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Abstract

The global incidence of malignant melanoma, the leading cause of skin cancer death, has steadily increased in recent
years. Surgical excision is the treatment of choice for early-stage melanoma. However, 40-60% of patients with high-
risk melanoma or with nodal involvement eventually experience loco-regional relapse or tumor progression. Adjuvant
therapy aims to reduce the rate of recurrence in radically operated high-risk patients with melanoma and thus improves
survival. Interferon-a has long been the only approved drug for adjuvant melanoma therapy, despite an unclear survival
benefit. The landmark success of immune-checkpoint inhibitors and BRAF/MEK-directed targeted therapies in the
treatment of patients with stage IV melanoma led to the initiation of clinical trials in the adjuvant setting. These trials
demonstrated the efficacy of immune-checkpoint inhibitors and targeted therapies for the adjuvant treatment of high-
risk patients with melanoma, as shown both by an increase in recurrence-free survival and the emergence of long-term
survivors, finally resulting in the approval of the cytotoxic T-lymphocyte antigen 4 inhibitor ipilimumab, PD1 inhibitors
(nivolumab, pembrolizumab), and BRAF/MEK inhibitors for adjuvant melanoma therapy. This review aims to delineate
the advances in adjuvant melanoma therapy, issuing particularly recent results from clinical trials. Moreover, we also
discuss pending issues and future challenges, which comprise the adequate selection of adjuvant regimens for patient
subgroups and the identification of markers likely to predict the individual response to adjuvant treatments. Last, we
outline the role of emerging neoadjuvant approaches, which may complement adjuvant strategies and are currently

investigated in clinical trials.
Key Points

Adjuvant therapy for high-risk patients with stage

1 Introduction

The incidence of malignant melanoma has increased dra-
matically in the past decades, and melanoma still has one

of the fastest growing incidence rates among all malignant
tumors in the Western world. At the same time, melanoma
is responsible for over 90% of skin cancer deaths owing to
its tendency to metastasize early [1]. In clinical practice,
melanomas usually present in early clinical stages (stages
I and II), which are defined by the absence of lymph node
(LN) metastasis in the American Joint Committee on Cancer
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[ITA-IIID melanoma shows high efficacy and improves
relapse-free survival.

Adjuvant therapy with nivolumab or pembrolizumab
demonstrated a significant prolongation of relapse-
free survival while providing a good safety profile for
patients with high-risk melanoma.

Adjuvant therapy with BRAF/MEK inhibitors should be
preferred for patients with BRAF-mutant non-ulcerated
stage III melanoma.

classification [2, 3]. Surgical resection with an appropriate
safety margin and subsequent sentinel LN biopsy provide a
good prognosis particularly for stage I (melanoma-specific
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S-year survival rate: 97-99%). Notably, however, patients
with early-stage II melanoma may eventually experience a
tumor relapse in the course of longer follow-up periods and
show a melanoma-specific 5-year survival of 87-94% [3].
Hence, in order to allow for an objective evaluation of the
risk for tumor relapse after initial surgical excision, longer
follow-up periods may be required for these patients. Mean-
while, patients with thick ulcerated primary melanomas
(IIC) and those patients showing regional LN metastases are
classified as high-risk melanomas (stage III) and are associ-
ated with higher mortality [4]. Radical LN dissection and
subsequent radiotherapy (RT) have long been considered the
common scheme in the case of existing LN metastases [5, 6].
However, the concept of RT in the treatment of completely
resected nodal or primary melanoma has been challenged
by randomized controlled trials and little evidence supports
the risk/benefit ratio for adjuvant RT in these patients today
[7, 8]. Hence, prior to the introduction of adjuvant systemic
therapy, radical LN dissection remained the treatment of
choice for patients with regional LN metastasis, while RT
was considered a valuable treatment option only for patients
showing unresectable melanoma or when surgery was not
radical [9].

Following LN metastases, there is a dramatic increase
in the risk for the occurrence of organ metastases, regard-
less of whether surgical resection of the primary tumor
or the affected LN has taken place previously [10-12]. In
this regard, it has been shown that patients with stage IIID
have a melanoma-specific 5-year survival of approximately
32% and a 1-year rate of recurrence-free survival (RFS)
of 42.1% [13] [3, 10, 14]. Because of the increasing risk
of tumor progression in the case of LN metastases, the
adjuvant application of systemic therapies, which aim to
minimize the risk of tumor progression [15] is an attractive
concept. These considerations similarly apply to patients
with stage IIC melanoma, who are at a higher risk of dis-
ease progression compared with patients at stage IIIA
(5-year survival 82% vs 93%) [16, 17].

Adjuvant melanoma therapy was initially investigated
using dacarbazine and bacillus Calmette-Guerin. This treat-
ment, however, did not significantly improve overall (OS)
or RFS of patients with melanoma [18]. Hence, the sys-
temic application of interferons (IFN) represented the only
effective therapeutic option used in the dermato-oncologi-
cal routine until the advent of immune-checkpoint inhibi-
tors (ICI) and BRAF/MEK-directed targeted therapy (TT)
[19]. Interferons exert diverse effects both on immune cells,
including myeloid and lymphoid cells, as well as on tumor
cells, endothelial cells, and others. Depending on the par-
ticular cell type, IFN-a was found to induce distinct gene
expression profiles, resulting in innate immune activation
[20], dendritic cell stimulation, and subsequent induction
of Thl-type T-helper cells [21], decreased secretion of
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vascular endothelial growth factor [22], and overexpression
of major histocompatibility complex I [23]. First trials inves-
tigating adjuvant therapy with IFN-a 2b, 2a, or pegylated
IFN showed a significant sustained effect on RFS, but only
marginal improvements in OS, while revealing a marked
concomitant toxicity [24]. In particular, the EORTC 18991
phase III trial demonstrated a significant improvement in
RFS (hazard ratio [HR]: 0.82, p = 0.01) for patients with
stage III melanoma receiving adjuvant pegylated IFN-a 2b
as compared with placebo, finally leading to US Food and
Drug Administration approval [24]. In further trials, the best
response to adjuvant IFN treatment was being observed in
patients with ulcerated melanoma, suggesting that ulceration
of the primary tumor may serve as an overriding predic-
tive factor for IFN sensitivity [25, 26]. Moreover, long-term
follow-up results from the EORTC 18991 trial revealed
a diminished impact of adjuvant pegylated IFN-a 2b as
compared with the benefit seen in the initial trial results
and showed only a marginally significant impact on RFS,
whereas no increase in OS or distant metastasis-free survival
has been observed [27]. Therefore, the use of IFN-a has
significantly declined in recent years and is currently only
available in the pegylated form for off-label use [28, 29].
In the following, we provide a comprehensive review on
the advances in adjuvant melanoma therapy that have been
achieved since the advent of ICI and TT (Fig. 1; Table 1).

2 Adjuvant Immunomodulatory Therapy

The advent of ICI-based immunotherapy has significantly
improved the treatment of metastatic malignancies [10].
Checkpoint molecules are fundamental components for
maintaining immunologic self-tolerance [30], controlling the
duration and magnitude of immune responses and thus pre-
venting tissue damage from an excessive immune response
[31]. Notably, malignant tumors may mimic this immune
regulatory mechanism by expressing checkpoint molecules
themselves and via the accumulation of immunoregulatory
cells, which show a strong expression of checkpoint mol-
ecules. Checkpoint molecules may be discriminated by their
ability to affect [1] the priming and activation of T cells in
the LN or [2] whether they specifically inhibit an effective
anti-tumor immune response in the tumor microenvironment
[32-35].

The checkpoint molecule cytotoxic T-lymphocyte antigen
4 (CTLA-4) is a member of the B7/CD28 family that con-
trols T-cell functions. It is constitutively expressed by regu-
latory T cells but can also be upregulated by CD4+ T cells
upon activation. Cytotoxic T-lymphocyte antigen 4 competes
with the co-stimulatory receptor CD28 for the ligation to
CD80/86, which is expressed on antigen-presenting cells
[36]. Because of the higher affinity of CTLA-4 to CD80/86,
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Fig. 1 Schematic overview of the concept of adjuvant melanoma
therapy and its underlying mechanisms of action. Following the ini-
tial excision of the primary tumor and if necessary existing lymph
node metastasis (A), the adjuvant application of either immune-
checkpoint inhibitors or BRAF/MEK-directed targeted therapy can be
considered for patients with stage IIC-IIID melanoma (B). Immune-
checkpoint inhibitors reinforce the anti-tumor immune response
to melanoma cells both in peripheral lymph nodes and the tumor
microenvironment (left panel, B). Here, the anti- cytotoxic T-lym-
phocyte antigen 4 (CTLA-4) antibody ipilimumab mainly affects
the priming and activation of T cells in lymph nodes (top center).
By contrast, anti- programmed cell death protein 1 (PD-1) antibod-

it serves as a critical regulator limiting CD28-mediated
signaling during antigen presentation, which results in an
increased activation threshold for T cells and thus balances
T-cell-mediated immune responses to antigens, such as
tumor cell antigens [37-39]. The pivotal role of CTLA-4 as
a molecule of immunologic self-tolerance [39] was impres-
sively demonstrated in mice with CTLA-4 knockouts, which
have shown severely exaggerated autoimmune responses
resulting in lethal outcomes [40, 41]. Consistent with this
finding, inhibition of CTLA-4 restored effective anti-tumor
activity in both murine tumor models and humans [42-44].

2.1 Ipilimumab

In the first clinical trials investigating the effects of the
CTLA-4 antibody ipilimumab (IPI), a substantial pro-
longation of OS has been observed in more than 20% in
patients with metastatic melanoma with some patients
even showing durable tumor responses [45]. In this regard,
the EORTC study 18071 confirmed the efficacy of IPI in
the adjuvant setting for patients with stage III melanoma.
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ies mainly serve to restore effector cell function of T cells within the
tumor microenvironment via blockade of the T-cell bound checkpoint
molecule PD-1 on effector T cells (bottom center). Targeted therapy
confers anti-tumor activity via the blockade of the RAF-MEK-ERK-
signaling cascade, thus disrupting melanoma cell proliferation and
differentiation (right panel, B). Notably, both targeted therapy and
immune-checkpoint inhibitor therapy target residual melanoma cells
and micrometastases, which have not been cleared by initial excision,
thus reducing the risk of melanoma progression in adjuvant therapy.
APC antigen-presenting cells, CTL , DC dendritic cell, MDSC , MHC
II major histocompatibility complex II, PD-LI programmed death-
ligand 1, TAM , Treg regulatory T cell

In particular, the initial application of IPI in four cycles of
10 mg/kg followed by 3 years of maintenance therapy with
10 mg/kg resulted in a significantly prolonged RFS and
OS compared with placebo control (5-year RFS 40.8% vs
30.3%; HR: 0.76 and 5-year OS 65.4 vs 54.4%; HR: 0.58).
However, a high incidence of severe treatment-related
adverse events (CTCAE > grade 3/4; treatment-associated
adverse events [trAE]) and a treatment-related mortality
of 1% were observed [46]. Regarding the occurrence of
trAE, the subsequent E1609 study demonstrated that IPI
at a lower dose of 3 mg/kg was less toxic and resulted
in a reduction of trAE (IPI 10 mg/kg 58% vs IPI 3 mg/
kg 36.4%). Moreover, this trial demonstrated a significant
improvement in OS and a non-significant trend towards
a better RFS of IPI 3 mg/kg as compared with high-dose
IFN treatment as an active control regimen. Notably, adju-
vant treatment with IPI 10 mg/kg was more toxic and was
not found superior in efficacy as compared to adjuvant
IFN [14, 47]. Based on the efficacy data of IPI, the US
Food and Drug Administration approved IPI 10 mg/kg as
an adjuvant therapy for patients with stage III melanoma
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Table 1 Summary of the results from the randomized clinical trials reported for adjuvant melanoma therapy

Authors Trial Regimen Patients (N) AJCC 7th Edi- HR HR OS 18-months 3-year RFS
tion stages RFS RFS
Immunomodulatory therapy
Eggermont EORTC 18071 Ipilimumab 951 III (> 1 mm) 0.75 0.72 - 46.5% vs 34.8%
et al. [46] 10 mg/kg vs
placebo
Weber et al. CheckMate 238 Nivolumab 906 IB-HIC/IV 0.65 NA 66.4% vs -
[48] 3 mg/kg vs 52.7%
ipilimumab
10 mg/kg
Eggermont KeyNote 054  Pembrolizumab 1019 III (> 1 mm) 0.57 NA 71.4% vs -
etal. [73] 200 mg vs 53.2%
placebo
Tarhini et al. ECOG 1609 Ipilimumab 1670 B, HIC, IV, 1.0 - - -
[47] 10 mg/kg vs Mla-b 0.85 (0.66— 0.78 59% 53%
Ipilimumab 1.09) 52% 46%
3 mg/kg vs
High-dose
IFN-a 2b
Targeted 2-year RFS
therapy
Long et al. [76] COMBI-AD Dabrafenib/ 870 III (LN metas-  0.47 0.57 67% vs 44% 58% vs 39%
trametinib vs tasis > 1 mm)
placebo
Maio et al. [77] BRIMS Vemurafenib vs 498 IIC, IIIA, IIIB  0.54 NA 72.3% vs -
placebo Ic 56.5%

AJCC American Joint Committee on Cancer, HR hazard ratio, /FN interferon, LN lymph node, NA not available, OS overall survival, RFS recur-

rence-free survival

by 2015. Because of its correlation with an increased
incidence of trAE and the emergence of programmed
cell death protein 1 (PD-1) antibodies as a more effective
adjuvant therapy of patients with stage III melanoma, IPI
10 mg/kg has, however, not been granted approval in an
adjuvant therapy setting in Europe [48, 49].

2.2 Nivolumab

Next to the blockade of CTLA-4 via IPI, anti-PD-1 antibod-
ies pembrolizumab (Pembro) and nivolumab (Nivo) were
found to significantly improve RFS and OS in the treatment
of metastatic melanoma. In comparison to IPI, both PD-1
antibodies are characterized by higher response rates >40%
and a better side-effect profile. Notably, some patients even
show durable tumor responses after cessation of anti-PD1
therapy, suggesting the ongoing restoration of an effective
anti-tumor immune response upon application of PD-1
inhibitors [29, 50].

The checkpoint molecule PD-1 is mainly expressed by T
cells in the course of their activation and subsequently regu-
lates their activity state [51-54]. Ligation of PD-1 to pro-
grammed death-ligand 1 (PD-L1) and programmed death-
ligand 2 (PD-L2), which are expressed by antigen-presenting
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cells, such as monocytes, macrophages, and dendritic cells,
but also melanoma cells [55-58] results in the inhibition
of T-cell effector function [36]. This occurs via intracellu-
lar activation of immunoreceptor tyrosine-based inhibitory
motifs [59], decreased secretion of interleukin-2, IFN-y,
and tumor necrosis factor-a [60, 61], decelerated cell-cycle
progression [62—-64], and a reduced expression of survival-
promoting proteins. In the course of chronic inflammation
(i.e., chronic infections, tumor formation and progression),
an upregulation of PD-1 on T cells, B cells, and myeloid
cells is frequently being observed, resulting in a profound
regulation of the adaptive immune response [65, 66].

The efficacy of the anti-PD-1 antibody Nivo for adjuvant
melanoma therapy was investigated in the CheckMate 238
study. This randomized double-blind trial demonstrated the
superiority of adjuvant therapy with Nivo compared with
IPI in stage IIIB/C and IV. A total of 906 patients were
enrolled in the study and were treated either with Nivo
3 mg/kg or IPI 10 mg/kg for 12 months. Discontinuation
of therapy occurred in the event of tumor progression or
severe side effects. The primary endpoint of the CheckMate
238 study was RFS, secondary endpoints included OS and
the incidence of trAE. Adjuvant therapy with Nivo resulted
in a significantly improved RFS compared with IPI (RFS at
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12 months: 70% vs 60%; 24 months: 63% vs 50%; ), a better
tolerability with fewer severe side effects (14.4% vs 45.9%),
and less treatment discontinuations because of therapy-
related side effects (9.72% vs 42.6%). Particularly referring
to the enrollment of a less favorable population of patients
in terms of clinicopathological factors (stage IIIB, C, and
IV), the results of the Checkmate238 trial may be considered
even more remarkable [48, 67-69]. The recently published
4-year follow-up of the Checkmate 238 trial demonstrated
sustained RFS with fewer irAE in patients with stage III/IV
melanoma, who received adjuvant therapy with Nivo vs IPI
(RFS 51.7% vs 41.2%; HR: 0.71 [95% confidence interval
(CI) 0.60-0.86]; p = 0.0003; OS 77.9% [95% CI 73.7-81.5]
vs 76.6% [72.2-80.3]; HR: 0.87 [95% CI 0.66-1.14];
p = 0.31) [69]. However, no significant differences in OS
have been observed between IPI and Nivo, which might be
attributed to the variable impact of subsequent follow-up
therapies upon tumor progression. Because the RFS cur-
rently serves as the primary endpoint for evaluating the effi-
cacy of adjuvant therapies, the adjuvant application of Nivo
can be considered more effective and compatible compared
with IPI [13, 70].

2.3 Pembrolizumab

The efficacy of adjuvant Pembro therapy was evaluated in
patients with clinical stage IIIA-ITIC melanoma and senti-
nel LN metastases > 1 mm (KEYNOTE-054 study). After
randomization, 1019 patients received either Pembro 200 mg
or placebo every 3 weeks for 12 months or 18 cycles. Dis-
continuation criteria included tumor progression or the
occurrence of non-tolerable side effects. Adjuvant therapy
with Pembro resulted in a significant prolongation of RFS
compared with placebo. The recent published 3.5-year fol-
low-up of the KEYNOTE-054 clinical trial demonstrated a
significantly improved RFS and distant-metastasis free sur-
vival (DMFS) in patients treated with Pembro in compari-
son with placebo (RFS 59.8% [95% CI 55.3-64.1] vs 41.4%
[37.0-45.8]; DMFS, 65.3% [95% CI 60.9-69.5] vs 49.4%
[44.8-53.8]) [71]. Interestingly, the analysis of prespecified
subgroups related to age (> 65 years), tumor stage (IIIA-C),
PD-L1 expression (PD-L1 positive 65.3% vs PD-L1 negative
56.9%), or BRAF mutation status (BRAF-V600E/K positive
62.0% vs BRAF wild-type 61.8%) did not show significant
differences in terms of RFS [72]. Therapy-related adverse
events, such as fatigue (37.1%), skin reactions (28.3%), diar-
rhea (19.1%), hypothyroidism (14.3%), arthralgia (12.0%),
nausea (11.4%), or hyperthyroidism (10.2%), and treatment
discontinuations were more frequently found in the Pembro
arm (31.6% vs 18.5% and 13.0% vs 2.2% for trAE) [73].
Overall, clinical trials with adjuvant Pembro and Nivo
demonstrated a significant prolongation of RFS for high-risk
patients with melanoma. Therefore, the current guidelines of

adjuvant melanoma therapy recommend the application of
either a PD-1 inhibitor for a limited period of 12 months or
until the occurrence of intolerable side effects or tumor pro-
gression [74]. Notably, both PD-1 inhibitors can be admin-
istered using higher dosages and with longer time intervals
between each cycle without increasing the risk of side effects
or loss of efficacy [75]. However, it should be noted that
further prospective randomized controlled trials, comparing
the high-dose regimen vs the currently established low-dose
regimen, will be needed in order to establish the adjuvant
safety and efficacy of the proposed treatment regimen.

2.4 Combined Checkpoint-Inhibitor Therapy

Considering the results of adjuvant ICI monotherapy in
patients with resected stage III melanoma and the well-
known clinical response rates of a combined checkpoint
inhibitor therapy (cICI) with IPI and Nivo in non-resectable
stage III or IV melanoma, the indication for adjuvant cICI
is currently being intensely discussed. A recently published
phase II study demonstrated the superiority of cICI with
Nivo 1 mg/kg plus IPI 3 mg/kg in stage IV patients com-
pared with monotherapy with Nivo after complete resection
of melanoma and without evidence of currently existing
metastasis (no evidence of disease). Here, a total of 167
patients were randomized into three treatment arms: (1) IPI
3 mg/kg plus Nivo 1 mg/kg, (2) Nivo 3 mg/kg, and (3) pla-
cebo. After a median follow-up of 28.4 months, the median
RFS was not reached in the IPI plus Nivo group, whereas
median RFS was 12.4 months (95% CI 5.3-33.3) in the
Nivo group and 6.4 months (95% CI 3.3-9.6) in the placebo
group. In the same vein, the HR for recurrence in the IPI
plus Nivo group vs placebo was 0.23 (97.5% CI 0.12-0.45;
p < 0.0001), and for the Nivo group vs placebo was 0.56
(0.33-0.94; p = 0.011). However, significantly more patients
with cICI therapy experienced grade 3/4 trAE (70.9% vs
26.8% for monotherapy and 5.9% in the placebo group). Dis-
continuation of therapy because of intolerable side effects
occurred in 62% of patients receiving cICI therapy and in
13% of patients receiving Nivo monotherapy [83]. How-
ever, these positive results favoring IPI plus Nivo vs Nivo
monotherapy in an adjuvant therapy setting in patients with
stage III or IV melanoma could not be reproduced in the
Checkmate 915 trial (NCT03068455), a larger scale, com-
mercially sponsored, international phase III trial that com-
pared the adjuvant therapy of IPI plus Nivo with Nivo mon-
otherapy. In total, 1844 patients with completely resected
stage IIIB-IV melanoma were randomized in a 1:1 ratio into
a cohort receiving IPI 1 mg/kg every 6 weeks plus Nivo
240 mg every 2 weeks or a cohort receiving Nivo monother-
apy 480 mg every 4 weeks. First results published in 2020
showed that the dual primary endpoints of this clinical trial
were not met. While the RFS rate at the 3-year follow-up for
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cohort A was 70% (95% CI 45-85) vs 75% (95% CI 50-89)
for cohort B. The median RFS was not reached in either
group and did not reveal a significant difference between
the two cohorts (HR: 0.92, 95% CI 0.77-1.09, p = 0.269).
Moreover, the current data showed similar outcomes after
breaking down the patients into the melanoma stages III and
IV. The RFS in patients with stage III melanoma after the
2-year follow-up was 64.7% in the cohort treated with IPI
plus Nivo and 63.6% in the cohort treated with Nivo mono-
therapy. In the subgroup with stage IV melanoma, the 3-year
and 2-year RFS rates were 74% (95% CI 48-88) and 80%
(95% CI 55-92), respectively. Additionally, the treatment
duration between the treatment cohorts was notably differ-
ent, as patients who received the combination regimen had a
median duration of therapy of 7.6 months vs 11.1 months in
the Nivo-alone arm. Overall, these preliminary results show
that IPI plus Nivo did not significantly improve the RFS or
DMES in patients with stage IIIB-IV melanoma and cur-
rently reaffirm Nivo monotherapy as the treatment regimen
in an adjuvant setting [83].

3 Adjuvant BRAF/MEK-Directed Targeted
Therapy

Next to ICI therapy, the clinical application of combined
BRAF/MEK inhibitors has led to a widespread improvement
in the therapeutic landscape for patients with metastatic
melanoma in recent years. Of all patients with melanoma,
40-60% harbor a BRAF mutation, most commonly affect-
ing codon 600 (BRAF V600E) [84]. This mutation results
in the constitutive activation of the RAF-MEK-ERK signal
transduction pathway, which is critical for melanoma devel-
opment and progression [85].

Following the approval of BRAF/MEK inhibitor treat-
ment with dabrafenib (Dab) and trametinib (Tram) for meta-
static melanoma, their application has also been extended
to the adjuvant setting for patients with melanoma stage I11
by 2018. The approval is based on a double-blind, placebo-
controlled, phase III study that enrolled 870 patients with
completely resected, high-risk stage III melanoma and
BRAF V600E or V600K mutations. Adjuvant therapy was
given for 12 months with Dab (300mg) plus Tram [2 mg]
or placebo. Recurrence-free survival was defined as the pri-
mary endpoint, whereas OS, DMFS, RFS, and safety were
defined as secondary endpoints. Combined BRAF/MEK
inhibitor therapy showed a significantly improved RFS and
DMFEFS as compared with the placebo group after a mini-
mal follow-up of 59 months (58% vs 39%; HR: 0.47). How-
ever, the safety profile remained acceptable, largely show-
ing similar results to those previously reported for patients
with metastatic melanoma treated with Dab plus Tram [76].
The 5-year follow-up confirmed the longer survival without
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tumor reoccurrence or distant metastasis in patients treated
with Dab plus Tram than placebo-treated patients (RFS 52%
vs 36% [HR for relapse or death: 0.51; 95% CI 0.42-0.61];
DMEFS 65% vs 54% [HR for distant metastasis or death:
0.55; 95% CI 0.44-0.70]). Notably, no apparent long-term
irAE have been observed [86]. A second study tested the
efficacy and tolerability of vemurafenib 960 mg in the adju-
vant setting for patients with stage IIC and IIl BRAFV600-
positive melanoma [77]. Here, 498 patients were enclosed
and randomized into two cohorts. The primary endpoint
was defined as RFS, and secondary endpoints included
OS, DMFS, tolerability, and quality of life. Although both
cohorts showed advantages for vemurafenib (median RFS
23 months vs 15 months), these results were not considered
significant because the pre-specified endpoint was not met
in one cohort.

4 Outlook and Future Concepts

Approximately 90% of all melanomas are diagnosed without
evidence of existing distant metastasis. Following the occur-
rence of LN metastasis, melanoma-specific 10-year survival
decreases from nearly 88% (IIIA) to 24% (I1ID) [87]. Unfa-
vorable prognostic factors for metastasis are tumor thickness
and ulceration; accordingly, the recurrence rate of resected
primary melanomas increases from approximately 5% for
non-ulcerated small tumors (< 1 mm) to over 40% for mela-
nomas with tumor thickness > 4 mm and existing ulceration.
In this regard, it has been shown that the melanoma-specific
10-year survival and the risk for tumor recurrence is worse
for patients with stage IIC (without LN metastasis) com-
pared with stage ITITA (evidence of LN metastases) [88, 89].

4.1 Adjuvant Therapy for Patients with Stage Il
Melanoma

The beneficial results from adjuvant melanoma therapy in
stage III patients provide hope that stage IIC patients may
also benefit from adjuvant therapy [90, 91]. Hence, several
phase III trials are currently investigating whether adju-
vant ICI therapy using PD-1 antibodies improves RFS in
stage II patients: these include the KEYNOTE-716 study
(NCT03553836), which investigates the efficacy of a
12-month adjuvant therapy with Pembro 200 mg for stage
[IB/C patients. Here, RFS is defined as a primary endpoint,
and secondary endpoints include OS and distant metastasis-
free survival [84].

The efficacy of Nivo in an adjuvant setting for melanoma
stage IIB/C is currently being analyzed in the CheckMate
76k phase III trial (NCT04099251). Similar to the KEY-
NOTE-716 trial, 12 months of therapy with Nivo 480mg
or placebo will follow a 2:1 randomization. In the case of
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progression for patients included in the placebo arm, a cross-
over to Nivo therapy is possible.

The NivoMela study (NCT04309409) additionally allows
for the enrollment of stage IIA patients alongside stage
IIB—C patients. Using biomarker-based risk stratification,
patients with high scores and thus an increased risk of recur-
rence receive Nivo or placebo. A low stratification leads to
inclusion in the observation arm. Randomization is based
on tumor stage (IIA vs IIB vs IIC), sex (female vs male),
and location of the primary tumor (extremities vs trunk vs
head and neck).

4.2 Concepts of Neoadjuvant Melanoma Therapy

Next to the promising results from adjuvant melanoma tri-
als, the application of ICI in the neoadjuvant setting is cur-
rently under investigation, which might pose a new thera-
peutic alternative for patients with advanced melanoma (see
Table 2). The efficacy of neoadjuvant therapy has already
been demonstrated for various tumor entities [92-95]. The
benefit of neoadjuvant treatment includes the reduction in
tumor burden, thus resulting in an improved operability
and control of locoregional metastasis. Additionally, it has
been suggested that a neoadjuvant approach might enable
the assessment of the individual responsiveness towards
ICI therapy, thus gaining further information on potential
mechanisms of tumor resistance [96, 97].

A first trial investigating the efficacy of neoadjuvant treat-
ment reported a good anti-tumor immune response with a
complete or partial response after a single dose of Pembro
200 mg in a total of 8 of 27 patients with resectable stage
IIIB/C or IV melanoma (no residual tumor, n = 5; <10%
viable tumor cells, n = 3). The treatment regimen involved
a single dose of Pembro 3 weeks prior to curative surgery,
followed by 12 months of adjuvant Pembro therapy. After a
median follow-up of 25 months, all eight patients remained
recurrence free. Recurrence-free survival and OS for the
entire study cohort were estimated at 63% and 93%, respec-
tively [78].

Consistent with these results, another trial investigating
the efficacy of cICI therapy in the neoadjuvant setting dem-
onstrated strong overall response rates (ORR 73%, patholog-
ical complete response [pCR] 45%) as compared with Nivo
monotherapy (ORR 25%, pCR 25%). Here, patients received
either four doses of Nivo or three doses of combined ICI
prior to surgical resection of the metastases. Surgery was fol-
lowed by 6 months of adjuvant Nivo therapy (3 mg/kg every
2 weeks) in both groups. Despite the better ORR, grade 3
trAE have been more common for patients receiving cICI
therapy as compared with monotherapy (73% vs 38%) [79].

More recently, the OpACIN trial (NCT02437279) evalu-
ated the response to cICI therapy (Nivo 1 mg/kg plus IPI
3 mg/kg) in the neoadjuvant setting (two doses prior to

surgery and two doses thereafter) or the adjuvant setting
(four doses) for patients with palpable LN metastases and
clinical stage III. Neoadjuvant therapy with cICI resulted
in good response rates in the affected LN metastases (ORR
80%, pCR 60% < 10% viable tumor cells) and an estimated
3-year RFS of 80% for the neoadjuvant group and 60% for
the adjuvant group. However, the application of cICI therapy
has been accompanied by increased toxicity (trAE grade 3/4
90%), leading to discontinuation of therapy after the sec-
ond or third cycle. Taking into consideration the high-grade
toxicity found in the OpACIN trial, the OpACIN-neo trial
(NCT02977052) provided neoadjuvant therapy with reduced
doses of IPI and Nivo in patients with stage III melanoma
with palpable LN metastases. In this trial, patients were ran-
domized into three neoadjuvant study arms (Arm A: two
doses of Nivo 1 mg/kg plus IPI 3 mg/kg; Arm B: two doses
of Nivo 3 mg/kg plus IPI 1 mg/kg; Arm C: two doses of IPI
3 mg/kg followed by Nivo 3 mg/kg), which was followed by
radical LN dissection at 6 weeks. Primary endpoints were
toxicity, pathological response, and clinical response. Within
the first 12 weeks, the highest rate of trAE was found in
patients receiving sequential therapy (Arm C: 50% vs Arm
B: 20% vs Arm A: 40%). Hence, this study arm was closed
early. The strongest response was reported for conventional
cICI therapy (Arm A: 63% showing a clinical response
and 80% pathological response vs Arm B: 57% and 77%
vs Arm C: 35% and 65%). Although the median RFS of
the OpACINneo trial has not been reached yet, 18-month
RFS of all patients was estimated with 85% (Arm A: 90%,
Arm B: 82%, Arm C: 83%). Underscoring the general effi-
cacy of neoadjuvant melanoma treatment using ICI is the
observation that tumor progression was only found in 1.4%
of patients showing an initial pathological response after a
follow-up of 36 months in the OpACIN or OpACINneo trial.

Overall, the OpACIN trial demonstrated for the first time
the potential benefit of neoadjuvant vs adjuvant ICI, while
the OpACINneo trial demonstrated the good response of
cICL. In particular, using lower doses of IPI (1 mg/kg) plus
Nivo (3 mg/kg), a significantly better tolerability with 20%
of patients showing grade 3/4 trAE has been observed, while
response rates (pathological response rate 77%) remained
similar compared to conventional cICI with Nivo 1 mg/kg
plus IPI 3 mg/kg [81, 98, 99].

Next to the efficacy of a neoadjuvant therapy within the
conventional therapeutic concept, as analyzed by the OpA-
CIN trial, it remains to be determined whether patients with
an initial response to neoadjuvant cICI therapy (Nivo 3 mg/
kg plus IPI 1 mg/kg) benefit from subsequent LN dissection.
This issue will be addressed by the PRADO (Personalized
Response-driven Adjuvant Combination of IPI and Nivo in
Stage IIIIB/C melanoma) [NCT02977052] trial. The proto-
col included two cycles of neoadjuvant cICI with Nivo 3 mg/
kg plus IPI 1 mg/kg, which is followed by LN dissection
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after 6 weeks. In the case of no pathological response to neo-
adjuvant treatment (> 50% tumor cells), patients received
LN dissection and 12 months of adjuvant therapy, which
comprised either ICI or BRAF/MEK inhibitor therapy. By
contrast, patients with pCR or almost complete response
(detection of < 10% tumor cells) did not undergo LN dis-
section. Overall, pathological response was seen in 71%, and
pPCR (< 10% tumor cells in the index LN) was observed in
60% [100, 101]. Further data regarding the efficacy of either
treatment are currently pending.

Last, the NeoCombi trial (NCT01972347) investigated
the efficacy of neoadjuvant BRAF/MEK inhibitor therapy
for stage IIIB/C patients. To this end, patients received
12 weeks of neoadjuvant therapy with Dab (300 mg)
plus Tram (2 mg) followed by radical LN dissection and
40 weeks of adjuvant therapy. Preliminary data revealed that
86% of patients showed a pathological response (pCR: 43%,
pPR: 40%) at the time of LN dissection. These data suggest,
that neoadjuvant BRAF/MEK inhibitor therapy might also
be considered a feasible therapeutic option; however, thera-
peutic outcome of adjuvant TT was not as favorable as after
neoadjuvant immunotherapy, as after a median follow-up
of 12.1 months, tumor progression was being observed in
36% of patients [82]. Consistent with these data, interim
data from the Combi-Neo (NCT02231775) trial revealed
a significantly longer RFS (median RFS 19.7 months vs
2.9 months) for neoadjuvant Dab (300 mg) plus Tram (2 mg)
treatment as compared with initial LN dissection followed
by adjuvant therapy. Here, it has been investigated whether
8 weeks of neoadjuvant Dab/Tram therapy prior to LN dis-
section plus adjuvant BRAF/MEK inhibitor therapy might
be beneficial as compared to LN dissection and subsequent
adjuvant therapy only. After a median follow-up of 18.6
months, 10/14 patients receiving neoadjuvant BRAF/MEK
inhibitor therapy showed an ongoing tumor response as com-
pared with 0/7 patients for conventional treatment [102].

5 Conclusions and Implications for Clinical
Practice

Recently, the advent of ICI therapy and TT has radically
changed the concept of adjuvant melanoma therapy [14]:
adjuvant therapy protocols involving ICI and BRAF/MEK
inhibitors have proven to result in a significant reduction in
the risk for tumor relapse in patients with stage III mela-
noma. Accordingly, adjuvant ICI or BRAF/MEK inhibitor
therapy is an evidence-based therapeutic alternative and
must be discussed with patients. Because a direct compari-
son of the two adjuvant regimens in patients with the BRAF
mutation has not been performed to date, the treatment deci-
sion involves considerations on the various side-effect pro-
files, the preferred mode of application, and the individual
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efficacy in a physician-patient discussion [91]. Because of
the different criteria for patient enrollment in trials involving
ICI or BRAF/MEK inhibitor therapy, cross-over compari-
sons of primary endpoints should be avoided [48, 73, 76].
Hence, pre-existing conditions and treatment feasibility are
the most common criteria included in the decision whether
to choose adjuvant ICI or targeted therapy for patients with
BRAF mutation [70]. For BRAF wild-type patients, by con-
trast, ICI remains the most promising adjuvant therapeutic
option. Treatment with either Nivo or Pembro did not show
significant differences in terms of RFS or ORR [72].

Although there is culminating evidence on factors that
may predict a response to BRAF/MEK inhibitor therapy
for patients with stage IV melanoma, such as normal levels
of lactate dehydrogenase, low tumor burden, or lack of
cerebral metastasis [103], there are currently no predic-
tive markers that might serve as guideposts for adjuvant
therapy in stage III patients. Further complicating the
decision is the observation inferred from longer follow-
up trials, which suggest that adjuvant TT might be infe-
rior to ICI therapy in terms of long-term outcomes [91].
This finding does however somewhat contrast with recent
reports showing a statistically significant prolongation
of OS after adjuvant BRAF/MEK inhibitors but not after
anti-PD-1, at least when compared to IPI. Therefore, exist-
ing comorbidities and tolerability play a significant role
in decision making. While pre-existing cardiac conditions
are of primary concern in BRAF/MEK inhibitor therapy
[104, 105], the presence of autoimmune diseases should be
clarified before initiating ICI therapy [106, 107]. The high
incidence of mild therapy-associated side effects during
targeted therapy, some of which may persist throughout
the duration of therapy [76], should be considered before
initiating adjuvant BRAF/MEK inhibitor treatment. By
contrast, side effects during ICI therapy are less frequent,
but more often result in treatment cessation and can some-
times cause serious complications, including death [67].
Thus, discontinuation of therapy because of trAE is more
common with ICI therapy [73].

As 40-60% of patients with melanoma harbor a BRAF
mutation, therapeutic decisions may additionally take
into account the need for therapeutic sequencing [108].
Sequencing of BRAF/MEK inhibitor and ICI therapy
might be particularly relevant regarding potential immu-
nomodulatory effects found in patients with the BRAF
mutation and conferred by BRAF/MEK inhibitors. In
this context, it has been observed that patients with the
BRAF mutation frequently show an immunosuppressive
TME, which is characterized by a decreased activity of
antigen-presenting cells and an overexpression of inhibi-
tory cytokines such as interleukin-6 and interleukin-10
[109-111]. BRAF/MEK inhibitor therapy, by contrast,
may promote a shift toward an immunogenic TME (Fig. 2)
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Fig.2 Immunomodulatory effects of BRAF/MEK inhibitors in
the context of melanoma therapy. Next to the direct antiprolif-
erative effects conferred by targeted therapy, it has been found that
these might further exert immunomodulatory properties within the
tumor microenvironment. In particular, BRAF inhibition resulted in
a stronger expression of tumor antigens, thus favoring the immuno-
logical recognition of melanoma cells. Furthermore, BRAF inhibitors
were initially shown to reduce programmed death-ligand 1 (PD-L1)
expression on melanoma cells. More importantly, BRAF inhibition
may result in a paradoxical activation of effector T cells thus enhanc-

by favoring the infiltration of CD8" T cells, the expres-
sion of tumor antigens, or PD-L1 expression on melanoma
cells, while reducing the infiltration by regulatory T cells
and MDSC [111-113]. Accordingly, it is debated whether
sequential BRAF/MEK therapy followed by ICI therapy

Melanoma
tumor cell

Survival and
proliferation

ing anti-melanoma immune response. Last, BRAF-MEK inhibitors
were found to reduce the secretion of cytokines such as interleukin
(IL)-1, IL-6, or IL-10, which impairs the infiltration of immunosup-
pressive tumor-associated macrophages and myeloid derived sup-
pressor cells. Overall, BRAF/MEK inhibitors may therefore tip the
scale towards an inflamed tumor microenvironment favoring an anti-
melanoma immune response. CAF, HLA human leukocyte antigen,
MDSC, MMP, TAM, TCR, Teff, TIL, TGF-f transforming growth
factor-p, VEGF vascular endothelial growth factor

may result in a better response to systemic treatment [114,
115].

However, the concept of neoadjuvant melanoma ther-
apy represents another promising option for patients with
advanced melanoma, as it has been found to efficiently
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reduce the tumor burden and thus improve operability. In
this regard, preliminary clinical data revealed that patients
with a pCR after neoadjuvant therapy were very likely to
show persistent tumor responses [116]. Furthermore, neoad-
juvant therapy allows for the early identification of mecha-
nisms of tumor resistance, thus improving the subsequent
therapeutic strategy [117]. However, it remains to be deter-
mined whether the initial data of the OpACIN study will
be confirmed by subsequent trials and whether neoadjuvant
treatment may additionally improve RFS as compared to
adjuvant therapy. Another issue concerns the duration of
neoadjuvant ICI therapy, which may be addressed in future
trials [118]. Despite these yet unresolved issues, the intro-
duction of ICI and BRAF/MEK inhibitor therapy has opened
new possibilities for both adjuvant and neoadjuvant mela-
noma therapy. Further studies now need to clarify which
patients might particularly benefit from neoadjuvant or adju-
vant therapy and which treatment protocols might show the
best efficacy for individual patient subgroups.
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