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2 Summary

Title: Management of Advanced Melanoma
Author: Carmen Roeper

The management of advanced melanoma is complex and differs according to the stage of the
tumor. The stage is defined by the 2018 American Joint Committee on Cancer (AJCC)
melanoma staging system and utilizes the TNM classification. Complete excision of the
primary tumor with one to two-centimeter margins is the gold standard. According to tumor
thickness and ulceration, a sentinel lymph node biopsy may be performed. The result from this
procedure has the greatest overall prognostic value compared with other prognostic factors. If
a sentinel lymph node biopsy exhibits micrometastases, a complete lymph node dissection,
nodal observation, or adjuvant therapy may be indicated. Metastatic melanoma requires most
often systemic therapy. With a number of immune and targeted therapy medications receiving
FDA approval during the last ten years, the prognosis of patients with advanced melanoma has
significantly improved from an overall survival rate of less than 10 % to values ranging between
34 and 60 %. Immune therapy agents such as the PD-1 blocking antibodies Pembrolizumab and
Nivolumab, and the CTLA-4 blocking antibody Ipilimumab and their specific combination
have shown great results in phase Il randomized clinical trials. Targeted therapy aims at
melanomas with BRAF V600 mutations. The MEK inhibitors Trametinib, Cobimetinib, and
Binimetinib and the BRAF inhibitors Vemurafenib, Dabrafenib, and Encorafenib are preferably
administered in combination as this has shown to increase response duration compared with
monotherapy. Patients with advanced melanoma may undergo follow-up examinations every
three to twelve months depending on the stage of the tumor and the time that passed from their
initial diagnosis. Adoptive cell transfer and a melanoma vaccine are therapies in development.
They have not shown clinical outcomes that prompted their adaption to clinical routine practice.
The European Society for Medical Oncology (ESMO) has formulated clear recommendations
for the management of melanoma patients during the COVID-19 pandemic. Generally, as many
visits as possible should be conducted via telemedicine, and patients are categorized as low,

medium, and high priority.

Key words: advanced melanoma, melanoma, sentinel lymph node biopsy, surgical

management, adjuvant therapy, immunotherapy, targeted therapy



3 Sazetak

Naslov: Lije¢enje Uznapredovalog Melanoma

Autor: Carmen Roeper

Lijecenje uznapredovalog melanoma je slozeno i razlikuje se ovisno o stadiju tumora. Stadij je
definiran prema sustavu za odredivanje stadija melanoma Ameri¢kog zajedni¢kog odbora za
rak (engl. American Joint Committee on Cancer, AJCC) iz 2018.godine i koristi TNM
klasifikaciju. Potpuna ekscizija primarnog tumora s rubom od jednog do dva centimetra zlatni
je standard. S obzirom na debljinu i ulceraciju tumora, mozda ce biti potrebno napraviti biopsiju
sentinel limfnog ¢vora. Rezultat ovog postupka ima najvec¢u ukupnu prognostic¢ku vrijednost u
usporedbi s ostalim prognostickim ¢imbenicima. Ako biopsija sentinel limfnog ¢vora pokaze
mikrometastaze, moze biti indicirana disekcija cijelog limfnog ¢vora, opservacija ¢vora ili
adjuvantna terapija. Metastatski melanom zahtijeva najcesce sistemsku terapiju. Uz niz
imunoloskih i lijekova za ciljanu terapiju koje je odobrila FDA tijekom posljednjih deset
godina, prognoza pacijenata s uznapredovalim melanomom znacajno se poboljsala u odnosu na
ukupnu stopu prezivljavanja manju od 10% do vrijednosti u rasponu od 34 do 60%. Agensi
imunoterapije kao §to su antitijela koja blokiraju PD-1 pembrolizumab i nivolumab, i CTLA-4
blokirajuce antitijelo ipilimumab i njihova specifi¢na kombinacija pokazali su odli¢ne rezultate
u randomiziranim klini¢ckim ispitivanjima faze Il11. Ciljana terapija usmjerena je na melanome
s BRAF V600 mutacijama. MEK inhibitore trametinib, kobimetinib i binimetinib i BRAF
inhibitore vemurafenib dabrafenib i encorafenib pozeljno je koristiti u kombinaciji jer je ta
praksa pokazala povecanje trajanja odgovora u usporedbi s monoterapijom. Pacijenti s
uznapredovalim melanomom mogu se podvrgnuti kontrolnim pregledima svaka tri do dvanaest
mjeseci ovisno o stadiju tumora i vremenu koje je proslo od postavljanja njihove dijagnoze.
Adoptivni prijenos stanica i cjepivo protiv melanoma su terapije u razvoju. Nisu pokazali
klinicke rezultate koji bi potaknuli njihovu prilagodbu klinickoj rutinskoj praksi. Europsko
drustvo za medicinsku onkologiju (engl. European Society for Medical Oncology, ESMO) je
formuliralo jasne preporuke za lijecenje oboljelih od melanoma tijekom pandemije COVID-19.
Opcenito, posjeti bi se trebali provoditi putem telemedicine sto je vise moguce, a pacijenti su

kategorizirani po prioritetu kao niski, srednji i visoki prioriteti.

Kljucne rijec¢i: uznapredovali melanom, melanom, biopsija sentinel limfnog ¢vora, kirursko

lijecenje, adjuvantna terapija, imunoterapija, ciljana terapija



4 Types of Melanomas

In the updated WHO Classification of Skin Cancers in 2018, nine subtypes of melanoma were
distinguished based on epidemiology, clinical and histologic morphology, and genomic
characteristics. Considering these features, melanomas with and without sun exposure were
broadly grouped into two main categories being ‘“Melanomas typically associated with
cumulative solar damage (CSD)” and “Melanomas not consistently associated with CSD”.
Nodular melanomas formed a third main category as they display unique characteristics. For
instance, nodular melanomas do not display the classical “ABCDE” signs. Any or most of the
nine subtypes can present as this type of melanoma.(1)

By the degree of solar elastosis, melanomas associated with CSD were further divided into
tumors arising from low and high CSD. Solar elastosis is caused by the damaging effects of
ultraviolet radiation on elastic fibers in the dermis and commonly presents as “yellow,
thickened, coarsely wrinkled skin”.(2) Superficial spreading melanoma is categorized as a low
CSD tumor and lentigo maligna and desmoplastic melanoma as high CSD tumors. Spitz
melanomas, acral melanomas, mucosal melanomas, melanomas arising in congenital nevi,
melanomas arising in blue nevi, and uveal melanomas (not further considered in this review)
belong to the group of melanomas not associated with CSD.

Cutaneous melanomas mostly arise from melanocytes in the epidermis and usually advance
through two stages of development. The initial radial growth phase (RGP) is characterized by
a horizontal growth pattern and has the appearance of an irregular patch or plaque. In the
vertical growth phase (VGP), the tumor extends into the dermis or forms a nodule in the
epidermis, raising the level of the skin. VGP lesions have a high potential for metastasis and its
associated complications. Nodular melanomas represent an exception to this phasic growth
pattern as vertical growth can be identified in the earliest stage of the lesion. Therefore, these

tumors exhibit a high risk of already existing metastasis at diagnosis.(1)

5 Melanoma Staging

The latest American Joint Committee on Cancer (AJCC) melanoma staging system had been
implemented in 2018. Melanomas are staged according to the TNM classification. T stands for
the direct extent of the primary tumor and is further specified according to tumor thickness and
the presence or absence of ulceration. The N stage informs about the regional lymph node
involvement and the M stage indicates the presence of distant metastasis. Metastatic melanoma
commonly spreads to lymph nodes, liver, lung, brain, and bone.(3) The staging is specified in
tables 1-4.



Table 1 (3)

Primary Tumor

(M

Primary Tumor (T)JThickness (mm) Ulceration Status
TX Primary tumor cannot be assessed
T0 No evidence of primary tumor
Tis Melanoma in situ
a: Breslow <0.8mm w/o ulceration
T1 <1.0 b: Breslow 0.8-1.0mm w/o ulceration or <1.0mm w/ ulceration
a: w/o ulceration
T2 1.1-2.0 b: w/ ulceration
a: w/o ulceration
T3 2.1-4.0 b: w/ ulceration
a: w/o ulceration
T4 >4.0 b: w/ ulceration
Table 2 (3)

Regional Lymp

h Nodes (N)

Presence of In-fransit, satellite,
Lymph Node (N)JNumber of Nodes Clinical detectability and/or microsatellite metastasis
NX Regional nodes not assessed No
NO No regional metastasis detected No
N1 0-1
1 clinically occult (ie, detec-
Nla ted by SLN biopsy) No
N1b 1 clinically detected No
Nlc No regional lymph node disease |Yes
N2 1-3
N2a 2 or 3 nodes clinically occult No
2 or 3 nodes, at least 1 was
N2b clinically detected No
1 clinically occult or clinically
N2c detected Yes
N3 >1
N3a >4 clinically occult nodes No
>4 nodes, at least one was
clinically detected, or presence
N3b of any number of matted nodes [No
>2 clinically occult or clinically
detected and/or presence of
N3c any number of matted nodes Yes




Table 3 (3)
Distant Metastasis

Distant Metastasis (M) JAnatomic Site Classification Serum LDH
MO No evidence of distant metastasis M1la-d Not assessed
Mila Skin, soft tissue, distant lymph nodes M1a-d(0) Normal
M1b Lung M1la-d(1) Elevated
M1lc Non-CNS visceral sites
M1d CNS
Table 4 (3)
Pathological Staging of Melanoma
Pathological Staging (PTNM)JT N M
0 Tis NO MO
IA Tla NO MO
T1lb
IB T2b
A T2b MO MO
T2a
1B T3b
T4a
lc T4b
A T1-2a Nla MO
T1-2a N2a
B T0 N1b-c MO
T1-2a N1b-c
T1-2a N2b
T2b-3a Nla-2b
c T0 N2b-c MO
T0 N3b-c
Tla-3a N2c-3c
T3b-4a Any N
T4b Nla-2c
D T4b N3a-c MO
v Any T Any N M1

Staging of melanoma is fundamental to the initial assessment of the patient. Furthermore, it
allows treatment planning, surveillance, the design of clinical trials, and reporting in data

registries.(4)



6 Overview of Management of Advanced Melanoma

While most primary cutaneous melanomas are cured after excision, advanced melanoma
requires a more complex approach thereafter. A sentinel lymph node biopsy (SLNB) informs
about tumor burden and is potentially curative if metastases were limited to the removed
node(s). A positive SLNB may warrant complete lymph node dissection (CLND), close
observation, or adjuvant therapy depending on the characteristics of the tumor. Adjuvant
therapy and treatment of metastatic melanoma largely consist of immunotherapy, targeted
therapy, or a combination thereof. The advent of these new treatment options significantly
improved the prognosis of advanced melanoma in recent years and ongoing research promises

further advances in this field.

7 Melanoma Treatment up to date

First attempts at treating advanced melanoma included chemotherapy. However, it did not
prevail due to its relatively low clinical response and its high toxicity. In 1998, the approval of
IL-2 for metastatic melanoma revolutionized melanoma treatment as it successfully treated a
small percentage of patients. Nevertheless, its high toxicity limited its use and more effective
treatment options exist today. Immunotherapy and targeted therapy have been extensively
studied in recent years and greatly improved the prognosis for patients with advanced
melanoma.

Generally, the primary tumor is surgically excised. If a patient has one or very few metastases,
it may be beneficial to excise these as well. Different treatment options are discussed in detail
in the respective paragraphs and the choice and sequence of therapy will be discussed here.
Adjuvant therapy is offered to patients with high-risk melanoma. In patients with stage 11B/C
melanoma, one year of treatment with Pembrolizumab is recommended. This proved a
prolonged recurrence-free survival; however, surveillance is a legitimate alternative if treatment

adverse events are a concern.(5)

Resected stage IIIA low-risk node-positive melanoma is treated depending on the
characteristics of the primary tumor. If the primary tumor is non-ulcerated and sentinel lymph
node metastasis is <1mm, surveillance is preferred. The recurrence-free survival is very high in
this patient group, increased morbidity from adverse events is avoided, and systemic therapy is
available in the case of recurrence or metastasis. Patients with BRAF V600 positive melanomas
who desire treatment may be treated with Dabrafenib plus Trametinib for one year. It is favored

over immunotherapy due to its milder side effect profile. An ulcerated primary tumor or lymph



node metastasis >1mm is treated according to BRAF mutation. BRAF wild-type tumors are
treated with a PD-1 inhibitor. Nivolumab or Pembrolizumab is possible in this context. The
same treatment is an option for BRAF mutant tumors, with the additional possibility of targeted

therapy with Dabrafenib plus Trametinib.

Patients with a resected stage 111B/C/D tumor are at high risk for disease recurrence. Depending
on BRAF mutation status, these patients should be treated with adjuvant therapy. BRAF wild-
type tumors are preferentially treated for one year with a PD-1 inhibitor being Nivolumab or
Pembrolizumab. For patients with BRAF-mutated melanoma, the best possible treatment option
has not been established. Immunotherapy with Nivolumab or Pembrolizumab is one option and

targeted therapy with Dabrafenib plus Trametinib represents the alternative.

For patients with metastatic melanoma stage IV whose metastasis had been definitely removed
via surgery or radiation, adjuvant therapy is applicable. Regardless of BRAF status, Nivolumab

plus Ipilimumab for one year is the recommended combination therapy.(6)

Systemic treatment of metastatic melanoma is complex and initial genetic sequencing is
indicated to identify common mutations that can be treated with targeted therapy. BRAF
mutations are most common and TRK gene fusions, KIT, and NRAS mutations are rarer. When
deciding on a treatment regimen, mutational status, prior drug therapy, and contraindications to
certain treatments need to be considered.(7) Previously untreated metastatic melanoma with
BRAF mutation is recommended to be treated with Nivolumab plus Ipilimumab. It is preferred
over initial targeted therapy with a combination of BRAF and MEK inhibitor due to its superior
OS rate. Additionally, immunotherapy seems to be less potent after targeted therapy which does
not apply the other way around.(8,9) Alternative immunotherapies are Pembrolizumab or
Nivolumab monotherapy. If there are contraindications or the patient does not wish to undergo
immunotherapy, BRAF plus MEK inhibitor is the alternative. Possible combinations are
Dabrafenib plus Trametinib, Encorafenib plus Binimetinib, or Vemurafenib plus Cobimetinib.
Despite Atezolizumab plus Vemurafenib plus Cobimetinib being FDA-approved and having
achieved improved progression-free survival, it is not routinely used in clinical practice. It has
only been compared to targeted therapy alone, and not to the current standard of immunotherapy
followed by targeted therapy. Its toxicity profile was also less favorable.

The treatment of metastatic melanoma with BRAF-positive mutation, which has been
previously treated adjuvantly, will generally depend on the original therapy received. If a PD-
1 inhibitor such as Nivolumab or Pembrolizumab had been previously administered, treatment

with Nivolumab plus Ipilimumab is recommended. However, the combination therapy of a

7



BRAF and MEK inhibitor also seems plausible. If a patient with BRAF-positive metastatic
melanoma previously received adjuvant therapy consisting of BRAF and MEK inhibitors,
immunotherapy with checkpoint inhibitors is commonly used thereafter.

Subsequent therapy may be necessary if a patient relapses after initial systemic therapy.
Generally, patients who received immunotherapy will receive targeted therapy in the next step
and vice versa.(7)

The systemic treatment of metastatic melanoma without BRAF mutation will be discussed in
this paragraph. Immunotherapy with Nivolumab plus Ipilimumab is the first-line treatment for
aggressive metastatic melanoma that has not been treated before. Features considered
aggressive include elevated lactate dehydrogenase (LDH), acral melanoma, brain or liver
metastasis, and metastases with systemic symptoms. Monotherapy with Pembrolizumab or
Nivolumab is recommended in the absence of these features. The treatment duration ranges
from six months to two years depending on the responsiveness of the tumor. If treatment
progression occurs after combination therapy, enrolment in clinical trials is advised.
Alternatively, high-dose IL-2 or chemotherapy may be considered. Patients with BRAF wild-
type metastatic melanoma previously treated with a PD-1-inhibitor as adjuvant therapy or for
metastatic melanoma may be treated with Nivolumab plus Ipilimumab.(10)

Several targeted therapies have been developed for non-BRAF melanoma. First-line therapy
for patients with NRAS mutation is immunotherapy, followed by the MEK inhibitor
Binimetinib.(11,12) Metastatic melanoma with TRK gene fusion is treated with checkpoint
inhibitor immunotherapy. Second-line treatment is a TRK-gene fusion inhibitor such as
Larotrectinib or Entrectinib.(13-15) KIT mutations most commonly occur in acral or mucous
melanoma. It is treated with Imatinib should immunotherapy fail.[7,13] Treatment of rare

mutations will not be further elaborated on in this paper.

7.1  Surgical Management

7.1.1 Excision

An excisional biopsy with the intention of cure is the gold standard for the treatment of primary
cutaneous melanoma. Despite an overall 5-year survival of 92 % of localized, invasive

melanoma, there is an ongoing debate regarding the appropriate margin size.(16)



Table 5 (17)

Surgical Margin Recommendation by Country

Surgical margin recommendation (cm) according to
Country Breslow Thickness (mm)

<1l mm 1.01-2mm 2.01- 4mm >4 mm
UK 2021 lcm 1-2cm >2 cm >2 cm
USA 2014 lcm 1-2cm 2cm 2cm
Australia 2018 lcm 1-2 cm 1-2cm 2cm
Germany 2014 lcm 1cm 2cm 2cm
Switzerland 2016 lcm lcm 2cm 2¢cm
The Netherlands 2013 1 cm 1cm 2cm 2cm

As seen in table 5, the national guidelines recommendations for surgical margin width are very
similar in countries such as the UK, USA, Australia, Germany, Switzerland, and the
Netherlands. A maximum margin of 2 cm is generally accepted as larger margins have not been
shown to reduce recurrence or improve survival.(17) Past RCTs and meta-analyses had
presented evidence in favor of these margins. However, a meta-analysis from 2016 argues that
narrow margins (1-2 cm) may lead to a worse outcome than wide margins (3-5 cm). Overall
survival probability may be 94 % worse than with wide margin excisions. On the other hand,
wider margins related to an increased amount of non-melanoma deaths. The authors argued that
non-significant p-values have been “misinterpreted” as being indifferent. Overall, it is not
possible to conclude from current available RCTs whether narrow margins are definitely
safe.(18) An updated meta-analysis will be expected including the ongoing MelMarT trial
which is estimated to be completed in 2026. This RCT compares 1 cm versus 2 cm margins of
invasive cutaneous melanomas with a thickness of >1 mm with regards to local recurrence and
melanoma-specific survival.(19) As the biggest dispute currently exists whether a1 cmor 2 cm
margin is reasonable, this trial could potentially be the basis for new evidence-based guidelines.
A systematic review and meta-analysis from 2021 did not show a significant difference in local
recurrence, metastasis, melanoma, and non-melanoma-related deaths between narrow and wide
margins. Nevertheless, when studies at high RoB (a tool for assessing the risk of bias) were
excluded, the results shifted to favor wide margins for melanoma-specific survival. More
research may be required to reliably weigh the benefits of wide margins against the
disadvantages of potential morbidity caused by prolonged hospital stays, complications, and

the need for reconstructive surgery.(16)



Margins positive for invasive disease after excision require re-excision. If satellite lesions are
discovered at the margin, no re-excision is required as it is not possible to know the location of
further satellite lesions. These lesions should be closely monitored in follow-ups.(20) If
melanoma in-situ is present in the margin, a re-excision is advised. However, the chance of
finding another positive margin is approximately 10 %. Such patients may benefit from topical
imiquimod treatment.(21)

Mucosal melanoma is considered rare with 0.8 to 3.7 % of melanomas being mucosal.
However, this type of melanoma is particularly aggressive and has a less favorable prognosis.
It is therefore treated with wide excision margins.(22)

Management of auricular melanoma was historically associated with a poorer prognosis. This
has not proven to be the case and total ear amputations, total parotidectomies, and radical neck
dissections are usually not necessary today. Cartilage-sparing excision with narrow margins (1
cm) and reconstruction using skin grafts or local flaps have shown excellent results regarding
local control rate.(23) Furthermore, the perichondrium may serve as a local barrier against
melanoma invasion. Only gross local invasion into cartilage may necessitate excision of
cartilage and amputation.(24)

Subungual melanoma is frequently misdiagnosed and therefore often discovered at a later stage.
Historically, it was classified as a more aggressive form of melanoma, however, the literature
did not confirm this. Therefore, aggressive amputations became rare but may be indicated after
local recurrence. No national guidelines on the treatment of subungual melanoma exist and

RCTs are necessary to establish such guidelines.(25)

7.1.2  Sentinel Lymph Node Biopsy

A sentinel lymph node (SLN) is the “First lymph node to receive drainage from the primary
tumor”’(26)

The American Society of Clinical Oncology and the Society of Surgical Oncology Clinical
Practice Guideline have formulated the following recommendations. A Sentinel Lymph Node
Biopsy (SLNB) is not routinely recommended for thin melanomas staged as Tla with
nonulcerated lesions < 0.8 mm in Breslow thickness. T1b patients with 0.8 to 1.0 mm in
Breslow thickness or < 0.8 mm in Breslow thickness with ulceration may be contemplated to
receive SLNB on an individual basis. Patients with intermediate-thickness melanomas with a
Breslow thickness of 1.0 to 4.0 mm (T2 or T3) are recommended to undergo SLNB. Thick
melanomas with a Breslow thickness of > 4.0 mm staged at T4 may be considered for SLNB.

Regardless of stage, the risks and benefits always need to be discussed with the patient.(27)
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The value of SLNB has shifted in recent years from a therapeutic approach to one that is crucial
in providing prognostic information.(28) Results from the RCT Multicenter Selective
Lymphadenectomy Trial 1 (MLST-1) showed that the findings from an SLNB are the strongest
predictive factor regarding disease recurrence and death from melanoma.(29) Possible
complications of an SLNB occur at a frequency of approximately ten percent and include
seroma, hematoma, infection, dysesthesia, and lymphedema.(30) Several studies and RCTs
have investigated SLNB versus nodal observation. The results were not unanimous, however,
most studies and trials found that patients with intermediate-thickness and thick melanomas
had a significant increase in disease-free survival after SLNB. SLNB and nodal observation did
not show a difference in melanoma-specific survival.(27) Nevertheless, the literature largely
agrees that the benefits of SLNB outweigh the potential harm in selected patient groups.

In many institutions, the sentinel lymph node is traced in a dual manner. The primary tumor is
injected with Technetium and can be preoperatively traced with lymphoscintigraphy and during
surgery with gamma probes. Injection of the tumor with isosulfan blue dye allows for visual
recognition of the node. The identification rate of 97 to 99 percent is very high with the
combined method.(31) However, blue dye can cause anaphylactic shock, and some studies
argue that it may be unnecessary. Trained surgeons may achieve similarly high identification
rates using only radiotracers.(32) The “10 % rule” suggests that all nodes with radioactivity of
at least ten percent of the hottest node ex vivo and with blue dye should be removed to reduce
the number of false-negative results.(33,34) Patients with a negative SLNB that later develop
metastasis in a draining lymph node, are considered false-negative cases. A meta-analysis
conducted by Valsecchi et al. concluded that nodal recurrence after negative SLNB was less
than five percent.(35) A negative SLNB warrants no further surgery, less follow-up visits, and

is associated with prolonged survival.

7.1.3 Lymph Node Dissection

After a positive SLNB, a complete lymph node dissection (CLND) or nodal observation are
possible treatment directions. 15-20 percent of patients with metastases in SLNs additionally
show metastases in non-SLNs.(36) The meta-analysis by Moody et al. reported a total
complication rate of 37.3 percent after CLND. Among those were infections, delayed wound
healing, lymphedema, seroma, and hematoma.(37) Additionally, reduced quality of life after
CLND compared with SLNB only was observed.(38) There is considerable controversy in the
literature on whether a CLND is necessary for patients with positive SLNB as approximately

80 percent do not have metastasis in non-SLNs and would still suffer from the morbidity of the
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procedure. Two RCTs investigated this issue. The DeCOG (German Dermatologic Cooperative
Oncology Group Selective Lymphadenectomy Trial) and MSLT-2 (Multicenter Selective
Lymphadenectomy Trial) came to the general conclusion that CLND increased disease control
rate, but not the melanoma-specific survival. Therefore, CLND will most likely be performed
less frequently in the future.(39) Nevertheless, some limitations to both studies have been
reported. The DeCOG encountered problems recruiting patients and ended early. Both trials
could be biased by short follow-up periods of up to 140 days and a high number of participants
with a small tumor burden.(40) The possibility of adjuvant therapy can be explored in patients

with a positive SLNB and will be further discussed in the next paragraphs.

7.2 Adjuvant Therapy

Adjuvant therapy is usually offered to high-risk patients who already received primary
treatment typically consisting of excisional surgery. High-risk melanoma is deeper than 4 mm
with or without ulcerations, 2 to 4 mm with ulceration, or involves spread to nearby lymph
nodes. With CLND performed less frequently, adjuvant therapy becomes more important and

potentially offers a good alternative to surgical solutions beyond the primary resection.(41)

7.2.1 Interferon

Interferons belong to the group of cytokines and are antiviral, antiproliferative, and
immunomodulatory agents. They act through multiple signaling cascades such as the JAK
(Janus activated kinase) and the STAT (signal transducer and activator of transcription)
pathway.(42) For the treatment of melanoma, IFN-o is most relevant. IFN-aa, IFN-ab, and IFN-
ac are commercially available as drugs. IFN-o enhances tumor immunogenicity and increases
dendritic cell (DC) response to melanomas.(43) Anti-tumor effects are exerted by tumor
necrosis factor-alpha, interferon-gamma, interleukin-1 (IL-1), IL-2, and IL-12 which are
produced by Th2 cells. On the other hand, Th2 cells produce IL-4 and IL-10 and facilitate tumor
growth by suppressing the host immune system.(44) IFN-a promotes a shift from a Th2- to a
Th1l-dominant response. This strengthens cell-mediated cytotoxicity. IFN-a was approved by
the FDA for the treatment of stage Il melanoma in 2011. During that time, several RCTs
acknowledged IFN-a as one of the main adjuvant treatment options in resected IIB/III
melanoma. High-dose treatment was necessary to increase relapse-free survival (RFS) and
overall survival (0S).(43,45) The Eastern Cooperative Oncology Group Trial EST 1684 found
that IFNa-2b significantly increased median RFS. The treatment group showed a median RFS

of 1.72 years, while the observation-only patient group was relapse-free for a median of 0.98
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years. The OS was 3.82 years in the group treated with IFNa-2b and 2.78 years in the
observation group. IFN2a-2b was administered 1V daily for five days a week for four weeks at
20 MU/m2/d and thereafter three times a week for 48 weeks at 10 MU/m2/d. The control group
underwent close observation. IFNa combination treatment is shortly described in the following
paragraph. Possible toxicity of the treatment can be substantial and includes constitutional and
neuropsychiatric symptoms, laboratory evidence of myelosuppression, and hepatotoxicity.
(46,47) With the development of checkpoint inhibitors, and interferon’s unfavorable toxicity

profile, the relevance of IFN-a in the treatment of melanoma ceased.(48)

7.2.2 Ipilimumab

Ipilimumab is an FDA and European Medicines Agency-approved human IgG1 monoclonal
antibody that alters the adaptive immune system. One important factor in the activation of T-
cells is the binding of the B7 ligand on the antigen-presenting cell (APC) to the CD28 receptor
on the T-cell. Following T-cell activation, the expression of cytotoxic T-lymphocyte antigen 4
(CTLA-4) on the T-cells is upregulated. CTLA-4 competes with CD28 for the B7 ligand on
APCs and does so with a higher affinity. The binding of CTLA-4 to the APC leads to
downregulation of the T-cells. Ipilimumab binds to the CTLA-4 receptor and reinstates the
proliferation of naturally developed melanoma-specific T-cells.(49) Adjuvant therapy with
Ipilimumab was approved for fully resected stage 111 melanoma in 2015. A randomized, double-
blind, phase 3 trial including 951 patients found that the 5-year rate of recurrence-free survival
was 40.8 % in the group receiving Ipilimumab and 30.3 % in the placebo group. The overall
survival proved to be 65.4 % in the treatment group and 54.4 % in the placebo group. The
absence of distant metastasis could be confirmed in 48.3 % in the Ipilimumab group and in 38.9
% in the placebo group. 10 mg per kilogram was administered every 3 weeks. This was repeated
four times and thereafter every three months for 3 years or until the disease recurred, intolerable
toxicity developed, or other complications arose. More than 50 % of the patients in the treatment
group had grade 3 or 4 adverse effects. However, 26.2 % in the placebo group proved adverse
effects at those levels. Immune-related adverse effects are common with Ipilimumab and
occurred in 41.6 % (grade 3 or 4). These included with decreasing frequency gastrointestinal,
hepatic, and endocrine disturbances. Other adverse effects included dermatologic events such
as rashes, and neurologic events. 1.1 % of the patients died because of adverse effects from
Ipilimumab. The most common cause was colitis with intestinal perforation, followed by

myocarditis, and multiorgan failure associated with Guillain-Barré syndrome.(50) Depending
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on the characteristics of the tumor, Pembrolizumab and Nivolumab have shown higher clinical

efficiency and are the preferred agents in patients with resected stage 111 melanoma.(51,52)

7.2.3 Nivolumab

Nivolumab is an 1gG4 monoclonal antibody with a high affinity for the PD-1 receptor. PD-1
receptors are expressed on activated T- and B-cells and generally reduce the immune response.
Tumor cells and infiltrating immune cells express the ligands PD-L1 and PD-L2 that bind to
the PD-1 receptor and downregulate the host immune response. Nivolumab interferes with this
binding and therefore increases anti-tumor reactions, slows tumor growth, and assists in tumor
rejection.(53,54) Patients in a randomized, double-blind, phase 11 clinical trial who received
complete resection of stage I1IB, I1IC, or IV melanoma received Nivolumab 3 mg /kg every
two weeks. Based on the results from this trial, Nivolumab received FDA approval as adjuvant
therapy for stage I11 melanoma and completely resected metastatic melanoma in 2017. 70.5%
of patients were recurrence-free after 12 months. Adverse effects of grades three or four were
noted in 14.4%.[55,56] Adverse effects of any grade were fatigue (32%), rash (23%), and
diarrhea (18%). Immune-related adverse events included skin disorders (36%), gastrointestinal
disorders (18%), and endocrine disturbances (13%). Drug-related deaths were not reported.(54)
Nivolumab and Ipilimumab are both immune checkpoint inhibitors and their efficiency and
safety profiles have been compared in the abovementioned clinical trial. The 18-months
recurrence-free survival amounted to 66.4% in the Nivolumab group and 52.7% in the
Ipilimumab group. Recurrence or death within 27 months was reported in 34.0% of patients
treated with Nivolumab and 45.5% of patients treated with Ipilimumab. The Nivolumab group
also reported longer distant metastasis-free survival. Adverse effects of any grade were
experienced in nearly all patients of either drug regimen. However, the number of grade three
or four adverse events differed significantly. The Nivolumab group experienced such in 14.4%
of cases compared to 45.9% in the Ipilimumab group. The discontinuation rate due to drug-
related adverse effects of any grade was 9.7% in the Nivolumab group and 42.6% in the
Ipilimumab group. All things considered, Nivolumab seems to be superior to Ipilimumab
regarding recurrence-free survival, metastatic-free survival, and safety profile.(55) A four-year
follow-up of this study reinforced these results and indicated that combination therapy of

Ipilimumab and Nivolumab may have the greatest overall benefit.[57]
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7.2.4 Vemurafenib

Vemurafenib selectively inhibits mutated BRAF V600E kinase. The mitogen-activated protein
kinase (MAPK) signaling pathway is vital in promoting the growth of melanoma cells.
Extracellular signals such as growth factors and hormones activate this pathway. These ligands
bind to a tyrosine Kinase receptor on the plasma membrane and activate RAS. Signals are further
transduced through the proteins BRAF, MEK, and ERK, activate transcription factors and
finally lead to cell proliferation. If any gene coding for these proteins mutates, it can lead to
constitutive activation of the pathway. Approximately 40 to 60 percent of patients with
melanoma showed point mutations in BRAF. 90 percent of these mutations led to a substitution
of glutamic acid for valine at codon 600, hence the name BRAF V600E. This mutation is 10.7-
fold more active than the wild type. Consequentially, the pathway is activated independently of
RAS and uncontrollable cell proliferation follows. Other mutations are V600R, V600M,
V600D, and V600G. Their clinical response to targeted therapy is usually lower than that of
BRAF V600E mutations as Vemurafenib selectively inhibits the activity of BRAF V600E.
BRAF mutations are commonly noted in sun-exposed areas often affected by melanoma
development such as the trunk and the extremities. [58-61] The application of adjuvant therapy
with Vemurafenib was investigated in the BRIM8 phase Ill, double-blind, randomized,
placebo-controlled trial. Patients with BRAF V600 positive mutations were divided into two
cohorts. In cohort 1, patients with stage 1IC to 111B, and in cohort 2, patients with stage 111C
were included. The patients received 960 mg tablets or the matched placebo twice per day for
52 weeks. Cohort 2 showed a one-year disease-free survival of 78.9% in the Vemurafenib group
and 58.0% in the placebo group. However, the two-year disease-free survival was very similar
in the two groups with 46.3% in the Vemurafenib group and 47.5% in the placebo group. It
seems that single-agent targeted therapy rapidly leads to treatment resistance. The primary
endpoint of disease-free survival was not met in cohort 2 and the testing of cohort 2 before
cohort 1 rendered results from cohort 1 as not significant. Median disease-free survival was not
reached in the Vemurafenib group of cohort 1. In cohort 1, the two-year disease-free survival
in the Vemurafenib group was 72.3% and 56.5% in the placebo group. However, the relevance
of this favorable disease-free survival rate remains to be established in future trials as it is not
statistically significant. Adverse effects were consistent with those of patients treated for
advanced melanoma and will be discussed in the paragraph about Vemurafenib under targeted
therapy.[62] Vemurafenib monotherapy is not recommended in the adjuvant therapy of

melanoma. Immunotherapy or Dabrafenib + Trametinib are commonly used in this setting.(6)
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7.2.5 Dabrafenib + Trametinib

Dabrafenib is a BRAF inhibitor, and its mechanism of action is similar to that of Vemurafenib.
Trametinib is a MEK inhibitor, like Cobimetinib. As the principles of BRAF and MEK
inhibitors are outlined in the paragraphs about Vemurafenib and Cobimetinib, respectively, it
will not be further discussed here.[63] In a double-blind, placebo-controlled, phase Il trial,
patients with completely resected stage 111 melanoma with BRAF V600 mutation were either
assigned to receive a placebo or 150mg of Dabrafenib plus 2mg of Trametinib. The relapse-
free survival in the combination-therapy group was 88%, 67%, 58%, and 52%, and 56%, 44%,
39%, and 36% in the placebo group after one, two, three, and five years, respectively. The
combination-therapy arm showed a three-year OS rate of 86% compared to 77% in the placebo
arm. 65% of patients in the combination therapy group and 54% in the placebo group were alive
and free of distant metastasis at five years. In conclusion, the combination regimen portrayed a
significantly lower risk of recurrence. An adverse event of any grade occurred in 97% of the
patients treated with the combination regimen and in 88% in the placebo group. The most
common adverse events in the combination therapy group were pyrexia (63%), fatigue (47%),
and nausea (47%). Grade three or worst adverse events occurred in 36% of patients treated with
the combination therapy and 10% treated with the placebo.(63,64) In 2018, the FDA approved
Dabrafenib + Trametinib for the adjuvant treatment of completely resected BRAF V600E/K
positive melanoma with involvement of lymph nodes.(65)

7.2.6 Pembrolizumab

Like Nivolumab, Pembrolizumab is an FDA-approved PD-1 blocking antibody. The two drugs
show notable differences in how they bind to the PD-1 receptor. However, molecular,
preclinical, and early clinical data suggest that the drugs may be used interchangeably.
Differences in trial results may be attributed to the patient population and trial design.
Nevertheless, an incomplete understanding of mechanisms and insufficient clinical data
warrant further research on their interchangeability.(66) A phase 111 double-blind clinical trial
evaluated Pembrolizumab versus placebo in high-risk stage 111 melanoma. The treatment group
received 200 mg every three weeks for the period of one year, until the disease recurred, or
until intolerable adverse effects occurred. The three-year RFS was 63.7% in the Pembrolizumab
group and 44.1% in the placebo group. At three-year follow-up, 37% and 56% in the
Pembrolizumab and placebo group, respectively, had a recurrence or died. The rate of distant
metastasis at three years was 22.3% and 37.3%, respectively.(67) 77.8% of patients experienced
adverse events of any grade in the treatment group. 66.1% in the placebo group were affected.

Grade three, four, or five adverse events occurred in 14.7% in the Pembrolizumab group and
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3.4% in the placebo group. The general adverse effects listed in decreasing frequency were
fatigue, skin reactions including rash and pruritus, diarrhea, arthralgia, nausea, and dyspnea.
Immune-related disorders were endocrine abnormalities, the most frequent ones being
hypothyroidism and hyperthyroidism, respiratory, thoracic, and mediastinal disorders, such as
pneumonitis, interstitial lung disease, or sarcoidosis, vitiligo, or other severe skin reactions and
occurred at an overall rate of 37.3% in the Pembrolizumab group compared with 9.0% in the
placebo group.(68) A phase Il randomized controlled trial, compared high-dose interferon or
Ipilimumab to Pembrolizumab in patients with resected melanoma stage 1A to IV. In the
Pembrolizumab group, RFS was improved, however, OS did not differ significantly.(51) In
2019, the FDA approved Pembrolizumab for the adjuvant treatment of resected melanoma with
involvement of lymph nodes.(69) KEYNOTE-716 is a phase |1l double-blind, multi-center,
placebo-controlled randomized clinical trial that investigated Pembrolizumab versus placebo in
resected stage 11B/C melanoma patients. The RFS after 14.4 months was 16.8% in the
Pembrolizumab group and 11.1% in the placebo group. The one-year recurrence-free survival
amounted to 90.5% in the Pembrolizumab group and 83.1% in the placebo group.(51) Due to
the high efficiency indicated in this trial, the FDA approved Pembrolizumab for the treatment
of resected stage IIB/C melanoma in 2021.(70) Therefore, one year of treatment with

Pembrolizumab is  preferred over surveillance in this patient group.(6)

7.3 Immunotherapy

Historically, patients diagnosed with advanced melanoma had a median OS of 8 to 10 months
and a five-year survival rate of approximately ten percent.(71) Immunotherapy, as well as
targeted therapy, changed the grim prognosis of these patients and have the potential to improve
it further as clinical trials are still ongoing. A slow response to treatment with immunotherapy
is common and an initial worsening of the disease has been described. If a long-lasting response
to immunotherapy is achieved, patients may be reevaluated for surgical removal of

metastases.(72)

7.3.1 Ipilimumab

Ipilimumab is discussed in detail in the paragraph “Ipilimumab” under “Adjuvant Therapy”. A
pooled analysis of phase Il and I11 trials in patients with unresectable or metastatic melanoma
analyzed the long-term survival in patients treated with Ipilimumab. The median OS was 11.4
months. The three-year survival rate was 22 % for all patients, 26% for patients who did not

receive past systemic treatment for melanoma, and 20 % for previously treated patients. Doses
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were administered at 3 and 10 mg/kg. A phase Il clinical trial compared these two dosing
regimens and showed a significant OS benefit in the patient group treated with 10 mg/kg. The
median OS prevailed at 15.7 months for 10 mg/kg dosing compared to 11.5 months for 3 mg/kg.
A survival plateau at five years showed promising results for a subgroup of patients. As already
suggested in earlier studies, the higher dosing regimen related to more adverse effects overall,
and, especially in grades three and four. (73) Ipilimumab nowadays is mainly administered in
combination with a PD-1 inhibitor due to superior clinical efficiency. This will be elaborated
on in other paragraphs.(74)
36 percent of patients treated with 10 mg/kg experienced grade three and four adverse effects
compared with 20 % at 3 mg/kg. Diarrhea (11%), colitis (6%), and elevated alanine
aminotransferase (4%) were the most common grade three and four adverse effects for the 10
mg/kg. The 3 mg/kg group showed a distribution of diarrhea (6%), colitis (3%), and
hypophysitis (2%). Adverse effects resulting from treatment-related immune mechanism in the
3 and 10 mg/kg group lied at 55% and 74%, respectively. This study may offer a basis for the
development of new anti-CTLA-4 agents. Several agents are already under investigation.(73)

7.3.2 Pembrolizumab

Pembrolizumab is discussed in detail earlier in this paper in the paragraph “Pembrolizumab”
under “Adjuvant Therapy”. The KEYNOTE-001 trial investigated five-year survival outcomes
in patients with advanced/metastatic melanoma in a phase Ib clinical trial. The median OS was
38.6 months in patients who did not receive previous treatment and 23.8 months in all
patients.(75) Following the results from this trial, Pembrolizumab was the first PD-1 inhibitor
to receive FDA approval for the treatment of unresectable or advanced melanoma after
progression on other therapies in 2014.(76) The KEYNOTE-006 was a multicenter,
randomized, controlled phase Il trial for patients with unresectable or advanced melanoma.
The patients were randomly assigned to 10mg/kg Pembrolizumab every two weeks, every three
weeks, or 3mg of Ipilimumab every three weeks for four doses. The two-year OS rate was 55%
in both Pembrolizumab groups and 43% in the Ipilimumab group. The two-year progression-
free survival rate was 31%, 28%, and 14% in the two-week, three-week Pembrolizumab, and
Ipilimumab group, respectively. Most adverse events were of grade one or two. Adverse events
of any grade occurred in 82% of patients in the two-week group, 77% of patients in the three-
week group, and 74% of patients in the Ipilimumab group. Overall, frequent adverse events
were fatigue, pruritus, diarrhea, and rash. Both Pembrolizumab groups experienced grade three,

four, or five adverse events in 17% and in 20% of patients treated with Ipilimumab. Generally,
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the different dosing regimens of Pembrolizumab did not have distinguishable safety outcomes
and Pembrolizumab displayed favorable OS and progression-free survival in comparison to
Ipilimumab with less grade three or four adverse events. The authors support the implication of
Pembrolizumab as a standard of care for patients with advanced/metastatic melanoma.(77)
Even though the study was not designed to determine optimal treatment duration, complete
responders showed a durable response regardless of at what point in a period of six months to
two years the discontinuation occurred.(78) Today, Pembrolizumab is frequently used as first-
line therapy for BRAF wild-type treatment-naive melanoma with less aggressive features (no
elevated LDH level, acral melanoma, brain/liver metastasis, or symptomatic systemic
metastasis). However, in many instances, combined immunotherapy is preferred. Nivolumab
plus Ipilimumab is a standard of care.(10) Pembrolizumab plus Nivolumab in the treatment of
patients with advanced melanoma is currently being investigated in a phase I trial (KEYNOTE-
029). Adverse events were manageable and clinical efficiency seems encouraging. Future RCTs
will show if Pembrolizumab plus Ipilimumab is a good or superior alternative to Nivolumab

plus Ipilimumab.(79)

7.3.3 Nivolumab

Nivolumab is discussed in detail earlier in the paragraph “Nivolumab” under “Adjuvant
therapy”. In addition to its use in the adjuvant setting, it was originally FDA-approved for
second-line treatment of unresectable or metastatic melanoma in patients who previously
received Ipilimumab, and for patients with BRAF V600 mutations who progressed after
treatment with Ipilimumab and a BRAF inhibitor in 2014. Today, it is recommended for less
aggressive metastatic BRAF wild-type melanoma instead of Ipilimumab or high-dose IL-
2.(10,80) The CheckMate037 trial was a randomized, controlled, open-label, phase 111 trial that
compared chemotherapy (dacarbazine, carboplatin, or paclitaxel) with Nivolumab in the above-
mentioned patient group. The patients in the Nivolumab group received 3 mg/kg every two
weeks until the diseases progressed, or intolerable toxicity occurred. In the Nivolumab group,
31.7% of patients showed a treatment response, in the chemotherapy group it was 10.6%. Six-
month progression-free survival was 48% for patients treated with Nivolumab and 34% for
patients treated with chemotherapy. The authors concluded that Nivolumab is a good treatment
option for patients in this advanced disease stage and acknowledge that such a second-line

treatment option had been overdue.(81,82)
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734 T-VEC

T-VEC (Talimogene laherparepvec) is a 2015 FDA-approved oncolytic viral immunotherapy
for the treatment of local unresectable and nodal melanoma that recurred after initial
surgery.(83) Herpes simplex virus type 1 (HSV-1) is genetically modified. ICP34.5 and ICP47
are functionally deleted, and GM-CSF is inserted at the place of ICP34.5. ICP34.5 is a
neurovirulence factor and its inactivation prevents neuronal involvement and promotes tumor-
selective replication. The local production of GM-CSF leads to increased dendritic cell activity
and fosters cytotoxic T-cell responses to tumor cells. ICP47 normally inhibits antigen
presentation in cells infected with HSV. If deleted, expression of surface antigens on tumor
cells would be expected to increase and antigen-presenting cells should not be inhibited.
Furthermore, enhanced viral replication and greater oncolysis were observed.(84-87) A
randomized open-label phase Il trial (OPTiM) was conducted in patients with unresectable
stage I11B to IVM1c melanoma. Patients either received intra-tumoral T-VEC or subcutaneous
recombinant granulocyte-macrophage colony-stimulating factor (GM-CSF). The T-VEC group
showed a median OS of 23.3 months and the GM-CSF group of 18.9 months. The overall
response rate was 31.5% and 6.4%, and the CR rate was 16.9%, and 0.7% in the T-VEC and
GM-CSF arms, respectively. T-VEC showed greater efficiency than GM-CSF, however, it may
be criticized that T-VEC was not compared to a placebo or a standard of care treatment
regimen.(88) A phase Ib clinical trial suggests the effective combination of T-VEC with the
anti-PD-1 antibody Pembrolizumab in previously untreated patients with 111B to IV melanoma.
The confirmed objective response rate amounted to 61.9%, and the complete response rate was
33.3%. Ongoing trials are further exploring this combination.(84,89) In the largest real-world
review, 121 patients were treated with T-VEC for three years. Regarding OR, 57% of patients
had a locoregional response, 39% a complete response, and 18% a partial response. 58% of
patients did not notice any adverse events, which confirms its low toxicity profile noted in
previous studies. Therefore, T-VEC appears to be a well-tolerated treatment option with durable
results.(90) The typical dosing regimen consists of up to 4 ml of 106 to 108 pfu/ml in phosphate-
buffered saline and is administered in the central portion of the lesion. If the lesion is easily
visualized or palpated, the injection is done under visual guidance. Otherwise, ultrasound-
guided localization may be utilized.(87) In terms of adverse events, patients enrolled in the
OPTIM trial most commonly reported fatigue, chills, pyrexia, nausea, and flu-like iliness. Grade
three or four adverse events only occurred in 11.3% of patients. Cellulitis was the only grade
three or four adverse event that occurred in more than 2% of patients. Immune-related adverse

events manifested in 8.1% of patients and 6.2% of those reported vitiligo (grade one or two).
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Many of the patients who experienced grade three adverse events had a previous medical
condition that potentially exacerbated. Grade four immune-related adverse events were not
noted.(88)

7.3.5 Nivolumab + Ipilimumab

A phase 11, randomized, double-blind study compared Nivolumab monotherapy, Ipilimumab
monotherapy, and combined Nivolumab and Ipilimumab therapy in patients with untreated
unresectable or metastatic melanoma (Checkmate 067). Based on the results from this trial, the
FDA approved this combination therapy for the treatment of unresectable or metastatic
melanoma regardless of BRAF mutational status in 2016.(91,92) Regarding the combination
therapy, Nivolumab was administered at a dose of 1 mg/kg and Ipilimumab at a dose of 3 mg/kg
every 3 weeks for four doses. Thereafter, 3 mg/kg of Nivolumab every two weeks, or 3 mg/kg
of Ipilimumab every three weeks were administered. The median OS varied greatly, being more
than 60 months for the Nivolumab-Ipilimumab combination therapy, 36.9 months in the
Nivolumab treatment group, and 19.9 months in the Ipilimumab treatment group. The median
progression-free survival for the Nivolumab-Ipilimumab combination therapy, Nivolumab, and
Ipilimumab were 11.5 months, 6.9 months, and 2.9 months, respectively. The grade three and
four adverse events in the Nivolumab-Ipilimumab combination group were 59%, compared to
23% in the Nivolumab, and 28% in the Ipilimumab group.(93) Nivolumab-Ipilimumab
combination therapy being the only treatment without determined five-year survival for
metastatic melanoma seems promising and clinical trials investigating alternative dosing are
currently ongoing. Nivolumab plus Ipilimumab is currently the first-line therapy for metastatic

melanoma. (92)

7.3.6 Aldesleukin (IL-2)

Interleukin-2 (IL-2) is a cytokine that stimulates the proliferation and maturation of T-cells.
Aldesleukin is its recombinant form. As part of the adaptive immune system, the T-cells
respond to foreign proteins, microorganisms, and tumor cells.(94) The T cell growth factor
received FDA approval in 1998 for the treatment of stage IV melanoma. Today, it is only rarely
used due to its unfavorable toxicity profile and more effective alternatives.(95,96) Typical
dosing consisted of 600,000 to 720,000 1U/kg IV every eight hours. The maximum of 14 doses
shall not be exceeded. Based on tolerance, the therapy can be repeated after six to nine days of
rest. A new course may be started after six to twelve weeks. According to a trial with 270
patients with metastatic melanoma, the overall response rate was 16 %. Six percent of patients

acquired a complete response and ten percent a partial response. The overall duration of
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response was 8.9 months. Partial responders averaged 5.9 months and more than half of the
patients with complete responses were still responsive to treatment after 24 to 106 months. The
most frequent side effects comprise fatigue, fever, chills, nausea, diarrhea, and capillary leak
syndrome. The latter may result in consequential peripheral edema, hypotension, renal
insufficiency, and pulmonary edema. Anaphylaxis, shock, severe infections, autoimmune
disorders, and neurologic conditions such as stupor, somnolence, and coma are more serious
complications.(94,97,98)

7.4  Targeted Therapy
Targeted therapy aims at specific mutations that a tumor may inherit. Patients with metastatic

melanoma are assessed for mutations and the results further guide treatment.(7)

7.4.1 Vemurafenib

Vemurafenib is discussed in detail earlier in the paragraph “Vemurafenib” under “Adjuvant
Therapy”. A randomized phase Il study (COLUMBUS) conducted in 162 hospitals in 28
countries investigated among others the drug Vemurafenib in patients with locally advanced,
unresectable, or metastatic melanoma. Patients in the Vemurafenib group received 960 mg
twice daily, until disease progression, death, intolerable adverse effects, or withdrawal of
consent was reached. The primary endpoint was defined as progression-free survival. One-year
overall survival was 63.1% and two-year survival was 43.3% in the Vemurafenib group. These
were the lowest values in the study, with Encorafenib alone and in combination with
Binimetinib achieving better results. These treatments will be discussed further in the next
paragraph. Duration of response was also lowest in the Vemurafenib group and amounted to
12.3 months.(99) In earlier clinical trials, Vemurafenib displayed a clinical benefit over
dacarbazine.(100) A major problem in the monotherapy with Vemurafenib is the rapid
development of resistance within six to eight months. Due to this reason, combination of
Vemurafenib with other agents such as Cobimetinib may evade this problem.(101,102) In the
COLUMBUS trial, 66% of patients in the Vemurafenib group experienced grade three or four
adverse events. 17% of adverse events lead to the discontinuation of the treatment. The most
common grade three or four adverse events were arthralgia (5.9%), asthenia (4.3%), rash
(3.2%), and diarrhea (2.2%). Less common adverse effects in these groups were for instance
photosensitivity, palmoplantar keratoderma, constipation, headache, myalgia, and decreased

appetite. Among all grades, the most common adverse events proved to be arthralgia (46.2%),

22



alopecia (37.6%), nausea (34.9%), diarrhea (34.4%), rash (30.1%), hyperkeratosis (29.0%),
pyrexia (28.5%), dry skin (23.1%), keratosis pilaris (23.1%), decreased appetite (19.4%),
headache (19.9%), asthenia (18.8%), myalgia (18.3%), vomiting (16.1%), pruritus (10.8%),
pain in the extremities (14.5%), and decreased appetite (19.4%).(103) In comparison to the
COLUMBUS study, the extended follow-up of the BRIM-3 study, a randomized phase I11 open-
label study, conducted prior to the COLUMBUS study, found cutaneous squamous cell
carcinoma (19%), keratoacanthomas (10%), rash (9%), and abnormal liver function tests (11%)
to be the most frequent grade three or four adverse events. If a keratoacanthoma or cutaneous
squamous cell carcinoma were discovered, it was excised without altering or discontinuing
treatment with VVemurafenib.(104,105) Due to the rapid development of resistance and the
existence of drug regimens with more favorable clinical outcomes, Vemurafenib monotherapy

IS currently not recommended.(7)

7.4.2 Dabrafenib + Trametinib

Dabrafenib and Trametinib were discussed in detail earlier in the paragraph “Dabrafenib +
Trametinib” under “Adjuvant Therapy”. In a double-blind, phase Il study, patients with
unresectable stage 111C or IV melanoma with BRAF V600 mutation were treated with 150mg
Dabrafenib daily plus 2mg Trametinib once daily or Dabrafenib only. Three-year progression-
free survival in the combination therapy group was 22% and in the monotherapy group 32%.
The median OS accounted for 25.1 months in the combination therapy group and 18.7 months
in the monotherapy group. According to the authors, these results support long-term first-line
use of this combination regimen in advanced melanoma. Adverse events of any grade occurred
in 97% of patients in either group. 48% of patients receiving combination therapy and 50% of
patients receiving monotherapy had grade three or four adverse events. Common side effects
in both groups were pyrexia, vomiting, chills, and peripheral edema. The incidence of
hyperkeratosis, alopecia, skin papilloma, palmoplantar cutaneous squamous cell carcinoma,
keratoacanthoma, and basal cell carcinoma was more frequent in the monotherapy group.(106)
DREAMseq is a randomized phase Il clinical trial that investigated whether immunotherapy
should be followed by targeted therapy or the other way around. Patients with BRAF V600-
positive metastatic melanoma were admitted to the study. In the first step, patients received
either Nivolumab + Ipilimumab or Dabrafenib + Trametinib. When disease progression
occurred, step two was initiated, and patients were switched to the drug regimen they did not
receive previously. The two-year OS rate was significantly higher in the group treated with

immunotherapy followed by targeted therapy (72% versus 52%). Due to clear beneficial results,
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the trial was stopped prematurely.(9) The FDA granted approval to Dabrafenib + Trametinib
for the treatment of unresectable or metastatic melanoma with BRAF V600E/K mutation in
2014.(107) Compared with other BRAF and MEK inhibitors, Dabrafenib + Trametinib may be
the therapy of choice for patients with CNS metastasis.(7)

7.4.3 Vemurafenib + Cobimetinib

Vemurafenib was discussed in detail earlier in the paragraph “Vemurafenib” under “Adjuvant
Therapy” and “Targeted Therapy”. Cobimetinib is a MEK inhibitor that is FDA approved in
combination with Vemurafenib for unresectable stage I11C or IV melanoma with BRAF V600
mutation. The MAPK signaling pathway is outlined in the paragraph about adjuvant treatment
with Vemurafenib. As Vemurafenib inhibits BRAF, Cobimetinib inhibits another protein in the
MAPK signaling pathway, namely MEK which is located downstream of BRAF. 80% of
tumors developed resistance to BRAF inhibitors alone within six to seven months. Combining
a BRAF and MEK inhibitor showed a longer lasting and improved response with less toxicity
compared to monotherapy with Vemurafenib.[60,99,100] The international, multicenter,
randomized phase Il CoBRIM trial evaluated efficiency and safety in patients treated with
Vemurafenib only and in combination with Cobimetinib in the abovementioned patient group.
Median progression-free survival was 9.9 months for the combination treatment and 6.2 months
for patients treated with Vemurafenib only. The overall response rate accounted for 68% in the
combination group and 45% in the monotherapy group.(109) The median duration of response
was 13.0 months in the combination arm and 9.2 months in the monotherapy arm. The
combination group showed a median overall survival of 22.3 months compared with 17.4
months in the monotherapy group. In the Vemurafenib versus the Vemurafenib plus
Cobimetinib group, one-year overall survival was 63.8% versus 74.5%, and two-year overall
survival was 38.0% versus 48.3%, respectively. 98% of patients experienced adverse events in
the combination group and 95% in the monotherapy group. Grade three or worse adverse events
occurred in 60% in the combination arm and 52% in the monotherapy arm. The known adverse
event of cutaneous squamous cell carcinoma, keratoacanthoma, and Bowen’s disease occurred
in fewer patients in the Vemurafenib and Cobimetinib group. Six % in the combination group
were affected versus 20% in the Vemurafenib-only group. Photosensitivity was more common
with 34% in the combination group and 20% in the monotherapy group. These were mostly
adverse events of grade one or two. Other adverse events more common with Cobimetinib were
serous retinopathy, decreased left ventricular ejection fraction, and increased phosphokinase

level. Discontinuation of the treatment occurred in 14% in the Cobimetinib and VVemurafenib
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group and in 17% in the Vemurafenib group.(110) An indirect comparison utilized results from
the coBRIM and COMBI-v trial to compare the efficiency and safety profile of Dabrafenib +
Trametinib with Vemurafenib + Cobimetinib. No statistical difference had been found in terms
of efficacy; however, it was suggested that Dabrafenib + Trametinib was associated with fewer
adverse events. Adverse events of any grade, adverse events of grade three or higher, and dose
interruption or modification were significantly lower in patients treated with Dabrefinib +
Trametinib.(111)

7.4.4 Encorafenib + Binimetinib

Encorafenib is a BRAF inhibitor and functions in a similar fashion to Vemurafenib and
Dabrafenib. Binimietinib is a MEK inhibitor like Trametinib and Cobimetinib.(112)
Combination of a BRAF and MEK inhibitor is standard of care in advanced or metastatic
melanoma with BRAF V600 mutations. However, the development of resistance and adverse
events limit the long-term use in many cases. The pharmacological properties of Encorafenib
were modified in a way to enhance efficacy while decreasing toxicity. A shorter serum half-life
may contribute to delayed resistance and better tolerability. (113) The COLUMBUS study was
a multicenter, randomized, open-label, phase 111 study that randomly distributed patients into
three groups. The first group was administered 450mg of Encorafenib + 45mg of Binimetinib
(COMBO450), the second group received 960mg of Vemurafenib(VEM), and the third group
was given 300mg of Encorafenib (ENCO300). The median OS was highest in the COMBO450
arm with 33.6 months compared to 23.5 months in the ENCO300 arms, and 16.9 months in the
VEM arm. Median progression-free survival was 14.9 months for the COMBO450 group, 9.6
months for the ENCO300 group, and 7.3 months for the VEM group. The incidences of grade
three or four adverse events were very similar among all groups (68%,68%, and 66%), and the
adverse events that led to discontinuation did not differ considerably either (16%, 15%, 17% in
the COMBO450, ENCO300, and VEM groups, respectively).(103) The adverse events were
overall similar to those observed in other BRAF and MEK inhibitors with certain differences.
For instance, a lower incidence of pyrexia and photosensitivity in patients treated with
Encorafenib + Binimetinib was observed compared to previous BRAF and MEK inhibitors.
Moreover, these adverse events were commonly a single event and not recurrent and long-
lasting as with Vemurafenib + Cobimetinib or Dabrafenib + Trametinib.(114) This study served
as a basis for the FDA approval of this combination drug regimen for patients with unresectable
or metastatic melanoma with a BRAF V600E/K mutation in 2018.(115) Encorafenib +
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Binimetinib may be preferred over other BRAF and MEK inhibitors due to their convenience.

It can be stored at room temperature and intake is independent of the last meal.(7)

7.4.5 Vemurafenib + Cobimetinib + Atezolizumab
Atezolizumab is a programmed death-ligand 1 (PD-L1) inhibitor. The receptor PD-1 is

expressed on activated T and B cells, dendritic cells, and macrophages. When activated, an
inhibitory sign is delivered, and the production of cytokines and the proliferation of T cells is
dampened. If tumor cells express PD-L1, they evade the host immune response by binding to
the PD-1 receptor. Atezolizumab being a PD-L1 inhibitor potentially prevents tumor cells from
escaping the immune system in this way.(116) The ongoing IMspire150 randomized, double-
blind, placebo-controlled phase Il trial compared Vemurafenib plus Cobimetinib plus
Atezolizumab placebo with Vemurafenib plus Cobimetinib plus Atezolizumab. The
progression-free survival in the Atezolizumab group was 15.1 months versus 10.6 months in
the control group. Patients with BRAF V600 mutation-positive advanced melanoma can
potentially benefit from this combination therapy in the future. 99% of both groups showed
adverse events related to the treatment. Adverse events more common in the Atezolizumab
group were increased blood creatine phosphokinase, pyrexia, arthralgia, myalgia, liver enzymes
and bilirubin, hyper- and hypothyroidism, pneumonitis, pruritus, and peripheral edema.
Adverse events of grade three or four occurred at a similar incidence, with 79% in the
Atezolizumab arm and 73% in the control arm.(117) Due to the significant increase in
progression-free survival, the triple combination was FDA-approved in 2020 for unresectable
or metastatic melanoma with BRAF V600 mutation.(118) It has been criticized that
Vemurafenib + Cobimetinib + Atezolizumab in the IMspire150 trial were not compared to
monotherapy with a PD-1 inhibitor such as Pembrolizumab or Nivolumab or Nivolumab +
Ipilimumab. Therefore, it is not possible to conclude whether combining immunotherapy with
targeted therapy is superior to the current approach of immunotherapy followed by targeted
therapy. This is the reason why triple therapy is currently not widely used in clinical practice

despite FDA approval.(7)

7.5 Radiotherapy
Generally, radiation therapy has a limited role in the treatment of melanoma. Adjuvant

radiotherapy may be applicable for patients with positive margins after surgical removal of the
primary tumor where re-excision would cause significant morbidity.(119) Desmoplastic
melanoma has a high local recurrence rate of up to 48% after resection of the primary tumor

and adjuvant radiotherapy is indicated in this patient group rather than surgery alone.(120)
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Based on a phase I11 randomized clinical trial, patients with a high risk of nodal recurrence may
be considered for local radiation therapy. High-risk factors are multiple positive nodes,
especially in the parotid gland, two or more nodes in the axilla, three or more nodes in the groin,
extranodal spread, size of three or more centimeters in the neck, four or more centimeters in the
axilla or groin, positive margins, and recurrent disease after previous surgery.
In the palliative setting, radiotherapy can provide symptomatic relief for cerebral metastases,

bone pain, spinal cord compression, and symptomatic soft tissue metastases.(121)

7.6 Therapies in Development

7.6.1 Adoptive Cell Transfer

There are several types of adoptive cell transfer (ACT) and the one most extensively studied in
clinical trials is TIL (tumor-infiltrating lymphocytes). Other types such as endogenous T-cell
therapy, CAR T, and TCR transduced T-cells will not be further discussed here.(122) Before
the adoptive cell transfer with TIL, the patients must be preconditioned. This is commonly done
with nonmyeloablative chemotherapy (NMA) with cyclophosphamide and fludarabine.
Another option is total body irradiation (TBI) or a combination thereof. This lymphodepletion
is thought to lay a basis for TIL to work more efficiently. One potential mechanism is the
depletion of regulatory T cells normally suppressing immune reactions. IL-7 and IL-15 increase
survival and proliferation of T cells. After lymphodepletion, the transferred T cells need to
compete with less endogenous lymphocytes for these cytokines. Additionally, lymphodepletion
may create “physical space” for the treatment.(123,124) It has not been shown yet whether
NMA, TBI, or a combination thereof is the most effective preconditioning. Conflicting results
regarding efficacy and toxicity have been noted so far. A phase Il clinical trial in the Sheba
center in Israel investigating this issue is still ongoing.(124,125) TIL are gained from resected
melanoma metastasis of the patient and these lymphocytes are multiplied ex vivo. TIL are
administered to the patient in the form of an infusion together with IL-2. IL-2 seems necessary
to allow proliferation and maintenance of the infused T cells.(122,126) The infused T cells shall
recognize and eradicate the tumor cells. There are currently more than 20 clinical trials
investigating TIL therapy as monotherapy and in combination with other drugs.(124) In a phase
Il clinical trial, 22% of patients reached complete tumor regression. The overall three- and five-
year survival rates were 36% and 29%, respectively. However, it was 100%, and 93% for the
complete responders. Prior treatment did not seem to influence response to TIL.(127) Most
adverse events were related to the lymphodepletion or the application of IL-2. Toxicity related

to TIL was mostly transient and mild. Dyspnea, chills, and fever may develop. Autoimmune
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toxicity such as vitiligo, uveitis, or hearing loss rarely occurred. Despite promising results, TIL
therapy has several constraints. As every infusion is produced for the individual patient, costs
are relatively high, and production takes more than one month. Additionally, equipping
facilities appropriately is expensive and staff needs to be trained properly. Nevertheless, TIL
shows great potential and ongoing phase Il RCTs will clarify its clinical effectiveness and
safety.(124)

7.6.2 Melanoma Vaccine

The goal of the vaccine is to elicit an immune response against the tumor. The vaccine carries
incorporated tumor-associated antigens, possibly in combination with vaccine adjuvants to
further increase the immune response. The tumor-associated antigens are presented on MHC
complexes by antigen-presenting cells (APCs). MHC class | stimulate CD8 T cells (TCD8),
and MHC class Il stimulate CD4 helper T cells (TCD4). A combination of CD8 and CD4 T
cells is likely necessary to trigger a sufficient response. Antigens used in the vaccine may be
neoantigens that are specifically identified from a particular patient or antigens commonly
shared in patients with melanoma. Several types of shared melanoma antigens have been
identified.

Melanocytic differentiation antigens include proteins such as Tyrosinase, TRP-2, Melan-
A/MART-1, and gp-100. They are expressed on many melanomas, but also on normal
melanocytes. Therefore, central tolerance may decrease the desired T cell response.(128)
Nevertheless, a phase I/11 clinical trial testing melanoma vaccine containing proteins such as
MAGE, MART-1/MelanA, gp-100, and tyrosinase on stage I1I1B to 1V melanoma patients
showed preliminary moderate clinical success. 12% of patients underwent objective clinical
tumor regression and 12% noted lasting stable disease. Clinical outcomes were measured on 17
patients, and a larger study group is necessary to draw statistically significant conclusions.
Toxicity was evaluated for 39 patients who initially participated in the study. No grade four
adverse events, deaths, or dose-limiting toxicities were encountered. Flu-like symptoms after
the administration of the vaccine were common. Other frequently encountered adverse events
were fatigue, headache, myalgias, rigors/chills, arthralgias, nausea, dizziness, hyperkalemia,
and a decrease in hemoglobin. Autoimmune adverse events such as vitiligo or asymptomatic
elevation  of  rheumatoid  factor  occurred in 21%  of  patients.(129)
Shared mutated antigens can arise from somatic mutations or single-nucleotide polymorphisms
in melanoma cells. BRAF; KIT, and NRAS are antigens that are often mutated in melanoma.

BRAF V600 peptide vaccine induced an immune response in mice and inhibited tumor growth.
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In how far this translates to humans would be a subject of further studies.(128,130)
Cancer germline antigens have immune privilege at sites such as the placenta, and testes. Some
malignant tumors also express these antigens. The selective expression of these antigens in
melanoma and the inaccessibility of the immune cells to healthy cells at immune privileged
sites offer a good possibility to target melanoma cells with a vaccine. Examples of cancer
germline antigens include MAGE-Al, MAGE-A3, BAGE, GAGE, and NY-ESO-1. In a pilot
trial, ACT with T cells expressing a T cell receptor (TCR) transduced with NY-ESO-1 showed
promising results which could potentially be translated into the vaccine setting. 55% of patients
with melanoma proved an objective clinical response.(128,131) However, a phase 111, double-
blind, randomized, placebo-controlled, multicenter trial failed to prove clinical benefits in stage
I11B/C melanoma patients treated with MAGE-A3 vaccine in the adjuvant setting. Based on
these results, further exploration of this treatment option has been halted.(132)
Malignant transformation is promoted by the phosphorylation of oncogenic proteins.
Phosphorylated peptides, the product of these proteins, may be used as tumor-specific
phosphopeptide antigens that are potentially presented by MHC class I and Il molecules and
elicit an immune response against tumor cells. A study with 15 stage A to IV melanoma
patients assessed vaccines containing cancer-associated phosphopeptides pPBCAR3 and pIRS2
regarding safety and immunogenicity. No grade three or four adverse events or deaths were
reported, and other adverse events included for instance fatigue, chills, headaches, autoimmune
disorders, and diarrhea. Altogether, 40% of patients had a T cell immune response. The authors
state that these results merit further exploration, but the sample size is too small to draw
conclusions about clinical outcomes.(133)
Mutated neoantigens are mutations found in tumor cells, but not in normal cells. These DNA,
RNA, or translated peptides may be used as tumor-associated antigens. Data suggests that
central tolerance may be avoided while strong reactions toward these antigens can be achieved.
This is an example of personalized medicine where individual mutations are targeted. This
comes with the drawback of requiring more advanced facilities and longer periods of time until
the administration of treatment compared to conventional drug or vaccine therapy. In a phase |
study including five patients with melanoma, an RNA vaccine was utilized. All patients
developed a T cell response and 40% of patients with metastatic disease showed an objective
response. Further trials shall be awaited to understand the clinical impact of such
vaccines.(128,134)

Whole-cell vaccines integrate complete cancer cells into vaccines. With this strategy, multiple

mutated neoantigens from the tumor are introduced in the vaccine. However, mutations may
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not be identified preceding vaccine development. A placebo-controlled, phase 111 clinical trial
using a whole-cell vaccine in patients with completely resected stage 1V melanoma did not
show beneficial clinical outcomes in the treatment group compared to the placebo group.(135)
A different multicenter, double-blind, placebo-controlled phase 11 trial that is still ongoing
showed potentially favorable results. Patients with stage 1B to Il melanoma received the
polyvalent vaccine seviprotimut-L consisting of three human melanoma cell lines. The three
cell lines were taken from a metastatic melanoma, a BRAF V600-positive amelanotic metastatic
melanoma, and a BRAF VV600-positive and NRAS wild-type axillary lymph node. As not all
parts of the study have been concluded, final results cannot be reported yet. However, current
results suggest that patients with stage 11B/C melanoma, patients under the age of 60, and
patients with ulcerated melanoma should be further evaluated in the next part of the trial.(136)
A relatively new approach to melanoma vaccines is the use of induced pluripotent stem cells
(iPSCs). Tumor-associated antigens were discovered in human and murine iPSCs. Tumor
models showed decreased tumor growth and based on these positive preclinical outcomes,

future studies are to be expected.(137)

8 Follow-up Care

The main objective of follow-up care is early recognition of recurrent disease. With new
treatment options having emerged, patients with advanced disease have better outcomes
nowadays compared to ten years ago. Additionally, patients with malignant disease are more
likely to develop a second primary tumor which can be recognized at follow-up visits. Another
advantage of follow-up care is the psychological support of the patient and the possibility to
track therapeutical outcomes.(138)
Follow-up is guided by recommendations varying by country and no universal guidelines have
been established till now. The following table compares the recommendations in the US and

Germany.
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Table 6 (138)
Comparison of follow-up recommendations for patients with melanoma from the NCCN

guidelines (United States) and the clinical practice guidelines from the German Cancer

Society

Follow-up Category NCCN (US) Germany

Self-examination recommended? |Yes Not stated

Follow-up Interval

Stage | 3-12 mo x 5 years (a) |6 mo x 5 years (b)
3-6 mo x 2 years (a) |3 Mo x5 years (c)

Stage Il and 111 3-12 mo x 3 years (a)

Routine Imaging

Stage | No No

Stage Il and 111 Consider (d) Yes (e)

Routine Blood Work? No Yes (f)

(@) Annual follow-up after 5 years as clinically indicated.

(b) 6-12 months follow-up in years 6-10.

(c) 6-months follow-up in years 6-10.

(d) Consder CXR, CT, and/or PET-CT scans to screen for recurrent/metastatic
disease. Consider brain MRI annually. Routine imaging is not recommended

after 5 years.

(e) Reginal lymph node US for stage Il (every 6 months) and 111 (every 3 months)
melanomas for 5 years. Andominal US and CXR or CT, MRI, or PET scan at
each visit for 5 years.

(f) Serum S-100B protein levels every 3-6 months for stage Il and 111 melanomas.

Depending on the stage, follow-up visits every 3 to 12 months are recommended for the first
five years. Routine imaging is considered or recommended for stage 11 melanoma and higher.
There is a consensus that most melanoma recurrences are discovered by the patient. A study
conducted to detect differences in survival based on physician or patient-detected recurrence
did not find a statistically significant survival difference. 72% of recurrences in this study were
detected by patients.(139) As no randomized clinical trials have investigated the effect of
detection methods on the survival of patients with melanoma, it remains questionable whether
regular follow-ups are always reasonable. A retrospective analysis of patients with stage IlI
melanoma showed that first recurrences were detected in 47% by the patient or his family, in
21% by the physician, and in 32% by imaging. Regarding stage I11A to 11IC melanoma, the
authors recommended follow-up visits including physical examination and radiologic imaging
for a period of one to three years depending on the exact stage. Beyond this time frame, little
evidence supports further check-ups.(140)
Compared to physical examination, laboratory testing could identify recurrences earlier. The
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S-100B protein is utilized as a routine immunohistochemical maker for melanoma and
melanoma metastasis in stage Il and Il melanoma patients in Germany. With a sensitivity of
32% and a specificity of 96%, this marker may be suboptimal and not reliable. Therefore, only
a few countries adopted this marker into  routine  follow-ups.(141)
The lungs are the most common target site of metastatic melanoma. Therefore, the question
arose whether chest X-rays or CTs would increase survival. This has not been assessed in any
RCTs and the literature contains conflicting information. However, it seems that patients with
advanced melanoma seem most likely to benefit from screening in the form of imaging.(141)
It was suggested that subclinical stage IV melanoma may be identified with regular lymph node
US. Metastasis in lymph nodes may be fully resected, while a spread to visceral organs may
render a complete resection more difficult. Therefore, this patient group may particularly
benefit from lymph node US. Several studies investigated the use of US for nodal recurrences
and reported sensitivities between 86.6% and 98%, and specificities between 94.6% and 99.7%.
However, these studies must be considered with caution as they were conducted prior to routine
use of sentinel lymph node biopsy which removes the most common site of affected lymph
nodes. The MSLT-II trial investigated complete dissection versus observation with lymph node
US for sentinel-node metastasis in melanoma. No significant difference in melanoma-specific
survival was proven. Considering complications such as lymphedema from complete
dissection, US as a means of observation may be of great value in this patient group.(142)
Germany, for instance, recommends US lymph node screening every six months for stage Il
melanoma and every three months for stage 111 melanoma. Germany additionally recommends
abdominal US and X-ray, or CT, MRI, or PET in stage Il or 11l melanoma for five years every
three months. In the US, the physician decides on an individual basis to which extent a patient

with stage I or Il melanoma requires imaging.(138)

9 Management of Advanced Melanoma in Patients with COVID-19

COVID-19 is caused by the novel coronavirus-CoV2, and the pandemic has challenged the
health care system in many ways. Apart from those patients directly affected by the virus, many
patients suffer indirect consequences through postponed surgeries, treatments, follow-ups, or
screening appointments. The future will show the extent of “invisible collateral damage” caused
by COVID-19.(143)
The European Society for Medical Oncology (ESMO) has formulated clear recommendations
for the management of melanoma patients during the COVID-19 pandemic according to low,

medium, and high priority. This paragraph will only review those recommendation applicable
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to advanced melanoma. Regarding outpatient visits, a high priority is given to newly diagnosed
invasive primary melanoma, patients with post-operative complications, patients on immune-
oncology therapy with shortness of breath, grade two or higher diarrhea, or new disease
affecting the nervous system. Patients on BRAF/MEK inhibitors with unremitting fever should
undergo COVID-19 testing. Generally, as many visits as possible should be conducted via
telemedicine. This includes visits between treatments, post-operative patients reporting no
complications, and follow-ups for recovered patients and patients off treatment. The dosing
regimen for patients receiving PD-1 inhibitors has been adapted to reduce the number of visits
necessary. Pembrolizumab shall be administered every 6 weeks at a dose of 400 mg and
Nivolumab at a dose of 480 mg every 4 weeks with a telemedicine visit in between. If possible,
blood work-up shall be performed in a local laboratory. Similarly, follow-up visits via
telemedicine and blood work-up in local laboratories are recommended for patients treated with
tyrosine kinase inhibitors. High priority surgeries are resection of stage 11l melanoma with
curative intent, wide excision, and sentinel lymph node biopsy for T3 or T4 melanoma,
management of complications from prior surgical interventions, and patients enrolled in neo-
adjuvant trials. Medium priority is granted to T1 or T2 melanoma scheduled for wide excision
and sentinel lymph node biopsy. In the setting of adjuvant systemic therapy, high priority is
given to patients participating in a clinical trial. Patients receiving immune or targeted therapy
with melanoma stage I11B or higher receive a medium priority. Melanoma with stage I11A or
lower is categorized as low priority. Systemic non-operable stage I11/IVV melanoma patients are
always high priority.(144) The American National Comprehensive Cancer Network (NCCN)
recommends vaccination in cancer patients, including those receiving targeted or immune
therapy, as well as major surgery. Patients with a weakened immune system should receive a
third dose approximately four weeks after their second shot, which is followed by a booster
shot after three months. Cancer patients with an intact immune system receive two doses and a
booster after at least five months. The committee believes that mMRNA vaccines such as Pfizer-

BioNTech and Moderna should be first-line vaccinations.(145)

10 Melanoma Prognosis

The incidence of melanoma continuously increased during the last decades. However, between
2005 and 2018, it decreased by one percent in the age group below 50. The incidence rate
between 2014 and 2018 in patients older than 50 years stabilized. In the US, deaths from
melanoma decreased every year between 2015 and 2019 by four percent. This decrease may be

attributed to advances in treatment of melanoma.(146)
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Five-year survival in T1la to T4b melanoma (stage 1A to IIC) reaches from 99% to 82%. Stage
1A, B, C, and D melanoma has a five-year survival rate of 93%, 83%, 69%, and 32%
respectively.(147) The five-year survival rate for stage IV metastatic melanoma is
approximately 30%.(148) Combining the results of multiple studies, the five-year OS rates for
patients with metastatic melanoma treated with immunotherapy or targeted therapy range

between 34 and 60 percent. Historically, the survival rate was less than ten percent.(149-151)

11 Melanoma Prevention

The development of melanoma is influenced by genetic and environmental factors. Primary
prevention aims at reducing exposure to environmental factors that increase the risk of
developing melanoma. It is estimated that two-thirds of malignant melanomas develop because
of exposure to ultraviolet (UV) radiation.(152) National public health campaigns such as the
“SunSmart” campaign in Australia have contributed to a decreased incidence of
melanoma.(153) UV radiation is a carcinogen that is strongly associated with the development
of melanoma.(154) UV radiation is distinguished by wavelength. UVC radiation (200-280 nm)
in Europe is fully filtered by the ozone layer while UVB radiation (280-320 nm) reaches the
stratum basale of the epidermis and can cause sunburns and tanning. UV A radiation (320-400
nm) can penetrate window glass and contributes to the aging of the skin.(155) Fair-skinned
people are at a higher risk of developing melanoma.(156) A systemic review suggests that UV
exposure may not be a significant risk factor for the development of melanoma in darker skin
types.(157) Children’s skin is especially sensitive to UV radiation and an increased risk for the
development of melanoma has been described in the context of sunburns and cumulative
exposure.(158) Atypical nevi or an increased number of common naevi are associated with an
increased risk of melanoma. However, controversy exists about whether protection from UV
radiation lowers the risk of developing melanoma in this subgroup.(159-161) It is especially
important to protect vulnerable groups from UV radiation. Evidence suggests broad-spectrum
UVA and UVB sunscreen with a minimum SPF of 30 as a protective measure against
melanoma.(162) Sun-protective clothes and special window glass, films, and cosmetics
containing broad-spectrum sunscreen offer further protection from UV radiation.(163-165) The
use of indoor tanning beds significantly increases the risk of developing melanoma later in life
and should not be practiced.(166) Chemoprevention aims at delaying or preventing the
development of cancer via using certain agents. Agents such as Vitamin E, Vitamin D,
Nicotinamide, Selenium, and nonsteroidal anti-inflammatory drugs have been investigated. To

date, none have proved to be  efficient in clinical  trials.(167)
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The goal of secondary prevention is the detection of disease in its earliest stage. There are no
universal guidelines stating which population should undergo screening. The literature suggests
that it would be out of proportion to screen an entire population and the focus should lie on
high-risk groups.(168) This includes white adults above the age of 50, a total naevus count
above 50, and/or the presence of atypical/dysplastic naevi, personal history of skin cancer,
immunosuppression, very fair-skinned individuals, and a family history of melanoma. A
clinician (usually a dermatologist or general practitioner) performs a total body skin
examination and closer examines suspicious lesions with a dermatoscope. It is suggested that
every person may benefit from self-examination carried out at home. A potential downside of
screening is overdiagnosis. Some lesions may only be identified because of screening and
would potentially never evolve into a malignancy. This would cause increased morbidity

without a decrease in mortality.(169)
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