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Background
Mucosal melanoma (MM) is a rare malignancy, 
accounting for approximately 1% of all melanoma 
subtypes in the United States.1 However, more 
than 20% of patients with melanoma in Asia belong 
to this rare subtype, which is the second most 
common subtype.2 Although surgical excision is 

the primary treatment choice for early MM, most 
patients with MM are diagnosed at an advanced 
or metastatic stage because of the initial absence 
of symptoms and lack of visibility.3 In addition, it 
is difficult to obtain a complete resection with 
negative margins due to complicated anatomy 
common to MM; most patients will ultimately 
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Abstract
Background: Conventional cytotoxic chemotherapy offers minor benefit to patients with 
mucosal melanoma (MM). Although immune checkpoint inhibitors (ICIs) have become the 
preferred approach in patients with advanced or metastatic cutaneous melanoma, the 
evidence of their clinical use for MM is still limited. This systematic review aims to summarize 
the efficacy and safety of ICIs in advanced or metastatic MM.
Methods: We searched electronic databases, conference abstracts, clinical trial registers and 
reference lists for relevant studies. The primary outcomes included the overall response rate 
(ORR), median progression-free survival (PFS), median overall survival (OS), one-year PFS 
rate, and one-year OS rate.
Results: This review identified 13 studies assessing anti-CTLA-4 monotherapy, 22 studies 
assessing anti-PD-1 monotherapy, two studies assessing anti-CTLA-4 and anti-PD-1 
combination therapy, one study assessing anti-PD-1 antibodies combined with axitinib, and 
three studies assessing anti-PD-1 antibodies combined with radiotherapy. For most patients 
who received ipilimumab monotherapy, the ORR ranged from 0% to 17%, the median PFS was 
less than 5 months, and the median OS was less than 10 months. For patients who received 
nivolumab or pembrolizumab monotherapy, most studies showed an ORR of more than 15% 
and a median OS of more than 11 months. The combined administration of anti-CTLA-4 and 
anti-PD-1 agents showed benefits over single-agent therapy with an ORR of more than 33.3%. 
In a phase Ib trial of toripalimab in combination with axitinib, approximately half of patients 
had complete or partial responses. Three retrospective studies that investigated anti-PD-1 
antibodies combined with radiotherapy showed an ORR of more than 50%, which was higher 
than each single modality treatment.
Conclusions: Immune checkpoint inhibitors, especially anti-PD-1 monoclonal antibodies 
alone and in combination with anti-CTLA-4 monoclonal antibodies or other modalities, are 
promising treatment options for advanced or metastatic MM. However, high-level evidence is 
still needed to support the clinical application.
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develop metastatic disease.4–6 Therefore, systemic 
treatment for MM is essential.

Unfortunately, due to the rarity of MM, there are 
few clinical trials evaluating optimal interventions 
in MM and the systemic treatment options for 
this disease are extremely limited. Patients with 
MM are often treated with the same regimen used 
for cutaneous melanoma, although some previous 
research has suggested that MM has distinct clin-
ical and genetic characteristics and the same regi-
men used for cutaneous disease might be less 
effective in patients with MM.7–9 Poor outcomes 
have been reported with cytotoxic chemothera-
pies for MM, and there remains a high unmet 
need for effective systemic treatments for this 
subtype.

Although a better understanding of the molecular 
characteristics of MM has led to the development 
of targeted therapies in recent years, driver gene 
mutations occur at a low rate and most patients do 
not receive enduring benefits from these treat-
ments.10–14 Immune checkpoint inhibitors (ICIs) 
are a revolutionary breakthrough and have become 
a preferred first-line approach for most patients 
with advanced or metastatic cutaneous mela-
noma. Compared with cytotoxic chemotherapy, 
single or combined ICI therapy could offer strong 
survival benefits for patients with advanced or 
metastatic cutaneous melanoma.15 Therefore, the 
US Food and Drug Administration (FDA) has 
approved three ICIs for the treatment of patients 
with advanced or metastatic melanoma: a mono-
clonal antibody anti-cytotoxic T-lymphocyte asso-
ciated protein 4 (CTLA-4) ipilimumab; two 
monoclonal antibodies anti-programmed cell 
death receptor 1 (PD-1) pembrolizumab and 
nivolumab; as well as the combination of ipili-
mumab plus nivolumab. However, given the low 
incidence of MM, few patients with MM were 
involved in previous clinical trials and most 
patients with MM were not reported separately 
from these clinical trials accruing patients with 
general melanoma type. Consequently, little is 
known about the efficacy and safety of ICIs in rou-
tine clinical application for MM. Therefore, we 
conducted a systematic review to summarize the 
efficacy and safety of ICIs in advanced or meta-
static MM.

Methods
The protocol for this systematic review was regis-
tered in Prospective Register of Systematic 

Reviews (PROSPERO) on 21 August 2019 (ID: 
CRD42019129009). This review was performed 
in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-analyses 
(PRISMA) guidelines.16

Literature search
Considering that MM is a rare disease, we aimed 
to identify all prospective or retrospective studies 
of advanced or metastatic patients with MM who 
were treated with ICIs. Single case reports were 
excluded. Language was restricted to English and 
Chinese.

We searched four electronic databases: 
MEDLINE, EMBASE, Web of Science and 
Cochrane Central Register of Controlled Trials 
(CENTRAL) to identify all relevant records (from 
1 January 1990 to 23 February 2020). In addition, 
we conducted a hand search of conference 
abstracts and clinical trial registers for relevant 
records. The search strategies are shown in 
Supplemental Appendix 1. Reference lists of 
included studies and review articles were also 
checked.

Data collection and analysis
Two authors (JL, HK) independently screened 
the titles and abstracts of records that were identi-
fied from electronic databases. For records that 
were considered potentially relevant according to 
titles and abstracts, full text was obtained to assess 
the eligibility of studies. One author (JL) con-
ducted the hand search and assessed the eligibility 
of conference abstracts and clinical trial registers. 
An additional author (CB) arbitrated through dis-
cussion in the event of a disputed qualification. 
Data extraction was conducted independently and 
in duplicate by two authors (JL, HK). An addi-
tional author (CB) independently reviewed the 
extracted data and resolved possible disagree-
ments. Two authors (JL, HK) used the National 
Heart, Lung, and Blood Institute (NHLBI) scales 
to assess the methodological quality of each study 
(https://www.nhlbi.nih.gov/health-topics/
study-quality-assessment-tools).

The primary outcomes included the objective 
response rate (ORR) determined by the sum of 
complete response (CR) and partial response 
(PR), median progression-free survival (PFS), 
median overall survival (OS), one-year PFS 
rate and one-year OS rate. Secondary outcomes 
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included the incidence of all grades and grade 3 
or more immune-related adverse events (irAEs) 
related to ICIs. The irAEs are graded by com-
mon terminology criteria for adverse events 
(CTCAE).

Results
The initial literature search identified 1261 
records. After removing duplicate studies and 
evaluating titles and abstracts by two reviewers, 
87 potentially relevant studies were identified and 
retrieved for full-text screening. After full-text 
evaluation, 36 records were included in the quali-
tative synthesis (Figure 1). The characteristics of 
all included studies are presented in Table 1. The 

ORR outcomes of each individual study are also 
summarized in Figure 2.

Anti-CTLA-4 monoclonal antibodies
Ipilimumab was assessed in 13 studies with a total 
of 303 patients (Table 1).17–29 A pooled analysis 
of 36 patients with MM treated with ipilimumab 
monotherapy showed efficacy with an ORR of 
23.3% and median PFS of 3.0 months.17 DeCOG 
was an open-label, multi-center, single-arm phase 
II study that included patients with melanoma irre-
spective of the primary melanoma location. Patients 
received up to four cycles of ipilimumab that were 
administered at a dose of 3 mg/kg at 3-week inter-
vals. None achieved a CR and the ORR of seven 

Figure 1.  PRISMA flow diagram of the literature search. PRISMA, Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses.
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patients with MM was 17%. The median OS was 
9.6 months (95% confidence interval [CI] 1.6–11.1) 
and the one-year OS rate was 14%. Evidence of the 
antitumor activity of ipilimumab in patients with 
MM was also observed in three expanded access 
program and one named patient program studies 
in Italy,19 South Africa,20 the UK,21 and Australia.22 
Patients with unresectable stage III or IV disease 
were treated with ipilimumab at a dose of 3 mg/kg 
every 3 weeks for up to four cycles, and the ORR 
ranged from 0% to 12%. A multicenter retrospec-
tive study was performed in the dermatology 
departments of 25 hospitals in France, where 76 
patients with MM received ipilimumab and three 
patients responded with an ORR of 3.9% (95% 
CI 0.8–11.1%).23 In a multicenter, retrospective 
analysis of 33 patients with unresectable or meta-
static MM treated with ipilimumab at a dose of 3 
or 10 mg/kg, one immune-related CR, one 
immune-related PR, six immune-related stable 
disease, and 22 immune-related progressive dis-
ease cases were observed at approximately 
12 weeks after initiation of therapy.24 A multi-
center retrospective study included 11 patients 
with MM receiving ipilimumab at seven different 
medical oncology departments in Turkey and the 
median OS was 6.9 months (95% CI 4.5–9.3).25 A 
single-center, prospective cohort analyzed 24 
patients with unresectable locally advanced or 
metastatic MM who received ipilimumab.26 The 
ORR was 8.2% with a median PFS of 5 months 
(95% CI 2.6–33.1) and a median OS of 
16.2 months (95% CI 5.3–42.6). In addition, 
three single-center retrospective studies showed 
an ORR from 0% to 16.7% in MM patients who 
received ipilimumab monotherapy.27–29

Anti-PD-1 monoclonal antibodies
Regarding anti-PD-1 immunotherapy, 22 studies 
with a total of 850 patients were identified (Table 
1). Nivolumab was independently assessed in 12 
studies.17,29–39 A post-marketing surveillance 
study is ongoing to evaluate nivolumab (2 mg/kg 
every 3 weeks) for Japanese patients with mela-
noma from approximately 100 institutions since 
the nivolumab approval date (4 July 2014).30 In 
the interim analysis, the estimated median OS 
was 379 days in the overall population, and 
340 days for MM. A pooled analysis of 86 
patients with MM treated with nivolumab mono-
therapy from five clinical trials (CA209-003, 
CA209-038, CheckMate-037, CheckMate-066, 
and CheckMate-067) showed efficacy with an 
ORR of 23.3% and median PFS of 3.0 months.17 
Compared with 49 patients with tumor PD-L1 
expression <5%, 15 patients with PD-L1 expres-
sion ⩾5% had a higher ORR (53.3% versus 
12.2%). In a phase II, single-arm, open-label, 
multicenter study (CheckMate 172), 63 patients 
with MM who progressed on or after ipilimumab 
were treated with nivolumab 3 mg/kg for up to 
2 years until progression or unacceptable toxicity. 
The median OS was 11.5 months (95% CI 6.4–
15.0) and the one-year OS rate was 47.2% (95% 
CI 33.3–59.9%).31 Grade 3 or 4 irAEs affected 
the gastrointestinal tract, liver and pulmonary 
system in 20.6% of patients. A phase II trial 
conducted in Japan analyzed 17 unresectable 
metastatic MM cases treated with nivolumab 
administered at a dose of 2 mg/kg every 3 weeks.32 
One patient achieved CR, three patients achieved 
PR, and six patients achieved stable disease, 
resulting in a disease control rate of 52.9% and an 

Figure 2.  Summary of the objective response rates of different treatments in patients with mucosal 
melanoma. Note that the bubble size indicates the sample size of each study.
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ORR of 23.5%. Another phase II study of 
nivolumab (3 mg/kg) was performed on 24 
Japanese patients with untreated stage III/IV or 
recurrent melanoma.33 When analyzing mela-
noma subtypes, the ORR for six patients with 
MM was 33.3% and the median OS was 
12 months. In addition, seven independent sin-
gle-center, retrospective studies showed that MM 
patients treated with nivolumab had an ORR 
from 9.5% to 50.0% and a median PFS from 2.1 
to 10.2 months.29,34–39

Pembrolizumab was independently assessed in 
four studies.26,40–42 An exploratory post hoc analy-
sis of three randomized trials (KEYNOTE-001, 
KEYNOTE-002, and KEYNOTE-006) enrolled 
almost 1600 patients with stage III or IV mela-
noma.40 Among 84 (5%) patients with MM, 
treatment with pembrolizumab resulted in an 
ORR of 19% (95% CI 11–29%), a median PFS 
of 2.8 months and a median OS of 11.3 months. 
In an open-label, non-randomized, multicenter, 
phase Ib trial (KEYNOTE-151), Si et al. reported 
the efficacy of pembrolizumab in Chinese patients 
with MM.41 Fifteen patients received 2 mg/kg 
pembrolizumab every 3 weeks for up to 35 cycles 
(approximately 2 years). One (6.7%) patient 
achieved CR, and one (6.7%) patient achieved 
PR with an ORR of 13.3% (95% CI 1.7–40.5%). 
Similarly, Japanese patients with advanced mela-
noma in KEYNOTE-041 were given pembroli-
zumab (2 mg/kg) every 3 weeks for up to 2 years or 
until confirmed progression or unacceptable tox-
icity.42 Among the eight evaluable patients with 
MM, the confirmed ORR determined by central 
review was 25.0% (95% CI 3.2–65.1%), which 
was higher than the ORR in KEYNOTE-151. A 
single-center prospective cohort enrolled 20 
patients with locally advanced or metastatic MM 
who received first-line pembrolizumab mono-
therapy.26 The ORR of first-line pembrolizumab 
therapy was 35% (including four CRs) and the 
median PFS was 5 months (95% CI 2.6–33.1). In 
addition, eight patients who received pembroli-
zumab after ipilimumab failure had an ORR of 
12.5% with a median PFS of 8 months.

Five studies assessed anti-PD-1 agents but did not 
separate nivolumab or pembrolizumab apart.23,27,43–45 
A multicenter retrospective study was performed 
in France, with 75 MM patients who received ini-
tial nivolumab (3 mg/kg) or pembrolizumab (2 mg/
kg).23 Fifteen patients had tumor response corre-
sponding to an ORR of 20%  (95% CI 11.6–30.8%) 
and 14 patients had grade 3 or 4 irAEs. Moreover, 

an additional multicenter retrospective study con-
ducted in the United States analyzed outcomes in 
35 patients with metastatic MM who were treated 
with pembrolizumab or nivolumab.43 The ORR in 
the mucosal subgroup was 23% with a median 
PFS and OS of 3.9 and 12.4 months, respectively. 
Ogata et al. collected data of 59 MM patients who 
received pembrolizumab or nivolumab.44 The 
ORR was 16.7% and the median PFS and OS 
were 3.0 and 20.1 months, respectively. The 
University of Pittsburgh evaluated clinical and 
radiological data collected from nine patients with 
MM who received nivolumab or pembroli-
zumab.45 Among six evaluable patients with MM, 
one CR (16.7%) and two PRs (33.3%) were 
observed. In a retrospective analysis of seven MM 
patients who received nivolumab or pembroli-
zumab, only two patients showed responses of 
more than 240 days in duration and the remaining 
patients had progressive disease.27

Toripalimab, also known as JS001, is a recombi-
nant humanized anti-PD-1 monoclonal antibody 
that was assessed in one study. In a multi-center, 
open-label, phase II registration study, toripali-
mab was given at 3 mg/kg via intravenous infu-
sion every 2 weeks until disease progression or 
intolerable toxicity.46 Among 21 evaluable 
patients with MM, no CR and PR were observed, 
but 42.1% of patients had stable disease.

Anti-CTLA-4 combined with anti-PD-1 
monoclonal antibodies
Two studies assessed ipilimumab plus nivolumab 
combination therapy (Table 1).17,47 A pooled 
analysis of CheckMate 067 and CheckMate 069 
identified 35 patients treated with the combina-
tion of nivolumab plus ipilimumab.17 The combi-
nation therapy showed greater activity than 
monotherapy, with an ORR of 37.1% and a 
median PFS of 5.9 months. However, the inci-
dence of grade 3 or 4 irAEs was 40.0%, and one 
drug-related death occurred. Patients with tumor 
PD-L1 expression ⩾5% had a higher ORR than 
patients with PD-L1 expression <5% (60% ver-
sus 33%). In a multicenter, single-arm study, 
treatment-naive Japanese patients with different 
types of unresectable or recurrent melanoma 
received nivolumab (1 mg/kg) combined with ipil-
imumab (3 mg/kg) every 3 weeks for four doses, 
followed by biweekly doses of nivolumab (3 mg/
kg).47 The ORR was 33.3% and the one-year sur-
vival rate was 75%, while the median OS and 
median PFS were not reached.
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Anti-PD-1 monoclonal antibodies combined 
with axitinib
A single-center, phase Ib trial evaluated the safety 
and preliminary efficacy of toripalimab in combi-
nation with the vascular endothelial growth factor 
(VEGF) receptor inhibitor axitinib in patients 
with advanced MM (Table 1).48 Patients received 
toripalimab (1 or 3 mg/kg) every 2 weeks, in com-
bination with axitinib (5 mg) twice a day. Among 
29 patients with systemic treatment-naive MM, 
no patient had CR, but 14 patients had PR for an 
ORR of 48.3%. The median PFS was 7.5 months 
(95% CI 3.7 to not reached), and the median OS 
was still not reached after 18 months of follow-up. 
Most treatment-related AEs were grade 1 or 2, 
including diarrhea, proteinuria, hand and foot 
syndrome, fatigue, abnormal liver function, 
hypertension, abnormal thyroid function, and 
rash. Grade 3 or greater treatment-related AEs 
occurred in 13 patients (39.4%), and there was 
no treatment-related death. In addition, Sheng 
et  al. evaluated the predictive values of tumor 
PD-L1 expression, tumor mutation burden 
(TMB), and inflammation and angiogenesis 
expression signatures in this trial.48 Patients with 
PD-L1-positive tumor (70.0% versus 42.1%, 
p = 0.25) and higher TMB (83.3% versus 45.5%, 
p = 0.17) had a better ORR, but the difference 
was not statistically significant. Compared with 
PD-L1-negative patients, patients with PD-L1-
positive tumor had a statistically significant longer 
PFS (hazard ratio 0.38; 95% CI 0.14–1.00; 
p = 0.049). Responders also had statistically sig-
nificant higher messenger RNA inflammation 
and angiogenesis signature scores than non-
responders (p < 0.001).

Anti-PD-1 monoclonal antibodies combined 
with radiotherapy
The combination of anti-PD-1 monoclonal 
antibodies and radiotherapy was assessed in 
three studies (Table 1).49–51 One retrospective 
study in South Korea showed that pembroli-
zumab combined with radiotherapy offers a 
one-year target lesion control rate of 94.1%, 
which was significantly higher than that of the 
radiotherapy alone group (57.1%) and pem-
brolizumab alone group (25%).49 Compared 
with the radiotherapy alone group, the treat-
ment-related AEs were not significantly 
increased and no grade 3 or more AEs occurred 
in the multimodal therapy group. Hanaoka et al. 
retrospectively investigated ten cases of MM 

treated with nivolumab or pembrolizumab and 
radiotherapy. The local control rate of the primary 
lesion and regional lymph nodes was 100% with a 
median PFS of 7.4 months.50 Another retrospec-
tive study reported the efficacy and safety of com-
bined radiotherapy and anti-PD-1 monoclonal 
antibodies for MM.51 Four of the seven patients 
with MM achieved CR and PR (ORR = 57.1%) 
and grade 3 or more severe AEs were not observed.

Discussion
In this systematic review, we identified 41 studies 
with 1262 patients and offered an overview of the 
efficacy and safety of ICIs in advanced or meta-
static MM. Although there was no randomized 
clinical trial specifically assessing ICIs in patients 
with MM, these agents still demonstrated mean-
ingful clinical activity.

From this review, the data from the included 
studies suggest that MM is minimally susceptible 
to CTLA-4 blockade. The ORRs for ipilimumab 
monotherapy at a dose of 3 mg/kg ranged from 
0% to 17% (Table 1, Figure 2). In line with the 
poor outcome, most records showed that the 
median PFS was less than 5 months and the 
median OS was less than 10 months. Moreover, 
four studies showed that grade 3 or more irAEs 
occurred at a frequency of more than 16% in 
patients treated with ipilimumab at 3 mg/kg. 
Although these studies were limited by their ret-
rospective nature, they still indicated that the 
anti-CTLA-4 antibody ipilimumab lacked 
enough efficacy but maintained toxicity in 
advanced or metastatic MM and did not support 
the use of ipilimumab monotherapy.

Monoclonal antibodies targeting the PD-1 and 
PD-L1 interaction seemed to be more effective 
than targeting CTLA-4 in the treatment of MM 
(Figure 2). Here, we identified 22 studies on anti-
PD-1 inhibitor monotherapy, including nivolumab, 
pembrolizumab and toripalimab. The majority of 
studies showed an ORR of more than 15% and a 
median OS of more than 11 months. In addition, 
less than 20% of patients experienced grade 3 or 
more irAEs. These results suggested that anti-
PD-1 antibodies could prolong survival with 
acceptable toxicity in patients with advanced or 
metastatic MM. However, high-level evidence of 
anti-PD-1 antibodies in patients with MM is still 
lacking, and the efficacy and safety need to be veri-
fied via randomized controlled trials in the future.
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Previous data from cutaneous melanoma sug-
gested that combined administration of anti-
CTLA-4 and anti-PD-1 monoclonal antibodies 
had benefits over single-agent therapy but was 
associated with increased toxicity.15,52 Although 
directly comparative OS data between single-
agent and combination strategies in patients with 
MM were lacking, there was a trend that combi-
nation therapy resulted in improved response 
rates (Figure 2). A pooled analysis identified an 
ORR of 37.1% and a median PFS of 5.9 months 
by administering ipilimumab plus nivolumab, 
which suggested that such a combination might 
provide a greater outcome in patients with MM 
than either agent alone.17 However, the incidence 
of grade 3 or 4 irAEs with combination therapy 
was 40.0%, and one treatment-related death was 
reported in this pooled analysis.

In melanoma, VEGF is often overexpressed and 
seems to play a critical role in disease progression.53 
Therefore, VEGF-targeted anti-angiogenesis is a 
reasonable strategy in melanoma treatment. In 
this review, a phase II trial showed that 21 patients 
with MM receiving toripalimab single-agent 
treatment did not achieve any radiological 
response.46 However, in a single-center phase Ib 
trial of toripalimab in combination with the 
VEGF receptor inhibitor axitinib, approximately 
half of patients had CR or PR, which indicated 
that such a combination had promising antitumor 
activity.48 This study was a single-arm design and 
had a relatively small sample size, and a rand-
omized, controlled, multi-center phase III trial is 
recruiting patients to validate the efficacy of this 
combination therapy (NCT03941795).

Because of the extraordinary progress of targeted 
therapy and ICIs and the low sensitivity of mela-
noma to radiation, radiotherapy is only reserved for 
palliative treatment in patients who cannot obtain a 
good response to systemic treatment. However, 
several studies have reported a meaningful syner-
getic effect of combining radiotherapy with ICIs in 
advanced cutaneous melanoma.54,55 In this review, 
we identified three single-center, retrospective 
studies that investigated radiotherapy combined 
with anti-PD-1 antibody.49–51 The ORRs of the 
multimodal therapy were more than 50%, which 
were much higher than each single modality treat-
ment. In addition, no grade 3 or more AEs occurred 
in patients receiving multimodal therapy. These 
studies showed the attractive potential for synergy 
with the combination of anti-PD-1 ICIs and radio-
therapy, and several prospective trials are ongoing 

to explore this combination further in the clinical 
setting (NCT03758729; ChiCTR1800019573; 
UMIN000030533).

Some studies included in this review suggested 
that the efficacy outcome of ICIs was poorer in 
MM compared with that in cutaneous melanoma, 
although no formal comparisons were made 
between subtypes.17 For instance, a pooled analy-
sis of six clinical trials found that among patients 
treated with nivolumab monotherapy, MM had 
lower ORR (23.3% versus 40.9%) and shorter 
median PFS (3.0 months versus 6.2 months) than 
cutaneous melanoma.17 Moreover, among 
patients treated with nivolumab and ipilimumab 
combination therapy, lower ORR (37.1% versus 
60.4%) and shorter median PFS (5.9 months ver-
sus 11.7 months) were also observed in MM. The 
exact reason for the less active response in MM 
remains unclear, yet a few studies have discov-
ered some distinct biological characteristics of 
this rare subtype, which are likely to explain such 
a phenomenon. Common driver mutations iden-
tified in cutaneous melanoma, such as BRAF and 
NRAS, are less frequent in MM.56,57 In contrast, 
SF3B1 and KIT mutations occur more com-
monly in MM than in cutaneous melanoma. In 
addition, the anatomical distribution of MM pre-
cludes solar ultraviolet radiation as a major risk 
factor. In cutaneous melanoma, most mutations 
are ultraviolet radiation-induced C > T transi-
tions at pyrimidine dimers, but MM lacks such a 
specific mutation pattern.58,59 Several recent 
genomic studies also demonstrate MM has a sig-
nificantly lower TMB than other melanoma sub-
types.56,59,60 Hayward et  al. found cutaneous 
melanoma has one of the highest single-nucleo-
tide variants and indel frequencies of any cancer 
with an average of 49.17 mutations per megabase, 
while MM only has an average of 1.95 mutations 
per megabase, a more than 25-fold lower TMB.56 
TMB is an emerging, independent predictive bio-
marker that is associated with the probability of 
obtaining clinical benefit to immune checkpoint 
blockade in multiple tumor types.61,62 Tumors 
with a higher TMB may have more neoantigens, 
which make the immune system more likely to 
recognize the tumor as a foreign matter and 
remove it. Such a mechanism of TMB may con-
tribute to the low immune response in this rare 
melanoma subtype.

PD-L1 is also a potential biomarker in predicting 
the response to ICIs.40,63,64 Some studies have 
demonstrated that MM has a lower PD-L1 
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expression than cutaneous melanoma.17,40,65 
D’Angelo et  al. found that compared with MM 
patients with tumor PD-L1 expression <5%, 
MM patients with tumor PD-L1 expression ⩾5% 
had higher ORRs when treated with nivolumab 
monotherapy (53.3% versus 12.2%) or ipili-
mumab plus nivolumab combination therapy 
(60.0% versus 33.3%).17 Notably, although cuta-
neous melanoma and MM had different tumor 
PD-L1 expression status, the ORRs were similar 
across treatment groups when we only focus on 
patients with tumor PD-L1 expression ⩾5%. 
Conversely, MM patients with tumor PD-L1 
expression <5% exhibited a much poorer 
response than patients with cutaneous disease. 
The role of PD-L1 expression as a predictive bio-
marker in MM remains unclear and further stud-
ies are needed to clarify its usefulness.

This systematic review has several limitations. 
First, most studies included in this review were 
retrospective and had poor or fair methodological 
quality, and lack of high-quality clinical trials lead 
to potential biases. In addition, some data were 
derived from a pooled analysis of clinical trials 
recruiting patients with a general melanoma type, 
which indicated that the results should be inter-
preted with caution. Second, the information on 
prior treatment, especially systemic therapy, was 
not recorded in the majority of studies. The effi-
cacy and safety of ICIs may be different in the 
first-line and further-line treatment of MM. 
Third, we did not collect the primary site infor-
mation of MM, but it was reasonable that 
response to treatment might differ depending on 
the anatomical location. Finally, immune-
RECIST (iRECIST) was only adopted in few 
studies to evaluate the response of MM, but this 
criterion was more reasonable in evaluating the 
response to ICIs, because ICIs occasionally have 
some non-traditional response patterns (e.g. 
pseudoprogression, hyperprogression) that did 
not occur in chemotherapy or targeted therapy.66

Conclusion
In conclusion, this systematic review provides up-
to-date evidence for the efficacy and safety of ICIs 
in advanced or metastatic MM. Immune check-
point inhibitors, especially anti-PD-1 monoclonal 
antibodies alone and in combination with anti-
CTLA-4 monoclonal antibodies or other modali-
ties, are promising treatment options for advanced 
or metastatic MM. However, high-quality evi-
dence to support the clinical application is still 

limited, and the role of ICIs in patients with MM 
should be further clarified by randomized con-
trolled trials that recruit specific patients with this 
orphan disease. We hope that this systematic 
review will open a new therapeutic window for 
patients with advanced or metastatic MM.
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