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It is a malignant tumor arising from melanocytes and can develop
wherever these cells are present

The cutaneous form is the most common, but melanoma may also
occur in the eyes, mucous membranes, and the central nervous
system

Most melanomas are highly pigmented, although amelanotic
variants exist
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Systemic melanoma is characterized by early lymphatic and
hematogenous metastasis
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Top 5 most frequent cancers™

| Males

Others

Melanoma
Rank Cancer site
1st ® Prostate
2nd . Lung
3rd Colorectum
4th @ Bladder
5th @ Melanoma
- Others

Number of new

The Global Cancer Observatory | All rights reserved | Globocan 2022 (version 11

Total: 761463

Number of cases

158 422
88993
80 267
50 133
28 062

355 586

cases in 2022, males, all ages

Prostate

Lung

Colorectum

Bladder

Percent

20.8%
1.7%
10.5%
6.6%
3.7%
46.7%

Epidemiology

| Females
Breast
Others

Colorectum

Lung

Melanoma Corpus uteri

Total: 654 364

Rank Cancer site Number of cases Percent
1st @ Breast 180 113 27.5%
2nd Colorectum 69 870 10.7%
3rd ® Lung 56 948 8.7%
4th Corpus uteri 27 257 4.2%
5th @ Melanoma 26 833 4.1%
- Others 293 343 44.8%

Number of new cases in 2022, females, all ages

022024

Estimated numbers from 2022 to 2050, Males and Females, age [0-85+]

Melanoma of skin

Cancer Tomorrow | IARC - https://gco.iarc.who.int/tomorrow

Estimated numbers (in thousands)
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Estimated incidence by cou

H P/A Romania - Serbia

EU27, Both sexes, Melanoma skin, All ages, 2022

Estimated incidence by country - Comparison by sex

EU27, Both sexes, Melanoma skin, All ages, 2022

EU-27 19.5 I e 24.1 EU-27
Netherlands 451 I e 47.8 Netherlands
Belgium 39.3 I ——  33.2 Belgium
Luxembourg 20.2 I 32,9 Luxembourg
Austria 20.4 I —— 2.7 Austria
Germany 20.5 I .  27.4 Germany
France 21.0 I . 25.0 France
Slovenia 26.5 [ e 35.0 Slovenia
Croatia 17.5 I 30.1 Croatia
Italy 18.8 I —— 234 Italy
Malta 13.2 I — | 18.3 Malta
Greece 10.1 [ e 15.4. Greece
Spain 10.7 I e 12,9 Spain
Cyprus 9.3 NI I 129 Cyprus
Portugal 9.9 I . 10.6 Portugal
Denmark 558 I . 521 Denmark
Sweden 483 I . 54.0 Sweden
Finland 35.6 I ——— 42.2 Finland
Ireland 332 I e 42.0 Ireland
Estonia 19.9 I — | 214 Estonia
Lithuania 10.9 I e 13.6 Lithuania
Latvia 12.5 [ — 1.2 Latvia
Czechia 24.4 D . 2.5 Czechia
Slovakia 15.5 I e  2s.0 Slovakia
Hungary 13.3 I — 16.9 Hungary
Romania 10.7 [ S 13.5 Romania
Poland 9.0 I — 12.3 Poland
Bulgaria 5.4 I — 7.9 Bulgaria
70 60 50 40 30 20 10 0 10 20 30 40 50 60 70 i-537_ _1;-571
Age standardised rate (European 2013) per 100,000 25.1 - 34.5
Sex o j 34.5 - 43.9
Female . M 439 - 533
Male . Age standardised rate (European 2013) per 100,000

Joint Research Centre- ECIS - European Cancer Information System
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High number of nevi (>50) and dysplastic nevi

Exposure to UV radiation (natural and artificial)

Skin phototype Age

i

You can Seek shade during midday hours! Avoid being outside during

safely stay sli hirt; sl d midday hours!
outside! it |Srk,!;cg; :;nh?;tz!nscreen S8 Make sure you seek shade!

Shirt, sunscreen an d hat
are a must!

Family history (CDKN2A, CDK4 mutations) and
personal history of melanoma
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Clinical aspects

A. Cutaneous melanoma | ‘
Types: g SR RRERSRARA RN
1. Superficial spreading melanoma: the most common
type; initially grows horizontally, followed by vertical
invasion
2. Nodular melanoma: exhibits only vertical growth,
becomes rapidly invasive, and frequently ulcerates
3. Acral lentiginous melanoma: located on the palms,
soles, and nail bed
4. Lentigo maligna melanoma: remains in situ for a
prolonged period, later progressing to vertical growth

B. Mucosal melanoma

C. Leptomeningeal melanoma
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Molecular Biology of Melanoma

e The high frequency of mutations in key genes involved in
pathogenesis has led to the development of a molecular
classification, which provides the foundation for targeted therapies
tailored to the tumor’s genetic profile:

. BRAF-mutant

mutant %

INBAN..-
. RAS-mutant ng qf’~l~<\<z‘° $~®q&%\z&o\° ‘2":\5\:» %23’%?6
*  NF1l-mutant SN %31- X Qy\o%\v? RGK

*  Triple wild-type genes

Mutation spectrum of driver genes (oncogenes and suppressor genes)
of skin melanoma based on TCGA (The Cancer Genome Atlas)
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Molecular Biology of Melanoma

Mutation Key Biological Effect

BRAF (most often Abnormal activation of the MAPK pathway - increased cell
V600E) proliferation; alters tumor microenvironment by attracting
40-60% of cases immunosuppressive cells (Tregs, TAMs, MDSCs)

C-iDF‘RAS GTP IAS
<— RAF \-l
NRAS (of’Fen i Constant activation of MAPK and PI3K/AKT pathways - 0o 1
mutations) MEK1/2

uncontrolled tumor growth

15-25% of cases ) / v’;\

oERsz 'H\It ‘l]_]lb"LL “
NF1 (loss-of-function) Loss of neurofibromin = RAS pathway remains active, j
10-15% of cases promoting proliferation and survival /&

Normal cell
developement &
proliferation
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Triple wild-type melanoma

Table 1. The classification of melanomas (modified from 2018 World Health Organization Classification).

UV Exposure Categories Melanoma Subtype Key Molecular Genes
BRAFV600 mut TERT mut
Low UV/CSD I Superficial spreading melanoma CDKN2A mut PTEN mut
NRAS mut TP53 mut
NRAS mut
_ _ BRAFnon-V600E mut CDKN2A mut
I Lentigo maligna melanoma KIT mut PTEN mut
High UV/CSD TERT mut TP53 mut
° . . i1 Desmoplastic melanoma N;\J;éI?ut ¢ PI;TI?;{;ZSAmutt
Triple wild-type melanomas are those mu mu
ALK rearr
: : . CDKN2A mut
without BRAF, NRAS, or NF1 mutations. v NIRKI reare FIRAS ot
rearr
: : KIT mut CDKN2A mut CCND1
* They often develop in areas with low or v NRAS or BRAF s amp
N?é’i;iael:rr TERT mut
absent UV exposure.
KIT mout CCND1 amy
vi prtiCowing COKEmut
Low or no UV/CSD ucosal melanoma CDKN2A mut MDMZmut
SF3B1 mut amp
VI Melanoma in congenital nevus NRAS mut BRAFV600E mut
GNA11 mut BAP1 mut
Vi [ Melanoma in blue nevus | GNAQ mut EIFAX mut
CYSLTR2 mut SF3B1 mut
gzig ot BAPI mut
Ix EIFAX mut
CYSLTR2 mut SF3B1 ot
PLCB4 mut mu

Abbreviations: amp, amplification; CSD, cumulative sun damage; mut, mutation; rearr, rearrangement.
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Targeted Therapy

SCF Growth factor

@ Other
RTKs

NTRK TRK inhibitors:
Larotrectinib
Entrectinib Q)

* Understanding the molecular mechanisms has led to the

development of targeted therapies and immunotherapies
for advanced melanoma (stages Ill - 1V). . i
. - e eron” 1] _
* Selective BRAF-V600 inhibitors: b }_ Vemaratenib + Gobimetinb Fumerae
. . . B Dabrafenib Mesylate + Trametinib QB
* vemurafenib, dabrafenib, encorafenib - show strong MEK inhibitor: ] m e l
antitumor activity but have limited durability due to rapid Ll <
resistance and paradoxical MAPK activation. ERK1/2 p

NUCLEUS

e MEK inhibitors:

* trametinib, cobimetinib, binimetinib - are combined with
BRAF inhibitors in BRAF-V600 - mutant melanoma and used
as monotherapy in NRAS-mutant disease.

Cell Proliferation

Cell Survival
Apoptosis
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Immunotherapy
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e Over the past two decades, immunotherapy has transformed the treatment of advanced melanoma, offering patients

real chances for long-term survival.

* The main classes of immune checkpoint inhibitors used are:
e Anti-CTLA-4: ipilimumab
e Anti-PD-1: pembrolizumab, nivolumab

° .
* Anti-PD-L1: atezolizumab Mar 25,201
pilimumaly
First approval
Target Cell
CD8+ T-Cell
O
cD28 CD86
TCR O MHCII
PD-1 PDL-1
\Y4
g Y -
[ PD-1 Inhibitors
& * Pembrolizumab
\/ * Nivolumab

CTLA-4 Inhibitors
¢ Ipilimumab

Dec 22, 2014
Nivolumab
First approval

O

Sept4, 2014
Pembrolizumaly
First approval

BB vl Clnic Jud
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70nco
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Aug 1, 2017
Nivolumak
Approval for
previously treated
MSI-H/dMMR
colorectal cancer

May 23, 2017
Pembreolizumab
Approval for previously
treated MSI1-HAMMR
metastatic solid tumors

Jul 11, 2018
Nivolumab + Ipilimumab
Appraval for praviously
treated MSI-HIidMMR
metastatic colorectal cancer

Jun 29, 2020
Pembrelizumab
Approval for first-line Approval for previously

traatmeant of MSI-
HIdMMR metastatic

colorectal cancer

Apr 22, 2021
Dostarlimab
Accelerated approval for
dMMR recurrent or
advanced endometrial
cancer

Mar 21, 2022
Pembrolizumak

treated MSI-HIdMMR
advanced endometrial
carcinoma

O O-0-O—0

Apr 22, 2021
Dostarlimab
First approval

Feb 10, 2023
Dostarlimab
Approval for dMMR
recurrent or advanced
endometrial cancer

Aug 17, 2021
Dostarlimab
Accalerated approval
for dMMR recurrent
or advanced solid
tumors
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sC Author manuscript
i N EnglJ Med. Author manuscript; available in PMC 2025 May 15.

Published in final edited form as:
N Engl J Med. 2025 January 02; 392(1): 11-22. doi:10.1056/NEJM0a2407417.
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NIVO + IPl (n = 314) VO (n = 316) IPI (n = 315)
Final, 10-Year Out with Nivoll b plus Ipilimumab in Events 173 192 243
Advanced Melanoma 100 7% Median, mo (95% Cl) 71.9 (38.2-114.4) 36.9 (28.2-58.7) 19.9 (16.8-24.6)
HR (95% CI) vs IPI 0.53 (0.44-0.65) 0.63 (0.52-0.76) -
907 W, HR (95% Cl) vs NIVO® 0.85 (0.69-1.05) - -
* In the CheckMate 067 phase lll clinical 80 —
trial, median overall survival was: 70- 58% = NVo
3 52-63)
* 71.9 months with nivolumab + ipilimumab T o :
2 43%
* 36.9 months with nivolumab alone a 07
T K
* 19.9 months with ipilimumab alone g 407 A
o <V _
30- 30% | 39-43
. . 28-39); i
» Ten-year survival rates were: 20- (28-39); ,
e 43% for nivolumab + ipilimumab 10 = (15-24)
© 37% for niVOlumab 0 T T T T T : T T T i T T T T T T T T '| T 1
Lo 0 ] 12 18 24 30 36 42 48 54 60 66 72 78 84 90 96 102 108 114 120 126 132
e 19% for ipilimumab No. at risk __ Months 3w
NIVO +|P] 314 265 227 210 199 187 179 169 163 158 156 153 147 144 139 126 124 120 117 hid L 92 10 0
I.PI 3;15 253 20:3 .1..63 135 113 10‘0 9:4 87 81 75 .68 64 64 63; 50 49 44 43 42 L 3 4]

e Patients with no disease progression at 3 years had a >95% probability of being alive at 10 years.
* Progression-free survival (PFS) at 3 years appears to be a strong predictor of long-term survival.
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Understanding Melanoma at the Genetic Level

Relevant Biomarkers

Relevant Biomarkers

Genomic Alteration

Genomic Alteration

BRAF V600E

B-Raf proto-oncogene, serine/threonine kinase

PTENL772Q

phosphatase and tensin homolog

TP53 V274F

tumor protein p53

SMARCB1 ¢c.1119-41G>A

SWI/SNF related, matrix associated, actin dependent

regulator of chromatin, subfamily b, member 1

Relevant Therapies
(In this cancer type)

atezolizumab + cobimetinib +
vemurafenib

binimetinib + encorafenib 1.2
cetuximab + encorafenib 1.2
cobimetinib + vemurafenib 1.2
dabrafenib 1.2

dabrafenib + trametinib ' 2
trametinib .2

vemurafenib 1.2

BRAF inhibitor + MEK inhibitor
encorafenib

ipilimumab + nivolumab

None

None

None

Public data sources included in relevant therapies: FDA1, NCCN, EMAZ2, ESMO

IR vitalol Clinic Judetean de rgenta

Relevant Therapies
(In other cancer type)

binimetinib + encorafenib 1.2
cetuximab + encorafenib 1.2
dabrafenib .2

dabrafenib + trametinib 1.2
trametinib .2

cobimetinib + vemurafenib
dabrafenib + MEK inhibitor
encorafenib + panitumumab
selumetinib

vemurafenib

niraparib '
bevacizumab + olaparib

None

None

Relevant Therapies
(In this cancer type)

Relevant Therapies
(In other cancer type)

Clinical Trials

BRAF V600E atezolizumab + cobimetinib + binimetinib + encorafenib 1.2 56
B-Raf proto-oncogene, serine/threonine kinase vemurafenib! cetuximab + encorafenib .2
binimetinib + encorafenib .2 dabrafenib .2
Clinical Trials cetuximab + encorafenib .2 dabrafenib + trametinib 1. 2
cobimetinib + vemurafenib .2 trametinib 1.2
55 dabrafenib 1.2 cobimetinib + vemurafenib
dabrafenib + trametinib 1.2 dabrafenib + MEK inhibitor
trametinib '. 2 encorafenib + panitumumab
vemurafenib 1.2 selumetinib
BRAF inhibitor + MEK inhibitor vemurafenib
encorafenib
ipilimumab + nivolumab
CDKN2A E67% CDKN2A E69* None None 6
cyclin dependent kinase inhibitor 2A
CN, EMA2, ESMO
28
Relevant Biomarkers
13

Genomic Alteration

1 NRAS Q61R
NRAS proto-oncogene, GTPase

TP53 G245S

tumor protein p53

KIT M541L

KIT proto-oncogene, receptor tyrosine kinase

Relevant Therapies
(In this cancer type)

anti-CTLA-4 + anti-PD-1
anti-PD-1
binimetinib

None

None

Public data sources included in relevant therapies: FDA1, NCCN, EMA2, ESMO

Relevant Therapies
(In other cancer type)

None

None

None

Clinical Trials

23

13
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Resistance to Therapy

* Targeted therapies (BRAFi/MEKi) often lead to acquired resistance through MAPK pathway reactivation,
mutations in NRAS/MEK, or activation of alternative pathways such as PI3K/AKT.

* The presence of primary non-responders to immunotherapy remains one of the most important current clinical
limitations, affecting a significant proportion of patients.

* The use of combination therapies (anti-PD-1 + anti-CTLA-4, anti-PD-1 + BRAFi/MEKi) is associated with a higher
rate of immune-mediated toxicities, grade IlI/IV, which limits their applicability in some cases.
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Current Challenges and Future Directions

Median
Progression-free

No. of Survival

Patients (95% CI)

mo

Ug. _47.7 (95% Cl, 41.8-53.2) Relatlimab— 355  10.12 (6.37-15.74)
B-omd_a '

Nivolumab

Relatlimab—nivolumab
- Nivolumab 359 4.63 (3.38-5.62)

Hazard ratio for progression or death,

|
. 1
30- 36.0 (95% CI, 30.5-41.6) i 0.75 (95% Cl, 0.62-0.92)

Progression-free Survival (%)
wv
o
1

204 ! Nivolumab

P=0.006

10

O T T T T T T T T T 1

0 3 6 9 12 15 18 21 24 27 30

Months

No. at Risk
Relatlimab— 355 201 163 132 99 81 75 67 30 6 (4]
nivolumab
Nivolumab 359 174 124 94 72 61 57 49 27 6 0

Development of New Molecules for Immunotherapy

LAG-3: expressed on T lymphocytes, it binds to MHC class Il on antigen-presenting cells, leading to inhibition of T cell proliferation
and activation.
* RELATIVITY-047, phase Ill study — 12-month PFS:
* Relatlimab + Nivolumab: 47,7%
* Nivolumab: 36,0%
* This was the first approved combination (2022) of a LAG-3 inhibitor (relatlimab) with a PD-1 inhibitor (nivolumab) for
metastatic melanoma.
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Current Challenges and Future Directions

Responders

Firmicutes
Clostridiales
Enterococcus faecium
Faecalibacterium prausnitzii
Gemmiger formicilis
Faecalibacterium
Lactobacillus
Ruminococcus

Bacteroidetes
Alistipes, Bacteroides caccae

Actinobacteria

longum

Proteabacteria
Klebsiella pneumoniae

Verrucomicrobia
Akkermansia muciniphila

Non responders

Firmicutes
Faecalibacterium prausnitzii
Roseburia intestinalis
Ruminococcus obeum

Bacteroidetes
Bacteroides thetaiotaomicron
Parabacteroides distasonis

Proteabacteria
Escherichia coli

Immunotherapy

Ipilimumab

CTLA4/B7

,.v,:
(|

u]@u

Nivolumab
. Pembrolizumab
1/PD-LT

Gut
Microbiota

Induced-Colitis

Low
Bacteroidaceae

High

Faecalibacterium prausnitzii
Butyrate-producing bacterium
Gemmiger formicilis

High
Bacteroidaceae
Rikenellaceae
Barnesiellaceae
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The gut microbiome and efficacy of cancer immunotherapy ®

Giandomenico Roviello **, Luigi Francesco lannone ”, Melissa Bersanelli ¢, Enrico Mini?, Martina Catalano®

139 Horence, ltaly

The Link Between the Gut Microbiome and Immunotherapy Effectiveness:

* Preliminary data suggest an important relationship between the gut microbiome and the effectiveness of immunotherapy. This
has led to the design and implementation of clinical studies aimed at:

improving the response to cancer treatments
identifying new predictive or prognostic biomarkers for immunotherapy.
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Author manuscript

-{ Nat Med. Author manuscript; available in PMC 2021 July 12.

Published in final edited form as:
Nat Med. 2021 March ; 27(3): 515-525. doi:10.1038/s41591-020-01206-4.

Personal Neoantigen Vaccines Induce Persistent Memory T Cell
Responses and Epitope Spreading in Patients with Melanoma

Zhuting Hu'#, Donna E. Leet!2# Rosa L. Allesge3#, Giacomo Oliveira!, Shugiang Li45,
Adrienne M. Luoma®, Jinyan Liu’, Juliet Forman'-45, Teddy Huang5, J. Bryan
lorgulescu’-28, Rebecca Holden®, Siranush Sarkizova*, Satyen H. Gohil'41%, Robert A.
Redd'?, Jing Sun', Liudmila Elagina*, Anita Giobbie-Hurder!!, Wandi Zhang', Lauren
Peter’, Zoe Ciantra'2, Scott Rodig® 12, Oriol Olive', Keerthi Shetty', Jason Pyrdol®,
Mohamed Uduman''.12, Patrick C. Lee'2, Pavan Bachireddy'.24.13, Elizabeth I.
Buchbinder'-213, Charles H. Yoon2'4, Donna Neuberg'?, Bradley L. Pentelute*°:'5, Nir
Hacohen2416, Kenneth J. Livak'5, Sachet A. Shukla'#5, Lars Renn Olsen'7:18, Dan H.
Barouch?27.19, Kai W. Wucherpfennig26, Edward F. Fritsch':4, Derin B. Keskin':45, Catherine
J. Wu':24.13 patrick A. Ott?.24.13

Long Synthetic Peptide Vaccines

Cell

¢ CellPress

A Phase Ib Trial of Personalized Neoantigen
Therapy Plus Anti-PD-1 in Patients with Advanced
Melanoma, Non-small Cell Lung Cancer, or Bladder Cancer

Patrick A. Ott,"* Siwen Hu-Li

2 Bartosz Chmi i, 2 F 3 Aung Naing,* Nina Bhardwaj,®
Kim Margolin,® Mark M. Awad,’ Matthew D. Hellmann,” Jesslca J. Lin,® Terence Friedlander,® Meghan E. Bushway,'®
Kristen N. Balogh,® Tracey E. Sciuto,° Victoria Kohler,'® Samantha J. Turnbull,’® Rana Besada,® Riley R. Curran,’®
Benjamin Trapp,'° Julian Scherer,'° Asaf Poran,'? Dewi Harjanto,’® Dominik Barthelme,'° Ying Sonia Ting,'®

Jesse Z. Dong,'° Yvonne Ware,'° Yuting Huang,'® Zhengping Huang,'® Amy Wanamaker, '° Lisa D. Cleary,'®

Melissa A. Moles,'° Kelledy Manson,° Joel 10 Zakaria S. Kl ,10 Ed Fritsch,’® Michael S. Rooney,'®
Mark DeMario,'° Richard B. Gaynor,'° and Lakshmi Srinivasan’%11-*

Dana Farber Cancer Institute, Brigham and Women's Hospital, and Harvard Medical School, Boston, MA, USA

2Department of Medicine, University of California, Los Angeles, Los Angeles, CA, USA

3Washington University School of Medicine, St. Louis, MO, USA
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Directions

ONCOIMMUNOLOGY
2022, VOL. 11, NO. 1, 62023255 (15 pages)
https://doi.org/10.1080/2162402X.2021.2023255

ORIGINAL RESEARCH 3 OPEN ACCESS (™ o

Personalized therapy with peptide-based neoantigen vaccine (EVX-01) including
a novel adjuvant, CAF®09b, in patients with metastatic melanoma

Sofie Kirial Mark?, Mohammad Kadivar®, Kalijn Frednke Bol**, Arianna Draghi?, Marie Christine Wulff Westergaard?,
Signe g Nana Overgaard®, Anders Bundgérd Serensenc, Ida Svahn Rasmussen¢,

Lars Vibe Andreasend, Christina Westmose Yde®, Thomas Trolle<, Christian Garde<, Jens Friis-Nielsenc, Nis Ngrgaard,
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This is an innovative method to stimulate the anti-tumor immune response in melanoma. These vaccines use long synthetic peptides
that correspond to neoantigens identified in each patient’s tumor.

Advantages:

* High safety and low toxicity profile
* Potential for personalization (vaccines based on tumor-specific neoantigens)

* Possibility to combine with immunotherapy (e.g., anti-PD-1/PD-L1) for superior results
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Current Challenges and Future Directions
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Personalized Vaccines:
* mRNA-4157-P201 is a personalized mRNA-based vaccine created for each patient, encoding up to 34 neoantigens.

* The KEYNOTE-942 / mRNA-4157-P201 study is the first randomized trial to show a significant improvement in RFS (Recurrence-
Free Survival) and DMFS (Distant Metastasis-Free Survival) using a personalized neoantigen-based therapy.
* This represents a major breakthrough in personalized oncology and paves the way for integrating mRNA vaccines into the

adjuvant treatment of melanoma.
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Conclusions

* The management of melanoma has evolved dramatically in recent years, with significant advances in surgery,
targeted therapy, and immunotherapy.

* Early diagnosis, accurate staging, and appropriate surgical management remain the foundation for successful
treatment.

e Sentinel lymph node biopsy is crucial for staging and guiding adjuvant therapy decisions.
* Targeted therapies and immunotherapies have greatly improved long-term survival in advanced melanoma.

* New approaches - including LAG-3 inhibitors, microbiome modulation, long peptide vaccines, and personalized
MRNA vaccines - are opening new possibilities for personalized treatment.
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Thank youl!
Hvala!
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