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Summary At the turn of the past century, unre-
sectable metastatic melanoma was primarily treated
with different chemotherapeutic agents, such as
dacarbazine, with only poor efficacy. Immunother-
apeutic agents, such as interleukin-2 or adjuvant
interferon alpha, were used with modest results but
frequent side effects. In the last 10 years, mod-
ern immunotherapy using checkpoint inhibition has
dramatically changed the treatment landscape of
metastatic melanoma and is now considered the
first-line treatment for stage IV melanoma. Conse-
quently, median overall survival has increased from
9.1 months with dacarbazine to up to 72.1 months us-
ing the current gold standard ipilimumab+ nivolumab
first-line. In 2023, in Europe, the anti-PD1 antibod-
ies nivolumab and pembrolizumab are licensed in
the adjuvant and metastatic setting and the com-
bination therapies ipilimumab+ nivolumab and re-
latlimab+ nivolumab are approved in the metastatic
setting. Nevertheless, despite tremendous progress in
the last two decades, at least 50% of our patients with
stage IV melanoma still die. Currently, research fo-
cuses on combining checkpoint inhibition with other
drugs such as cancer vaccines, BRAF/MEK inhibition,
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other tyrosine kinase inhibitors or histone deacetylase
inhibitors.
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Introduction

At the turn of the past century, different chemothera-
peutic agents were used for the treatment of stage IV
melanoma. Efficacy was poor, e.g., dacarbazine
showed a 3-year overall survival (OS) of 12.2% and
a median OS of 9.1 months [1]. Fortunately, a lot has
changed in the last two decades. Today, immunother-
apy and targeted therapies are essential therapeutic
mainstays and chemotherapy is only rarely used as
a last-line treatment. Consequently, median OS has
increased from 9.1 months with dacarbazine to up
to 72.1 months using the immunotherapeutic com-
bination of ipilimumab and nivolumab first-line [1,
2]. In 2023, based on data from the DREAMSEQ
and SECOMBIT trials [3, 4], immunotherapy with
checkpoint inhibitors is the recommended first-line
treatment for stage IV melanoma patients [5].

Take home message

Immunotherapy is recommended as the first-line treat-
ment for stage IV melanoma.

This short review aims to present the exciting journey
of immunotherapy for malignant melanoma, from ad-
juvant and barely effective interferon treatment to po-
tent combined checkpoint inhibition.

108 Immunotherapy for melanoma K

https://doi.org/10.1007/s12254-023-00881-6
http://crossmark.crossref.org/dialog/?doi=10.1007/s12254-023-00881-6&domain=pdf
http://orcid.org/0000-0003-2091-5411


short review

Interferon alpha

Modern immunotherapy started with the use of inter-
ferons. From 1997–2018, Interferon alpha (IFN-α) was
the only approved drug in Europe for adjuvant treat-
ment of patients with totally resectedmelanoma [6, 7].
The results of pivotal studies were statistically signifi-
cant, which led to approval, but efficacy was relatively
modest. For example, the difference in event-free sur-
vival at 5 and 10 years was 3.5% and 2.7%, respec-
tively, and IFN-α increased OS only marginally from
2.8% to 3.0% [8]. However, adverse events, especially
influenza-like symptoms, were frequent. In one study,
using intermediate-dose IFN-α, therapy was stopped
or interrupted because of side effects in up to 20% of
the patients [9].

Interleukin-2

In 1998, high-dose intravenous bolus interleukin-2
(IL-2) was approved by the US Food and Drug Admin-
istration (FDA) for treating patients with metastatic
melanoma based on the results of eight clinical trials
of IL-2 showing an overall response rate (ORR) of
16% (complete remission [CR] 6%, partial remission
[PR] 10%) [10]. Interestingly, disease did not progress
in any patient responding for more than 30 months.
Toxicities, although severe, generally reversed rapidly
after therapy was completed; however, 6 patients (2%)
died from adverse events, all related to sepsis [10].

Anti-CTLA-4 antibody ipilimumab

In 2011, a new era in the treatment of unresectable
or metastatic melanoma started in Europe with Eu-
ropean Medicines Agency (EMA) approval of ipili-
mumab, the first immune checkpoint inhibitor. Im-
mune checkpoints are regulatory pathways of the
immune system, which can act in inhibitory or stim-
ulatory manners. Unfortunately, some cancers can
protect themselves from attack, e.g., by stimulating
inhibitory pathways. Immune checkpoint inhibitors
are immunotherapeutic drugs which work by block-
ing these regulatory pathways, thus, interfering with
immune regulation. The antibody ipilimumab blocks
cytotoxic T-lymphocyte-associated antigen 4 (CTLA-
4), a crucial negative regulator of T cells. Conse-
quently, the anti-CTLA-4 antibody ipilimumab aug-
ments antitumoral T-cell immunity.

Two pivotal studies—CheckMate 020 and Check-
Mate 024—led to approval. In CheckMate 020, ip-
ilimumab (3mg/kg) with or without a glycoprotein
100 (gp100) peptide vaccine compared with gp100
alone was administered in a 3:1:1 ratio in 676 pa-
tients with previously treated unresectable stage III
or IV melanoma. Ipilimumab increased median OS
to 10.0 months in the combination and 10.1 months
in the monotherapy cohort compared to 6.4 months
in patients receiving only gp100, indicating a sur-

vival benefit with ipilimumab [11]. Checkmate 024
investigated 502 patients with previously untreated
metastatic melanoma. Patients were randomized to
the standard chemotherapeutic agent dacarbazine
plus ipilimumab or placebo in a 1:1 ratio. Dacar-
bazine (850mg per square meter of body surface
area) and ipilimumab (10mg/kg) or placebo were
given at weeks 1, 4, 7, and 10, followed by dacar-
bazine monotherapy every 3 weeks through week 22.
Ipilimumab increased the median OS from 9.1 to
11.2 months, and survival rates were higher in the
ipilimumab–dacarbazine group (e.g., 20.8% vs. 12.2%
at 3 years, hazard ratio 0.72) [1]. Notably, dacarbazine
did not add to the effect of ipilimumab.

Furthermore, a pooled analysis of long-term sur-
vival data from phase II and III trials of ipilimumab
in unresectable or metastatic melanoma (n= 1861)
estimated a 3-year survival rate of 22% [12]. However,
most interestingly, survival curves reached a plateau
around the third year after treatment and a pro-
longed benefit was observed for up to 10 years in
some patients [12]. Despite the fact that ipilimumab
10mg/kg showed improved survival in comparison to
ipilimumab 3mg/kg [13, 14], a dose reduction from
10mg/kg to 3mg/kg significantly reduced severe ad-
verse events from 35.9% to 17.3% [15]. Therefore, in
Europe, ipilimumab is used in-label with 3mg/kg.

Anti-PD-1 antibodies pembrolizumab and
nivolumab

Since 2013, clinical studies have investigated the ef-
ficacy of the anti-programmed death-1 (PD-1) anti-
bodies pembrolizumab and nivolumab in metastatic
melanoma, leading to EMA approval of these drugs in
2015 [16, 17]. The blockage of the interaction of PD-1
on T cells with PD-L1 and PD-L2 on tumor cells us-
ing these antibodies represented the next milestone in
checkpoint inhibition, effective in various cancer en-
tities, not only melanoma. PD-1 is one in a group of
inhibitory receptors upregulated upon CD8-positive
T-cell exhaustion during cancer, and PD-1 blockade
can reactivate T-cell immunity [18].

Pembrolizumab was approved based on the
phase III study KEYNOTE-006, which investigated
pembrolizumab (10mg/kg) every 2 or 3 weeks or
four doses of ipilimumab (3mg/kg) every 3 weeks in
a 1:1:1 ratio. The response rates of pembrolizumab
every 2 and 3 weeks were 33.7% and 32.9%, com-
pared to 11.9% with ipilimumab treatment, and pem-
brolizumab prolonged progression-free survival (PFS)
and OS compared to ipilimumab [19].

Nivolumab showed similar effects on PFS and OS
as well as similar toxicity in the phase III trial Check-
Mate 037, in which patients after CTLA-4 failure
received either nivolumab (3mg/kg every 2 weeks)
or chemotherapy (dacarbazine 1000mg/m2 every
3 weeks or carboplatin area under the curve 6 plus
paclitaxel 175mg/m2 every 3 weeks). The nivolumab
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Fig. 1 In this descrip-
tive post hoc analysis, an
event was defined as death
as a result of melanoma.
HR hazard ratio, MSS
melanoma-specific survival,
NR not reached, 95% CI
95% confidence interval.
Figure from Wolchok JD
et al. [2]

group achieved objective responses in 31.7% com-
pared to 10.6% using chemotherapy [20]. Similar
efficacy of nivolumab in previously untreated pa-
tients was also observed in the monotherapy arm of
CheckMate 067 (see below).

Currently, PD1 inhibition is the standard im-
munotherapeutic treatment for metastatic melanoma
and the backbone of most current and future combi-
nation therapies.

Take home message

The anti-PD1 antibodies nivolumab and pembrolizumab
are the backbones of most current and future combi-
nation therapies.

Inspired by the results in the metastatic disease, the
PD1 antibodies nivolumab and pembrolizumab were
also investigated in adjuvant settings. Nivolumab
(3mg/kg every 2 weeks) compared to ipilimumab
(10mg/kg every 3 weeks for four doses and then every
12 weeks) was investigated in the CheckMate 238 trial
for up to 1 year in patients after complete resection
of stage IIIB/C or stage IV melanoma. In comparison,
pembrolizumab (200mg every 3 weeks for 1 year) was
compared to placebo in completely resected stage
IIIA–C melanoma in the KEYNOTE-054 study. Check-
Mate 238 showed a 12-month recurrence-free survival
(RFS) rate of 70.5% in the nivolumab group com-
pared to 60.8% in the ipilimumab arm [21]. Similarly,
KEYTNOTE-054 revealed a 1-year RFS of 75.4% using
pembrolizumab compared to 61.0% in the placebo
group [22]. Since late 2022, pembrolizumab is also
licensed for adjuvant treatment of melanoma stage
IIB/C, and approval of nivolumab for this indication
in Europe is expected in 2023. Treatment-related ad-
verse events grade 3 or higher using PD1 antibodies
have been reported in about 14.4 to 17% [21, 23–25].

Combined inhibition of CTLA-4 and PD-1:
ipilimumab plus nivolumab

With the question whether one plus one is better,
it was logical to explore combined checkpoint in-
hibition. The phase III trial CheckMate 067 (lead-
ing to EMA approval in 2016) investigated previ-
ously untreated patients with unresectable stage III
or IV melanoma. Participants were randomized 1:1:1
to either A) nivolumab (1mg/kg) plus ipilimumab
(3mg/kg) every 3 weeks (four doses) followed by
nivolumab (3mg/kg) every 2 weeks, B) nivolumab
(3mg/kg) every 2 weeks, or C) four doses of ipili-
mumab (3mg/kg) every 3 weeks.

Similarly, the phase II study Checkmate 069 com-
pared four doses of nivolumab (1mg/kg) plus ipili-
mumab (3mg/kg) followed by nivolumab monother-
apy to ipilimumab (3mg/kg) plus placebo followed by
placebo in a 2:1 ratio in patients with previously un-
treated, unresectable stage III or IV melanoma [26].

CheckMate 069 showed a 2-year OS of 63.8% in the
combination vs. 53.6% in the nivolumab monother-
apy arm [26], and a recently published long-term
efficacy analysis of CheckMate 067 demonstrated pro-
longed and durable clinical benefit of combined ther-
apy (Fig. 1). With a minimum follow-up of 6.5 years,
the median OS was 72.1 months in the combina-
tion group compared to 36.9 and 19.9 months in the
nivolumab and ipilimumab group, respectively [2].
Median melanoma-specific survival was not reached
in the combination group compared to 58.7 and
21.9 months in the nivolumab and ipilimumab group,
respectively [2]. Interestingly, after 6.5 years, most pa-
tients were recurrence-free despite treatment discon-
tinuation, indicating long-term benefit of checkpoint
inhibition.
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Take home message

Ipilimumab+ nivolumab is currently the gold standard
for the treatment of stage IV melanoma.

However, the enhanced efficacy of combined im-
munotherapy is accompanied by increased toxicity.
Treatment-related adverse events grade ≥3 occurred
in 48% of the ipilimumab+ nivolumab combination
group, leading to treatment discontinuation in 27.5%
of patients [27].

Combined inhibition of LAG-3 and PD-1:
relatlimab plus nivolumab

The newest checkpoint inhibitor approved in 2022
is relatlimab in combination with nivolumab. Re-
latlimab targets the lymphocyte-activation gene 3
(LAG-3) found on cytotoxic and regulatory T cells,
controlling T cell activation and growth. The approval
study RELATIVITY-047 showed positive results in pre-
viously untreated advanced metastatic melanoma:
combination of relatlimab plus nivolumab compared
to nivolumab monotherapy improved median PFS
from 4.6 months to 10.1 months [28]. Nevertheless,
PFS was not higher in absolute numbers. There was
no significant difference in PFS between combina-
tion and monotherapy in PD-L1-positive patients and
a difference was only seen in PD-L1-negative patients
(using a cut-off level of 1%): a subgroup analysis
showed that median PFS was higher in PD-L1-neg-
ative (<1%) than in PD-L1-positive (≥1%) patients
(6.4 months and 2.9 months, hazard ratio 0.68 and
0.96, respectively) [28]. In addition, in either group,
the benefit was not statistically significant regarding
ORR or OS [28].

In Europe, based on the PD-L1 expression sub-
group analysis, the combination of relatlimab and
nivolumab was only approved for the subgroup of PD-
L1-negative (<1%) patients. This decision changes the
need for PD-L1 testing for the treatment of metastatic
melanoma. Until 2022, PD-L1 expression determi-
nation was not mandatory and was only rarely con-
sidered for therapeutic decisions in daily practice
because PD-L1 expression in melanoma had never
showed a significant discriminatory effect between
PD-1 antibodies and other available treatments, in
contrary to other tumor types such as urothelial
carcinoma. However, PD-L1 expression testing is
now necessary if administration of relatlimab and
nivolumab is considered. Regarding tolerability, se-
vere adverse events grade ≥3 were reported in 18.9%
using the combination of relatlimab plus nivolumab
[28], which is only slightly higher than with PD-1
monotherapy but considerably lower than with ipili-
mumab combined with nivolumab.

Future

The last two decades were exciting for physicians
treating patients with metastatic melanoma; however,
at least 50% of our patients with stage IV melanoma
still die. How could efficacy be increased? Most cur-
rent studies focus on combining well-known check-
point inhibitors, mainly anti-PD1 antibodies, with
other drugs such as histone deacetylase inhibitors,
BRAF/MEK inhibition, other tyrosine kinase inhibitors
or cancer vaccines. Furthermore, biomarkers are ur-
gently needed (and are being investigated) to identify
patients who will benefit from available therapies.
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