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Abstract

Objective: To investigate the clinical characteristics of primary diffuse leptomeningeal melanoma-
tosis (PDLM) in a pediatric patient and to elucidate the pivotal role of genetic testing in diagnosis,
as well as the potential of targeted therapy. Methods: The clinical data of a pediatric case confirmed
by surgical biopsy, histopathology, and genetic testing were retrospectively analyzed, and a system-
aticliterature review was conducted. Results: An 11-year-old male patient presented with headache
and vomiting. Neuroimaging revealed diffuse thickening and enhancement of the bilateral menin-
ges. Histopathological examination of the surgical biopsy showed melanin-rich tumor cells, with
immunohistochemistry positive for Melan-A, S-100, and SOX-10. Genetic testing identified an NRAS
Q61R mutation with a variant allele frequency of 84.7%. The patient received conservative treat-
ment and died two months after diagnosis. Conclusion: PDLM is a rare and highly aggressive entity.
Pediatric patients often present with non-specific symptoms, leading to a high risk of misdiagnosis.
Meningeal biopsy combined with genetic testing is essential for a definitive diagnosis. NRAS is a core
driver gene in pediatric PDLM. MEK inhibitor-based combination targeted therapy may offer anovel
treatment strategy, warranting further clinical investigation.
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JER S A 1 P T B S € R 3 (PDILIM) A2 HEE 05 T 9 T S 8, 2 4 I 1 v MK Ao 2 2 50 2 DAL v o
g, AERERZRL)EE 2000 T NF 1], JLEBFEFEN, H)LEMEMIRT 0.1%[1][2]. HEWHREM®
54 220 U8 SRV P € 2 B A S S B M A AR DG, TR 24 e 5k D ) M B B ek D JE T i, TP AL
¥, ImKIRIZZHE[3]

PDLM IR R IUER Z RSk, LM TR N 2, B S a5 el 6« TP TRV [4]. 125012
W B A + e 4Lk, (R0 s B E AN SR, 5 S A U B 4> T 0 AL [S]. WFFLRR, K
A PDLM Ll GNAQ. GNA11l RAAFHE, JLEMLL NRAS Q61K/R Fil BRAF V600E KA A3, H
NRAS #E RAL &5 ) LE R G 20%~30% [6] [7].

H AT PDLM 897 LFARIERE + SPE RN, BT RORE R, JLE A A 5~7 A8
B > T2 R &, B m RAS B RS HEVR TT OB FE ks, TG NRAS JEAEAH K1) MEK/ERK
TEERANEIR, ASCE B LBUS SR TRTRE. ASCEL AT 1 B EES ARIZ 1))LE PDLM i), 25
B SCHRER I FE 2 WA E SR R IT AT S, NIRIRSIT It 5% .

2. whHEH

B, B, 118, WO SRR 1 AR, WU AE 2 IR ANB. [LICH]E 5 IR A
eI, A N, AR PRI, & HEUK, SMBE T R B YD R URON Ja R FERAE . BRAEIAGE, TERX
JDR PR B TR B2 o
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Figure 1. Male, 11 years old, with PDLM. MRI with DWI demonstrated isointense to slightly hypointense signals on T1WI
and hyperintense signals on T2WI and FLAIR in the cortices of bilateral cerebral and cerebellar hemispheres, predominantly
involving the right frontotemporal lobe. These findings were consistent with the imaging features of hypopigmented PDLM
(a)~(c). Contrast-enhanced gadolinium MRI in axial, coronal and sagittal planes revealed diffuse meningeal thickening and
enhancement in bilateral cerebral and cerebellar hemispheres ((d)~(f)). Bone-window CT showed scattered patchy slightly
high-density lesions in bilateral frontal lobes and right temporal lobe (g). 18F-FDG PET-CT demonstrated patchy abnormal
radiotracer uptake in bilateral frontotemporal lobes, left occipital lobe, interhemispheric fissure and tentorium cerebelli (h)~(i)
El1. B, 11 %5, REAMIREMRNEEEEER. MRI+DWI RN AREDR R/ NNEIKE B TIWI F/HHERIES.
T2WI % FLAIR &15S, ANEFM AZE. FARERLEMN PDLM RERIE (a)~(c). FLILRAMML. FK
Ly RARNL AT I B K B 2k B N3k % & X BRI B H 8L B (d)~(D). CT BE R RMERT . A NFH D
FREEEEFE (g). 18F-FDGPET-CT RMMERF. ZMHEM. KEAZBX, MREBEXBEAF RS E T &
KREE (h)~>)
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KRG AT OGS, OUEE LSS K2R, B4R 3.0mm, XF6 S R, SRR V 2, sk /)
IEH, RS AR T, o Ik 0 30056 e RR B

SR ER AT s U MRI P4+ DWI 7 XU K Bk A /i >3k 5815 5, TIWI /AR 5 T2WI
M FLAIR w535, AWM ELIE R4 s Ui B ok g e 0 JE 5 F oAb (] 1). 18F-FDG PET-CT 7= XUl
BT /N DX R e e A, AR i i A e 2 I

M A RSN R R AN, BR BRI, RO E O T AR .

TR : AT H BRI TIBRA, AR WA U5 0 I s R i 1 SR AR i AL, JE 2 2 mm, 5
IO 2 T IMVEE R, AR BRUIBRIEAS . JRERET N A i E & Bk, BRSO, RIS, &
%45 WL(HE % 200). % 411k: Ki-67 (+£) 10%) Melan-A (+) S-100 (+). SOX-10 (+). Vimentin (+)» BRAF
V600E (-) (€] 2). S-100 Jeta R PHME R, IFSLAPEIMNEERIE. A 20 2EHEHE, 2 MWEaiss
BIRAFREFR R TIRRAPUR G ORI R, BT RER, EAFN2EA, UFSiE
AR Ak 1) B 2 A SRR

FEDRRT I - iy 2 2R AR 7 7R NRAS QO1R JEH AR, TRALHIZR 84.7%, AKrillE] BRAF. GNAQ.
GNAI11 SR K& 3 A .

BT KBV BLF BT PIT ERRETT, TROK. PUBUR SR STIRTT, RS Sk
SERGEME, BTS2 A H R E RGEEAT MR IE T
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Figure 2. Diffuse black-brown lesion in the right frontotemporal cerebral subarachnoid space, without
adhesion to the dura mater, with marked bleeding during dissection (a). Microscopic findings com-
bined with immunophenotype were consistent with melanoma (b). S-100 staining was positive (c).
Immunostaining for the anti-melanosome antibody Melan-A was positive (d)

2. AHHRKNETIERE M RERRE, SERTHE, 2ENBAEEME ). {T
RUNEARZRE, FEEAREE (b). S-100 FEZMAMREE (o). MERFRERE
FERMWEFAEE (d)
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3. XEEmSie
3.1. IERFFESISHT

PDLM 47K T )LEE e 40 B/ N, JLEBFH Z ke 1) LE, U BN ZE 9], O Im KRR I
NP R CGKTR XE L SR R R AE . SRS ThREER, IR SR, A
JLRI—E[10]. PURIRAER: A, V2 5 RIS A REGPEM I 28 « WIS, Mg AT X F Y S5 4
%A I 58 TRVE [4] o

SRR TR A T B, JUA MRI RPN RIS M I JE 584k, TIWIL &S5 T2WI /1K1(E 5,
RS EMK; TORAREIRICN TIWI ZE5S, 82 KiERE[11]. 18F-FDG PET-CT A &/~
kAR, (HOCAERBhIZ I, ASReRi2[12].

RS A PR AI0, BAR IO B T (R M, HL) 30%50 i H VR
PEANAE, ASREHEBRIZWI[S]. MEVEAS + S diib 22 ShniE, JSHEME 5% RN Melan-A (+). S-100
()~ SOX-10 (+), HH1 SOX-10 Jy i BUBHF T AR A, BUBIETE 97%~100%, R4 1) oA i 52 b 783 [ 131
Ki-67 FHEZE AT VR4S I B TE TS, JLE R B2 N 10%~55% [7].

3.2. EESERZONE

ot F 975 BRAFAE AN 18 (1) PDLM, S RS2 BHARIZ I 27 20 B0 O, ml SRk s BEAS 2 1 R PR A
H 17 CL B PDLM 775 B2 I AE B AH 58 70 FARFAE : BN LA GNAQ.GNA11 RAZ A, RALEZ] 60%~70%,
5 4 M 1 B e B AR 6] JLEE LA NRAS Q61 RAZ(Q61K/R)AE, H KN BRAF VO60OE R4, NRAS
AR E L BE RAF-MEK-ERK 38 B2 3E iR 4 i 9 5842 22 7] [14] -

A LK ] NRAS Q61R RAF, AR 84.7%, 5 CHkRIEJLE PDLM FRANFE—5, #—
AR SEHE RIS DG 2 B b4t FEERRS I AT Fis 59697 7 REHE, 41 NRAS RAFHE /R 7] R A MEK #
HFIBLIRTT, BRAF V60OE 2878 1] i F BRAF #IHI5, AASHETA T FE Ik HE (5]

33. BT IR EBEEITEIR

3.3.1. f&BGaTT RRY

PDLM BMEFEEE m, ARG0RIT AR 2 . FARUIER MW A, TERE IR, AR
HHE[R]: BT AR REEOT AR MG AR, AT EI A kL, (R BERE A AT, HL
H O IAM AR R[15]; I7 AR S . AT, R AN 5 e A 251k, IRIRSR A PR[9]. H
AT JLE PDLM FEFER AT i S T Re bt S s, TP AEAF AN E 7 AN H (8]

3.3.2. EEATTARHR

BEAG LTI FEIR N, B0 ) SRAR HE IR (R VR 97 BN PDLM VRYT A% 0 7 1], o NRAS RAZAH
RER IR TT B ELAF S :

1. MEK #1#171): NRAS 848 i@ it #i% MEK/ERK 8 #% 3K 5l 8 & A=, MEK 1157 m] L #22 BH W72 08
B, IR . DN RIRIEE R, NRAS Q61R 4% )L # PDLM & # T LB &% E(MEK 7)) A
NRANIC PRI B S IIHIFNIEIT IS, MANER I B4R/, AR A AR e[ 14], UESE MEK 015
XF )L NRAS 7742 PDLM (AR thsh, 568 855 MEK #5576 28 5 3008 b o R 197 /L
N PDLM 67§22 % (5],

2. STKI19 #II7): W7 &I STK19 il NRAS i MEM BT A 1, HEom i NRAS Ji5H: %
1% 35.1%, FE40H] T RAF-MEK-ERK } PI3K-AKT il %[16]. STK19 |71 A 45 5 PE k] NRAS RAF
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il

R4t i AR, 5 MEK $0H FRI6& 8 I v 39 9897 2, 9 NRAS %748 PDLM #4557 1Bk & 76077 5eig, H
AT 40T R A RF 7E B B

3. BRAF #li#|7]: %fF BRAF V600E %R74% PDLM ¥, 4E%dEf2. is4iE/e4: BRAF i &
MEK. il 77 7T 5. 2 $ it g A K, 76 B2 Bk SR R0 b SRR HETR YT, AR P IRM A R R RO R
J&[6]-

3.3.3. BRE&RTTRIE

HR—BERYRTT SN, CTOT + g + SR BEATRYT 2 )L PDLM B AT T R s T 4 A AL
G A A A RSO 42 S UM e, MEK H0HIFE R IkEE s, =F P ERRE mApik[14], Hz
VS B TR R AR IS R -

WA IRIT RS T AR AE T JE o JBUT 5 ke & sl I FI(ACTs) B 18 F ¥R, TFE 1 %l BRAF V60OE
RAR )L [ 17], A BEE v BRI X 20, #0155 ICTs IR FH Y 0 S A A R Fi4F . JLE ICIs
AR Z (18], HILRAGIE)LEDA R HAEHIE .. RFIZ, PDLM B )L S22 sk 1) 2 4w
FM%AE[19].

L 7 et S AR o TS T I B PRI A SR PR ELAGE , ICTs 7% e 70 IR, MEK #1751 fivi 27 32
YEZ AN IS AR PR EI[20], =FARENIFA—5, IR k4T 80R, 75 PDLM HBEAYEGIIE .

WA IGARIEPEAF7E /PR . Shahab 8 NI [ 14) 5B/~ EEA R, McKeiver 55 A SCRREIR21]
ARG T R EISO L. LS R B AR TSI F[22], BNIRIT S5 AN T oM.

TERPRR TR 2 AR R TR N A E A [ 25[20]: JTRE ) LERATEE VR, BE OB MATE R TR SR
JTRRE[23]; IRREL 5 P VR T ST BT R

3.4. £50iSHr

PDLM 55 PL RSN © Mm% A%, MRy, mEZiaTa
B @ WM A AR S, IR T AR B MR AR B MR SR SR R BRI A B,
995 T R A B AHAL TG S A R M bR S RIE . @ Sturge-Weber Z5 & 1E:  FEII BT ML, 45 247~ Mk [0 AL S
H[4] [10]o Fk BRI AT @ RASRHE I — 22 %500, W83 JC NRAS. BRAF Z5587AF, FEFE %5 i ol ks
MUESINE i E P SN

4. &g

JUER JFUR R 8 P IR S 0 BRI I R 5 L R 2R, ISR ISR Sk Z R S 1, B iR 2,
I AL IR 1 S AL R IS SR, LRI WA 7 T 0 . 4R SIRIT ISR, NRAS Q61 RAGZE )L
FE B % 0 FHRFIE . ARGEBALTT AR, BLTUE K2, BL MEK 01 A% O L G T A 1%m
WRBAE, “HUT + % +MEK MR PRGBS BULEAIY, STK19 il 755 Hr4 sy
JEEERT SR BT F o IGPR TG NSRS A AR, R SE 3 B R R DA I, R 28 7 MARALia )T, R
T2 O ATIE TR R, IS UERE AR T ) 22 A R A Rk

feEE
ATFILTT RGP REA S 5 PRI A 028 B 2 MBI BIL 5 2025-R613).
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