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[Abstract] As the most common malignant tumor in childhood , pediatric leukemia exhibits significant subtype heterogeneity and hier-
archical complexity in its molecular abnormalities , posing a serious challenge to precise classification and dynamic risk stratification.
As the cornerstone of initial diagnosis and classification , traditional pathological techniques, such as conventional cytogenetics (CC)
and fluorescence in situ hybridization (FISH) , are still limited by insufficient sensitivity in detecting cryptic chromosomal abnormali-
ties and low—proliferative cell populations. Due to the significant hierarchical heterogeneity and subtype specificity of molecular abnor-
malities in pediatric leukemia, the optimization of detection strategies should not be limited to improving the performance of a single
technical platform, but rather shift toward establishing a disease course—based integrated stratification system covering initial diagno-
sis, minimal residual disease (MRD) monitoring, and recurrence assessment. In terms of technical positioning, CC/FISH focuses on the
identification and validation of chromosomal structural abnormalities; real-time quantitative PCR/digital PCR specializes in highly
sensitive quantification of known molecular targets (such as MRD monitoring) ; next—generation sequencing is dedicated to systematic
analysis of complex mutation profiles. The clinical value of these three techniques does not follow the simple pattern of hierarchical pro-
gression, but it depends on their precise suitability for specific diagnostic and therapeutic scenarios and the types of molecular abnor-

malities. Therefore, to address the hierarchical heterogeneity and disease—specific requirements of molecular abnormalities in pediatric

leukemia, establishing an integrated testing system that combines
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multiple technological platforms can systematically improve the ac-

curacy of initial diagnosis and classification , optimize the efficacy of
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iRy R o YA B 5B 1 2 N U ¥ L AV I Sz S
TR W53 B 5 ShAS W, SR THSY PR R T RRYT VS
Il B LA BE IR PR P S IR . e T IX MR EAR A
SOR DS 2R A A I JZE 2 R 5 3 R BE, TR 75
PR HORAE LB BN 9112 43 B MRD M0 AR 36 97 4%
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JEHRET S AR FN AT A2 , ST B Y AR 45 4 S 8 B
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R IRAY TR, TR R FISH T AN, BRI, FISH R Y
PETE T S50 58 1 AR 2R, SRR A B A (oA 2 0
SR 2 AT FE A e K B HE K DT XU 23 245 LA 4
P Z 58 A F WA, A S5 SRS G T R A S B4 AR B
T N A J U A 8 ) B0 E Y BOAME R, SRR S )
BB B Y o R 5 H A SRR ARAE S, kS5 2 4 R DN 2 {1t
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JHF ETV6:RUNX1 . BCR::ABL1 KMT2A 3 A 5 HE 23 UL i
B4 T RR A S MRD S BB B, 7RI T RS S TEAG
A A T v S 456 AN T BRI VRIS i Ah , ALL
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JE (R 50 F 58 RS . NGS 78 JLEE A I A A A% O, T
A B AR UL BB AR S8 S0, 107 T 38 52 RS
A LZIPME R RGEMERIPT AML 5 B 57 5 RO
H B E R R AR, MR TR AT, NGS AR BT
AR S R SR | P[] SR AR R B B 43 S Iy I B
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W2 Wy B R a8t 1% 3 S0P Al . PCR 2844 R (¢PCR/PCR/
ddPCR) FEAH v RARE , AR A 36 PR R o B P b i
B G R A 25 E B W, & MRD G BR i A% .0 F-BE . i NGS
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Hamo B, JLEE A e 56 BRI A e o — e AL 4
Ao HIGRMER LI, 72 Tl 2 TR0 2% a, ErE
FHIIL 43 MRD 275 W K 5 & A F VAT ) 4 R 4 4
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SRR SR R ML o L SR 3 DO o R AR S
ABL 6 B LT YRS TE ARG A OCAR 38 1, T8 I A 3
TGRS, BRI AS HETR T e PSS G R % b FLT 7 U
YT A3 F W 2 2 G R E A R T 118508,
AR T AR 25 SR T A T 1 R U A ] ) C(yrosine
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TKI v & 25 005 (8 LIRTT 45 IR 5 2k D 30 it 24 5 728 8 15 43
FARAERT, v E— 25 T2y B v AV k00 # 2 ABL 417 i 741
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T AE 4 B AR Sl ) e R LA 1T o PRk, I PR S g )
FR TSI — e o 80, T 7 e 57 B 28R Y7 it BRI 4 7
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SG>T4 5 25 SR R SV e 5 B S Ak .
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B, S T HA R s FE UG AR S W 5 IR R 6 I 7 O e i
bR BB Jg PERY, I, KMT2A A0 2657 % 8 T o2 i B
LA B R T o 5 HAR TS ARG R4 RS il
4 (W ETV6-RUNX 1) Al , KMT2A HEHEHE /R X & — 244
AT T BLR RN R R 2 R e HAR YT 43 2 RO R
F18 e 170 , A DA (L e A BT 100 oo 16 197 A
HEPRI . B Menin 1) 70 25 7 2050 1) 362 ¥ 7 SRS 190 A
KMT2A 55 (4G 5 SCE R AT TS 73 J2 R s it — 22 4
i =AY A AR AR TR 2 , BN 14 70 10 B SR IR
ISP IRy T 2 4535 2, % KMT2A H 4
R ARG A (L, ANTE T i A 4 R WLEs A& PR A LR , M AE T
AR VA N Y O e B W N TS )EES 4G ey g & L [l RS
SRS ) PEFF PR AL OCHE R AR
3.3 RUNXI1:RUNXITI @45 B 3K 3 A
RUNX1:RUNXIT1 it 45 4 K AR 5¢ AML A Il R 41, H
i AR TR AR S R 1 23 bR 25 9 45 AT MR 7 S
FAR AU SR e, T AR A B R R . A TAL
0 5 L 1%l A 5 R RUNXT A9 Runt DNA 254 25/ 30 5
RUNXIT1 5 400 1 2544 AR 32 | 2 AT S i e S i 422
DRt & A A, RUNXTAE Ay i 4 s Sz A0 20 i 431k
19 O R 2 S i DY, L AE R D) BB RUNXTT 41 55 1 4%
Z ARG T 52 A % (nuclear receptor co—repressor/silencing
mediator for retinoid and thyroid receptors, NCoR/SMRT) & 41
T H 2 L BEAL T (histone deacetylases, HDACs ) % 3 W it {4
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I0H A W BT, 5 BORE 2R S Ak BE R R AH 40 AR R R R
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55 TRIAIL TS KU IFAG S MRD g5 WE I , i AR 2EA B
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KB AL SN B AR AR 7E T IR BT A mT U A 43 57
WE B AW Y L O R, i F 2, RUNXL:
RUNXTTT (K00 52 2k B W, 5770 B -S50065 T AL 22 [
TR SR JICA B2 1) B WLBRE B, 23— D00 )l PR 388 S AR 4 B
AT BT-Be i ml BV A7 43 0Pl ik —REmie i 55 5 7
B B2
3.4 fZ5 @A FE LR ETIRE

5 R R S 5 Rl B DS 3K Sl I 11 AR BT
FEFAET W AR B 2 P[] 235 HOBUIR 2 i B — R e
SEAZR S, A AN BB SEAE T S AR 5367 05 1) $2
718 T AE S AR v A 1 11 5 W I A AR B — 25 05 38 . DA
RAS 3 6 534 g 9] (i WL T JL#E AML B 43 8 £& ALL) ,
RGN S BEA T U B AR 1 AR, O Jim 2 22 R
1% A6 8 1 9 B (mitogen—activated protein kinase kinase,
MEK) 1 i 77) 2 366 5 AR 90 45 SR i (1 23 JZ2 AHle , i AR
FXF A — [ E VYT I R, T RAS B AUEELE S
S R W P 3 A TR AR T RO R, PRI X K S 1Y
5 R {1 22 AR BAE i 1A T TSR W 5 2 25 W DU HE 22 1)
AT T R B ARG DU 2 P 24 O 2R M XTI o PhRE LRI
[ 47 AL (4 1ML % (Philadelphia chromosome-like acute lympho-
blastic leukemia, Ph—like ALL) 51 1% 41 B [Fl F 3% {4 B (K F 2
(eytokine receptor—like factor 2, CRLF2)/Janus 8 i (janus
kinase , JAK) — 15 5 %% 5 K 5% 38076 [H 1 (signal transducer
and activator of transcription , STAT) A 5¢ 53 7 W] & 5j — HiL 7Y
PIRE . I ZRAG I B SE IR 55 T e AR UM ($2 75 B0 B 28
(A= 022 AT o 5 T e A R KUK ) O s v A T S ] 5E
B, A JAK 0 70 45 SR T i B T HT B, 15 H A
RO EATS AR T 03103 B0 55 KR 145932, T AR B A R T
JEEA BRI AR

25 LRI XHES i IR B AL R A% O ATE T
UE S 57 AR B AAETE , TTE TR AN AR SR T TR 5 2
FEENAS VAN AR B AEZR , SRS 64T BIAY T RS AR
FRRRE e 2 A

4 DEkEEREEZRTTE

SRSy T BEROR B 78 L3 (A L% B9 9112 73 B MRD
Wi K A2 VEA v e R AN, (B HC I R R AR 4TS v I 22
TR . e ARBRUEILZ T, ARG F- & (CC/FISH
PCR \NGS) FEFE A iy Ak 38 A8 I 50 (B 12 L 465 SR e s o
A LS )7 T M R 2 — T 2o iR S i mr
Fdk B i PR ok SR ) — bk . A DA e 2 2, TR
JLFE 75 252 v i v ol e AR AR, An AT A 4 032 ARG 43 2
MRD Ffi 155 s M B2 J EA 3 e ilb A7 25 AL R e 2, PASE
BRASI 5 FH e KAk, AT R M PR S B i A A b (0 D S ] R, 76

T A AL 2 T8, R4 R 5 TR0 I AR S5 i T AR A B
HR AT I S 5 B TG T A4 g, L 2 KR T ARG T A AR
B AR B K ) LB S PR R TS i AR 2, e gy 7 o
(T3 R R I H o RS TR 7 AR B, JLEE s 1) 4
T 57 Pk 32 2 f A 32 R 3R 3 (@1 BCR-ABLL KMT2A &
HE) 5155308 BT (U RAS JAK-STAT) B KA 0BT 2 %,
BCHEE T 4 F RN SR s 201 5 Z DL, 7 3 58 A A B i 5
ShASE i, Ja O E S B UM S B G THE

JREEASR, LT [ L5 43T R4 14 2% J B RN By 2
B I ARSI 5 H B H R AR R AR BR , i
FA AR AL T AR HEL R b 53 Ok 1 2 A R AR
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