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[(BE] BH  HIH4ERDR A AZ 400 5% (juvenile myelomonocytic leukemia, JMML) I REFIE S S
ZIEWEFR, Ak 20084 1 H—20164F 12 HIGA R IMML LI K ‘ﬁﬂ&ﬂﬂ‘ SrHTRZ I IMML 8L HiS
MR E, R HAA3HIIMMLEIL, HALLRER 25 MNH, BLrEn 3.2 1, 54018 JL5ER IMML HE K
Ko, PTPNIIEEN SRR UL (2340], 439%), Hor sl PTPNTIRED €72 19 441, T#PTPNH%IE G 455
HWR A NRASHEH A (144, 26%), Horp gl NRASHEN 275 120, 07 NRASHEINE 978 261, 54F A
1% (overall survival, 0S) BAU K 22% + 10%. 1341 (21%) i IJL#E47 & 10T 40 i F2 Al (hematopoietic stem cell
transplantation, HSCT) . HSCT ZH £ JL 5 4F 0S Z 5 FIE HSCT H B L (46% = 14% vs 29% + 7%, P<0.05) . TG
PTPN11FEH AR5 PTPNT ISR 5875 L5 4F OS R AL 25 S R Ge it # 3 (30% + 14% vs 27% + 10%, P>0.05)
Cox HC A1 XU [ U RS 60 43 BT 8 7%, 902 /MK T 50<40 x 10°/L J2: 5% 1 JMML 22 )L S 4F 0S R H 2 (P<0.05) .
5t PTPNIIREPZ IMML iR WL S 3E N A2/ M LS IMML B LIS A5G, HSCT AT IMML (8Ll
Jeo [hEHRILRIZE, 2023, 25 (3): 265-271]
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Clinical features and prognosis of juvenile myelomonocytic leukemia: an analysis of
63 cases
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Abstract: Objective To investigate the clinical features of juvenile myelomonocytic leukemia (JMML) and their
association with prognosis. Methods Clinical and prognosis data were collected from the children with JMML who
were admitted from January 2008 to December 2016, and the influencing factors for prognosis were analyzed.
Results A total of 63 children with JMML were included, with a median age of onset of 25 months and a male/female
ratio of 3.2 : 1. JMML genetic testing was performed for 54 children, and PTPNI1] mutation was the most common
mutation and was observed in 23 children (43%), among whom 19 had PTPNI] mutation alone and 4 had compound
PTPNII1 mutation, followed by NRAS mutation observed in 14 children (26%), among whom 12 had NRAS mutation
alone and 2 had compound NRAS mutation. The 5-year overall survival (OS) rate was only 22%+10% in these children
with JIMML. Of the 63 children, 13 (21%) underwent hematopoietic stem cell transplantation (HSCT). The HSCT group
had a significantly higher 5-year OS rate than the non-HSCT group (46%+14% vs 29%+7%, P<0.05). There was no
significant difference in the 5-year OS rate between the children without PTPN1] gene mutation and those with PTPN1]
gene mutation (30%+14% vs 27%+10%, P>0.05). The Cox proportional-hazards regression model analysis showed that
platelet count <40x10°/L at diagnosis was an influencing factor for 5-year OS rate in children with JMML (P<0.05).
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Conclusions The PTPNII gene was the most common mutant gene in JMML. Platelet count at diagnosis is associated
with the prognosis in children with JMML. HSCT can improve the prognosis of children with JMML.
[Chinese Journal of Contemporary Pediatrics, 2023, 25(3): 265-271]
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oy A R ORL PAORE 4 9 I K (juvenile
myelomonocytic leukemia, JMML) J&4f % T2 45 L,
UL e REVE IR R GEBR . KIRHEN1.2/107, &
JUFE F MR Y 2%~3% ' o ARG 2016 4F i 5 T A=
ZH41 (World Health Organization, WHO) % &
ZWbRE, IMMLIE T8 A 58 28 Bk ik
B . IMML R AL S BrbE R, 2 i
20 0 92 1 U A I S, DL R e PR IR A & A T
A WSS ORAATIER, FR L] AR
Fe stk Ko HOED B T 40 i R8 R
(hematopoietic stem cell transplantation, HSCT) 2
ME—A A A IMML Y FB, HRBHEE R
R RJEIFRIER R AER, HAR IR RN
50% ', EHTIMML 8 L2 J5 5 5 PR 58 22 (4 AH G 1
ORI B Je T, (HAE b [ AL Ty T i A
B/ IMML S ey 20— 5 0 44 4 9 8 81/
RAS I8 B4 (5 55 3 5 i g R Y, BOGE v B X
L 20 i — 5 Wk 200 4 % SR R v BE R . TR
L 90% VAL ) IMML i LA 24545 RAS 38 % AH G 5

NI LA SR BRI R A, i

PTPNII, NFI, NRAS. KRASFI CBLJ R "7,
JMML & K5 5 T A2 3k R AN B T BB
1y AR AL, T H A A B T R AR RS S L
TJa Z B R Y. BR T IMML 287458 3L R 7 4h
I A I -5 R SR R E AP e S v, B dH)
AR . IMZLEHF (hemoglobin F, HbF) 7KFF1
ML/ (platelet, Plt) iH5cSE ",  THR
JMML A8 B A | I RAHAE S T AH OGP, ASBIFSY
XF 3 s 63 451 IMML £ LEA T B 534, B
SZ JMML LTS R 2=, S IMML f& k5 B2 47 )2
Kol i A A7 ZE ARG RAR R -

1 BARE5EARE
1.1 RSN HA

[l JA5T A 3 42 v ] I 2 R 2 o I R % e 2008
4F1 H—20164F 12 H12iA 19 63 45 IMML & LA i
XTGP B ILI SR T 4 I 40 M5 8 A
MAr2e . HRIEES . RBESB Lo FEYE.
YN R AL 22 S, KA 2016 4F WHO JMML 2 Wi

PrdfE " BRI W, AR PR B JLE A HE T HSCT 43
HSCT4 (134]) FEHSCTA (504).
ABFFEAAT T o B 2 b2 B 1l s B B 12
PZ R AtE (B it . 11T2021009-EC-
D), BILKEMIERE.
1.2 IGEERERIKE
i A B RO, RJLT T2 M B il 5%
AR BRI AEE . ML IR REER . LR

KA g R . RASFENR ISR | IBIr oL B
SR

1.3 EE&EN A%

5441 JMML LS8R T LA, Horb 45 4]
BLUEAT T IMML 28 L PR RO 28 AR R . R L
B4 mL, LRGN OTRYUEE, &7 MELKIZH DNA
PEHGAF & (Jbnt A ARG R AR Ui
W AT 2L 20 DNA 2L, K82 HUR) DNA bRAs i
T PCRY M . HEHUH 1Y 3 K2 IMML 5 4> 28 8 5
A, {445 PTPNI1. NRAS. KRAS. NFI. CBL %
K, EARANG 50 KRASHMNGE F2, NRASHMNGE T2,
3. 8.9, PIPNII AN+ 2. 3, 4. 7. 8. 12,
13, 14, NFI 4% 1 35, # & 4+ % PTPNI1,
NRAS. KRAS. NFIF1 CBLED SCHE ., 99 g8 Lk
AT 7 1 ik g 3 R AR )P (next-generation
sequencing, NGS) Fxill (£ 7 JMML 5 /> 45 i 3
), $REGEILESEbRA PSR Z4 DNA, SR NGS
75K 0 IV PR AF DG 112 5k PR ) X i 2872
MU R BAl A/ 2 A8, BT IR N
2000 x o K THEHF IMML 25 #1358 PR 28 735 £ 65 58 L
TR — R0 P A0 11 s 6 B DNA AR 37 45,
TESER R AR AE

MR S AZ KL K 43 PTPN 11 R 28 A8 41 (Bl
PTPN11XER 97519, 1 PTPN11RRE 55878 4
1) FEE PTPNT1FEF AR (3144)) .

1.4 BEif

T A B B T . 112 I B H i TR
63 ] IMML (& L A7kt 5, BT L H 3924 2022
46 H 30 Huk BULAET:, Bl EENAOHR
JLIBITIE O . ARG DL . A R S R
BT RAET IR L SRR AR . RAEAE
(overall survival, 0S) ]k ABEt A =R Kb H
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1 ST ] S R BT BB E T G st 1]
1.5 SFitFEoHh

fd 1 SPSS 22.0 Fl GraphPad Prism 6.02 #3747
Biitefort . ARIERS T OB A i % (Vi
M) 7w, 48] 3R H Mann-Whitney U K3 55 5
TR RIAGIECATE 0% (%) o, dia) HHcR
FH AR 5 K56 2 Fisher B VIR o A= 7720 K H
Kaplan-Meier 7% , AEfF 3 L8R H log-rank 15 . 1%
FAPRIZE Cox o3 RURS: [T AR RS v P<0.10 19 T A 7% o
PAZHR BT, RHAZ R Cox LA AU [ J45E
RIAHT IMML JBULTUS B R 2 . P<0.05 h 2553
TN -9

2 #R

21 EAERFR
g A 63 4] IMML H L, i 4ERE K25 (G
. 2~72) ™~H, WEIWRZZWiH AL [E] 2k 5.5

(JEFl: 0.1~36.0) ™~ H . 481 (76%) K%,

B =32 1. WIAERZEEHR (244, 38%)
IR Bk (14 B0, 22%) . 712 B L 21 3 A
(hemoglobin, Hb) . M40 M2 (white blood cell,
WBC) 14, Pled ORI SAZ A M 1550 v {8 5y
BR91.4 (JEH: 62.0~119.0) g/dL. 32.3 (FEH:
5.0~128.6) x10°/L. 75.6 (JiFl: 1.0~389.0) x
107LF15.1 (JEFE . 1.2~30.5) x 10°/L. #)i2 HbF
A A(E A 0.22 (FEH: 0.01~0.88). 47 i Lk
Tk A, 4361 (91%) ZAIEHR , 44
(9%) 754 iRk (1450575 ek m
i, Hoh 3 6IfEA S A2 g ki),

5461 BLE S H R, 45 1] (83%) 4T
PSRRI, 9 (17%) #EFTNGS, FEH 578
G- BT LA PTPNITHE R 5878 (23 ), 43%) fe W
UL, NRAS. KRAS. NFIF CBL¥:R 572 5y WA
14 (26%) . 8% (15%) . 3% (6%) Fi1 1]
(2%) . 41152 G RAY A PTPNI I 3£ N R A I A
oA RAS 38 fif 22 s BL R 28 4% o 10 B fR L (19%)
AT RAS PR L 5848 . LR 1,

x1 63%JMML EILEIGKZE R
T H JTA ) (n=63) HSCT 4 (n=13) JEHSCTZ (n=50)  Ui*{E>  PH®
FIRAEE [T O G R, A1 25(2~72) 41(10~72) 12(2~48) 130.500  <0.001
PERI (B, Bi) 48/15 12/1 36/14 2346  0.126
B FS W) [ B ), H 5.5(0.1~36.0) 6.2(0.1~24.0) 2.0(0.2~36.0) 204.000  0.604
W12 Hb [T B ), g/dL] 91.4(62.0~119.0)  96.3(59.0~119.0) 87.0(52.0~153.0) 247.000  0.189
W12 WBCHEL [ $GE ), x 10°/L)] 32.3(5.0~128.6) 20.9(5.0~84.6) 28.7(6.2~128.6) 167.000  0.008
WIHE PLOTER [FPOIERGERD), x 10°/L] 75.6(1.0~389.0) 54.2(10.0~131.0) 42.0(1.0~322.0) 306.500  0.759
WIS FAAZ AN BRI [ G B GE D, x 10°71] 5.1(1.2~30.5) 3.8(1.0~9.3) 4.7(1.3~30.5) 223500  0.102
112 HbEF KF- [H i ), %] 22(1~88) 33(4~61) 9(1~88) 135.500  0.018
YL IR L2 2 (1)(%)]
B YL A% T 43(91) 7(88) 36(92) 1569 0210
B S QRN 2 IR SRR RN NN TN 3(6) 1(12) 2(5) 0310 0578
PR R NCERV 1(2) 0(0) 1(3) 0264  0.607
SRR [451)(%)]
X PTPN113£H 275 19(35) 6(46) 13(32) 1990  0.158
U NRASHH 5878 12(22) 1(8) 11(27) 1370 0.242
{L KRASFEN 5878 7(13) 1(8) 6(15) 0.194  0.660
X NF1 3£ R 54 2(4) 1(8) 12) 1.088  0.297
BARAR 4(7) 2(15) 2(5) 2249  0.134
TeFASSE 10(19) 2(15) 8(20) 0.003  0.957

e [HSCT] il T4u i As i ;
2, HSCTAL 8%, I HSCTHH 39 #il;
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[WBC] F4iifg; [Hb] ML A [P i/, [HbF] MLLEMAF. 47 6 LS S it i 244
5445 ) L5EMIL A, HSCT2H 1341, JEHSCTZH 4115, “HSCT 4 FE HSCT 448327 L4 1
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22 KE7FHW Yivits £, 20 RAE R RGLIET . 63 Bl LS

134 (21%) HILFTHSCT, Hrh [ jEaHs
AE 1], JoREMERAM 1], FAA HSCT 11
i) (3£2). HSCT ZH % %4 4 i K T 9E HSCT 41,
HbF 7K -5 FIE HSCT 41, #7112 WBC i+ 5k F 3k
HSCT41 (P<0.05) (1), MiZWrE HSCT H i)

- OSHFHN22%+10% (K1), HSCT 4 54F 0S R
B T AF HSCT 4 (46% = 14% vs 29% + 7%, x’=
3.978, P=0.046) ([&12). 3164 PTPN113EF%AE
25 PTPN11EER 9878 21 58 )L 5 4F OS R I 22 7 T
GiiteEm X (30% + 14% vs 27% + 10%, x*=3.802,

B)k5 (FJuH: 1~50) 4~H. HSCT )5 8 filsET=, H:
LB AR R BETS, I BIRS R R W, 46 2 bERS A

P=0.050 1),

%2 13BIHSCT 2JLMIGKRIFMER G

S
G pegy T RN A BES éééﬁil% Fohk il s M
H)  # (EHEmR A1) ) (7% )
0 B 7 ¥ ¥ 5 Haplo-HSCT 52 %(36), SET=(59) Bk 64
18 % 36  PIPNII c.181G>T(p.A61T) 7 Haplo-HSCT pean I 108
19 % 6 PIPNII ¢.226G>A(p.E76K) 5 Haplo-HSCT aGVHD(0.3), #ET=(1) aGVHD 6
28 % 10 PIPNII ¢.226G>C(p.E760Q) 50 Haplo-HSCT paan ¥ 95
40 % 24 PIPNI1I ¢.215C>T(p.A72V) 4 Haplo-HSCT % % (3), Z¥% HSCT(3), 11 o 82
41 & 24  KRAS ¢.38G>A (p.G13D) 4 Haplo-HSCT aGVHD(1), JET=(4) aGVHD 8
43 B 12 NRAS ¢.183A>T(p.Q61H) 3 Haplo-HSCT i %2(8), FET=(8) Jke 11
4 B 60 PIPNII ¢.226G>A(p.E76K) 2 Haplo-HSCT Jii% (2), FET=(2) J
47 % 36  PIPNII ¢.227A>G(p.E766) 5 Haplo-HSCT FHARIK(2), FET=(2) ARY 7
51 % 60 NFI ¢.574C>T(p.R192X) 15 Haplo-HSCT 8k (2), DLIQ2), #£1% T 72
2 W60 PQZNZ é szgig‘;‘zllzggfgz(gv) Haplo-HSCT aGVHD(S), 5ET-(5) aGVHD 13
60 5 48 JG TG 1 MUD-HSCT aGVHD(3), JET=(17) aGVHD 18
CBL, NRAS:c.35G>A(p.G12D)
61 5 60 NRAS,  PTPNII:c.226G>A(p.E76K) 4 MRD-HSCT FEG J 68
PIPN1I  CBL:N ¥ ¢.1095+19G>T

{E: [HSCT] #Eil TAIAERAH; [Haplo-HSCT] PARGHE ML T-4MIF A ; [MUD-HSCT] FEOCAARGHE M T-40H B4 ; [MRD-HSCT] 2%
GGG TAERAE; [aGVHD] 2MERHYHTE 0; [DLI] (ka2 R A F )

100 100
P=0.046 == HSCT#
—— JEHSCT4H
S s
= s
& sof ¥ st
&
o
bal o
0 1 1 1 1 0 1 1 1 1
30 60 90 120 30 60 90 120
e () wfE ()
E1 JMMLEJLEEHE 2 HSCT/S5IEHSCTAHEFMEZE
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2.3 EMmMIMMLEIILBENERZRSERSH K 49112 HbF<10% ., PTPNI1 3 [H %€ 2% J2: 5 i 3R

HPRESWERE R, WI2HK (BT
>2 cm) . W12 Pltif%<40 x 10°/L 42 JMML & )L 5 4F
OS ZIH I ZE (P<0.05); FIZAFEI>24 1 H .
WIZR (WF=2em) . #1112 Pltil%k<40 x 10°/L

HSCT JMML & JL54E 0S FH % (P<0.05)., £ZH
Z Cox HLAF AU [ ISR R0 437 25 S 7R, 902 Pl
114 <40 x 1071 /& &2 W JMML (£ L 5 4F 0S 21 A
£, W#E3,

£33 IMMLEILSFEOSEWEREZRSHEAEZS

5 AR 54T EASESxi
RR(95%CD/{H PlE RR(95%CI/{H PiH
At (n=63)

WS4 >24 1 A 0.63(0.33~1.18) 0.150

KSR Wil >3 4 1.51(0.80~2.85) 0.198

NRES LN 1.13(0.60~2.13) 0.705

R (1 F=2 cm) 1.66(0.76~3.63) 0.200

e (7R =2 em) 4.83(1.13~20.61) 0.033 2.65(0.56~12.64) 0.221

112 WBC i141<20 x 10°/L, 1.32(0.69~2.54) 0.400

W2 PltiH4<40 x 10°/1, 4.19(2.06~8.52) <0.001 3.76(1.70~8.29) 0.001

¥Ji2 HbF<10% 1.69(0.84~3.41) 0.143

PTPN11#:F %78 1.90(0.96~3.78) 0.068 1.21(0.59~2.46) 0.602

IR etz Al 1.19(0.41~3.44) 0.750

HSCT 0.64(0.30~1.41) 0.272

4 HSCT 4 (n=50)

WL >24 41 H 0.45(0.22~0.92) 0.029 0.42(0.14~1.26) 0.121

N 22 Wit ]34~ H 1.33(0.66~2.70) 0.429

HNSESTIDN 1.38(0.68~2.80) 0.378

JEK (1 F>2 em) 2.40(0.73~7.94) 0.151

JBR (1 B2 cm) 8.05(1.09~59.52) 0.041 4.82(0.60~33.85) 0.140

#Ji2 WBC 1%1<20 x 10°/L 1.48(0.68~3.24) 0.321

¥Ii2 Pl %<40 x 10°/1, 3.80(1.74~8.31) 0.001 3.51(1.31~9.42) 0.013

¥Ji2 HbF<10% 2.56(1.16~5.65) 0.020 2.11(0.82~ 5.42) 0.120

PTPN11#:H %73 3.18(1.40~7.21) 0.006 1.72(0.59~5.01) 0.322

IEH e fAz A 1.29(0.38~4.36) 0.680

. [HSCT] &I F4upfest; [WBC] [4ifd; [P ii/Mik; [HbF] MM F,

IMML & —Ff & A T 2R 401 L% UL A 2 1 1240 e
SERETEE , AR R R M R R A S 3
B, WHEALRMERRKE 5% . IMMLIG AR
PSR, R RO EA . Pl =
TR o A5 £ L 322 LK RN Bk Sk e
VLERER . ARk, IMML A9 35 R 40 2 i gE BUS 1
BRI, FER AR & BA B T4 52 Wi
PR, s R -FERARIOCER, MR LIG IR TS,
95T BAEIR T RS 1 IMML AR HL T 5 RAS/
MAPK i B HE R 58 A8 56 . F9E R B90% LA 111 i

JURTAG I i JMML 28 5 22 BL K, 40 4& PTPNIL,
NRAS, KRAS, NFI. CBLIEN "', BT &4 RAS
i PEAH DG EE R SR A1, F 4 IMML Y (Il iA 41 RAS
%R B s, 4 SETBPI. JAK3. ASXLI,
SH3BPI, RRAS2. SOSIFEINZE, #4771 Fh LA K
BLRAR BLIG IR TG AN B "o ARBIESTE 54 49 47
IMMLFERAGI, Horp 444 (81%) LA H 2=
LR IMML 28 MU R 58 A5 3 SCilkHGE ' Ik,
Al e 5 WS 83% F L AR A — AR P AL A7
JMIML J5 PR 44 55 2 A8 A6 000 358 i 50 0 58 AR A 0 A K o
AT I — - UESE PTPNT 1 5: P 2875 52 IMML
JUEcH WRAR FE R 28/, BRI 9T 4 /R W12 4F %
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>2 % . PIPNITHE PR =7 | Plt it 40<33 x 10°/L.
HbF 35 (>10%) AARBUGEHE ™, 53k
(8] A, AW YILAERE . HbF K |
PTPN113EHAE SRS TC % . AWFRAUR R~
Plt 1140<40 x 10°/L 252 IMML 5 i R &R, 7T RE
BB GERT )35 FE R, s (9 KA B B T T it AN
—HH X

IMMLEM R R, dFRa s, WA S iHG
J7, ZHUEIAC T s gk, IMML LY
fRIF RN 2, HAT A LA ST 258 . A
5% IMML £ )L 5 4E OS R4 N 22% + 10%., Fc i WHK)
FET R PR R BRGSO =, B
HIl HSCT J& JMML ME— 36 31 J5 i, X457 NFI.
PTPN11 3% RAS A4 MI 5848 i IMML f8 L8102 Wr
J& BT HSCT "7 SCHRHE HSCT{RY7 IMML 5 4F
0S %8 499%~55%, {H 2 M TAPAZEXIES, B
HE A, AR 22 LR Sk e R AT A A
R BHLS, RIMEIETT HSCT A5 A 30%~40% 1)
RIS E K™ AR5 T 5818l (92%)
¥IHA HSCTIE N UE, (HZ il T 8, 29k R
K. HE HSCT I & AE A R Tl S8R LK R
XFFHSCTROA R, A& RA 136 (21%) $#3%
T HSCT. HSCTZH 53k HSCT 2HAH Lt 5 4F 0S K1 i,
HaEr, AEAR T E PR &R E FROKE 0 B
Pt F2 SRS A AR T e S 5 i AR A5 IMML £
PR EZERN R, SEN P 255
H TRLAE B 7 58 SR AT I A A B 28 6 A PR %% VDA
Ko BLAMEAT AT ACE L — ORI X B A B )
HRAEEENEN, BitAF Ao sz
FTRERME . B8 AR SEAIERIGTT T,
FEEBAS T RAEFIFR ™™ SR A AR HE
FEAMIF 5% 2R FH 5. 24 25 F Ak 25 W ol 5 FH 253397
JMML, FIARTS5E 2 sl o sy, 25 W Ak 2y
YA B GE IMML B LSRR, e A7
RINAREARIT FB

AWFFEIBAFTE—E RN, 63 51 IMML G ] %
R Ry B AR e e R R, B
AFR, H 2010 4 LATT E X F IMML 2 W F B A
B, X AU 2 5 80 40 i LR RE A5 21 e ief
Wi, BILRKMBTARWERFRTT, Bl
LA AT A5 I RIEA PRI AT B, X3
JEFEARM I EAMENELRH . piEREE
JrHEARARWHE S, IMMLIZI FEBEH#TEE, HAj
IMML A AT LA RIAERGI2 T, BUS 868 K367 )7

FMAEAWIRREMAL T o IMML KA T2 4L
FIH, o E ST A R, NI E N Z
e, BURSIATE Z4 8 BUR e brxt T a5 v
AR AT AR L B

HBFRFER. HAEEYFARA G T,
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