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Abstract

Cutaneous melanoma is the most aggressive type of skin cancer. An in-depth understanding of the
complex biological processes underlying the occurrence and progression of melanoma is crucial for
advancing the diagnosis and treatment of patients. Given the poor prognosis of melanoma, emerg-
ing technologies for melanoma diagnosis are undergoing transformations aimed at improving diag-
nostic accuracy, predicting disease progression, and enhancing prognosis. Morphological clinico-
pathological classification is expected to be replaced by more precise molecular classification. With
the advent of validated, convenient, and cost-effective molecular detection methods, molecular
diagnosis will play an increasingly important role in the clinical and histological diagnosis of
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melanoma. Artificial intelligence-assisted clinical and histological diagnosis is anticipated to sim-
plify and optimize this process. This review summarizes the latest advances in melanoma diagnosis,
laying a foundation for in-depth comprehension of current therapeutic strategies and the principles
of emerging technologies, and helping clinicians grasp the key points of melanoma to improve clin-
ical decision-making.
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1. 51§

MR (Melanoma) /& — FGEYE T+ B ORI ACBYERR, HARHLE IR BMZ MR, Bk
FEPALT R B —M[1]. LR, SRR, SR 2 UL SRR S5 XS R, O R AT R
FEASERVE I AR TH 2] PR 3R B R B R A R MR 1, PR AR B, RS2 in @
FIERAETTIR[3]. Bl X B (O Z R R R A 2 R R R N TR, L2 G T UG T . s BER
Tel BR32 W A P BB AR B TR A R AL R 5, A2 R EIL EE SE ARG HE R 2 T A BRI B, um B R A
RO T 5

KGR T RORB MO it e, ARG IR, HIURHY . N THREM > T2 kaE T
I, GRS RS, B TR IS W B RN SRR IR PR D SR 162 25 2

2. iGFRICHT

A ZK AN M AR 1) o AR T R B R AR E AR e, X bR S HARA R R R R RIA B AR
PRAADR[4]. VERIRIZ W TR B IR Y B0 B, (0 Z0R A2 BT 5 LI PACAG: 25 w3 3 B Jo TR
TERAE FZ WidERATE, 3 RAEARRERE AR T 2 0 B 22 25 SR RO RE, R AR 75 B 2 AR [R5 IR
S8, ELFE VRN 3 FE AN [FIG AE EE 0 B R AR B ) S AT A SR BB SRR B B BRI T
RO Ay R 9 FAFEEALS],

I R (A5 A8 8 R AL A K R M SR (B AT R R B R [6]. N TR SERAS, R T
ABCDE #3#E, CCAHB B ERR A RN EZE T R, ABCDE frdi 8 FIEA TR, WA,
PUEAE, ik BEAAR(>6 mm), LAK R0 AR B B & A 2840 [ 7] . ABCDE  &-An i (R SO 43 A
57% 57% 65%-+ 90%K1 84%, HFFMEDHIN 72% 71%- 59%. 63%FH1 90% [8]. ABCDE Frifk iIHklk
ALFE RN/ DL R AR i SR 0 2R TR, b1 ) 0 0 2 B € 3R IR 45 44 A G 2 1 B R [9)
NSRS WIHERA T, 323 B LR I IS A A R R BB A [X 40 S € 3% R 5 B €0 2088 T B 11 7 SR AR
S B 1) R R R LS 2 R A A A FR . A4S, JES R g 4, SRR GE M. B
1 4574 DA KB g 28 1 A 504101

3. HEAFRIEMISHR
SHL VR I SR A SRR R A b, SR A T e BB LA A 5 T R [ A R B AR, (EL

M
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VF 2 RO R — AT B SR A SR BRI, 5 B 2% 50 I ) Bk B0 OGRS E BRATE T AR O A,
X T30 BRI ORI B A, W) 2 7 B mT A R AR I8 ) DX EA T 3 43 OORE , - P1fi B8 £ 25 20 AN R €0 3R 4 A )
B AR B R B ARAE AR DL S 23 s B SRR AR NI PR I2 BT [ 1] T S A8 4 I 200
B2, WEH Breslow EE. itdzr. JHIB B, Hes 40 M 4770 SR SR A 8 9 A8 R P [ 12]

EVFZ BN, JWEES R Z RS W 2 R UK. 1A, 7528520 5l i 52 R3O\ K B (]
kS T7. T S MBURAL 7B ARBRSH, 15 B EREE R RIS n] gexn B2 1 AR . R
BISGEE S W, AEG 8 2005 A0 A 28 68 3008 I HER PP A TSR R . B 2> T2 W BRIk 25, i3 5K EAE
) BORE R 1)2E T- 0 T R B2 WA 13 X0 T-BE ], 7540 203 =12 W et b4 DL e e 20 24k 2%
Ao Rrl o] e BA EEAMME, MAXEARGIEEIERA LS . %A 45 (Fluorescence in situ hybrid-
ization, FISH). #E [a] P51 7 DA Je i PR R IA 1% 43T [14]

4. AT ERESHR

A 455 BRI (112 W (R T B2 S R T BRI ARG - PR AL (H&E) Gt 4300 v, X M5
EAETEER S K S Wi 22 e . FE TR 1A) S50 0 A0 N BRAEHUE BABREEGR S[15]. N TR RE, JUHZIRE S
SIEYE, e A B, FOH B TR B A D) R B G IR ERHE, AFE ARSI R, WInE
BB IR BRER[16]. 2 WU AR, RIS S BRY Rehs S0 SR (L 30 5 RS, B BRI 73 B g [X
W KRB H RS, E AR R B AR, B 30VE 0 R IR IE Ik B2 41 B (Tumor infiltrating lymphocytes,
TIL) [17]. HAFHZ M4 (Convolutional neural networks, CNN)J& 5 5 F FITR 27 21 288, K i 0 HE R 1 4
VIR BUG S 3 s I B, A B HGEATRAAESE ORI 734, J o AR AR P A7 PRI e i) &6 R 6 LR o 3
PIR B2 W[ 18] #50 Fi A F 1 Grad-CAM 257715 i “# 1B, B S - A5 AE { HE 0 W B 4 4 1 [
B3, 5RO TS FE A AT AR, R IR DX 0 L SO I X & [19].

NLERIZW, Fenlie i T H&E Je 8 7m B EUR R 5 ), CAER A ERE AL 2 I
ARHEVETE ), TR LR S UL O e W Al o, AR BUR IS BREE. B AT,
FDA it 3 ZBAFRAER AL %, BWLAARR AL 5 I AL BVEVEA A, @ EBUE R TR
FHEAR 7 W 20]. DermaSensor FH S B Y1 70 AT BR A Nevisense 3 HL FH BTG 1M 2H 2 FH
Pt; SR MelaFind (R & BHPEIR 1) 22 0638 SRS PR AR KRR, 20 A — 45D 3 8 P (IR B2 40
G, SRR . =R R (KRR, T i REPE(Explainability) 2 AT 2R S5 =30
G R R OGBS 217, 2R, BEFW ALZWEIZ Ny “HBAE” 5k, HREEA MRS I uE
HRFARSE, R HPR T T IRREEESHET N st idat, 2O BRIE=J7H: RS
AR, Al SEHFIRHIERE HAE GO EIZ W iR R, MEDUS RIFRAETR bR PRER 5 8 5, BIARUTCIE A e 1k
IR, RZERIFEMEA B H 5 2R R T, RIESEM, AR THZ RERTHA, K%
R B R A e BRI TV 5 o AR, MEA RS NS BE 3. A AT TR HES) B R R AL
HIGUE DL A IR R, A RE SR R [22]. N TR RES B IERRD M — AT TR A F S e 1% 4 B 22
FH RIHZWR E MRS IER TR, Sel B, MER B ORISR TER.

5. 3 FiCH

HOFREMN 0 T eWIETE ZHARES . SRR EMAERANETT moE R g, O RFEERE R 4H 2
B ARSI FARTEIR, JRME G B2 W i) S EG, AR 2R, IR T8 SR
JE VAL TR A HEAR IR (23] JE PR 2 s Al e DR SR A% | 48 VUK R o S BB ARFAE, A BR (L 3R 1R 40
FIERARIRHLEH], S F W% 00 [24] . ZORMEAR RS R —4R 57 (Next-generation sequencing,
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NGS). 9IGIRAL A28 UA K LL 353 [K] 2H 4% %2 (Comparative genomic hybridization, CGH) [25]. T~ —ARill 57 Af
ATHI P N AR . $ DUEAR 5 (Copy number variations, CNA). Yetafk B & L2 figife 7w, T HE
FIRP ALy (40 BRAF R45A . NRAS AR | NF1 AR RN Fe SHL a7, s i R 2 R B e
B RAR G, #4r RAZ (A0 TERT J5 31 R IR RIUEA L, HMARTE MG —12WibaiE[26]. 26
JEA 28 A8 R R A0 B AR e ik Fr B, TR RS I L R3S L SR e S A, RAREH AT 6p25
(RREB1). 6q23 (MYB). 9p21 (CDKN2A)%, L T 4502 Wrsowl 19 (40 Spitz %), 1H Spitz FE W] fE
LY R RS R TS 00, 75 25 A LM R IGIE[27] . PRI R4 258 o M 4 2 R 4 % DL 4k, ATk
FE G AR IR I G AR R, 95% DA b (1) B €8 SR AP AE G 8 DL R o, AN 13% 0 R
B UICRHIE, A RLX 5 RABERAE28].

EARAFESRNERREED, HERPERARE, WEEBNEATRRRNLSEEEmN, £
FI W AR A X s B3, A% ORI AR 4 o 41 2346 2% (Immunohistochemistry, IHC). i 4
Ry BESH 5B SHUEIN29]. AL % RSV B O ZR R MEPUR PRAME. 2 B A
Hubr EX S100 Kb BB RIE. CDKN2A ZERF =) pl6 Skig Bk, BERMM I tirEY
HMB45, H 5% ) R PR 2 B —An SIS W REA FR 75 AL S [30]. &0 bR Sk X Ay J5 Ay B (R 08
S5 AAR[31]. TG AR AL R B 4 H5 oK 5 (Data-dependent acquisition, DDA). ##i |4 451K 5 (Data-inde-
pendent acquisition, DIA). LA JE 5 4 B O Af I HL B %AT IS 8] )57 1% (Matrix assisted laser desorption ioniza-
tion time of flight mass spectrometry, MALDI-TOF MS) [32]. ##& A4 a5 R S5 A mT [] i 46 5+ Fh B
AR A THE[33]. MALDI i Sg vl BT B2 7 R B s | oA, X7 RS B AR
JR[34]. A5 B Skl A I i g o R A ¢ B S bk, G B (Vimentin) 7 4 1 HE
BFERB RIS, BRIPEE (Annexin): IS 2REAE T 5 B ORI RMIC, 45 A H4 (Histone H4) 7
HRIB TR MBI IETRER, PRAME £ 5B (300 PR et R0k, AT X7 RO A2 [35]-[38]. Hilo ¥
W AR ARG B R 2 (Pigmented lesion assay, PLA).  YRARTE #5 FFE K R 1k 1 (Gene expression profil-
ing, GEP)fill[39]-[41].

I W) 5y B OO RS HETRIT R I AZ AR TS, 456 SOl G R T8 78 (NCCN) A 85 8T I AR iE
P, BRI RAE 73 A5 8 A 5% (Tumor microenvironment, TME)JI 8 73 BRI A —EM1e 2 & X,
T RS R A TG A2 BRAF. NRAS. KIT. NF1 ZEZOURBIEER, K DAL 22 2 B EEH
UL AR EHBIGIT AT IV BIRIEEIR 7 AiA I DA IR 88 [m)ya I 7 AHE(42]. AR A2 73 T 48 R OME A Wt
FUEHE, BRAF KA RHEFE AT, NRAS KA ) 2, Sygiayr s, #0705 m SRR E IR &R
KIT RAZEH AR R AL s, NFL RAZ & S v T 3 A B, SRR YT MEK S G S 16T
HRZME . MR IIRE L5 4 Fisr TME Y244k s v o7 NI, 18k 35 DR 30 vl A
B AR EER A FIWT, TE WA R ity T R R NRE, B2 S ia YT nlikbR, PD-L1 PHIERE 5
7 ORR M 5 1E/F WAL XU R B A TG B ANRE, BB G AL T 5.2, &9F VEGF mRIAE G
VEGF 272 G RW AR S HER 7 ) s F VAU Sy v 7 Ik S AHE, FRECE WA TR, BIRhR
BEMREFEAIRTT s D AR BB IRIT A ANHE, TR RS + BRI g, =240E
BT PR WA S5 VR T A AH SR FUHERE[43 ]

YEI T WER EEE AT RABME SR WA, T 3 DL RIS VAN SR, [RI T I AE
FLIAFR EMIUEA R« R pA 5] Btk S itEsom . BT S0 B2 WSk [44]. RRERBF LA
FRGTEHEAYE . RN N TR RS B S S W R DL AR bR B R, SRR
R IZ W RGN [45]
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mATREUSE, BB I

mARRA + 7 THRHME + BORMBLY M2 4

BB T, HAZURB IR 2SR LR 1) [46]. (HAAE MM, RABVE b a R A2 45 )
WIAESERER, MR, B AR A A ROR I RO AR X B m P 1 ocssc . RIS, AR BEf
B Wit — B4R T T IS WiARHEAL 580 . BRI, AT IS WA R A I R 2 bR B RIS EAS 2
P A i S P2 W S PR (47 ] RAGE L 2 A RHIME S BORBIH, A EMRS H A2 g A,
SCHLF ISR RS2 2 B S VR T RS HEDL O F AR

Table 1. Comparison of diagnostic techniques for melanoma
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WA & AR 2 e F A A Jpg L2212 N L e BhiZ Wi il
U 29 70% 75%~90% 95%~98% 85%~98% 80%~95%
RS 21 75% 70%~85% 95%~99% 80%~95% 85%~98%

BN AR i& i T =
FEIF 5~10 min 10~15 min 3~7 ANIAEH 5~30 min 3~10 M LAEH

ot 35 TAEHE PR HA /N W bRk WL FEETR S
~ ToAs 3 PR, L) RALTE T bR W NNRZE MELIRTT
[T AR To e F M AR 1 5 1= o = S AT AE.

KRR 5 IR 12 HIBUMEAIR FERT K fRREMEA HAT I =

5 HEEYID TR Al R HIRfIZ Jo3 L G W) WRIA R

a i fE N ) I3 A %5 ) Jet 88 43 4 FEZ LW R WEREIRITIRS
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