P A BE AR 224 CH AR B8O 5 46 55 3 0]
* 324 - Journal of Nanjing Medical University (Natural Sciences ) 20263 H

. A B -

IDEAL-1Q X IVIM E 2 S #UT4 B-ALL 2L E 9 E & T
BHIT RIS

MoFUahEE L R IR BT, 28ET

NP ) LB EERBE (P IHgh RAE GO BEILIR S, v OKJR 030013 MR BHERE ips - KR 030013

[ Z] B8 IR RRCRE S 1k iR/ Z Fe il Bk ARK NG 73 85 77 12 (axial iterative decomposition of water and fat with
echo asymmetrical and least-squares estimation quantitation sequence , IDEAL-TQ) &8 2 A A FE 12 31 BB A Gintravoxel
incoherent motion, IVIM) 52 T2 FUPFAN S B bk 2 BEZ0 0 (1 1197 Cacute B lymphoblastic leukemia, B-ALL) JLE f& % % 7 2 St
FIT OB TN B . T3k UCEE B-ALL &8 L 84 1, #2355 WHO SR FEFE 43 90k 8 ) LAy NARSE 561, Hhfe 61 41, & fi 18 451
79 6 B JLE R 1 ASTIRYT  IF TACT T R AT IS (T 55 36 RO ATREME IDEAL-1Q J2 IVIM $34t . AR #a4LyT 33 d B I
5% B497 (minimal residual disease, MRD)¥5 2 ) L 43 A R ZEA# (clinical remission, CR)ZH (54 51D AR ARZE/# (non-clinical remission,
N-CROZH (25 %) . [RINF e i JLAE 8 P 3]« f B B 2323 < A1 L 40 B 1 H 28 (whiite blood cell count, WBC) i J52 4176k B2 201 ff
T 53 b FLFR B S (lactate dehydrogenase, LDHD & 5 & 3 AR 4 R 45 [ ML (central nervous system leukemia, CNSL) %5 1[fi
IRBEEL. SR € S HOTN B-ALL B USSR 4 207 1, & S 4L UIEMEME R CE W] 2 & T TP IRfG 2.(P < 0.001) 5 K- 4h A 1L
WBC S JEMEMEA (B AE g B A8 5 I R f& R FEAE AR BEEAT Logistic [FIVA 74T, 25 7R (& VPH 5 /& B-ALL & LIRS P 3R
(OR=48 082.101, P < 0.001) . EPFANFHAMKIT B 5 T, 55 N-CR AR EL, CR 418 ) LALTT 5 MEHEME (A 55 12 12 i 195 43 2 Cproton
density fat fraction, PDFF) J& A7 R ] 5th 7 6 Ceffective transverse relaxivity rate, R2") 2 3 1 51 (P=0.005 P=0.008) . LJ7 AT G
FEE 1{ﬁﬁﬁﬁffﬁﬁ§§&(pure diffusion coefficient, D)&fﬁ*ﬁﬁ&%iﬁ(pseudo diffusion coefficient, D){EAE CR 5 N-CR 4[] 2 7 44
A geite 7 L (P <0.001.P=0.024.P=0.030) - 4kJ7 )7 PDFFALST T D {E A A6ST 1T DEZ N-CR RS R K 2 477§ D+D°
{E TR N-CR [ {E #1248 R T A7 (area under the curve, AUC)0.817, 5 5 71497 J5 PDFF(AUC=0.807) . £5i€: IEEMEMER £{E 7T F
FF0 B-ALL 2B LI RGBS B 43 )2, 4097 5T D+D{E XS B-ALL 58 L H4bI7 Ssow B A 6 2 T AR 1
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A preliminary study on the evaluation of risk stratification and prediction of early chemotherapy

response in children with B-ALL using quantitative parameters of IDEAL-IQ and IVIM

YANG Jie', SUN Huimiao', YANG Hong', SUN Mengyuan®, CHENG Yanli’, WANG Sijie™

'Magnetic Resonance Room, *Department of Hematology, Shanxi Children’ s Hospital (Shanxi Maternal and Child
Health Hospital) , Shanxi 030013, China

[Abstract] Objective: To explore the value of axial iterative decomposition of water and fat with echo asymmetrical and least -
squares estimation quantitation sequence (IDEAL-1Q) combined with intravoxel incoherent motion (IVIM) quantitative parameters in
assessing the risk stratification of acute B lymphoblastic leukemia (B - ALL) children and predicting their early response to
chemotherapy. Methods: A total of 84 children with B-ALL were enrolled. According to the WHO risk classification, the children were
divided into the low-risk group (n=5) , the medium-risk group (n=61) , and the high-risk group (n=18). Among them, 79 children
underwent chemotherapy and received lumbar IDEAL - 1Q and IVIM scans before chemotherapy and on day 36 of induction
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chemotherapy. According to day 33 bone marrow MRD after chemotherapy, the children were divided into a CR group (54 cases) and
an N-CR group (25 cases). Clinical data such as age, sex, risk stratification, peripheral blood white blood cell count (WBC) , bone
marrow blast percentage, lactate dehydrogenase (LDH) , and central nervous system leukemia (CNSL) involvement were also collected.
Results: In evaluating the risk stratification of children with B-ALL, the { value of the lumbar vertebrae in the high-risk group was
significantly higher than that in the medium-and low-risk groups (all P < 0.001). Logistic regression analysis with peripheral blood
WBC and lumbar vertebral { value as independent variables and clinical risk as the dependent variable revealed that { value is a high-
risk factor for B-ALL(OR=48 082.101, P < 0.001). In evaluating the early chemotherapy response, compared to the N-CR group, the
CR group had significantly higher proton density fat fraction (PDFF) and effective transverse relaxivity rate (R2") after chemotherapy
(P=0.005, P=0.008). Pretreatment risk stratification, pure diffusion coefficient (D) , and pseudo diffusion coefficient (D*) values
differed significantly between the CR and N -CR groups (P < 0.001, P=0.024, and P=0.030). Post - chemotherapy PDFF, pre -
chemotherapy D , and D’ values were independent risk factors for N-CR. The values of the pre-chemotherapy D+D" in predicting N-CR
had an area under the curve (AUC) of 0.817, slightly higher than that of the post-chemotherapy PDFF (AUC=0.807). Conclusion: The

{ value of the lumbar vertebrae can be used to predict the clinical risk stratification of children with B-ALL. The pre-chemotherapy D+

D" value has significant predictive value for the early chemotherapy response of children with B-ALL.

[Key words] lumbar vertebra; IDEAL-IQ; IVIM; acute lymphoblastic leukemia; early chemotherapeutic response; risk stratification
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A: The lumbar f parameters of high-risk B-ALL children. B: The
lumbar f parameters of medium-risk B-ALL children.
1 B-ALL BJLEEHEf S HE
Figure 1 Lumbar f parameter graph of children with
B-ALL
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9 Logistic & )3 & % 3K TAE 45 4E (receiver operating
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Table 1 Comparison of clinical indicators and quantitative parameters of lumbar vertebral MRI between high-risk group

and medium- and low-risk group

Indicator Medium- and low-risk group(n=66) High-risk group(n=18) P

Sex[n(%) ] 0.542

Male 37(56.061) 8(44.444)

Female 29(43.939) 10(55.556)
Age[ months , M(Pss, Pss) | 48(36,72) 60(40,121) 0.237
CNSL[n(%) ] 0.729

No 59(89.394) 16(88.889)

Yes 7(10.606) 2(11.111)
LDH[ U/L,M(Pss,Ps) ] 611(375,1076) 997(414,2181) 0.138
WBC[x10°, M(Pas,Pss) | 4.12(1.82,10.88) 13.68(7.90,20.56) <0.001
Primitive naive lymphocytes[%,M(Pzg,P75)] 87.80(74.80,92.80) 89.88(76.40,92.57) 0.612
PDFF[ % ,M(Pss,Pss) ] 3.17(2.21,4.66) 2.35(1.76,4.86) 0.401
R2'[S™,M(Pss,Pss) ] 87.91(75.14,101.70) 76.32(68.32,100.88) 0.283
f(x+s) 0.498 +0.118 0.633 +0.147 <0.001
D[x10” mm%/s,M(Pss, Pss) ] 0.36(0.30,0.41) 0.35(0.26,0.37) 0.814
D'[x10™ mm%s,M(Pys,P:s) ] 34.54(15.43,109.17) 118.30(31.97,580.00) 0.084

£2 B-ALL BJLIGKEES MRIE £ 3 # 1 Logistic B34 47
Table 2 Logistic regression analysis of clinical combined MRI quantitative parameters in children with B-ALL

Dependent variable B SE Wald P OR(95%CI)
f 10.833 2.928 9.588 <0.001 48 082.101(154.845-14 930 349.81)
WBC 0.000 0.023 0.000 0.987 1.000(0.955-1.046)

M, &5 BB IR, 45 #h 28 T 1 A Carea under the 0
curve, AUC) =0.87, 95%ClI: 0.767~0.975, % 5 £ Jy
849, RSN T5%, BT E 4y 0.591, Vi REHEHE 1K 05
RN g B-ALL ) LA A B s i Wi 8, ffE
I FE 9 59.119% (K 2) . 061
2.3 N-CR L= CR 48477 4T /6 M4 MR % ¥ 5 3¢ 2
A s R A5 AR AR 2 04

845 B-ALL & )LH, 7949 8 ) LAE L P44 )L =
B I Rk 52 % 09T, JE T ST 5 (BT 58 0.2-
36 ) FE AT BEAE IDEAL-TQ K IVIM 54 . 5 S4k st o
J7 B-ALL )L T4b97 33 d &8 16 7 ) A i X 4i g 0 -

A2 VTl BT R AR 95 BE TN 5K B R (mini-
mal residual disease, MRD)" DK 5 JL 9 N 58 4= 5% i
(complete remission, CR) 41 (54 1] ) Fll K 5¢€ 4= % fift
(non-complete remission, N-CR)ZH (25 f51])

5 N-CR 41t , CR 4158 JLALTT J5 PDFF J Ak
J7 5 R2 23 M5 (P=0.005 P=0.008) . 1LJ7 i fE &
FE 53 )2 AT 1T D I DA 1E CR 5 N-CR A [A /£ £ St
T % 57 (P < 0.001.P=0.024. P=0.030) , CR ZH4bJ7

T T T
0.2 0.4 0.6 0.8 1.0
1-specificity

2 fEXFSRKEB-ALL B ROC #iZk
Figure 2 ROC curve of f to identify high risk B-ALL

A DA S D N-CR 40 . PRZEL TR )L ) 68 Ak
JT W PDFF R2' 8 S AT )5 £ D DA A6 2 3 ¢
TH#ZER(PY) > 0.05, %3, E3.4).

2.4 IDEAL-IQ.IVIM £ # U B-ALL ¥ #3177 &
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Table 3 Comparison of quantitative parameters and clinical indicators of lumbar spine MRI before and after chemotherapy
in the CR group and N-CR group

Indicator N-CR group(n=25) CR group(n=54) P
Sex[n(%) | 0.375
Male 11(44.0) 32(59.3)
Female 14(56.0) 22(40.7)
Age[ months, M(Pss, Prs) ] 48(36,60) 48(36,108) 0.395
Risk factor[n(%) ] <0.001
Low-risk 3(12.0) 5(20.9)
Medium-risk 21(84.0) 40(74.1)
High-risk 1(4.0) 9(6.0)
LDH[U/L,M(Pss,P5s) ] 1107.40(497.63,1717.16) 1172.50(701.04,1 643.96) 0.861
WBCLX10”, M(Pss, Prs) ] 15.18(5.31,25.07) 27.43(5.78,49.08) 0.299
Primitive naive lymphocytes (% ,x + s) 84.12 £ 12.91 80.04 £ 15.48 0.294
Before chemotherapy PDFF L%, M(Pss,Ps) ] 3.06(1.90,3.66) 3.00(2.07,3.79) 0.601
After chemotherapy PDFF(%,x +s) 25.83 + 14.21 37.47 £ 15.63 0.005
Before chemotherapy R2°(S™,x £ 5) 84.29 + 14.52 91.45 +26.23 0.197
After chemotherapy R2°[S™, M(Pss, Pss) | 110.08(99.67,158.05) 158.66(140.62,172.43) 0.008
Before chemotherapy f(x + 5) 0.49 +£0.15 0.52+£0.10 0.432
After chemotherapy f(x + 5) 0.45+0.14 0.49+ 0.09 0.198
Before chemotherapy D[x107° mm*s, M(Pss,Ps) | 0.28(0.33,0.52) 0.41(0.26,0.34) 0.024
After chemotherapy D[x107° mm%s, M(Pss, Pss) | 0.34(0.22,0.61) 0.30(0.25,0.34) 0.116
Before chemotherapy D[ X107 mm¥s,M(Pss,Pss) ] 49.16(44.48,73.42) 115.98(36.40,195.57) 0.030
After chemotherapy D[ X107~ mm’/s, M(Pss,Pss) ] 108.02(36.95,179.09) 57.74(44.40,71.00) 0.163
A B 3001
S T ~
~ 60 2
= = 250
e ==
Z 40 g 200 1
g £
E Z 1507
c 1 e 100 1
£ 2
“ 0 501
CR group(n=25) N-CR group(n=54) CR group(n=25) N-CR group(n=54)
C = D ~
£ 10001 = i
> = 1 000
g g
5 800+ 5 800+
X X
2 600 2 600
Y z
2 2
£ 400 £ 4001
g g
£ 200 £ 2001 li|
: :
2 0 < 0- é
/M T T [=a) T T
CR group(n=25) N-CR group(n=54) CR group(n=25) N-CR group(n=54)

A:Comparison of PDFF between the CR and N-CR groups after chemotherapy. B: Comparison of R2"between the CR and N-CR groups after chemotherapy.
C: Comparison of D between the CR and N-CR groups before chemotherapy. D: Comparison of D’ between the CR and N-CR groups before chemotherapy.
3 {JTIEPDFF X R2 . {LfTRID K& D'7E CR{A5 N-CRBHI S AN E
Figure 3 Box plot of PDFF and R2" after chemotherapy and D and D" before chemotherapy in the CR group and N-CR group
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A: PDFF parameter of CR children before chemotherapy. B: PDFF parameter of CR children after chemotherapy. C: PDFF parameter of N-CR chil-

dren before chemotherapy. D: PDFF parameter of N-CR children after chemotherapy. The PDFF values of CR children after chemotherapy were higher
than those of N-CR children.
4 CRKN-CR4EB-ALL &/LAEHE PDFF 2 H(E
Figure 4 Lumbar PDFF parameters of B-ALL children in the CR and N-CR groups

(95%CI:0.968~0.926) ; 447 1l D18 J D{E H1 45 F 11
43 5 AUC=0.706 (95% CI: 0.559~0.853) . AUC=
0.600 (95%CI: 0.439~0.761) ; AL 37 HI D+D" & Tl I
N-CR HJ AUC=0.817(F 4, 5.

5 # ROC ¥ & 547

PAN-CR A AE AL WrIRZAS AR &0 AT 7 J5
PDFF . A£J7 §T DA 4697 1T D™E  A57 5T D+D{E 1Bk
A Fa bR ROC 43 #7, H97 /5 PDFF {H ) AUC=0.807

#4 IDEAL-IQ R IVIM & 5| S ¥ Fl B-ALL R #LT7 & K ROC 5347
Table 4 ROC analysis of IDEAL-IQ and IVIM sequence parameter prediction of early chemotherapy response in B-ALL

Indicator AUC 95%C1 Cut-off value Sensitivity Specificity
After chemotherapy PDFF 0.802 0.677-0.926 21.74 0.74 0.80
Before chemotherapy D 0.706 0.559-0.853 0.430 0.70 0.68
Before chemotherapy D 0.600 0.439-0.761 31.79 0.96 0.28
Before chemotherapy D+D" 0.817 0.699-0.936 0.440 0.78 0.76
A 1o B 10
0.8+ 0.8 1
£ 0.6 £ 0.67
Z 2
A 0.4+ A 0.41
— Before chemotherapy D+D’
e
After chemotheraphy PDFF ] — Belore chemotherapy
0.2 1 . 0.2 AUC=0.706
AUC=0.802 Before chemotherapy D’
AUC=0.600
— Reference line
O T T T T 0 T T T T
0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 0.8 1.0

1-specificity

1-specificity

A: ROC curve of PDFF predicting N-CR in B-ALL children after induction chemotherapy post-chemotherapy. B: ROC curve of pre-chemotherapy

D, pre-chemotherapy D", and combined pre-chemotherapy D with D* for predicting N-CR in B-ALL children after induction chemotherapy post-

chemotherapy.

El5 {ks7 /5 PDFF.{LfTRID K& DA B-ALL 2 )L 2 814677 7 589 ROC fh £k [E
Figure 5 ROC curve of PDFF and D and D’ values predicting early chemotherapy efficacy in B-ALL children after

chemotherapy
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B 7T DA T B-ALL BB L S 47 RO, H 51k
J7 J5 PDFF A L, 4097 50 D 1E 55 DB BE A 45 5 700
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R A5 % 8 R br -

& IVIM [F 51 H (1)— A S8, AR REE 2058, vT
(i) 22 48 0 = 0 L PO 25 8 A MLV AR RS
B HEm 2 IR T 2 MR R, R R N I o A
RAE L P9 3 B it sl S 2 O Tt It~ FE B
SOWAIARIR] o I AR BRAE IR 5 G i g
WA E \EEER .~ AT T ALL B8
BBV AR A L P 7 A A PR AL 2% S (mii-
crovessel density, MVD) 7K, &5 & I ALL &8 & &
BB MVD. M55 A Bz AR K R B R vy T T X e LA
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