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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.
KEYWORDS
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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 R0 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
02
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 (RFS) 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
frontiersin.org
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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
Frontiers in Oncology 03
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
frontiersin.org
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significant (Supplemental Figure 1). There was no significant

difference in OS (p=0.50) or EFS (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
Frontiers in Oncology 04
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 8th 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 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.
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
TABLE 3 Event free survival (EFS), and overall survival (OS) of
patients with mucosal melanoma treated with neoadjuvant
checkpoint inhibitors.

Outcome Median (95% CI)

2-year EFS (%) 35.7 (22.5 – 56.5)

3-year EFS (%) 28.5 (16.4 - 49.7)

Median EFS (months) 9.2 (7.1 – 30.1)

2-year OS (%) 64.2% (49.6 - 83.0)

3-year OS (%) 55.0% (39.4 - 76.9)

Median OS (months) NR (12.1 – NR)
NR, not reached; CI, confidence interval.
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
frontiersin.o
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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
Frontiers in Oncology 05
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 R0 surgery and reduce the extent, and therefore, potential

morbidity of surgery. Surgical resection remains the mainstay of
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.
FIGURE 1

Overall survival and event free survival stratified based on objective response per RECIST v1.1. CR, complete response, PR, partial response, SD,
stable disease, PD, progressive disease.
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FIGURE 2

Overall survival and event free survival stratified based on pathologic response per INMC criteria. pCR, pathologic complete response; pPR,
pathologic partial response.
FIGURE 3

Overall survival and event free survival stratified based on regional nodal or satellite involvement and localized disease only.
FIGURE 4

Overall survival and event free survival stratified based on age at diagnosis.
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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 07
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
FIGURE 5

Swimmer plot of patients with resectable mucosal melanoma treated with neoadjuvant checkpoint inhibitors with pathologic response (blue),
no pathologic response (red), and unknown pathologic response (orange). pCR, pathologic complete response, pPR, pathologic partial
response.
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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.
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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 39

Endocrinologic AE:

Hypophysitis 4 11

DM/DKA 1 3

Adrenal insufficiency 1 3

Gastrointestinal AE:

Colitis 4 11

Transaminitis 5 14

Neurologic AE:

Neuropathy 1 3

Optic neuritis 1 3

Other AE:

Pneumonitis 1 3

Dermatitis 2 6

Pyrexia 1 3

Nephritis 1 3
AE, adverse events.
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