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HE . BY HKiTEHBARES @G fk(BALL) BILEERE G AMREE AFFT BN KRG
okt (MRD) sH UG 6 %o . J7ik BRI EFR X F B E TR 2019 47 A —2021 —?7}]4’?1}%%4&%?/@7”{:’3
1084 BALL B IUABF 3 5 3897 31 KA 0% Yo i e A ) o 95 3R R &AM, 08 77 i3 A2 P Aeid 7 45 R 5 5
FRRR m AR F R MRD,, @it &35 R, LI 49 UGS, u$)Lybt’su&ﬁvﬁkltﬂﬂﬂ(zozsﬁr—%ﬂ 308)
Ky MG 4B T BILANAL, BEEILAANBLA, KA % B E —H# Logistic B 244 547 % »0 BALL % )L
TG AL, 242X THE(ROC) W& 5 M A E¥vh B £ 7m BALL &I)LFUS M8, 458 i
20~ 444 A, PALREIF BRI 32 AN B o RG] 1260 BOUE SRR 76 BOLE REAR K LKA, L4
89 4] LY SL - 4 20.22%(18/89) . A ZLAMAK C3. f )& 3K & M(IgM) \FMS B4 & B2 #4085 3 Btk (FIe3L) K
FHIETF BLA(P<0.05). &4 KRG ALMRD Mt G EZEE. ﬁnﬁ“‘iﬁnﬁy%lﬁ%(vWF)ﬂi—T—i’Jma’—
BZL(P <0.05). % B % —#& Logistic B )2 54 4 %mﬂ?-féf“\}?/\ém/ﬁ[OR =7.629(95% CI:2.608,22.321) ],
7697 45 R J& MRD [a i[OR =8.508(95% CI:2.908,24.892) | .vWF 7}<—T-m[OR =1.302(95% CI:1.122,1.510) ]
¥ 2 BALL BJLE T8 AT B & (P <0.05) ; AM& C3 7&%4&[0&1 =0.516(95% CI:0.176,0.854) ] \IgM 7K -F 4%
[OAR =0.596(95% CI:0.204,0.906) ] \FIt3L 714%4&[011 =0.805(95% CI:0.721,0.897) |39 & BALL &)L 89 4%
# B F(P<0.05), ROCHESH LRI T IgM AMK C3 AR B 5 & & & 897 45 )5 MRD [ vWE,
FIt3L & 3 A Fm BALL & )USE T 69 4B 12 4 5 4 77.8%(95% CI:0.676,0.880) .77.8%(95% CI:0.676,0.880) |
72.2%(95% CI:0.620,0.824) . 72.2%(95% CI:0.620,0.824) . 76.7%(95% CI:0.665,0.869) .80.0%(95% CI:0.698,
0.902) . 94.4%(95% CI:0.842, 1.000) ; £ 5+ 2 % 83.1%(95% CI:0.729,0.933) . 80.3%(95% CI:0.701,0.905) |
78.9%(95% CI:0.687,0.891) . 74.7%(95% CI:0.645,0.849) .80.0%(95% CI:0.698,0.902) .53.3%(95% CI:0.431,
0.635) .93.0%(95% CI:0.828,1.000) ; ¥ & F & A2 5% % 0.818 (95% CI:0.706, 0.929) . 0.803 (95% CI: 0.687,
0.919) ,0.750(95% CI:0.622,0.878) .0.733(95% CI:0.603,0.864) .0.777(95% CI:0.661,0.894) .0.799(95% CI
0.688,0.910) ,0.925(95% CI1:0.842,1.000) . £51E IgM AMK C3. B E 4 & & /o 8 97 4 R JG MRD 8 M |
vWE . FI3L B&A-FRM BALL 8 )L3L = A 4 3 e 1A,
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Abstract: Objective To explore the effects of immunoglobulin, complement changes and minimal residual
disease (MRD) after induction chemotherapy on the prognosis of children with acute B-cell lymphoblastic leukemia
(BALL). Methods A total of 108 children with BALL who underwent induction chemotherapy in the Affiliated
Hospital of Xuzhou Medical University from July 2019 to July 2021 were selected as the research subjects.
Immunoglobulin and complement were detected by immunoturbidimetry before treatment, and bone marrow MRD
during and at the end of treatment was detected by flow cytometry. The prognosis of children with BALL was
statistically analyzed through telephone or home visits. With the death of the children or the end date of follow-up
(March 30, 2023) as the follow-up endpoint, the deceased children were included in Group A and the surviving
children in group B. The factors influencing the prognosis of children with BALL were analyzed, and the ROC curve
was used to analyze the value of predicting the prognosis of children with BALL. Results As of the follow-up date,
the follow-up period ranged from 20 to 44 months, with a median follow-up period of 32 months. During the follow-
up period, 12 children voluntarily withdrew, 7 children lost contact due to the change of home address, and among
the remaining 89 children, the mortality rate was 20.22% (18/89). The levels of complement C3, IgM and FIt3L in
group A were all lower than those in group B (P < 0.05). After the treatment, the positive rate of MRD, the high-risk
layer of risk stratification and the level of vVWF in group A were all higher than those in group B (P < 0.05).
Multivariate Logistic regression analysis showed that the risk stratification was high-risk [OAR = 7.629 (95% CIL:
2.608, 22.321) ] and positive MRD at the end of treatment [OAR = 8.508 (95% CI: 2.908, 24.892) ] and high vWF
level [OAR = 1.302 (95% CI: 1.122, 1.510) ] were risk factors for death in children with BALL (P < 0.05); Low
complement C3 level [OAR =0.516 (95% CI: 0.176, 0.854) ], low IgM level [OAR =0.596 (95% CI: 0.204, 0.906) ]
and low FIt3L level [OAR = 0.805 (95% CI: 0.721, 0.897) ] were protective factors for the death of children with
BALL (P < 0.05). Through ROC curve analysis, the sensitivities of IgM, complement C3, high-risk risk
stratification, positive MRD after treatment, vWE, FIt3L, and combined prediction of death in children with BALL
were 77.8% (95% CI: 0.676, 0.880), 77.8% (95% CI: 0.676, 0.880), 72.2% (95% CI: 0.620, 0.824), 72.2% (95% CI:
0.620, 0.824), 76.7% (95% CI: 0.665, 0.869), 80.0% (95% CI: 0.698, 0.902), 94.4% (95% CI: 0.842, 1.000); The
specificities were 83.1% (95% CI: 0.729, 0.933), 80.3% (95% CI: 0.701, 0.905), 78.9% (95% CI: 0.687, 0.891),
74.7% (95% CI: 0.645, 0.849), 80.0% (95% CI: 0.698, 0.902), 53.3% (95% CI: 0.431, 0.635), 93.0% (95% CI:
0.828, 1.000); area under the curve were 0.818 (95% CI: 0.706, 0.929) . 0.803 (95% CI: 0.687, 0.919) . 0.750
(95% CI: 0.622, 0.878) . 0.733 (95% CI: 0.603, 0.864) . 0.777 (95% CI: 0.661, 0.894) . 0.799 (95% CI: 0.688,
0.910) . 0.925 (95% CI: 0.842, 1.000). Conclusions The combined prediction of IgM, complement C3, risk
stratification, positive MRD after treatment, vVWF, and FIt3L has a relatively high value in predicting the death of
children with BALL.
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S0Pk Wk I 48 B F I 5 (acute lymphoblastic
leukemia, ALL ) f&—FF /™ 5 (14 IfiL 7% 2R 40 % P e, H:
K AR e, 205 L E R I 199! e A SE T,
A4 80% ~ 85% I ALL J& T 2k B ik L 2000 14 1M s
(acute B lymphoblastic leukemia, BALL)®, %% S {bJ7
sl d7 BALL B LM B E T B, kM, W0 &
BT 5 38 BB & % 58 4 22 it (complete remission,
CR) [y ALL &L, R AT SR A7 A — % 12 1) ALL 2 g
o, BB/ % B4 %W (minimal residual disease,
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W, BTE NIRRT TR S %
1 ARSI

— g FE AL

AT 5T R A Il Jo A 9F 5 07 vk o 1B X 2019 4F
7 H—2021 4 7 A 4R N BE R R R B A7 i
97 IR YT 1 108 14 BALL LN BFFE X 4. 98 A bR
- OFF G (s o 1 L 1297 2% )™ BALL 112 It
PR QIER 3N H ~ 143 ;O Rt TiH S 1k
I7 s @K MRS IE R @B R B R 2K 259
@B ILZK R B RIBEA RS, I F AR = .
HE B B 1 - (DA BE 11 4 32 2 50 11 L R 97 s @9
LI G I TR B2 2R T L A/ B AL T I
@)X X H1) AL 20k i ; @4k & M BALL
G IR H AR ; @812 )5 IR T @ B IF R
PO HFH 55 . AR S 5N BB KBS B B
222 A8 B2 51 2 b UE (No : XYFY2025-JS003-04 ) .
12 Fik

121 WeRAREIE AR TIRYT AT B IL—
FRCTERE L A 45 AR I PR e AR I (] A BT AR R
(body mass index, BMI) TEREE A 2 L AT
(white blood cell count, WBC) . # 3¢ ¥ (French-
American—British, FAB) Z3H KIfs RAHSCHEFr . $l IR
LRk 3 mL, B4 2 000 r/min £ 0> 10 min , B B 7
FFA#AFAE-20 CHY KA b o SR I 5 L b vk A
BIILMERENG (Immunoglobulin G, IgC) VIgA |
IgM . 454 20 B ™ M A0 100 & ( i3 A M
BOA R A U] o SR H A s L o 325 A6 00 1L ¥ A
R C3.C4, 1R & A B R 2 A Y EORA IRA
Al o SR A RE L A T ol TR R R (a0 1
acidic glycoprotein, AAG) 7K V-, i 71 &5 S 4 22 1 1
Ui i GRS I S T R /A I B R ol = ) 11
40 M 43 Bt A (3% B Horiba ABX 24 ®] , % 5
ABXpentraXL80 ) J it £ 2 7 £ & il WBC ., >R H fie
22 W B 3K 50 G I FMIS A i 2 R AL I 3 TEC 4 (FMIS-
like tyrosine kinase 3 ligand, FIt3L) , &3] & W B Jb 3¢
TR RH A R F o B BT A I 0 12 A
1R (1= & 1 R 5 ¥ (von willebrand factor,
vWF) , 35 & [ 3 E Biotang 24 7] o

122 MRD&EMFe Gl o Eink  TATHES
ZEHHS 21 K5 IF iR, R I FACSCanto 1T 7 3 X 24 Y

1.1

(35 [ BD 22 &) ) K OB 48 MRD , H 3080 2 05 E]
S R 1 B = B N B S i e
BV 25 [ MRD , 33 88 43 48 0 5 -1 SR 2 40 A L
() L 49 > MRD A 0 45 5 . MRD FHAE - =1 % 107, f&
W B 43 2 B ofE 2 2% (L B Z0bk bk 0 40 i Pt s 2
I HEBO, b A 4120 [ I DL R B A5 D4
1~ <10 % ; @QWBC< 50 x 10°/L; ®IE 27 T ik 2
20 6 1 I s DA A B A1 A ALL; @6 1(9522)
5 BCR/ABL fill & 3£ A, JC t (45 11) 2f MLL/AF4 fl &
FEP, et (1519) 5 E2A/PBXI filt & 5L A ; @497 4
15 KB il 5 M O 20 ik 240 B <5% ) 55 M, (5 407 ik 248
M1 5% ~25%) , 55 33 REHEC %M. Tadi
[] B 2 LR e S A5 D 1 (9:22) 5 BCR/
ABL filt & 5& ] 5 @) v HiX Il 9 B8R 52 AL I 9
bR G5 P IR IT A 15 KB 865 M3 (JE 40tk 40
it >25% ) 8 fE 5 T R R IRIT A 1S RE#ER M,
oM, ; @ ANAT % 1 6 AT S/ % BR R R 5 33 R
& [ 5% B <107, B B E LR &z —:
DWBC>50 x 1071 ; @4E =10 % ; @ 21k T ik B 40
JifL 9 I s @t (15 19) 587 E2A/PBXI filt 4 3 PR FH 2
OFEk <1 # HIEMLL RN EHE. S a4 a0 2
G A Z —: D1 (9;22) 3 BCR/ABL fil & & (K FH
P53 @t (45 11) 8 MLL/AF4 gl & 35 5 BHME ; @ b 815
SEIRIT R 1S KRB M, @5 33 R Y
B RGEM (55%) , 5 M, 8 M, ; @ WA 4 1F B 17
/N B BE S K6 T D 55 33 K £ [ 7% BE O >107, &R
5512 A fE I Bk B =107

123 @R FHEREFERE SHULELMERD
20 B s 12T RO T IS T AR, 4 T LK
BB (AR UE I 2454 B2 F], H20065857 , 1 mg)
1.5 mg/m*, B IR <2 mg/m®, 1 YK/ J8, i ki 5, Fr e
4 J& 3 £ 4% F£ (Actavis Italy S.p. A B K A ,
H20100552, 20 mg) 30 mg/m>, 1 Y/, & bk i 5, 4%
S22 ke R (T VE E 25 R AT A A,
H36022365,2 mL: 10 mg)45 mg/m*,2 K/, 5554 [ ;
BT A BE R it (7 M A = B % 25 IR
H19993914,5 000 £/ ) ,2 000 u/m?, 2 %/d, LA 13 5 .
124 FUERL BILIGIT G R e ] R
Vige it wi)E , LA LAY T2 55 bl 5 % 1k B[R] (2023 4F
3H30 H) BT AT BILAIA A 4, F7 15
BILWABA . TR 58 &S
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L 2 S0 B 4 A T R B 3 i, 12 49 £ L 2 g 7 40 g L R 5 £
13 Geitess HE T 4 2 S5 T R L H A 89 {9 £ L B9 E 105

I AT SR JTT SPSS 24.0 e i #1F . BB 2022% (18/89) o A #H 5 B 4L H91E Bk AL AE I %
PARG IR P %% (%) 36, B R B6 s i %okt REmFIH] (BMIL IgG (IgA L AAG . #MA C4  WBC Hil FAB
PLTE £ R (xxs) T, LR e B s sgm APBIIEL &/ R, 2R g2 (P>
DRl 22 14 49 M7 SR FH 22 TH 25— i Logistic [FI A B ;25 0.05) . A 205 B 411 #h 4 C3 . 1gM , FIt3L . MRD
il 3Z i H T AFE R 1E (receiver operating characteristic, PER G2 M vWE e, &5t/ XZKQ\Q{Q\ V2R
ROC) £ . P<0.05K 25 H il L. A G2 L (P <0.05) 5 A 44 €3 7K IgM
KA FIBL KK T B 4L, iR 97 45 5 MRD FHAE
R OGERENZRERLE WFKFHE T BY.,
21 FHABILERARAELIEIRLE REL,

Bl DTS R] 20 ~ 440 sz BEDTI A R 324 H

&1 WHEBILEMBERAMEXIEREER

2 R

25 5] n B AR (E xxs) BMI(Ke/m?,x£s) JEFENTE/(d,x £5) AAG/(mg/L,xxs) lgG/(ng/L,x+s) IgA/(ng/L,x=s)

A 18 9/9 7.45 +1.06 23.62 +2.58 3.25+0.86 152.73 +11.52 10.19 +1.53 0.91+0.29
B4 71 41/30 7.69+1.12 23.74 +2.63 3.27+0.84 158.99 + 12.41 11.06 +1.74 0.89 +0.26
X'/ t1H 0.350 0.820 0.174 0.090 1.938 1.938 0.285
PAE 0.554 0.414 0.863 0.929 0.056 0.056 0.776

215 IgM/(ng/L, x+s) CD3'CD4/(%, x+s) CD3'CDI9/(%, x+s) AMAC3/ (gL, x+s) #MACA/(g/L, x=s) FlBL/(pg/ml, x=s)

A4l 0.78 +0.12 23.63 +3.06 50.36 + 4.96 0.93 +0.25 0.27 +0.07 7625 +11.52
B4 1.10+0.24 25.39 +3.74 52.85+5.39 1.17 +£0.20 0.31+0.08 89.63 + 12.74
X/ 8 5.469 1.844 1.777 4316 1.940 4.053
P 0.000 0.069 0.079 0.000 0.056 0.000
_ PNy NI 1 A% 2 NGV VA Nl 1 =7 o = AR N 1 20
2H571) vWEF/(pg/L, x +5) Th/Ts Hs-CRP _ _ _ s
(%,x+s) (%,x+s) (%,x+s) (x10°/L,x+s)
A4l 48.26 + 5.96 28.24 +4.63 26.52 +3.02 74.26 £ 4.39 10.94 + 1.52 77.20 £ 3.62 28.63 +3.65
B 42.18 £5.08 29.41 +5.02 27.84+3.26 76.48 +5.02 11.74 +1.89 79.18 £ 4.02 30.26 +3.96
X/ t1E 4377 0.896 1.556 1.716 1.662 1.902 1.583
P{E 0.000 0.373 0.123 0.090 0.100 0.060 0.117
gy TR MRDHEE G1(%) fERESYIE 51(%) WBC/(x 10°L, X+ 5) FAB S (%)
FF B =)o rhifs bRfE <50 >50 L1 L2 L3
A4 7(38.89)  11(61.11)  12(66.67)  4(22.22) 2(11.11) 10(55.56)  8(44.44)  9(50.00) 5(27.78)  4(22.22)
B4 8(11.27)  63(88.73)  10(14.08) 24(33.80) 37(52.11)  32(45.07) 39(54.93) 33(46.48) 23(32.39) 15(21.13)
X’/ 18 5.971 3.965 0.633 0.144
P1H 0.015 0.000 0.426 0.886
2.2 FMBALL & JLTEH Logistic B35 47 7.629(95% CI:2.608,22.321)] . V4 J7 45 % J5 MRD FH

PLBALL LTS & R4 T (£ =0, &=1) F A PE[OR =8.508 (95% CI:2.908 ,24.892) | .vWF /K F- &5
AR IR T 455 5 MRD IR B (B =0, FHME=1) . [OR =1.302(95% CI:1.122, 1.510) 32 BALL £ JL
f5 14 2 (B fe =0, i B fa=1) AME C3 (52 FET- (5K B 2 (P <0.05) ; %Mk €3 K FAE[OR
M) IgM (SZIE ) N A AS g AT 2 Z — i 0.516 (95% CI: 0.176, 0.854) ], IgM 7k P [ O R
Logistic A4 HT , 45 5 7% - fa o BEAM 2 RS fE[OR = 0.596 (95% CI: 0.204, 0.906)] . FI3L 7K - [ O R
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ESER

AMAAE B AT 5 BNk B kX B S

0.805(95% C1:0.721,0.897 ) |¥4J& BALL B JLAE T/
TP E(P<0.05), W2,
2.3 ¥Rl BALL BJLFEHISIRE S #7

IgM KMA C3 &R B2 53 )2 & fé IR Y7 5 MRD
PE vWF  FIBL KA H BALL LTS i flsk:
43 5°h 77.8% (95% C1:0.676,0.880) . 77.8%(95% CI:
0.676, 0.880) . 72.2% (95% CI: 0.620, 0.824) | 72.2%

(95% CI: 0.620, 0.824)

. 76.7% (95% CI: 0.665,

0.842, 1.000) ; % 5 P 43 1l 83.1% (95% CI: 0.729,
0.933) .80.3%(95% CI:0.701,0.905) .78.9%(95% C1:
0.687,0.891) . 74.7% (95% CI: 0.645, 0.849) . 80.0%
(95% CI: 0.698, 0.902) . 53.3% (95% CI: 0.431,
0.635) .93.0% (95% CI:0.828,1.000) ; i £k T 10 £/
5 4 0.818 (95% CI:0.706, 0.929) . 0.803 (95% CI:
0.687, 0.919) . 0.750 (95% CI: 0.622, 0.878) . 0.733

(95% CI:

0.603, 0.864)

. 0.777 (95% CI:

0.661,

0.869) .80.0%(95% C1:0.698,0.902) ,94.4%(95% CI :

0.894) .0.799 (95% CI:0.688,0.910) .0.925(95% CI:
0.842,1.000), W3 K1,

F2 HmBALL BJLFEH % EE—# Logistic @353 iS5
SRS b S, Wald x> P OR 9%l
TR RR
IgM -0.518 0.227 5.207 0.010 0.596 0.204 0.906
*MA 3 -0.662 0.241 7.545 0.006 0.516 0.176 0.854
fE W42 2.032 0.352 33.324 0.000 7.629 2.608 22.321
IHYTEEHUR MRD 2.141 0.365 34.407 0.000 8.508 2.908 24.892
VWF 0.264 0.076 12.138 0.000 1.302 1122 1.510
FI3L -0.217 0.056 15.255 0.000 0.805 0.721 0.897
3 Tl BALL BILBUSHIRIBES 1T
95% CI 95% CI ek T 95% CI
it W % /% PAH
RR FR (G TRR BR
IgM 0.89 ng/L 77.8 0.676  0.880 83.1 0729 0933 0818 0706 0929  0.000
Mk C3 1.03 g/L 77.8 0.676  0.880 80.3 0701 0905  0.803 0.687 0919  0.000
faps B4y )2 722 0.620  0.824 78.9 0.687 0.891 0.750 0.622 0.878 0.001
TAYFJ5 MRD 722 0620  0.824 74.7 0645 0849 0733 0.603 0864  0.002
VWF 4522 pg/L 76.7 0.665  0.869 80.0 0698 0902 0777 0.661 0.894  0.000
Fli3L 83.03 pg/mL 80.0 0.698  0.902 533 0431 0635 0799  0.688 0910  0.000
4 94.4 0.842  1.000 93.0 0.828 1000 0925 0.842 1.000  0.000
. 3 itig
08| ﬁ? ALL i 30K O 20 B S5 4 51 D 9%
sl 7T BRIV b L 0 B A R
: |/ o ST -
o4 _EREaE I, LA AE I 2 B R AR S i
02l e it Vi & 2R, 89 Bl ;B L HH SE T Oy 20.22% , IR T X1 K
/ _ngé& MR B R , AT RE S AR B BT T B
o o2 o1 o5 os 1o Bt 17 B R4 PR3 AH OG o R BT TR ALL o5 15 AR 450
15 BAEEAME . ALL B9 5 ) 3 2RO T im IR

& 1

20 BALL &)L /51y ROC %k

SRR SE I A A, — B2, B A SRR R OLY
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o I T A A BIR T R MR E IR R LA
IR, L, &R % B ALL #3005 4, K it
BHANEYT e LR A R .

A 5E 28 22 [ 3% — i Logistic [0 943 #7 , & BX
P& B B2 43 )23 6 TR YT A5 RS MRD FHAE A#MA C3
IgM . FI3L . vWF ¥ J2& BALL # JLAE T 19 5% i K % .
SR R AE T, #MA C3 1E A MA R 48 v 9 %0 i
a3 TEAMA A T 00 T IR 20 L LA 2ok R v 40 v G
MM, IMERGAEE ST RR, BfEE
AR SR MR AR PSR R IR AR, M AMA C3 J2 X 2L 3%
BRI T o AME R GRS 5 AR C3 S
fi# 4y C3a F1 C3b, H i C3b AE W% 15 i 5 40 it 26 ifd Y
RS ERE-C3b ESYW. RiZESW
HE— 25 PO AMA R GE 0 JE SRy, T8 IR 2 R
G, BB A AR % 4 A MR 200 6 A0 e S
TV B 5 53 G, S 35040 M P9 ) A0 TR K 4 F N
Ui, B 2 AH R Al i R A2 B iE M 4% . 7E BALL /&
L, #MA C3 7K BRI, #MA 3 G2 10 300 32 2B
il , I8 R T o 52 A Y BE 0 UL iR 4 i
L A 20 24 i, 100905 0 AR AT DL Ak S AF TG RN
NG 3T I 1 1 i o B AR A AMA C3 7K P 7
Wk T E DB A2 P, v] Ak 4 S OB L I T &
TR IR RN ™ A S0 N, FERX AP LT, L
PR TG 2 A SRS T A2, AT 25 5 5| & 45 i
FE R BB T RS o RJLAR I LN e 1)
ABAL 22, M AMA C3 KT IR, f 3% R ALY fig
21 ) 55, A TE VR A R T KBGO
b, 51 K ™ Y SAE N o BV M 2 i 7
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