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ABSTRACT

PURPOSE Adjuvant anti–PD-1 (adj PD-1) antibodies are extensively used to improve
survival in patients with resected melanoma. Clinical trials on adj PD-1 anti-
bodies have revealed significant improvements in recurrence-free survival
(RFS); however, few of these trials have included patients with acral
melanoma (AM).

METHODS Clinical data were retrospectively collected from Japanese patients who un-
derwent resection of stage III sole AM between 2014 and 2021. Survival out-
comes, including RFS, distant metastasis-free survival (DMFS), and overall
survival (OS), were compared between patients without adjuvant therapy (OBS
group) and those receiving adj PD-1 group.

RESULTS This study included 139 patients (OBS: 79; adj PD-1: 60), with a median follow-
up of 2.6 years. The baseline characteristics were comparable, except for age and
nodal metastasis. No significant differences in survival were observed between
the OBS and adj PD-1 groups (3-year RFS: 36.7% v 27.5%, P 5 .13; 3-year DMFS:
51.0% v45.3%, P 5 .51; 3-year OS: 65.3% v67.4%, P 5 .45).Multivariate analysis
showed no survival benefit of adj PD-1 (RFS: hazard ratio [HR], 1.25, P 5 .29;
DMFS: HR, 1.03, P 5 .89; and OS: HR, 0.69, P 5 .23). Each survival outcome after
propensity score matching confirmed no significant difference between the
matched OBS group (n 5 52) and adj PD-1 group (n 5 52; 3-year RFS: 34.3% v
25.9%, P 5 .22; 3-year DMFS: 45.6% v 46.5%, P 5 .85; 3-year OS: 60.7% v
68.9%, P 5 .29).

CONCLUSION Adj PD-1 did not improve the prognosis in sole AM. However, further studies are
essential to evaluate the efficacy of the adj anti–PD-1 antibody in AM.

INTRODUCTION

Melanoma is one of the most lethal malignant neoplasms in
dermatologic oncology. Previously, surgery was the only
effective treatment; however, the introduction of new
therapeutic agents, including molecular-targeted therapies
and immune checkpoint inhibitors (ICIs), has significantly
improved the prognosis of melanoma in advanced stages.1-3

These treatments also enhance survival in patients with
postoperative stage IIB to IV melanoma in the adjuvant
setting.4-6

Acral melanoma (AM) is a clinical subtype of melanoma that
is common inAsians but rare in Caucasians.7 The incidence of
AM is reported to be 40%-70% in Asians and 1%-7% in
Caucasians.8 Therefore, in both advanced and adjuvant
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settings, limited cases of AMwere included inmajor phase III
clinical trials analyzing the clinical efficacy of these agents
particularly in Western countries.1-4,6,9-12 In the CheckMate
238 and KEYNOTE-716 trials, which investigated the anti–
PD-1 antibodies (nivolumab and pembrolizumab), patients
with AM accounted for only 5% (34 of 672 patients) and 5%
(51 of 976 patients), respectively.11,12 The subgroup analysis
in CheckMate 238 indicated no survival benefit of adjuvant
nivolumab compared with ipilimumab in the AM cohort
(hazard ratio [HR], 1.04, 95% CI, 0.49 to 2.22), with no data
on AM available from KEYNOTE-054.9 Given its rarity,
conducting prospective studies on AM is challenging,
making the efficacy of adjuvant anti–PD-1 (adj PD-1) in the
real-world setting crucial for guiding clinical decisions re-
garding adjuvant therapy.

Regarding genetic analysis, the tumor mutation burden
(TMB) of AM is lower than that of nonacral cutaneous
melanoma,which arises in sun-exposed areas. Furthermore,
the frequency of structural variants is higher in AM than in
non-AM.13 TMB is highly associated with the response to
ICIs, with tumors showing higher efficacy with ICI
treatment.14

Several retrospective studies have revealed that the efficacy
of ICIs in advanced melanoma varies depending on the
clinical subtype.15-21 Anti–PD-1 antibody–based therapy is
reported to be less effective for AM than for nonacral cu-
taneous melanoma.15-19 Although the efficacy of ICIs is
limited in advanced AM, there is a knowledge gap specific to
the adjuvant setting in this population. Recent retrospec-
tive studies have indicated that adj PD-1 is less effective in
AM than in nonacral cutaneous melanoma.22-24 Although
these study results raise the clinical question of whether
ICIs significantly prolong survival compared with no ad-
juvant treatment. However, very few studies have compared
the efficacy of adjuvant ICIs with that of no adjuvant
treatment for AM.25-27 We retrospectively investigated the

impact of adj PD-1 on the survival outcomes of patients
with sole AM.

METHODS

Patients and Study Design

We retrospectively collected the clinical data from the
electronic medical records of patients with stage III resected
sole AM across 44 Japanese institutions. All patients un-
derwent wide local excision (WLE) of the primary tumor and
achieved histologic complete resection of the tumor between
July 2014 and August 2021. Patient ages at the time of surgery
ranged from 20 to 90 years. Patients who underwent am-
putation were excluded. TNM staging was performed in
accordance with the American Joint Committee on Cancer
(8th edition). Data collected included age, sex, Breslow
thickness (BT), ulceration status of the primary tumor, nodal
metastasis, sentinel lymph node biopsy (SLNB), complete
lymph node dissection (CLND), substage, and adjuvant
therapy. Prognosiswas compared between two groups: those
without adjuvant therapy (OBS group) and those who re-
ceived adj PD-1 (adj PD-1 group). The second group included
patients who received at least one cycle of adj PD-1 regimen.
Adverse events (AEs) were graded on the basis of the Na-
tional Cancer Institute Common Terminology Criteria for
Adverse Events, version 5.0. This study was approved by the
local institutional ethics board (IRB No.2023-022). Informed
consent was waived owing to the retrospective nature of the
study and the use of anonymized data. All research proce-
dures were performed according to the principles of the
Declaration of Helsinki.

Efficacy Assessment

The primary outcome measures were recurrence-free sur-
vival (RFS) and distantmetastasis-free survival (DMFS). The
secondary outcome measure was overall survival (OS). RFS,

CONTEXT

Key Objective
We aimed to analyze survival differences between patients with sole acral melanoma (AM) who did not receive adjuvant
therapy (OBS group) and those who received adj PD-1 (adj PD-1 group).

Knowledge Generated
After propensity score matching, the Kaplan-Meier analysis demonstrated no significant differences in recurrence-free
survival, distant metastasis-free survival, and overall survival (OS) between the matched OBS and adj PD-1 groups (3-year
recurrence-free survival: 34.3% v 25.9%, P 5 .22; 3-year distant metastasis-free survival: 45.6% v 46.5%, P 5 .85; and 3-year
OS: 60.7% v 68.9%, P 5 .29).

Relevance
Adj PD-1 therapy did not improve the prognosis in patients with sole AM. Careful consideration is required when ad-
ministering this therapy in clinical practice.
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DMFS, and OS were defined as the time from WLE until new
radiologic or clinical development of any tumor (RFS),
distant metastasis (DMFS), death from any cause (RFS,
DMFS, and OS), or last follow-up (RFS, DMFS, and OS).

Statistical Analyses

We compared the baseline characteristics between the OBS
and adj PD-1 groups using Fisher’s exact test for categorical
variables and the Mann-Whitney U test for continuous
variables. Treatment outcomes were estimated using the
Kaplan-Meier analysis and compared between the two
groups. One-year and 3-year survival times, along with 95%
CI, were provided for each outcome. A Cox multivariate
analysis was performed, including age, sex, BT, ulceration
status, nodal metastasis, CLND, and adjuvant therapy. HR
and P values were reported for each variable. Propensity
score matching (PSM) was used to balance baseline patient
characteristics—age, sex, BT, ulceration status, nodal me-
tastasis, and adjuvant therapy—between the two groups in a
1:1 ratio. After PSM, survival differences were evaluated
using Kaplan-Meier analysis. All statistical analyses were
performed using EZR version 1.63 (Saitama Medical Center,
Jichi Medical University, Saitama, Japan), an adjusted ver-
sion of R commander.28 Statistical significance was defined
as a two-sided P value of <.05.

RESULTS

Baseline Characteristics

This study included 139 patients (OBS group: 79, adj PD-1
group: 60) with resected sole AM and a median follow-up
period of 2.6 years (OBS group: 2.5 years; adj PD-1 group: 2.7
years; Table 1, Fig 1). The median patient age was 73 years in
the entire cohort. The OBS group included significantly older
patients than the adj PD-1 group (age ≥65 years: 87% v 72%,
P 5 .03). A significant difference in nodal metastasis was
observed (N1: 48% v 48%, N2: 39% v 23%, N3: 13% v 28%,
P 5 .03). No significant differences were found between the
two groups regarding BT, ulceration status, SLNB, CLND, or
substage (Table 1). In the adj PD-1 group, nivolumab was
administered to 34 patients and pembrolizumab to 26 pa-
tients. Twenty-seven patients (45%) completed 12 months
of adjuvant therapy (median duration: 11.5 months,
interquartile range: 4.0-12.0 months). The main reasons for
treatment discontinuation were disease recurrence (17 pa-
tients, 28%) and toxicity (eight patients, 13%).

RFS, DMFS, and OS

No significant differences were found in RFS, DMFS, or OS
between the OBS and adj PD-1 groups (1- and 3-year RFS:
58.9% v 55.0% and 36.7% v 27.5%, P 5 .13; 1- and 3-year
DMFS: 79.4% v 76.5% and 51.0% v 45.3%, P 5 .51; 1- and
3-year OS: 95.9% v 96.6% and 65.3% v 67.4%, P 5 .45;
Figs 2A–2C).

Cox Multivariate Analysis in Terms of RFS, DMFS,
and OS

A higher BT negatively affected DMFS and OS (DMFS: HR,
1.08 [95% CI, 1.02 to 1.61]; P 5 .008; OS: HR, 1.09 [95% CI,
1.01 to 1.18]; P 5 .02). Other variables, including age, sex,
primary tumor ulceration, and CLND, were not associated
with RFS, DMFS, or OS. Similarly, adj PD-1 did not posi-
tively affect survival outcomes (RFS: HR, 1.25 [95% CI,
0.82 to 1.90]; P 5 .29; DMFS: HR, 1.03 [95% CI, 0.63 to
1.66]; P 5 .69; OS: HR, 0.69 [95% CI, 0.38 to 1.26]; P 5 .23;
Table 2).

Survival Outcomes After PSM

After PSM on the basis of baseline characteristics, except for
TNM stage, 52 patients from the OBS and adj PD-1 groups
were identified as matched cohorts (Table 3). No significant
differences in survival outcomes were observed between the

TABLE 1. Baseline Characteristics

Variable OBS Group Adj PD-1 Group P

Total, No. 79 60

Age, years, No. (%)

<65 10 (13) 17 (28) .03

≥65 69 (87) 43 (72)

Sex, No. (%)

Male 45 (57) 39 (65) .38

Female 34 (43) 21 (35)

Breslow thickness median, mm
(range)

4.90 (0.4-20.0) 4.70 (1.0-24.0) .44

Ulceration, No. (%)

Absent 25 (32) 19 (32) .99

Present 54 (68) 41 (68)

Nodal metastasis, No. (%)

N1 38 (48) 29 (48) .03

N2 31 (39) 14 (23)

N3 10 (13) 17 (28)

SLNB, No. (%)

Not performed 12 (15) 13 (22) .37

Performed 67 (85) 47 (78)

CLND, No. (%)

Not performed 41 (52) 24 (40) .17

Performed 38 (48) 36 (60)

Stage (AJCC 8th), No. (%)

IIIA 6 (8) 3 (5) .22

IIIB 18 (22) 7 (12)

IIIC 47 (60) 39 (65)

IIID 8 (10) 11 (18)

Abbreviations: Adj PD-1, adjuvant PD-1 antibody monotherapy; AJCC,
The American Joint Committee on Cancer; CLND, complete lymph node
dissection; n, number; OBS, observation; SLNB, sentinel lymph node
biopsy.
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two groups (1- and 3-year RFS: 53.6% v 53.8% and 34.3% v
25.9%, P 5 .22; 1- and 3-year DMFS: 74.7% v 78.7% and
45.6% v 46.5%, P5 .85; 1- and 3-year OS: 95.9% v 96.1% and
60.7% v 68.9%, P 5 .29; Figs 3A–3C).

Recurrence Patterns

Recurrence pattern profiles were similar in both matched
groups. The most common recurrence pattern was distant
metastasis (OBS group 42%, adj PD-1 group 61%), followed
by in-transit or satellitemetastasis (OBS group 36%, adj PD-
1 group 40%), regional lymph node metastasis (OBS group
34%, adj PD-1 group 38%), and local recurrence (OBS group
3%, adj PD-1 group 7%; Appendix Table A1).

AEs in the Adj PD-1 Group

In the adj PD-1 group, eight cases of immune-related AEs
(13%) leading to treatment discontinuation were observed:
pneumonitis (Grade [G] 1, one patient; G2, one patient; G3,
one patient), skin disorder (G3, two patients), adrenal gland
dysfunction (G3, one patient), hyperamylasemia (G3, one
patient), and colitis (G1, one patient).

DISCUSSION

In this study, Kaplan-Meier analyses revealed that adj PD-1
did not prolong RFS, DMFS, or OS compared with non-
adjuvant treatment in Japanese patients with sole AM. Cox
multivariate and Kaplan-Meier analyses after PSM also

demonstrated that adj PD-1 therapy did not significantly
affect RFS, DMFS, or OS.

In a phase III randomized trial, CheckMate 238 compared the
efficacy of adjuvant nivolumab and adjuvant ipilimumab.
The adjuvant nivolumab arm demonstrated a significantly
longer RFS in stage IIIB, IIIC, and stage IV resected mela-
nomas (4-year RFS: 51.7% v 41.2%, P < .001).11 However, this
trial did not compare the efficacy of nivolumab with that of
nonadjuvant treatment. Similarly, in the phase III ran-
domized trial KEYNOTE-054, the adjuvant pembrolizumab
arm showed significantly improved RFS than the placebo
arm in resected stage IIIA, IIIB, and IIIC melanomas (3-year
RFS: 63.7% v44.1%, P< .001).9 This result differs from that of
this study. Several retrospective studies suggest that AM
responds less to ICI than nonacral cutaneous melanoma in
advanced stages.15,16 However, whether ICIs are also asso-
ciated with lower responses to AM in adjuvant settings is
unclear, because few studies have investigated the efficacy of
adj PD-1 in AM. No prospective trials focusing on AM exist;
only three retrospective studies have compared survival
between the adj PD-1 group and other comparison groups,
including those with no adjuvant treatment.25-27

Maeda et al reported the efficacy of adjuvant nivolumab in
AM.25 This retrospective study involved 27 Japanese patients
with resected stage III to IV AM (adj PD-1:five patients; other
adjuvant therapies or no adjuvant therapy: 22 patients). The
adj PD-1 did not prolong disease-free survival (DFS; P5 .15).
Although the results of this study are similar to those of this

Assessed for eligibility (N = 248)

Excluded                                                                            (n = 55)
  Cases before July 2014                                                 (n = 49)
  Did not meet the inclusion criteria                                  (n = 6)

Allocated to retrospective planning study (n = 193)

Patients who received adjuvant BRAF/MEK inhibitors (n = 11)
Patients who received adjuvant interferon                    (n = 43)

Analyzed (n = 139)

Enrollment

Allocation

Analysis

Follow-up Follow-up after receiving adjuvant PD-1 antibody (n = 139)

Lost to follow-upa                                                               (n = 0)

FIG 1. Flowchart on enrollment, allocation, follow-up, and analysis of this study. aPatients who never visited a medical
examination after surgery or the initiation of adjuvant therapy. n, number.
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study, the sample size in the adj PD-1 group was extremely
small compared with that in the groups with heterogeneous
treatment modalities, including adjuvant chemotherapy
(four patients), interferon-beta (12 patients), and no adju-
vant treatment (six patients).

Arak et al reported the survival of patients treated with
adjuvant therapies, including anti–PD-1 antibody, com-
pared with those treated without adjuvant treatment in

2024.27 This study included 114 Turkish patients with
resected stage III to IV AM (adj PD-1 antibody, 31 patients;
temozolomide, nine patients; interferon, 19 patients; BRAF/
MEK inhibitors, five patients; without adjuvant therapy, 50
patients). DFS and OS in the patients who received adjuvant
therapies were significantly prolonged than those in the
patientswithout adjuvant therapy (median DFS: 24months v
15 months, P 5 .05; median OS: 71 months v 38 months,
P 5 .02). Cox multivariate analysis showed a positive impact
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FIG 2. Kaplan-Meier survival curves of (A) RFS, (B) DMFS, and (C) OS. No significant differences in RFS, DMFS, or OS were observed between
the patients who did not receive adjuvant therapy (OBS group) and those who received adjuvant anti–PD-1 antibody (adj PD-1 group). DMFS,
distant metastasis-free survival; OS, overall survival; RFS, recurrence-free survival.
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on DFS and OS in adjuvant therapy (DFS: HR, 1.79, P 5 .02;
OS: HR, 2.99, P5 .01). However, univariate analysis revealed
a negative impact of DFS and OS in adj PD-1 compared with
no adjuvant therapy, temozolomide, interferon, or BRAF/
MEK inhibitors (DFS: P 5 .48; OS: P 5 .12). Furthermore, no
survival data comparing patients with adj PD-1 and without
adjuvant therapy were available.

A global retrospective study, conducted by Jacques et al26 in
2024, evaluated the efficacy of adj PD-1–based therapy in
AM. In this study, 330 patients with resected AM were in-
cluded (adj PD-1, 138 patients; without adjuvant therapy, 192
patients). After PSM, prognosis was compared between the
two groups of 138 patients. Patients who received adj PD-1
showed significantly prolonged RFS and OS compared with
those who did not receive adjuvant therapy (RFS, P5 .01; OS,
P 5 .01). To our knowledge, this study is the only one to
compare adj PD-1 with no adjuvant treatment. Although the
results of that studywere different from those of this study, a
severe selection bias was observed between the two groups.
The baseline characteristics between the adj PD-1 and
nonadjuvant therapy groups remained significantly different
at the primary site, even after PSM (palmar area: 2.2% v
78.3%, plantar area: 70.3% v 9.4%, subungual: 26.8% v
12.3%, P < .001). The imbalance in distribution at the primary
site may lead to inaccurate evaluation of the efficacy of

TABLE 2. Cox Multivariate Analysis

Variable

RFS DMFS OS

HR 95% CI P HR 95% CI P HR 95% CI P

Age, years

<65 Ref Ref Ref

≥65 1.37 0.81 to 2.34 .23 1.24 0.67 to 2.29 .48 1.62 0.72 to 3.63 .23

Sex

Male Ref Ref Ref

Female 0.91 0.60 to 1.40 .69 0.68 0.42 to 1.01 .12 0.94 0.53 to 1.68 .85

Breslow thicknessa 1.04 0.97 to 1.13 .20 1.08 1.02 to 1.61 .008 1.09 1.01 to 1.18 .02

Ulceration

Absent Ref Ref Ref

Present 1.01 0.64 to 1.59 .95 1.14 0.69 to 1.89 .58 0.99 0.52 to 1.85 .98

Nodal metastasis

N1 Ref Ref Ref

N2 1.53 0.94 to 2.50 .08 1.19 0.68 to 2.07 .52 1.01 0.51 to 1.99 .97

N3 1.57 0.87 to 2.85 .66 1.48 0.79 to 2.76 .21 1.65 0.76 to 3.60 .20

CLND

Not performed Ref Ref Ref

Performed 1.01 0.65 to 1.57 .93 0.99 0.61 to 1.62 .99 0.97 0.51 to 1.81 .93

Adjuvant therapy

None Ref Ref Ref

Anti–PD-1 ab 1.25 0.82 to 1.90 .29 1.03 0.63 to 1.66 .89 0.69 0.38 to 1.26 .23

Abbreviations: Anti–PD-1 ab, anti–programmed death-1 receptor antibody; CLND, complete lymph node dissection; DMFS, distant metastasis-free
survival; HR, hazard ratio; OS, overall survival; RFS; recurrence-free survival; Ref, reference.
aContinuous category.

TABLE 3. Baseline Characteristics After Propensity Score Matching

Variable OBS Group Adj PD-1 Group P

Total, No. 52 52

Age, years, No. (%)

<65 10 (19) 9 (17) .99

≥65 42 (81) 43 (83)

Sex, No. (%)

Male 33 (64) 33 (64) .99

Female 19 (36) 19 (36)

Breslow thickness median, mm
(range)

5.00 (1.0-20.0) 4.70 (1.6-24.0) .88

Ulceration, No. (%)

Absent 16 (31) 15 (29) .99

Present 36 (69) 37 (71)

Nodal metastasis, No. (%)

N1 23 (45) 27 (52) .22

N2 21 (40) 13 (25)

N3 8 (15) 12 (23)

CLND, No. (%)

Not performed 26 (50) 22 (42) .55

Performed 26 (50) 30 (58)

Abbreviations: Adj PD-1, adjuvant PD-1 antibody monotherapy; CLND,
complete lymph node dissection; n, number; OBS, observation.
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adjuvant ICI therapies. Several retrospective studies with
larger sample sizes indicate different clinical efficacies of
ICIs between subungual AM and palm and sole AM in ad-
vanced settings.

Nakamura et al19 reported that the objective response rate of
anti–PD-1 antibody in subungual AMwas significantly lower
than that in palm and sole AM (8% v 21%, P 5 .008), and OS
was significantly shorter in subungual AM (median OS:

3.3 months v 4.1 months, P 5 .003). These results suggest
that the efficacy of adj PD-1 in subungual AM and palm and
sole AM should be analyzed separately in the adjuvant set-
ting. The different periods of patient selection between the
two groups in this study may have had a significant impact
on the differences in prognosis.26 Patients who received adj
PD-1 from the time of availability of anti–PD-1 antibodies as
adjuvant therapy until November 2021 were included in this
study. Patients who were diagnosed between 1994 and 2018,
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and did not receive adjuvant therapy were included as
controls. The latter group included many patients who un-
derwent different surgical treatments and had few oppor-
tunities to receive ICIs as the disease progressed. The
patients’ heterogeneous ethnicity, including Caucasians,
East Asians, Southeast Asians, Hispanics, and Africans, may
have influenced survival and led to a difficult interpretation
of the study results.

To overcome the selection bias and heterogeneity of cohorts
in previous studies, our study targeted East Asian (Japanese)
patients with only sole AM. Additionally, we set the patient
selection period for inclusion in this study to July 2014, when
nivolumab was approved in Japan as the first ICI for ad-
vanced melanoma. This would lead to equal opportunities to
use ICIs in both patient groups when they progress to an
advanced stage.

This study did not include patients who underwent ampu-
tation. The current surgical standard of care for primary
region of sole AM is WLE without amputation. Bulky and

deep-penetrating primary disease that requires amputation
is extremely rare, and ICIs are usually used for limb pres-
ervation in unresectable cases.29

Our study has several limitations. First, we focused on East
Asian patients with only sole AM, and the efficacy of adj PD-1
in other forms of AM, such as palmar and subungual AM, or
in different ethnic groups, remains unclear. Second, the
follow-up period was limited because nivolumab and
pembrolizumabwere approved for use in Japan between 2018
and 2021, respectively. Finally, we did not collect detailed
treatment information after the patients progressed to an
advanced stage.

In conclusion, despite these limitations, this study did not
demonstrate a survival benefit of adj PD-1 in contrast to no
adjuvant treatment in Japanese patients with resected stage
III sole AM, thus contradicting the findings of a previous
study.26 Although further studies are needed to validate the
use of adjuvant ICI for AM, adj PD-1 therapy should be used
with caution, at least in East Asian patients with sole AM.
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APPENDIX

TABLE A1. Pattern of Recurrence in the OBS and Adj PD-1 Groups After Propensity Score Matching

Group Local Recurrence, No. (%)
In-Transit or Satellite Metasta-

sis, No. (%)
Regional Lymph Node Metasta-

sis, No. (%) Distant Metastasis, n (%)

OBS group (n 5 52) 2 (3) 19 (36) 18 (34) 22 (42)

Adj PD-1 group (n 5 52) 4 (7) 21 (40) 20 (38) 32 (61)

Abbreviations: Adj PD-1, adjuvant PD-1 antibody monotherapy; n, number; OBS, observation.
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