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(1. PREEFHAHZRLEZRER (PEEFHFRLEFHALN), kS5 EELETELRT, BRLRALE
FRIGREFAR P, @A SETERE, RE 300020; 2. REEFZRBHLR, RE  301600)

[(FZE] BW UM RASTEAS A RUR BRZ AL 1 I (juvenile myelomonocytic leukemia, JMML) [
FERHFEMT)G R FK . FiE BEESHT 2008 45 1 A —2022 45 11 7 [ 2 B2 5 000 5 Bei2ia 2 E
RASTEAE W) IMML BBILIIG IR RL . R A 34 BIE L, JEP ol NRASTAZE 175] (50%), Hi4li KRASTE
oW (27%), HA5RAE8H] (24%). 5 NRASHRALGEAEN B ILILEL, NRASKE &AM EILER A | 1M
FHEC G LML Z1 75 11 A9 4505 T 25 5 AT Ge 2478 30 (P<0.05) . Cox Ho M5 KUK [T AR B 4347 s, 365 0l T 20 3%
1 (hematopoietic stem cell transplantation, HSCT) FIFFIK (1R 2 em) 2520 RASZE7E A9 IMML & JLAE 77 3R 14 A
F (P<0.05); AR MEE HSCTA IMML BJLAAFRIHE (P<0.05). 48 NRASHE AR B ILERTIR M
F NRAS 452725 (6 L. NRASE G287 B LAEwn2 T, AME L/ IMERIG LT 85 (1% 53 NRAS BRAli 5875 1L
T2, WHZETIER /NS RASZZE IMML B LTS A3 . HSCT Al it RASZRAZ IMML LTS o
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Genetic and clinical characteristics of children with RAS-mutated juvenile
myelomonocytic leukemia

CHEN Yun-Long, WANG Xing-Chen, LIU Chen-Meng, HU Tian-Yuan, ZHANG Jing-Liao, LIU Fang, ZHANG Li, CHEN
Xiao-Juan, GUO Ye, ZOU Yao, CHEN Yu-Mei, ZHANG Ying-Chi, ZHU Xiao-Fan, YANG Wen-Yu. State Key Laboratory
of Experimental Hematology, National Clinical Research Center for Blood Diseases, Haihe Laboratory of Cell
Ecosystem, Institute of Hematology & Blood Diseases Hospital, Chinese Academy of Medical Sciences & Peking Union
Medical College, Tianjin 300020, China (Yang W-Y, Email: yangwenyu@ihcams.ac.cn)

Abstract: Objective  To investigate the genomic characteristics and prognostic factors of juvenile
myelomonocytic leukemia (JMML) with R4S mutations. Methods A retrospective analysis was conducted on the
clinical data of IMML children with RAS mutations treated at the Hematology Hospital of Chinese Academy of Medical
Sciences, from January 2008 to November 2022. Results A total of 34 children were included, with 17 cases (50%)
having isolated NRAS mutations, 9 cases (27%) having isolated KRAS mutations, and 8 cases (24%) having compound
mutations. Compared to children with isolated NRAS mutations, those with NRAS compound mutations showed
statistically significant differences in age at onset, platelet count, and fetal hemoglobin proportion (P<0.05). Cox
proportional hazards regression model analysis revealed that hematopoietic stem cell transplantation (HSCT) and
hepatomegaly (=2 cm below the costal margin) were factors affecting the survival rate of JMML children with RAS
mutations (P<0.05); hepatomegaly was a factor affecting survival in the non-HSCT group (P<0.05). Conclusions
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Children with NRAS compound mutations have a later onset age compared to those with isolated NRAS mutations. At

initial diagnosis, children with NRAS compound mutations have poorer peripheral platelet and fetal hemoglobin levels

than those with isolated NRAS mutations. Liver size at initial diagnosis is related to the prognosis of JMML children with
RAS mutations. HSCT can improve the prognosis of JMML children with R4S mutations.
[Chinese Journal of Contemporary Pediatrics, 2025, 27(5): 548-554]
Key words: Juvenile myelomonocytic leukemia; Clinical feature; Prognosis; R4S mutation; Child

A RLORL BRZ 4 I 1 I S (juvenile
myelomonocytic leukemia, JMML) J&4f & T2 4 JL
1% 77 0 5 B M IV R S T, B R A ]
I BALAZ 240 6 P A0 s, B AL SR B A
JOiEE L 4a K ZBIMML B LAEAE RAS/MAPK {5
S AR DGR AR S Y S i i T 40 A RS A
(hematopoietic stem cell transplantation, HSCT) & H
i IMML fyME—yAR @ik, (Hil TR k%
fo M T RORE KRR AR, HAR AR AU
50% ', JMML &1 T RAS/MAPK i i 15 54 5 5
(o e A I S 3 o S P
(granulocyte-macrophage colony stimulating factor,
GM-CSF) Frglie, T2k 5 g% s X GM-
CSF BUBME R o MR8 H A & 2 15 K 34>
JMML Iifi IR BAF1 , 7E 408 5] IMML &)L (BRI 175
. BA 1354, Jb3Eo84]) H, 3804 (93%)
7 IMML 2 JLHER RAS/MAPK 15 538 iR JL P 52705
{45 PTPN11, NFI, CBL, NRAS., KRASH:[H
R BRI ZE S . NRASZE A5 Fll KRAS 3 A8 b J
AR A DG RASZR7E , NRASZZFM ¥ KAT
G12. G138 G617 5, KRASRZASEH KAT G12
FGI3 AL . RASHRAS U RAS 1 ) T s
BSOS BRI R AR
J& IMMLIG R 380 LA 28 AR FE 27, (R PR
FRIE B i it e . % A B — e Sk, H st
FEMA PR o BOASHIESE [ 43 87 T HAT RAS 847
JMML (8 LAY 8t A 22 R S I R FRAE , B ERR
RASZEAL IMML (1) 3 R 21 2F A AF 5 TS PR 2R
1 #BER5RE
1.1 HIRXH
A1 JBR P 43 A7 2008 4F 1 H —2022 4F 11 A 7E i [H
P 2F R B IR 5 B 126 B A RAS €7 JMML
BILRY IR R IARRUE: (1) FF45 2016 Mttt
DAL IMMLiZWiniE ™ w2 (2)
WL 0~14 %5 (3) #E4HF NRAS Fl/s KRAS [ %€
A5, HEBRFRAE: (1) HEBR A e REE i R 500%
PEMPIE, WEEERS A R LR AR . 2PERER A

. MR VERLAI M M A (2) HEBRH A S A
Jo M0 P A B v R A ERL A A L 2T
(3) HEBRILAMRR , Gnibk o . IHIL R G 5
(4) HEBR IMML F% A4k HoAE 2 18 1) S8 . AR
FEARAT P 2 22 R 2A B IR0 S B (e B2 B &5 1)
e (EFHALS . 1T2021-EC-1), HREFAHEIL

MNRJ@ SR E .
1.2 HRAE
121 RBEER T % M ARG B LI5E B JMML

GEARFEPRIA I, Hrp 18 5] 52 7 IMML 5 3L 35 R 4
SUTEARKGIN 16 151 T AT LY e g 35 R 4 — AR
(next-generation sequencing, NGS) Al , #4558 48
K s BURJLE#E4 mL, £ VU 2Rkt
HR A5 35 PRI 20 DNA $2 B0 7] 5 150 W 5 48 B PR 4.
DNA, F¥¥ DNAARAZEST PCRY 4 . EHCH (13
BIH JMML 5 2 B 5L, 40 4% PTPNTT (AR F
2. 3.4, 7.8, 12, 13, 14), NRAS (JhE.TF2,
3. 8. 9). KRAS (4hE+2). NFI (4R 35)
M CBLILA AT X IMML 54~ 28 UL P SO/
NGS5k 4R La#atrA 2 F 20 DNA, R
FHNGS J5 6 0 1038 g AR DGR 112 4 JE X Gy IX.
() A5 28 A8 1A AR R 52 A8, SF S0 IR B R
2000 x o XFHEAT IMML 25 M35 PR 58 A5 (1% gL
— AR A T s B DNA AT 560IE, Ao
JEMR R AL AR

122 AAEN & SRAG B EH T EREg
EARZAL I, R C IR AL A2 58X 853 S50 e
AR TR

1.23 W EALN Pk {#i F Tllumina Infinium
methylation EPIC Beadchip *F-%  (Illumina) X} DNA
H AT E . AT IMML RS AT 28 CpG v o5,
SR 3AEEG, SRR A AR
Rtk

124 Ky EAEREILRTFWRT (R
Dyl 12w ) KB iEbE v, RV #0E H 5k
202341 A 30 Hal LSBT, BV B2 N A4S
BILYE . RS St E kA . BRI RYT
T AEARIE AN RGO
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1.3 Sit=ah

fifi FH SPSS 22.0 #R A X B PG FEA T AL B . 4328748
HUVESR (%) s IR, AR B AR
J5 K 56 3% Fisher 8 VI F6 7 o 182 8 RE LA 40 4K
() FoR, SRAAESERLAE K Mann-Whitney
U5 . KA Kaplan-Meier W5 35T A= 47500 o 1 B2
2 Cox HUBI XU R 43 BT Hh P<0.10 1) T 45 78 40
AZHZE Cox LA XUES o1 T4, SR B 22 1 3 Cox
FE 5] JRUGS [ 1 45 780 43 A TMMILL £ )L 390 6 5% i [
F. POOSHN N EAGIERE L,

A GERE: 3~601™~H), BatE5lk k386 : 1.
RASTEAZI IMML BLIIAEAENGR WA IR/
HF5em (GG : 2~16 cm) ., 5 NRASEA4liZ AR
ML, NRASE G 9878 1 L & I A %
K. /MR (platelet count, PLT) BEAIL ., i L
ML (fetal hemoglobin, HbF) H &, R EHS
2R L (B9 P<0.001) . WL 1. 1] NRAS & IF:
KRASHE 537 B ILEIRAE I 31 H, ok,
WIZ B RRE RN 3 em, FERER/DTE 1 em,
WBCI14042.5 x 10°/L, Ifl4L8&E 1 (hemoglobin, Hb)
69 /L., PLT 73 x 10°/L, HbF 2%.

o gH 116 JL (32%) 4T HSCTIRYY, BIhBAS
HSCT, HH NRASHL4li5 755 3], NRASE &5
2.1 —HRYSME AF 2, KRASHEERAEH 3], KRASHGRAL3
ARSI A 341 IL, POLRRAERY 14 Bl 23BIEJL (68%) AKATHSCTIARYT
R1 RASETHIMML B JLHIIGERZ R
NRAS (n=21) KRAS (n=12)
L1 NRASHi4f  NRASH A KRASH4  KRASE 4 Uy te® PRi®
Jtmiy Fhs WHE PSRN0 Sren UM
RIS (F) 123~48)  49(36~60) 200  <0.001 20(5~36) 25(5~60) 1150 0411 12550 0.328
B [n(%)] 15(88) 3(75) 046 0496  6(67) 3(100) = 0.509° 059 0.125
JRAE (1R em) 5(2~16) 6(3~9) 2550  0.851 6(2~8) 5(3~6) 10.50 0523 120.00 0316
JHERE (1R em) 3(1~12) 3(2~5) 3200 0.626  2(0~8) 4(3~8) 650 0291 118.00 0.735
WBC(X]O‘)/L) 23.5 11.2 14.00 0.234 134 40.8 3.00 0.062 95.00 0.916
(8.2~170.8)  (7.3~33.5) (5.9~55.7)  (20.9~127.7)
Hb (g/L) 82(71~113)  87(75~117) 33.50 0.845 85(72~102) 95(58~96) 13.50 0498 112.50 0412
PLT (x 10°/L) 64(9~147)  16(10~31) 12,50  0.003 31(21~96)  25(19~74)  10.00 0.995  67.50 0.462
HbF (%) 6(1~17) 53(44~63) 0 <0.001 6(1~38) 24(16~39) 2.00 0.195 107.00 0.946
e [WBC] (40i; [Hb] m£r&; [PLT] Mi/hi; [HbF] BJLMZIEE . NRASHLEZRAS M KRASSAEZEAS . 165 NG M RAS/

MAPK {553l i JEH 28 A8 v, {UH NRASEX KRASRAE ;
MAPK {5 5l HE N AR, IR >1 N 5848
i g GER) #R,

2.2 BERSTFFIFE

AN 345 L, BT NRAS L4548 17
% (50%), KRASHZEZEAZ9H] (27%), NRASH
I PTPN11Z%78 341 (9%), KRAS4 I PTPNII %
24 (6%), NRASH I KRASZEAE 1] (3%) ,
KRAS. PTPNI1 #1 NF1 & & %74 1 #l (3%) ,
NRAS. PTPN1IFINFIZGRZ16] (3%)., 4k
% A2 EP300 (2 5] ), DL K& FATI. TET2.
FAN46C. JAK3. TRAF3. NOTCHI. IL7R.
IKZF1 1 ARIDIA (& 114]) .

328 f4i] 8 L 5E MU AR ARG, Hor 19 451]

B NRASZEAE , 815 KRASZE7AF | 1155 NRASE

NRASE A 5RAL
ANRASZHFI KRASZHESH 45 . /R Fishe BIEIM AR By “HIE" XAMEFRSN, HATEFRY

I KRASE A7 . [ NRASE, KRASZRAFZ AN, 1152 ML RAS/

2% 7R

It KRASZE7E . 19 1] NRASZE 7% f L b Ag 2 161 Ay 2.
TR, 1B HA S AR, 16 ] JC A% AL ST
o 8 KRASTEAR LA 1k Fofth S w A% A
T TAZTI 4 . 1 NRASE IT KRASZAE LK
FoAfth S A% T

e 11 ) 5 L 5E 8 DNA F AL K S 46 (8 441
i NRASHRZE L, 261 KRASERASEIL, 16
NRASH I KRASE A RAZ B IL) . 8l NRAS TR
LA, 400 ki B IEAR K, 4651 s F kK
-, 20 KRASZRAE LA, 141k v F 3 ALK,
1B A & AR K o 1] NRAS &9 KRASHE A58
Y IST = B ) S
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18 5] NRAS AR B L5¢ G AE A ke, e
G12D i R AF 4] (22%), G13D. GI12S. GI3A
P RAEE 36 (17%), Q61H. Q61R. GI2A.
Q61K. G13D A I Q61H v 5 2 AE 4% 1 ] (6%) -

NRAS &AL

n=18
1
2.3 HESH
231 RAAAWEALAAEAW  34HEA

RAS %8 7% ) JMML % JL 2 4F M AR 4= 77 (overall
survival, 08) R} 43% + 11%, NRASZE7F4 2 4
0S K 4 33% + 14%, KRAS R7L 412 4 0S K Hy
46% £ 18%. LA HI N 1154 GER: 1~
1024 H), wfipEviatE 134~ GEF: 1~102
). MABILIESET 1561, Hod 13 Bk AT
HSCTIRYTY, ¥R Toimdt e ; 24047 HSCTIRYT IS
SET-, 1T HSCT J5 8 1 H AL FfidRiak gy, 113t

10 1] KRAS 98 7% f8 L 56 W2 728 o sk i, Horp
G13D fii gi %€ 48 5 ] (50%) , G12A. G12V.
G60V. G21D, AS59T £ Jf T561 fii 55 7€ 4% 45 1 {5
(10%). WK1,

KRAS &L=

10% G12A

n=10

JMML 22 )L NRASHN KRAS S22 i {ir &

T HSCT JaHER S

7 HSCT AT I e OS R WL 4 TR 471 HSCT
BIT B HE (82%+10% vs 44% +12%, P=
0.037) . NRAS HSCT 4119 /£ L OS & F NRASHE
HSCT 4 (80% +8% vs 47% + 13%, P=0.031) ,
KRAS HSCT #H (1) # JL 0S K 5 T KRAS & HSCT 21
(83% +9% vs 33% +10%, P=0.044) , U & 2B,
NRASHLAIZAS | NRASH A4 . KRASHLA[ZEAR
Il KRASE &R B LA £k DLIE 2C.

100 100 B C "
€ & < 100 peo7ra [T
\j‘,\i *é 7 5 ?ﬁg & gg 75 P-0899 [ N ‘
:H:‘ é 25 ﬂ:‘ é 25 E 7
o g m 5 1z
0 30 60 90 0 30 60 90 0 30 60 90
Bl () i () mflE ()
Time (month) Time (month) Time (month)
B2 H7F#sk  A. NRASTZEY]. KRASHTIZBLIAMEMAK RASTASH BV ETFEINZ ; B: NRASHHEL] . NRASHKHIE
. KRASTHAHAL S KRASAKEBAHAL M AEAFMZE; C: NRASFRAISASA . NRASH A5 . KRASHAIZALH 5 KRASHE A%
AR B AF TR
232 HARASEZWIMML EILH LR XA % 4rFrids, 1THSCTIRYY (P=0.009) FHK (=i
WEaH ERHARNRASEALILYH, E T 2em, P=0.018) JEFM RASZAL K JMML & JL

Z Cox /MM 7R, 47 HSCT AT 2520 RAS 9848 114
JMML LA REE (P=0.035) . 2K & Cox

HAFRIINER . LR 2.
FEARAT HSCTIRYT I RASTAR LY b, B
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E Cox MM ks, K. #112 PLT<40 x 10°/L &5
W K47 HSCT B RAS 2872 1) IMML £ LA 2R 19 X
£ (P<0.05), ZIHZE Cox HLA] XU [a] 745 7Y 43

g IR, BFRJE S K 4T HSCT B9 RAS R A 1)
IMML LR ZE (P<0.05) . ILFk2,

FR2 RASERTHIMMLBILEGFEERNBEREEZRSEZE Cox o

SH PR ST EAE 0
RR(95%CI) i P& RR(95%CI) { PIE
JIr ARG (n=34)

ST HSCTIAYT 0.199(0.044~0.890) 0.035 7.693(1.673~35.374) 0.009

KIFAIE =241 H 0.989(0.337~2.900) 0.984

KARENZ W E>3 4~ H 0.853(0.306~2.372) 0.760

NWEST DN 1.218(0.433~3.428) 0.709

FFR @I T 2 em) 2.942(0.826~10.481) 0.096 0.208(0.057~0.762) 0.018

AR GIF 2 em) 2.321(0.305~17.690) 0.416

¥ WBC<20 x 10°/L 0.704(0.250~1.986) 0.507

W14 PLT<40 x 10°/L 1.171(0.399~3.441) 0.774

W12 HbF>10% 0.712(0.218~2.325) 0.566

WIS A o5 1.450(0.526~4.003) 0.473

R HSCT ¥l (n=23)

KRR =241 A 1.281(0.391~4.194) 0.682

KIRERE WA >34~ H 1.259(0.404~3.925) 0.692

R ELLE IR 1.739(0.559~5.415) 0.339

JFR GIF 2 em) 4.483(1.197~16.785) 0.026 5.372(1.070~26.974) 0.041

AR G 2 em) 3.965(0.514~30.567) 0.186

W2 WBC<20 x 10°/L, 1.078(0.350~3.322) 0.896

W2 PLT<40 x 10°/1, 3.554(1.080~11.693) 0.037 0.414(0.102~1.673) 0.216

W12 HbF>10% 1.185(0.319~4.396) 0.800

VIEHA T B 1.265(0.424~3.774) 0.673

{E: [WBC] A4Elg; [PLT] i/Mi; [HbF] JLMLLEEH; [HSCT] i H2iEftd.

3 it

JMML 2 —Ff B2 4y L5 D A 335 1 T 240 e e
P, LB ZR SR R YN A R RRAE, T
WA RSERRRESHE . IMMLIGIKREI T
B, EE RN LR Z ) AL
Mg 1 AR AT AT RAS 5878 i) JMML 8L
2B DA ION S5 DL R R FVARAE . ABIFY
KB NRAS B 4 2278 10 /B L & 6 4F % . 35 KT
NRASH&iZ78 /L, FF HAMNE I PLT F1 HbF 2515
HLAE NRAS Al Z8 ()L 25 . AR BRI X B 1Y)
TR HER, SRR NRASE & 528 L
L2 ARBER, HHUSN %2 T NRASH
iR )L ARAHSE ke B 4 F8 L =[] 4 i
JEH R E S, XA RS AN A R EL
B[R] 25 B A, R IR A R R B R R T T &

FED S

VLAEA, IMML 3 PR 4 2 0 L ask A4 2 1if 5 B
T HEKIER, FFERAN LA B TS 2H
WERG T, WO LIGIR IS , IR0 T HRAEIRIT R
W& . IMML A A& AL 5 RAS/MAPK i % 3 R 58
ASHASG . HRAE HETAIRFIE, 90% LA AY IMML L
Al A Y MM 28 8 5 R 98 AE 4 PTPNIL,
NF1. CBL. NRAS. KRASH:HZEAE ) BRAAFSE
KI, IMML H1 NRAS %28 il KRAS %78 /B LEUK
MY Y, (EARBESE  NRAS L Fe A4 T Bk
AEHGE =, PR R B LRIC— ARy, 35
Tl oy 98 AR N A G

M F IMMLE R =, dF Rk, R
BHARYT, 2808 LAE T80 F e sl gk kgL . If
HIMML LR RN 25, Bl AR & B 30
fhI7 2 1, ARBFIE Y RASSEZE (1 IMML L2 4F
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OSH R 43% + 11%, FeH UL A FE T It PR 2 9 o ik
Ji Ak ARGy o A S R I 2L NRAS 58 A8 1Y
JMML (855 7] [ & 2 IF HAEARAT HSCTIRYT HI1E
BN RS o X TR 4 NRAS A8
DL T #Ealr KRAS S 78 1 IMML £ L 12 W
5 WAz BIA T HSCTIRYT

WEFE T 52 3 7R IMML BB 33 W12 4E 14 >24 1~ H
PLT 1 #{ <40 x 10°/L., HbF ¥ &5 Jy il J5 AN B
7 EARME RN 2 em 25200 RAS
SR B IMML 5 RO 25, X AT R TR /INaE
S W IMML Jifjeg £ ey, AU 6 A 3R i3 71 oy Ak
. IS EEEILTUE AR o (AT IR & 3
IR /INFIT RAS 275 Y IMML S8 L HUS 22 [A) 7 AE
W, XTREE M T RILVIIZ IR K, AR
AR Y L EE R IE B K/NATR], I B[R — 4R % 1
IEH LR /MEATREAN R . L, XFFA
6] (Y IMML UL, RIERh 2% T K/NAT BEAS REHERf S5
M £ ) L) B e 71 i

REAEAFGE AR IE RASZEZE 1) IMML &) L5 i ]
fie 5 DNA H LA KA G > 2 ARBESE rh o2 s
ALK i B LSS 1161, i 52 1 DNA F 3
KA ) UL/, v ek SR A AT Ty i F
K M) JMML f8 LA A7 B UEdE . ASBF 5% &k B0
NRASZE7E I KRAS 2878 (67 a5 5 He e i 1 R G 12
MGI3 7 M pAs, SRR Y il —5. M
AERFFE IS KRAS 275 (1) IMML 3 5 776 AR 7 4%
AP ARG rh S8 A LRI 1) KRAS 975 F
JLHRIE AR e BRLRAAR 7 R R, X ] BB RE AR 1 /I
P

AHIFFE I B OREE FrOE s, BRSO
HEEAR, AR EZLE . 765 W0
B, FXERIARR R, —28 B H Tk 1S 2
KBz W, MR EWmIFATE . HET, IMMLAY
WItREZETIRG , BT RS, X JMML
AR AE AW, IMML 2 W ALE 76 58
WERRIA 3%

NIR=7
W

EHTaRER: R, EEZ RPN R R
THRESH . RLBEEF; PAME ., Fhhdk, 25
R, FRBEAR . FPHE. SRR TR E2AA K LI
WRAEM R BT ZwE A AR T
LFWHE ., Bt 5.
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