoma treated with neoadjuvant checkpoint
inhibitors.

Total Number of Patients 36 %

Neoadjuvant Treatment Received 36 100
Anti-PD1 and anti-CTLA4 28 78
Anti-PD1 Monotherapy 7 19
Anti-CTLA4 Monotherapy 1 3

Adjuvant Treatment Received 17 47
Adjuvant anti-PD1 16 44
Adjuvant biochemotherapy 1 3
Adjuvant radiation 9 25
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TABLE 3 Event free survival (EFS), and overall survival (OS) of
patients with mucosal melanoma treated with neoadjuvant
checkpoint inhibitors.

QOutcome Median (95% CI)

2-year EFS (%)
3-year EFS (%)
Median EFS (months)
2-year OS (%)
3-year OS (%)
Median OS (months)

35.7 (22.5 - 56.5)
285 (16.4 - 49.7)
92 (7.1 - 30.1)
64.2% (49.6 - 83.0)
55.0% (39.4 - 76.9)
NR (12.1 - NR)

NR, not reached; CI, confidence interval.

grade 3 or above toxicities, 13 patients had combination Anti-
PD1 and Anti-CTLA4 and 1 patient had Anti-PD1. Among the 6
patients who progressed to unresectable prior to surgery, only 1
patient had grade 3 or above toxicities.

Discussion

There is currently no standard of care for neoadjuvant or
adjuvant systemic therapy for resectable MM. Patients treated
with surgery alone for resectable MM have poor prognosis. RFS
and OS with surgery alone have been reported to be around 5
and 21 months, respectively (11). Unlike cutaneous melanoma,
MM does not have a standardized staging system such as that
available for cutaneous melanoma by the American Joint
Committee on Cancer 8" edition to allow oncologists to
understand prognosis and further risk stratify patients for
adjuvant systemic treatments (17). MM patients have often
been excluded or under-represented in landmark clinical trials
that have led to FDA approval for adjuvant systemic therapies in
cutaneous melanoma. For example, CHECKMATE 238 included
29 (3%) patients with MM and the subgroup analysis did not
show better outcome with either adjuvant nivolumab or
ipilimumab (18). KEYNOTE 054 excluded MM patients
entirely (19). In a single center randomized phase II study,

TABLE 4 Objective response rate (ORR) of patients with mucosal
melanoma treated with neoadjuvant checkpoint inhibitors.

Radiographic Response # %
Not accessible 6

CR 7 23
PR 7 23
SD 6 20
PD 10 33
ORR 14 47

CR, complete response; PR, partial response; SD, stable disease; PD, progressive disease.
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TABLE 5 Pathologic response rate (PRR) of patients with mucosal
melanoma treated with neoadjuvant checkpoint inhibitors.

Pathological Response # %
Not accessible 5

PCR or near pCR 8 26
pPR 3 10
PNR 20 65
PRR 11 35

pCR, pathologic complete response; pPR, pathologic partial response; pNR, no
pathologic response.

adjuvant chemotherapy with temozolomide and cisplatin
improved OS and RFS compared to high dose interferon or
surgery alone (11). However, adjuvant chemotherapy has not
been the standard of care in practice as there is minimal evidence
for efficacy in the metastatic setting (20). As adjuvant checkpoint
inhibitors have shown benefits in resectable cutaneous
melanoma, we believe that it is important to understand the
outcome of patients with resectable MM who are treated with
checkpoint inhibitors (18, 19). To our knowledge, this study is
the first study to report the outcomes of MM patients who
underwent treatment with neoadjuvant checkpoint inhibitors
alone, showing a median EFS of 9.2 months and a median OS
that had not been reached at a median follow up time of
37.9 months.

There is limited prospective data in metastatic MM patients
treated with checkpoint inhibition, but based on a pooled
analysis of MM subgroup across different clinical trials
including CHECKMATE-067, we know MM has a lower
response rate than cutaneous melanoma. While cutaneous
melanoma patients have response rate of 58% and 44% to

10.3389/fonc.2022.1001150

combination anti-PD1 and anti-CTLA4 or anti-PD1
monotherapy, respectively, MM patients have response rates of
37-43% and 30% to combination anti-PD1 and anti-CTLA4 and
anti-PD1 monotherapy, respectively (21). MM patients in
CHECKMATE-067 treated with combination anti-PD1 and
anti-CTLA4 were found to have higher 5-year progression-free
survival (PFS) and OS at 29 and 36% respectively, compared to
patients treated with anti-PD1 monotherapy with 5-year PFS
and OS of 14 and 17%, respectively (22). However, the role of
combination immunotherapy in MM is controversial as a recent
study suggests addition of anti-CTLA4 to anti-PD1 may not
derive meaningful benefit for patients with MM in the metastatic
setting (23). The retrospective cohort study of 545 patients with
MM treated with anti-PD1 +/- anti-CTLA4 showed no
significant difference in ORR, PFS or OS between patients
treated with combination anti-PD1 and anti-CTLA4 and
patients treated with Anti-PD1 alone. Nonetheless, as MM is
seemingly less responsive to immunotherapy than cutaneous
melanoma, patients with resectable MM may need addition of
anti-CTLA4 to anti-PD1 to derive clinical benefit. Although no
significant difference is observed in OS and EFS between patients
who received neoadjuvant combination checkpoint inhibitors
and single agent checkpoint inhibitor, this study is limited by
low proportion (22%) of patients treated with anti-PD1
monotherapy and generally small sample size. Although not
statistically significant, the median OS and median EFS are not
reached vs. 8 months, and 15 months vs. 8 months respectively
for patients who received neoadjuvant combination anti-CTLA4
and anti-PD1 compared to single agent anti-PD1/anti-CTLA4.
Use of neoadjuvant checkpoint inhibition can potentially
downstage the tumor to facilitate resectability, improve the rate
of RO surgery and reduce the extent, and therefore, potential
morbidity of surgery. Surgical resection remains the mainstay of
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FIGURE 5

Swimmer plot of patients with resectable mucosal melanoma treated with neoadjuvant checkpoint inhibitors with pathologic response (blue),

no pathologic response (red
response

treatment for resectable MM but surgical comorbidities are often
more significant due to anatomical locations of disease (24). For
example, abdominoperineal resection had been considered the
surgical standard for anorectal MM. However, less invasive
approaches such as wide local excision had shown to have
similar survival outcomes compared to abdominoperineal
resection (25, 26). By downstaging the tumor, neoadjuvant
checkpoint inhibition may allow patients to receive less
invasive surgery or eliminate the need for surgery. Three (8%)
patients in this retrospective study did not undergo surgery due
to complete response and the EFS and OS for these patients had
not been reached. One of these three patients did pass away, but
it was unrelated to melanoma.

Pathologic complete response had been used as a surrogate
endpoint for different cancer types and led to approval of
neoadjuvant treatment such as pertuzumab in HER2 positive
breast cancer by the FDA (United States Food and Drug
Administration) (27). Pooled analysis of cutaneous melanoma
patients treated with neoadjuvant checkpoint inhibitors showed
excellent outcomes for patients who had a complete or near
complete pathologic response (28). Many hypotheses are
currently being tested to investigate how pathologic responses
translate to better clinical outcomes. Some of those hypotheses

Frontiers in Oncology

, and unknown pathologic response (orange). pCR, pathologic complete response, pPR, pathologic partial

include exposure of immunotherapy-activated T cells to more
neoantigens and early treatment of microscopic disease (29). In
our retrospective review, we see that patients who had pathologic
response had significantly improved OS and EFS. Patients who
do not have a pathologic response to neoadjuvant checkpoint
inhibitors have poor outcomes. By having an objective
assessment of response to and tolerance of neoadjuvant
checkpoint inhibitors, oncologists can help patients with
suboptimal neoadjuvant treatment response make informed
decisions for adjuvant therapy.

This study has limitations as a retrospective study. It is
subjected to the effects of confounders and systemic errors such
as information bias from missing data. Additionally, the small
sample size is limiting; however, this is reflective of the rare
nature of this malignancy. There is currently no standard of care
for neoadjuvant or adjuvant systemic therapy for patients with
resectable MM and the findings in this manuscript fulfills an
unmet need in MM patient care.

In conclusion, this study is the first to characterize outcomes
of resectable MM patients treated with neoadjuvant checkpoint
inhibitors alone. In view of historic OS of less than 2 years with
surgery alone, this study provides an update on the outcomes of
resectable MM patients treated with a contemporary treatment
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FIGURE 6

Swimmer plot of patients with resectable mucosal melanoma treated with neoadjuvant checkpoint inhibitors with objective response (blue), no
objective response (red), and unknown objective response (orange). CR, complete response, PR, partial response, SD, stable disease, PD,

progressive disease.

TABLE 6 Toxicities per common terminology criteria for adverse
events version 5.0 of patients with mucosal melanoma treated with
neoadjuvant checkpoint inhibitors.

Total number of patients 36
Grade 3 or above toxicities 14
Endocrinologic AE:

Hypophysitis 4

DM/DKA 1

Adrenal insufficiency 1
Gastrointestinal AE:

Colitis 4

Transaminitis 5
Neurologic AE:

Neuropathy 1

Optic neuritis 1
Other AE:

Pneumonitis 1

Dermatitis 2

Pyrexia 1

Nephritis 1

AE, adverse events.
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paradigm and demonstrates a signal of efficacy for the use of
neoadjuvant checkpoint inhibitors. This study supports further
investigations using neoadjuvant immunotherapy.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation, in
compliance of institutional standard of MD Anderson Cancer
Center, Houston, Texas as the data is stored in a secure server at
MD Anderson Cancer Center, Houston, Texas.

Ethics statement

Ethical review and approval was not required for the study
on human participants in accordance with the local legislation
and institutional requirements. Written informed consent for
participation was not required for this study in accordance with
the national legislation and the institutional requirements.

08 frontiersin.org


https://doi.org/10.3389/fonc.2022.1001150
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ho et al.

Author contributions

JH, JM, RA contributed to conception and design of the
study. RB, SFa, PN, and RA contributed monitoring and
guidance as senior authors. RB performed the statistical
analysis. SFa performed objective response assessment. PN
performed pathologic response assessment. JH wrote the first
draft of the manuscript except for the introduction. JM wrote the
first draft of introduction. MT, MDW, AD, IG, JMc, SP, HT,
MKW, SHi, EH, EK, MR, RW, SS, MF, LM, A]J, CP, AG, AB, DM,
AF, SFa, PN contributed to clinical care of patients reviewed in
this study. All authors contributed to manuscript revision, read,
and approved in the submitted version. All authors contributed
to the article and approved the submitted version.

Conflict of interest

JH and RW were employed by MD Anderson Cancer
Center. MDW, MAD, AD, IG, JMc, SP, HT, MKW, SFi, EH,
EK, MR, SS, MF, LAM, A], CP, AG, AB, DM, AF, RB, SFa, PN
and RA are employed by MD Anderson Cancer Center. MT is
employed by University of California San Francisco. JM is
employed by Hospital Moinhos de Vento. MAD is supported
by the Dr. Miriam and Sheldon G. Adelson Medical Research
Foundation, the AIM at Melanoma Foundation, the NIH/NCI
1 P50 CA221703-02, the American Cancer Society and the
Melanoma Research Alliance, Cancer Fighters of Houston, the
Anne and John Mendelsohn Chair for Cancer Research, and
philanthropic contributions to the Melanoma Moon Shots
Program of MD Anderson. MAD has been a consultant to
Roche/Genentech, Array, Pfizer, Novartis, BMS, GSK, Sanofi-
Aventis, Vaccinex, Apexigen, Eisai, Iovance, and ABM
Therapeutics, and he has been the PI of research grants to
MD Anderson by Roche/Genentech, GSK, Sanofi-Aventis,
Merck, Myriad, Oncothyreon, ABM Therapeutics, and LEAD
Pharma. MAD receives institutional clinical trial support
outside the submitted work from Pfizer. LAM receives
research funding from AstraZeneca for unrelated research.
PN receives grant from Melanoma Research Alliance (#
570806). MW is a consultant and serves on scientific
advisory board for Bayer. MF is a consultant for Stryker and
Seagen and receives research funding from AkesoBio and
GSK. SP reports: Institutional clinical trial support outside

References

1. Mihajlovic M, Vlajkovic S, Jovanovic P, Stefanovic V. Primary mucosal
melanomas: a comprehensive review. Int J Clin Exp Pathol (2012) 5(8):739-53.

2. Zhang S, Zhang J, Guo J, Si L, Bai X. Evolving treatment approaches to
mucosal melanoma. Curr Oncol Rep (2022) 24(10):1261-71.

Frontiers in Oncology

09

10.3389/fonc.2022.1001150

the submitted work from Bristol Myers Squibb, Foghorn
Therapeutics, Ideaya, InxMed, Lyvgen, Novartis, Provectus
Biopharmaceuticals, Seagen, Syntrix Bio, TriSalus Life
Sciences and advisory board, steering committee, data safety
monitoring board, and consulting fees outside the submitted
work from: Advance Knowledge in Healthcare, Cardinal
Health, Castle Biosciences, Delcath, Immunocore, Novartis,
TriSalus Life Sciences, Bristol Myers Squibb. The handling
editor RC declared a past co-authorship with the author SP. AJ
has stock options from Avenge Bio and Green Fire Bio. He
reports advisory fees from Macrogenics, GLG, Guidepoint,
NuProbe, AvengeBio, Green Fire Bio, GI Innovation,
Theolytics, Two XAR. He reports clinical trial funding to
Institution from BMS, Merck, AstraZeneca, lovance,
Immatics, Aravive, Alaunos, Xencor, Avenge Bio, and
Macrogenics. CP is a consultant for UptoDate Penile Cancer
Series, Wolters Kluwer Publisher. IG receives research funding
from BMS, MERCK, and Pfizer and serves in consulting roles
or advisory board in BMS, Novartis, LEAL Therapeutics. RA
receives research support from Novartis, Merck, Bristol-Myers
Squibb, Iovance and Obsidian; consultancy for Novartis,
Bristol-Myers Squibb and Iovance.

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

Publisher’s note

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

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/
fonc.2022.1001150/full#supplementary-material

3. Yde SS, Sjoegren P, Heje M, Stolle LB. Mucosal melanoma: A literature
review. Curr Oncol Rep (2018) 20(3):28. doi: 10.1007/s11912-018-0675-0

4. Chang AE, Karnell LH, Menck HR. The national cancer data base report on
cutaneous and noncutaneous melanoma. Cancer (1998) 83(8):1664-78.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fonc.2022.1001150/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.1001150/full#supplementary-material
https://doi.org/10.1007/s11912-018-0675-0
https://doi.org/10.3389/fonc.2022.1001150
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Ho et al.

5. Tyrrell H, Payne M. Combatting mucosal melanoma: recent advances and
future perspectives. Melanoma Manage (2018) 5(3):MMT11.

6. Carvajal RD, Spencer SA, Lydiatt W. Mucosal melanoma: A clinically and
biologically unique disease entity. ] Natl Compr Cancer Netw (2012) 10(3):345-56.
doi: 10.6004/jnccn.2012.0034

7. Nilsson PJ, Ragnarsson-Olding BK. Importance of clear resection margins in
anorectal malignant melanoma. Br J Surg (2010) 97(1):98-103.

8. Owens JM, Roberts DB, Myers JN. The role of postoperative adjuvant
radiation therapy in the treatment of mucosal melanomas of the head and neck
region. Arch Otolaryngology-Head Neck Surg (2003) 129(8):864. doi: 10.1001/
archotol.129.8.864

9. Ahn HJ, Na II, Park YH, Cho SY, Lee BC, Lee GH. Role of adjuvant
chemotherapy in malignant mucosal melanoma of the head and neck. Oral
Oncol (2010) 46(8):607-11. doi: 10.1016/j.oraloncology.2010.05.005

10. Lian B, Si L, Cui C, Chi Z, Sheng X, Mao L, et al. Phase III randomized,
multicenter trial comparing high-dose IFN-a2b with temozolomide plus cisplatin
as adjuvant therapy for resected mucosal melanoma. J Clin Oncol (2018) 36
(15_suppl):9589-9. doi: 10.1200/JC0O.2018.36.15_suppl.9589

11. Lian B, Si L, Cui C, Chi Z, Sheng X, Mao L, et al. Phase II randomized trial
comparing high-dose IFN-02b with temozolomide plus cisplatin as systemic
adjuvant therapy for resected mucosal melanoma. Clin Cancer Res (2013) 19
(16):4488-98. doi: 10.1158/1078-0432.CCR-13-0739

12. Lai Y, Meng X, Liu Q, Lu H, Guo L, Wang S, et al. Impact of adjuvant
therapy on survival for sinonasal mucosal melanoma. Acta Oto-Laryngologica
(2020) 140(1):79-84. doi: 10.1080/00016489.2019.1635269

13. Amaria RN, Reddy SM, Tawbi HA, Davies MA, Ross MI, Glitza IC, et al.
Neoadjuvant immune checkpoint blockade in high-risk resectable melanoma. Nat
Med (2018) 24(11):1649-54. doi: 10.1038/s41591-018-0197-1

14. Cui C, Wang X, Lian B, Si L, Chi Z, Sheng X, et al. A phase 2 clinical trial of
neoadjuvant anti-PD-1 ab (Toripalimab) plus axitinib in resectable mucosal
melanoma. J Clin Oncol (2021) 39(15_suppl):9512-2. doi: 10.1200/
JCO.2021.39.15_suppl.9512

15. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford R,
et al. New response evaluation criteria in solid tumours: revised RECIST guideline
(version 1.1). Eur ] Cancer (2009) 45(2):228-47. doi: 10.1016/j.ejca.2008.10.026

16. Tetzlaff MT, Messina JL, Stein JE, Xu X, Amaria RN, Blank CU, et al.
Pathological assessment of resection specimens after neoadjuvant therapy for
metastatic melanoma. Ann Oncol (2018) 29(8):1861-8. doi: 10.1093/annonc/
mdy226

17. Keung EZ, Gershenwald JE. The eighth edition American joint committee
on cancer (AJCC) melanoma staging system: Implications for melanoma treatment

Frontiers in Oncology

10

10.3389/fonc.2022.1001150

and care. Expert Rev Anticancer Ther (2018) 18(8):775-84. doi: 10.1080/
14737140.2018.1489246

18. Weber J, Mandala M, Del Vecchio M, Gogas HJ, Arance AM, Cowey CL,
et al. Adjuvant nivolumab versus ipilimumab in resected stage IIT or IV melanoma.
N Engl ] Med (2017) 377(19):1824-35. doi: 10.1056/NEJMoa1709030

19. Eggermont AMM, Blank CU, Mandala M, Long GV, Atkinson V, Dalle S,
et al. Adjuvant pembrolizumab versus placebo in resected stage III melanoma. N
Engl ] Med (2018) 378(19):1789-801. doi: 10.1056/NEJMoal802357

20. Moreno Nogueira JA, Valero Arbizu M, Pérez Temprano R. Adjuvant
treatment of melanoma. ISRN Dermatology 2013 (2013) p:1-17.

21. D’Angelo SP, Larkin J, Sosman JA, Lebbé C, Brady B, Neyns B, et al. Efficacy
and safety of nivolumab alone or in combination with ipilimumab in patients with
mucosal melanoma: A pooled analysis. J Clin Oncol (2017) 35(2):226-35. doi:
10.1200/JC0O.2016.67.9258

22. Shoushtari AN, Wagstaff ], Ascierto PA, Butler MO, Lao CD, Marquez-Rodas
L, et al. CheckMate 067: Long-term outcomes in patients with mucosal melanoma. J
Clin Oncol (2020) 38(15_suppl):10019-9. doi: 10.1200/JCO.2020.38.15_suppl.10019

23. Dimitriou F, Namikawa K, Reijers ILM, Buchbinder EI, Soon JA, Zaremba
A, et al. Single-agent anti-PD-1 or combined with ipilimumab in patients with
mucosal melanoma: an international, retrospective, cohort study. Ann Oncol
(2022) 33(9):968-80. doi: 10.1016/j.annonc.2022.06.004

24. Malaguarnera G, Madeddu R, Catania VE, Bertino G, Morelli L, Perrotta
RE, et al. Anorectal mucosal melanoma. Oncotarget (2018) 9(9):8785-800. doi:
10.18632/oncotarget.23835

25. Zhou HT, Zhou ZX, Zhang HZ, Bi JJ, Zhao P. Wide local excision could be
considered as the initial treatment of primary anorectal malignant melanoma. Chin
Med ] (Engl) (2010) 123(5):585-8.

26. Kiran RP, Rottoli M, Pokala N, Fazio VW. Long-term outcomes after local
excision and radical surgery for anal melanoma: Data from a population database.
Dis Colon Rectum (2010) 53(4):402-8. doi: 10.1007/DCR.0b013¢3181b71228

27. Conforti F, Pala L, Sala I, Oriecuia C, De Pas T, Specchia C, et al. Evaluation
of pathological complete response as surrogate endpoint in neoadjuvant
randomised clinical trials of early stage breast cancer: Systematic review and
meta-analysis. BMJ (2021) p:e066381. doi: 10.1136/bmj-2021-066381

28. Menzies AM, Amaria RN, Rozeman EA, Huang AC, Tetzlaff MT, van de Wiel
BA, et al. Pathological response and survival with neoadjuvant therapy in melanoma:
A pooled analysis from the international neoadjuvant melanoma consortium
(INMC). Nat Med (2021) 27(2):301-9. doi: 10.1038/s41591-020-01188-3

29. Versluis JM, Long GV, Blank CU. Learning from clinical trials of
neoadjuvant checkpoint blockade. Nat Med (2020) 26(4):475-84. doi: 10.1038/
541591-020-0829-0

frontiersin.org


https://doi.org/10.6004/jnccn.2012.0034
https://doi.org/10.1001/archotol.129.8.864
https://doi.org/10.1001/archotol.129.8.864
https://doi.org/10.1016/j.oraloncology.2010.05.005
https://doi.org/10.1200/JCO.2018.36.15_suppl.9589
https://doi.org/10.1158/1078-0432.CCR-13-0739
https://doi.org/10.1080/00016489.2019.1635269
https://doi.org/10.1038/s41591-018-0197-1
https://doi.org/10.1200/JCO.2021.39.15_suppl.9512
https://doi.org/10.1200/JCO.2021.39.15_suppl.9512
https://doi.org/10.1016/j.ejca.2008.10.026
https://doi.org/10.1093/annonc/mdy226
https://doi.org/10.1093/annonc/mdy226
https://doi.org/10.1080/14737140.2018.1489246
https://doi.org/10.1080/14737140.2018.1489246
https://doi.org/10.1056/NEJMoa1709030
https://doi.org/10.1056/NEJMoa1802357
https://doi.org/10.1200/JCO.2016.67.9258
https://doi.org/10.1200/JCO.2020.38.15_suppl.10019
https://doi.org/10.1016/j.annonc.2022.06.004
https://doi.org/10.18632/oncotarget.23835
https://doi.org/10.1007/DCR.0b013e3181b71228
https://doi.org/10.1136/bmj-2021-066381
https://doi.org/10.1038/s41591-020-01188-3
https://doi.org/10.1038/s41591-020-0829-0
https://doi.org/10.1038/s41591-020-0829-0
https://doi.org/10.3389/fonc.2022.1001150
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Neoadjuvant checkpoint inhibitor immunotherapy for resectable mucosal melanoma
	Introduction
	Materials and methods
	Results
	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


