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ANOTACIJA

Laundabiga melanoma ir viens no agresivakajiem, pret zalém rezistenta-
kajiem cilvéku audzéja veidiem, un saslimstiba ar to pédéjo desmitgazu laika
ir pastavigi pieaugusi, ipasi baltadainaja populacija. Saskana ar GLOBOCAN
datiem 2018. gada visa pasaulé konstatéti vairak neka 287 723 jauni adas
melanomas gadijumi (1,6% no visiem audzé&ju veidiem), un registréti aptuveni
60 712 naves gadijumi.

Laundabigas melanomas diagnostika un prognozésana plasi izmanto
tadus tradicionalos histopatologiskos raksturlielumus ka audzéja histologiskais
apakstips, Klarka invazijas limenis, Breslova biezums, solara elastoze, ¢alojums,
regresija, limfovaskulara invazija, mitozu skaits, audzéja infiltréjosi limfociti
(TIL). Ir zinots, ka melanomas patogenézé ir iesaistiti vairaki audzéja supresoru
géni un/vai onkogéni. Liela interese ir par RAS-RAF-MEK-ERK, PI3K/PTEN un
c-Kit celiem, jo pacientiem, kuriem ir aktivizétas mutacijas BRAF, NRAS un KIT
génos, varétu but izdevigas mérkterapijas iespéjas vai mérkterapijas un iman-
terapijas pielagotas kombinacijas. Audzéja genomikas pétijjumos fundamentali
uzdevumi ir noteikt, kuras somatiskas mutacijas varétu but patogenézes “virzi-
tajspeki”, un noskaidrot, ka mutéjusie géni ietekmeé konkréta audzéja biologiju.
Lai pareizi arstétu progreséjusu melanomu, jau tagad tiek ieteikts identificét
variantus, kas liecina par atbildes reakciju vai rezistenci pret sistémisku arsté-
$anu, un molekulara testéSana ir prioritate terapijas kursa noteik$ana. Patiesam,
molekulara testé$ana, lai noteiktu iedarbigas mutacijas, ir obligata pacientiem ar
progreséjusu slimibu (nerezecéjama III vai IV stadijas slimiba un |oti ieteicama
augsta riska rezicéjamas slimibas IIC stadijas, IIIB-IIIC stadijas slimibam).
Pédéjos gados pasaulé strauji attistas personalizétas medicinas virziens, kas
balstas uz specifisku, konkrétai slimibai meérktiecigu terapiju, ka ari agrinu
audzéju diagnostiku un augsta riska grupu identificésanu. Invaziva melanoma ir
audzgjs ar lielu ietekmi, jo saslimstiba ar to strauji pieaug, tai ir augsta mirstiba,
sarezgitiba un lieli apriipes izdevumi progreséjosas stadijas. Nesenie pétijumi
liecina, ka melanomai ir nozimigas gan tradicionalas histopatologiskas ipasibas,
gan genétiskas izmainas.

Lidz sim BRAF mutacijas statusu plasi parbauda rutinas kliniskaja praksé
progreséjosu slimibu gadijumos (IIC, III un IV stadija), tomér ne Eiropas
Mediciniskas onkologijas biedribas (ESMO), ne NCCN (Network N.C.C.
Cutaneous Melanoma) vadlinijas nav ieteikts veikt BRAF testé$anu agrinas
stadijas melanomai (IA-IIB stadija). Turklat citu melanomas génu (NRAS,
TERT) vienlaiciga analize joprojam ir pretrunigi vértéjama, un histopatologisko,
klinisko un genétisko raksturlielumu salidzinos$a vértiba un to nozime bezre-
cidiva perioda dzivildzes noteik$ana adas melanomas agrina stadija joprojam
ir nepietiekami izprasta.
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VISPARIGS PARSKATS

Pédéjo gadu laika visa pasaulé ir palielinajusies saslimstiba ar launda-
bigo melanomu, un paslaik ta ir nozimiga sabiedribas veselibas probléma
(Hessler et al., 2020; Forsea et al., 2020). Ultravioletais starojums ir nozimigs
riska faktors melanomas patogenézé, kas tiesi boja DNS (Hessler et al., 2020;
Shellenberger et al., 2016). Turklat melanomas agrinai atklasanai un melanomas
audu biomarkieru novértésanai ir svariga nozime pacientu riska stratifikacija,
personalizéta diagnostika un arstésana (Mandala et al., 2014; Romaine et al.,
2026; Bastian et al., 2014; Clark et al., 1989).

Pagreizéja Pasaules Veselibas organizacijas (PVO) adas audzéju klasifikacija
melanomu iedala péc solaras elastozes, ko novérté péc adas elastigajam $kiedram,
lai noteiktu kumulativo saules kaitéjumu (KSK) (Scolyer et al., 2018). Saskana ar
$o PVO Kklasifikaciju paslaik ir tris melanomu klases: melanomas, kas saistitas
ar stipru KSK, melanomas, kas saistitas ar nelielu KSK, un nodularas melano-
mas (Shellenberger et al., 2016; Bastian et al., 2014). Solara elastoze parasti ir
redzama virspuséji augos$ai un lentigo maligna melanomai, ta sauktai stipra KSK
melanomai. Desmoplastiska melanoma ir saistita ar palielinatu solaro elastozi.
Visbiezak sastopamais stipra KSK melanomas apakstips ir virspuséji augosa
melanoma, kas parasti sakas ar agrinu radialu aug$anu, kam seko vertikala
aug$ana un invazija derma (Shellenberger et al., 2016).

Akralas, glotadas, uvealas un $picoidalas melanomas nav saistitas ar KSK vai
tam raksturigs zems KSK. Nodularo melanomu parasti raksturo ka zema KSK
tipu ar agrinu progresé$anu lidz vertikalai aug$anai (Shellenberger et al., 2016).

Lai gan pédéjas desmitgades laika, ievie$ot jaunu personalizétu melanomas
arstéSanu, kas balstita uz BRAF inhibitoriem un imtnterapiju, ir samazinajies
mirstibas raditajs, progreséjosu un metastatisku melanomu joprojam ir grati
arstét (Clark et al., 1989; Scolyer et al., 2018; Azimi et al., 2012; Fortes et al.,
2015; Park et al., 2017; Maibach et al., 2020; Dougan et al., 2018; Havel et al.,
2019; Ribas et al., 2015., Cancer Genome Atlas Network, 2015). Tapéc agrina
diagnostika un riska stratifikacija melanomas progresésanai ir ipasi svariga.
Tomer retie melanomas histopatologiskie apakstipi var apgratinat diagnostiku
(Shellenberger et al., 2016).

Tapéc ipasi svarigi ir noteikt agrinas stadijas melanomas biomarkierus, lai
prognozétu melanomas klinisko uzvedibu. Ir pieradits, ka tadi kliniski pato-
logiskie raditaji ka audzéja izmérs, audzéja tips, audzéja invazivitate (Breslova
biezums, Klarka limenis, limfovaskulara invazija, neirotropisms), iz¢alojums,
audzéja mitotiska aktivitate ir nozimigi prognostiskie faktori melanomas attisti-
bai un progresésanai (Shellenberger et al., 2016; Bastian et al., 2014; Clark et al.,
1989; Park et al., 2017). Turklat ir pieradits, ka audzéja infiltréjosie limfociti var
stratificét melanomu zema un augsta progresé$anas riska grupas (Park et al.,
2017; Scolyer et al., 2018; Azimi et al., 2012; Fortes et al., 2015).



Melanomas attistiba ir ciei saistita ar somatiskam un epigenétiskam izmai-
nam. Tas patogenézé un evolicija ir iesaistitas dazadas mutacijas. Jaunakaja
genomu klasifikacija melanomu iedala cetros galvenajos apakstipos, pamato-
joties uz visbiezak sastopamo nozimigi mutéto génu struktaru: mutéts BRAF,
RAS, NFI un triskar$ais-WT (savvalas tips) [Ribas et al., 2015; Cancer Genome
Atlas Network, 2015; Ny et al., 2020].

Molekularas patologijas sasniegumi un genétisko biomarkieru novértésana
arvien biezak tiek izmantota kliniskaja praksé melanomas diagnostika, perso-
nalizéta arstésana un prognozésana. Turklat masdienu arstésanas vadlinijas
galvena uzmaniba pievérsta melanomas genétisko biomarkieru novérté$anai
(Hessler et al., 2020; Cancer Genome Atlas Network, 2015; Ny et al., 2020).

Ir izstradatas vairakas kliniskas vadlinijas, kuras galvena uzmaniba pie-
vérsta adas melanomas genétiskajai testé$anai (Michielin et al., 2019; Cancer
Genome Atlas Network, 2020). Pasreizéjas Eiropas Mediciniskas onkologijas
biedribas ((ESMO) European Society for Medical Oncology) vadlinijas noteikts, ka
mutaciju testé$ana javeic visiem pacientiem ar progreséjusu slimibu, kas ietver
IIT vai I'V stadiju (rezicéjamu vai nerezicéjamu), un mutaciju testésana ieteicama
augsta riska patologiskas IIC stadijas melanomas pacientiem (Michielin et al.,
2019). Tomér NCCN vadlinijas BRAF testésana ir ieteicama III-IV stadijas
melanomai. NCCN ekspertu grupa neiesaka BRAF testé$anu rezekcionétai
I vai II patologiskas stadijas adas melanomai (Cancer Genome Atlas Network,
2020).

Ipasi svarigi ir novértét BRAF géna mutaciju (Shellenberger et al., 2016;
Cancer Genome Atlas Network, 2020). BRAF mutacijas novéro 40-60% no
visiem primaras laundabigas melanomas gadijumiem (Cancer Genome Atlas
Network, 2020; Ny et al., 2020; Rose et al., 2006; Michielin et al., 2019). BRAF
mutaciju parasti novéro jaunakiem pacientiem, adai bez KSK un virspuséji augo-
$ai melanomai, savukart NRAS mutacijas melanomai raksturigas nodularajam
apakstipam un KSK adai (Hessler et al., 2020; Cancer Genome Atlas Network,
2015; Ny et al., 2020; Rose et al., 2006; Michielin et al., 2019; Cancer Genome
Atlas Network, 2020; Eigentler et al., 2016; Tas et al., 2019; Barnhill et al., 1996;
Tuthill et al., 2002).

B-RAF ir viena no MAPK cela iesaistitajam signalkinazém. BRAF mutacija
izraisa MAPK signalizacijas kaskades aktivizaciju. Visbiezak sastopama BRAF
mutacija ir V60OE, kas veido 80% géna izmainu (Eigentler et al., 2016). Citas
izplatitas BRAF géna mutacijas ir V600K un V600R mutacijas (Cancer Genome
Atlas Network, 2015). Iepriekséjie pétijumi liecina, ka BRAF V600E mutacijas
parasti novéro jaunakiem pacientiem un ekstremitatés, savukart V600K muta-
cijas ir saistitas ar vecaku pacientu vecumu un parasti tiek konstatétas galva un
kakla (Cancer Genome Atlas Network, 2015; Ny et al., 2020; Michielin et al.,
2019; Cancer Genome Atlas Network, 2020).

Jaunakie pieradijumi liecina, ka lidz pat 20-30% gadijumu NRAS mutacijas
pastav vienlaikus ar BRAF mutacijam. Pacientiem, kuriem ir gan BRAF, gan



NRAS mutacijas, ir sliktaka prognoze neka pacientiem, kuriem ir tikai BRAF
mutacijas melanoma (Tayloe et al., 2007; Raaijmakers et al., 2016).

Parasti NRAS mutacijas ir neatkarigas no BRAF mutacijam, tacu ir zinots
par dubulto ekspresiju (Tayloe et al., 2007). NRAS mutaciju saistiba ar solaras
elastozes pakapi liecina, ka NRAS ir ciesi saistita ar UV starojuma izraisitajam
mutacijam. Iepriekséjie pétijumi paradija, ka NRAS mutacija ir saistita ari ar
samazinatu imanreakciju peritumoralas melanomas audos un progreséjosa
audzgja stadija (Raaijmakers et al., 2016).

Nesenie pieradijumi, kas iegtiti, izmantojot visa eksoma un visa genoma
sekvencésanu (WES un WGS), norada uz citu génu iesaistiSanos melanomas
patogenézé, noradot, cik svarigi ir vienlaikus parbaudit vairakus génus, lai
labak klasificétu tris galvenos molekularos melanomas apakstipus (BRAFmut,
NRASmut un ne-BRAFmut/ne-NRASmut) [Scolyer et al., 2018; Fortes et al., 2015].

Lidz sim BRAF géna mutaciju analizei ir pieejamas dazadas molekularas
stratégijas, pieméram, Sangera sekvencésana (SS), reala laika PCR, augstas
izskirtspéjas kusanas analize, ar peptidu nukleinskabes (PNA) starpniecibu
veikta reala laika PCR, digitala PCR, pirosekvencé$ana un imanhistokimija.
Katra metode spé&j noteikt mutacijas atseviskos génos viena sérija ar noteiktu
jutibu, specifiskumu un noteikSanas robezu (Scolyer et al., 2018; Cancer
Genome Atlas Network, 2015; Ny et al., 2020; Rose et al., 2006; Michielin et al.,
2019; Cancer Genome Atlas Network, 2020; Eigentler et al., 2016; Tas et al.,
2019; Barnhill et al., 1996; Tuthill et al., 2002). Sakotnéji Cobas 4800 BRAF
V600 mutaciju tests (Roche Molecular Systems) un THxID™-BRAF komplekts
(BioMerieux, Inc.) bija vienigie FDA apstiprinatie testi BRAF V600E mutacijas
noteik$anai un BRAF V600E/V600K mutaciju noteiksanai DNS paraugos, kas
iegati attiecigi no cilvéka melanomas formalina fiksétiem un parafina iegultiem
((FFPE) Formalin-Fixed Paraffin-Embedded) audiem (Scolyer et al., 2018).

Nakamas paaudzes sekvencésanas (NGS) tehnologijas ievie$ana ir revolucio-
nizé&jusi izpratni par audzéja biologiju un uzlabojusi personalizétas arstéSanas
stratégijas attieciba uz daudziem un dazadiem cilvéku audzéja veidiem, tostarp
melanomu. NGS mérktiecigas génu sekvenésanas panelu izstrade un izmanto-
$ana var bat pievilciga metode slimnicas un klinikas, jo ar to var vienlaicigi
parbaudit ar slimibu saistitas mutacijas vairakos génos viena reizé, tadéjadi
samazinot gan reagentu izmaksas, gan nepieciesamo DNS daudzumu, turklat
ar pietiekamu jutibu un specifiskumu, lai noteiktu somatiskos variantus ar
biezumu, kas parsniedz 5% (Romaine, et al., 2016).

TERT promotera mutacijas klatbuatne ir saistita ar isaku bezrecidiva periodu
melanomas gadijuma (Scolyer et al., 2018; Azimi et al., 2012; Fortes et al., 2015;
Park et al., 2017; Maibach et al., 2020). So efektu modificéja TERT promotera ietvaros
izplatits polimorfisms 152853669, kas izjauc jau eso$o nekanonisko ETS2 vietu TERT
promotera proksimalaja apgabala, kas atrodas tiesi blakus E-box (Maibach et al.,
2020). Turklat tika zinots, ka TERT promotera mutacijas $picoidalos melanocitis-
kos jaunveidojumos prognozé agresivu klinisko uzvedibu (Dougan, et al., 2018).



Iepriekséjos pétijumos tika konstatéta NRAS, BRAF un TERT génu mutaciju
lidzaspastavésana, tomér to kliniska un prognostiska nozime joprojam tiek
apspriesta (Hessler, et al., 2020; Forsea et al., 2020; Shellenberger et al., 2016;
Mandala et al., 2014). Vienlaiciga BRAF un NRAS génu mutacija var izraisit
rezistenci pret MEK inhibiciju. Tomér pasreizéjie pieradijumi ir nepietiekami,
lai liecinatu, ka kopmutacijas klatbitne prasitu mainit klinisko novéros$anu un
ieteicamo arstéSanu.

Rezumeéjot, pasreizéjas kliniskas vadlinijas neprasa veikt genétisko testé$anu
agrinas stadijas melanomai (IA-IIB stadija), turklat BRAF, NRAS un TERT
kopmutacijas nozime melanomas prognozésana un arsté$anas vadlinijas jop-
rojam tiek pétita. Turklat BRAF, NRAS un TERT mutacijas statusa salidzinosa
saistiba ar agrinas stadijas melanomas histopatologiskajam pazimém joprojam
nav pietiekami izpétita.

Pétijuma mérkis

Novértét BRAF, NRAS, TERT genétiskas mutacijas un to saistibu ar kli-
niskajiem, histopatologiskajiem raditajiem un slimibas bezrecidiva periodu
pacientiem ar agrinu adas invazivu melanomu (IA-IIC stadija).

Darba uzdevumi

1. Novértét kliniskos un histopatologiskos raditajus pacientiem ar adas inva-
zivu melanomu TA-TIC stadija;

2. Noveértét histopatologiskos raditajus pacientiem ar adas invazivu melanomu
IA-IIC stadija;

3. Novértét BRAF, NRAS un TERT mutacijas pacientiem ar adas invazivu
melanomu IA-IIC stadija;

4. Novertét asociacijas starp kliniskajiem, histopatologiskajie raditajiem un
BRAF, NRAS, TERT mutacijas stavokli;

5. Noveértét asocidcijas starp slimibas bezrecidiva periodu un kliniska-
jiem, histopatologiskajie raditajiem, BRAF, NRAS, TERT mutacijas
stavokli.

Darba hipotéze

Pasreizéjas kliniskas vadlinijas paredz melanomas audu testésanu tikai
pacientiem IIC, III un IV stadija. Ta¢u vadlinijas neparedz genétisku testésanu
pacientiem ar agrinu melanomu (IA-IIB kliniska stadija).

Mausu darba hipotéze — dazadu genétisko mutaciju savstarpéja mijiedar-
biba pacientiem ar agrinu melanomu (IA-IIC stadija) ir saistita ar melanomas
kliniskajiem, histopatologiskajiem raditajiem un korelé ar slimibas prognozi
(bezrecidiva periodu).
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Péttjums novitate

Asociaciju novértésana starp BRAF, NRAS, TERT mutaciju un kliniskajiem,
histopatologiskajiem raditajiem un bezrecidiva periodu.

MetoZu parskats

Pétijuma retrospektivi tika ieklauti simt piecdesmit pacienti, kuriem
2012.-2018. gada Rigas Austrumu kliniskaja universitates slimnica, Latvijas
Onkologijas centra tika veikta melanomas IA-TIC stadijas kirurgiska arstésana.
Saja pétijuma tika ieklauti tikai pacienti ar primaru adas nodularu vai virspuséji
augosu Jaundabigu invazivu melanomu.

Tika analizéti tadi melanomas pacientu kliniskie raditaji ka vecums,
dzimums, audz&ja atrasanas vieta, izmérs. Dazadi kliniskie faktori — vecums,
dzimums, novérosanas ilgums péc operacijas, recidivs vai metastazes — tika
iegati no mediciniskas dokumentacijas.

Melanomas histopatologiskas ipasibas tika parskatitas saskana ar pasrei-
z&am PVO un CAP vadlinijam (Scolyer et al., 2018). Tika vérteéti tadi rakstur-
lielumi ka audzéja tips, ¢alojums, peritumorala limfocitara infiltracija, Klarka
invazijas limenis, Breslova biezums, limfovaskulara invazija, neirotropisms,
regresija un mitotiska aktivitate. Turklat tika registrétas izgriesanas linijas
un attalums no audzéja. Pamatojoties uz histopatologisko novértéjumu, tika
noteikta pI'NM stadija.

BRAF un NRAS mutacijas statusu novértéja, izmantojot digitalo pilienu
PCR (ddPCR), izmantojot BRAF V600 (#12001037 un #1863100, NRAS Q61
(#12001006) un NRAS G12/G13 (#12001627) skrininga testus (visi Bio-Rad, ASV)
saskana ar razotaja instrukcijam. TERT mutacijas statusu noveértéja, izmantojot
nakamas paaudzes sekvencé$anu (NGS). Tika izmantots Qiagen pac-cancer-mul-
timodal panela génu komplekts (kat. Nr. / ID: 334942).

Ar darbu saistiti zinatniskie projekti

Pétijums tika atbalstits projekta “Doktoranturas kapacitates stiprinasana
Latvijas Universitaté jauna doktorantiras modela ietvaros”, identifikacijas
Nr. 8.2.2.0/20/1/006.

Publikacijas par promocijas darba tému

Zinatnisko rakstu krajuma ieklautie zinatniskie raksti

1. Zablocka, T., Kreismane, M, Pjanova, D., Isajevs, S. (2022). Effects of BRAF
V600E and NRAS mutational status on the progression-free survival and clini-
copathological characteristics of patients with melanoma. Oncol Lett., 25(1), 27.
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2.

Zablocka, T., Nikolajeva, A,, Kreismane, M., Pjanova, D., Isajevs, S. (2021).
Addressing the importance of melanoma tumor-infiltrating lymphocytes in
disease progression and clinicopathological characteristics. Mol Clin Oncol.,
15(6), 255.

Zablocka, T., Isajevs, S. (2023). The value of histopathological characteris-
tics, BRAF and NRAS mutation for the diagnosis, risk stratification and
prognosis of malignant invasive melanoma. InTech Open, 45-57.
Zablocka, T., Pjanova, D., Isajevs, S. (2023). The value of BRAF, NRAS and
TERT co-mutations on histopathological characteristics and progression
free survival in early stage cutaneous melanoma. Virchows Archiv. (iesniegts
29. oktobri, 2023).

Prezentacijas zinatniskas konferencés ar publicétiem kopsavilkumiem

7 zinojumi starptautiskas zinatniskas konferencés

1.

The value of peritumoral lymphocyte infiltration in progression free sur-
vival in BRAF and NRAS mutant stage I and II melanoma: a retrospective
cohort study / T. Zablocka, V. Kregere, S. Savcenko, L. Sulca, M. Kreismane,
D. Pjanova, S. Isajevs // Virchows Archiv Vol. 481, S1: 34th European
Congress of Pathology: Abstracts (2022), Abstract Number PS-12-004,
p. S130.

. Comparative Study of NRAS and BRAF Mutation Status with Clinical

and Histopathological Characteristics of Melanoma. Zablocka Tatjana,
Kreismane Madara, Pjanova Dace, Isajevs Sergejs. Medicina, 2022, Vol. 58,
Suppl. 1., 59.

. BRAF V600 E mutational status correlated with increased numbers of

tumour - infiltrating lymphocytes in patients with melanoma / Anna
Nikolajeva, Dace Pjanova, Sergejs Isajevs, Tatjana Zablocka // Medicina
(Kaunas) Nr. 56, Suppl.l: Abstracts of the 78th International Scientific
Conference of the University of Latvia Riga, Latvia (2020), p. 161.
Clinicopathological significance of tumor-infiltrating lymphocytes in
cutaneous melanoma / Anna Nikolajeva, Dace Pjanova, Sergejs Isajevs,
Tatjana Zablocka (Operative Dermatologie) // Journal der Deutschen
Dermatologischen Gesellschaft Vol. 18, Supplement 1: Abstractband der
Dermatologie Kompakt & Praxisnah, 7-8 Februar 2020, Dresden (2020),
p. A35, Meeting Abstract: P074.

Zablocka T, Ozola A, Mohamed O, Sav¢enko S, Isajevs S, Pjanova D.
The correlation of BRAF V600 Mutational Status with tumour infiltrating
lymphocytes in melanoma. Modern Pathology, 2020, S345.

The correlation of BRAF V600 Mutational Status with histopathological cha-
racteristics in melanoma / Tatjana Zablocka, Aija Ozola, Mohamed Omar,
Selga Savéenko, Sergejs Isajevs, Dace Pjanova// 59th IAP Thailand Annual
Meeting, November 6-9, 2019, Bangkok: Abstracts Bangkok, 2019, p. 45.
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7. BRAF V600 mutational status in melanoma Correlates with tumour histo-
pathological characteristics / Oksana Isankova, Renate Novicka, Aija Ozola,
Omar Mohamed, Selga Sav¢enko, Mikelis Pukis, Tatjana Zablocka, Sergejs
Isajevs, Dace Pjanova// Medicina (Kaunas) Vol. 55, Suppl.1: International
Scientific Conference on Medicine, 77th International Scientific Conference
of the University of Latvia, Riga, February 22, 2019: Abstracts (2019), p. 86.
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1. TEORETISKAIS PAMATOJUMS

Laundabigas melanomas saslimstiba visa pasaulé pieaug, un paslaik ta ir
nozimiga sabiedribas veselibas probléma (Hessler et al., 2020; Forsea et al., 2020).
Vairak neka 97% visu melanomu diagnosticé zinamaja primaraja vieta, visbiezak
ada (Shellenberger et al., 2016). Turklat melanoma var rasties ari aci vai iekséjo
organu glotada (Shellenberger et al., 2016). Reti melanoma tiek diagnosticéta
bez acimredzamas primaras vietas, un to sauc par nezinamas primaras vietas
melanomu (MUP) melanoma of unknown primary) [Shellenberger et al., 2016].

Galvena MUP hipotéze ir saistita ar spontanu melanomas regresiju no
zinamas primaras vietas (Shellenberger et al., 2016). Metastatiska melanoma
var attistities sinhroni ar subklinisku vai citadi neatpazitu adas, acu vai glotadas
melanomu.

Ultravioletais starojums ir nozimigs riska faktors melanomas patogenézé,
kas tiesi boja DNS (Hessler ef al., 2020; Forsea et al., 2020; Shellenberger et al.,
2016).

Melanomas patogenézé ir iesaistitas vairakas somatiskas un epigenétiskas
izmainas. Turklat melanomas patogenézé nozimiga loma ir arl imanreak-
cijai un imunologiskas tolerances traucéjumiem (Shellenberger et al., 2016;
Mandala et al., 2014).

L.aundabigo audz&ju skrinings, agrina diferencialdiagnostika, personalizéta
arstéSanas izvéle un arstésanas ietekmes novértésana lidz $im ir bijis svarigs
jautdgjums gan medicinas, gan socialaja joma. Mekléjot instrumentus un/vai
diagnostikas rikus, kas spéj atklat audzéjus agrina stadija, ir apsvérta izelpota
gaisa, asins biomarkieru, urina testéSanas, ka ari attélveido$anas metozu
izmantosana. Tomér ir maz pieradijumu par laundabigas melanomas agrinu
atklaganu un riska stratifikaciju (Mandala et al., 2014; Romaine et al., 2016).
Histopatologiskajai diagnozei un biomarkieru kvalitativai un kvantitativai
novérté$anai ir ievérojama starpnovérotaju mainiba, kas ierobezo to lietderibu
individualiem pacientiem. Turklat specializétiem dermatopatologiem ir lielaka
atbilstiba; tomér sadas zinasanas nav plasi pieejamas. Tapéc ir svarigi standar-
tizét novértéjumu (Shellenberger et al., 2016).

Dzila maciSanas - automatizéta pieeja, kas izmanto markétus attélus un
pamatojas uz maksligu intelektu, lai apmacitu tiklu bez citiem piepémumiem, -
ir izradijusies noderiga daudzas lidzigas digitalas patologijas jomas.

Pédéjos gados ir panakts ievérojams progress proteomikas, metabolo-
mikas un genomikas joma, tomér histopatologiska izmeklé$ana joprojam ir
melanomas diagnozes un prognozes zelta standarts (Shellenberger et al., 2016;
Mandala et al., 2014; Romaine et al., 2016; Bastian et al., 2014; Clark et al., 1989;
Scolyer et al., 2018).

Pasreizéja Pasaules Veselibas organizacijas (PVO) adas audzéju klasifika-
cija melanoma iedalita, pamatojoties uz solaro elastozi, ko novérté péc adas
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elastigajam $kiedram, lai noteiktu kumulativo saules kaitéjumu (Scolyer et al.,
2018). Pamatojoties uz $o PVO klasifikaciju, melanomu no jauna iedalija tris kla-
sés: melanomas, kas saistitas ar kumulativo saules starojuma bojajumu (KSK),
melanomas, kas nav saistitas ar KSK, un nodularo melanomu (Scolyer et al.,
2018). Ar KSK saistitas melanomas celi ir virspuséja aug$ana, lentigo maligna
un desmoplastiskas melanomas. Virspuséji augosa melanoma ir visbiezak sasto-
pamais apakstips, un tai raksturiga agrina radiala aug§ana, kam seko vertikala
augsana un vélaka invazija derma (Shellenberger et al., 2016; Bastian et al., 2014).
Melanomas, kas nav saistitas ar KSK, iedala Spica tipa, akralas, glotadas un
uvealas melanomas, ka ari melanomas, kas rodas iedzimtos un zilos névusos.
Visbeidzot, nodularajai melanomai ir raksturiga agrina pareja uz vertikalu
augSanu (Shellenberger et al., 2016).

Melanomas attistiba ir cie$i saistita ar somatiskam un epigenétiskam
izmainam. Melanomas patogenézé un evoliicija ir aprakstitas dazadas muta-
cijas. Jaunakaja genomu klasifikacija melanoma iedalita cetros apakstipos,
pamatojoties uz visbiezak sastopamo nozimigi mutéto génu struktaru: mutétais
BRAF, RAS, NFI un triskar$ais-WT (savvalas tips) [Shellenberger et al., 2016;
Romaine et al., 2016].

BRAF, CDKN2A un NRAS mutacijas ir vissvarigakas un kliniski nozimiga-
kas. Lai gan pédéjas desmitgades laika, ievieSot jaunu personalizétu melanomas
arstéSanu, kas balstita uz BRAF inhibitoriem un imunterapiju, ir samazinajies
mirstibas raditajs, progreséjosu un metastatisku melanomu joprojam ir griti
arstét (Scolyer et al., 2018; Azimi et al.,, 2012; Fortes et al., 2015).

Turklat melanomas progresésana liela nozime ir imunologiskas tolerances
mehanismiem (Taylor et al., 2007; Raaijmakers et al., 2016).

Gimenes melanomu vidi biezi tiek konstatétas ciklinneatkariga kinazes
inhibitora 2A géna (CDKN2A) dzimtas mutacijas, un to izplatiba gimeneés,
kuras tris vai vairak locekliem diagnosticéta melanoma, svarstas no 20%
lidz 50% (Park et al., 2017). CDKN2A genétiskas mutacijas ir saistitas ari ar
genétisku atipisku multiplo dzimumzimju melanomu (FAMMM) sindromu —
autosomali domingjosu stavokli, ko raksturo melanoma gimené un liels skaits
atipisku dzimumzimju (Mandala et al., 2014). Atklajums, ka 1. programmeétas
$anu naves proteina 1 ligandu (PDL1) un PDL2 ekspresé melanomas $iinas,
T $Gnas, B $tnas un naturalas killera (NK) $iinas, noveda pie ta, ka nesen tika
izstradatas 1. programmétas $iinu naves proteina (PD1) specifiskas antivielas
(pieméram, nivolumabs un pembrolizumabs). Melanomas arstésana labveéligu
ietekmi uzradija dazadi mérkéti lidzekli, tostarp PD-L1, CTLA4 personalizéta
arstéSana (Havel et al., 2019; Ribas et al., 2015).

Turklat tika pieradits, ka pacientiem ar lokali progreséjusu un metasta-
tisku melanomu ir vértiga imunoterapija ar onkolitisko ECHO-7 virusu Rigvir
(Sorokins et al., 2020).

Ir pieradits, ka tadi kliniski histopatologiskie raditaji ka audzéja izmérs,
audzéja tips, audzéja invazivitate (Breslova biezums, Klarka invazijas limenis,
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limfovaskulara invazija, neirotropisms), iz¢lojums, audzéja mitotiska aktivi-
tate ir nozimigi prognostiskie faktori melanomas attistibai un progresésanai
(Clark et al., 1989; Scolyer et al., 2018; Dougan et al., 2018; Platz et al., 2008;
Yaman et al., 2015; Bezic et al., 2019; Spathis et al., 2019; Kim et al., 2015;
Estrozi et al., 2014; Aksenenko et al., 2015; Leslie et al., 2015; Klein et al., 2021;
Ardekani et al., 2013; Nagore et al., 2014). Turklat ir pieradits, ka audzéju
infiltréjosie limfociti var stratificét melanomu zema un augsta progresésanas
riska grupas (Burton et al., 2011; Mandala et al., 2009; Thomas et al., 2013;
Clemente et al., 1996; Weiss et al., 2016, Tas et al., 2021; Lin et al., 2016;
Weiss et al., 2016; Platz et al., 2008).

Melanomas histopatologiskaja novértésana aizvien biezak tiek izmantoti
diagnostikas un arsté$anas molekularie markieri (Mandala et al., 2014). Sie
markieri ne tikai palidz diagnosticét melanomu, bet ari atskirt dazus apakstipus,
kurus citadi varétu bat grati noteikt (Cancer Genome Atlas Network, 2015;
Ny et al., 2020; Rose et al., 2006; Michielin et al., 2019; Cancer Genome Atlas
Network, 2020; Eigentler et al., 2016; Tas et al., 2019; Barnhill et al., 1996).
BRAF mutacijas melanomai galvenokart raksturiga virspuséji augos$a melanoma,
jaunaks pacientu vecums, ada bez KSK, savukart NRAS mutacijas melanomai
raksturigs nodulars apakstips un KSK ada (Raaijmakers et al., 2016).

Parasti NRAS mutacijas rodas neatkarigi no BRAF mutacijam, tacu ir zinots
par dubulto izpausmi (Raaijmakers et al., 2016). NRAS un adas saistiba ar KSK
liecina, ka $adu mutagenézi izraisa UV starojums. Pozitiva NRAS ekspresija
bija saistita ari ar zemaku audzéju infiltréjoso limfocitu limeni un vélinaku
audzéja stadiju (Raaijmakers et al., 2016). Tomér NRAS mutacijas noteiksanas
prognostiska vértiba nav skaidra.

1.1. Melanomas histopatologiskais novértéjums

Mausdienas melanomas histopatologiska izmeklésana ir balstita uz pasreizéjo
PVO klasifikaciju un CAP vadlinijam (Scolyer et al., 2018). Tiek vértéti tadi
kritériji ka audzéja tips, iz¢tlojums, audzéju infiltréjosie limfociti (TIL), Klarka
invazijas limenis, Breslova biezums, limfovaskulara invazija, neirotropisms,
regresija, mitotiska aktivitate. Turklat tiek novértétas ekscizijas linijas un atta-
lums no audzéja. Pamatojoties uz histopatologisko novértéjumu, novérté pTNM
stadiju (Scolyer et al., 2018).

Ta ka Breslova biezumam ir ipasa nozime TNM stadija, digitalo prieks-
metstiklinu analize varétu sniegt labakus pieradijumus invaziju noteiks$anai, jo
ipasi robezgadijumos. Melanomas amelanotiskais izskats apgriitina diagnos-
tiku. Imunohistokimiska kraso$ana, kas ir pozitiva attieciba uz S100, SOX-10,
HMB-45, Melan-A, Mart-1 un tirozinazi, apstiprina melanomas diagnozi
(Shellenberger et al., 2016).

Dazas melanomas, Ipasi regreséjosas un metastatiskas, var zaudét
HMB-45, Melan A un tirozinazes ekspresiju, un $ada gadijjuma melanomas
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imanhistokimiskais novértéjums ir vienkarss. Sados gadijumos parasti ir rak-
sturiga tikai S-100 un vimentina ekspresija.

Nesen tika atklats, ka p16 ekspresija melanoma ir ievérojami samazinata
salidzinajuma ar dzimumzimi (Dougan et al., 2018). Turklat ir atklats speci-
fisks antigéns melanomas audos — PRAME (preferentially expressed antigen in
melanoma), kas ir viens no specifiskiem imanhistokimiskajiem melanomas
biomarkieriem (Yang et al., 2020).

1.2. Audzéju infiltréjoSie limfociti melanomas
progresésanas riska stratifikacijai

Audzéju infiltréjosos limfocitus (TIL) uzskata par saimnieka imanas
atbildes reakcijas uz audzéju izpausmi (Dougan et al., 2018; Havel et al., 2019;
Ribas et al., 2015).

Audzéjiem piemit dazadi ar $Gnu membranu saistiti antigéni, kurus
imansistéma atpazist ka ne savu, un tas stimulé citotoksisku imano reakciju,
ko raksturo CD4, CDS8, antigénu parstavos$as $inas un citu iekaisuma $tnu
infiltracija. Sis infiltréjosas $tinas tiek atpazitas ka atbildes reakcija ar imiinas
uzraudzibas mehanismiem, kas paredzéti, lai kavétu audzéja augsanu un
izplatisanos. Pretvéza imunitaté batiska nozime ir peritumoralai limfocitarao
infiltracijai (TIL), galvenokart CD4 un CD8 T $anam. T-reguléjosie limfociti
nomac imansistémas atbildes reakciju un parasti ekspresé FOXP3, CD4 un
CD25 (Dougan et al., 2018; Havel et al., 2019; Ribas et al., 2015).

Teprieks ir pieradits, ka TIL pakape ir neatkarigs dzivildzes un sargmezglu
(SLN) statusa raditajs melanomas pacientiem. Pacientiem ar izteiktu TIL infiltra-
ciju ir labaka prognoze (Fortes et al., 2015; Park et al., 2017; Maibach et al.,
2020). Turklat augstaks TIL lIimenis primaras invazivas melanomas paraugos ir
saistits ar zemaku Jaundabiga audzéja izraisitas naves risku (Leslie et al., 2015;
Klein et al., 2021).

Tomeér literatiira nav atrisinatas diskusijas par to, vai TIL pakape ir pie-
tiekams prognostisks raditajs, lai to ieklautu stadijas noteiksana péc AJCC
klasifikacijas (Scolyer et al.,2018). Imtnsistémas raditaji, jo ipasi TIL pakape,
nav standarta melanomas histopatologisko zinojumu raditaji, jo tie vél nav
apstiprinati un noveértéti ka butiski ietekméjosi kopéjo dzivildzes ilgumu vai
klinisko lémuma pienems$anu (Shellenberger et al., 2016). Turklat TIL saistiba
ar labaku melanomas prognozi joprojam ir pretruniga (Clemente et al., 1996;
Weiss et al., 2016; Tas et al., 2021; Lin et al., 2016).

Nesenie pétijumi liecina, ka palielinats TIL infiltrats ir saistits ar labvéliga-
kiem dzivildzes rezultatiem (Weiss et al., 2016).

Masu iepriekséjos pétijjumos tika konstatéts, ka melanomas pacientiem ar
augstu TIL pakapi ir ievérojami labaks bezrecidiva periods neka pacientiem ar
zemu TIL pakapi (Zablocka et al., 2021). Balstoties uz masu pétjjuma rezulta-
tiem, TIL vértéjumu iesakam ieklaut §ada vértéSanas sistéma no 0 lidz 3. Ta
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tika definéta $adi: 0 = limfocitu neesamiba audos, 1 = limfocitu klatbttne,
kas aiznem < 25% audu, 2 = limfocitu klatbatne, kas aiznem no 25 lidz 50%
audu, un 3 = limfocitu klatbtitne, kas aiznem > 50% audu. Zema TIL infiltracija
tika definéta ka 0 un 1. Augsta TIL infiltracija tika definéta ka 2 un 3 punkti
(Zablocka et al., 2021).

1.3. BRAF géna mutacijas novértéjums melanomas
progresésanas riska stratifikacijai

B-RAF ir viena no signalizacijas kinazém, kas darbojas pa MAPK celu.
BRAF mutacijas ir visbiezak sastopamas genétiskas izmainas adas melanomas
gadijuma, un tas sastopamas 40-60% gadijumu (Forsea et al., 2020; Elder et al.,
2020; Fong et al., 2008; Hodi et al., 2010; Topalian et al., 2014; Dummer et al.,
2018; Melis et al., 2017; Pracht et al., 2015; Davies et al., 2002; Long et al., 2011;
Menvzies et al., 2012; Colebatch et al., 2019; Chiappetta et al., 2015; Thomas et al.,
2015; Lee et al., 2011; Tas et al., 2019; Jakob et al., 2012). Mutacijas $aja onkogéna
izraisa konstitutivu MAPK cela aktivaciju. Visbiezak sastopama BRAF muta-
cija ir V60OE, kas veido 80% géna izmainu (Ny et al., 2020; Rose et al., 2006;
Miechielin et al., 2019). Citas zinamas BRAF mutacijas ir V600K un V600R
mutacijas (Ny et al., 2020; Rose et al., 2006; Miechielin et al., 2019).

Pétjjumi liecina, ka V60OE ir saistita ar virspuséjas izplatiSanas apakstipu,
jaunaku pacientu vecumu un adas vietam bez hroniskiem saules iedarbibas
izraisitiem bojajumiem, pieméram, ekstremitatém, savukart V600K mutacijas ir
saistitas ar adas vietam ar KSK, pieméram, galvu un kaklu, un gados vecakiem
pacientiem (Ny et al., 2020; Rose et al., 2006; Miechielin et al., 2019; Jakob et al.,
2012; Ugurel et al., 2007; Devitt et al., 2011; Heppt et al., 2017). Turpreti V600K
mutacijas ir saistitas ar adas vietam ar KSK, pieméram, galvu un kaklu, un gados
vecakiem pacientiem (Menzies et al., 2012).

Nesen melanocitaru audzéju visa genoma sekvencésana paradija, ka papil-
dus NRAS mutacijam ir ari BRAF mutacijas, kuru mutacijas slodze pozitivi
korelé ar UV starojuma iedarbibu, savukart iedzimtiem nevi tika novérota
mazaka mutacijas slodze (Colebatch et al., 2019). Misu iepriekséjos pétijumos
tika atklata saistiba starp BRAF V600 mutacijas statusu un pacientu jaunaku
vecumu, Klarka invazijas limeni, Breslova biezumu, limfovaskularo invaziju,
sievieSu dzimumu un TIL (Ny et al., 2020; Rose et al., 2006; Chiappetta et al.,
2015; Thomas et al., 2015; Lee et al., 2011; Tas et al., 2019; Jakob et al., 2012;
Ugurel et al., 2007; Devitt et al., 2011; Heppt et al., 2017).

1.4. NRAS géna mutacijas novértéjums melanomas
progresésanas riska stratifikacijai

NRAS mutacijas nozime melanomas progresésana ir pretruniga. Dazos
pétjjumos tika konstatéta saistiba starp NRAS mutaciju un melanomas prognozi,
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savukart citos pétjjumos NRAS mutacijas nozime melanomas prognozes novér-
tésana netika konstatéta (Jakob et al., 2012; Ugurel et al., 2007; Devitt et al., 2011;
Heppt et al., 2017; Ellerhorst et al., 2011; Schlaak et al., 2013; Bucheit et al., 2013).

RAS proteini ir mazas intracelularas GTP, un normalos cilvéka melanocitos
pastav gan ar GTP saistitas aktivas, gan ar GDP saistitas neaktivas formas.
Receptoru tirozinkinazes (RTK) signali izraisa pareju uz NRAS aktivu stavokli,
ko nodrosina gvaninnukleotidu apmainas faktoru piesaistiSana. NRAS mutantam
melanomam bieZi ir traucéta Sanu cikla regulacija, ko raksturo ciklina D1 paaug-
stinata regulacija un audzéja supresora pl6INK4A zudums (Forsea et al., 2020).

NRAS géns visbiezak muté 2. eksona (12. un 13. kodons) un 3. eksona
(61. kodons) karstajos punktos [Jakob et al., 2012; Ugurel et al., 2007; Devitt et al.,
2011; Heppt et al., 2017; Ellerhorst et al., 2011; Schlaak et al., 2013; Bucheit et al.,
2013]. NRAS mutacijas iepriek$ tika saistitas ar primara audzéja nodularo
apakstipu un lokalizaciju saules bojata ada (Jakob et al., 2012; Ugurel et al.,
2007; Devitt et al., 2011). Dazi pétijumi liecina, ka NRAS mutacija ir saistita ar
labveligu prognozi (Ellerhorst et al., 2011). Turpreti citos pétijumos pieradits,
ka NRAS géna mutacija ir saistita ar sliktaku prognozi (Jakob et al., 2012;
Ugurel et al., 2007; Devitt et al., 2011). Savukart dazos pétijumos netika konsta-
téta butiska saistiba starp NRAS mutaciju un melanomas prognozi (Heppt et al.,
2017; Ellerhorst et al., 2011). NRAS mutacijas novértésana ir lietderiga, jo tiek
apsvérta melanomas ar NRAS mutaciju mérktieciga arsté$ana (Grimaldi et al.,
2017).

1.5. TERT géna mutacijas novértéjums melanomas
progresésanas riska stratifikacijai

Nesen Nagore et al. sniedza provizoriskus pieradijumus, ka I/II stadijas
melanomas pacientiem TERT promotera statusu kombinacija ar BRAF/NRAS
mutacijam var izmantot, lai identificétu pacientus ar agresivas slimibas risku un
turpmakas prognozes precizé$anas iespéju, novértéjot 2853669 polimorfismu
TERT promotera ietvaros (Nagore et al., 2014).

Nesen meérktieciga molekulara terapija ir revolucionizéjusi solido audzéju
arstéanu, tapéc ir nepiecieSsama kliniska limeni veikta, kvalitates zina
kontroléta audzéju molekulara profilésana. Papildus arstésanas vadlinijam
molekularas testé$anas dati sniedz ari ieskatu par slimibas patogenézi un
rezistenci pret arstéSanu. Pieméram, sarkomu un leikémiju/limfomu gadijuma
molekulara testé$ana jau sen ir nepiecie$ama visprecizakas diagnozes noteik-
$anai (Forsea et al., 2020; Elder et al., 2020; Fong et al., 2008; Hodi et al., 2010;
Topalian et al., 2014; Dummer et al., 2018; Melis et al., 2017; Pracht et al., 2015).
Uz NGS balstitu molekularo profiléSanu tagad izmanto, lai vienlaicigi iegitu
diagnostisku un prognozéjosu informaciju, kas palidz vadit klinisko aprapi.
Genomikas dati melanomas gadijuma lielakoties iegiiti no Véza genoma atlasa
(The Cancer Genome Atlas (TCGA)). Sie dati lielakoties attiecas tikai uz lieliem
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un metastatiskiem audzéjiem, tapéc primaras adas melanomas ir nepietickami
parstavétas TCGA, jo melanomas primaro audzéju izmeéri ir salidzinosi mazi.
Ta ka TCGA netika sekvencétas labdabigas melanocitu proliferacijas, mazak
zinams par genomu izmainu spektru, kas var but sastopams $ados bojajumos
(Ribas et al., 2015; Cancer Genome Atlas Network, 2015). TERT promotera
mutacijas esamiba ir saistita ar isaku bezrecidiva periodu melanomas gadijuma
(Scolyer et al., 2018; Maibach et al., 2020). So efektu modificéja TERT promotera
ietvaros izplatits polimorfisms rs2853669, kas izjauc jau eso$o nekanonisko
ETS2 vietu TERT promotera proksimalaja apgabala, kas atrodas tiesi blakus
E-box (Nagore et al., 2014). Turklat tika zinots, ka TERT promotera mutacijas
$picoidalos melanocitiskos jaunveidojumos prognozé agresivu klinisko uzvedibu
(Dougan et al., 2018). Masu rezultati liecina, ka TERT promotera karsta punkta
mutacijas statuss var bat noderigs paligparametrs melanomas diagnostika. Ir labi
zinams, ka TERT mutacijas pastiprina TERT géna ekspresiju, radot de novo sais-
tiSanas vietas dazadiem transkripcijas faktoriem, kas iesaistiti audzéju izraisosos
mehanismos, bet ta prognostiska nozime ir diskutéjama (Scolyer et al., 2018).
Vairaki autori ir zinojus$i par TERT promotera mutaciju prognostisko nozimi
primarajas melanomas (Eigentler et al., 2016; Tas et al., 2019; Bucheit et al., 2013;
Jakob et al., 2012; Grimaldi et al., 2017; Horn et al., 2013), savukart citos pétiju-
mos TERT promotera mutaciju ietekme uz primaro un metastatisko melanomu
nav konstatéta (Barnhill et al., 1996; Tuthill et al., 2002).
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2. MATERIALI UN METODES

2.1. Pétijuma struktiira

Pétijuma retrospektivi tika ieklauti simt piecdesmit pacienti, kuriem
2012.-2018. gada Rigas Austrumu kliniskaja universitates slimnica, Latvijas
Onkologijas centra tika veikta melanomas IA-IIC stadijas kirurgiska arstéSana.
Saja pétijuma tika ieklauti tikai pacienti ar primaru adas nodularu vai virspuséji
augosu laundabigu invazivu melanomu. Pétijuma struktiira atspogulota 1. tabula.

2.2. Etika

Pétijuma protokolu apstiprinaja Latvijas Centrala medicinas étikas komiteja
(Nr.01-29.1/2016-1-1 no 2016. gada janvara) un Latvijas Universitates Kardiologijas
un regenerativas medicinas institata Etikas komiteja (no 2019. gada septem-
bra; Nr. 12/2019). Pétijums veikts saskana ar Helsinku deklaraciju un Ovjedo
konvenciju. Visi pacienti parakstija informétu piekri$anu piedalities pétijuma.

2.3. lzslegSanas kriteériji

No pétijuma tika izslégti pacienti ar lentigo maligna, akralam lentiginam
melanomam, ar adu nesaistitu melanomu un metastatisku melanomu, ka ari
pacienti, kuriem bija IIT un I'V stadijas melanoma vai kuriem bija veikta neoad-
juvanta arstésana.

1. tabula. Pétijuma dizains

Pacientu ar adas melanomu IA-IIC stadija ieklau$ana pétijuma (n = 150) ‘
\:

Informéta piekrisana
Ieklauganas/izslégsanas kritériju novértésana

|
Kliniska novértésana (n = 150)
|
‘ Histopatologiska izmekléSana (n = 150)
|
‘ PCR parbaude (n = 132)
|
‘ NGS analize (n = 118)
|

‘ Datu statistiska analize, datu korelativa analize
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2.4, Kliniskais raksturojums

Tika analizéti tadi melanomas pacientu kliniskie raditaji ka vecums,
dzimums, audzéja atrasanas vieta, izmérs. Dazadi kliniskie faktori — vecums,
dzimums, novérosanas ilgums péc operacijas, recidivs vai metastazes — tika
iegiti no mediciniskas dokumentacijas. Dzivildzes laiks bez progresésanas tika
definéts ka lokalas, regionalas vai sistémiskas metastazes vai nave no audzéja
kirurgiskas izgrie$anas datuma, kas aprékinats no kirurgiskas rezekcijas datuma
lidz pirmajai lokalai vai sistémiskai metastazei, vai nave bez jebkada veida
recidiva. Pacienti tika novéroti 1idz 2022. gada 1. martam. Novéro$anas laika
slimibas progresé$anu definéja, ja tika novérota vismaz viena no $adam pazi-
meém - lokals recidivs, regionalo limfmezglu metastazes, attalinatas metastazes.

Histopatologiskas ipasSibas

Melanomas histopatologiskas ipasibas tika parskatitas saskana ar pasreizé-
jam PVO un CAP vadlinijam (Scolyer et al., 2018). Tika vértéti tadi raksturlielumi
ka audzéja tips, ¢tlojums, peritumorala limfocitara infiltracija, Klarka invazijas
limenis, Breslova biezums, limfovaskulara invazija, neirotropisms, regresija un
mitotiska aktivitate. Turklat tika registrétas izgriesanas linijas un attalums no
audzéja. Pamatojoties uz visu paraugu atkartotu histopatologisko novértéjumu,
tika noteikta pTNM stadija. Visi histopatologiskie slaidi tika atkartoti parskatiti
un novértéti saskana ar pasreizéjo PVO klasifikaciju (Scolyer et al., 2018).

2.5. Audzéju infiltréjoSo limfocitu novértésana
un vértésana ar punktiem

Par audzéju infiltréjosiem limfocitiem tika uzskatiti limfociti, kas ieskauj
audzéja masu. Audzéju infiltréjosos limfocitus (TIL) vértéja no 0 lidz 3 punktiem:
0 = TIL audzgja audos nav, 1 = TIL infiltrats mazak neka 25% audu, 2 = TIL
infiltrats no 25 1idz 50% audu un 3 = TIL infiltrats vairak neka 50% audu.

2.6. BRAF un NRAS mutaciju novértésana

BRAF un NRAS mutacijas statuss tika noveértéts 132 pacientiem. Genomiska
DNS tika izoléta no 10 pm bieziem, formalina fiksétiem, parafina iestradatiem
audiem, izmantojot GeneRead™ DNA FFPE komplektu (Qiagen, Vacija).

Melanomas BRAF un NRAS mutaciju statusu novértéja, izmantojot digitalo
pilienu PCR (ddPCR), izmantojot BRAF V600 (#12001037 un # 1863100), NRAS
Q61 (#12001006) un NRAS G12/G13 (#12001627) skrininga testus (visi Bio-Rad,
ASV) saskana ar razotaja instrukcijam.

BRAF V600-V600E (NM_004333.4(BRAF):c.1799T>A (p.Val600Glu)),
V600K (NM_004333.4(BRAF):c.1798-1799GT>AA (p.Val600Lys)) un V60OR
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(NM_004333.4(BRAF):c.1798-1799GT>AG (p.Val600Arg)). Turklat BRAF V600
pozitivos paraugus parbaudija uz BRAF V600E mutacijas esamibu, izmantojot
BRAF V600E mutacijas parbaudes komplektu (#1863100, Bio-Rad, ASV), kas
ipasi atpazist NM_004333.4(BRAF):c.1799T>A (p.-Val600Glu) mutaciju.

Attieciba uz NRAS G12/G13 tika novértétas astonas $adas muta-
cijas Gl12A (NM_002524.5(NRAS):c.35G>C (p.Glyl2Ala) Gl12C
(NM_002524.5(NRAS):c.34G>C (p.G>T (p.Glyl2Cys)), G12D (NM_002524.5
(NRAS):c.35G>A (p.Glyl2Asp)), G128 (NM_002524.5(NRAS):c.34G>A
(p-Glyl12Ser)), G12V (NM_002524.5(NRAS):c.35G>T (p.Glyl2Val)), G13D
(NM_002524.5(NRAS):c.38G>A (p.Glyl3Asp)), G13R (NM_002524.5
(NRAS):c.37G>C (p.Glyl3Arg)), G13V (NM_002524.5(NRAS):c.38G>T
(p.Glyl3Val)).

Attieciba uz NRAS Q61 tika novértétas piecas NRAS mutacijas - Q61K,
(NM_002524.5(NRAS):c.181C>A (p.GIn61Lys), Q61L. (NM_002524.5
(NRAS):c.182A>T (p.Gln61Leu), Q61R, NM_002524.5(NRAS):c.182A>G
(p-Gln61Arg), Q61H, (NM_002524.5(NRAS):c.183A>T (p.Gln61His) un Q61H
183A>C, NM_002524.5(NRAS):c.183A>C (p.GIn61His).

Dropleti tika generéti, izmantojot Biorad QX200 pilienu generatoru, un
analizéti ar QX200 pilienu lasitaju (Bio-Rad, ASV). Mutantu un savvalas tipa
alélu absolato daudzumu aprékinaja, modeléjot Poisona sadalijumu, izmantojot
QuantaSoft™ analizes programmataras 1.7. versiju (Bio-Rad, ASV).

Mutaciju nomenklattira atbilst pasreizéjam Cilvéka genoma variaciju biedri-
bas (HGVS) Human Genome Variation Society) vadlinijam (den Dunnen et al.,
2016). Noradita nukleotidu un aminoskabju numeracija attiecas uz transkrip-
cijas sakuma vietu (+1), kas atbilst ATG A attiecigaja GenBank atsauces seciba.

2.7. NGS testésana

TERT mutacijas statuss tika novértéts 118 pacientiem. Tika analizéta C228T
(NM_198253.3(TERT):c.-124C>T) punktmutacija (chr5; 1,295,228 (-124) pirms
transkripcijas sakuma kodona)) un C250T aizvietosana (chr5; 1,295,250 (-146)
pirms transkripcijas sakuma kodona)), NM_198253.3(TERT):c.-146C>T.

No formalina fiksétajiem parafina iegulditdjiem (FFPE) paraugiem
tika izoléta genomiska DNS, lai sagatavotu NGS bibliotéku. DNS at$kaidija
zemas TE buferskiduma [10 mM Tris-HCI (pH 8,0) ar 0,1 mM EDTA] un ar
ultraskanu (Covaris E220; Covaris, Cikéga, IL, ASV) sagrieza lidz aptuveni
200 bp fragmentiem, ko parbaudija, izmantojot Agilent High Sensitivity DNA
Kit 2100 Bioanalyzer (Agilent, Santa Clara, CA, ASV). Turpmaka adapteru galu
labosana, A-galu veido$ana un saistidana tika veikta, izmantojot KAPA HTP
bibliotékas sagatavosanas komplektu (Roche, Bazele, Sveice) saskana ar razotaja
noradijumiem, izmantojot pasu sagatavotus adapterus. Apstradatie fragmenti
tika atlasiti péc izméra (250-450 bp fragmenti) un primitizéti ar svitrkodiem
(identiski Illumina TruSeq HT indeksam i7 un i5), izmantojot ligacijas mediétu
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PCR (LM-PCR), izmantojot pasu sagatavotus dubultindeksésanas praimerus, lai
at$kirtu atsevi$kus paraugus turpmakaja apvieno$ana. Fragmentu lielumu un
kvalitati péc dubultas izméru atlases un LM-PCR kontroléja, izmantojot Agilent
augstas jutibas DNS komplektu.

Tika izmantots Qiagen pac-cancer-multimodals panela génu komplekts
(kat. Nr. / ID: 334942). Komplekta tika analizéti 523 DNS génu mérki, 56 RNS
saplisanas mérki, 26 mikrosatelitu nestabilitates (MSI) mérki. Tika veikta
150 paru sekvencésana (300 cikli).

Trisdesmit atseviskus paraugus (33 ng katra) apvienoja bagatinasanai un
72 h hibridizéja ar CZMELAC panela zondém (SeqCap EZ Choice Library; Roche,
Bazele, Sveice). Bagatinatas mérka sekvences tika amplificétas ar pécieguves
PCR, lai izveidotu galigo sekvencé$anas bibliotéku. Bagatinasanu kontroléja,
izmantojot qQPCR (NimbleGen SeqCap EZ bibliotékas SR lietotaja rokasgramatu).
Bibliotékas inserta lielums bija aptuveni 150 bp. Galigo 15 uM bibliotéku sek-
vencéja ar MiSeq, izmantojot MiSeq Reagent Kit v. 3 (150 cikli; Illumina, San
Diego, Kalifornija, ASV) ar mérki panakt 100 x vidéjo parklajumu uz paraugu.

Datu analizei un interpretacijai tika izmantota QIAGEN Clinical Insight
(QCI) Interpret programmatira.

2.8. Statistiska analize

Rezultati tika sniegti ka mediana (diapazons). Histopatologiskie un kli-
niskie raditaji tika analizéti, izmantojot Hi-kvadrata, Manna-Vitnija U testu
un/vai Kruskala-Valisa rangu testu. Mutacijas statusa saistiba ar kliniskajiem
un histopatologiskajiem raksturlielumiem tika analizéta, izmantojot Pearson
X2, lai aprékinatu statistisko nozimigumu. Bezrecidiva periods tika noveértéts,
izmantojot Kaplana-Meiera metodi ar log-rank testu. Laiks tika definéts ka
slimibas progresésanas gadijums vai pédéjais kontroles apmekléjums (cenzéts).

Statistiskie aprékini tika veikti ar SPSS 21.0 versiju (SPSS Inc., Cikaga,
Ilinoisa, ASV). Par statistiski nozimigam tika uzskatitas P vértibas, kas mazakas
par 0,05.
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3. REZULTATI

3.1. Kliniskais raksturojums

Kopuma pétjjuma piedalijas 150 pacienti. 12 pacientiem melanoma bija
IA stadija, 20 pacientiem - IB stadija, 32 pacientiem - IIA stadija, 34 pacien-
tiem - IIB stadija un 52 pacientiem - IIC stadija. Pacientu vidéjais vecums
bija 67 gadi (diapazons 24-87 gadi). 69 pacienti bija virie$i un 81 pacients bija
sieviete. Primara audzéja lokalizacija bija galva/kakls, ekstremitates un rumpis
attiecigi 22,0%, 38,0% un 40,0% pacientu (2. tabula).

2. tabula. Pétijuma ieklauto pacientu kliniski patologiskie raditaji

Raditajs Pacienti, n
Vecuma mediana, gadi, n (diapazons) 67 (24-87)
Dzimums, virietis/sieviete 69/81
Breslova biezuma mediana, mm, n (diapazons) 2,4 (0,1-20)
Klarka limena mediana, n (diapazons) 3 (1-5)
Cilojums, ir/nav 71/79
LV], ir/nav 89/61
Neirotropisms, ir/nav 6/141
Solara elastoze, mediana, n (diapazons) 1(0-3)
Audzéja izméra mediana, cm, n (diapazons) 1,5 (0,2-20,0)
Mitozu skaita mediana, 10 HPF, n (diapazons) 2 (1-18)
TIL mediana, rezultats (diapazons) 2 (0-3)
IA stadija 12
IB stadija 20
IIA stadija 32
1B stadija 34
IIC stadija 52

TIL - audzgju infiltréjosie limfociti
LVT - limfovaskulara invazija
3.2. Histopatologiskas Tpasibas

Tika konstatéti 89 nodularas melanomas gadijumi un 61 gadijums ar virs-
puséji augosu melanomu. Nodularajai melanomai salidzinajuma ar virspuséji
augo$o melanomu bija augstaks Klarka invazijas limenis (P = 0,04), lielaks
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Breslova biezums (P = 0,04), biezak sastopams ¢alojums (P = 0,01), lielaks mitozu
skaits (P < 0,0001) un lielaks audzéja izmérs (P = 0,002). Nodulara melanoma
biezak tika konstatéta virieSiem neka sievietém (P = 0,0083). Limfovaskulara
invazija, neirotropisms un solara elastoze starp grupam butiski neat$kiras.
Tomér, analizéjot visus pacientus kopa, tika novérota saistiba starp solaro
elastozi un Klarka limeni (R2 = 0,08; P = 0,02) (3. tabula).

3. tabula. Pacientu kliniski patologiskie raditaji

Nodulara Virspuséji augosa
Raditajs* melanoma melanoma P vértiba
(n=289) (n=61)
Vecuma mediana (diapazons), gadi 67 (27-87) 64 (24-83) 0,23
Dzimums, viriesi/ sievietes 33/56 17/44 0,0083"
Br.eslova biezuma mediana 3,0 (0,1-20,0) 1,3 (0,1-14.9) 0,04
(diapazons), mm
Klarka limena mediana -
(diapazons) 3,0 (2-5) 3 (1-5) 0,04
Cﬁlojums, ir/nav 56/33 15/46 0,002"
LVI, ir/nav 71/18 39/22 0,64
Neirotropisms, ir/nav 9/80 7/54 0,72
(Sjglérés elastozes mediana, 1,6 (0-3) 1,2 (0-3) 0.32
iapazons

Audzéja izméra mediana 1,7 (0,4-6.6) 1,2 (0,2-6.1) 0,002
(diapazons), cm
Mitozu skaita mediana, -
(diapazons), 10 HPF 4,0 (1-7) 2,0 (1-4) <0,0001

* Pacientu skaits katra grupa ir noradits 1. tabula. LVI - limfovaskulara invazija; HPF- augsta
palielinajuma redzes lauks (x 400), TIL - audz&ju infiltréjosie limfociti; P < 0,05 ir noradits
treknraksta.

* Hi-kvadrata tests.

* Manna-Vitnija U tests.

3.3. TIL pacientiem ar nodularu un virspuséji augoSu melanomu

Audzéju infiltréjosie limfociti (TIL) tika identificéti 132 pacientiem (88,0%).
Reprezentativa melanomas TIL mikrofotografija ir sniegta 1. attéla. Pacientiem
ar nodularu melanomu parsvara bija zemas pakapes TIL infiltracija (1 punkts)
salidzinajuma ar pacientiem ar virspuséji augosu melanomu (P = 0,004).
Nozimiga korelacija starp TIL vértéjumu (gan zems, gan augsts) un sieviesu
dzimumu (R2 = 0,06; P = 0,0248) un audzéja lielumu (R2 = 0,02; P = 0,0047)
tika novérota nodularai melanomai un starp TIL un mitozu skaitu (R2 = 0,02;
P =0,018) virspuséjas izplatiSanas melanomai (4. tabula).
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4. tabula. TIL saistibas ar kliniski patologiskiem raditajiem analize

Raditajs’

Virspuséji augosa

Nodulara melanoma

melanoma

Vecums, gadi P=0,1 P=0,8

Sievie$u dzimums P=0,2 R2=0,06; P =0,0248
Breslova biezums P=0,2 P=0,1

Klarka limenis P=0,3 P=0,5

Cilojums P=0,09 P=0,09

LVI pP=0,1 P=0,2

Solara elastoze P=0,2 P=0,5

Audzéja izméra mediana P=04 R2=0,02; P = 0,0047

Mitozu skaita mediana

R2=10,02; P =0,018

P=0,5

* Pacientu skaits katra grupa ir noradits 1. tabula. TIL - audzé&ju infiltréjosie limfociti; LVI -
limfovaskulara invazija; Pirsona Hi-kvadrata tests; P < 0,05 ir noradits treknraksta

1. attéls. Reprezentativa mikrofotografija, kura redzami audzéju infiltréjosie limfociti
(TIL) laundabiga melanoma

(A) nav TIL infiltracijas, 0 punktu; (B) viegla TIL infiltracija, 1 punkts; (C) mérena TIL infiltracija,

2 punkti; (D) izteikta TIL infiltracija, 3 punkti. Hematoksilina-eozina kraso$anas metode,
palielinajums x100, skalas josla = 100 um
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Turklat, salidzinot pacientu bezrecidiva periodu atkariba no TIL esamibas
(gan zemas, gan augstas pakapes), pacientiem ar augstu TIL bija ievérojami
labaka prognoze salidzinajuma ar pacientiem ar zemu TIL pakapi (2. attéls).
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2. attéls. Bezrecidiva periods pacientiem ar nelielu un izteiktu TIL infiltraciju

Kaplana-Meiera diagramma analizéta, izmantojot log-rank (Mantela-Koksa) testu. P < 0,0001. TIL -
audzéja infiltréjosie limfociti

3.4. BRAF mutacijas statuss un korelacija ar
kliniski patologiskiem raditajiem

BRAF mutaciju parbaude tika veikta 132 pacientiem. 70 pacientiem tika kon-
statétas BRAF mutacijas (53,3%). No tiem 67 pacientiem bija BRAF V600OE muta-
cija (NM_004333.6(BRAF):c.1799_1800delinsA A (p-Val600Glu)) un 4 pacientiem
bija BRAF V600K (NM_004333.6(BRAF):c.1798_1799delinsA A (p.Val600Lys))
vai V600OR mutacija (NM_004333.6(BRAF):c.1798_1799delinsAG (p.Val600Arg)).

Tika novérota saistiba starp BRAF V600 mutacijas statusu un Breslova
biezumu (P = 0,020; x2 = 0,07), pacienta dzimumu (P = 0,009; x2 = 0,09),
Klarka limeni (P = 0,005; 2 = 0,11) un audzéju infiltréjosiem limfocitiem TIL
(P = 0,045; x2 = 0,06). Tomer saistiba starp slimibas stadiju, pacienta vecumu,
solaro elastozi, ¢alojumu, vidéjo audzéja izméru un BRAF mutacijas statusu
netika pieradita (5. tabula).

5. tabula. BRAF (V600) mutacijas saistibas ar kliniski patologiskiem raditajiem
analize

Raditajs* Pirsona R2 P vértiba
Vecums, gadi R2=0,12 P=0,002
Sievie$u dzimums R2=0,09 P=0,009
Breslova biezums R2=10,07 P=0,02
Klarka limenis R2=0,11 P=0,005
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Raditajs* Pirsona R2 P vértiba
Cilojums R2=0,03 P=0,15
LVI R2=10,07 P=0,02
Solara elastoze R2=0,03 P=0,2
Audzéja izméra mediana R2=0,001 P=0,8
Mitozu skaita mediana R2=0,06 P=0,04
TIL R2=0,06 P=0,045

* Pacientu skaits katra grupa ir noradits 1. tabula. TIL - audzéja infiltréjosie limfociti;
LVI - limfovaskulara invazija; Pirsona Hi-kvadrata tests; P < 0,05 ir noradits treknraksta

3.5. NRAS mutacijas statuss un saistiba ar
kliniski patologiskiem raditajiem

NRAS mutacijas testi tika veikti 132 pacientiem. NRAS mutacija tika kon-
statéta 39 no 132 pacientiem (29,6%). Divdesmit astonam melanomam bija gan
NRAS, gan BRAF kopmutacija. Divdesmit deviniem pacientiem bija NRAS Q61
mutacija un 10 pacientiem - NRAS GI12, G13 mutacijas.

NRAS mutacijas statuss bija saistits ar Breslova biezumu (P = 0,04;
X2 = 0,16), slimibas stadiju (P = 0,02; x2 = 0,20), mitotisko aktivitati (P = 0,030;
X2 = 0,190) un limfovaskularo invaziju (P = 0,020; x2 = 0,200). Tomér netika
pieradita saistiba starp Klarka invazijas limeni, solaro elastozi, TIL, pacienta
vecumu, pacienta dzimumu un NRAS mutacijas statusu (6. tabula).

6. tabula. NRAS (kodona Q61 un kodona G12/G13) mutacijas saistibas ar kliniski
patologiskiem raditajiem analize

Raditajs* Pirsona 2 vértiba P vertiba
Vecums, gadi 0,007 0,760
Dzimums 0,006 0,960
Breslova biezums 0,160 0,040
Klarka limenis 0,009 0,260
Ciilojums 0,006 0,400
LVI 0,200 0,020
Solara elastoze 0,004 0,800
Audzéja izméra mediana 0,026 0,080
MitoZu skaita mediana 0,190 0,030
TIL 0,050 0,420
Slimibas stadija (PTNM) 0,200 0,020

* Pacientu skaits katra grupa ir noradits 1. tabula. TIL - audzéja infiltréjosie limfociti;
LVI - limfovaskulara invazija; Pirsona Hi-kvadrata tests. P < 0,05 ir noradits treknraksta
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3.6. Genétiskas mutacijas melanoma, izmantojot
panela sekvencéSanu (nepublicéti dati)

Citas biezak sastopamas melanomas mutacijas bija TP53, CDK4, NFI un
FGFR1 (7. tabula). Saistiba starp kliniski patologiskiem raditajiem un NFI,
ARIDIA, BRCAI, BRCA2, CHEK2, DDRI, EFGRI, EZH2, ROS1, SLX4, EBB3,
MET, MDM2 nav pieradita. Tomér tika novérota saistiba starp TP53 mutaciju
un Breslova biezumu un TIL infiltraciju (P = 0,02 un P = 0,01). Turklat tika
noveérota saistiba starp CDK4 mutaciju un solaro elastozi (P = 0,02).

Tika novérota saistiba starp FGFRI mutaciju un limfovaskularo invaziju un
TIL infiltraciju (P = 0,002 un P = 0,004).

3.7. TERT mutacijas statuss un ta saistiba ar
kliniski patologiskiem raditajiem

TERT mutacijas statuss tika novértéts 118 pacientiem. TERT muta-
ciju konstatéja 38 pacientiem no 118 (32,2%). Punktveida mutacija C228T
(NM_198253.3(TERT):c.-124C>T) (chr5; 1,295,228 (-124) tika konstatéta 12/38
(31,6%) gadijumu, savukart C250T aizvieto§ana, NM_198253.3(TERT):c.-146C>T
(chr5; 1,295,250 (-146) augspus transkripcijas sakuma kodona)) tika novérota
26/38 (68,4%) gadijumos. TERT mutacijas saistiba ar Breslova biezumu, pacientu
vecumu, mitotisko aktivitati un TIL infiltraciju tika novérota (attiecigi P = 0,02;
P =0,004; P = 0,007 un P < 0,0001).

7. tabula. Genétiskas mutacijas melanoma (iznemot BRAF, NRAS un TERT)

Géns Pacienti, n (mutacijas)
NFI1, NM_001042492.3(NF1):c.3871-2A>G 5
ARIDIA, NC_000001.11:4.26695829G>A
BRCA1, NM_007294.3(BRCA1):¢.%6207C>T
BRCA2, NM_001136571.2(ZARIL):c.-390+372T>C
CHEK2, GRCh38/hg38 22q12.1(chr22:27557778-28988149)x3
DDRI, NM_001297654.2(DDR1): ¢.49A>G (p.Ser17Gly)
EFGRI1, NM_005228.5(EGFR):c.5G>A (p.Arg2Gln)
EZH2, NM_004456.4(EZH2):c.*275A>G
ROS1, NM_001378902.1(ROS1): ¢.7012G>A (p.Asp2338Asn)
SLX4, NM_032444.4(SLX4):c.*1150G>C
TP53, NM_000546.5(TP53):c.*1701G>T
CDK4, NM_005981.5(TSPAN31):¢c.*470dup
FGFR1, NM_023110.3(FGFR1):c.*2445A>G
MET, NM_000245.4(MET):c.-157T>G 2
MDM2, NM_002392.6(MDM?2):c.-94A>G
TERT, NM_198253.2:c.1574-3235G>T 38
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8. tabula. TERT promotera mutacijas saistibas ar kliniski patologiskiem raditajiem

analize
Raditajs lielumi, n = 119 Pirsona 2 vértiba P vértiba
Vecums, gadi 0,18 0,004
Dzimums 0,053 0,43
Breslova biezums 0,09 0,02
Klarka limenis 0,06 0,420
Ciilojums 0,007 0,420
LVI 0,20 0,018
Solara elastoze 0,018 0,12
Audzéja izméra mediana 0,08 0,12
MitoZu skaita mediana 0,12 0,0070
TIL 0,18 0,0001
Audzéja veids (nodulars vai virspuséjs) 0,14 0,01
Slimibas stadija (PTNM) 0,34 0,09

TIL - audzgju infiltréjosie limfociti
LVT - limfovaskulara invazija

Pirsona Hi-kvadrata tests. P < 0,05 ir noradits treknraksta

3.8. Histopatologiska un BRAF, NRAS un TERT mutaciju
statusa nozime attiectba uz bezrecidiva periodu

BRAF mutacijas statuss un bezrecidiva periods

Visiem 150 pacientiem tika veikta kliniska novéro$ana, un 37 gadijumos
tika konstatéti lokali regionali recidivi vai sistémiskas metastazes (24,66%).
Bezrecidiva periods neat$kiras savvalas tipa un BRAF mutantu melanomai

(HR = 1,105 95%, C.I = 0,40-2,50, P =
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3. attels. Bezrecidiva periods BRAF mutantu un BRAF savvalas melanomu gadijuma

Kaplana-Meiera diagramma, izmantojot log-rank (Mantela-Koksa) testu, P > 0,05
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NRAS mutacijas statuss un bezrecidiva periods

Pacientiem ar NRAS mutantu melanomu bija ievérojami isaks bezrecidiva
periods salidzinajuma ar NRAS savvalas tipa melanomu (HR = 12,30; 95%,
C.I =5,78-26,21, P < 0,0001).
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4. attéls. Bezrecidiva periods pacientiem ar NRAS mutantu un NRAS savvalas
melanomu

Kaplana-Meiera grafiks analizéts, izmantojot log-rank (Mantela-Koksa) testu. P < 0,0001

TERT mutacijas statuss un bezrecidiva periods

Pacientiem ar TERT mutaciju bija ievérojami Isaks bezrecidiva periods
salidzinajuma ar TERT savvalas melanomu (HR = 13,8, 95% C.I = 6,8-31,0;
P <0,0001).
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5. attels. Bezrecidiva periods pacientiem ar TERT mutacijas un TERT savvalas
melanomu

Kaplana-Meiera diagramma analizéta, izmantojot log-rank (Mantela-Koksa) testu. P < 0,0001
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Kopmutacijas ietekme uz bezrecidiva periodu

BRAF un NRAS kopmutacijas melanomai ir ievérojami isaks bezreci-
diva periods salidzinajuma ar BRAF mutantu melanomu (HR = 6,30; 95%,
C.I = 3,10-12,70, P < 0,0001).

P <0.0001 compared BRAF mutant vs NRAS mutant and BRAF/NRAS co-mutant
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6. attels. Bezrecidiva periods pacientiem ar BRAF/NRAS kopmutantu melanomu,
NRAS wild, NRAS mutantu un BRAF mutantu melanomu

Kaplana-Meiera grafiks analizéts, izmantojot log-rank (Mantela-Koksa) testu. P < 0,0001

Turklat TERT un BRAF kopmutantu melanomai ir ievérojami isaks bez-
recidiva periods salidzinajuma ar BRAF mutantu melanomu (HR = 8,25; 95%,
C.I=12,90-13,40, P < 0,0001), 7. attéls.
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7. atteéls. Bezrecidiva periods pacientiem ar melanomu. BRAF mutacijas un BRAF un
TERT kopmutacijas melanoma

Kaplana-Meiera diagramma analizéta, izmantojot log-rank (Mantela-Koksa) testu. P < 0,0001
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Bezrecidiva periods un peritumorala limfocitara infiltracija (TIL)

Visiem 150 pacientiem tika veikta kliniska novéro$ana, un 37 gadijumos tika
konstatéta lokoregionala recidiva vai sistémiskas metastazes. Salidzinot pacientu
bezrecidiva periodu atkariba no TIL esamibas (gan zemas, gan augstas paka-
pes), pacientiem ar augstu TIL bija ievérojami labaka prognoze salidzinajuma
ar pacientiem ar zemu TIL pakapi (HR = 4,9, 95% C.I = 2,3-11,20, p < 0,0001)
(8. attéls). Turklat pacientiem ar TERT mutaciju un zemu TIL bija ievérojami
labaks bezrecidiva periods salidzindjuma ar pacientiem ar TERT mutaciju un
augstu TIL infiltraciju (HR = 4,80; 95%, C.I = 2,30-7,890, P = 0,002).
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8. attels. Bezrecidiva periods TERT mutacijas melanomai ar nelielu un izteiktu TIL
infiltraciju

Kaplana-Meiera diagramma, izmantojot log-rank (Mantela-Koksa) testu, p < 0,0001
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4. DISKUSIJA

Saja pétijuma tika novértétas genotipa un fenotipa saistibas 150 pacientiem
ar JA-IIC stadiju saskana ar AJCC klasifikaciju laundabigas invazivas melano-
mas gadijuma.

Melanomas histopatologiska izmeklésana paslaik ir melanomas diagno-
zes zelta standarts. Turklat tadi invazivas adas melanomas histopatologiskie
raksturlielumi ka audzéja izmérs un veids, limfovaskulara invazija, ¢talojums,
Breslova biezums, Klarka invazijas pakape, mitotiska aktivitate un slimiba ir
visparatziti parliecino$i melanomas prognostiskie un paredzamibas faktori
(Shellenberger et al., 2016; Bastian et al., 2014; Clark et al., 1989; Scolyer et al.,
2018). Melanomas attistiba ir ciesi saistita ar somatiskam un epigenétiskam
izmainam. Ipa$a nozime melanomas progresésana ir onkogénu BRAF un NRAS
aktivizéjosam mutacijam (Ribas et al., 2015; Cancer Genome Atlas Network,
2015; Ny et al., 2020; Rose et al., 2006; Michielin et al., 2019; Cancer Genome
Atlas Network, 2020). Turklat BRAF personalizéta melanomas arsté$ana ievéro-
jami uzlaboja pacientu prognozi (Rose et al., 2006; Michielin et al., 2019; Cancer
Genome Atlas Network, 2020). Tomér BRAF un NRAS muticijas prognostiska
vértiba un tas saistiba ar kliniskajam un histopatologiskajam pazimém joprojam
ir pretruniga, ipa$i agrinas stadijas melanomas gadijuma.

Parastie melanomas prognostiskie raditaji ir melanomas tips, limfovaskulara
invazija, ¢tlojums, stadija, Breslova biezums un mitotiska aktivitate, kas paslaik
ir obligati histopatologiski vértéjami kritériji visam primarajam melanomam
(Scolyer el al., 2018). TIL, ko imansistéma producé, reagéjot uz audzéja invaziju,
biezi novéro audzéja mikrovidé, tostarp saistiba ar adas melanomu (Azimi et al.,
2012; Fortes et al., 2015; Maibach et al., 2020; Eigentler et al., 2016; Tas et al.,
2019; Barnhill et al., 1996; Tuthill et al., 2002).

Tomeér literatiira nav atrisinatas diskusijas par to, vai TIL pakape ir pie-
tiekami stabils prognostisks raditajs, lai to ieklautu stadijas noteik$ana péc
AJCC Klasifikacijas (Scolyer et al., 2018). Imunsistémas raditaji, jo pasi TIL
pakape, nav standarta melanomas patologijas zinojumu sastavdalas, jo vél nav
apstiprinats un novértéts, ka tie batiski ietekmé kopéjo dzivildzi vai klinisko
parvaldibu (Scolyer et al., 2018). Turklat TIL saistiba ar labaku melanomas prog-
nozi joprojam ir pretruniga (Azimi et al., 2012; Fortes et al., 2015; Maibach et al.,
2020; Park et al., 2017; Taylor et al., 2007; Burton et al., 2011; Mandala et al.,
2009; Thomas et al., 2013; Clemente et al., 1996; Weiss et al., 2016; Tas et al.,
2021; Lin et al., 2016).

Ir aprakstitas dazadas histopatologiskas metodes TIL klasificésanai
(Azimi et al., 2012; Fortes et al., 2015; Maibach et al., 2020; Park et al., 2017;
Taylor et al., 2007; Burton et al., 2011; Mandala et al., 2009; Thomas et al.,
2013; Clemente et al., 1996; Weiss et al., 2016; Tas et al., 2021; Lin et al., 2016)).
Pirmkart, péc Klarka metodes TIL klasificé ka neesosus, neaktivus un aktivus
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(Clark et al., 1989). Citos pétijumos TIL tika vértéti skala no 0 lidz 3 vai TIL
tika vértéti tikai ka neizteikta vai izteikta infiltracija (Burton et al., 2011;
Mandala et al., 2009; Thomas et al., 2013; Clemente et al., 1996; Weiss et al.,
2016; Tas et al., 2021). Dazos pétijjumos izmantota kombinéta klasifikacijas
sistéma, noveértéjot TIL blivumu un izplatibu ar galigo punktu skaitu no 0 lidz
6 (Maibach et al., 2020).

Iepriekséjos pétijumos galvend uzmaniba tika pievérsta TIL prognos-
tiskajai nozimei primaraja melanoma (Azimi et al., 2012; Fortes et al., 2015;
Maibach et al., 2020; Park et al., 2017; Taylor et al., 2007; Burton et al., 2011;
Mandala et al., 2009; Thomas et al., 2013; Clemente et al., 1996; Weiss et al., 2016;
Tas et al., 2021; Lin et al., 2016). Tomér rezultati ir pretrunigi. Vairakos péti-
jumos nav pieradita saistiba starp TIL esamibu un bezrecidiva perioda ilgumu
(Maibach et al., 2020). Citos pétijumos tika konstatéta nozimiga korelacija starp
TIL infiltraciju un pacientu dzivildzi (Azimi et al., 2012; Fortes et al., 2015;
Burton et al., 2011; Mandala et al., 2009; Thomas et al., 2013).

Masu pétijums pieradija, ka izteikta TIL infiltracija primarai I-II stadijas
melanomai atbilst labakai prognozei, savukart neliela TIL infiltracija liecina
par isaku bezrecidiva periodu. Nesen tika pieradits, ka aktiva TIL pakape ir
labvéligs prognostiskais faktors primarajam melanomam un ta ir at$kiriga grupa
no neaktivas TIL pakapes, pamatojoties uz slimibas progresé$anu un imunre-
guléjoso génu ekspresijas profiliem (Thomas et al., 2013). Turklat TIL pakape
ir neatkarigs dzivildzes un sardzes limfmezgla (SLN) statusa prognozésanas
faktors melanomas pacientiem. Pacientiem ar izteiktu TIL infiltratu kopuma ir
labaka prognoze (Azimi et al., 2012), un augsts TIL limenis primaraja invazivaja
melanoma ir saistits ar labvéligiem dzivildzes rezultatiem (Azimi et al., 2012;
Fortes et al., 2015; Maibach et al., 2020; Park et al., 2017).

Miusu rezultati saskanéja ar nesen veikta pétijjuma pieradito, ka audzéja
regresijas un TIL lidzaspastavésana melanomas gadijuma ir saistita ar labveli-
gaku dzivildzes prognozi (Clemente et al., 1996). Tomér musu pétijuma netika
pieradita saistiba starp audzéja regresiju un TIL. Tas varétu bt izskaidrojams
ar to, ka misu pétijjuma tika ieklauti tikai pacienti ar IA-IIC stadiju.

Misu pétijuma pacientiem ar nodularu melanomu tika konstatéta TIL
regulacijas samazinasanas salidzinajuma ar virspuséji augo$u melanomu.
Iepriekséjos pétijumos ir pieradits samazinats TIL daudzums nodularajas
melanomas salidzinajuma ar atbilsto$ajam virspuséji augosajam melanomam
(Weiss et al., 2016). Tomeér §is novérojums tika konstatéts tikai planam (< 2 mm)
melanomam un viriesiem (Weiss et al., 2016). Sie atklajumi liecinaja par imuno-
logiskas atbildes reakcijas at$kiribam atkariba no dzimuma un audzéja biezuma.
Turklat to varétu veicinat audzéja stadija un audzé&ju infiltréjoso limfocitu
subpopulacijas imunologiska heterogenitate (Tas et al., 2021; Lin et al., 2016;
Weiss et al., 2016).

BRAF mutacijas primarajas melanomas novéro 22-72% (Platz et al., 2008;
Yaman et al.,2015; Bezic et al., 2019, Spathis et al., 2019; Kim et al., 2015). Masu
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pétijjuma BRAF V600 mutacija tika konstatéta 53,3% no visiem analizétajiem
gadijjumiem. Iepriekséjie pétijumi paradija, ka BRAF mutacijas statusa nozime
saistiba ar melanomas kliniski patologiskiem raditajiem un bezrecidiva periodu
ir at8kiriga (Bezic et al., 2019, Spathis et al., 2019; Kim et al., 2015; Estrozi et al.,
2014). Ir pieradits, ka BRAF mutacijas statuss korelé ar jaunaku vecumu un
sievieSu dzimumu (Platz et al., 2008). Vecums ir neatkarigs negativs melanomas
dzivildzes prognozes faktors (Platz et al., 2008). Tomér melanomas saistiba ar
dzimumu $kiet pretruniga. Ir pétijumi, kas pierada saistibu ar virie$u dzimumu
(Yaman et al., 2015), un citi pétijumi, kas pierada saistibu ar sieviesu dzimumu
(Bezic et al., 2019). Iespéjams, ka melanomas prognozes atskiribas péc vecuma un
dzimuma ir iesaistiti atskirigi imunologisko reakciju modeli (Platz et al., 2008).

Iepriekséjos pétijjumos pieradita BRAF mutacijas statusa saistiba ar audzéja
iz¢alojumu, solaro elastozi, progreséjosas melanomas stadiju un histologisko
apakstipu (Nu et al., 2020; Rose et al., 2006). Turpreti attieciba uz jauniem
pacientiem pétljums paradija, ka nav nozimigas saistibas starp BRAF mutacijas
statusu un dzimumu, histologisko apakstipu, Klarka un Breslova limeniem,
solaro elastozi un limfovaskularo invaziju, kas liecina par at$kirigiem tumoro-
genézes celiem jaunie$u populacija (Spathis et al., 2019).

Misu pétljuma rezultati saskan ar ieprieks iegttajiem rezultatiem un tos
papildina, pieradot, ka gan Klarka, gan Beslova limenis korelé ar BRAF mutaci-
jas statusu. Turklat ir novérota saistiba starp BRAF mutacijas statusu, asinsvadu
invaziju un TIL. Sis novérojums lava mums izteikt pienémumu, ka I-II stadijas
BRAF mutacijas melanomai, salidzinot ar savvalas tipa melanomu, ir raksturiga
lielaka invazivitate.

Dazos iepriek$éjos pétijumos ir pieradita BRAF mutacijas statusa un solaras
elastozes saistiba (Platz et al., 2008). Tomér musu pétijuma korelacija starp
BRAF mutacijas statusu un solaro elastozi netika novérota. To varétu veicinat
geografiskas ipatnibas un saules iedarbibas atskiribas.

Dazos ieprieks$éjos pétijumos ir pieradita ari BRAF mutacijas statusa un ¢alu
rasanas saistiba (Platz et al., 2008; Yaman et al., 2015), savukart citas analizés
butiska saistiba nav konstatéta (Bezic et al., 2019).

Misu pétijuma netika novérota BRAF mutacijas statusa saistiba ar melano-
mas iz¢tlojuma veido$anos. Varétu pienemt, ka iz¢tlojuma veido$anas lielakos
audzéjos varétu but saistita ar BRAF mutacijas statusu, tomér audzéja medianas
izmers bija mazaks salidzinajuma ar iepriekséjiem pétijumiem (Platz et al., 2008;
Yaman et al., 2015).

BRAF mutacijas statusa un TIL nozime ir aplukota vairakos pétijumos,
tomér rezultati ir pretrunigi. Masu pétijums paradija, ka BRAF V600 mutacijas
melanomai TIL ir paaugstinata, salidzinot ar BRAF savvalas tipa melanomu.
Tomeér daZos jaunakajos pétijumos netika konstatéta saistiba starp TIL un BRAF
mutacijas statusu (Platz et al., 2008; Kim et al., 2015).

Turpreti ir pieradits, ka TIL intratumoralais blivums ir ievérojami lielaks
BRAF mutanta melanomai (Estrozi et al., 2014). To varétu veicinat melanomas
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intratumorala heterogenitate ar at$kirigu citokinu vidi un imunomoduléjo$o
génu ekspresiju. Turklat nesen veikta pétijjuma pieradits, ka lielaks TIL klasteru
skaits ir saistits ar atbildi uz imunoterapiju BRAF V600E/K mutéjusai melano-
mai (Aksenenko et al., 2015).

Masu pétijums paradija, ka BRAF V600 mutacijas tika konstatétas 56,8%
gadijumu un NRAS (Q61; G12 un G13) mutacijas — 29,6% gadijjumu. Turklat, lai
gan BRAF V600 mutacijas statuss nebija saistits ar bezrecidiva periodu, NRAS
mutacijas statuss butiski koreléja ar bezrecidiva periodu. Turklat pacientiem ar
BRAF V600 un NRAS kopmutantu melanomu bezrecidiva periods bija ievéro-
jami Isaks salidzinajuma ar BRAF V600 mutantu melanomu.

BRAF mutacijas primarajas melanomas ir novérotas 22%-72% gadijumu
(Forsea et al., 2020; Elder et al., 2020; Fong et al., 2008; Hodi et al., 2010;
Topalian et al., 2014; Dummer et al., 2018; Melis et al., 2017; Pracht et al., 2015;
Davies et al., 2002; Long et al., 2011; Menzies et al., 2012; Colebatch et al.,
2019; Chiappetta et al., 2015; Thomas et al., 2015; Lee et al., 2011; Tas et al.,
2019; Jakob et al., 2012). Musu pétijuma BRAF mutacijas biezums ietilpst Saja
diapazona. Vairak neka 90% BRAF mutaciju izraisa valina aizstaganu 600.
pozicija, ka rezultata aktivizéjas RAS-RAF-MEK-MAPK cela pakartotie efektori
(Hessler et al., 2020).

Turklat tika atklata saistiba starp BRAF V600 mutacijas statusu un Breslova
biezumu, pacienta dzimumu, Breslova biezumu un peritumoralo limfocitu
infiltraciju, kas apstiprina miisu ieprieks iegutos datus (Havel et al., 2019).

Iepriekséjie pétijumi paradija, ka BRAF muticijas statusa nozime saistiba ar
melanomas kliniski patologiskiem raditajiem un bezrecidiva periodu ir atskiriga
(Burton, et al., 2011; Mandala et al., 2009; Thomas et al., 2019; Clemente et al.,
1996; Weiss et al., 2016). Misu pétijjuma netika konstatéta saistiba starp BRAF
mutacijas statusu un melanomas bezrecidiva periodu.

Ir pieradits, ka BRAF mutacijas statuss korelé ar jaunaku vecumu un sie-
vie$u dzimumu (Lin et al., 2016; Weiss et al., 2016). Tomér dazos pétijumos tika
konstatéta saistiba ar viriesu dzimumu (Mandala et al., 2009). Misu pétijuma
BRAF muticija koreléja ar sieviesu dzimumu un vecaku pacientu vecumu. So
novérojumu varétu izskaidrot ar to, ka masu pétijuma tika ieklauta tikai agrinas
stadijas melanoma. Turklat dazi pétijumi paradija imunologiskas tolerances
mehanismu nozimi BRAF mutétas melanomas attistiba (Havel et al., 2019;
Platz et al., 2008).

Iepriekséjie pétijumi par BRAF un NRAS kopmutantu melanomu ir bijusi
pretrunigi. NRAS géna mutacija konstatéta 15-25% melanomas gadijumu
(Raaijmakers et al., 2016; Chiappetta et al., 2015; Thomas et al., 2015). Masu
pétjjuma NRAS mutaciju konstatéja lidz 30% melanomas gadijumu.

Meés pienemam, ka lielo NRAS mutaciju izplatibu varétu izskaidrot ar masu
pétijuma ieklauto pacientu vidéjo vecumu, pieméram, 67 gadi. Ir pieradits, ka
pacienti ar NRAS mutantu melanomu, salidzinot ar BRAF mutantu melanomu,
parasti bija vecaki (> 55 gadi) un ieprieks bijusi paklauti UV staru iedarbibai.
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NRAS mutantu melanomu parasti konstaté augséjas ekstremitatés, un tai rakstu-
rigs palielinats Breslova audzéja biezums (Hessler et al., 2020; Raaijmakers et al.,
2016; Chiappetta et al., 2015; Thomas et al., 2015).

Misu pétijuma rezultati paradija, ka NRAS (Q61; GI2 un GI3) mutacijas
ir saistitas ar Breslova biezumu, nodularas melanomas audzgja tipu, mitotisko
aktivitati un limfovaskularo invazi. Turklat més pienemam, ka NRAS mutacijam
primaras IA-IIC stadijas melanomai varétu biit potenciali nozimiga prognozé-
josa vertiba.

NRAS géns visbiezak muté 2. eksona (12. un 13. kodona) un 3. eksona
(61. kodona) hot spot [Platz et al., 2008]. NRAS mutacija, kas raksturiga nodu-
larai melanomai, kura lokalizéta saules bojata ada (Yang et al., 2020).

Tomér NRAS mutacijas ietekme uz slimibas progresésanu un prognozi jop-
rojam ir pretruniga. Dazi pétijumi liecina, ka NRAS mutacija ir saistita ar labve-
ligu prognozi (Platz et al., 2008). Turpreti citi pétljumi pieradija, ka NRAS géna
mutacija ir saistita ar sliktaku prognozi (Chiappetta et al., 2015; Thomas et al.,
2015; Jakob et al., 2012; Ugurel et al., 2007; Devitt et al., 2011; Heppt et al., 2017).
Savukart dazos pétijumos nav konstatéta butiska saistiba starp NRAS mutaciju
un melanomas prognozi (Heppt et al., 2017; Ellerhorst et al., 2011).

Tapat ari IV stadijas melanomas gadijuma dati par NRAS mutaciju ir
pretrunigi. Viena pétijuma tika noradits, ka NRAS mutétais audzéja genotips
metastatiskas IV stadijas melanomas gadijuma ir saistits ar ilgaku kopéjo
dzivildzes ilgumu salidzinajuma ar BRAF mutéto un WT audzéja genotipu
(Kim et al., 2015). Citos pétijumos pretéji Sie pieradijumi netika apstiprinati
(Leslie et al., 2015; Klein et al., 2021).

Turklat ir pieradits, ka NRAS mutacijas statuss ir neatkarigs isakas dzivildzes
prognozes faktors péc IV stadijas melanomas diagnosticésanas (Jakob et al., 2012).

Varétu uzskatit, ka molekularie mehanismi, kas saistiti ar NRAS genétisko
celu, varétu but atskirigi metastatiskas I'V stadijas un agrinas TA-IIC stadijas
melanomas gadijjuma.

Miisu pétjjuma rezultati saskan ar ieprieks$ veiktajiem pétijumiem, kuros
pieradits, ka NRAS mutacijas ir saistitas ar lielaku Breslova biezumu un sliktu
slimibas prognozi (Chiappetta et al., 2015; Thomas et al., 2015, Jakob et al., 2012;
Ugurel et al., 2007; Devitt et al., 2011). Turklat masu pétijums paradija, ka NRAS
mutacijas ir saistitas ar paaugstinatu audzéja mitotisko aktivitati un limfovas-
kularo invaziju, kas varétu but viens no iespéjamiem NRAS mutacijas izraisitas
agresivas audzéja uzvedibas skaidrojumiem. Turklat masu pétjjuma rezultati
paradija, ka NRAS mutacijas statuss primarai IA-IIC stadijas melanomai ir
spécigs prognozéjoss faktors, kas ir batiski saistits ar bezrecidiva periodu.

Melanomas NRAS personalizéta arsté$ana ir izaicino$a. Lanafarnibs, tipifar-
nibs ir pétits NRAS mutétas melanomas arstésanai (Hessler et al., 2020). Turklat
selektivi MEK inhibitori varétu sniegt potencialu ieguvumu NRAS mutantu
melanomas gadijuma (Nagore et al., 2014). Tomér musu pétijjuma potenciali
nozimiga vértiba ir konstatéta NRAS mutaciju butiska prognozéjosa vértiba
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IA-IIC stadijas melanomai. Tapéc ikdienas NRAS mutaciju novértésana IA-1IC
stadijas melanomai varétu but potenciali noderiga slimibas progresésanas prog-
nozés$anai. Jauzsver, ka misu pétijuma subjektos tika ieklauti tikai tie, kuriem
bija lokala slimiba, t. i., diagnozes noteik$anas bridi pacientiem nebija lokalas
recidivas, regionalo limfmezglu metastazu vai attalu metastazu.

Tresa visbiezak sastopama mutacija agrinas melanomas gadijuma bija TERT
géna mutacija. Miasu pétijuma tika novérota saistiba starp TERT mutaciju un
Breslova biezumu, pacienta vecumu, mitotisko aktivitati un TIL infiltraciju.
Turklat pacientiem ar TERT mutaciju bija ievérojami isaks bezrecidiva periods
salidzinajuma ar TERT savvalas melanomu. Masu pétijuma rezultati saskan ar
ieprieks veiktajiem pétijumiem, kuros pieradits, ka TERT promotera mutacijas
ir saistitas ar kliniskajam un histopatologiskiem raditajiem (Horn et al., 2013;
Andres-Lencina et al., 2019; Hang et al.,2020). Turklat TERT un BRAF kop-
mutacijas melanomai ir ievérojami isaks bezrecidiva periods salidzinajuma ar
BRAF mutacijas melanomu.

Japiemin vairaki masu pétijjuma ierobezojumi. Batu vélams ievérojami
lielaks gadijumu skaits ar vienlidzigu dzimumu sadalijumu. Taja pasa laika §i
pétijuma prieksrociba bija NRAS un BRAF/NRAS mutaciju statusa nozimigas
nozimes pieradi$ana pacientiem ar agrinas IA-IIC stadijas nemetastatisku mela-
nomu. Turklat visi pacienti tika uznemti no vienas onkologiskas slimnicas, kas
apkalpo lidz pat 85% no visiem melanomas gadjjumiem Latvija.

Nosléguma var secinat, ka pacientiem ar TERT/BRAF un NRAS/BRAF
komutantu IA-IIC stadijas melanomu bija isaks bezrecidiva periods salidzi-
najuma ar savvalas NRAS, savvalas TERT un savvalas BRAF melanomu.
Komplekss BRAF, TERT un NRAS novértéjums melanomai ikdienas kliniskaja
praksé ir lietderigs slimibas progresésanas riska stratifikacijai, un tapéc to varétu
ieteikt ikdienas kliniskaja praksé ari pacientiem ar IA-IIB stadijas melanomu.
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5. SECINAJUMI

Darba gaita apstiprinajas sakotnéji izvirzita hipotéze: tika novérotas

sakaribas starp kliniskajam, histopatologiskajam un genétiskajam ipasibam
pacientiem ar agrinas stadijas melanomu. Turklat tika konstatétas asociacijas
starp histopatologiskajam pazimém un BRAF, NRAS, TERT mutacijas statusu.
Pamatojoties uz darba rezultatiem, tika izdariti $adi secinajumi:

1.

Pacientiem ar IA-IIC stadijas nodularo melanomu salidzinajuma ar IA-IIC
stadijas virspuséji augos$u melanomu bija augstaks Klarka invazijas limenis,
lielaks Breslova biezums, biezak sastopams ¢uilojums, lielaks mitozu skaits,
lielaks audzéja izmérs un zemas pakapes audzéju infiltréjoso limfocitu
infiltracija. Turklat nodulara melanoma biezak tika konstatéta virie$iem
salidzinajuma ar sievietém.

Tadi kliniskie raksturlielumi ka audzéja izmérs un pacientu dzimums
koreléja ar melanomas histopatologiskiem raditajiem. Turklat TIL bija
saistita ar bezrecidiva perioda ilgumu, kliniskajiem un histopatologiskajiem
raksturlielumiem.

BRAF V600 mutacija tika konstatéta 53,3% gadijumu. NRAS mutacija
tika konstatéta 29,6% gadijumu. 29 pacientiem bija NRAS Q61 mutacija
un 10 pacientiem — NRAS GI2, G13 mutacijas. 21,21% melanomas gadi-
jumu bija gan NRAS, gan BRAF kopmutacija. TERT promotera mutacija
tika novérota 32,2% gadijumu. C228T (NM_198253.3(TERT):c.-124C>T)
tika konstatéta 12/38 (31,6%) gadijumos, savukart C250T aizvieto$ana,
NM_198253.3(TERT):c.-146C>T tika novérota 26/38 (68,4%) gadijumu.
Tika pieradita saistiba starp BRAF, NRAS un TERT mutacijas statusu un
kliniskajam un histopatologiskajam pazimém. Tika novérota saistiba starp
BRAF V600 mutacijas statusu un Breslova biezumu, pacienta dzimumu,
Klarka limeni, limfovaskularo invaziju (LVI), mitozu skaitu un TIL
infiltraciju. NRAS (Q61; G12, G13) mutacijas statuss bija saistits ar Breslova
biezumu, slimibas stadiju, mitotisko aktivitati un LVI. TERT promotera
mutacijas saistiba tika konstatéta ar Breslova biezumu, pacienta vecumu,
mitotisko aktivitati un TIL infiltraciju.

IA-IIC stadijas melanomas pacientiem ar izteiktu TIL infiltraciju bija ieve-
rojami ilgaks bezrecidiva periods salidzinajuma ar pacientiem ar nelielu
TIL infiltraciju. Bezrecidiva periods neatskiras starp savvalas tipa un BRAF
mutacijas melanomu. Tomér pacientiem ar NRAS mutantu melanomu bija
ievérojami 1saks bezrecidiva periods salidzinadjuma ar NRAS savvalas tipa
melanomu. Turklat pacientiem ar TERT promotera mutaciju bija ievéro-
jami isaks bezrecidiva periods salidzinajuma ar TERT savvalas melanomu.
Savukart pacientiem ar TERT/BRAF un NRAS/BRAF kopmutantu IA-IIC
stadijas melanomu bija isaks bezrecidiva periods salidzinajuma ar savvalas
NRAS, savvalas TERT un savvalas BRAF melanomu.
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P&tTjuma praktiska nozime un novitate

Komplekss histopatologiskais novértéjums, tostarp TIL un BRAF, TERT un
NRAS mutaciju statusa novértésana agrina (IA-IIC) melanomas stadija, ikdienas
kliniskaja praksé ir noderigs slimibas progresé$anas riska stratifikacijai.

42



PATEICIBAS

Vispirms vélos pateikties savai gimenei par atbalstu un ticibu.

Esmu Joti pateiciga saviem darba vaditajiem profesoram Sergejam Isajevam
un vadosajai pétniecei, doktorei Dacei Pjanovai par iespéju uzsakt darbu, par
vinu lielo atbalstu, neatlaidigo motivaciju un profesionalo orientaciju, kas dzili
ietekméja manu personigo izaugsmi ne tikai melanomas pétnieciba, bet ari
patologija un molekularaja genétika.

Ipass paldies Latvijas Biomedicinas pétijumu un studiju centra pétniecei
Madarai Kreismanei par nenovértéjamo atbalstu melanomas audu paraugu
genétiskaja testé$ana.

Esmu patiesi pateiciga saviem kolégiem Latvijas Universitates Medicinas
fakultates Patologijas katedras profesoram Immanuelam Taivanam un asoc.
profesorei Guntai Strazdai par vértigiem padomiem un ieteikumiem promocijas
darba izstrades laika.

Paldies kolégiem Rigas Austrumu kliniskaja universitates slimnica, Paula
Stradina Kliniskaja universitates slimnica un Traumatologijas un ortopédijas
slimnica par atbalstu un spéju iedrosinat, kad tas bija nepiecie$ams.

Esmu patiesi pateiciga Latvijas Universitates Promocijas padomes sekretarei
asociétajai profesorei Ligai Plakanei par praktiskajiem noradijjumiem promocijas
procesa.

Esmu loti pateiciga Ilzei Danusevicai, Sigitai Kalkei un Ingai Skenderei par
veértigo atbalstu doktorantiiras studiju laika.

Esmu loti pateiciga Latvijas Universitates Medicinas fakultates dekanam
profesoram Valdim Folkmanim par vértigo atbalstu doktorantaras studiju un
zinatniska darba laika.

Pétjjums tika atbalstits projekta “Doktorantiiras kapacitates stiprinasana
Latvijas Universitaté jauna doktorantiras modela ietvaros” identifikacijas
Nr. 8.2.2.0/20/1/00.

43



UNIVERSITY
OF LATVIA

FACULTY OF MEDICINE, DEPARTMENT OF PATHOLOGY

Tatjana Zablocka

THE COMPARATIVE STUDY OF CLINICAL,
HISTOPATHOLOGICAL AND GENETIC
CHARACTERISTICS AND ITS VALUE IN
PROGRESSION-FREE SURVIVAL IN PATIENTS
WITH EARLY-STAGE CUTANEOUS MELANOMA

SUMMARY OF THE DOCTORAL THESIS
submitted for the degree of Doctor (Ph. D.)

Sector group — Medicine and Health Sciences
Sector: Basic Medicine and Pharmacy

Subfield: Pathology

Riga 2024



TThe PhD Thesis was elaborated at the Department of Pathology of Faculty of Medicine,
University of Latvia; Latvian Biomedical Research and Study Centre and Riga East
University Hospital.

NATIONAL o *ox EUROPEAN UNION
DEVELOPMENT * European Social
PLAN 2020 *oxk Fund

INVESTING IN YOUR FUTURE

* ok

The study was supported by project “Strengthening of the capacity of doctoral studies at
the University of Latvia within the framework of the new doctoral model” identification
No. 8.2.2.0/20/1/006.

The thesis summary consists of a general overview, five chapters and a reference list.

Form of the thesis: a collection of research papers in Basic Medicine and Pharmacy, in
Pathology.

Supervisors:
Professor, MD, PhD Sergejs Isajevs, Faculty of Medicine, University of Latvia,
Department of Pathology
Senior researcher, PhD Dace Pjanova, Latvian Biomedical Research and Study Centre

Reviewers:

1) Janis Eglitis, Assoc. professor, MD, PhD, Faculty of Medicine, University of
Latvia, Department of Oncology, Riga, Latvia

2) Regina Kleina, Emeritus professor, MD, PhD, Riga Stradin$ University, Riga,
Latvia

3) Anna Szumera-Cieckiewicz, Professor, Dr.habil. med., MD, PhD, Department of
Pathology and Laboratory Medicine, Maria Sklodowska-Curie National Research
Institute of Oncology, Warsaw, Poland.

The Thesis will be defended at the public session of the Doctoral Committee of Medicine
and Health Sciences at the University of Latvia on February 23rd, 2024 at the University
of Latvia, Dabas Maja, Magnum auditorium (106), 1, Jelgavas street.

The Thesis is available at the Library of the University of Latvia, Raina blvd. 19, Riga.

Promotion Council in Legal Science of the University of Latvia
Chairman of Doctoral Committee: Professor Valdis Pirags, MD, PhD
Secretary of the Doctoral Committee: Assoc. Professor Liga Plakane, PhD

© Tatjana Zablocka, 2024
© University of Latvia, 2024

ISBN 978-9934-36-196-8
ISBN 978-9934-36-197-5 (PDF)



ANNOTATION

Malignant melanoma is one of the most aggressive, drug-resistant human
cancers, and its incidence has risen persistently during the last few decades,
particularly in the Caucasian population. According to GLOBOCAN, more than
287,723 new cases of melanoma of the skin occurred worldwide in 2018 (1.6%
of all cancers), with approximately 60,712 reported deaths.

Conventional histopathological characteristics such as histological tumor
subtype, Clark level, Breslow thickness, solar elastosis, ulceration, regression,
lymphovascular invasion, mitotic counts, tumor-infiltrating lymphocytes (TIL)
has been widely used for the diagnosis and prognosis of malignant melanoma.
Several tumor suppressor genes and/or oncogenes have been reported to be
involved in melanoma pathogenesis. Of great interest are the RAS-RAF-MEK-
ERK, PI3K/PTEN and c-Kit pathways, since patients harboring activating
mutations in BRAF, NRAS and KIT genes could benefit of target treatment
options or tailored combinations of target- and immuno-therapies. Identifying
which somatic mutations are likely to be ‘drivers’ in pathogenesis and eluci-
dating how mutated genes affect the biology of a given tumor are fundamental
challenges in cancer genomic studies. ; The identification of variants predictive
of response or resistance to systemic treatments is already recommended for
proper management of advanced melanoma and molecular testing is a priority
in determining the course of therapy. Indeed, molecular testing for actionable
mutations is mandatory in patients with advanced disease (unresectable stage
IIT or stage IV, and highly recommended in high-risk resected disease stage Ilc,
stage IIIb-IIIc). In recent years, the direction of personalized medicine, which
is based on a disease-specific targeting therapy, as well as early diagnosis of
tumours and identification of high-risk individuals, is rapidly developing in
the world. Invasive melanoma is a tumor with high impact through its rapidly
growing incidence, high mortality, increased complexity, and high care costs
in advanced stages. Recent studies demonstrated significant value of both con-
ventional histopathological characteristics and genetic changes in melanoma.

Up to date BRAF mutational status is widely tested in routine clinical
practice in advanced disease (stage IIC, III and IV), however the BRAF testing
is not recommended in early stage melanoma (Stage IA-IIB) both by current
European Society for Medical Oncology (ESMO) and by Network N.C.C.
Cutaneous Melanoma (NCCN) guidelines. In addition, the simultaneouls
analysis of other genes in melanoma (NRAS, TERT) is still controversial and
the comparative value of histopathological, clinical and genetic characteristics
and it’s value in progression free survival in cutaneuos early stage melanoma is
still poorly understood.
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GENERAL OVERVIEW

During last years the incidence of malignant melanoma has been increased
worldwide and currently is a significant public health problem (Hessler et al.,
2020; Forsea et al., 2020). Ultraviolet radiation has been the significant risk
factor in the pathogenesis of melanoma, which has the direct damage to DNA
(Hessler et al., 2020; Shellenberger et al., 2016). In addition, the early detection
of melanoma and evaluation of melanoma tissue biomarkers have an impor-
tant role for patient risk stratification, personalized diagnostics, and treatment
(Mandala et al., 2014; Romaine et al., 2026; Bastian et al., 2014; Clark et al., 1989).

Current World Health Organization (WHO) classification of skin tumors
subdivides melanoma based on solar elastosis assessed by dermal elastic fibers
to measure cumulative sun damage, CSD (Scolyer et al., 2018). According to this
WHO classification, there are currently three classes of melanomas: those asso-
ciated with high CSD, those associated with low CSD, and nodular melanomas
(Shellenberger et al., 2016; Bastian et al., 2014). Solar elastosis is usually apparent
in superficially spreading and lentigo maligna melanoma, so-called high CSD
melanoma. Desmoplastic melanoma is associated with increased solar elastosis.
The most common subtype of high CSD melanoma is superficially spreading
melanoma, which usually begins with early radial growth, followed by vertical
growth and invasion of the dermis (Shellenberger et al., 2016).

Acral, mucosal, uveal and spitzoid melanomas are not associated with CSD or
are characterized by low CSD. Nodular melanoma usually characterized as a low
CSD type with early progression to vertical growth (Shellenberger et al., 2016).

While the advent of novel personalized treatment of melanoma based of
BRAF inhibitors and immunotherapies has reduced the mortality rate over
the last decade, advanced and metastatic melanoma, remain still difficult to
treat (Clark et al., 1989; Scolyer et al., 2018; Azimi et al., 2012; Fortes et al.,
2015; Park et al., 2017; Maibach et al., 2020; Dougan et al., 2018; Havel et al.,
2019; Ribas et al.,2015., Cancer Genome Atlas Network, 2015). Therefore, early
diagnostic and risk stratification for the progression of melanoma is of particular
importance. However, rare melanoma histopathological subtypes can make
diagnosis challenging (Shellenberger et al., 2016).

Therefore, the biomarkers for early-stage melanoma for the prediction of
melanoma clinical behavior was of particular importance. It has been shown that
such clinicopathological characteristics such tumor size, tumor type, tumor inva-
siveness (Breslow thickness, Clark level, lymphovascular invasion, neurotropisms),
ulceration, tumor mitotic activity are significant prognostic factors for the develop-
ment and progression of melanoma (Shellenberger et al., 2016; Bastian et al., 2014;
Clark et al., 1989; Park et al., 2017). In addition, it has been demonstrated that tumor
infiltrating lymphocytes could stratify melanoma into low and high risks progres-
sion (Park et al., 2017; Scolyer et al., 2018; Azimi et al., 2012; Fortes et al., 2015).
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The development of melanoma is closely related to somatic and epigenetic
changes. Different mutations have been implicated in its pathogenesis and
evolution. Recent genomic classification subdivides melanoma into four major
subtypes based on the pattern of the most prevalent significantly mutated genes:
mutant BRAF, RAS, NFI, and triple-WT (wild type) [Ribas et al., 2015; Cancer
Genome Atlas Network, 2015; Ny et al., 2020].

The advances in molecular pathology and assessment of genetic biomarkers
are increasingly used in clinical practice for the diagnosis, personalized treat-
ment and prognosis of melanoma. In addition, modern treatment guidelines
focused on the assessment of genetic biomarkers of melanoma (Hessler et al.,
2020; Cancer Genome Atlas Network, 2015; Ny et al., 2020).

There are several clinical guidelines focused on genetic testing in cutaneous
melanoma (Michielin et al., 2019; Cancer Genome Atlas Network, 2020). The cur-
rent European Society for Medical Oncology (ESMO) guidelines mandates muta-
tion testing for all patients with advanced disease, which includes stages III or IV
(resected or unresected) and recommends mutation testing for high-risk pathologic
stage IIC melanoma patients (Michielin et al., 2019). However, Network N.C.C.
Cutaneous Melanoma (NCCN) guidelines recommend BRAF testing for stage II1-
IV melanoma. The NCCN panel does not recommend BRAF testing for resected
pathologic stage I or IT cutaneous melanoma (Cancer Genome Atlas Network, 2020).

The assessment of BRAF gene mutation is of particular importance
(Shellenberger et al., 2016; Cancer Genome Atlas Network, 2020). BRAF muta-
tions are observed in 40-60% of all primary malignant melanoma cases (Cancer
Genome Atlas Network, 2020; Ny et al., 2020; Rose et al., 2006; Michielin et al.,
2019). BRAF mutation usually observed in younger patients, in non CSD skin
and in superficial spreading melanoma, whereas NRAS mutational melanoma
was characterized for nodular subtype and CSD skin (Hessler et al., 2020; Cancer
Genome Atlas Network, 2015; Ny et al., 2020; Rose et al., 2006; Michielin et al.,
2019; Cancer Genome Atlas Network, 2020; Eigentler et al., 2016; Tas et al., 2019;
Barnhill et al., 1996; Tuthill et al., 2002).

B-raf is one of the signaling kinases involved in MAPK pathway. The muta-
tion of BRAF leads to the activation of MAPK signaling cascade. The most
common BRAF mutation is V600E, which represents 80% of alterations in
the gene (Eigentler et al., 2016). Other common BRAF gene mutations are V600K
and V600R mutations (Cancer Genome Atlas Network, 2015). Previous studies
showed that BRAF V600E mutation usually observed in younger patients at
extremities, whereas V600K mutations are associated with older patients age and
usually found at head and neck (Cancer Genome Atlas Network, 2015; Ny et al.,
2020; Michielin et al., 2019; Cancer Genome Atlas Network, 2020).

Recent evidence showed that in up to 20-30% of cases, NRAS mutations
co-existed with BRAF mutations. Patients with both BRAF and NRAS muta-
tions had worse prognoses than those with BRAF mutant melanoma alone
(Tayloe et al., 2007; Raaijmakers et al., 2016).
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Generally, NRAS mutations are independent of BRAF mutations, but dual
expression has been reported (Tayloe et al., 2007). The association of NRAS
mutations with the degree of solar elastosis suggests that NRAS is closely related
to the mutations induced by UV irradiation. Previous studies showed that NRAS
mutation is also associated with decreased immune responses in peritumoral
melanoma tissue and in the more advanced tumor stage (Raaijmakers et al., 2016).

Recent evidence provided using Whole Exome and Whole Genome
Sequencing (WES and WGS) pointed out the involvement of other genes in
melanoma pathogenesis, suggesting the importance of screening multiple genes
at the same time to better classify the three main molecular melanoma subtypes
(BRAFmut, NRASmut, and non-BRAFmut /non-NRASmut) [Scolyer et al., 2018;
Fortes et al., 2015].

To date, various molecular strategies are available for mutational analysis
of the BRAF gene, such as Sanger Sequencing (SS), real-time PCR, high-reso-
lution melting analysis, Peptide Nucleic Acid (PNA)-mediated real-time PCR
clamping, digital PCR, pyrosequencing, and immunohistochemistry. Each
technique is able to detect mutations on single genes per run with a specific
sensitivity, specificity, and limit of detection (Scolyer et al., 2018; Cancer
Genome Atlas Network, 2015; Ny et al., 2020; Rose et al., 2006; Michielin et al.,
2019; Cancer Genome Atlas Network, 2020; Eigentler et al., 2016; Tas et al.,
2019; Barnhill et al., 1996; Tuthill et al., 2002). At the beginning, Cobas 4800
BRAF V600 Mutation Test (Roche Molecular Systems) and THxID™-BRAF kit
(BioMerieux, Inc.) were the only FDA-approved assays for BRAF V600E muta-
tion and for BRAF V600E/V600K mutations in DNA samples extracted from
Formalin-Fixed Paraffin-Embedded (FFPE) human melanoma tissue, respectively
(Scolyer et al., 2018).

The advent of high throughput Next-Generation Sequencing (NGS) tech-
nology has revolutionized the understanding of cancer biology and improved
personalized treatment strategies in a large variety of human cancers, including
melanoma. Development and use of NGS targeted gene sequencing panels may
represent an attractive method in hospitals and clinics, since they can simul-
taneously screen disease-related mutations in multiple several genes per run,
thus reducing both reagents cost and DNA quantity necessary, with enough
sensitivity and specificity to detect somatic variants with frequencies higher
than 5% (Romaine, et al., 2016).

Presence of TERT promoter mutation has been associated with worse sur-
vival from melanoma (Scolyer et al., 2018; Azimi et al., 2012; Fortes et al., 2015;
Park et al., 2017; Maibach et al., 2020). This effect was modified by a common
polymorphism rs2853669 within the TERT promoter that disrupts a preexisting
non-canonical ETS2 site in the proximal region of the TERT promoter imme-
diately adjacent to an E-box (Maibach et al., 2020). Further, TERT promoter
mutations in spitzoid melanocytic neoplasms were reported to predict aggressive
clinical behavior (Dougan, et al., 2018).
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Previous studies showed the co-occurrence of mutations in NRAS, BRAF and
TERT genes has been reported, however their clinical and prognostic value is still
under discussion (Hessler, et al., 2020; Forsea et al., 2020; Shellenberger et al.,
2016; Mandala et al., 2014). The concomitant mutation of BRAF and NRAS genes
may lead to a resistance to MEK inhibition. However, the current evidence is
insufficient to suggest that the presence of a co-mutation would require a change
in clinical follow-up and recommended treatment.

To summarize, current clinical guidelines did not request genetic testing
for early stage melanoma (Stage IA-IIB), in addition the value on BRAF, NRAS
and TERT co-mutation is still under investigation in melanoma prognosis and
treatment guidelines. Furthermore, the comparative association of BRAF, NRAS
and TERT mutational status with histopathological characteristics in early-stage
melanoma is still poorly understood.

Aim of the study

The aim of the Thesis was to compare the BRAF, NRAS and TERT mutation
status and their associations with clinicopathological characteristics of patients
with Stage IA-IIC melanoma and its value in progression-free survival.

Objectives

1. To compare the histopathological characteristics in patients with IA-IIC
melanoma.

2. To compare the clinical characteristics in patients with IA-IIC melanoma.

3. To investigate the BRAF, NRAS and TERT mutational status in patients
with TA-IIC melanoma.

4. To identify the associations between clinical, histopathological character-
istics and BRAF, NRAS and TERT mutational status.

5. To compare the value of clinical, histopathological and BRAF, NRAS, TERT
mutational status on progression free survival in patients with TA-IIC
melanoma.

Hypotheses

The histopathological characteristics are associated with clinical character-
istics, BRAF, NRAS and TERT mutational status and progression free survival
in early-stage melanoma.

Study novelty

The novelty of the study was the assessment of association between
the BRAF, NRAS and TERT mutation status with clinical and histopathological
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characteristics and disease free-survival in patients with early stage (Stage [A-11C)
melanoma.

Overview of methods

One hundred fifty patients who underwent melanoma stage IA-IIC surgical
treatment at Riga East University Hospital, Latvian Centre of Oncology Riga,
Latvia, in 2012-2018 were retrospectively enrolled in the study. Only patients
with primary cutaneous nodular or superficial spreading malignant invasive
melanoma were enrolled in this study.

Clinical characteristics of melanoma patients such age, gender, tumor
location, size were analyzed. Various clinical factors - age, gender, length of
follow-up after surgery, recurrence, or metastasis — were obtained from medical
records.

The histopathological characteristics of melanoma were reviewed accord-
ing to the current WHO (World Health Organization) and CAP (College of
American Pathologists) guidelines (Scolyer et al., 2018). Such characteristics as
tumor type, ulceration, tumor-infiltrating lymphocytes, Clark level of invasion,
Breslow thickness, lymphovascular invasion, neurotropism, regression, and
mitotic activity was assessed. In addition, the excision lines and distance from
the tumor were recorded. The pTNM staging was determined on t,he basis of
histopathological assessment.

BRAF and NRAS mutational status was assessed by digital droplet PCR
(ddPCR) using BRAF V600 (#12001037 and #1863100, NRAS Q61 (#12001006)
and NRAS GI12/G13 (#12001627) Screening Assays (all Bio-Rad, USA) as per
the manufacturer’s instructions.

TERT mutational status was assessed by next generation sequencing
(NGS). The Qiagen pac-cancer-multimodal panel gene kit was used (Cat. No. /
ID: 334942).

Scientific projects related to the work

The study was supported by project “Strengthening of the capacity of
doctoral studies at the University of Latvia within the framework of the new
doctoral model” identification No. 8.2.2.0/20/1/006.
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1. THEORETICAL BACKGROUND

The incidence of malignant melanoma has been increasing worldwide and is
currently a significant public health problem (Hessler et al., 2020; Forsea et al.,
2020). More than 97% of all melanomas are diagnosed at the known primary
site, most commonly the skin (Shellenberger et al., 2016). In addition, melanoma
can occur in the eye or in the mucosa of internal organs (Shellenberger et al.,
2016). Rarely, melanoma is diagnosed without an obvious primary site and is
referred to as melanoma of unknown primary (MUP) [Shellenberger et al., 2016].

The predominant hypothesis for MUP involves the spontaneous regression
of melanoma from the known primary site (Shellenberger et al., 2016). Metastatic
melanoma could develop synchronously with a subclinical or otherwise unrec-
ognized cutaneous, ocular, or mucosal melanoma.

Ultraviolet radiation has been the significant risk factor in the pathogen-
esis of melanoma, which has the direct damage to DNA (Hessler et al., 2020;
Forsea et al., 2020; Shellenberger et al., 2016).

Multiple somatic and epigenetic alterations have been implicated in
the pathogenesis of melanoma. In addition, the immune responses and distur-
bances of immunological tolerance plays and important role in the pathogenesis
of melanoma (Shellenberger et al., 2016; Mandala et al., 2014).

Screening, early differential diagnosis, personalized treatment selection and
treatment effect evaluation of malignant tumors has so far been an important
issue in both, the medical and social fields. The search for instruments and/or
diagnostics tools able to detect cancers at an early stage has led to the consid-
eration of the usage of exhaled air, biomarkers in blood, urine testing as well as
imaging techniques. However, there is a little evidence about early detection and
risk stratification in malignant melanoma (Mandala et al., 2014; Romaine et al.,
2016). Histopathological diagnosis and biomarkers qualitative and quantitative
assessment has substantial inter-observer variability, limiting its usefulness for
individual patients. In addition, specialized dermatopathologists have greater
concordance; however, such expertise is not widely available. Therefore, it is
importance standardization of the assessment (Shellenberger et al., 2016).

Deep learning, an automated approach using labelled images to train a net-
work with no other assumptions, has proven to be useful in a wide variety of
similar areas in digital pathology.

In recent years the significant progress has been made in proteomics, metabo-
lomics, and genomics, however the histopathological examination is still the gold
standard for the diagnosis and prognosis of melanoma (Shellenberger et al., 2016;
Mandala et al., 2014; Romaine et al., 2016; Bastian et al., 2014; Clark et al., 1989;
Scolyer et al., 2018).

Current World Health Organization (WHO) classification of skin tumors
subdivided melanoma based on solar elastosis assessed by dermal elastic fibers to
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measure cumulative sun damage (Scolyer et al., 2018). Based on this WHO classi-
fication the melanoma was newly divided into three classes: melanomas associated
with cumulative solar damage (CSD), melanomas not associated with CSD, and
nodular melanoma (Scolyer et al., 2018). Pathways of melanoma associated with
CSD include superficial spreading, lentigo maligna, and desmoplastic melanomas.
Superficial spreading melanoma is the most common subtype and is noted for
its early radial growth, followed by vertical growth and subsequent invasion into
the dermis (Shellenberger et al., 2016; Bastian et al., 2014). Melanomas not associ-
ated with CSD are subclassified into spitzoid, acral, mucosal, and uveal melanomas
and melanomas arising in congenital and blue nevi. Finally, nodular melanoma is
distinctive for its early progression to vertical growth (Shellenberger et al., 2016).

The development of melanoma is closely related to somatic and epigenetic
changes. Different mutations have been described in the pathogenesis and evo-
lution of melanoma. Recent genomic classification subdivides melanoma into
four subtypes based on the pattern of the most prevalent significantly mutated
genes: mutant BRAF, RAS, NFI, and triple-WT (wild type) [Shellenberger et al.,
2016; Romaine et al., 2016].

BRAF, CDKN2A and NRAS mutations are the most important and clinically
relevant. While the advent of novel personalized treatment of melanoma based
of BRAF inhibitors and immunotherapies have reduced the mortality rate over
the last decade, advanced and metastatic melanoma, remain still difficult to treat
(Scolyer et al., 2018; Azimi et al., 2012; Fortes et al., 2015).

In addition, the immunological tolerance mechanisms play an important
role in the progression of melanoma (Taylor et al., 2007; Raaijmakers et al., 2016).

Germline mutations in the cyclin-dependent kinase inhibitor 2A gene
(CDKN2A) are frequently identified among familial melanoma with prevalence
in families with three or more members diagnosed with melanoma ranging
between 20% and 50% (Park et al., 2017). Germline mutations in CDKN2A have
also been associated with familial atypical multiple mole melanoma (FAMMM)
syndrome, an autosomal dominant condition exemplified by a family history of
melanoma and high numbers of atypical nevi (Mandala et al., 2014). The finding
that programmed cell death protein 1 ligand 1 (PDL1) and PDL2 are expressed
by melanoma cells, T cells, B cells and natural killer cells led to the recent
development of programmed cell death protein 1 (PD1)-specific antibodies
(for example, nivolumab and pembrolizumab). The value of different targeting
treatment showed beneficial effect in melanoma treatment, including PD-L1,
CTLA4 targeting (Havel et al., 2019; Ribas et al., 2015).

In addition, the value of immunotherapy with oncolytic ECHO-7 virus
Rigvir in patients with locally advanced and metastatic melanoma was demon-
strated (Sorokins et al., 2020).

It has been shown that such clinicopathological characteristics such tumor
size, tumor type, tumor invasiveness (Breslow thickness, Clark level of invasion,
lymphovascular invasion, neurotropisms), ulceration, tumor mitotic activity are
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significant prognostic factors for the development and progression of melanoma
(Clark et al., 1989; Scolyer et al., 2018; Dougan et al., 2018; Platz et al., 2008;
Yaman et al., 2015; Bezic et al., 2019; Spathis et al., 2019; Kim et al., 2015;
Estrozi et al., 2014; Aksenenko et al., 2015; Leslie et al., 2015; Klein et al., 2021;
Ardekani et al., 2013; Nagore et al., 2014). In addition, it has been demonstrated
that tumor-infiltrating lymphocytes could stratify melanoma in to low and
high risks progression (Burton et al., 2011; Mandala et al., 2009; Thomas et al.,
2013; Clemente et al., 1996; Weiss et al., 2016, Tas et al., 2021; Lin et al., 2016;
Weiss et al., 2016; Platz et al., 2008).

Diagnostic and therapeutic molecular markers have been increasingly used
to assist in histopathological assessment in melanoma (Mandala et al., 2014).
These markers are not only helpful for diagnosing melanoma, but also in dis-
tinguishing certain subtypes that may otherwise be difficult to identify (Cancer
Genome Atlas Network, 2015; Ny et al., 2020; Rose et al., 2006; Michielin et al.,
2019; Cancer Genome Atlas Network, 2020; Eigentler et al., 2016; Tas et al.,
2019; Barnbhill et al., 1996). BRAF mutated melanoma mostly characterized for
superficial spreading melanoma, younger patient age, non CSD skin, whereas
NRAS mutational melanoma was characterized for nodular subtype and CSD
skin (Raaijmakers et al., 2016).

Generally, NRAS mutations occur independently of BRAF mutations, but
dual expression has been reported (Raaijmakers et al., 2016). The association
of NRAS and skin with CSD suggests that such mutagenesis is induced by UV
irradiation. Positive NRAS expression was also associated with a lower grade
of tumor-infiltrating lymphocytes and a higher tumor stage (Raaijmakers et al.,
2016). However, the prognostic value of identification of NRAS mutation is unclear.

1.1. Histopathological assessment of melanoma

Current histopathological examination of melanoma is based on current
WHO classification and College of American Pathologists (CAP) guidelines
(Scolyer et al., 2018). Such criteria as tumor type, ulceration, tumor infiltrating
lymphocytes (TIL), Clark level of invasion, Breslow thickness, lymphovascular
invasion, neurotropism, regression, mitotic activity is routinely assessed. In
addition, the excision lines and distance from tumor is recorded. Based on
histopathological assessment the pI'NM staging is evaluated (Scolyer et al., 2018).

Since Breslow thickness of particular importance for TNM staging, dig-
ital slide analysis could provide the better evidence for the measurement of
invasions, especially in borderline cases. Amelanotic appearance of melanoma
makes diagnosis more difficult. Immunohistochemical staining positive for
S100, SOX-10, HMB-45, Melan-A, Mart-1 and tyrosinase supports diagnosis of
melanoma (Shellenberger et al., 2016).

Some melanomas, especially regressed and metastatic could lose HMB-45,
Melan A and tyrosinase expression, and in such case the immunohistochemical
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assessment of melanoma is straightforward. In these cases, usually only S-100
and vimentin expression is characteristic.

Recently it has been showed that p16 expression in melanoma is significantly
downregulated compared to nevus (Dougan et al., 2018). In addition, PRAME
has been demonstrated as an immunohistochemical marker to aid the diagnosis
of malignant melanoma (Yang et al., 2020).

1.2. Tumor infiltrating lymphocytes for the risk
stratification of melanoma progression

Tumor-infiltrating lymphocytes (TIL) are considered a manifestation of
the host immune response to the tumor (Dougan et al., 2018; Havel et al., 2019;
Ribas et al., 2015).

Tumors possess a variety of cell membrane-bound antigens, recognized as
non-self by the immune system which stimulates a cytotoxic immune response
characterized by CD4, CD8, antigen-presenting cells, and other inflammatory
cell infiltration. These infiltrating cells are recognized as a response by immune
surveillance mechanisms designed to inhibit tumor growth and spread. Tumor
infiltrating lymphocytes (TILs), mainly CD4 and CD8 T cells, have been
extensively described in anti-tumor immunity. T-regulatory lymphocytes sup-
press the immune response and commonly express FOXP3, CD4 and CD25
(Dougan et al., 2018; Havel et al., 2019; Ribas et al., 2015).

It has been previously shown that TIL grade is an independent predictor of
survival and sentinel lymph node (SLN) status in melanoma patients. Patients
with a pronounced TIL infiltrate have better prognosis (Fortes et al., 2015;
Park et al., 2017; Maibach et al., 2020). Furthermore, a higher level of TIL in
primary invasive melanoma samples is associated with a lower risk of death due
to the malignancy (Leslie et al., 2015; Klein et al., 2021).

However, there is an unresolved debate in the literature whether the TIL
grade is robust enough as a prognostic feature to be included in American Joint
Committee on Cancer staging (AJCC) (Scolyer et al.,2018). Immune measures, espe-
cially TIL grade, are not standard components for melanoma pathology reports
because they have not yet been validated and appreciated to impact overall survival
or clinical management significantly (Shellenberger et al., 2016). Furthermore,
the association of TIL with an improved prognosis in melanoma remains contro-
versial (Clemente et al., 1996; Weiss et al., 2016; Tas et al., 2021; Lin et al., 2016).

Recent studies showed that increased TIL infiltrate associated with more
favorable survival outcomes (Weiss et al., 2016).

Our previous studies showed that that melanoma subjects with high TIL
grade had significantly better progression-free survival than patients with low
TIL grade (Zablocka et al., 2021). Based on our study results the recommend
the assessment of TIL into such scoring system from 0 to 3. It was defined as fol-
lows: 0 = absence of lymphocytes within the tissue, 1 = presence of lymphocytes
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occupying < 25% of the tissue, 2 = presence of lymphocytes occupying 25 to
50% of the tissue, and 3 = presence of lymphocytes occupying > 50% of tissue.
The low TIL infiltration was defined as scores 0 and 1. The high TIL infiltration
was defined as scores 2 and 3 (Zablocka et al., 2021).

1.3. BRAF gene mutation assessment for the risk
stratification of melanoma progression

B-raf is one of the signaling kinases down the MAPK pathway. BRAF
mutations comprise the most common genetic alteration in cutaneous mela-
noma with its presence ranging from 40% to 60% of cases (Forsea et al., 2020;
Elder et al., 2020; Fong et al., 2008; Hodi et al., 2010; Topalian et al., 2014;
Dummer et al., 2018; Melis et al., 2017; Pracht et al., 2015; Davies et al., 2002;
Long et al., 2011; Menzies et al., 2012; Colebatch et al., 2019; Chiappetta et al.,
2015; Thomas et al., 2015; Lee et al., 2011; Tas et al., 2019; Jakob et al., 2012).
Mutations in this oncogene lead to constitutive activation of the MAPK path-
way. The most common BRAF mutation is V600E, which represents 80% of
alterations in the gene (Ny et al., 2020; Rose et al., 2006; Miechielin et al., 2019).
The V600K and V600R mutations are other known BRAF mutations (Ny et al.,
2020; Rose et al., 2006; Miechielin et al., 2019).

Studies have shown that V600E is associated with superficial spreading sub-
type, younger patient age, and skin sites without chronic sun-induced damage,
such as the extremities, whereas V600K mutations are correlated with skin
sites with CSD, such as the head and neck, and patients of older age (Ny et al.,
2020; Rose et al., 2006; Miechielin et al., 2019; Jakob et al., 2012; Ugurel et al.,
2007; Devitt et al., 2011; Heppt et al., 2017). In contrast, V600K mutations are
correlated with skin sites with CSD, such as the head and neck, and patients of
older age (Menzies et al., 2012).

Recently, whole-genome sequencing of benign melanocytic nevi showed
the presence of BRAF mutations, in addition to NRAS mutations, with muta-
tional load positively correlated with UV exposure, whereas lower mutational
loads were observed in congenital nevi (Colebatch et al., 2019).

Our previous study showed the associations of BRAF V600 mutational
status and patients younger age, Clark invasion level, Breslow thickness, lym-
phovascular invasion, female gender, and TIL (Ny et al., 2020; Rose et al., 2006;
Chiappetta et al., 2015; Thomas et al., 2015; Lee et al., 2011; Tas et al., 2019;
Jakob et al., 2012; Ugurel et al., 2007; Devitt et al., 2011; Heppt et al., 2017).

1.4. NRAS gene mutation assessment for the risk
stratification of melanoma progression

The value of NRAS mutation in the progression of melanoma is controver-
sial. While some studies showed the associations between NRAS mutation and
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prognosis of melanoma, other studies did not find the value of NRAS mutation
for the assessment of melanoma prognosis (Jakob et al., 2012; Ugurel et al., 2007;
Devitt et al., 2011; Heppt et al., 2017; Ellerhorst et al., 2011; Schlaak et al., 2013;
Bucheit et al., 2013).

RAS proteins are small intracellular GTPases and in normal human mel-
anocytes both GTP-bound active and GDP-bound inactive states exist. Receptor
tyrosine kinase (RTK) signaling induces transition towards the NRAS active
state that is mediated by the recruitment of guanine nucleotide exchange-fac-
tors. NRAS mutant melanomas often display a dysregulated cell cycle, which
is characterized by the upregulation of cyclin DI and loss of tumor suppressor
p16INK4A (Forsea et al., 2020).

The NRAS gene is most frequently mutated at hotspots in exon 2 (codons 12
and 13) and exon 3 (codon 61) [Jakob et al., 2012; Ugurel et al., 2007; Devitt et al.,
2011; Heppt et al., 2017; Ellerhorst et al., 2011; Schlaak et al., 2013; Bucheit et al.,
2013]. Mutations of NRAS were previously associated with nodular subtype of
the primary tumor and localization in sun-damaged skin (Jakob et al., 2012;
Ugurel et al., 2007; Devitt et al., 2011).

Some studies showed that NRAS mutation was associated with favorable
prognosis (Ellerhorst et al., 2011). At contrast, other studies demonstrated that
NRAS gene mutation was associated with worse prognosis (Jakob et al., 2012;
Ugurel et al., 2007; Devitt et al., 2011). Whereas some studies did not find any
significant association between NRAS mutation and prognosis of melanoma
(Heppt et al., 2017; Ellerhorst et al., 2011). The assessment of NRAS mutation
is beneficial since the targeting treatment is considered for the NRAS mutant
melanoma (Grimaldi et al., 2017).

1.5. TERT gene mutation assessment for the risk
stratification of melanoma progression

Recently, Nagore et al. provided preliminary evidence that in stage I/II
melanoma patients TERT promoter status in combination with BRAF/NRAS
mutations can be used to identify patients at risk of aggressive disease and
the possibility of further prognostic refinement by assessing the rs2853669
polymorphism within TERT promoter (Nagore et al., 2014).

Recently, targeted molecular therapy has revolutionized solid tumor manage-
ment, thus necessitating clinical-grade, quality-controlled molecular profiling of
tumors. In addition to guiding management, molecular testing data also provide
insight into disease pathogenesis and treatment resistance. In sarcomas and
leukemias/lymphomas, for example, molecular testing has long been required
for the most accurate diagnosis (Forsea et al., 2020; Elder et al., 2020; Fong et al.,
2008; Hodi et al., 2010; Topalian et al., 2014; Dummer et al., 2018; Melis et al.,
2017; Pracht et al., 2015). NGS-based molecular profiling is now being used to
simultaneously gain diagnostic and predictive information to guide clinical care.
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Genomic data in melanoma largely originate from The Cancer Genome Atlas
(TCGA). These datas have been mostly limited to large and metastatic tumors;
and thus, primary cutaneous melanomas are underrepresented in TCGA because
of the relatively small primary tumor sizes in melanoma. And, because benign
melanocytic proliferations were not sequenced in the TCGA, less is known
about the spectrum of genomic alterations that can be found in such lesions
(Ribas et al., 2015; Cancer Genome Atlas Network, 2015).

Presence of TERT promoter mutation has been associated with worse sur-
vival from melanoma (Scolyer et al., 2018; Maibach et al., 2020). This effect was
modified by a common polymorphism 52853669 within the TERT promoter
that disrupts a preexisting non-canonical ETS2 site in the proximal region of
the TERT promoter immediately adjacent to an E-box (Nagore et al., 2014).
Further, TERT promoter mutations in spitzoid melanocytic neoplasms were
reported to predict aggressive clinical behavior (Dougan et al., 2018). Our results
indicate that hotspot TERT promoter mutation status may be a useful ancillary
parameter for the diagnosis of melanoma.

It is well known that TERT mutations enhance the expression of the TERT
gene by creating de novo binding sites for different transcription factors involved
in tumorigenic mechanisms, but its prognostic role is debated (Scolyer et al.,
2018). Several authors have reported a prognostic significance of TERT pro-
moter mutations in primary melanomas (Eigentler et al., 2016; Tas et al., 2019;
Bucheit et al., 2013; Jakob et al., 2012; Grimaldi et al., 2017; Horn et al., 2013),
whereas other studies (Barnhill et al., 1996; Tuthill et al., 2002) found no impact
in primary and metastatic melanoma.
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2. MATERIAL AND METHODS

2.1. Design of the study

One hundred fifty patients who underwent melanoma stage IA-IIC surgical
treatment at Riga East University Hospital, Latvian Centre of Oncology Riga,
Latvia, in 2012-2018 were retrospectively enrolled in the study. Only patients
with primary cutaneous nodular or superficial spreading malignant invasive
melanoma were enrolled in this study. The study design was presented in Table I.

2.2. Ethics

The study protocol was approved by the Central Medical Ethics Committee
of Latvia (No. 01-29.1/2016-1-1 from January 2016) and the Ethical Committee
of Institute of Cardiology and Regenerative Medicine, the University of Latvia
(from September 2019; No. 12/2019). The study conducted according to the dec-
laration of Helsinki and Oviedo Convention. All patients signed informed
consent to participate in the study.

2.3. Exclusion criteria

Patients with lentigo maligna, acral lentiginous melanomas, non-cutaneous
and metastatic melanoma as well as patients who had stage IIT and IV melanoma
or who had undergone neoadjuvant treatment were excluded from the study.

Table 1. Study design

‘ Subjects with cutaneous melanoma, stage IA-IIC (n = 150)

|

‘ Informed consent. Inclusion/exclusion criteria ‘
|

‘ Clinical evaluation (n = 150) ‘
|

‘ Histopathological examination (n = 150) ‘
|

‘ PCR examination (n = 132) ‘
|

‘ NGS analysis (n = 118) ‘
{

‘ Comparative analysis
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2.4. Clinical characteristics

Clinical characteristics of melanoma patients such age, gender, tumor loca-
tion, size were analyzed. Various clinical factors - age, gender, length of follow-up
after surgery, recurrence, or metastasis — were obtained from medical records.
Progression-free survival time was defined as local, regional, or systemic metas-
tasis or death from the date of surgical excision of tumor estimated from the sur-
gical resection date to the first loco-regional or systemic metastasis, or death
without any type of relapse. The patients were follow-up till 1 March 2022. During
follow-up, the disease progression was defined as at least one of such features was
observed - local recurrence, regional lymph node metastasis, distant metastasis.

Histopathological characteristics

The histopathological characteristics of melanoma were reviewed according
to the current WHO (World Health Organization) and CAP (College of American
Pathologists) guidelines (Scolyer et al., 2018). Such characteristics as tumor type,
ulceration, tumor infiltrating lymphocytes, Clark invasion level, Breslow thick-
ness, lymphovascular invasion, neurotropism, regression, and mitotic activity
was assessed. In addition, the excision lines and distance from the tumor were
recorded. The pTNM staging was determined on the basis of histopathological
re-assessment of all samples. All histopathological slides were re-reviewed and
assessed according to current WHO classification (Scolyer et al., 2018).

2.5. Evaluation and scoring of tumor infiltrating lymphocytes

Tumor infiltrating lymphocytes were defined as lymphocytes surrounding
the tumor mass. The tumor infiltrating lymphocytes (TIL) was scored from 0
to 3 The scoring was defined as follows: 0 = absence of TIL within the tumor
tissue, 1 = TIL infiltrate less than 25% of the tissue, 2 = TIL infiltrate 25 to 50%
of the tissue, and 3 = TIL infiltrate more than 50% of tissue.

2.6. BRAF and NRAS mutations evaluation

BRAF and NRAS mutational status was assessed in 132 patients. Genomic
DNA was isolated from 10 um sections cuts from formalin-fixed paraffin-em-
bedded tissues using GeneRead™ DNA FFPE kit (Qiagen, Germany).

The melanoma BRAF and NRAS mutations status was assessed by digital
droplet PCR (ddPCR) using BRAF V600 (#12001037 and # 1863100), NRAS Q61
(#12001006) and NRAS GI12/G13 (#12001627) Screening Assays (all Bio-Rad,
USA) as per the manufacturer’s instructions.

For BRAF V600-V600E (NM_004333.4(BRAF):c.1799T>A (p.Val600Glu)),
V600K ( NM_004333.4(BRAF):c.1798-1799GT>AA (p.Val600Lys)) and V600R
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(NM_004333.4(BRAF):c.1798-1799GT>AG (p.Val600Arg)) were assessed. In
addition, BRAF V600 positive samples were tested for the presence of the BRAF
V600E mutation using BRAF V600E Mutation Assay Kit (#1863100, Bio-Rad,
USA) that specifically recognizes NM_004333.4(BRAF):c.1799T>A (p.Val-
600Glu) mutation.

For NRAS G12/G13 such eight mutations were assessed G12A
(NM_002524.5(NRAS):c.35G>C (p.Glyl2Ala) G12C (NM_002524.5(NRAS):
¢.34G>T (p.Glyl2Cys)), G12D (NM_002524.5(NRAS):c.35G>A (p.Glyl2Asp)),
G128 (NM_002524.5(NRAS):c.34G>A (p.Glyl2Ser)), G12V (NM_002524.5
(NRAS):c.35G>T (p.Glyl2Val)), G13D (NM_002524.5(NRAS):c.38G>A
(p.Glyl3Asp)), G13R (NM_002524.5(NRAS):c.37G>C (p.Glyl3Arg)) , G13V
(NM_002524.5(NRAS):c.38G>T (p.Gly13Val)).

For NRAS Q61 five NRAS mutations were assessed — Q61K, (NM_002524.5
(NRAS):c.181C>A (p.Gln61Lys), Q61L. (NM_002524.5(NRAS):c.182A>T
(p.Gln61Leu), Q61R, NM_002524.5(NRAS):c.182A>G (p.Gln61Arg),
Q61H, (NM_002524.5(NRAS):c.183A>T (p.Gln61His) and Q61H 183A>C,
NM_002524.5(NRAS):c.183A>C (p.GIn61His).

Droplets were generated using Biorad QX200 Droplet Generator and ana-
lyzed with QX200 Droplet Reader (Bio-Rad, USA). Absolute quantifications of
mutant and wild-type alleles were estimated by modeling the Poisson distribu-
tion using QuantaSoft™ analysis software version 1.7 (Bio-Rad, USA).

Mutation nomenclature is in agreement with the current HGVS, Human
Genome Variation Society guidelines (den Dunnen et al., 2016). The reported
nucleotide and amino acid numbering are relative to the transcription start
site (+1), corresponding to the A of the ATG on the relevant GenBank reference
sequence.

2.7. NGS testing

TERT mutational status was assessed in 118 patients. The C228T
(NM_198253.3(TERT): c¢.-124C>T) point mutation (chr5; 1,295,228
(—-124) upstream of the transcription start codon)) and C250T substitu-
tion (chr5; 1,295,250 (—146) upstream of the transcription start codon)),
NM_198253.3(TERT):c.-146C>T was analyzed.

Genomic DNA was isolated from FFPE samples to prepare the NGS library.
DNA was diluted in low TE buffer [10 mM Tris-HCI (pH 8.0) with 0.1 mM
EDTA] and sheared by ultrasound (Covaris E220; Covaris, Chicago, IL, USA)
to approximately 200 bp fragments checked using Agilent High Sensitivity
DNA Kit on the 2100 Bioanalyzer (Agilent, Santa Clara, CA, USA). The sub-
sequent end-repair, A-tailing, and ligation of adapters were performed using
the KAPA HTP Library Preparation kit (Roche, Basel, Switzerland) according
to the manufacturer with in-house prepared adapters. The processed fragments
were size-selected (targeting 250-450 bp fragments) and primed with barcodes
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(identical to Illumina TruSeq HT index i7 and i5) by ligation-mediated PCR
(LM-PCR), using in-house prepared double-indexing primers, to distinguish
individual samples in subsequent pooling. The size and quality of fragments
after the dual size selection and LM-PCR were controlled using Agilent High
Sensitivity DNA Kit.

The Qiagen pac-cancer-multimodal panel gene kit was used (Cat. No. /
ID: 334942). The kit analyzed 523 DNA gene targets, 56 RNA fusion targets,
26 microsatellite instability (MSI). 150 paired-end sequencing (300 cycles) was
performed.

Thirty individual samples (33 ng each) were pooled for enrichment and
hybridized for 72 h with the CZMELAC panel probes (SeqCap EZ Choice
Library; Roche, Basel, Switzerland). The enriched targeted sequences were ampli-
fied by post-capture PCR to create the final sequencing library. The enrichment
was controlled using qPCR (NimbleGen SeqCap EZ Library SR User’s Guide).
The library insert size was approximately 150 bp. The final 15 uM library was
sequenced on MiSeq using MiSeq Reagent Kit v. 3 (150 cycles; Illumina, San
Diego, CA, USA) targeting 100x mean coverage per sample.

QIAGEN Clinical Insight (QCI) Interpret software was used the data anal-
ysis and interpretation.

2.8. Statistical analysis

The results were reported as median (range). Histopathologic and clinical
characteristics were analyzed using the Chi-square, Mann-Whitney U test and/
or the Kruskal-Wallis rank test. Association of mutation status with clinical
and histopathological characteristics was analyzed by using Pearson X2 to
calculate statistical significance. Progression-free survival (PFS) was estimated
with the Kaplan-Meier method with the log-rank test. Time was defined as
the event of disease progression or last follow-up visit (censored).

Statistical calculations were performed with SPSS version 21.0 (SPSS Inc.,
Chicago, Illinois, USA). P values of less than 0.05 were considered statistically
significant.
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3. RESULTS

3.1. Clinical characteristics

Altogether, 150 patients were enrolled in the study. 12 patients had stage
IA, 20 patients had stage IB, 32 patients had stage I1A, 34 patients had stage IIB,
and 52 patients had stage IIC melanoma. The median age was 67 years (range
24-87). 69 patients were males, and 81 patients were females. Primary tumor
localization was head/neck, limbs, and trunk in 22.0%, 38.0%, and 40.0% of
patients, respectively (Table 2).

Table 2. Clinicopathological characteristics of enrolled study subjects

Variables Patients, n
Median age, years, n (range) 67 (24-87)
Gender, male/female 69/81
Median Breslow thickness, mm, n (range) 2.4 (0.1-20)
Median Clark level, n (range) 3 (1-5)
Ulceration, present/absent 71/79
LVI, present/absent 89/61
Neurotropism, present/absent 6/141
Median solar elastosis, n (range) 1(0-3)
Median tumor size, cm, n (range) 1.5 (0.2-20.0)
Median mitotic count, 10 HPF, n (range) 2 (1-18)
Median TIL, score (range) 2 (0-3)
Stage IA 12
Stage IB 20
Stage ITA 32
Stage IIB 34
Stage IIC 52

TIL - tumor infiltrating lymphocytes
LVI - lymphovascular invasion

3.2. Histopathological characteristics

There were 89 cases of nodular melanoma and 61 cases with superficial
spreading melanoma. Nodular melanoma compared to the superficial spread-
ing melanoma had a higher Clark level of invasion (P = 0.04), greater Breslow
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thickness (P = 0.04), more frequent ulceration (P = 0.01), a higher mitotic count
(P <0.0001) and greater tumor size (P = 0.002). The nodular melanoma was more
frequently found in males compared to females (P = 0.0083). The lymphovascular
invasion, neurotropism, and solar elastosis did not significantly differ between
the groups. However, the association between the solar elastosis and Clark level was
observed when all patients were analyzed together (R2= 0.08; P = 0.02) (Table 3).

Table 3. Clinicopathological characteristics of patients

Nodular Superficial spread-
Variables* melanoma ing melanoma P-value
(n=89) (n=61)
Median age (range), years 67 (27-87) 64 (24-83) 0.23
Gender, male/female 33/56 17/44 0.0083"
Median Breslow thickness (range), mm 3.0 (0.1-20.0) 1.3(0.1-14.9) 0.04"
Median Clark level (range) 3.0 (2-5) 3 (1-5) 0.04"
Ulceration, present/absent 56/33 15/46 0.002"
LVI, present/absent 71/18 39/22 0.64
Neurotropism, present/absent 9/80 7154 0.72
Median solar elastosis, range 1.6 (0-3) 1.2 (0-3) 0.32
Median tumour size (range), cm 1.7 (0.4-6.6) 1.2 (0.2-6.1) 0.002*
Median mitotic count, (range), 10 HPF 4.0 (1-7) 2.0 (1-4) <0.0001"

* Number of patients in each group was presented in Table 1.
LVI-lymphovascular invasion

HPF-high powered field

TIL-tumor infiltrating lymphocytes

P <0.05 are indicated in bold

* Chi-squared test

*Mann-Whitney U test

3.2. TIL in patients with nodular and
superficial spreading melanoma

Tumor infiltrating lymphocytes (TIL) were identified in 132 patients (88.0%).
The representative microphotograph of TILs in melanoma was presented in
Figure 1. The patients with nodular melanoma had predominantly low-grade TIL
infiltration (score 1) compared to patients with superficial spreading melanoma
(P =0.004). A significant correlation between TIL score (both low and high) and
female gender (R2 = 0.06; P = 0.0248) and tumor size (R2 = 0.02; P = 0.0047)
has been observed in nodular melanoma and between TILs and mitotic count
(R2 = 0.02; P = 0.018) in superficial spreading melanoma (Table 4).
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Table 4. Association analysis of TIL with clinicopathological characteristics

Variables* Superficial spreading melanoma Nodular melanoma
Age, years P=0.1 P=0.8
Female gender P=0.2 R2=0.06; P =0.0248
Breslow thickness P=02 P=0.1
Clark level P=03 P=0.5
Ulceration P=0.09 P=0.09
LVI P=0.1 P=0.2
Solar elastosis P=0.2 P=0.5
Median tumour size P=04 R2=10.02; P =0.0047
Median mitotic count R2=0.02; P=0.018 P=0.5

* Number of patients in each group was presented in Table 1.
TIL - tumor infiltrating lymphocytes

LVI - lymphovascular invasion

Pearson's chi-squared test. P < 0.05 are indicated in bold

A

Figure 1. Representative photomicrograph demonstrating tumor-infiltrating

lymphocytes (TIL) in malignant melanoma
(A) Absent TIL infiltration score 0; (B) mild TIL infiltration, score 1, (C) moderate TIL

infiltration, score 2; (D) prominent TIL infiltration, score 3. Hematoxylin-eosin staining method,
magnification x 100, scale bar = 100 pm
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In addition, when patient's progression-free survival (PFS) was compared based
on the presence of TILs (both low and high grade), the patients with high TILs had
significantly better prognosis compared to patients with low TIL grade (Fig. 2).
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Figure 2. Progression-free survival in melanoma with high and low TIL infiltration

Kaplan-Meier plot was analysed using a log-rank (Mantel-Cox) test. P < 0.0001. TIL, tumor-
infiltrating lymphocyte

3.4. BRAF mutational status and its correlation
with clinicopathological characteristics

BRAF mutational testing was performed in 132 patients. 70 patients demon-
strated BRAF mutations (in 53.3%). From those 67 patients had BRAF V600E muta-
tion (NM_004333.6(BRAF): ¢.1799_1800delinsA A (p.Val600Glu)) and 4 patients
had BRAF V600K (NM_004333.6(BRAF):c.1798_1799delinsA A (p.Val600Lys))
or V600R mutation (NM_004333.6(BRAF):c.1798_1799delinsAG (p.Val600Arg)).

The associations of BRAF V600 mutational status and Breslow thickness
(P =0.020; x2 = 0.07), patient gender (P = 0.009; x2 =0.09), Clark level (P = 0.005;
x2 =0.11) and peritumoral lymphocytes infiltration, TIL (P = 0.045; x2 =0.06)
was observed. However, the association between the disease stage, patient age,
solar elastosis, ulceration, median tumor size and BRAF mutational status was
not demonstrated (Table 5).

Table 5. Association analysis of BRAF (V600) mutation with clinicopathological
characteristics

Variables* Pearson’s R? P-value
Age, years R2=0.12 P=0.002
Female gender R2=0.09 P=0.009
Breslow thickness R2=0.07 P=0.02
Clark level R2=0.11 P=0.005
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Variables* Pearson’s R2 P-value
Ulceration R2=0.03 P=0.15
LVI R2=0.07 P=0.02
Solar elastosis R2=0.03 P=02
Median tumour size R2=0.001 P=0.38
Median mitotic count R2=0.06 P=0.04
TIL R2=0.06 P=0.045

* Number of patients in each group was presented in Table 1.
TIL - tumor infiltrating lymphocytes; LVI - lymphovascular invasion

Pearson's chi-squared test. P < 0.05 are indicated in bold

3.5. NRAS mutational status and its correlation
with clinicopathological characteristics

NRAS mutational testing was performed in 132 patients. NRAS mutation
was found in 39 out of 132 patients (29.6%). Twenty-eight melanoma was both
NRAS and BRAF co-mutant. Twenty-nine patients had NRAS Q61 mutation and

10 patients had NRAS G12, G13 mutations.

The NRAS mutational status was associated with Breslow thickness (P = 0.04;
X2 = 0.16), disease stage (P = 0.02; x2 =0.20), mitotical activity (P = 0.030;
X2 = 0.190) and lymphovascular invasion (P = 0.020; x2 = 0.200). However,
the association between the Clark level of invasion, solar elastosis, TIL, patient
age, patient gender and NRAS mutational status was not demonstrated (Table 6).

Table 6. Association analysis of NRAS (codon Q61 and codon G12/G13) mutation

with clinicopathological characteristics

Variables* Pearson’s X2 value P-value
Age, years 0.007 0.760
Gender 0.006 0.960
Breslow thickness 0.160 0.040
Clark level 0.009 0.260
Ulceration 0.006 0.400
LVI 0.200 0.020
Solar elastosis 0.004 0.800
Median tumour size 0.026 0.080
Median mitotic count 0.190 0.030
TIL 0.050 0.420
Disease stage (pTNM) 0.200 0.020

* Number of patients in each group was presented in Table 1.
TIL - tumour infiltrating lymphocytes; LVI — lymphovascular invasion; Pearson's chi-squared test.

P <0.05 are indicated in bold
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3.6. Genetical mutations in melanoma by panel
sequencing (unpublished data)

Other the most common mutations of melanoma were TP53, CDK4, NF1 and
FGFRI (Table 7). The association between clinicopathological characteristics and
NF1, ARIDIA, BRCA1, BRCA2, CHEK2, DDRI, EFGRI, EZH2, ROSI, SLX4, EBB3,
MET, MDM2 has not been demonstrated. However, the association between TP53
mutation and Breslow thickness and TIL infiltration was observed (P = 0.02 and
P =0.01). In addition, the association between CDK4 mutation and solar elastosis
was observed (P = 0.02). The association between FGFRI mutation and lympho-
vascular invasion and TIL infiltration was observed (P = 0.002 and P = 0.004).

3.7. TERT mutational status and its association
with clinicopathological characteristics

TERT mutational status was assessed in 118 patients. TERT mutation was
observed in 38 patients of 118 (32.2%). The C228T (NM_198253.3(TERT):c.-
124C>T) point mutation (chr5; 1,295,228 (—124) was identified in 12/38 (31.6%)
cases, whereas the C250T substitution, NM_198253.3(TERT):c.-146C>T (chr5;
1,295,250 (-146) upstream of the transcription start codon)) was observed in
26/38 (68.4%) cases. The association between TERT mutation and Breslow thick-
ness, patient age, mitotic activity and TIL infiltration was observed (P = 0.02;
P =0.004; P = 0.007 and P < 0.0001, respectively).

Table 7. Genetical mutations in melanoma (except BRAF, NRAS and TERT)

Gene Patients, n (mutation)

NF1, NM_001042492.3(NF1): ¢.3871-2A>G 5

ARIDIA, NC_000001.11: g.26695829G>A

BRCAI, NM_007294.3(BRCA1): ¢.6207C>T

BRCA2, NM_001136571.2(ZAR1L): ¢.-390+372T>C

CHEK2, GRCh38/hg38 22q12.1(chr22:27557778-28988149)x3

DDRI1, NM_001297654.2(DDR1): ¢.49A>G (p.Ser17Gly)

EFGRI1, NM_005228.5(EGFR): ¢.5G>A (p.Arg2Gln)

EZH2, NM_004456.4(EZH2): ¢.*275A>G

ROSI1, NM_001378902.1(ROS1): ¢.7012G>A (p.Asp2338Asn)

B[N | W [W|W |

SLX4, NM_032444.4(SLX4): ¢.*1150G>C

TP53, NM_000546.5(TP53): ¢.*1701G>T

-
[~}

CDK4, NM_005981.5(TSPAN31): c.*470dup

(S N

FGFRI1, NM_023110.3(FGFR1): ¢.*2445A>G

MET, NM_000245.4(MET): c.-157T>G

MDM?2, NM_002392.6(MDM2): c.-94A>G

TERT, NM_198253.2: ¢.1574-3235G>T 38
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Table 8. Association analysis of TERT promoter mutation with clinicopathological

characteristics

Variables, n =119 Pearson’s X2 value P-value
Age, years 0.18 0.004
Gender 0.053 0.43
Breslow thickness 0.09 0.02
Clark level 0.06 0.420
Ulceration 0.007 0.420
LVI 0.20 0.018
Solar elastosis 0.018 0.12
Median tumour size 0.08 0.12
Median mitotic count 0.12 0.0070
TIL 0.18 0.0001
Tumour type (nodular vs. superficial) 0.14 0.01
Disease stage (pTNM) 0.34 0.09

TIL - tumor infiltrating lymphocytes
LVI - lymphovascular invasion

Pearson's chi-squared test. P < 0.05 are indicated in bold

3.8. The value of histopathological and BRAF, NRAS and TERT
mutational status on progression free survival in melanoma

BRAF mutation status and Progression-free survival, PFS

All 150 patients were clinically followed up, and there were 37 incidences
of locoregional recurrence or systemic metastasis (24,66%). The PFS did not
differ between wild type and BRAF mutant melanoma (HR = 1.10; 95%,

C.I=0.40-2.50, P = 0.20).
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Figure 3. Progression-free survival in BRAF mutant and BRAF wild melanoma

Kaplan-Meier plot using the log-rank (Mantel-Cox) test, P > 0.05
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NRAS mutation status and Progression-free survival

Patients with NRAS mutant melanoma had significant worse PFS compared
to NRAS wild type melanoma (HR = 12.30; 95%, C.I = 5.78-26.21, P < 0.0001).
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Figure 4. Progression-free survival in patients with NRAS mutant and NRAS wild
melanoma

Kaplan-Meier plot was analyzed using a log-rank (Mantel-Cox) test. P < 0.0001

TERT mutation status and Progression-free survival

Patients with TERT mutation had significant worse PFS compared to TERT
wild melanoma (HR = 13.8, 95% C.I = 6.8-31.0; p < 0.0001).
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Figure 5. Progression-free survival in patients with TERT mutant and TERT wild
melanoma

Kaplan-Meier plot was analyzed using a log-rank (Mantel-Cox) test. P < 0.0001

75



The value of co-mutation on progression free survival

BRAF and NRAS co-mutant melanoma has significant worse PFS compared
to BRAF mutant melanoma (HR = 6.30; 95%, C.I = 3.10-12.70, P <0.0001).

P<0.0001 compared BRAF mutant vs NRAS mutant and BRAF/NRAS co-mutant
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Figure 6. Progression-free survival in patients with BRAF/NRAS co-mutant melanoma,
NRAS wild, NRAS mutant and BRAF mutant melanoma

Kaplan-Meier plot was analyzed using a log-rank (Mantel-Cox) test. P < 0.0001

In addition, TERT and BRAF co-mutant melanoma has significant worse
PFS compared to BRAF mutant melanoma (HR = 8.25; 95%, C.I = 2.90-13.40,
P <0.0001), Figure 7.
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Figure 7. Progression-free survival in patients with melanoma. BRAF mutant vs BRAF
and TERT co-mutant melanoma

Kaplan-Meier plot was analyzed using a log-rank (Mantel-Cox) test. P < 0.0001
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Progression free survival and tumour infiltrating lymphocytes (TIL)

All 150 patients were clinically followed up, and there were 37 incidences of
locoregional recurrence or systemic metastasis. When patient’s progression-free
survival (PFS) was compared based on the presence of TILs (both low and high
grade), the patients with high TILs had significantly better prognosis compared
to patients with low TIL grade (HR = 4.9, 95% CI = 2.3-11.20, p < 0.0001)
(Figure 8).

In additional, patient with TERT mutation and low TIL had significant
better PFS compared to patients with TERT mutation and high TIL infiltration
(HR = 4.80; 95%, C.I = 2.30-7.890, P = 0.002).
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Figure 8. Progression-free survival in TERT mutant melanoma with high and low
TIL infiltration

Kaplan-Meier plot using the log-rank (Mantel-Cox) test, p < 0.0001
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4. DISCUSSION

In the current study genotype-phenotype associations in 150 patients with
Stage IA-IIC according to AJCC classification were assessed in malignant
invasive melanoma.

Histopathological examination of melanoma is currently a gold standard for
the diagnosis of melanoma. In addition, such histopathological characteristics of
invasive cutaneous melanoma as tumor size and type, lymphovascular invasion,
ulceration, Breslow thickness, Clark level of invasion, mitotic rate and disease
are well established powerful prognostic and predictive factors for melanoma
(Shellenberger et al., 2016; Bastian et al., 2014; Clark et al., 1989; Scolyer et al.,
2018). The development of melanoma is closely related to somatic and epige-
netic changes. Activating mutations of the oncogenes BRAF and NRAS are of
particular importance in melanoma progression (Ribas et al., 2015; Cancer
Genome Atlas Network, 2015; Ny et al., 2020; Rose et al., 2006; Michielin et al.,
2019; Cancer Genome Atlas Network, 2020). In addition, BRAF personalized
treatment of melanoma significantly improved patients” prognosis (Rose et al.,
2006; Michielin et al., 2019; Cancer Genome Atlas Network, 2020). However,
the prognostic value of BRAF and NRAS mutation and its association with
clinical and histopathological characteristics is still controversial, especially in
early-stage melanoma.

Conventional prognostic characteristics of melanoma include melanoma
type, lymphovascular invasion, ulceration, stage, Breslow thickness and mitotic
rate, all of which are currently mandatory histopathologically assessed criteria
in all primary melanomas (Scolyer el al., 2018). TIL produced by the immune
system in response to the invasion by the tumor, are frequently observed in
tumor microenvironment, including those associated with cutaneous melanoma
(Azimi et al., 2012; Fortes et al., 2015; Maibach et al., 2020; Eigentler et al., 2016;
Tas et al., 2019; Barnhill et al., 1996; Tuthill et al., 2002).

However, there is an unresolved debate in the literature whether the TIL
grade is robust enough as a prognostic feature to be included in AJCC staging
(Scolyer et al., 2018). Immune measures, especially TIL grade, are not standard
components for melanoma pathology reports because they have not yet been
validated and appreciated to impact overall survival or clinical management
significantly (8). Furthermore, the association of TIL with an improved prog-
nosis in melanoma remains controversial (Azimi et al., 2012; Fortes et al., 2015;
Maibach et al., 2020; Park et al., 2017; Taylor et al., 2007; Burton et al., 2011;
Mandala et al., 2009; Thomas et al., 2013; Clemente et al., 1996; Weiss et al.,
2016; Tas et al., 2021; Lin et al., 2016).

Different histopathological approaches for grading TILs have been described
(Azimi et al., 2012; Fortes et al., 2015; Maibach et al., 2020; Park et al., 2017;
Taylor et al., 2007; Burton et al.,, 2011; Mandala et al., 2009; Thomas et al.,
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2013; Clemente et al., 1996; Weiss et al., 2016; Tas et al., 2021; Lin et al., 2016).
Firstly, Clark’s method graded TILs as absent, non-brisk, and brisk (Clark et al.,
1989). Other studies graded TILs on a scale of 0 to 3 or only consider TILs as
“present” or “absent” (Burton et al., 2011; Mandala et al., 2009; Thomas et al.,
2013; Clemente et al., 1996; Weiss et al., 2016; Tas et al., 2021). Some studies use
a combined grading system by assessing TIL density and distribution by a final
score from 0 to 6 (Maibach et al., 2020).

Previous studies have focused on the prognostic significance of TILs in
primary melanoma (Azimi et al., 2012; Fortes et al., 2015; Maibach et al., 2020;
Park et al., 2017; Taylor et al., 2007; Burton et al., 2011; Mandala et al., 2009;
Thomas et al., 2013; Clemente et al., 1996; Weiss et al., 2016; Tas et al., 2021;
Lin et al., 2016). However, the results are controversial. Several studies did not
demonstrate the association between TIL presence and disease-free survival
(Maibach et al., 2020). Other studies showed a significant correlation between
the TIL infiltration and patients’” survival (Azimi et al., 2012; Fortes et al., 2015;
Burton et al., 2011; Mandala et al., 2009; Thomas et al., 2013).

Our study showed that high TIL infiltration in primary Stage I-II melanoma
corresponded to a better prognosis, while low TIL infiltration demonstrated
worse PES. Recently, it was shown that brisk TIL grade is a favorable prognostic
factor in primary melanomas and is a distinct group from non-brisk TIL grade
based on disease progression and immunoregulatory gene expression profiles
(Thomas et al., 2013). Besides, TIL grade is an independent predictor of survival
and SLN status in patients with melanoma. Patients with a pronounced TIL infil-
trate overall have a better prognosis (Azimi et al., 2012), and high levels of TILs
in primary invasive melanoma are associated with favorable survival outcomes
(Azimi et al., 2012; Fortes et al., 2015; Maibach et al., 2020; Park et al., 2017).

Our results were consistent with a recent study demonstrated that coexist-
ence of tumor regression and TIL is associated with more favorable survival in
melanoma (Clemente et al., 1996).

However, in our study the association between tumor regression and TIL
has not been demonstrated. This could be explained that in our study only
patients with stage IA-IIC were enrolled.

In our study, the patients with nodular melanoma demonstrated downregu-
lation of TIL compared to superficial spreading melanoma. Previous studies have
demonstrated decreased TILs in nodular melanomas compared with matched
superficial spreading ones (Weiss et al., 2016). However, this observation was
found only in thin (< 2 mm) melanomas and in males’ patients (Weiss et al.,
2016). These findings suggested the differences in immunological response
between the gender and tumor thickness. Furthermore, the tumor stage and
immunologic heterogeneity of tumor-infiltrating lymphocyte subpopulation
could contribute to it (Tas et al., 2021; Lin et al., 2016; Weiss et al., 2016).

BRAF mutations in primary melanomas are seen at a rate of 22%-72%
(Platz et al., 2008; Yaman et al.,2015; Bezic et al., 2019, Spathis et al., 2019;
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Kim et al., 2015). In our study, BRAF V600 mutation was found in 53.3% of all
cases analyzed.

Previous studies showed the different value of BRAF mutational status
in association with clinicopathological characteristics and PFS of melanoma
(Bezic et al., 2019, Spathis et al., 2019; Kim et al., 2015; Estrozi et al., 2014).

It has been demonstrated that BRAF mutational status correlate with
younger age and female gender (Platz et al., 2008).

Age is an independent negative predictor of melanoma survival (Platz et al.,
2008). Nonetheless, the melanoma association with gender appears to be con-
troversial. There are studies demonstrating associations with the male gender
(Yaman et al., 2015) and other studies showing associations with the female
gender (Bezic et al., 2019). Varying patterns of immunological responses
might be involved in the age and gender differences of melanoma prognosis
(Platz et al., 2008).

Previous studies demonstrated the association of BRAF mutational status
and tumor ulceration, solar elastosis, advanced melanoma stage and histologic
subtype (Nu et al., 2020; Rose et al., 2006).

At contrast, in young patients the study showed that there was no significant
association between BRAF mutational status and gender, histologic subtype,
the Clark and Breslow level, solar elastosis and lymphovascular invasion, suggested
different tumorogenesis pathways in younger population (Spathis et al., 2019).

The results of our study are consistent with previous findings and extent
these by demonstrating that both Clark and Breslow level correlated with
BRAF mutational status. In addition, the association of BRAF mutational status
and vascular invasion and TIL has been observed. This observation led us to
the suggestion that stage I-II BRAF mutant melanoma compared to wild type
characterized by more invasive pattern.

Some previous studies have shown the association of BRAF mutational status
and solar elastosis (Platz et al., 2008). Although, the correlation between BRAF
mutational status and solar elastosis was not observed in our study. The geo-
graphical characteristics and differences in sun exposure could contribute to it.

Some previous studies also demonstrate the association of BRAF mutational
status and ulceration (Platz et al., 2008; Yaman et al., 2015), while other analyses
did not observe a significant association (Bezic et al., 2019).

The association of BRAF mutational status with ulceration was not observed
in our study. It could be suggested that ulceration in larger tumors could be
related to BRAF mutational status, however the median tumor size was smaller
compared to previous studies (Platz et al., 2008; Yaman et al., 2015).

The value of BRAF mutational status and TIL has been addressed in several
studies, however, the results were controversial. Our study showed that TIL was
upregulated in BRAF V600 mutant melanoma compared to BRAF wild type.
However, some recent studies did not found associations between TIL and BRAF
mutational status (Platz et al., 2008; Kim et al., 2015).
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At contrast, it has been demonstrated that the intratumoral density of TIL was
significantly higher in BRAF mutant melanoma (Estrozi et al., 2014). Intratumor
heterogeneity of melanoma with different cytokine milieu and expression of
immunomodulatory genes might contribute to it. In addition, a recent study
has demonstrated that higher TIL clusters are associated with response to
immunotherapy in BRAF V600E/K mutated melanoma (Aksenenko et al., 2015).

Our study showed that BRAF V600 mutations were identified in 56.8% and
NRAS (Q61; G12 and G13) mutations in 29.6% of cases. Furthermore, while
BRAF V600 mutational status did not associated with PFS, the NRAS mutational
status significantly correlated with PFS. In addition, in patients with BRAF V600
and NRAS co-mutant melanoma, the PFS was significantly worse compared to
BRAF V600 mutant melanoma.

BRAF mutations in primary melanomas have been observed at a rate of
22%-72% (Forsea et al., 2020; Elder et al., 2020; Fong et al., 2008; Hodi et al.,
2010; Topalian et al., 2014; Dummer et al., 2018; Melis et al., 2017; Pracht et al.,
2015; Davies et al., 2002; Long et al., 2011; Menzies et al., 2012; Colebatch et al.,
2019; Chiappetta et al., 2015; Thomas et al., 2015; Lee et al., 2011; Tas et al.,
2019; Jakob et al., 2012). In our study, the frequency of BRAF mutation fall
within this range. Over 90% of the mutations in BRAF result in substitution of
the valine at position 600, resulting in activation of the downstream effectors
of the RAS-RAF-MEK-MAPK pathway (Hessler et al., 2020).

Furthermore, the associations of BRAF V600 mutational status and Breslow
thickness, patient gender, Breslow thickness and peritumoral lymphocytes infil-
tration was revealed, which supported our previous evidence (Havel et al., 2019).

Previous studies showed the different value of BRAF mutational status
in association with clinicopathological characteristics and PFS of melanoma
(Burton, et al., 2011; Mandala et al., 2009; Thomas et al., 2019; Clemente et al.,
1996; Weiss et al., 2016). Our study did not find the association between BRAF
mutational status and PFS of melanoma.

It has been demonstrated that BRAF mutational status correlate with
younger age and female gender (Lin et al., 2016; Weiss et al., 2016). However,
some studies demonstrated associations between male gender (Mandala et al.,
2009). In our study BRAF mutation correlated with female gender and older
patients’ age. This observation could be explained that only early-stage mela-
noma was enrolled in our study. In addition, some studies showed the impor-
tance of immunological tolerance mechanisms in the development of BRAF
mutant melanoma (Havel et al., 2019; Platz et al., 2008).

Previous studies about BRAF and NRAS co-mutant melanoma have been
discordant. NRAS gene mutation was found in 15-25% of melanoma cases
(Raaijmakers et al., 2016; Chiappetta et al., 2015; Thomas ef al., 2015). In our
study NRAS mutation was observed in up to 30% of melanoma cases.

We assume that the high prevalence of NRAS mutations could be explained
by older median age of enrolled patients in our study, e.g., 67 years. It has
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been demonstrated that patients with NRAS mutant melanoma compared to
BRAF mutant melanoma were usually older (>55 years) with previous history of
UV exposure. NRAS mutant melanoma commonly found in upper extremities
and characterized by increased Breslow tumor thickness (Hessler et al., 2020;
Raaijmakers et al., 2016; Chiappetta et al., 2015; Thomas et al., 2015).

The results of our study showed that NRAS (Q61; GI2 and G13) mutations
associated with Breslow thickness, nodular melanoma tumor type, mitotic activ-
ity and lymphovascular invasion. In addition, we assume that NRAS mutations
in primary stage IA-IIC melanoma could have potentially relevant predictive
value.

The NRAS gene is most frequently mutated at hotspots in exon 2 (codons 12
and 13) and exon 3 (codon 61) [Platz et al., 2008]. NRAS mutation characteristic
for nodular melanoma localized in sun-damaged skin (Yang et al., 2020).

Nevertheless, the value of NRAS mutation on disease progression and
prognosis is still controversial. Some studies showed that NRAS mutation was
associated with favorable prognosis (Platz et al., 2008). At contrast, other studies
demonstrated that NRAS gene mutation was associated with worse prognosis
(Chiappetta et al., 2015; Thomas et al., 2015; Jakob et al., 2012; Ugurel et al.,
2007; Devitt et al., 2011; Heppt et al., 2017). Whereas some studies did not find
any significant association between NRAS mutation and prognosis of melanoma
(Heppt et al., 2017; Ellerhorst et al., 2011).

Similarly, in stage IV melanoma data about NRAS mutation is also con-
troversial. While one study suggested that NRAS-mutated tumor genotype in
metastatic Stage IV melanoma was associated with increased overall survival
compared to the BRAF-mutated and WT tumor genotypes (Kim et al., 2015).
Other studies in opposite did not support this evidence (Leslie et al., 2015;
Klein et al., 2021).

In addition, it has been demonstrated that NRAS mutation status was
an independent predictor of shorter survival after a diagnosis of stage IV mel-
anoma (Jakob et al., 2012).

It could be suggested that molecular mechanisms involving NRAS genetic
pathway could be different in metastatic Stage IV and early-Stage TA-IIC
melanoma.

The results of our research are in line with previous studies demonstrated
that NRAS mutations associated with higher Breslow’s thickness and poor
disease prognosis (Chiappetta et al., 2015; Thomas et al., 2015, Jakob et al.,
2012; Ugurel et al., 2007; Devitt et al., 2011). In addition, our study showed
that NRAS mutations are associated with increased mitotic activity of tumor
and lymphovascular invasion, which could be one of potential explanations of
aggressive tumor behavior carried NRAS mutation. Furthermore, the results of
our study demonstrated that NRAS mutational status in primary Stage IA-IIC
melanoma is a powerful predictive factor, which significantly associated with
progression free survival.
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NRAS personalized treatment of melanoma is challenging. Lanafarnib, tipi-
farnib has been studied for the NRAS mutant melanoma (Hessler et al., 2020). In
addition, selective MEK inhibitors could have potential benefit in NRAS mutant
melanoma (Nagore et al., 2014). Nevertheless, the potential significant value of
our study is the finding of significant predictive value of NRAS mutations in
Stage IA-IIC melanoma. Therefore, routine assessment of NRAS mutations in
Stage IA-IIC melanoma could be potentially beneficial for the prediction of
disease progression. It should be stress out that our study subjects included only
those with local disease, e.g. at the time of diagnosis patients did not have local
recurrence, regional lymph node metastasis or distant metastasis.

Third most common mutation in early melanoma was TERT gene mutation.
The association between TERT mutation and Breslow thickness, patient age,
mitotic activity, and TIL infiltration was observed in our study. In addition,
patients with TERT mutation had significant worse PFS compared to TERT
wild melanoma. The results of our research are in line with previous studies
demonstrated that TERT promoter mutations were associated with clinical
and histopathological characteristics (Horn et al., 2013; Andres-Lencina et al.,
2019; Hang et al.,2020). In addition, TERT and BRAF co-mutant melanoma has
significant worse PFS compared to BRAF mutant melanoma.

Several limitations of our study should be mentioned. A significantly higher
number of case-cohort with equal gender distribution would be beneficial. At
the same time, the strength of the present study was the demonstration of
significant role of NRAS and BRAF/NRAS mutational status in patients with
early-stage IA-IIC non-metastatic melanoma. Furthermore, all patients were
enrolled from the single oncology hospital, which served up to 85% of all mel-
anoma cases in Latvia.

To conclude, the patients with TERT/BRAF and NRAS/BRAF co-mutant
Stage IA-IIC melanoma had worse progression free survival compared to NRAS
wild, TERT wild and BRAF wild melanoma. The complex BRAF, TERT and NRAS
assessment in melanoma in routine clinical practice is beneficial for the risk
stratification of disease progression and therefore could be recommended in
routine clinical practice also for patients with Stage IA-IIB melanoma.
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5. CONCLUSIONS

During the work, the hypothesis initially put forward was confirmed:

the associations between the clinical, histopathological, and genetic charac-
teristics in patients with early-stage melanoma were observed. In addition,
the associations between histopathological characteristics and BRAF, NRAS,
TERT mutational status were found. Based on the results of the work, the fol-
lowing conclusions have been made:

1.

Patients with Stage IA-IIC nodular melanoma had a higher Clark level
of invasion, greater Breslow thickness, more frequent ulceration, a higher
mitotic count, a greater tumor size and low-grade tumor infiltrating lym-
phocytes infiltration (TIL) compared to Stage IA-IIC superficial spreading
melanoma. In addition, the nodular melanoma was more frequently found
in males compared to females.

The clinical characteristics such as tumor size and patients gender correlated
with histopathological characteristics of melanoma. In addition, TIL was
associated with disease progression free survival, clinical and histopatho-
logical characteristics.

BRAF V600 mutation was found in 53.3% of cases. NRAS mutation was
found in 29.6%. 29 patients had NRAS Q61 mutation and 10 patients had
NRAS GI2, G13 mutations. 21.21% of melanoma cases was both NRAS and
BRAF co-mutant. TERT promoter mutation was observed in 32.2% cases.
The C228T (NM_198253.3(TERT):c.-124C>T) was identified in 12/38 (31.6%)
cases, whereas the C250T substitution, NM_198253.3(TERT):c.-146C>T was
observed in 26/38 (68.4%) cases.

The association between BRAF, NRAS and TERT mutational status and
clinical, histopathological characteristics were demonstrated. The asso-
ciations of BRAF V600 mutational status and Breslow thickness, patient
gender, Clark level, lymphovascular invasion (LVI), mitotic count and TIL
infiltration was observed. The NRAS (Q61; G12, G13) mutational status was
associated with Breslow thickness, disease stage, mitotic activity and LVL.
The association between TERT promoter mutation and Breslow thickness,
patient age, mitotic activity, and TIL infiltration was found.

Stage IA-IIC melanoma patients with high TIL infiltration had significantly
better Progression-free survival (PFS) compared to patients with low TIL
infiltration. The PFS did not differ between wild type and BRAF mutant
melanoma. However, patients with NRAS mutant melanoma had significant
worse PFS compared to NRAS wild type melanoma. In addition, patients
with TERT promoter mutation had significant worse PFS compared to TERT
wild melanoma. Furthermore, the patients with TERT/BRAF and NRAS/
BRAF co-mutant Stage IA-IIC melanoma had worse PFS compared to NRAS
wild, TERT wild and BRAF wild melanoma.
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Practical implications and novelty of the study

The complex histopathological evaluation including the assessment of
TIL and evaluation BRAF, TERT and NRAS mutational status in early-stage
melanoma (Stage IA-IIC) in routine clinical practice is beneficial for the risk
stratification of disease progression.
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