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ABSTRACT

Melanoma is a malignant neoplasmmélanocytesandis the most aggressive form of skin cancer.

The mainstays of the therapeutic approach for metastatic melanoma are immunotherapy and targete
therapy. The most important for therapeutic purposes molecular disorder are mutations in the BRAF
gene. The litertare shows that in some cases there is molecular heterogeneity, both between different
areas of the primary focus and between the primary focus and metastases to lymph nodes and / or soli
organs, whether they asynchronousr metachronous49 tissue manoma materials (primary and /

or metastatic foci) from 22 patients were used to investigate this heterogeneity. Immunohistochemistry
was performed for MelaA, HMB45 and S100 markers in all patienédso, both molecular (Cobas Z

4800 Real Time PCR) anchmunohistochemical testing of the BRAF gene in 14 of the 22 patients.
Tissue material fixed in formalin and encapsulated in paraffin cubes (FFPE) was studied from patients
with skin melanoma and lymph node or distant metastases, from the archive of tRatRdbgical
Laboratory. Of the 14 different cases of melanoma, in two patients a discrepancy was found between
the two methods regarding the presence of a BRAF mutation. In addition, molecular heterogeneity was
found between the primary focus and / ontaséases in four of the 14 cases. There was no significant
differentiation in the immunophenotype between primary and secondary foci. In conclusion, it is
possible that there is heterogeneity in the molecular profile of melanoma, which may affect the
treament of patients with cutaneous melanoma. Immunohistochemistry is a sensitive and specific
method for detecting the BRAF V600E mutation.

Keywords: Melanoma; Primary/Secondary Molecular Profile, Heterogeneity, Immunohistochemistry;
Polymerase Chain Reaati MolecularMarkers; Mutation; Gene; BRAH reatment; Prognosis
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Subtype Frequency Characteristic

Superficial T70% Arises from existing nevus.

spreading

Nodular 3% Absence of a radial growth phase, variable presentation, and robust vertical invasion.

Lentigo Maligna 4-15% Typically demonstrates slow progression, and frequently appears in sun-exposed areas (1.e., face, head, etc.)

Acral lentiginous 3% Has higher incidence in patients with darker skin pigmentation and frequently occur on the palms, soles, and
subungual spaces.

Amelanotic 4% Characteristic absence of pigmentation and are considered rare.

Desmoplastic Less than Rare melanoma seen in older adults that i1s characterized by scant spindle cells and minimal cellular atypia.

4%
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Stage Clazzification &-year urvival
Stage 0 Tis: Melanoma ix sit >08%
Stage I{AB) Tla: <03 mm and nonulearated 97-92%
T1h: =08 mm or <0.8 mm wath ulceration
Tla: =1.0-2.0 mm without ulceration
Stage I (AL B, C) T2b: =1.0-2.0 mm with ulceration 31-53%
T3a: =2.0-4.0 mm without ulceration
T3b: =2.0-4.0 mm with ulceration
T4a: =4.0 mm without ulceration
T4b: 4.0 o with ulceration
Stage IT (A, B, C. 1) Mla: 1 clinically oceult {m SLN biopsy) T340%
Nlh: 1 climcally datected
Mle: Presance of in-fransit, satellite, and/or microsatallite mets
Mla 2-3 chimcally cccult (in SLIY biopsy)
MIhc 2-3, at least 1 climcally detectad
Mle: 1 climically occult or detected, with in-transit, satellite, and/or microsatellite mets
M3z 4 or more clinically occult (n SLM biopsy)
M3b: 4 or mors, at least 1 of which clinically detected, or presence of any number of matted nodes
M3e: 2 or more clinically occult or clinically detacted with in-transit, satellite, andor microsatellite mate
Stage IV Nla: Distant metastasis to skin, soft tissus nchiding muscle, and'or nonregional lmph nodes. LDH not recorded or unspecifisd | 20-15%
M1a(0): LDH not elevated
M1a(l): LDH elevated
M1b: Distant metastasis to hms with or without Ma sites of dizsase. LDH not recorded or unspecified
MIb{0): LDH not elavatad
MIb{1}: LDH alevated
Nle: Dhstant metastasis to non-CMS visceral sites with or without M1a or M1b sites of diseaze. LDH not recorded or unspacifiad
Mle(l): LDH not elevated
Mle(l): LDH elevatad
I1d: Distant metzstasis to CI5 with or without 212, M1k, or Mle sites of disazse. LDH not recorded or umspecifisd
M14{0): LDH not elavated
M14{1) LDH elevated
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Joint Commiteeon Cancerstagingmanual 8th ed Amin, M.B. editors.Chicagq 2017.p. 563).
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Marker Staining pattern Sensitivity (%) Specificity (%) Other positive tumors

S-100 Nuclear and 96-99 75-87 Malignant peripheral nerve sheath tumors (focal excepe the
cytoplasmic epithelioid vanant)

Malignant melanote schwannoma

Benign nerve sheath twmors

Clear cell sarcoma

Minority of breast and salivary gland carcinomas
Langerhans cell histiocytosis and other rare
hematolymphold tumors

Mehin-A (mebhnoma  Cytoplasmic 75-92 95-100 PEComas
antigen recognized Clear cell sarcomas
by T celis-1)

Adrenal cortical and sex-cord tumors (clone A103)
HMB-45 Cytoplazmic 70-90 95-100 Clear cell sarcomas

PEComas

Malignant melanouc schwannomas

Meningeal melanocytomas

Angilomyolipomas

Some ovaran sterold tumors

Renal cell carcinomas with ¢ (6:11) (p29:q12) translocation
Microphthalmia Nuclear 81-100 88-100 Clear cell sarcomas
transcription factor Anglomyolipomas

Lymphangiomyomas

Certain carcinomas of the kidney, pancreas, ovary, and breast
Tyrosinase Cytoplasmic 80-90 97-100 Most clear cell sarcomas

Pigmented neurofibromas

Small percentage of angomyolipomas
SOX-10 Nuclear 97-100 >%0 Clear cell sarcomas

Peripheral nerve sheath twmors

Some triple negative metiplastic breast carcinomas

Myoepithelial tumors
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EGFQ, 1 Ligand (EGF) binding
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TABLE 2 Current Guidelines for Performing

SLNB
Guideline

Year

National Comprehensive Cancer Network Practice Guidelines (NCCN) (3):

“In general, SLNB is not recommended for primary melanoma <0.75 mm thick. For
melanomas 0.76-1.00 mm, SLNB may be considered in the appropriate clinical
context”

National Institute of Clinical Excellence (NICE) (11):

“Do not offer imaging or sentinel lymph node biopsy to people who have stage IA
melanoma or those who have stage IB melanoma with a Breslow thickness of 1 mm
or less”

American Society of Clinical Oncology and Society of Surgical Oncology Joint
Clinical Practice Guideline (ASCO/SSO) (12):

“Available evidence does not suppont routine SLN biopsy for patients with melanomas
that are T1 or <lmm Breslow thickness although it may be considered in selected
high-risk cases"

Such high-risk factors may include Breslow thickness >0.75 mm, ulceration, or mitoses

21/mm?

European Society for Medical Oncology (ESMO) (13):
“SLN biopsy should be performed for tumour thickness of >1mm and/or ulceration™

2017

2015

2012

2012

et al AmericanJoint Commiteeon Cancerstagingmanual 8th ed Joyce, K.M. editorsChicagg 2017.p. 94).
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*MEK) inhibiton (BRAF +) - 050 034-074 031082 989% mwanWOE - 054 027107 026-114 040%
PD-1 blocking (BRAF +8BRAF -) - 052 038-075 032083 992% - °. 027117 945%
BRAF| inhisitor (BRAF «) - 071 051-097 046100 S46% o 0Ir-155 Tor%

*BRAF —) - 0, Q64 - 117 087132 307% R 046~ 183 583%
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MEX) inhibitor+ chamotherapy (BRAF +) $ 083~-164 048~177 30.1% - 203-057 &
i (@RAF 4]
PD-1 blocking =) .- 100 000-170 086180 4da% 15 843%
BRAF| inhibiior (BRAF +) - 140 112175 087~202 4% 17 %
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(BRAF + -1 e — 198 202-135 3N-122 1N © N
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PO- Mwm’;} - 074 045-120 04T-131 88% BRAF mhiseor *) . 130 08)-222 077-242 12%
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Chemotherapy (BRAF +8RAF ~) . 142 105-100 210082 S4% Chemotherapy (BRAF +/BRAF ) - -- 159 279-133 3%0-120 0%
Companed o CTLA4 blocking (BRAF +BRAF ) 01202 458 8
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PD-1 blocking =) - 060 044-082 039-092 984%
4] - 081 052-126 048-138 821N
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4 —-— 1 057-203 043217 411%
(BRAF -} 115 185-085 175-070 W%
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— T
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@@ Cancer stem cells (CSCs)
e.g. Nodal-positive CSCs

9 Usgl el & UnBWedy s B 3 Yas Ud UW3 f
a U s a (Regbdnetdl., Z00jds Widle;glb tltayls U d
U3z U oigUdiiifiyqU "(Add a)f) B83)JA cd)” j s G dy Ur d,

OU0U;eoy3UsU Hooasg € 63 Ua 30U e usdlee Gelblclilsoe aa @
g Gyjyegas UUU;eoU03Uad eU0UUUaa¥Y3zUsdliglhs OpFpaeadU
UU0as oY (Ahakaetaly 2063
DM-
Biological pathways Genes CM subtype AM M MM
MAPK genomicsubtypes ~Total%mut®  ~90- ~T3% ~50-60% ~100% ~50-60%

95%

BRAF ~45- ~0-5% 13, ~10-33%3,  rarely seen 48 49
50%3.4 43 44.45 46,47

R4S ~30%  ~0-6%13, ~8-22%3 44 rarely seen 48, 49

(maintyNRAS) 3.4 43 45. 46. 47

NFi ~10- ~32-03%  ~11-23%3. rarely seen 48, 49 51
15%3.4 13.43 447

TWT ~5-10% ~7-48%  ~45-58%3, 44 ~100% 48 49 ~65-T5% 3,
34 13. 43 51

EIT (mut orgain)  ~3-10%  rarely seen ~3-36% 44, ~11% 33 ~7-25%3
3.4 13.43 46.47, 52 51.54

GNAQ ~1.5- rarely seen  ~0-17% 3,47  ~43-57% 48, 49 56, 57 ~1-12%3, 51
21%3, 13.43

GNAII rarely rarely seen  rarely seen 3 ~41-49% 48 490 36 ~1% 31
seen 3 13.43
55

MAPIE] & 2 ~4% 3 ~T%13 ~8% 3 ~% 48 ~-11% 3, 30
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Cell Cycle ~Total%mut*  ~57%3 ~T70-73%  ~00% ~83% ~36-75%
CDEN2A4({mut) ~13- ~20-20%  ~0-3%3. 44 rarely seen, methylated in ~50% 59 rarely seen 3,
40%3.4 13.58 50.51. 54
CDEN24(loss) ~45%3 ~18% 13  ~33% 44 ~12% 48 ~10-38% 3,
30
CDK4 (mutor ~5-6%  ~5%13 0 ~0%3. 44 ~3%43 ~5-25%3.50
gain) 3.4
RBI ~4-13% ~15%13  ~0-17%3.44 ~3%48 ~0-21%3. 30
3.4
IP33 ~15- ~40-60%  ~6-34%3. 44 ~9%48 ~7-13%3. 30
18%3,4 13.43.58
CCNDI ~5-13% ~2%13 ~6-34%3.44 ~6%48 ~25%3
3.4
BAPI (mut rarely rarely seen  rarely seen 3 ~70-83% (but the great majority of metastatic  rarely seen 3,
orloss) seen 3 13 UM) 48, 49 30,51, 54
PI3K/AKT PTEN (mut ~8.5- rarely seen  ~26-28%3, 44 ~6-11%, up to T6% with LOH 48, 60 4-25% 3, 30,
orloss) 40% 3.4 13 31,54
Number ofmutations DEREy  GHRNRY G o L
Chromosomalaberrations N ) - - -
Transcriptionfactors NFKBIEpromoter ~3%3 ~15-33%  notseen3 NA rarely seen 3
313
MITF ~10- rarely seen  ~13%3 ~63% samples are reported to include ~5-25%3. 51
20% 3, 13 deletions or amplifications in MITF 48
18
Telomerasepathway TERT (mut ~85%3 ~83%13 ~0-45%3 44, ~2-0%48 61 ~3-13% 3,
orgain) 46 50,51
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Growth factor including,
FLT3, PDGF, VEGF, KITLG

KIT mutations *
AM:-3-36% MM ~7-25%
GNAQ/GNAT1 mutations UM:~11%  CM:~5-10%
UM:85-92% CM:~15-21%
A ~0-17% MM ~1-12%
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BRAF mutations '
CM:45:50%  AM: 10-35% MEK1/2 .

MM:0-21% UM rare
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Gene

Gene Description

Relevance to melanoma

APC” Adenomatous Polyposis Coli Reduced expression increases cell prdiferation without
compromising invasive capacity
ASC/PYCARD" PYD, an N terminal PYRIN-domain, and CARD, a C- Expression inhibits tumorigenesis by reducing IKKa/B
terminal caspase-recrultment domain phosphorylation and inhibiting NF-kB activity
AS3MT Arsenic (+3 Oxidation State) Methyltransferase Unknown
ADCY4 Adenylate Cyclase 4 Unknown
AKR7ZL Aldo-Keto Reductase Family 7-Like Unknown
AK3 Adenylate Kinase 3 Unknown
BRF1 BRF1, RNA Polymerase Il Transaription Initlation Factor Unknown
90 KDa subunit
8sT2 Bone Marrow Stromal Cell Antigen 2 Unknown
coL11AY Collagen, Type XI, Alpha 1 Promotes tumor aggressiveness via TGF-B1-MMP3; part of a
12 gene signature for melanoma diagnosis; associated
with focal adhesion
CMTM2 CKLF-Like MARVEL Transmembrane Domain Containing 2 Unknown
CCKBR Cholecystokinin B Receptor Unknown
CaspaseB' Apoptosis-Related Cysteine Peptidase Linked to cadmium-stimulated cell growth and inhibition of
cell death pathways
CDHI" E-Cadherin A cell adhesion molecule; loss correlates with high tumor
grade and poor prognosis
CDKN2A® pl6 Arrests cell cycle in G1 by inhibiting CDK4 and CKD6 and
activating pRB
CDKN2B pi5 Unknown
coxnic! pS7 Arrests cell cycle in G1 by inhibiting G1 cyclin-COK
complexes; expressed in proliferative melanocytes;
possible role in melanomagenesis
CDH8 Cadherin 8 Unknown
CITAPIV Class Il, Major Histocompatibility Complex Transactivator, Acts on IFNy pathway
Promoter IV
COLIAZ Collagen, Type |, Alpha 2 Loss may compromise tissue integrity
CcYriBi1 Cytochrome P450, Family 1, Subfamily B, Polypeptide 1 Unknown
CXCR4 Chemokine (C-X-C motif) Receptor 4 Unknown
DiL3 Delta-Like 3 Unknown
DDIT4L" DNA-Damage-ndudble Transcript 4-like Loss results in depression of cell growth
DALY Erythrocyte Membrane Protein Band 4.1-like 3 Unknown
DAPK” Death Associated Protein Kinase Methylation higher in metastases
DNAJCTS DNAJ (Hsp40) Homolog, Subfamily C, Member 15 Unknown
orPIV' DiPeptidyl Peptidase IV Serine protease involved in cancer progression; dedine in
serum activity in melanoma patients compared to
conurals
FRZB" Frizzled-Related Protein A metastasis suppressor; inhibits Wnt5a signaling
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Uy UgasdUosocsé¢e UmdBddBrvrgU UgUl he ) @al sdBd s@dmdlxsUUs ¢
G0ds 3 eglasU ooadzdaeflUusyodipligqg=sy cedidoecUsJyghHUd
o Ul e jollililesmyr g a5 o e UIEAIUOVIONBYs3s taeilBA)B e £ Ufe g Us G d
UsliosoogUgURUU3s UsYasod Uxs “~jedlieast 3 oalUs Usc
aUUUaadahUU) g 29 Uil 30U d3U oy (ledw ialiss Utiidnge diJasb o soaya6)3 !
ge3Y “JeUCpsGodscceobipse Udle WnlBmlbeald sRAFVEEUC G v
ool ¥EH)JUdd UOUVUeatpnda U 6 eae yecUs U gtUtUsoeysl
Us 0 9 alhlUlsd el ¢Amveanetal) 2016;Chengetal., 2017;Cornicanetal., 2018;0Orchardetal.,

—~ Co
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2019;Vannietal. , 2020). Jj36eaY, ¥vdUsW®jygPhdgmaladad)Usiles
ycBpdioecogFFBBU dfUas } deoas asaf p U lmsmglsdd) qs) Gyl dU slelg
UsaesUgld Udd eU0UUYoaaUsdd Uec @ golmblpiaasge 0UcgUdg]
byjed Ues " Uyfhs, Us UsUalyddovsplédye@U@oaUalUdoBy
99U oa93990e Gjeidd GUU vldesBsoBwsU8ecbtiea¥h&ApgoUbl
UgUes Uds "~ jee Usose.

ioUed®doUvy (1ds ¢} dislm  =a @ a i BIpbasz4800RdatTilne PCR (CE-
IVD). KA o  xgbasDNA SdmaplePreparationKit, 180 eL DNA TLB (DNA TissueLysis
Buffer), Ue 75 U U’ ®&loPK{Pictethapek p-g 6 (i 9 6 ), 8 8 @ sMBB(OINA Wash
Bufferl), 5 0 @ WaII ],2 0 . DEIA PBB (DNA ParaffinBinding Buffer), 1 0 . DEIA EB (DNA
Elution Buffer), 250 ¥ o d 3 FTeeaUBT 5 5 0L, RXNMIX (ReactionMix), MGAC (Magnesium
acetate3x0.15 mL) BRAF OM (Oligo Mix 3x 0.13nL), @ 5 ¢ ¥ BRAFMUT o UBRAF WT,
DNA SD (SpecimerDiluent) 2x 0.13mL.

T Ei GUUGd U9oUBygyrewsBwWals GUe osaalsalUf Gi GU0UdeU Usy

DNA Tissue Lysis Buffer: TridHCI buffer, Potassium Chloride, 0.04% EDTA, 0.1% TritorlGO,
0.09% Sodium azide

DNA Paraffin Binding Buffer: TrisHCI buffer, 49.6% w/w Guanidine hydrochloride, 0.05% Urea,
17.3% Triton %X100)

DNA Wash Buffer I: TrisHCI buffer, 64% w/w Guanidine hydrochloride
DNA Wash Buffer II: TrisHCI buffer, Sodium chloride

DNA Elution Buffer: TrisHCI buffer, 0.09% Sodium azide

Magnesium acetate: Magnesium acetate, 0.09% Sodium azide

DNA SD (Specimen Diluent): TrisiCl buffer, 0.09% Sodium azide

BRAF Mutant Control: TrisHCI buffer, EDTA, 0.09% Sodium azide, < 0.001% plasmid DNA
(microbial) containig mutant sequence, < 0.001% plasmid DNA (microbial) containing wild type

sequence
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BRAF Wild Type Control: TrisHCI buffer, EDTA, 0.09% Sodium azide, < 0.001% plasmid DNA

(microbial) containing wild type sequence

BRAF Oligo Mix: TrissHCI buffer, EDTA, 0.09%Sodium azidePoly rA RNA, < 0.01% Upstream
and downstream BRAF primers, < 0.01% Fluorestaintled BRAF probes

RXNMIX: Tricine buffer, Potassium acetate, Potassium hydroxide, Glycerol, Tween 20, EDTA, 5%
Dimethyl sulfoxide, <0.09% dNTPs, <0.10% Z05 DNpalymerase (microbial), <0.10% AmpErase

enzyme, <0.003% Oligonucleotide aptamer, 0.08% Sodium azide
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o Yoge U 39856 add (>

poYoageU UsdUshadd oaUs sle jye Ushadd
UgURheBUHU U4 0013 €20

Cobas 4800 System Microwell Plate (AD Plate)

Sealing Film

peose UlUs aldmL Gvaes Ud

NanoDrop UMVisa Ul e UUs vy URhe UUy @

jioed “9 UULs (tips)

dyadsayYoasU eppendor f

UsUuUgUey; Ud Vort ex

=4 =4 =4 4 -4 -4 -4 A4 -5 -

2413606yt U®E)]e Ua U
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¢ UselGeytUscdeUalU (I HC) UasUs e€95U Ugyy¥yd o6y} d
GoUosvytUsoeaegid aUs Uy UgsdqUsesoasid Goees 8id (Jaiswe
(Coons et al ., 1941) . FUds | HC, 3ar3q 0 9 esay’ alboaii s’
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Uy UsaUoyd, Ud eydelie LSAB aUs Ud eydseilise ABC.

¢ boseUasd UasUs bsUUecasd cUedeci e€a6)sUsci bYyc
al ., 2010). ¢ UbstasdaWaos Us) Begad jadUsdga gU
h vd oaUs d aU; U UUbsltasd, eUo¥Yad GgooyBdel add
(LSAB, Labeled StreptAvidin Biotin) UasUs d .
"Uy heactdt)l BaBC, U'h Uds 6 ealU usUlGyy Us GUes HKUc:
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Streptavidin

v / Enzyme Complex
Biotinylated >x<

Secondary A

Antibody v

Mouse/Rabbit

A +— Tissue Antigen
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x K tUGd 29U 4 min

x KGUyeesoe galUd GUUoR3Udg UsUsityUaUdyasg e aU L
x K 1 Uld 299U 4 min

x j3eda0d Uesg UltraView Universal DAB Detection

5 GUay UGd Uxs UsUsoalUselUsaslifhy¥a “~aUsat s U f Us ¢
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¢ y3389U0 Udd PCR bUGasgUOUUs U e£9U0 GUs; ¥ uUsUlia
Ujcooe dy¢e Upadeolmud W5e 60 UGaU Uy YOdd UeoasszdUt :
dUjegoa} UdaCdbalBgdUd 2dU) ecoy Ula Tady YeddgYUdthe @
D? | UsUeso3i UUUs €U0 jgdesdi Bpxgfp Uji¥kagge Gi,Uc®gpol
(dNTPs), bBGWUYssd G(cligddtsy oUs 3 Uy f.

¢ U e &£ebms?t800 BRAF V60CE mutationtestUa 3 Us esU UsYagld bUGsC
UsUatjyUGd “"eageU)yYaddd (PCR) GU “~j UoeUUsoaf 64 h
UoUosvytUsoe cldaliigs UBipuplhs édig oed UsacsUgadd
"y vyUccoocBRARBVEIEE BY U 6c cDNALIY®A>A) U’ h e6835¢e8 685(:
iegyefhad oaUs GUUdU; e esdERPEe g ohe dasgeg U U ddipw
Hi stoGeneX 295U Uds Us 8rAF 00U cU v U oY B rtals: ¥ 3G @
oUjoas3redUpdsldigfe 3 Ui eeasa U (NSCLC).

¢ ¢y dreaitimegP CR 6 dGoe e 6 ailioe Uylise W 3 (B diel fresets sUapley ~ U s
Usalegidd UddiUfeedacglsaUfses ~eslGaeUsah “~jJellUsG]y
"3 UoelUUs@ghepgdhasdl@udiWdaGdd 95% osU UdsBRAF3 aG 3
V600Ea Us 7 0 % U d BRAFVEDOK&addrson ¢t al., 2012

g “JrvyUheesgaae " UysycUs (GgseesayY UU osvyaUy ~y30U
1.0 "elUsYUUsd (Denaturation): U @usYUUsd tUUaoeUU
288 aaU aUGsUlehd (-AenpdUTfTaUd@ae UbdnBifc dgCR DNA

3Tgeas 6adid (Cyclinghd UsgosmpiflUsadaodyadys DNA

-

4. desad (Melting): Us¥Yeagld oaUe iadd Uesdd osU
"1 ey cUU0Us-tUGlF Us DNA

5qi 3d (Cooling): yiad Uesg dUjecgoagoeas 8sdUe
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x e3ostuoMNAUsHH Useyd Usg £ oo saRPPE:d)3 slege acidk) yralicd
stockU U-35:gml ( U” e it Ua Upgnf)jFges s U2 ¢ Usd Ualaelaed “~a6lAh
UU tgZ 2 65afasng kediluionof DNAstock . Y3 RalUsUUs 029950 cUsy 65
oaeyd o063slUsrvreUUsaesi DNA, 3Usasszt 30U0Ud U f eal
"Uyosycegs UsgevYcaillUBB), BowUoUgbdeto¥al cUUYoo

x PCRUsallicgliq olDNA WOBheas@gid ) edd GgseUosodssyells
(primer§ o Us Uie @6as2836geaUcUstimobedi de Ui dit UG &3
GdejyasegilUd ocipwBedy a¥idec ®f oofle Uy 3 wWBRAFVOPGd U
Usadocseguanded (Ust Ue G Ui UU,) o&/606E 8 3@disxd Ulla@ e

J3y)} oUsU Uesmn cbthtids8 Us j ¢ 8 ¢
igosegaegosaf Uassease UGrUU)saY.

K o5 aye3, o295U Udq usU

TUdi d Ue DNA Gg3UadUUUs U oa¥dU osioaa, dq "~ elflU
Usg “j3eyhslUed DNA, Ue 6 8ae oaUdejaslUOUUs U f
y30U00d Ueg Us UWe gfel)sbelha Gy¥sUly gUlgsd WG g SJERABMBEP® 30 U
"3 eluse)yaslUUUs GgooejaseslUUd UgUhR Ue oaUUL Gas
U3 a6 3 Ug lidtypdd BRAF fi w

252 YUsy Ue UUsoafh eyyad

] 1 G6G90Y, GU0e GUU uUUsoevyYUys U seayecddoaUs s0Ueaas
UsgayYeoallUs3s 50% )aillds sxmystalyd ol a0l ddkgloaas dd aydiag
U sUUgedUa d U eehsxvyid Uesg DNA.

x | "eehakdlai eas0d DNA U ' f tGUaoeUUU saUsi FFPE

B sGUfhd "6g "~ UysUaclU oaUjoesszsay¥Y oi Gy Ue Uliced UY
eyoosllUeg “~Yeegd o5Use migeae¥siddB BPE)Y y 3 Usl. U ealede U
GgsyecUsU Ues ~jyvUhowmdae UUdBU =yaddl dalt hieir selyr
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eU0U0GU0UYOUsd o) Shaineyat, 2315 P 0d Us U aNiebsenetdly,s a0 eal ¢ §f
Usd 305 usUlGey UUsayd "~ Uys UL GUsd 81 BRAFIVEOOE 3 ,

oUs d eUU0UYOGUUGd eUUs UysdqUsoeae 99 UBRAKVEEOKUYxada(
G0 Ua¥YceostlUesgd UGdU3Uade @®ms dJ6 v O l[Bdehpedindgfal(leoip;q Uy U
Nielsen et al., 2018). A" 9 &y 6 3 , Gde Va0 ¥ GhUBddgIeUc g s6iags sl
eU0UbaddUa GUds "6y UaU Usg 63h3eg U egUU0Yaal
"y vUe Udeid UGUaUd. K alidd, 69 Uy UgsdUyd Usue
tdaUte Us oUosesfhd 3U egayemdldaelo yddeliddg) eedlh eyUbgdi t
GO0leeysaeag Uesg eUses3UsalUeelUUed Udd 3U e€d3 Uszscal
geUaUss0i UUUJ U (" .6. UUaoeU Uosdddeysasg aUclGUlys

¢ eU00yaU0UWOdei waldUsUs UaU dadlsesehUdUUd GUe eUa¥s
dUj; U UgUs,aifg (kB8 Rcaed UWEUY) ¢ Dp@dmbitbests al ., Us
BRAF ¢ UUUaaY3Urs GU0sd ¢ UdDla Wit W@ydee tevBUB 506 U(q
GgldL j Vygagygs &3 yadddmemm Bdt d U3z U° Ui (0 U Gdlenbindetal.e Ua ¥z
2012). BetlBikbaedloas¥hdt Uz U atdd UGgeGyrsalU GUesgd f:
UddUsit 3 U ¢0U0U0GUUUs o E geobawa wee W 3 (U, 6 dadbh Ul 63%) .\
"} AUgt'BRAF j} yUs  UdUo BRABVE0DDE O UG UUUseayd UaaaecsL GUs
Ui BRAFe UUYaaU3d U 6oalUsiUs &Y i @g=m 3, ) Yide VBd e 6 W
UGgetlyaaUd eUU3 GdeUsUsay¥Y gydehUU; a U0 U0UBHd Ve
Usd y3s "~ Uys UL GUsd ( etelUfR U a Usg Ggshasg :
[Gie U Usd 19 " Uyps UraUsd ( slGcectUf UIN¥®e]Usd
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eU00GBU00Us0e UGUaU.
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eU0UbadURhUqUU GUe ) HUB4 3 &Ud @ gg WiBgssingketas UGG U
1998).; "t aUs U y o HIMBAKGJ dii slWe e G UL dd o U RoohaRodrigudzetalU oy Uc
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Yosrvr@GUed y¥vd Uit} U edeUsslefhd eUU0UbYaaUs Uss
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OU0Usi Udd 3y yvUes Udeid UGUaUdg oUs Udd Gge ad]
sUGey e eoseddal Us U eUyaUGeU 0GUes3s UseslasliUssHh
eU0U0GU0U0Usoaed UGUailds ~UbhlUl j @dd®300 aldld &NBAGd Ud)3a «
Ualy YGUda U 0 Ue 3 s dedgd ehyBoss 3afillf ((UkUUre3UB e Uz e bYO U:
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] "33 esU UgUed e Ueawdidd) edlU8s dU Gd Bywa BHadly®ils Uc
"898 0gc3Y awslUpssatgdlzxdiiGe ¢ gfle W@ Ulde s ; afElbdef Reabime

PCR (Cobasmutationtes) . ¢ €83 9Use UsyUUGd ©vUUs "~ e6doag:
"} hUgoldstandary stsUaUU; U GUe e0UUGUUUs sl celgas W3 weall
(PCR) U gUUaUa Uds oij}sU eydeildy eWmma Bg Gedlga Uk

e @WUUYo>BRAFVBOOE Ke (GUsaeUs Uds gy BW)d olgpUsddg
UsitisahUdUE QYa®8ofm)dqUU Udd ecUdhlUcgsed) BEBdled sl
U3 s 63 Ui UBRAFRRVEOSK, ERARF V60D, BRAF V60&E2 ( Ug Us 0 & ®)U. 66 gyd
UgUstGddaGaU U sUyy Us Ud usU; Uisdadd Udd 00U} 6oy
Urs UsaUoit 3 UgUed aUU0UY Ud uws3tis Usdls Uad Wesydss
YooalUd cWBHe@hUseg@UHGe, d Us¥Yagld | HC UasUs esU0 U
Us oUoestHBEY HBEBUadUa¥YestUd "ecdhUdqUU stUsi oaUs ¢
Urs eUU0Weltbyadge DOUU Udd oatsUd WU Ukseleadd Uliadg ¢Hflo

UsU00YyGUsd (O Brien et al., 2017). HYaUes3UaUU0a
GUGtd eUedafhUU; e oahaUcd GgooayslUsay U Ud e6y 99U
Uds U Usoafsstd eUecassreysrs oUjo93sat 3 oagUUY) v:
Uds “~}BRADGGa s0Usaf UUaoeRCR 69 880000 doNaOs &g
"8omlUy 0939013 oaglUUY) vs3. OsUd " Uyseystehd Udd
Us UsUsofhse U " Uysecyd 3yoe}rvudd Usg Hoossg. K
UslosaoahUdUU Udd e UBRAEWHE s Us Ud o &8 § 8 WbERAFdVBA0K 6 3 Ug
aUdid s UGdU3zUad €U UgUe Ud e0UYaaU3zd € 8} 6.
UsUGUesayU BRAF. K eeys3yd, BRABU Ug BydddieehU ,o oels W de &
(PCR Uaad8sages sliasUs U Uy UaUdbed vass @ UliBRare ¥ dicessU ghil
3U U eoeaUstUsis yUgutd dUOUsayY U eUUeaylGeUUU e 3
et al., 2018Nielsenetal., 2018;Vannietal., 2020).
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U UsUUaUUs "3 HGdUOUd teoascee HRUUs d 63t 0d UasUs
£c63B80ar390ciBRABMEDbGUYHBEGYUYmY ~ ) vyUhoesaoaaU. KasUs
Rapisuwonetal. , ~6g U soabUbUsisegs Uds UsUoBRAFRHELIqUU
GU0ds o@a9390e ~jJUsaUsoe. FKEgooUsajyoseyslU, 85 U s0Uc
eU ¢000G00VUAEBE epowgreds s0UL 3. ¢e UUaoeU Udd
"18doegey3srd e839Ua¥Y oaUs UlkpcdlU bBrRABNGSE. Ujqdidlasnh
OUdUyehalUdalU d sityU 30U UaUoscdUa Us atuse uUUaoel
dU8qUU Usg U cHWayscgUdd dUddgd yoUb UBRAE Us Wa
GdeUsUsoae Us¥yYoaUeyd GUe ¢ Rdpisusvordial,@0l6)g3zeasosed U s

¢ Gged¥ysaU Urs usites Usyiddfeidy 3G Ued(B3U 3 U18@% it 'Us Gysyallgha |
Ggedrvd8m)d qaURae, Us U sl die @ b Bilrsda Us "Gaela U d
| HC eUUs dUUsse oaUs Us UUGU Cobas eUUs U} 3dUsc
Us U eUyoPOReUs UdgastOsod doUley &ihUUsU GUd us U

[}

UsUatiy UGd Udd eej3sUsed ¢ UdHh i cBRARBMBOOK BRAFVEM Us U
BRAFV60E2 .EUds3s ~ Uy a UxGd UgUe, Ue usUlGey UUssah U e
eUdhuseg Udd UsceclGeytUsbdqabafUf UHO)Y3 380868553001
U eUyaU00ecU UgUR U  abUb Us (Sehitosiélal., 2616;Nielsenetfpl., 2018). b 2 b 8
ZgooaUoay oNiefsenttal. es0Ud eUayUd Usgd U aldd uUsU af
GgoalUeayseysae "~} AUg 68 (HCUUA)gfp diavhe 00U ¥ &Gobasld ¢ O 0
A o oySchirpsiets, GdeUavyGUs GgelGyrsalU GUU U eUUayi
("eheiye Gr3aald 92, 1%) UaUU0UecheU3U tUaoelUUU U
U @Uya00cU Udd Use@eytdUescdelUalUd oaUs Uys3dqUsahf
Us ael0Us stsUalUU0; U Us o2Uoseshd HRUs @9 eli a qidias
"6g UsasUs GeceasUleh. zU ¥YoalU oahosU, yj3cUOUUs
UddUsed Usli)YeUs y3U eg63Ulisafh g AUg 6 Usg 983:
Uy oUGaUd oaUs Uz eUalUUeddodoffllqine 6@g PgUg UdqUs
eUU3s 97% aUs 98% UsUaGUescU il0960 milieo ®83 Uiga W(
(Longetal., 2014;Schirosietel., 2016;Nielsenetal., 2018).
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GoUdylGoaed ~ })vUsd Udjes gUalcBRABE B&o U UHEBUG3 Ugy ydc
Usgoaasgi ddudU d e6)sUse UsYagld e¢U Goas ' fh 3U Ggooy
"Uyei GU egUayUd eUdhurs. jJlOGgelGrsal GUs U eUyall
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