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Abstract
Mucosal melanoma is a rare form of melanoma which arises from melanocytes in the
mucosal membranes and can be effectively treated with immune checkpoint blockade
(ICB). However, response rates in mucosal melanoma are lower than those observed
for cutaneous melanomas.

Targeted sequencing of up to 447 genes (OncoPanel) was performed on tumors from all mu-
cosal melanoma patients seen at the Dana-Farber Cancer Institute from 2011 until March 2019.

We identified a total of 46 patients who received ICB with both tumor-genotype and ICB
response data available. Within this cohort of patients, 16 (35%) had durable clinical benefit
(DCB) to their first line of ICB. The average mutational burden/megabase was 6.23 and did
not correlate with tumor response to ICB. Patients with K/T aberrations had a higher DCB rate
compared with patients with wildtype KIT (71 vs. 28%), but this was not found to be statisti-
cally significant. For comparison, we analyzed tumor genotypes from an additional 50 mucosal
melanoma tumors and 189 cutaneous melanoma tumors. The most frequent mutations in mu-
cosal melanoma were in SF3B1 (27%), KIT (18%), and NF1 (17%), a pattern that is distinct
from cutaneous melanomas. In addition, there were genetic differences observed based upon
the site of origin of the mucosal melanoma.

Our findings explore clinical features of response in patients with mucosal melanoma treated
with ICB and demonstrate a low mutational burden that does not correlate with response. In
addition, the lack of significant association between the genetic aberrations tested and response

to ICB indicates the need for further exploration in this patient population.
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1 | BACKGROUND

The treatment of cutaneous melanoma has advanced dra-
matically over the last several years with the introduction
of immune checkpoint blockade.'” A subset of melanomas
(1.5%) arise from melanocytes that are localized in mucous
membranes leading to mucosal melanoma.’ Mucosal mela-
nomas have high rates of recurrence after initial surgery and
are associated with poor prognosis at recurrence.™” Immune
checkpoint blockade (ICB) has demonstrated efficacy in
the treatment of mucosal melanoma with a response rate of
19-23% to single agent PD-1 inhibition compared with a
40% response rate in patients with cutaneous melanoma.®®
Combined ICB with PD-1 and CTLA-4 inhibition has also
demonstrated efficacy in the treatment of mucosal melanoma
albeit at a lower rate compared with cutaneous melanoma
(37% vs. 55-60%).” Responses to immunotherapy vary by
subtype of melanoma with high response rates observed in
desmoplastic melanomas that are felt to be related to high
mutational burden and pre-existing immune response.9

Although the responses to immune checkpoint block-
ade in patients with mucosal melanoma are encouraging,
the differences between mucosal melanoma and cutaneous
melanoma make this an interesting population to explore
further. Mutational load has previously been associated with
response to immunotherapy.lo’12 Mucosal melanomas do
not arise in UV-exposed areas and therefore a lower muta-
tional burden compared with cutaneous melanoma would be
expected. Previous characterizations of melanoma subtypes
have demonstrated lower mutational burden in acral/mucosal
melanoma with a mean of 2.64 mutations per megabase com-
pared with a mean of 101 observed in cutaneous melanoma. 13
When compared to other cancers with low mutational bur-
den, the response rate in mucosal melanoma is higher than
would be expected based upon this factor alone.

A better understanding of the genetic landscape of muco-
sal melanomas and how it relates to response to ICB may help
guide care and assist in our understanding of immunotherapy.
Previous genetic analyses have uncovered increases in KIT
mutations in mucosal melanoma. These studies have also
demonstrated the presence of NF1, SF3B1, and NRAS muta-
tions in mucosal melanoma.'*™"” Studies have also looked at
CDK4, MDM2, TERT, and AGAP2."*" In this study, we ex-
pand upon these previous explorations of the genetic profile
of mucosal melanoma by correlating it with response to ICB.

2 | METHODS

Tumor genotyping was performed by Oncopanel analysis on
all mucosal melanoma patients seen by medical oncology
within the Dana-Farber Cancer Institute (DFCI) from 2011
until March 2019.

Patients were identified through the DFCI Oncology Data
Retrieval System (On(:DRS).20 OncDRS was used for the
aggregation, management, and delivery of the clinical and
operational research data used in this project.

Tumor genotyping was performed by OncoPane
OncoPanel is a cancer genomic assay to detect somatic mu-
tations, copy number variations, and structural variants in
tumor DNA extracted from fresh, frozen, or formalin-fixed
paraffin-embedded samples. The OncoPanel assay surveys
exonic DNA sequences of up to 447 cancer genes and 191
regions across 60 genes for rearrangement detection. DNA is
isolated from tissue containing at least 20% tumor nuclei and
analyzed by massively parallel sequencing using a solution-
phase Agilent SureSelect hybrid capture kit and an Illumina
HiSeq 2500 sequencer. Genes targeted by OncoPanel are up-
dated periodically to include additional targets, and spike-in
hybridization probes have been included to improve struc-
tural variant detection. The OncoPanel assay provides reports
on single-nucleotide variants, copy number variants, struc-
tural variants, tumor mutation burden (TMB), and select mu-
tational signatures (e.g., UV exposure, smoking). Germline
variants were removed bioinformatically using a panel of
normal samples; variants present at >=0.1% frequency in
publicly available databases were filtered (gnomad; Broad
institute). All OncoPanel results were reviewed by molecular
pathologists, and variants were tiered according to therapeu-
tic, prognostic, and biologic relevance, as previously de-
scribed (Sholl, et al JCI Insight 2016; Garofalo et al Genome
Medicine 2016). Additional genetic data were obtained from
public data available through cBioPortal for tumor-site com-
parison purposes.25 The genetic data obtained for non-DFCI
patients was from IMPACT.* To determine whether there
may be some bias in variant calls or tumor genetics between
DFCI and MSK treatment centers, we tested for a non-random
distribution of variants among the 183 genes common to all
panels. No gene variants had a significant non-random distri-
bution with treatment centers (Fisher's exact test, @ = 0.05).

After initial unsupervised analysis comparing mutational
rate to tumor site for each gene, single-nucleotide variants
were manually curated by pathologist review to include only
pathogenic or likely pathogenic variants in subsequent anal-
yses, as determined by annotations in ClinVar or OncoKB.

Clinical data were obtained for the 46 patients treated
at DFCI to evaluate site of disease, response to ICB, du-
ration of response, progression free survival, and survival.
As these patients were treated off study, the clinically
meaningful endpoint of 6-month durable clinical benefit
rate (DCB) was chosen for the efficacy analysis. Clinical
outcomes assessed were clinical response using RECIST
1.1 criteria, durable clinical benefit (DCB), progression-
free survival (PFS), overall survival (OS), duration of
response (DOR), duration of stable disease (DSD), and du-
ration of disease control (DDC). DCB is defined as lack

1.21—24
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of disease progression for at least 6 months after the ini-
tiation of treatment. PFS is defined as the time from first
treatment to the earlier of disease progression or death. The
follow-up of patients who neither progressed nor died is
censored at the date of last clinical visit. Overall survival
is the time from first treatment to death from any cause.
The follow-up of patients alive is censored at the last as-
sessment of vital status. DOR is defined for patients who
achieved complete or partial response as best response to
therapy and is defined as the interval between dates of first
documentation of objective response and first documenta-
tion of progressive disease. In the absence of documented
progressive disease, follow-up was censored at date of last
disease assessment. DSD and DDC are based on the date
of the first scan. DSD is defined as the time interval until
disease progression or death for patients with SD at the
first scan. DDC is defined as the time until progression or
death for patients with CR, PR, or SD at the time of the first
scan. For both DDC and DSD, in the absence of disease
progression or death, follow-up was censored at the date of
the last disease assessment.

The distributions of the time-to-event endpoints were
based on the method of Kaplan—Meier. Median times are
summarized with 95% confidence intervals estimated using
log(-log) methods.

Relationships between tumor genotype and either clinical
outcome (DCB) or disease site (divided between Anal/rectal,
Vulvovaginal, or Sinus/Nasopharynx origin) were assessed
using the Fisher's exact test to test for non-random overlap or
mutual exclusion between variables. To correct for multiple
tests, a null distribution was generated by shuffling either the
clinical outcome (DCB), or disease site (n = 5000 permuta-
tions). An adjusted p-value was calculated as the fraction of
permutations where the smallest Fisher's exact test p value
among 183 genes shared across the panels was less than or
equal to the observed p value. This adjusted p-value is in-
dicates the overall expected false discovery rate accounting
for multiple hypothesis testing, and thus an @ = 0.1 will be
regarded significant.

The association between tumor mutation burden and clin-
ical outcome (DCB) was assessed by a two-tailed Mann—
Whitney U test. Comparisons of patient characteristics
according to DCB were based on Wilcoxon rank-sum (con-
tinuous) or Fisher's exact (categorical) tests.

3 | RESULTS

3.1 | Patient characteristics

A total of 65 mucosal melanoma patients who had tumor
genotyping were identified; 63 underwent analysis with a
275, 300 or 447 gene panel, whereas two patient's tumors
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characterized by an older 41-gene genotyping panel were ex-
cluded from further analysis. Of these 63 genotyped patient
tumors, 46 received immunotherapy and had response data
available.

For the genetic analysis all 63 genotyped patients were
included. In addition, an additional 50 patients with muco-
sal melanoma and, for comparison, 189 patients with cuta-
neous melanoma were identified from public data available
through cBioPortal from Memorial Sloan Kettering Cancer
Center.”>?® These were included in the genetic analysis but
excluded from the analysis of clinical response.

Of the 46 mucosal melanoma patients for whom both ge-
netic and clinical data were available, 78% were female and
22% were male. The primary site of the melanoma was anal/
rectal in 35% of patients, vulvovaginal in 41%, and sinus/na-
sopharynx in 22%; one patient had a primary tumor that was
either anal/rectal or vulvovaginal. Those with vulvar mela-
noma were only included if pathology or oncology classified
the patient as a mucosal melanoma. The genetic testing was
performed on the primary tumor in 32 of the patients and on
a metastatic lesion in 14. As first line immunotherapy, 17%
of patients received CTLA-4 inhibition alone, 46% received
PD-1 (20) or PD-L1 (1) inhibition alone, and 37% received
combination therapy (Table 1). Immunotherapy was the first-
line systemic therapy in these patients.

3.2 | Clinical responses to treatment
with ICB

Median follow-up was 23.9 months (inverted Kaplan-
Meier). Of the 46 mucosal melanoma patients who re-
ceived ICB and had genetic analysis, two (4.4%) had
complete response, seven (15.2%) had partial response,
12 (26.1%) had stable disease, and 25 (54.4%) had disease
progression as best response to therapy. Sixteen (35%) had
durable clinical benefit (DCB) to their first-line IO therapy
with a median duration of disease control of 8.2 months
(95% CI: 3.5-17.2). Median progression-free survival was
3.4 months (95% CI: 2.7-6.2) and median overall survival
was 19.5 months (95% CI: 14.2-25.8). (Figure 1A). No dif-
ferences in PFS or OS were seen between different classes
of ICB or when combination therapy was given. The DCB
rate in the CTLA-4 arm was 25% (2 of 8) compared with
35% in combination (6 of 17) and 38% (8 of 21) in the
PD-1/PD-L1 monotherapy (Data S1). Given the lack of dif-
ference in response rates to single versus combination ther-
apy, the different ICB treatments were combined for the
analysis. Two patients had objective responses to second-
line ICB; however, these responses were not durable and
did not influence the analysis when included. Therefore, all
data are based on the first exposure to ICB. We further ex-
plored the patterns of response to determine the duration of
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Durable clinical benefit

TABLE 1 Summary of patient
demographics and disease characteristics

All No DCB DCB
N N % N
Gender
Female 36 23 63.9 13
Male 10 7 70.0 3
Mean Age at 60.9 58.1 66.1
diagnosis
Mean age at start of 62.5 60.0 67.0
treatment
Primary Site
Anal/rectal 16 11 68.8 5
Anal/rectal and 1 — — 1
vulvovaginal
Sinus/nasopharynx 10 8 80.0 2
Vulvovaginal 19 11 57.9
Stage
MO 21 13 61.9 8
MI1B 11 6 54.5 5
MIC 12 9 75.0 3
MI1D 2 2 100.0 —
CPI Class
CTLA4 8 6 75.0 2
Combination 17 11 64.7 6
PD-1/PD-L1 21 13 61.9
LDH
Elevated (>231) 6 3 50.0 3
Not elevated 40 27 67.5 13

disease control (Figure 1B). The data suggest that patients
with DCB were older at the time of diagnosis (median age:
66 vs. 56 years, p = 0.07). There were no differences in
LDH between the two groups.

Ten of the patients on study received radiation therapy
on the study. The majority of radiation was done concur-
rent with or sequential to immunotherapy. There was one
patient with a PR who had vulvovaginal melanoma, there
were three patients with SD (two with vulvovaginal dis-
ease and one sinus), six patients with progressive disease
(3 sinus, 2 vulvovaginal, and one anal). Radiation did not
appear to have an impact on ICB responsiveness in this
cohort.

Further treatment beyond first-line ICB was also re-
corded, 35% (16/46) of patients received no subsequent
therapy. Of those patients who received subsequent ther-
apy the majority received immunotherapy on clinical trial
and/or combination immunotherapy. Three patients with
KIT mutations received imatinib as a later line of ther-
apy without documented responses to therapy (2 patients

for the patients included in the response

analysis
% p-value
0.99
36.1
30.0
0.07
0.12
0.36
31.3
100.0
20.0
42.1
0.61
38.1
455
25.0
0.92
25.0
353
38.1
0.41
50.0
32.5

progressed and one patient had to stop due to toxicity from
the therapy).

3.3 | Genetic profiling of mucosal
tumors and association with clinical response
to ICB

The most frequent mutations seen in mucosal melanomas
were in SF3B1 (27%), KIT (18%), and NFI (17%). Three
genes were enriched for mutations among mucosal melano-
mas in contrast to cutaneous melanomas: SF3BI (27% vs.
2%), KIT (18% vs. 3%), and ATRX (9% vs. 1%). These muta-
tions have been observed previously in mucosal melanoma,
particularly KIT and SF3B1 mutations.'*!> As expected, tu-
mors from patients with cutaneous melanoma patients had
higher TMB as compared with tumors from patients with
mucosal melanoma (Figure 2, Figure 3A).

A broad array of KIT mutations and amplifications
were observed, similar to what has been seen in the past in
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FIGURE 1 (A) Progression-Free
Survival (PFS), and Overall Survival

(OS) in months after first immunotherapy
for entire DFCI mucosal melanoma cohort.
(B) Duration of disease control (DDC)
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FIGURE 2 Mutational patterns in mucosal melanoma (top panels, *anal/rectal or vulvovaginal, **periorbital) vary by primary location.

(A) entire cohort, (B) DFCI patients only. Mutational patterns observed in mucosal melanoma vary from those observed in cutaneous melanoma

(bottom panel). The y-axis of the color map lists genes that are mutated in 8% or more mucosal melanoma cases or are reported genes of interest in

mucosal or cutaneous melanoma. Tumor mutation load (fraction of measured genes with alteration) is displayed for each patient (x-axis) above the

color map

melanoma®’ Mutations observed included activating muta-
tions in the tyrosine kinase domain (D816 V) on exon 8and
mutations in exon 11 and 13 (W557R, L576P, K642E).”®
Mutations observed within mucosal melanomas varied by
site of origin of the mucosal melanoma. A higher percentage

of SF3BI mutations was observed in patients with mela-
noma of anal/rectal origin when compared with patients
with vulvovaginal or nasopharynx melanoma. Patients with
vulvovaginal melanoma had higher percentages of 7P53 mu-
tations, which frequently correlated with ATRX mutations.
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FIGURE 3 (A) Common mutations in mucosal melanoma vary from those observed in cutaneous melanoma, (B-D) within mucosal melanoma

samples, sites of disease also differed in variant composition between anal/rectal, vulvovaginal, and sinus/nasopharynx cases. The y-axis indicates

the negative logtransformed p-value of the Fisher's exact test between variant/non-variant counts for each gene between the disease sites (higher
is more significant), with thresholds for the individual nominal p-values indicated by a dotted line at alpha=0.05. The FDR-adjusted p-value at
alpha=0.1 is shown as a solid line. The x-axis indicates the relative difference in the frequency of the mutation between the sites described in the

panel

In addition, a higher percentage of MYC mutations was ob-
served in patients with sinus/nasopharynx melanoma when
compared with patients with vulvovaginal melanomas
(Figure 3B-D).

The average mutational burden/megabase for mucosal
melanomas was 6.23 (95% CI: 3.63—10.89) and did not cor-
relate with response (Figure 4A). Patients whose mucosal
melanomas harbored a KIT mutation had one of the strongest
associations with a favorable DCB, although it did not meet
our threshold for statistical significance (71% vs. 28%, ad-
justed p-value 0.16). ATM variants also had an association
with a favorable DCB that similarly did not meet statistical
significance. (Figure 4B) In regards to the two complete

responses observed, one patient had none of the main muta-
tions observed and the second had an SF3B/ mutation. Both
received combination immunotherapy.

4 | DISCUSSION

In this study, we performed genetic profiling and assessed
clinical responses to ICB in a cohort of patients with mu-
cosal melanoma. Consistent with previous observations, we
found a low mutational burden in this rare subset of mela-
noma. There was no correlation between TMB and response
in this cohort of patients. We also did not observe significant
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adjusted p-value at alpha=0.1 is shown as a solid line. The x-axis indicates the relative difference in the rate of clinical benefit between cases with

and without a variant for each respective gene; only genes altered in at least 10% of cases are displayed

correlations between the genetic variants tested and clinical
response to ICB. There were no clinical differences between
the groups to account for differences in response to immuno-
therapy. Interestingly, the response rate to PD-1/PD-L1 ther-
apy alone was quite high in our cohort with similar response
rates to combination immunotherapy.

The most common mutation in mucosal melanoma is in
the KIT gene with a range of mutations and gene amplifica-
tion observed. These mutations are activating mutations that
lead to increased c-kit signaling, thereby causing tumorigen-
esis.?** C-kit inhibitors have demonstrated modest benefit
in clinical trials of patients with KI7T-mutated melanoma,
but have been less effective in unselected cohorts of muco-
sal melanoma pettients.27’3l’32 Although there has been some
work looking at combining c-kit inhibition with immunother-
apy in GI stromal tumors, the role that KIT mutation plays in
sensitivity to immunotherapy remains unexplored.33 Further
clinical trials are underway combining c-kit inhibition with
ICB and include patients with melanoma (NCT02571036).
Our study supports this approach by suggesting that patients
with KIT mutations might be more likely to benefit from
immunotherapy, although this did not reach statistical sig-
nificance. In this cohort, three patients received imatinib fol-
lowing immunotherapy and unfortunately no responses were
observed to this.

ATM variants also trended toward a benefit to immuno-
therapy within our cohort. The role of ATM in DNA repair
and cell cycle checkpoint may suggest a possible mecha-
nism by which it leads to increased genetic instability and
possibly immune response.34 However, this too needs further
exploration.

While not associated with response to ICB, several muta-
tions are associated with different primary sites of mucosal
melanoma. A higher percentage of SF3B1 mutations was ob-
served in patients with melanoma of anal/rectal origin when

compared with patients with vulvovaginal or nasopharynx
melanoma. Splicing Factor 3b subunit 1 (SF3B1) encodes
for one component of a complex involved in splicing mRNA,
and mutation of SF3BI has been observed to lead to alter-
nate splicing.® The differences in splicing when SF3BI is
mutated may lead to varying gene expression and may vary
based upon the tissue of origin since splices occur after
transcription.%’37 Another cancer with high rates of SF3B1
mutations is uveal melanoma, which is relatively unrespon-
sive to ICB.*** In uveal melanoma, SF3BI mutations are
associated with low-grade disease and a favorable prognosis,
whereas their role in mucosal melanoma is not clear to date.

In this cohort patients with vulvovaginal melanoma had
higher percentages of 7P53 mutations, which frequently cor-
related with ATRX mutations. Mutations in the ATRX gene,
which is involved in chromatin remodeling, have been ob-
served in mucosal melanomas previously.13 Prior studies also
found that mutations in ATRX frequently co-occur with TP53
mutations and are mutually exclusive to SF3BI mutations.
As newer agents targeting splicing and chromatin remodeling
are developed, the clinical patterns of mutations in mucosal
melanoma may help guide trial selection.

We also examined the patterns of response to ICB for
mucosal melanoma and found that response rate and disease
control rate were consistent with previous reports.G’7 As men-
tioned previously, the one difference in our cohort was higher
than expected responses to PD-1/PD-L1 alone. This may
have been influenced by the sample size or patient selection
with better prognosis patients receiving single-agent therapy.
However, the majority of responses were not durable, which
is distinct from what is generally expected with ICB in cuta-
neous melanoma.

Our study was limited due to the limited sample size due to
the rarity of mucosal melanoma in the population. However,
it expands upon previous studies of mucosal melanoma
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genetics by exploring the intersection between genetics and
response to immunotherapy. 17,19

This analysis demonstrates the heterogenous role that ge-
netics play in response to immunotherapy. At this time the
role that NGS and TMB will play in treatment selection for
mucosal melanoma is still being determined. However, ge-
netic analysis and exploration of the immune microenviron-
ment of this interesting subset of melanoma patients is just
beginning. Additional testing will help to further understand
the genetics, tumor microenvironment or other factors that
explain the patterns of response to ICB observed. These stud-
ies provide an opportunity to guide cancer therapy for mu-
cosal melanoma as well as other malignancies that are less
responsive to immunotherapy.
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