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Purpose: Optimal integration of local therapy and systemic immune therapy for patients with mucosal melanoma (MM) is uncertain. We
evaluated treatment patterns and outcomes following radiation therapy (RT) in combination with immune checkpoint inhibition (ICI) in MM.
Methods and Materials: Thirty-seven patients with localized (n = 32, 87%) or node-positive (n = 5, 14%) MM were treated across 4
institutions with RT to the primary tumor with or without oncologic resection (n = 28, 76%) and ICI from 2012 to 2020. Recurrence
rates were estimated using cumulative incidence in the presence of the competing risk of death.
Results: Mucosal sites were head/neck (n = 29, 78%), vaginal (n = 7, 19%), and anorectal (n = 1, 3%). Patients received ICI prior to or
concurrent with RT (n = 14, 38%), following RT (n = 5, 14%), or at recurrence (n = 18, 49%). The objective response rate for evaluable
patients was 31% for ICI as initial treatment (95% CI, 11%-59%) and 19% for ICI at recurrence (95% CI, 4%-46%). Median follow-up
was 26 months for living patients; median overall survival (OS) was 54 months (95% CI, 31 months-not reached). Two-year OS was
85%; distant metastasis-free survival 44%. The 2-year cumulative incidence of local recurrence (LR) was 26% (95% CI, 13%-41%). For
9 patients with unresectable disease, 2-year OS was 88% (95% CI, 35%-98%); LR was 25% (95% CI, 3%-58%). For 5 patients with
positive nodes at diagnosis, 2-year OS was 100%; LR was 0%.
Conclusions: High rates of local control were achieved with RT with or without oncologic resection and ICI for localized and locally
advanced MM. In particular, favorable local control was possible even for patients with unresectable or node-positive disease. Although
risk of distant failure remains high, patients with MM may benefit from aggressive local therapy including RT in the setting of
immunotherapy treatment.
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Introduction
Mucosal melanoma (MM) is a rare cancer that arises
from melanocytes in tissues that are not exposed to the
sun and has lower mutation rates than cutaneous mela-
noma.1 Outcomes for MM are poor, with reported 5-year
survival of 24% to 50%.2-8 Advanced tumor stage and
node-positive disease are negative prognostic factors.2,9,10

Though immune checkpoint inhibitors (ICI) with pro-
grammed cell death protein 1 (PD-1) inhibitors have
improved outcomes in cutaneous melanoma,11 the
response rates for MM are lower. For example, the objec-
tive response rate (ORR) for nivolumab is 23% for MM
versus 41% for cutaneous melanoma.12,13 Based on this
reduced efficacy in the metastatic population, patients
with MM have been generally excluded from clinical trials
investigating the use of adjuvant ICI.

Given the modest response rates reported for ICI, opti-
mizing the role of radiation in the treatment of localized
MM remains important. Retrospective studies evaluating
patients with head and neck MM demonstrate 5-year
local control rates of 75% with adjuvant radiation therapy
(RT) versus 43% for surgery alone.2 The benefit of RT is
reflected in National Comprehensive Cancer Network
guidelines, which recommend postoperative or definitive
RT for T3-4 MM of the head and neck and note that data
for adjuvant systemic therapy are limited compared to
cutaneous melanoma.14 Given the challenge of attaining
local control even with surgery and radiation, recent stud-
ies have explored the addition of ICI to local therapy for
MM, particularly for vaginal and anorectal disease.7,8,15

In this study, using a competing risk analysis, we
review recurrence and survival outcomes from a multi-
institutional retrospective cohort of patients with nonme-
tastatic MM of the head and neck, gastrointestinal tract,
and vagina treated with curative intent with RT to the pri-
mary site and ICI therapy.
Methods and Materials
We performed a retrospective review at 4 National
Cancer Institute Designated Comprehensive Cancer Cen-
ters after each site obtained local institutional review
board approval. Eligible patients had MM with localized
or locally advanced (node-positive) disease at presenta-
tion treated with RT to the primary tumor site from 2012
to 2020. All patients had ICI during their MM treatment
course. ICI agents included pembrolizumab (200 mg
every 3 weeks or 400 mg every 6 weeks), nivolumab
(240 mg every 2 weeks or 480 mg every 4 weeks), ipilimu-
mab and nivolumab (nivolumab 1 mg/kg and ipilimumab
3 mg/kg every 3 weeks for 4 doses, followed by nivolumab
240 mg every 2 weeks or 480 mg every 4 weeks), and ate-
zolizumab (administered to 1 patient in a phase 1 trial,
1353 mg every 3 weeks). For patients who had measurable
disease at the time of receiving ICI, best response was
assessed based on review of the medical record including
available radiology reports and measured according to
Response Evaluation Criteria in Solid Tumors. Patients
without measurable disease at the start of ICI were
excluded from this analysis. Biologically effective dose cal-
culations were performed using an a:b ratio of 2.5 Gy.16

Recurrence rates and survival outcomes were estimated
using crude rates and Kaplan-Meier and are reported with
associated 95% CIs. Survival and recurrence outcomes
were measured from the date of pathologic diagnosis.
Time to local, regional nodal, regional non-nodal, and
distant recurrence were collected for each patient regard-
less of site of first failure. Cumulative incidence estimates
are reported for these recurrence outcomes with death as
the competing risk. Progression-free survival is defined as
the time from diagnosis until the earliest local, regional
nodal, or regional non-nodal recurrence, distant metasta-
sis, or death. Cox proportional hazards models were used
to estimate predictors of survival. The Fine and Gray
method was used for univariate estimates of local and
regional recurrences adjusting for competing risk of
death.17 All tests were 2-sided. Data analyses were per-
formed using R version 4.0.3 or SAS 9.4 (SAS Institute
Inc, Cary, NC).
Results
Initial treatment

We identified 37 patients with localized (n = 32, 86%)
or node-positive (n = 5, 14%) MM who received RT to
the primary tumor site during their treatment course
from 2012 to 2020 and ICI as part of initial management
or at the time of recurrence (Table 1). The most common
site was MM of the head and neck (n = 29, 78%), followed
by vulvovaginal (n = 7, 19%) and anorectal (n = 1, 3%).
Among 23 patients with available tumor sequencing, the
most commonly mutated gene was NRAS (n = 8) followed
by KIT (n = 2), CDK (n = 2), ATRX (n = 2), APC (n = 2),
and TP53 (n = 2).

Twenty-eight patients (76%) underwent oncologic
resection of the primary tumor, with 9 patients (24%)
undergoing surgical nodal evaluation (7 patients under-
went nodal dissection and 2 patients underwent sentinel
node biopsy). Complete resection with negative (R0) mar-
gins was achieved in 17 of 28 patients (61%).

Nine patients (24%) with unresectable disease received
definitive RT, while 28 patients received adjuvant RT
(76%). The majority of patients were treated with conven-
tionally fractionated intensity modulated RT (n = 23,
62%), while 3 patients were treated with stereotactic body
RT, 7 with proton RT, 3 with brachytherapy, and 1 with



Table 1 Clinical and treatment characteristics for 37
patients with mucosal melanoma

Age at RT
Median (range)
64 (36-90)

Sex No (%)

Female 19 (51)

Male 18 (49)

ECOG performance status

0 20 (54)

1 13 (35)

2 3 (8)

3 1 (3)

Mucosal site

Sinonasal/orbital 24 (65)

Sinus 6 (25)

Nasal cavity 11 (46)

Orbital/periorbital 1 (4)

Overlapping sites 6 (25)

Pharyngeal 2 (5)

Nasopharynx 1 (50)

Nasopharynx and oropharynx 1 (50)

Oral cavity 3 (8)

Vaginal 7 (19)

Anorectal 1 (3)

Node positive 5 (14)

Previous therapy

Surgical resection

None or partial biopsy 6 (16)

Excisional biopsy 3 (8)

Conservative oncologic resection 18 (49)

Radical resection 10 (27)

Surgical nodal staging

None 28 (76)

SLN biopsy 2 (5)

LN dissection 7 (19)

Surgical margin status

R0 17 (46)

R1 8 (22)

R2 or not resected 12 (32)

Common tumor mutations identified*

NRAS 8

KIT 2

CDK4 2

ATRX 2

(continued on next column)

Table 1 (Continued)

Age at RT
Median (range)
64 (36-90)

APC 2

TP53 2

Abbreviations: ECOG = Eastern Cooperative Oncology Group;
LN = lymph node; RT = radiation therapy; SLN = sentinel lymph
node.
*Additional mutations were identified in 1 patient each for KRAS,
ALK, PIK3R1, DAXX, RHOA, TSC1, CTNNB1, HRAS, NF2, NF1,
ATM, CHEK2, FAS, KDM6A, MDM2, PTE, TET2, and PDGFRA.
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3-dimensional conformal RT. All 3 patients treated with
stereotactic body RT had vaginal disease, and brachyther-
apy was used for 2 patients with vaginal disease and 1
with nasal cavity disease. The median biologically effective
dose (a:b = 2.5) for this cohort was 115 Gy, with dose
varying by treatment site as shown in Table 2. Eight
patients (22%) received RT to draining lymph nodes in
addition to the primary tumor: 6 for head and neck
tumors, 1 for a vaginal tumor, and 1 for an anorectal
tumor.

All 37 patients received ICI. The timing of first course
of immunotherapy was prior to RT for 5 patients (14%),
concurrent with RT for 9 patients (24%), after RT for 5
patients (14%), and at the time of recurrence or metastasis
for 18 patients (49%). Of the 18 patients first receiving ICI
at recurrence, 12 received RT prior to 2016 when PD-1
therapy was approved. For those first receiving ICI at
recurrence, the median time from RT to ICI initiation
was 14.0 months. The ORR when ICI was delivered with
RT was 31% (5 of 16 response-evaluable; 95% CI, 11%-
59%) for patients who received RT as part of initial man-
agement and 19% (3 of 16 evaluable; 95% CI, 4%-46%)
for patients who first received ICI at recurrence with or
without RT. Seven patients experienced a complete
response, with 4 receiving concurrent ICI and RT and 3
receiving ICI after recurrence (1 received pembrolizumab,
1 received ipilimumab and nivolumab, and 1 received
pembrolizumab and RT).
Recurrence patterns and management

The median follow-up for living patients was 26
months, and the median overall survival for the entire
cohort was 54 months (95% CI, 31 months-not reached)
(Fig. 1). Two-, 3-, and 5-year survival estimates were 85%
(95% CI, 74%-98%), 57% (95% CI, 41%-80%), and 48%
(95% CI, 32%-73%). Of the 16 patients who died, all expe-
rienced distant metastasis and 6 experienced both locore-
gional and distant recurrence. Median progression-free
survival for the entire cohort was 16 months (95% CI,



Table 2 Details of radiation and immunotherapy

RT site No. (%)

Primary only 29 (78)

Primary and regional LNs 8 (22)

Median (range)

BED2.5, Gy 115 (77-168)

Adjuvant RT 113 (90-135)

Definitive RT 119 (77-168)

Dose delivered, Gy Median (range)

Sinonasal/orbital

EBRT alone 66 (30-70)

EBRT + HDR brachy 45 Gy EBRT,
3 Gy x 5 HDR

Pharyngeal 65 (60-70)

Oral cavity 60 (48-66)

Vaginal/vulvar

EBRT alone 38 (30-54)

EBRT + HDR brachy 45 Gy EBRT,
3 Gy x 5 HDR

HDR brachy alone 6 Gy x 5 HDR

Anorectal 50 (50)

Number of fractions (EBRT) 30 (5-35)

RT technique No (%)

IMRT/VMAT 23 (62)

3D conformal 1 (3)

SBRT 3 (8)

Proton 7 (19)

HDR brachytherapy 1 (3)

Conformal and HDR brachytherapy 2 (5)

Date of RT treatment initiation

2012-2015 12 (32)

2016-2020 25 (68)

ICI type

CTLA4 3 (8)

PD-1/PD-L1 19 (51)

Combination 15 (41)

Timing of ICI therapy

Prior to RT 5 (14)

Concurrent with RT 9 (24)

After surgery/RT 5 (14)

At recurrence/metastasis 18 (49)

Response to ICI among evaluable patients

CR 7 (22)

PR 1 (3)

(continued on next column)

Table 2 (Continued)

RT site No. (%)

SD 3 (9)

PD 21 (66)

Abbreviations: 3D = 3-dimensional; BED = biologically effective
dose (a:b = 2.5); CR = complete response; CTLA4 = cytotoxic T-
lymphocyte-associated protein 4; EBRT = external beam radiation
therapy; HDR = high dose rate; ICI = immune checkpoint inhibi-
tion; IMRT = intensity modulated radiation therapy; LN = lymph
node; PD = progressive disease; PD-1 = programmed cell death pro-
tein 1; PD-L1 = programmed cell death ligand; PR = partial
response; RT = radiation therapy; SBRT = stereotactic body radia-
tion therapy; SD = stable disease; VMAT = volumetric modulated
arc therapy.
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9.7-22.1 months); the 2-year progression-free survival
estimate was 33% (95% CI, 18%-48%).

Fourteen patients developed local recurrence after
treatment to the primary site, with an estimated 2-year
cumulative incidence of 26% (95% CI, 13%-41%). Of the
14 patients with local recurrence, 7 were alive at last fol-
low-up, 1 developed distant metastasis prior to local
recurrence, 8 subsequently developed distant metastasis,
and 5 did not develop distant metastasis. Eleven of the
patients who subsequently developed local recurrence had
a head and neck primary treated at first diagnosis with
resection and adjuvant RT, and 3 received upfront ICI
with ipilimumab/nivolumab. Three patients with local
recurrence had a vaginal primary; initial therapy at diag-
nosis was resection and adjuvant RT for 2 patients and 1
received definitive RT. Three patients were receiving ICI
at the time of local recurrence, 3 had previously com-
pleted or discontinued ICI, and 8 first received ICI after
recurrence.

Ten patients developed regional nodal recurrence and
9 developed regional non-nodal recurrence, with a 2-year
cumulative incidence of 26% (95% CI, 13%-42%) for
nodal recurrence and 21% (95% CI, 9%-26%) for non-
nodal recurrence. Of 14 patients who developed regional
nodal and/or non-nodal recurrence, 2 had nodal disease
at diagnosis, both of whom were treated with a neck dis-
section and 1 received adjuvant nodal RT. Only 2 patients
with regional recurrence had received elective nodal RT.
Of the 29 patients who received RT to the primary with-
out including the regional nodes, 9 (31%) developed nodal
recurrence. Twenty-seven patients developed distant
metastasis at a median of 19 months (95% CI, 12-31
months) with a 2-year cumulative incidence of 56% (95%
CI, 38%-71%). The most common isolated site of recur-
rence was lung (n = 5, 16%) (Table 3).

On univariate analysis, there were no significant pre-
dictors of local control, overall survival, progression-free
survival, or distant metastasis (Table E2). For 9 patients
with unresectable disease, 2-year overall survival was 88%
(95% CI, 35%-98%). The estimated cumulative incidence



Figure 1 Survival curves for overall survival and progression-free survival, cumulative incidence of local recurrence for
the entire cohort and for resectable versus unresectable patients, regional nodal recurrence, regional non-nodal recurrence,
and distant metastasis.
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Table 3 Initial site of recurrence for 31 patients who
developed recurrence

Site of first recurrence No. (%)

Multiple sites 11 (35)

Lung 5 (16)

Sinus 3 (10)

Liver 2 (6)

Other intrabdominal 3 (10)

Nasal cavity 2 (6)

Skin 1 (3)

Bone 1 (3)

Brain 1 (3)

Neck 1 (3)

Vagina 1 (3)
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of local recurrence was 25% (95% CI, 3%-58%), regional
nodal recurrence 13% (95% CI, 0%-44%), and regional
non-nodal recurrence 13% (95% CI, 0%-44%). Five of 9
patients developed recurrence, 1 local, 2 distant, 1 nodal
and distant, and 1 local, regional, and distant. Two of
these patients died after surviving for over 1 year with dis-
tant metastasis while maintaining local control. For 5
patients with positive nodes prior to RT, 2-year overall
survival was 100%. Estimated cumulative incidence of
local recurrence was 0%, regional nodal recurrence was
20% (95% CI, 0%-62%), and regional non-nodal recur-
rence was 0%. Three of these 5 patients (60%) developed
recurrence, 1 local and regional non-nodal, 1 nodal and
distant, and 1 distant.

Eight of the 21 patients alive at last follow-up were
receiving ongoing ICI therapy. Subsequent systemic ther-
apies for patients with recurrence included palbociclib,
trametinib, alectinib, cabozantinib with MDM2 inhibitor,
carboplatin/paclitaxel, temozolomide/cisplatin, carbopla-
tin/paclitaxel/temozolomide, temozolomide monother-
apy, paclitaxel monotherapy, dacarbazine, talimogene
laherparepvec, and cell therapy KITE-718. Patients
received RT to sites of recurrence including the brain,
skull base, head and neck, spine, bone, skin, adrenal,
abdomen, and vagina.
Safety and tolerability

Seventeen patients (46%) developed an immune-
related adverse event (irAE) that required immunosup-
pression or discontinuation of ICI (Table E3). All 17
patients received both a cytotoxic T-lymphocyte-associ-
ated protein 4-directed and PD-1/programmed cell death
ligand 1-directed agent at some point in their course. Of
the 9 patients who received concurrent ICI and RT, 4
developed irAEs requiring immunosuppression or discon-
tinuation of ICI at some point in their course, and none of
the irAEs occurred within the RT field. Reported grade 2
or higher RT toxicities included central vision loss, glau-
coma, epiphora, brain radionecrosis, dermatitis, mucosi-
tis, dysphagia, weight loss, xerostomia, and osteomyelitis.
Discussion
In this heterogeneous cohort of localized and patients
with locally advanced MM who received RT and ICI ther-
apy with or without surgery, the 5-year overall survival of
48% is comparable to rates of 24% to 50% in studies prior
to the use of ICI (Table 4).2-5 A recent study of patients
with MM of the head and neck treated with curative
intent surgery and/or RT with ICI for disease recurrence
reported a 3-year survival of 33%.18 Another group
reported 49% 3-year survival for sinonasal MM and found
a survival benefit for adjuvant RT compared to surgery
alone.19 These findings compare with 57% 3-year survival
in our study where approximately half of patients received
ICI in initial management. Another study of resectable
MM treated with neoadjuvant ICI demonstrated a 55% 3-
year survival.15

While long-term survival remains low, local control of
74% at 2 years was achieved with postoperative or defini-
tive RT, which is in line with prior studies.2,18,20,21 Case
reports of RT and ICI for vaginal22-25 and anorectal26,27

melanoma have also demonstrated durable responses. We
found that favorable local control was possible even in
patients with node-positive disease, with 2-year overall
survival 100% and local control 100%. In patients with
unresectable disease, 2-year overall survival was 88% and
local control was 75%. Five-year overall survival of 28%
and local control of 56% have been reported for head and
neck MMs treated with definitive RT without ICI.2 A
recent series demonstrated 75% local control at 1 year for
unresectable MM treated with RT and ICI.20

All 8 patients with a complete or partial response to
ICI with or without RT survived 2 years from diagnosis,
compared to 65% 2-year survival for patients with pro-
gressive disease. In this cohort, the ORR to ICI was 31%
for ICI as initial treatment when delivered in a multimo-
dality approach and 19% for ICI at recurrence, which is in
line with other reports,28 including a recent large retro-
spective cohort12 and a pooled analysis of clinical trials.13

Meanwhile, an ORR of 47% has been reported for neoad-
juvant ICI monotherapy.15 Kim et al21 report an infield
ORR of 53% for MM treated with ICI and RT. However,
in our series, attribution of response was limited for 5
patients who responded to initial treatment with ICI and
RT, and response at the primary site was attributed to
both modalities.

ICI therapy represents a major advance in the manage-
ment of melanoma. However, given the lower response



Table 4 Local control and overall survival outcomes of published studies of nonmetastatic mucosal melanoma

Study (ref)
Number of
patients Disease site Treatment

1 y
LC

2 y
LC

2 y
OS

3 y
LC

3 y
OS

4 y
LC

4 y
OS

5 y
LC

5 y
OS

Median OS
(mo)

Moreno et al4 58 HN S, RT, C, IO 58% 39%

Benlyazid et al5 160 HN S, RT 57% 38%

Gal et al3 304 HN S, RT 24% 18

Sun et al2 161 HN S
S + RT
RT

43%
75%
56%

50%
43%
28%

Sinasac et al6 68 Vulvar
vaginal

S, RT, C, Ifn 45
10

Sahovaler et al18 60* HN S, RT, C, IO 69%y 33%

Mitra et al7 124 Vulvar, vaginal, cervical S, RT, C, IO 46% 48%

Mitra et al8 108 AR S, RT, C, IO 84% 51%z

Ho et al15 36 AR, GU, HN, E S, RT, C, IO 64% 55% Not reached

Lechner et al19 505 Sinonasal S, RT, C, IO 49% 38%

Smart et al (current study) 37 HN, AR, vaginal S, RT, IO 74% 85% 74% 57% 60% 48% 54

Unresected

Sun et al2 14 HN 56% 28%

Teterycz et al20 14x HN, GI, GU RT, IO 75%

Sahovaler et al18 7 HN 86%y 14%

Mitra et al7 20 Vulvar, vaginal, cervical 74% 36%

Smart et al (current study) 9 HN, vaginal 75% 88%

Node positive

Sun et al2 36 HN 77% 32%

Mitra et al7 30 Vulvar, vaginal, cervical 53% 31%

Garg et al28 9 AR 30

Smart et al (current study) 5 HN 100% 100%

Abbreviations: AR = anorectal; C = chemotherapy; E = esophageal; GI = gastrointestinal; GU = genitourinary; HN = head and neck; Ifn = interferon; IO = immunotherapy; LC = local control; OS = overall sur-
vival; RT = radiation therapy; S = surgery.
*Curative intent cohort.
yLocoregional control.
zMelanoma-specific survival.
xLocally advanced unresectable subset.
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rate, patients with MM may benefit from aggressive local
therapies including oncologic resection and RT. Limita-
tions of our study include the small size and heterogeneity
in primary tumor site and treatment approach, while
strengths include its multi-institutional scope and use of
competing risks analysis. These data support a role for
surgery and RT in management of localized and locally
advanced MM.
Conclusion
The use of definitive or adjuvant RT with or without
oncologic resection and ICI therapy for patients with
locally advanced MM demonstrated promising 2-year
local control in this multi-institutional retrospective
cohort, consistent with other retrospective series. Durable
local control of the primary was possible with aggressive
local therapy for patients with node-positive or unresect-
able disease. As in other studies, response to ICI was lower
compared to cutaneous melanoma. While patients experi-
ence a high incidence of distant metastasis, further studies
should investigate the role of aggressive local control,
including RT for MM in the immunotherapy era.
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