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Introduction: Acral melanoma (AM) has different biological characteristics from
cutaneous melanoma. Although systemic therapeutic strategies for advanced AM
resemble those for advanced cutaneous melanoma, the evidence of the clinical use of
immune checkpoint inhibitors (ICIs) for AM is still inadequate. We aimed to systematically
analyze the therapeutic effects and safety profile of ICI treatments in advanced AM.

Methods: This systematic review was conducted in line with a previously registered
protocol. Three electronic databases, conference abstracts, clinical trial registers, and
reference lists of included articles were searched for eligible studies. The primary
outcomes were therapeutic effects, and the secondary outcomes were the safety profiles.

Results: This systematic review included six studies investigating anti-CTLA-4
immunotherapy, 12 studies investigating anti-PD-1 immunotherapy, one study investigating
the combination therapy of anti-CTLA-4 and anti-PD-1, and one study investigating anti-PD-1
immunotherapy in combination with radiotherapy. In most studies investigating ipilimumab,
the anti-CTLA-4 antibody, the objective response rate ranged from 11.4 to 25%, the median
progression-free survival ranged from 2.1 to 6.7 months, and the median overall survival was
more than 7.16 months. For studies discussing anti-PD-1 immunotherapy with nivolumab,
pembrolizumab, or JS001, the objective response rate ranged from 14 to 42.9%, the median
progression-free survival ranged from 3.2 to 9.2 months, and the median overall survival was
more than 14 months. The combination therapy of anti-CTLA-4 and anti-PD-1
immunotherapy showed better efficacy with an objective response rate of 42.9% than
single-agent therapy. The retrospective study investigating the combination therapy of anti-
PD-1 immunotherapy and radiation showed no overall response. Few outcomes regarding
safety were reported in the included studies.

Conclusions: ICIs, especially anti-CTLA-4 monoclonal antibodies combined with anti-PD-1
antibodies, are effective systematic treatments in advanced AM. However, there remains a lack
of high-level evidence to verify their efficacy and safety and support their clinical application.

Keywords: melanoma, immunotherapy, systematic review, ipilimumab, programmed cell death 1 receptor,
radiotherapy, combination drug therapy
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INTRODUCTION

Acral melanoma (AM), a relatively uncommon subtype of
melanoma, affects palmar, plantar, and subungual surfaces.
Although only comprising 2–3% of all melanoma cases, AM
tends to be the most common melanoma subtype in Asian,
African, and Hispanic patients, who are at lower risk for sun-
related melanoma subtypes (1). Compared with other melanoma
subtypes, AM is usually diagnosed at a more advanced stage,
which has been proved by the study utilizing the Surveillance,
Epidemiology and End Reports (SEER) database (2). Nearly two-
thirds of AM was diagnosed at stage II or above, while only
approximately one-third of cutaneous melanoma was diagnosed
at stage II or above. Therefore, most patients have developed
distant metastasis when diagnosed with AM, and systemic
treatment for advanced AM is of great significance (3).

Unlike cutaneous melanoma, AM is generally not associated
with UV-exposure, which partly accounts for its far lower
mutational burdens than cutaneous melanoma. An Australian
study demonstrated that three of the 35 (9%) acral melanomas
were found to be UVR dominant. The three acral melanomas
had biological characteristics similar to the cutaneous
melanoma, including elevated total mutational burdens and
lower levels of structural variations when compared with acral
melanomas with a non-UVR signature (4). AM has different
oncogenic drivers from the cutaneous melanoma, including
fewer BRAF mutations (10–23%), inconstant KIT mutation
rates (3–29%), CCND1 and CDK4 amplification, and deletion
or mutations in different genes, such as CDK2NA, PTEN, NF1,
and hTERT (2, 5). However, systemic treatment for advanced
AM resembles those for advanced cutaneous melanoma,
possibly on account of the limited number of clinical trials
evaluating optimal interventions in AM. The responses of AM
patients to BRAF-inhibitors are modest as AM has lower
frequencies of BRAF mutations (6). AM had different kinds of
mutations of KIT, such as copy number gains and activating
mutations (7), but targeted therapies with inhibitors such as
imatinib usually exert poor or non-durable responses (8). There
still remains an urgent need for effective systemic treatment for
advanced AM.

Recently, immune checkpoint inhibitors (ICIs) have been
recommended as first-line treatment for advanced cutaneous
melanoma (9). However, given the low incidence of AM
worldwide, few clinical trials reported the therapeutic effects
and safety profile of ICIs on the AM. To identify whether ICIs are
beneficial for the patients of AM, we conducted this systematic
review to analyze the therapeutic effects and safety profile of ICIs
in advanced AM.
MATERIALS AND METHODS

This systematic review was conducted in line with the protocol
registered online in the PROSPERO on May 1, 2020 (ID:
CRD42020183476) and was designed in line with the PRISMA
guidelines (10).
Frontiers in Oncology | www.frontiersin.org 2
Literature Search
Considering the rarity of AM worldwide, we identified all
randomized controlled trials (RCTs), prospective observational
studies, retrospective studies, and expanded access programs of
advanced AM treated with ICIs. Single case reports and narrative
reviews were not included. Only the articles published in English
or Chinese were included.

Three electronic databases: PubMed, Cochrane Central
Register of Controlled Trials (CENTRAL), and EMBASE were
searched to identify possibly related studies (from January 1,
1990 to July 20, 2020). Besides, clinical trial registers, conference
abstracts, and reference lists of the included studies were also
checked for additional possibly relevant studies. The search
strategies were shown in the Supplementary Material.

Data Collection and Analysis
In the screening progress, two authors (ZQ and LJ)
independently screened the titles and abstracts of the articles
identified from the three electronic databases. The articles
considered to be potentially relevant would come to the next
step, assessing the eligibility. Two authors (ZQ and LJ) assessed
the articles according to their full texts. An additional author
(ZS) was consulted and resolved possible disagreements. One
author (ZH) searched the clinical trial registers, conference
abstracts and references of the included studies, and then
assessed the eligibility of the records. The included studies
must report the response of the patients with unresectable,
metastatic, advanced or stage III or IV AM. Two authors (ZQ
and LJ) extracted data independently, and a third author (ZS)
reviewed the extracted data and made the decision through
discussion whenever discrepancies arose. One author (ZQ)
used quality assessment tool for before-after (pre-post) studies
with no control group, described by the National Heart, Lung,
and Blood Institute (NHLBI) (https://www.nhlbi.nih.gov/health-
topics/study-quality-assessment-tools), to evaluate the
methodological quality of the included studies and the risk
of bias.

The primary and secondary outcome data were extracted. The
objective response rate (ORR) counted from the sum of complete
response (CR) and partial response (PR), median progression-
free survival (PFS), median overall survival (OS), the incidence of
one-year progression-free survival and the incidence of one-year
overall survival were extracted as the primary outcomes to
demonstrate the efficacy of the ICIs. As for the safety of ICIs,
immune-related adverse event (irAE) rate of all grades and irAE
rate of grade 3 or more were extracted as the secondary
outcomes. The irAEs were graded in line with the Common
Terminology Criteria for Adverse Events (CTCAE).
RESULTS

We initially identified 247 records in the literature search
process. After removing duplicates, 200 of them remained.
After screening, 37 potentially relevant studies were selected,
and the full texts were obtained for eligibility assessment. Finally,
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the primary and secondary outcomes of the 18 records meeting
the eligibility criteria were extracted and systemically analyzed
(Figure 1). The extracted data from the included studies were
listed in Table 1.

Anti-CTLA-4 Immunotherapy
In the field of anti-CTLA-4 monotherapy, six studies with 177
AM patients treated with ipilimumab were identified (Table 1)
(11–16). The ORRs for ipilimumab monotherapy ranged from
11.4 to 25%, the median PFS ranged from 2.1 to 6.7 months, and
the median OS was more than 7.16 months, demonstrating the
therapeutic effects of anti-CTLA-4 immunotherapy in AM. The
only study investigating the safety profile of anti-CTLA-4
immunotherapy in AM showed that the frequency of irAEs
was 57%, and the frequency of grade 3 or above irAEs was
17%. There remains an unmet need for randomized controlled
trials evaluating the anti-CTLA-4 antibodies in AM.

In a prospective, non-interventional, non-controlled, multi-
center (146 institutions), observational study, 107 Japanese
patients with radically unresectable acral lentiginous melanoma
(ALM) receiving ipilimumab had a median OS of 7.16 months
(95% CI, 4.99–10.32 months) (11), which was significantly lower
than that in other included studies. One possible reason is that
the other studies reporting OS all investigated anti-CTLA-4
antibodies as first-line therapy, but this prospective study
involved different lines of treatment, in which the patients’
Frontiers in Oncology | www.frontiersin.org 3
overall health condition was worse. In the results of a
published expanded access program, five patients with
unresectable stage III/IV AM received 3 mg/kg ipilimumab for
up to four cycles. None of them was untreated, and two (40%)
patients had a PR (12). A retrospective review of 35 AM patients
receiving ipilimumab either 3 mg/kg or 10 mg/kg was conducted
in America. One patient achieved CR (2.9%), three achieved PR
(8.6%), and four achieved stable disease (SD) (11.4%). The ORR
was 11.4%, and the clinical benefit rate (CR + PR + SD) was
22.9%. Of note is that all patients with positive responses were in
the 3 mg/kg ipilimumab group. The median PFS was 2.5 months
(95% CI, 2.3–2.7months). The median OS was 16.7 months (95%
CI, 10.9–22.5 months). In this study, 20 patients (57%) had irAEs
of any grade, and 17% patients had grade 3 or 4 events, including
colitis (n = 2), hypophysitis (n = 2), hepatotoxicity (n = 1), and
skin toxicity (n = 1). No patients died of irAEs (13). In a
retrospective analysis of 17 patients with metastatic AM
treated with ipilimumab as first-line therapy, the ORR was
17.8%. The median PFS was 6.7 months (95% CI, 2.8–17.2
months), and the median OS was 38.7 months (95% CI, 7.8–
61.6 months) (14). A single-center retrospective cohort study
conducted in Switzerland involved 8 advanced ALM patients
with ipilimumab as the first-line treatment. The ORR was 25%.
The median PFS and median OS were 2.1 months and 21
months, respectively (15). A retrospective study conducted in
Germany evaluated the therapeutic effects of anti-CTLA-4 and
FIGURE 1 | PRISMA 2009 flow diagram of the literature search.
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TABLE 1 | Characteristics of the 18 studies included in the qualitative review.

Primary outcomes Secondary
outcomes

Methodological
quality

(median) OS (median) 1-year
PFS

1-year OS All
grades
irAEs

Grade
3+

irAEs

7.16 months (95% CI,
4.99–10.32 months)

NR NR NR NR good

NR NR NR NR NR poor

ths (95% CI,
onths)

16.7 months (95% CI,
10.9–22.5 months)

NR NR 20
(57%)

6
(17%)

good

ths (95% CI,
months, anti-
9.2 months
2.7–19.7
anti-PD-1)

38.7 months (95% CI,
7.8–61.6 months, anti-
CTLA-4), 60.1 months
(95% CI, 12.4–67.4
months, anti-PD-1)

NR NR NR NR fair

ths 21 months NR NR NR NR fair

98 months (anti-PD-1,
n=16), 95 months (anti-
CTLA-4, n=5)

NR NR NR NR fair

25.8 months (95% CI,
15.1-30.6 months)

NR 35 (63.64%) 42
(76.4%)

14
(25.5%)

fair

NR NR 5 (71.4%) NR NR fair

421 days NR NR NR NR fair

NR NR NR NR NR fair

NR NR NR NR 0 good

ths (95% CI,
onths)

16.9 months (95% CI,
10.9–not estimable
months)

5 (10%) 28 (56%) NR NR good

18.1 months NR NR NR 27
(14.0%)

fair

NR NR NR NR NR good

ths 31.7 months 5 (20%) 5 (20%) NR NR good

ths (95% CI,
onths)

NR NR NR NR NR fair

NR 3 (43%) 6 (86%) NR NR good

NR NR NR NR 0 fair
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Study characteristics

First
author
and year

Registration
ID

Study design Population Location Intervention
(mg/kg)

Line of
immunotherapy

Record
type

ORR PR CR PFS

Yamazaki
2020 (11)

NCT02717364 prospective, non-
interventional, multi-
center, observational
study

n = 547 (total),
n = 107
(<x>ALM</x>)

Japan ipilimumab(3) 1+ journal
article

NR NR NR NR

Shaw
2012 (12)

NA EAP n = 27 (total), n
= 5 (AM)

UK ipilimumab(3) 2+ conference
abstract

NR 2 (40%) NR NR

Johnson
2015 (13)

NA retrospective
uncontrolled

n = 35 (AM
only)

America ipilimumab(3 or
10)

NR journal
article

11.40% 3
(8.6%)

1
(2.9%)

2.5 mon
2.3–2.7

Saberian
2020 (14)

NA retrospective
uncontrolled

n = 44 (AM
only)

America ipilimumab or
pembrolizumab
or nivolumab

1 conference
abstract

17.8%
(anti-CTLA-4,
n = 17), 40%
(anti-PD-1,
n = 15)

NR NR 6.7 mon
2.8–17.2
CTLA-4)
(95% CI
months,

Hafliger
2018 (15)

NA retrospective
uncontrolled

n = 8 (ALM
only)

Switzerland ipilimumab 1 journal
article

25% NR NR 2.1 mon

Zaremba
2019 (16)

NA retrospective
uncontrolled

n = 21 (AM) German anti-PD-1 and
anti-CTLA-4
checkpoint
inhibitor,
respectively

1 journal
article

NR NR NR NR

Nathan
2019 (17)

NCT02156804 open-label, single-
arm, multi-center
phase II study

n = 1,008
(total), n = 55
(AM)

Europe nivolumab(3) 2+ journal
article

NR NR NR NR

Yamazaki
2019 (18)

JapicCTI-
142533

open-label, single-
arm, multicenter
phase II study

n = 23 (total), n
= 7 (ALM)

Japan nivolumab(3) 1 journal
article

28.6% (90% CI,
10.0-59.1%)

NR NR NR

Maeda
2019 (19)

NA retrospective
uncontrolled

n = 68 (total), n
= 16 (ALM)

Japan nivolumab NR research
letter

19% 3 0 197 day

Si 2019
(20)

NCT02821000 open-label, non-
randomized,
multicenter, phase Ib
study

n = 102 (total),
n = 38 (AM)

China Pembrolizumab
(2)

2 journal
article

15.8% (95% CI,
6.0–31.3%)

6
(15.8%)

0 NR

Tang 2019
(21)

NCT02836795 single-center, phase
1, open-label, 2-part
(part A dose-
escalation and part B
dose-expansion) study

n = 36 (total), n
= 13 (AM)

China JS001(1 or 3
or10)

2+ journal
article

23% 2 1 NR

Tang 2020
(22)

NCT03013101 multi-center, single
arm, open-label phase
II registration study

n = 128 (total),
n = 50 (AM)

China JS001(3) 2+ journal
article

14.00% NR NR 3.2 mon
1.8–3.6

Nakamura
2020 (23)

NA retrospective
uncontrolled

n = 193 (AM
only)

Japan anti-PD-1
antibody

1+ conference
abstract

16.60% 13.50% 3.10% NR

Betof 2020
(24)

NA retrospective
uncontrolled

n = 396 (total),
n = 50 (AM)

America pembrolizumab
or nivolumab

NR journal
article

NR NR 6
(12%)

NR

Shoushtari
2016 (25)

NA multi-institutional,
retrospective cohort
analysis

n = 60 (total), n
= 25 (AM)

America nivolumab(0.3
to 10) or
pembrolizumab
(2 or 10)

1+ journal
article

32% (95% CI,
15–54%)

6 (24%) 2 (8%) 4.1 mon

Zhao 2019
(26)

NA retrospective
uncontrolled

n = 51 (total), n
= 16 (AM)

China nivolumab(3) or
pembrolizumab
(2)

1+ journal
article

18.75% 3 0 5.3 mon
2.4–8.2

Namikawa
2018 (27)

JapicCTI-
152869

open-label, single-
arm, multi-center
phase II study

n = 30 (total), n
= 7 (AM)

Japan nivolumab(1)
and ipilimumab
(3)

1 journal
article

42.9% (95% CI,
9.9–81.6)

NR NR NR

Kato 2019
(28)

NA retrospective
uncontrolled

n = 10 (total), n
= 3 (AM)

Japan radiotherapy
and nivolumab
(3 or 2) or
pembrolizumab
(2)

NR journal
article

0 0 0 NR

NA, Not Applicable; NR, Not Reported.
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anti-PD-1/PDL1 checkpoint inhibitors, respectively. The five
AM patients receiving anti-CTLA-4 monoclonal antibodies as
first-line therapy had an OS of 95 months, which was
significantly higher in comparison with BRAF inhibitors, MEK
inhibitors, and chemotherapy in this study (16).

Anti-PD-1 Immunotherapy
In the field of anti-PD-1 monotherapy, 12 studies with 494 AM
patients treated with anti-PD-1 monoclonal antibodies were
identified (Table 1). The extracted statistics demonstrated that
immunotherapy targeting the interaction between PD-L1 and
PD-1 had nearly the same effect as the antibodies targeting
CTLA-4 in AM. The ORR ranged from 14 to 40.0%, the
median PFS ranged from 3.2 to 9.2 months, and the median
OS was more than 421 days in these studies. The only two studies
assessing the safety profile of the anti-PD-1 monotherapy in AM
patients showed that the rate of grade 3 or above irAEs was
between 14.0 and 25.5%. One patient died of grade 5 myasthenia
gravis, which should not be neglected. IrAEs should be taken into
serious consideration in clinical practice. As the two studies
exploring the safety of the anti-PD-1 monotherapy in AM
patients involved 193 and 55 AM patients, respectively, the
results were relatively convincing (17, 29). These outcomes
demonstrated that anti-PD-1 monotherapy could extend the
lifespan with tolerable toxicities in part of the patients with
advanced AM. However, some patients might encounter serious
adverse events, such as grade 3 or above irAEs leading to
discontinuation of the therapy and even death.

Three studies assessed nivolumab monotherapy (17–19). In
an open-label, single-arm, multi-centered phase II study in
Europe (CheckMate 172), 55 patients with unresectable AM
and disease progression or recurrence after prior treatment
including anti-cytotoxic T-lymphocyte antigen 4 (CTLA-4)
monoclonal antibodies received nivolumab intravenously
3 mg/kg every 2 weeks for up to 2 years until progressive
disease or intolerable adverse events was observed. The median
OS was 25.8 months (95% CI, 15.1–30.6), which was similar to
that of patients with non-acral cutaneous melanoma [25.3
months (95% CI, 20.9–28.9)]. The 1-year OS rate was 63.64%.
The rate of treatment-related AEs was 76.4%, and the rate of
grade 3 or 4 treatment-related AEs was 25.5% (17). Another
open-label, single-arm, multi-centered phase II study conducted
in Japan explored the nivolumab as first-line treatment in
unresectable stage III/IV or recurrent AM. The patients
received nivolumab via intravenous infusion 3 mg/kg every 2
weeks in a 6-week cycle until disease progression or unacceptable
toxicity happened. The ORR was 28.6% (90% CI, 10.0–59.1%) for
the seven ALM patients participating in this study. The 1-year
OS rate was 71.4% (18). In a retrospective uncontrolled study to
explore the efficacy of nivolumab monoclonal antibodies in ALM
in Japan, the 16 ALM patients receiving nivolumab monotherapy
had an ORR of 19%. Three of the ALM patients achieved a partial
response, and none of them achieved a complete response. The
estimated median OS and PFS were 421 and 197 days,
respectively. Of note is that among the 13 ALM patients with
visceral metastasis, only one achieved a partial response. In
Frontiers in Oncology | www.frontiersin.org 5
comparison, two of the three ALM patients without visceral
metastasis achieved a partial response. This phenomenon
indicated that the efficacy of nivolumab monotherapy for AM
patients might differ in different subgroups (19).

Pembrolizumab was independently assessed in one study (20).
In an open-label, non-randomized, multi-centered phase Ib study
in China, 38 AM patients received pembrolizumab 2 mg/kg via
intravenous infusion on day 1 of each 3-week cycle for up to 35
cycles as second-line therapy until disease progression, the onset
of intolerable toxicity, investigator decision to discontinue
treatment, or voluntary withdrawal of informed consent. As
none of the AM patients achieved CR, and six of them achieved
PR, the ORR was only 15.8% (95% CI, 6.0–31.3%).

JS001, also known as toripalimab, was independently assessed
in two studies, both of which were conducted in China (21, 22).
One was a single-center, phase 1, open-label, 2-part (part A dose-
escalation and part B dose-expansion) study. Among 13 AM
patients refractory to standard systemic treatment, one confirmed
CR, two confirmed PR, and three confirmed SD were achieved,
with an ORR of 23.1% and a disease control rate of 46.2%. No
grade 3 or above irAEs were observed in the involved AMpatients,
which indicated that JS001 was well-tolerated in this study (21).
The other study is a multi-centered, single-arm, open-label phase
II registration study. Fifty previously treated advanced AM
patients received JS001 3 mg/kg once every two weeks
intravenously until disease progression, intolerable toxicity, or
voluntary withdrawal of informed consent. The median OS was
16.9 months (95% CI, 10.9–not estimable months), and the
median PFS was 3.2 months (95% CI, 1.8–3.6 months). The 1-
year OS rate was 56%, and the 1-year PFS rate was 10% (22).

Six retrospective studies evaluated nivolumab and
pembrolizumab together (14, 16, 23–26). A study involving 21
Japanese institutions evaluated the efficacy of anti-PD-1
antibodies in 193 advanced AM patients. The CR was 3.1%,
and the PR was 13.5%. As a consequence, the ORR was 16.6%.
The median OS was reported to be 18.1 months, and irAEs of
grades 3 to 5 occurred in 27 patients (14.0%). One patient (0.5%)
died of grade 5 myasthenia gravis (23). A study conducted in
America involved 50 patients with unresectable stage III or stage
IV AM. Six patients (12%) achieved CR (24). A multi-
institutional, retrospective cohort analysis conducted in
America involved 25 AM patients. Eight of them received
nivolumab 0.3 mg/kg to 10 mg/kg intravenously every 2 to 3
weeks. Seventeen AM patients received pembrolizumab either
2 mg/kg every 3 weeks or 10 mg/kg every 2 to 3 weeks. As two
AM patients had a CR, and six had a PR, the ORR was 32% (95%
CI, 15–54%). The median PFS was 4.1 months, and the median
OS was 31.7 months. The 1-year PFS rate was 20%, and the 1-
year OS rate was also 20% (25). A study involving 16 metastatic
AM patients was conducted in China. The patients received
nivolumab 3 mg/kg every 2 weeks, or received pembrolizumab 2
mg/kg every 3 weeks by intravenous infusion. None of the
patients achieved CR, and three patients achieved PR. The
median PFS was 5.3 months (95% CI, 2.4–8.2 months) (26).
Another study conducted in Germany evaluated the efficacy of
anti-PD-1/PDL1 and anti-CTLA-4 monoclonal antibodies,
December 2020 | Volume 10 | Article 602705
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respectively. The 16 AM patients receiving anti-PD-1 antibodies
as first-line therapy had an OS of 98 months, which was
significantly higher in comparison with BRAF inhibitors, MEK
inhibitors, and chemotherapy in this study (16). In an analysis of
15 patients with metastatic AM who received pembrolizumab or
nivolumab as the first-line treatment, the ORR was 40%. The
median PFS of the 15 patients was 9.2 months (95% CI, 2.7–19.7
months), and the median OS was 60.1 months (95% CI, 12.4–
67.4 months) (14).

Combination Therapy of Anti-CTLA-4 and
Anti-PD-1 Monoclonal Antibodies
One study involving seven AM patients assessed combination
therapy of ipilimumab and nivolumab (Table 1) (27). An open-
label, single-arm, multi-centered phase II study conducted in
Japan treated patients with confirmed unresectable stage III/IV
or recurrent AM with two doses of nivolumab (1 mg/kg)
intravenously plus ipilimumab (3 mg/kg) per cycle for two 3-
week cycles, then 6-week cycles with biweekly nivolumab (3 mg/
kg) as first-line therapy. The ORR was 42.9% (95% CI, 9.9–81.6),
and the number of patients with 1-year PFS and 1-year OS was 3
(43%) and 6 (86%), respectively.

Combination Therapy of Anti-PD-1
Immunotherapy and Radiotherapy
The efficacy and safety of anti-PD-1 immunotherapy and
radiotherapy were investigated in one retrospective study
conducted in Japan. Three AM patients received one of the
following regimens: 3 mg/kg nivolumab every 2 weeks; 2 mg/kg
nivolumab every 3 weeks; or 2 mg/kg pembrolizumab every 3
weeks. They were all treated with radiotherapy after the
progression of anti-PD-1. None of the patients achieved PR or
SD, and two patients achieved SD. There was no grade 3 or above
irAEs (28).
DISCUSSION

This systematic review included 16 studies with 542 advanced
AM patients and provided a general overview of the efficacy and
safety profile of immune checkpoint inhibitors in advanced AM.
We conclude that ICIs generally demonstrated remarkable
clinical efficacy and acceptable irAEs for most patients.

Anti-CTLA-4 Monotherapy and
Anti-PD-1 Monotherapy
High-level evidence of the therapeutic effects and safety profile of
anti-CTLA-4 and anti-PD-1 monotherapy in AM is still limited,
and its therapeutic effects need to be confirmed via high-quality
randomized controlled trials. There are three uncompleted
clinical trials evaluating anti-PD-1 antibodies for AM patients,
which involve different kinds of antibodies from different
companies, such as IBI308, IBI310, and pembrolizumab. Two
of them were randomized controlled trials. The NCT04277663
will study IBI310 combined with IBI308 in comparison to high-
dose interferon in AM removed by surgery. The NCT03698019
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will study pembrolizumab in stage III or IV high-risk melanoma
before and after surgery. With more clinical trials, the
therapeutic effects and safety profile of anti-PD-1 monotherapy
will be illustrated more clearly.

Combination Therapy of Anti-CTLA-4 and
Anti-PD-1 Immunotherapy
Previous research in cutaneous melanoma showed that the
combination of anti-CTLA-4 monoclonal antibodies and anti-
PD-1 monoclonal antibodies was more effective but more toxic
than single-agent therapy (30, 31). The only study evaluating the
therapeutic effects of anti-CTLA-4 (ipilimumab) in combination
with anti-PD-1 (nivolumab) in advanced AM showed an ORR of
42.9%, a 1-year PFS rate of 43%, and a 1-year OS rate of 86%,
which were all much higher than those of anti-CTLA-4 or anti-
PD-1 immunotherapy alone, demonstrating that administering
nivolumab plus ipilimumab may provide a more hopeful
treatment choice for patients with AM than either agent alone.

However, as the number of patients involved in the study was
not enough to exert a convincing conclusion, more clinical trials
evaluating the therapeutic effects and safety profile of the
combined therapy of anti-CTLA-4 and anti-PD-1 are needed.
The NCT02978443 is an uncompleted biomarker study of
advanced mucosal melanoma or ALM treated with the
combination of ipilimumab and nivolumab.

Combination Therapy of Anti-PD-1
Immunotherapy and Radiotherapy
Radiotherapy is now seldom used due to the remarkable success
of targeted therapy and immunotherapy, as well as melanoma’s
low susceptibility to radiotherapy. Nevertheless, several studies
discovered that radiation combined with immune checkpoint
inhibitors had a synergistic effect in advanced cutaneous
melanoma (32, 33). This systematic review included one
retrospective study that assessed the anti-PD-1 immunotherapy
combined with radiation (28). The ORR was 0, and the
rate of grade 3 or above irAEs was also 0. As only three AM
patients were involved in this study, the credibility and
convincement of this evidence are poor, calling for more
relevant studies to solve this problem. In theory, radiotherapy
can enhance the transport of T cells to tumor tissues and enhance
the strength of specific anti-tumor immune responses (34), so the
combination of ICIs and radiotherapy may be more effective
than monotherapy.

Combination Therapy of Tyrosine Kinase
Inhibitor and ICIs
As melanomas often overexpress VEGF, which may play a
significant role in disease progression, anti-angiogenesis
targeting VEGF is a meaningful strategy in treating melanoma
(35). Although there is no completed clinical trial investigating
the combination of tyrosine kinase inhibitor and ICIs in AM,
some clinical trials are recruiting patients, which will fill the gaps
in this field. The NCT03955354 investigates the combination of
anti-PD-1 monoclonal antibody SHR-1210 and Apatinib as first-
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line therapy in advanced AM. The NCT03991975 studies the
TQB2450, a kind of PD-L1 antibodies, combined with Anlotinib
in patients with advanced AM.
Different Effects of ICIs in AM and Non-
Acral Cutaneous Melanoma
Some studies identified in this systematic review compared the
therapeutic effects of immune checkpoint inhibitors in AM and
other subtypes of melanoma. A retrospective study found that in
anti-PD-1 monotherapy, patients with AM (12%) were less likely
to have a CR compared to cutaneous melanoma (30.9%) (24). In
an open-label, nonrandomized, multi-centered, phase Ib study
evaluating the efficacy of pembrolizumab as second-line therapy,
the ORR was 15.8% (95% CI, 6.0–31.3%) in AM, 19.5% (95% CI,
8.8–34.9%) in non-acral melanoma (20). An open-label, single-
arm, multi-centered phase II study showed that in combination
therapy of anti-CTLA-4 and anti-PD-1 immunotherapy, the
ORR of patients with AM (42.9%) was much lower than that
of patients with non-acral cutaneous melanoma (75.0%) (27).
However, a retrospective study found that therapy containing
pembrolizumab had the same effect in AM (ORR 26.7%) as in the
non-acral cutaneous subtype (ORR 26.7%) (36). Although the
quality and size of each one of the studies was not enough to
provide strong evidence, the evidence that supports AM has
worse efficacy outcomes when treated with ICIs compared with
cutaneous melanoma overweighs the few evidence for the same
efficacy outcomes. Although the exact reason for the worse
efficacy outcomes in AM compared to cutaneous melanoma in
most studies was unclear, several studies have revealed unique
biological characteristics of AM, whichmay contribute to uncovering
the underlying reason. Unlike cutaneous melanoma, AM is generally
not linked to UV-exposure, which results in its far lower mutational
burdens than cutaneous melanoma. A study using whole-genome
sequencing showed that single-nucleotide variant were 1.02–3.68 per
Mb in AM, which is much lower than that in cutaneous melanoma
(37). The frequencies of somatic structural variants were more in
acral than in cutaneous melanomas, and greater proportions of the
acral and mucosal melanoma genomes had copy number variation
(38, 39). AM also has different oncogenic drivers from cutaneous
melanoma, including inconstant KIT mutation rates (3–29%),
CCND1 and CDK4 amplification, and deletion or mutations in
different genes, such asCDK2NA, PTEN,NF1, and hTERT (2). A few
studies suggested that the response to immunotherapy is associated
with tumor mutational burden, and increased tumor neoantigen
load may predict the objective response (40–43). This may partly
explain why the efficacy of ICIs for AM is lower than that for the
non-acral cutaneous subtype.

A possible reason is that PD-L1 expression is lower in AM
than that in the non-acral cutaneous subtype. One study
reported the expression of the PD-L1 in different subtypes of
melanoma. 33% of AM had PD-L1 expression, compared with
62% of the sun-damaged melanomas (44). As anti-PD-1
antibodies target the interaction between PD-1 and PD-L1, the
PD-L1 expression might be a biomarker predictive of the
response to ICIs (45, 46).
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The tumor microenvironment may also play a role. In a study,
grade III TILs were more frequent in cutaneous non-ALM than
in ALM (33.3 vs. 22.6%, p = 0.033), and lower TIL levels (p =
0.031) were significantly associated with shorter OS (47).
However, in a study from Korea, there was no significant
association between nodular melanoma, superficial spreading
melanoma, and ALM with respect to the presence of
lymphocytes or LS and DFS and OS (48). So whether there is a
difference in TIL in the tumor microenvironment between AM
and cutaneous melanomas remains to be determined. As the skin
in acral sites is strikingly different from the skin in other
anatomical sites, including differences of melanocyte
differentiation and the absence of hair follicles and sebaceous
glands, the differences between the microenvironment of AM
and cutaneous melanoma may suggest a different response rate
for ICIs.

Limitations and Prospects
We recognized several limitations in this systematic review. First,
the methodological quality of 11 out of 18 studies included in this
systematic review was evaluated as poor or fair, and 10 out of 18
studies were retrospective, together with the lack of randomized
controlled trials, may result in biases. The number of studies
involved in this review was also small due to the limited
exploration in this field. Second, the ICIs were applied in
mixed lines of therapy in most studies. Nevertheless, ICIs may
have variable efficacy and safety outcomes as first-line and
further-line treatment of AM. For instance, a prospective study
showed that the OS result in treatment-naive AM patients was
longer than in those who had received prior treatment when
treated with anti-CILA-4 antibodies (11). The conclusion would
be more convincing if the studies separated the patients into
different subgroups according to the lines of treatment when they
received ICIs. Third, most of the studies did not report the
primary location of AM, or did not analyze the outcomes of
different subgroups of primary sites, but the response to
treatment might differ in different primary site of AM.
According to a multi-center retrospective study in China, there
exist differences in survival in different primary locations in AM.
Compared with AM arising from sole, AM arising from palm
and nail bed subgroup has a better prognosis (49). AM in
different anatomical positions may have variable mutation
profiles, which is exemplified by the study result that BRAF
mutations were more often found in AM located on the feet.
Comparing AM arising from dorsal acral sites with AM on palms
and soles, lower frequencies of NRAS (25 versus 39.1%) and NF1
(0 versus 17.3%) and higher frequencies of BRAF (75 versus
21.7%) and TERT promoter (50 versus 8.6%) mutations were
observed (16). As the variable genetic changes in varying
anatomical positions likely influence biological behavior and
therapeutic response, it is worthwhile to evaluate the
therapeutic effects and safety profile of ICIs in AM arising
from specific primary sites. Last, most included studies did not
report the outcomes concerning the irAEs of ICIs in AM
separately, so the safety of ICIs in AM remains an unsettled
question that needs to be further explored.
December 2020 | Volume 10 | Article 602705

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zheng et al. Immune Checkpoint Inhibitors for Acral Melanoma
There remain several directions of exploration in the
application of ICIs in the AM. First, the most suitable clinical
setting for the ICIs must be defined to achieve satisfactory
outcomes. High-quality clinical trials focusing on ICIs in
combination with radiotherapy, chemotherapy, or other
immunotherapies in the treatment for AM are in urgent need,
especially the randomized controlled trials involving statistically
sufficient patients. In addition, the appropriate neoadjuvant and
adjuvant therapy also needs to be explored, which could not be
accomplished without the efforts and contributions of countries
including China where AM is one of the most prevalent
melanoma subtypes. Second, there lack laboratory models of
AM, which hinders the development of new treatments such as
ICIs. Third, prognostic biomarkers that can predict the response
of AM to ICIs should be further explored. Tumor neoantigen
load and PD-L1 expression level are regarded as promising
biomarkers, but the reliability of them in AM needs to be
verified, as they might not be applied in the actual situation
(50). In a retrospective study, the PD-L1 expression level was not
associated with anti-PD-1 ORR (p = 0.982) in AM (14). Besides
the two markers, lower infiltration of cancer-associated
fibroblasts and expression of cancer-associated fibroblast
markers are linked to the positive response to anti-PD-1
monoclonal antibodies in AM (51), which is worth further
exploring. Finally, possibly effective treatments for AM after
the ICI treatment fails also need to be considered. Targeted
therapy, or other immunotherapies, even other kinds of ICIs
might be effective. In a clinical trial, nivolumab had desirable
efficacy and safety results after tumor progression on prior
ipilimumab (17), which brought hope to these patients.
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CONCLUSIONS

In conclusion, ICIs generally demonstrated remarkable clinical
efficacy and acceptable irAEs in patients with advanced AM.
ICIs, especially anti-CTLA-4 immunotherapy combined with
anti-PD-1 immunotherapy, are promising therapeutic strategy
for advanced AM. Nevertheless, there remains a lack of high-
level proof to verify their safety and support their clinical
application. The effect of ICIs in AM from different primary
sites should also be further elucidated in future studies. We hope
that this systematic review could benefit physicians and patients,
and pave the way for further research on the treatment of
advanced AM.
AUTHOR CONTRIBUTIONS

QZ and JL conceived and designed this review. QZ, JL, and HZ
conducted the literature search and collected the data. QZ
drafted the manuscript and figures. SZ, HZ, JL, and YW
reviewed and revised the manuscript. All authors contributed
to the article and approved the submitted version.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2020.
602705/full#supplementary-material
REFERENCES

1. Redi U, Marruzzo G, Lovero S, Khokhar HT, Lo Torto F, Ribuffo D. Acral
lentiginous melanoma: A retrospective study. J Cosmet Dermatol (2020).
doi: 10.1111/jocd.13737

2. Chen YA, Teer JK, Eroglu Z, Wu JY, Koomen JM, Karreth FA, et al.
Translational pathology, genomics and the development of systemic
therapies for acral melanoma. Semin Cancer Biol (2020) 61:149–57.
doi: 10.1016/j.semcancer.2019.10.017

3. Namikawa K, Yamazaki N. Targeted Therapy and Immunotherapy for
Melanoma in Japan. Curr Treat Options Oncol (2019) 20(1):7. doi: 10.1007/
s11864-019-0607-8

4. Rawson RV, Johansson PA, Hayward NK, Waddell N, Patch AM, Lo S, et al.
and non-UVRmutation burden in some acral and cutaneous melanomas. Lab
Invest (2017) 97(2):130–45. doi: 10.1038/labinvest.2016.143

5. Ravaioli GM, Dika E, Lambertini M, Chessa MA, Fanti PA, Patrizi A. Acral
melanoma: correlating the clinical presentation to the mutational status. G
Ital Dermatol Venereol (2019) 154(5):567–72. doi: 10.23736/s0392-
0488.18.05791-7

6. Bai X, Mao LL, Chi ZH, Sheng XN, Cui CL, Kong Y, et al. BRAF inhibitors:
efficacious and tolerable in BRAF-mutant acral and mucosal melanoma.
Neoplasma (2017) 64(4):626–32. doi: 10.4149/neo_2017_419

7. Curtin JA, Busam K, Pinkel D, Bastian BC. Somatic activation of KIT in
distinct subtypes of melanoma. J Clin Oncol (2006) 24(26):4340–6.
doi: 10.1200/jco.2006.06.2984

8. Guo J, Si L, Kong Y, Flaherty KT, Xu X, Zhu Y, et al. open-label, single-arm
trial of imatinib mesylate in patients with metastatic melanoma harboring c-
Kit mutation or amplification. J Clin Oncol (2011) 29(21):2904–9.
doi: 10.1200/jco.2010.33.9275
9. Li J, Kan H, Zhao L, Sun Z, Bai C. Immune checkpoint inhibitors in advanced
or metastatic mucosal melanoma: a systematic review. Ther Adv Med Oncol
(2020) 12:1758835920922028. doi: 10.1177/1758835920922028

10. Moher D, Liberati A, Tetzlaff J, Altman DG, Grp P. Preferred Reporting Items
for Systematic Reviews and Meta-Analyses: The PRISMA Statement. PloS
Med (2009) 6(7):264–9, w64. doi: 10.1371/journal.pmed.1000097

11. Yamazaki N, Kiyohara Y, Uhara H, Tsuchida T, Maruyama K, Shakunaga N,
et al. Real-world safety and efficacy data of ipilimumab in Japanese radically
unresectable malignant melanoma patients: A postmarketing surveillance.
J Dermatol (2020) 47:834–48. doi: 10.1111/1346-8138.15388

12. Shaw H, Larkin J, Corrie P, Ellis S, Nobes J, Marshall E, et al. Ipilimumab for
advanced melanoma in an expanded access programme (EAP): ocular,
mucosal and acral subtype UK experience. Ann Oncol (2012) 23:ix374–.
doi: 10.1093/annonc/mds404

13. Johnson DB, Peng C, Abramson RG, Ye F, Zhao S, Wolchok JD, et al.
Clinical Activity of Ipilimumab in Acral Melanoma: A Retrospective
Review. Oncologist (2015) 20(6):648–52. doi: 10.1634/theoncologist.2014-
0468

14. Saberian C, Ludford K, Roszik J, Gruschkus S, Johnson DH, Bernatchez C,
et al. Analysis of tumor mutation burden (TMB), PD-L1 status and clinical
outcomes with checkpoint inhibitors (CPI) in acral melanoma (AM). Pigment
Cell Melanoma Res (2020) 33(1):226–7. doi: 10.1111/pcmr.12834

15. Hafliger EM, Ramelyte E, Mangana J, Kunz M, Kazakov DV, Dummer R, et al.
Metastatic acral lentiginous melanoma in a tertiary referral center in
Switzerland: a systematic analysis. Melanoma Res (2018) 28(5):442–50.
doi: 10.1097/cmr.0000000000000465

16. Zaremba A, Murali R, Jansen P, Moller I, Sucker A, Paschen A, et al. Clinical
and genetic analysis of melanomas arising in acral sites. Eur J Cancer (2019)
119:66–76. doi: 10.1016/j.ejca.2019.07.008
December 2020 | Volume 10 | Article 602705

https://www.frontiersin.org/articles/10.3389/fonc.2020.602705/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2020.602705/full#supplementary-material
https://doi.org/10.1111/jocd.13737
https://doi.org/10.1016/j.semcancer.2019.10.017
https://doi.org/10.1007/s11864-019-0607-8
https://doi.org/10.1007/s11864-019-0607-8
https://doi.org/10.1038/labinvest.2016.143
https://doi.org/10.23736/s0392-0488.18.05791-7
https://doi.org/10.23736/s0392-0488.18.05791-7
https://doi.org/10.4149/neo_2017_419
https://doi.org/10.1200/jco.2006.06.2984
https://doi.org/10.1200/jco.2010.33.9275
https://doi.org/10.1177/1758835920922028
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1111/1346-8138.15388
https://doi.org/10.1093/annonc/mds404
https://doi.org/10.1634/theoncologist.2014-0468
https://doi.org/10.1634/theoncologist.2014-0468
https://doi.org/10.1111/pcmr.12834
https://doi.org/10.1097/cmr.0000000000000465
https://doi.org/10.1016/j.ejca.2019.07.008
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zheng et al. Immune Checkpoint Inhibitors for Acral Melanoma
17. Nathan P, Ascierto PA, Haanen J, Espinosa E, Demidov L, Garbe C, et al.
Safety and efficacy of nivolumab in patients with rare melanoma subtypes who
progressed on or after ipilimumab treatment: a single-arm, open-label, phase
II study (CheckMate 172). Eur J Cancer (2019) 119:168–78. doi: 10.1016/
j.ejca.2019.07.010

18. Yamazaki N, Kiyohara Y, Uhara H, Uehara J, Fujisawa Y, Takenouchi T, et al.
Long-term follow up of nivolumab in previously untreated Japanese patients
with advanced or recurrent malignant melanoma. Cancer Sci (2019) 110
(6):1995–2003. doi: 10.1111/cas.14015

19. Maeda T, Yoshino K, Nagai K, Oaku S, Kato M, Hiura A, et al. Efficacy of
nivolumab monotherapy against acral lentiginous melanoma and mucosal
melanoma in Asian patients. Br J Dermatol (2019) 180(5):1230–1.
doi: 10.1111/bjd.17434

20. Si L, Zhang X, Shu Y, Pan H, Wu D, Liu J, et al. A Phase Ib Study of
Pembrolizumab as Second-Line Therapy for Chinese Patients With Advanced
or Metastatic Melanoma (KEYNOTE-151). Transl Oncol (2019) 12(6):828–35.
doi: 10.1016/j.tranon.2019.02.007

21. Tang B, Yan X, Sheng X, Si L, Cui C, Kong Y, et al. Safety and clinical activity
with an anti-PD-1 antibody JS001 in advanced melanoma or urologic cancer
patients. J Hematol Oncol (2019) 12(1):7. doi: 10.1186/s13045-018-0693-2

22. Tang B, Chi Z, Chen YB, Liu X, Wu D, Chen J, et al. Safety, Efficacy and
Biomarker Analysis of Toripalimab in previously treated advanced melanoma:
results of the POLARIS-01 multicenter phase II trial. Clin Cancer Res (2020)
26:5048. doi: 10.1158/1078-0432.Ccr-19-3922

23. Nakamura Y, Namikawa K, Yoshino K, Yoshikawa S, Uchi H, Goto K, et al.
Anti-PD1 checkpoint inhibitor therapy in acral melanoma: A multicentre
study of 193 Japanese patients. Ann Oncol Off J Eur Soc Med Oncol (2020)
31:1198–206. doi: 10.1016/j.annonc.2020.05.031

24. Betof Warner A, Palmer JS, Shoushtari AN, Goldman DA, Panageas KS,
Hayes SA, et al. Long-Term Outcomes and Responses to Retreatment in
Patients With Melanoma Treated With PD-1 Blockade. J Clin Oncol (2020)
38:Jco1901464. doi: 10.1200/jco.19.01464

25. Shoushtari AN, Munhoz RR, Kuk D, Ott PA, Johnson DB, Tsai KK, et al. The
efficacy of anti-PD-1 agents in acral and mucosal melanoma. Cancer (2016)
122(21):3354–62. doi: 10.1002/cncr.30259

26. Zhao L, Yang Y, Ma B, Li W, Li T, Han L, et al. Factors Influencing the Efficacy
of Anti-PD-1 Therapy in Chinese Patients with Advanced Melanoma. J Oncol
(2019) 2019:6454989. doi: 10.1155/2019/6454989

27. Namikawa K, Kiyohara Y, Takenouchi T, Uhara H, Uchi H, Yoshikawa S,
et al. Efficacy and safety of nivolumab in combination with ipilimumab in
Japanese patients with advanced melanoma: An open-label, single-arm,
multicentre phase II study. Eur J Cancer (2018) 105:114–26. doi: 10.1016/
j.ejca.2018.09.025

28. Kato J, Hida T, Someya M, Sato S, Sawada M, Horimoto K, et al. Efficacy of
combined radiotherapy and anti-programmed death 1 therapy in acral andmucosal
melanoma. J Dermatol (2019) 46(4):328–33. doi: 10.1111/1346-8138.14805

29. Nakamura Y, Namikawa K, Yoshino K, Yoshikawa S, Uchi H, Goto K, et al.
Real-world efficacy of anti-PD-1 antibodies in advanced acral melanoma
patients: A retrospective, multicenter study (JAMP study). J Clin Oncol (2019)
37:9529. doi: 10.1200/JCO.2019.37.15_suppl.9529

30. Pasquali S, Hadjinicolaou AV, Chiarion Sileni V, Rossi CR, Mocellin S. Systemic
treatments for metastatic cutaneous melanoma. Cochrane Database Syst Rev
(2018) 2:Cd011123. doi: 10.1002/14651858.CD011123.pub2

31. Wolchok JD, Chiarion-Sileni V, Gonzalez R, Rutkowski P, Grob JJ, Cowey CL,
et al. Overall Survival with Combined Nivolumab and Ipilimumab in
Advanced Melanoma. N Engl J Med (2017) 377(14):1345–56. doi: 10.1056/
NEJMoa1709684

32. Liniker E, Menzies AM, Kong BY, Cooper A, Ramanujam S, Lo S, et al.
Activity and safety of radiotherapy with anti-PD-1 drug therapy in patients
with metastatic melanoma. Oncoimmunology (2016) 5(9):e1214788.
doi: 10.1080/2162402x.2016.1214788

33. Filippi AR, Fava P, Badellino S, Astrua C, Ricardi U, Quaglino P. Radiotherapy
and immune checkpoints inhibitors for advanced melanoma. Radiother Oncol
(2016) 120(1):1–12. doi: 10.1016/j.radonc.2016.06.003

34. Lugade AA, Moran JP, Gerber SA, Rose RC, Frelinger JG, Lord EM. Local
Radiation Therapy of B16 Melanoma Tumors Increases the Generation of
Tumor Antigen-Specific Effector Cells That Traffic to the Tumor. J Immunol
(2005) 174(12):7516–23. doi: 10.4049/jimmunol.174.12.7516
Frontiers in Oncology | www.frontiersin.org 9
35. Gorski DH, Leal AD, Goydos JS. Differential expression of vascular
endothelial growth factor-A isoforms at different stages of melanoma
progression. J Am Coll Surg (2003) 197(3):408–18. doi: 10.1016/s1072-7515
(03)00388-0

36. Wen X, Ding Y, Li J, Zhao J, Peng R, Li D, et al. The experience of immune
checkpoint inhibitors in Chinese patients with metastatic melanoma: a
retrospective case series. Cancer Immunol Immunother (2017) 66(9):1153–
62. doi: 10.1007/s00262-017-1989-8

37. Furney SJ, Turajlic S, Stamp G, Thomas JM, Hayes A, Strauss D, et al. The
mutational burden of acral melanoma revealed by whole-genome sequencing
and comparative analysis. Pigment Cell Melanoma Res (2014) 27(5):835–8.
doi: 10.1111/pcmr.12279

38. Hayward NK, Wilmott JS, Waddell N, Johansson PA, Field MA, Nones K,
et al. Whole-genome landscapes of major melanoma subtypes. Nature (2017)
545(7653):175–80. doi: 10.1038/nature22071

39. Krauthammer M, Kong Y, Ha BH, Evans P, Bacchiocchi A, McCusker JP, et al.
Exome sequencing identifies recurrent somatic RAC1 mutations in
melanoma. Nat Genet (2012) 44(9):1006–14. doi: 10.1038/ng.2359

40. Snyder A, Makarov V, Merghoub T, Yuan J, Zaretsky JM, Desrichard A, et al.
Genetic basis for clinical response to CTLA-4 blockade in melanoma. N Engl J
Med (2014) 371(23):2189–99. doi: 10.1056/NEJMoa1406498

41. Yarchoan M, Hopkins A, Jaffee EM. Tumor Mutational Burden and Response
Rate to PD-1 Inhibition. N Engl J Med (2017) 377(25):2500–1. doi: 10.1056/
NEJMc1713444

42. Cristescu R, Mogg R, Ayers M, Albright A, Murphy E, Yearley J, et al. Pan-tumor
genomic biomarkers for PD-1 checkpoint blockade-based immunotherapy. Science
(2018) 362(6411):eaar3593. doi: 10.1126/science.aar3593

43. Xu-Monette ZY, Zhang M, Li J, Young KH. PD-1/PD-L1 Blockade: Have We
Found the Key to Unleash the Antitumor Immune Response? Front Immunol
(2017) 8:1597:1597. doi: 10.3389/fimmu.2017.01597

44. Kaunitz GJ, Cottrell TR, Lilo M, Muthappan V, Esandrio J, Berry S, et al.
Melanoma subtypes demonstrate distinct PD-L1 expression profiles. Lab
Invest (2017) 97(9):1063–71. doi: 10.1038/labinvest.2017.64

45. Havel JJ, Chowell D, Chan TA. The evolving landscape of biomarkers for
checkpoint inhibitor immunotherapy. Nat Rev Cancer (2019) 19(3):133–50.
doi: 10.1038/s41568-019-0116-x

46. Daud AII, Wolchok JD, Robert C, Hwu WJ, Weber JS, Ribas A, et al.
Programmed Death-Ligand 1 Expression and Response to the Anti-
Programmed Death 1 Antibody Pembrolizumab in Melanoma. J Clin Oncol
(2016) 34(34):4102–9. doi: 10.1200/jco.2016.67.2477

47. Castaneda CA, Torres-Cabala C, Castillo M, Villegas V, Casavilca S, Cano L,
et al. Tumor infiltrating lymphocytes in acral lentiginous melanoma: a study
of a large cohort of cases from Latin America. Clin Transl Oncol (2017) 19
(12):1478–88. doi: 10.1007/s12094-017-1685-3

48. Park CK, Kim SK. Clinicopathological significance of intratumoral and
peritumoral lymphocytes and lymphocyte score based on the histologic
subtypes of cutaneous melanoma. Oncotarget (2017) 8(9):14759–69.
doi: 10.18632/oncotarget.14736

49. Wei X, Wu D, Li H, Zhang R, Chen Y, Yao H, et al. The Clinicopathological
and Survival Profiles Comparison Across Primary Sites in Acral Melanoma.
Ann Surg Oncol (2020) 27:3478–85. doi: 10.1245/s10434-020-08418-5

50. Tang B, Chi Z, Guo J. Toripalimab for the treatment of melanoma. Expert
Opin Biol Ther (2020) 20:863–9. doi: 10.1080/14712598.2020.1762561

51. Yu J, Xie Y, Wu X, Cheng Z, Yin T, Guo J, et al. Targeting cancer-associated
fibroblasts synergizes with anti-PD-1 immunotherapy in advanced acral
melanoma. Pigment Cell Melanoma Res (2020) 33(1):196–7. doi: 10.1111/
pcmr.12834

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

Copyright © 2020 Zheng, Li, Zhang, Wang and Zhang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
December 2020 | Volume 10 | Article 602705

https://doi.org/10.1016/j.ejca.2019.07.010
https://doi.org/10.1016/j.ejca.2019.07.010
https://doi.org/10.1111/cas.14015
https://doi.org/10.1111/bjd.17434
https://doi.org/10.1016/j.tranon.2019.02.007
https://doi.org/10.1186/s13045-018-0693-2
https://doi.org/10.1158/1078-0432.Ccr-19-3922
https://doi.org/10.1016/j.annonc.2020.05.031
https://doi.org/10.1200/jco.19.01464
https://doi.org/10.1002/cncr.30259
https://doi.org/10.1155/2019/6454989
https://doi.org/10.1016/j.ejca.2018.09.025
https://doi.org/10.1016/j.ejca.2018.09.025
https://doi.org/10.1111/1346-8138.14805
https://doi.org/10.1200/JCO.2019.37.15_suppl.9529
https://doi.org/10.1002/14651858.CD011123.pub2
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1056/NEJMoa1709684
https://doi.org/10.1080/2162402x.2016.1214788
https://doi.org/10.1016/j.radonc.2016.06.003
https://doi.org/10.4049/jimmunol.174.12.7516
https://doi.org/10.1016/s1072-7515(03)00388-0
https://doi.org/10.1016/s1072-7515(03)00388-0
https://doi.org/10.1007/s00262-017-1989-8
https://doi.org/10.1111/pcmr.12279
https://doi.org/10.1038/nature22071
https://doi.org/10.1038/ng.2359
https://doi.org/10.1056/NEJMoa1406498
https://doi.org/10.1056/NEJMc1713444
https://doi.org/10.1056/NEJMc1713444
https://doi.org/10.1126/science.aar3593
https://doi.org/10.3389/fimmu.2017.01597
https://doi.org/10.1038/labinvest.2017.64
https://doi.org/10.1038/s41568-019-0116-x
https://doi.org/10.1200/jco.2016.67.2477
https://doi.org/10.1007/s12094-017-1685-3
https://doi.org/10.18632/oncotarget.14736
https://doi.org/10.1245/s10434-020-08418-5
https://doi.org/10.1080/14712598.2020.1762561
https://doi.org/10.1111/pcmr.12834
https://doi.org/10.1111/pcmr.12834
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Immune Checkpoint Inhibitors in Advanced Acral Melanoma: A Systematic Review
	Introduction
	Materials and Methods
	Literature Search
	Data Collection and Analysis

	Results
	Anti-CTLA-4 Immunotherapy
	Anti-PD-1 Immunotherapy
	Combination Therapy of Anti-CTLA-4 and Anti-PD-1 Monoclonal Antibodies
	Combination Therapy of Anti-PD-1 Immunotherapy and Radiotherapy

	Discussion
	Anti-CTLA-4 Monotherapy and Anti-PD-1 Monotherapy
	Combination Therapy of Anti-CTLA-4 and Anti-PD-1 Immunotherapy
	Combination Therapy of Anti-PD-1 Immunotherapy and Radiotherapy
	Combination Therapy of Tyrosine Kinase Inhibitor and ICIs
	Different Effects of ICIs in AM and Non-Acral Cutaneous Melanoma
	Limitations and Prospects

	Conclusions
	Author Contributions
	Supplementary Material
	References



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

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


