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Opinion statement

In recent years, the number of patients with malignant melanoma has continued to
increase globally; surgery remains the first treatment option for patients with
resectable melanoma. Adjuvant therapy for patients with stage III and IV melanoma
following surgical resection has gradually been approved. After complete resection,
these patients can probably derive significant benefit from adjuvant therapy. New
treatments that improve the long-term survival of patients with unresectable ad-
vanced or metastatic melanoma are currently under evaluation in adjuvant therapy
to increase relapse-free survival and overall survival. We here review several relevant
clinical trials of radiotherapy, systemic immune therapies, molecular-targeted ther-
apies, and neoadjuvant therapies in order to shed light on most suitable adjuvant
therapy. The findings of this review include the following: The use of interferon-α2b
will be restricted for patients with ulcerated primary melanoma in countries with no
access to new drugs in adjuvant therapy. Ipilimumab should not be considered as
the first-line therapy due to its lower efficacy and severe toxicity. The use of anti-
programmed death-1 antibody would be a relevant adjuvant therapy for patients
without BRAF mutation. If the BRAF mutation status is positive, the combination of
dabrafenib and trametinib is a plausible option. The establishment of appropriate
therapeutic planning and clinical endpoints in adjuvant therapy should affect the
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standard of care. The choice of optimal adjuvant therapy for individual patients is
an important issue.

Introduction

In recent years, the number of patients with malignant
melanoma has continued to increase globally; surgery
remains the first option of treatment for patients with
resectable melanoma [1]. Owing to disease relapse and
poor prognosis following resection amongmost of these
patients, there was an obvious need to improve the
option of adjuvant therapy for melanoma. Since 2011,
multiple new treatment options including immune
checkpoint inhibitors and molecular inhibitors of the
mitogen-activated protein kinase (MAPK) pathway have
improved the treatment responses and long-term surviv-
al of patients with unresectable advanced or metastatic
melanoma [2–8, 9•, 10–14]. In adjuvant therapy for

patients with resected high-risk melanoma, these treat-
ments also showed favorable outcomes [15, 16••, 17••,
18••, 19]. However, whether melanoma patients fol-
lowing resection should receive adjuvant therapy de-
pends on multiple factors, such as the specific character
of the tumor, presence of melanoma genome mutation,
risks associated with treatment, and their individual
ability to tolerate treatment [20]. In this review, which
includes findings of completed and ongoing clinical
trials, we examine both the validity of adjuvant therapy
in this clinical setting and preferable options of such
therapy that are now available.

Radiotherapy

Radiotherapy is provided for patients with unresectable mucosal melanoma or
limited brain, visceral, or bone metastasis [21–26]. In the ANZMTG 01.02/
TROG 02.01 randomized controlled trial (RCT), 250 melanoma patients who
had a high risk of relapse were randomly assigned to adjuvant radiotherapy or
observation, the results of which were then evaluated [27, 28]. Patients had
undergone complete lymphadenectomy for metastases to the cervical, inguinal,
or axillary lymph nodes, and were at high risk of relapse in the multiple
involved lymph nodes and large nodes, alongwith the presence of extracapsular
extension of the tumor. At a median follow-up of 73 months, relapse in the
lymph-node field had occurred at a rate of 21% in the adjuvant radiotherapy
group compared with 36% in the observation group (HR 0.54; 95% CI 0.33–
0.89; P = 0.021). However, overall survival (OS) (HR 1.27; 95% CI 0.89–1.79;
P = 0.21) and relapse-free survival (RFS) (HR 0.89; 95% CI 0.65–1.22; P = 0.51)
did not differ between the two groups. Radiotherapy commonly caused fibrosis
of the skin or subcutaneous tissue, pain, nerve damage, and increased lower
limb volume as the predominant toxic effects; 22% of patients in the adjuvant
radiotherapy group had grade 3–4 toxic effects. These findings suggested that
the risk of relapse in the lymph-node field would be reduced by adjuvant
radiotherapy following resection. A few trials suggested that adjuvant radiother-
apy following resection had an effect on OS [29], but most trials failed to show
prolonged OS [30–35]. However, these trials were conducted before the era of
molecular-targeted therapy or immune therapy, when interferon was the only
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treatment modality in the setting of adjuvant use; moreover, the efficacy of
radiation therapy in combination with molecular-targeted therapy or immune
therapy has yet to be elucidated.

Immune therapy
Interferon

High-dose interferon-α2b (IFN-α2b) adjuvant therapy for melanoma patients
at stage IIB/III showed benefits on both RFS andOS in the ECOG1684 trial [36].
In comparison with observation alone, high-dose IFN-α2b (20 MU/m2/day
intravenously 5 days per week for 1 month and then 10 MU/m2 subcutane-
ously 3 days per week for 48 weeks) significantly improved 5-year RFS (37%
versus 26%) and OS (46% versus 37%) [36]. As a result of this, high-dose IFN-
α2b was approved as adjuvant therapy for the treatment of high-risk melanoma
by the US Food and Drug Administration (FDA) in 1996 [36]. High-dose IFN-
α2bwas used as the standard adjuvant therapy for high-riskmelanoma inmany
countries until adjuvant ipilimumab was approved in 2015. After a median
follow-up of 12.6 years, an RFS benefit associated with high-dose IFN-α2b
versus observation was still evident (HR 1.38; P = 0.02), but an OS benefit
was not confirmed (HR 1.22; P = 0.18) [37]. The ECOG1690 trial comparing
high-dose IFN-α2b and low-dose IFN-α2b (3 MU/day three times per week
subcutaneously for 2 years) versus observation in stage IIB/III patients showed
an RFS improvement for high-dose cases, but no OS benefit for either high- or
low-dose cases [38]. Low-dose IFN-α2b was approved for stage II patients based
on a French trial, which showed an RFS benefit and a trend for improved OS
[39]. Moreover, the European Organization for Research and Treatment of
Cancer (EORTC) 18991 trial showed that the 7-year RFS rate was 39.1% for
those treated with a pegylated form of IFN (PEG-IFN), which has a longer half-
life in circulation than the parent drug, versus 34.6% for an observation group
(P = 0.055) [40–42]. However, there was no difference in OS (P = 0.57) [42].
PEG-IFNwas approved by the FDA in 2011 based on this trial. However, neither
IFN-α nor PEG-IFN has been widely used due to their frequent and serious side
effects [43, 44]. A previous meta-analysis of IFN-α2b indicated that it had a
consistent effect on RFS, but no clear effect onOS [37, 45, 46]. However, ameta-
analysis in 2017 showed that IFN-α2b had a clear significant effect on both RFS
(HR 0.90; P G 0.00001) and OS (HR 0.90; P = 0.003), compared with those in a
groupwith observation alone [47]. In addition, there was no causal relationship
between the benefit of IFN-α2b and dose, duration, age, gender, site of primary
tumor, disease stage, Breslow thickness, or presence of clinical nodes; only
patients with ulcerated tumors received a significant benefit of IFN-α2b. It
was also shown that there was no benefit of high-dose IFN-α2b compared with
low-dose IFN-α2b.

Immune checkpoint inhibitors

Anti-CTLA-4 checkpoint inhibitors
CTLA-4 is a negative feedback control factor of T cell activation. Anti-
CTLA-4 antibodies block the regulatory signal to T cells and inhibit the
activity of regulatory T cells (Tregs), to promote antitumor immune
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reactions [48, 49]. In 2011, ipilimumab (3 mg/kg every 3 weeks for four
doses) was approved as a treatment for unresectable or metastatic mela-
noma by the FDA and European Medicines Agency (EMA) based on a
study that showed a significant OS benefit of ipilimumab compared with
gp100 vaccine [50].

Ipilimumab showed efficacy in adjuvant therapy in two randomized
phase III clinical trials, compared with either placebo (EORTC 18071) or
high-dose IFN-α (ECOG 1609) [51••, 52]. In the EORTC 18071 trial,
completely resected high-risk melanoma patients (n = 951) at stage IIIA
(lymph node metastasis 91 mm, no in-transit), IIIB, or IIIC were randomly
assigned at a 1:1 ratio to receive ipilimumab (10 mg/kg every 3 weeks for
four doses, and then every 3 months for up to 3 years) versus placebo
[51••]. At a median follow-up of 5.3 years, ipilimumab significantly im-
proved RFS and OS versus placebo. The rate of RFS was 40.8% in the
ipilimumab group compared with 30.3% in the placebo group (HR 0.76;
95% CI 0.64–0.89; P G 0.001). Moreover, the rate of OS was 65.4% in the
ipilimumab group compared with 54.4% in the placebo group (HR 0.72;
95% CI 0.58–0.88; P = 0.001). Drug-related adverse events (AEs) of grade 3
or 4 occurred in 41.6% of the patients in the ipilimumab group, only
13.4% of the patients completed their treatment, and 5 patients (1.1%)
died due to drug-related AEs. However, health-related quality of life was
similar between the two groups despite the toxicity and high rate of
discontinuation due to AEs with ipilimumab; no clinically relevant differ-
ences regarding global health status were reported [15]. Based on the
results of this trial, the FDA approved ipilimumab as adjuvant therapy
for high-risk resected stage III melanoma patients in 2015.

Different dose regimens were investigated to improve the tolerability and
decrease the toxicity of the drug while maintaining its efficacy. For example, in
the ECOG 1609 clinical trial, completely resected high-risk melanoma patients
(n = 1670) at stage IIIB/C or IV (M1a, M1b) were randomly assigned to receive
ipilimumab at 10 mg/kg (n = 511) or 3 mg/kg (n = 523) versus IFN-α2b (n =
636) [52].

At a median follow-up of 3.1 years, an unplanned RFS analysis showed no
difference between ipilimumab at 10 mg/kg and at 3 mg/kg. However, com-
pared with ipilimumab at 3 mg/kg, that at 10 mg/kg was associated with
significantly higher toxicity (grade ≥ 3 AEs, 57% versus 36.4%) and more
drug-related deaths (1.6% versus 0.4%). Because of its rate of severe toxicity
and the fact that other adjuvant therapies showed superior efficacy and less
toxicity, ipilimumab will not be recommended as the first adjuvant therapy.

Anti-PD-1 checkpoint inhibitors
The cell surface PD-1 receptor is expressed on T cells and negatively regulates
their immune function. Anti-PD-1 antibodies are monoclonal antibodies to the
PD-1 receptor, which potentiate the immune response to tumors by blocking
PD-1/PD-L1 binding [53]. In 2014, nivolumab and pembrolizumab were
approved for treating unresectable or metastatic melanoma by the FDA and
EMA, based on studies that showed their significant efficacy compared with
chemotherapy or ipilimumab [8, 54, 55, 56•].
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CheckMate 238 was a randomized phase III double-blind adjuvant study of
nivolumab (3 mg/kg every 2 weeks) versus ipilimumab (10 mg/kg every
3 weeks for four doses and then every 12 weeks) for completely resected
high-risk melanoma patients at stage IIIB, IIIC, or IV (AJCC v7) [16••]. A total
of 906 patients were randomly assigned at a 1:1 ratio to receive nivolumab or
ipilimumab and treated for up to 1 year until disease relapse or unacceptable
toxic effects. At a minimum follow-up of 24 months, the 18-month rate of RFS
was 66.4% (95% CI 61.8–70.6%) in the nivolumab group versus 52.7% (95%
CI 47.8–57.4%) in the ipilimumab group; adjuvant nivolumab treatment
significantly improved RFS compared with ipilimumab (HR 0.65; 97.56% CI
0.51–0.83; P G 0.0001) [57]. Drug-related AEs of grade 3 or 4 occurred in 14.4%
of the patients in the nivolumab group and 45.9% of those in the ipilimumab
group; treatment was discontinued due to any AEs in 9.7% and 42.6% of the
patients, respectively.

There were no drug-related deaths in the nivolumab group and two deaths
(0.4%) from toxic effects in the ipilimumab group [16••]. Regardless of PD-L1
expression, nivolumab showed a sustained efficacy benefit versus ipilimumab.
In December 2017, the FDA approved nivolumab as adjuvant therapy for high-
risk resected melanoma patients based on the preliminary results of this trial.

Another anti-PD-1 antibody, pembrolizumab, was also studied in a ran-
domized phase III double-blind adjuvant study. In the EORTC 1325 trial,
1019 patients with completely resected stage IIIA melanoma (lymph node
metastasis 9 1 mm) or stage IIIB/IIIC (no in-transit metastases) were ran-
domly assigned at a 1:1 ratio to receive pembrolizumab (200 mg every
3 weeks for a total of 18 doses) or placebo [18••]. At 18 months, the rate
of RFS was 71.4% (95%CI 66.8–75.4%) in the pembrolizumab group versus
53.2% (95% CI 47.9–58.2%) in the placebo group; adjuvant
pembrolizumab treatment significantly improved RFS compared with pla-
cebo (HR 0.57; 98.4% CI 0.43–0.74; P G 0.001). Pembrolizumab was also
effective in patients with PD-L1-negative tumors and in those with undeter-
mined tumor PD-L1 expression. Drug-related AEs of grades 3 to 5 occurred in
14.7% of the patients in the pembrolizumab group and 3.4% of those in the
placebo group [18••]. There was one death (0.2%) from toxic effects in the
pembrolizumab group. On February 15, 2019, the FDA approved
pembrolizumab for the adjuvant therapy of patients with melanoma with
lymph node involvement following complete resection based on this study.
Recently, SWOG 1404 was also established as a randomized trial comparing
high-dose IFN-α to pembrolizumab as an adjuvant therapy for stage III/IV
melanoma after resection, but the results are pending [58].

Another example of a trial that is CheckMate 067, which was a randomized
trial comparing the combination of ipilimumab and nivolumab with each
agent alone for unresectable or metastatic melanoma patients. It demonstrated
that this combination significantly improved RFS and OS compared with the
single treatments, although the toxicity increased [59]. The findings proved that
the combination of CTLA-4 and PD-1 blockade for metastatic melanoma
enhances the immune response compared with the use of each agent alone.
CheckMate 915 clinical study is a randomized trial comparing the combination
of ipilimumab and nivolumabwith each agent alone as an adjuvant therapy for
completely resected melanoma patients [60••]. At present, no results of this
study have been reported.
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Molecular-targeted therapy
Oncogenic BRAF mutations are found in approximately 40% of melanomas and
lead to constitutive activation of the MAPK pathway [61–64]. Combination ther-
apy with the BRAF inhibitor dabrafenib plus the MEK inhibitor trametinib was
shown to improve survival over BRAF inhibitor monotherapy in patients with
BRAF V600E/Kmutations and unresectable ormetastatic melanoma [2, 4, 65–68].
BRAF andMEK inhibitors showed efficacy in adjuvant therapy in two randomized
phase III clinical trials, compared with placebo (BRIM8, COMBI-AD) [17••, 19].

BRIM8 was a randomized phase III double-blind adjuvant study of
vemurafenib (960 mg twice daily) versus placebo for completely resected
high-risk melanoma patients at stages IIC, IIIA, and IIIB (cohort 1), or stage
IIIC (cohort 2) [19]. A total of 498 patients were randomly assigned at a ratio of
1:1 to receive vemurafenib or placebo and treated for 52 weeks. The primary
endpoint was disease-free survival (DFS). In cohort 1, median DFS was not
reached (95% CI, not evaluable) in the vemurafenib group versus 36.9 months
(95% CI 21.4, not evaluable) in the placebo group (HR 0.54; 95% CI 0.37–
0.78; log-rank P = 0.0010). In cohort 2, median DFS was 23.1 months (95% CI
18.6–26.5) in the vemurafenib group versus 15.4 months (95% CI 11.1–35.9)
in the placebo group (HR 0.80; 95%CI 0.54–1.18; log-rank P = 0.26). Although
the study did not reach the primary DFS endpoint in cohort 2, there was a
significant improvement in DFS compared with that for placebo in cohort 1.
Drug-related AEs of grade 3 or 4 occurred in 57% of the patients in the
vemurafenib group and 15% of those in the placebo group; treatment was
discontinued due to any AEs in 20% and 2% of the patients, respectively.

COMBI-AD was a randomized phase III double-blind adjuvant study of
dabrafenib (150 mg twice daily) plus trametinib (2 mg once daily) or two
matched placebos for completely resected stage III melanoma patients harbor-
ing BRAF V600E or V600K mutation [17••].

Overall, 870 patients were randomly assigned at a ratio of 1:1 to receive
dabrafenib plus trametinib or placebo and treated for 12 months in the absence
of disease progression or until unacceptable toxicity or study withdrawal. The
primary endpoint was RFS. At a median follow-up of 2.8 years, investigation
showed a significant RFS benefit in the combination group, with an estimated
3-year RFS rate of 58% in that group versus 39% in the placebo group (HR 0.47;
95% CI 0.39–0.58; P G 0.001). The 3-year OS rate was 86% in the combination
therapy group versus 77% in the placebo group (HR 0.57; 95% CI 0.42–0.79;
P = 0.0006). Subanalyses demonstrated a significant RFS benefit in the combi-
nation therapy group, regardless of disease stage, presence of micrometastases
or macrometastases, and ulceration status. Severe AEs occurred in 36% of the
patients in the combination therapy group and 10% of those in the placebo
group; treatment was discontinued due to any AEs in 26% and 3% of the
patients, respectively, and one fatal serious AE was reported in the combination
therapy group. The safety of dabrafenib plus trametinib accorded with a previ-
ous report on metastatic melanoma. These preliminary results of the COMBI-
AD trial demonstrated that adjuvant therapy involving the combination of
BRAF and MEK inhibitor could significantly improve long-term prognosis in
patients with completely resected high-risk melanoma harboring BRAF muta-
tion versus the adjuvant use of placebo. Adjuvant vemurafenib alone is no
longer recommended due to the results of COMBI-AD and the PD-1 trials.
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Neoadjuvant therapy
The significant effect of neoadjuvant therapy in melanoma patients is to im-
prove control and surgical resectability of regional disease. Biochemotherapy is
a combination of chemotherapy and immunotherapy, and usually involves
dacarbazine and either IFN-α2b or interleukin-2 [69]. Several phase II clinical
trials provided results with low response rates and related toxicities;
biochemotherapy was not treated as a standard neoadjuvant therapy for ad-
vanced resectable regional disease [70–72]. To investigate the RFS or OS benefit
of neoadjuvant therapy, phase I/II clinical trials of immune therapy, such as
high-dose IFN-α2b, ipilimumab, anti-PD-1 antibodies, and BRAF-targeted ther-
apies, were performed for resectable stage III/IV melanoma patients; these
showed promising results for the use of immune checkpoint inhibitors and
BRAF-targeted therapies. Early data from trials revealed that resection can be
completed in the overwhelming majority of patients, and trials proved that
agents available in neoadjuvant therapy are safe and effective. A new target in
neoadjuvant therapy is to increase the response rates with less toxicity. A
number of trials testing neoadjuvant therapies for melanoma are currently
ongoing [73–81]. The results from these trials should clarify whether neoadju-
vant therapy improves survival and local disease control in patients with stage
III and IV melanoma [82–96].

Discussion

Immune checkpoint inhibitors and molecular-targeted therapy will improve
the standard adjuvant therapy for high-risk advanced melanoma. However, the
stages of patients were not consistent between the previously mentioned adju-
vant therapy trials (Table 1). In CheckMate 238, AJCC v7 stage IIIA (no ulcer-
ation of primary tumor and micrometastasis of lymph node, diagnosed after
sentinel lymphnode biopsy or completion of lymphadenectomy) patients were
not studied [57]. In COMBI-AD, stage IIIA patients were included, but stage IV
patients were not [17••]. Compared with the background of patients in these
clinical trials, there are some differences in some of the patients now treated
with adjuvant therapy. We should thus perform careful observation of the
clinical outcomes for patients treated with adjuvant therapy with backgrounds
different from those in trials.

Considering the slight improvement in theOS and the severe toxicity related
to IFN-α2b, the use of IFN-α2b will be restricted for patients with ulcerated
primary melanoma in countries with no access to the new drugs in adjuvant
therapy. Ipilimumab was approved by the FDA for adjuvant therapy of mela-
noma using checkpoint inhibitor for the first time in 2015. However,
ipilimumab should no longer be considered to be the first-line therapy given
its lower efficacy and severe toxicity, in view of the FDA approval for anti-PD-1
antibodies and BRAF plus MEK inhibitor for adjuvant therapy of melanoma
[16••]. Anti-PD-1 antibody would be a relevant adjuvant therapy for patients
without BRAF mutation. PD-L1 expression is presently not considered in the
decision-making process regarding adjuvant therapy, except in clinical trials
[59]. If the BRAF mutation status is positive, the combination of dabrafenib
and trametinib is an option for consideration. When resecting a metastasis of
stage III or IV surgically, we should check the BRAF mutation status even if the

Curr. Treat. Options in Oncol. (2019) 20: 63 Page 7 of 14 63



63 Page 8 of 14 Curr. Treat. Options in Oncol. (2019) 20: 63

Ta
bl
e
1.

Su
m
m
ar
y
of

ad
ju
va
nt

tr
ia
ls
fo
rp

at
ie
nt
s
w
it
h
cu
ta
ne

ou
s
m
el
an
om

a

St
ud

y
Ye
ar

pu
bl
is
he

d

Di
se
as
e
st
ag
e

Tr
ea
tm

en
t

N
M
ed
ia
n

fo
llo

w
-u
p

(y
ea
rs
)

H
az
ar
d

ra
ti
o

RF
S

P
va
lu
e

H
az
ar
d

ra
ti
o

OS

P
va
lu
e

Re
fe
re
nc
e

EC
OG

16
84

19
96

II
B,

II
I

H
DI

vs
.

ob
se
rv
at
io
n

28
7

6.
9

0.
61

0.
02
3

0.
67

0.
02
37

[3
6,

37
]

12
.6

1.
38
*

0.
02

1.
22
*

0.
18

EC
OG

16
90

20
00

II
B,

II
I

H
DI

or
LD
I
vs
.

ob
se
rv
at
io
n

64
2

4.
3

HD
I
1.
28

H
DI

0.
05

H
DI

1.
00

HD
I

0.
99
5

[3
7,

38
]

LD
I
1.
19

LD
I
0.
17

LD
I
1.
04

LD
I
0.
81
3

6.
6

HD
I
1.
24

H
DI

0.
09

H
DI

1.
00

HD
I
0.
98

EC
OG

16
94

20
01

II
B,

II
I

H
DI

vs
.

GM
K
va
cc
in
e

88
0

1.
3

1.
49

0.
00
04
5

1.
38

0.
02
3

[3
7,

98
]

2.
1

1.
33

0.
00
6

1.
32

0.
04

EO
RT
C

18
99
1

20
08

II
I

PE
G-
IF
N
vs
.o

bs
er
va
tio

n
12
56

3.
8

0.
82

0.
01

0.
98

0.
78

[4
1,

42
]

7.
6

0.
87

0.
05
5

0.
96

0.
57

EO
RT
C

18
07
1

20
15

II
I (ly

m
ph

no
de

m
et
as
ta
si
s
9

1
m
m
,

Ip
ili
m
um

ab

vs
.

pl
ac
eb
o

95
1

2.
7

0.
75

0.
00
13

NR
NR

[1
5,

51
••
]

ex
ce
pt

in
-t
ra
ns
it)

5.
3

0.
76

G
0.
00
1

0.
72

0.
00
1

Ch
ec
kM

at
e

23
8

20
17

II
IB
,I
II
C,
IV

Ni
vo
lu
m
ab

vs
.

ip
ili
m
um

ab

90
6

1.
6

0.
65

G
0.
00
1

NR
NR

[1
6•
•,

57
]

CO
M
BI
-A
D

20
17

II
I
(ly

m
ph

no
de

m
et
as
ta
si
s
9

1
m
m
)

Da
br
af
en
ib

pl
us

tr
am

et
in
ib

vs
.p

la
ce
bo

87
0

2.
8

0.
47

G
0.
00
1

0.
57

0.
00
06

[1
7•
•]

EO
RT
C

13
25

20
18

II
I (ly

m
ph

no
de

m
et
as
ta
si
s
9

1
m
m
)

Pe
m
br
ol
iz
um

ab

vs
.p

la
ce
bo

10
19

1.
3

0.
57

G
0.
00
01

NR
NR

[1
8•
•]

BR
IM
8

20
18

II
C,
II
IA
,I
II
B
(c
oh
or
t
1)

Ve
m
ur
af
en
ib

vs
.

pl
ac
eb
o

49
8

2.
6 (c

oh
or
t1

)

0.
54

0.
00
1

NR
NR

[1
9]

II
IC (c

oh
or
t
2)

2.
8 (c

oh
or
t
2)

0.
8

0.
26

NR
NR

EC
OG

Ea
st
er
n
Co
op
er
at
iv
e
On

co
lo
gy

Gr
ou
p,

EO
RT
C
Eu
ro
pe
an

Or
ga
ni
sa
ti
on

fo
r
Re
se
ar
ch

an
d
Tr
ea
tm

en
t
of

Ca
nc
er
,H

DI
hi
gh
-d
os
e
in
te
rf
er
on
-α
2b
,L
DI

lo
w
-d
os
e
in
te
rf
er
on
-α
2b
,G

M
K

GM
2-
KL
H
/Q
S-
21
,P

EG
-I
FN

pe
gy
la
te
d
IF
N-
α
2b
,R

FS
re
la
ps
e-
fr
ee

su
rv
iv
al
,O

S
ov
er
al
ls
ur
vi
va
l,
NR

no
t
re
ac
he
d

*H
R
fo
ro

bs
er
va
ti
on

vs
.H

DI



mutation status of the primary lesion is negative because there might be a
discrepancy in this regard between the primary lesion and metastasis [97].

Because the patient populations are slightly different and there are
various primary endpoints in each RCT, it is difficult to compare the
efficacy of anti-PD-1 antibodies with BRAF plus MEK inhibitor. The 12-
month RFS rates for stage III patients were 63.5% (ipilimumab in EORTC
18071) [15], 72.3% (nivolumab in CheckMate 238) [57], 75.4%
(pembrolizumab in EORTC 1325) [18••], and 88% (dabrafenib plus
trametinib in COMBI-AD) [17••]. As previously mentioned, COMBI-AD
and EORTC 1325 included stage IIIA patients, but CheckMate 238 did not.
In terms of the favorable prognosis of IIIA patients compared with that of
IIIB and IIIC patients, direct comparison of the results of each RCT is
impossible. In addition, staging was significantly changed in AJCC v8
compared with that in v7, which might hinder the application of trial
results in actual clinical settings. Moreover, whether all patients at stage III
or IV should receive adjuvant therapy and how to treat patients at stage
IIB, IIC, or IIIA in adjuvant therapy remain controversial issues. For
decision-making regarding appropriate adjuvant therapy for patients with
resected stage III or IV melanoma, we should consider not only the efficacy
but also the toxicity profile, cost, route of administration, and medical
history of the patient. The toxicity profile of checkpoint inhibitors differs
from that of targeted therapy in adjuvant therapy, but the comprehensive
rates of AEs are notably similar between these two therapies. An important
consideration in this context is the ability of patients to complete treat-
ment and to tolerate any side effects. Additional reports of ongoing trials
and further studies are necessary to improve the efficacy of neoadjuvant
and adjuvant therapy and determine the standard adjuvant therapy for
patients with high-risk advanced melanoma.
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