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 Supplementary Figure S1. Survival probability by IKZF1 status. According to IKZF1 status, patients were stratified into two groups: IKZF1del and IKZF1wt. EFS (a), OS (b), and CIR (c) of BCR-ABL1-positive BCP-ALL patients according to IKZF1 status. EFS (d), OS (e), and CIR (f) of CCLG-ALL 2008-high-risk BCP-ALL patients according to IKZF1 status. BCP-ALL, B-cell precursor acute lymphoblastic leukemia; CCLG, Chinese Children Leukemia Group; EFS, event-free survival; OS, overall survival; CIR, cumulative incidence of relapse
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Supplementary Figure S2. Comparison the rates of serious adverse events (SAEs) in patients treated with the CCLG-ALL 2008 high-risk regimen and those treated with the CCCG-ALL 2015 MRD-guided protocol. *P<0.05. BSI, bloodstream infection; IFD, invasive fungal disease; TLS, tumor lysis syndrome
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 Supplementary Figure S3. Survival probability by treatment strategy in IKZF1del patients with conventional high-risk features, including BCR-ABL1-positivity, KMT2A-rearrangements, and MRD ≥1% detected by MFC at TP2
EFS (a), OS (b), CIR (c), and CIDTRM (d) according to treatment strategy. Patients were stratified into two groups: IKZF1del patients without conventional high-risk features treated with higher intensity chemotherapy (CCLG-ALL 2008 high-risk regimen) and those treated with the CCCG-ALL 2015 MRD-guided protocol. EFS, event-free survival; OS, overall survival; CIR, cumulative incidence of relapse; CIDTRM, cumulative incidence of treatment-related mortality
Supplementary Table S1. Comparison of the characteristics of all BCP-ALL patients and the 804 BCP-ALL patients with MLPA data available
	Characteristics
	All patients, n (%)
	Patients with MLPA data available, n (%)
	P

	Number
	904
	804
	

	Sex
	
	
	0.971

	   Male
	527 (58.3%)
	468 (58.2)
	

	   Female
	377 (41.7%)
	336 (41.8)
	

	Age at diagnosis
	
	
	0.745

	   <1 year
	22 (2.4%)
	16 (2.0)
	

	   1–10 years
	795 (87.9%)
	705 (87.7)
	

	   ≥10 years
	87 (9.6%)
	83 (10.3)
	

	WBC ≥50 ×109/L at diagnosis
	164 (18.1%)
	144 (17.9)
	0.901

	CNSL at diagnosis
	15 (1.7%)
	14 (1.7)
	0.896

	TL at diagnosis
	8 (0.9%)
	8 (1.0)
	0.814

	Cytogenetic
	
	
	

	   ETV6-RUNX1
	175 (19.4%)
	159 (19.8)
	0.828

	   TCF3-PBX1
	60 (6.6%)
	48 (6.0)
	0.572

	   BCR-ABL1
	47 (5.2%)
	46 (5.7)
	0.635

	   KMT2A-rearrangement
	29 (3.2%)
	26 (3.2)
	0.976

	  aHigh hyperdiploidy
	129 (14.3%)
	125 (15.5)
	0.459

	bHypodiploidy
	18 (2.0%)
	17 (2.1)
	0.858


BCP-ALL, B-cell precursor acute lymphoblastic leukemia; MLPA, multiplex ligation probe amplification; WBC, white blood cell; CNSL, central nervous system leukemia; TL, testicular leukemia
aHigh hyperdiploidy was defined as >50 chromosomes.
bHypodiploidy was defined as <44 chromosomes.


Supplementary Table S2. Number of patients recruited at each hospital
	Hospital
	Number (%) 

	Fujian Medical University Union Hospital
	628 (78.1)

	Zhangzhou Affiliated Hospital of Fujian Medical University
	83 (10.3)

	First Affiliated Hospital of Xiamen University
	65 (8.1)

	Quanzhou First Hospital Affiliated to Fujian Medical University
	28 (3.5)

	Total
	804 (100.0)



Supplementary Table S3. Comparison of CCLG-ALL 2008 and CCCG-ALL 2015
	Risk stratification
	CCLG-ALL 2008
	CCCG-ALL 2015

	Low risk 
	Prep+VDLD2+CAM
HD-MTX*4 (3 g/m2)
6-	MP+Dex+VCR
VDLD+CAM
6-MP+MTX/VD+IT
	Dex+PVDL+CAT
HD-MTX*4 (3 g/m2)
6-MP+VD
Dex+VCR+DNR+PEG-asp+IT
6-MP+MTX/VD+IT

	Intermediate risk
	Prep+VDLD4+CAM*2
HD-MTX*4 (5 g/m2)
VDLD+CAM
6-MP+MTX
VDLD+CAM/DV+HD-Ara-C
6-MP+MTX/VD+IT
	Dex+PVDL+CAT*2
HD-MTX*4 (5 g/m2)
MP/VCR+DNR+6-MP+PEG-asp
Dex+VCR+Ara-C+PEG-asp+IT
6-MP+MTX/CA/VD+IT

	High risk 
	Prep+VDLD4+CAM*2
(HR-1’, HR-2’, HR-3’)*2
VDLD+CAM
6-MP+MTX/CA/VD+IT
	Same as intermediate-risk type, and undergo HSCT after HD-MTX


VDLD, vincristine (1.5 mg/m2, one dose per week for four consecutive weeks); daunorubicin (25 mg/m2; CCLG-ALL 2008 regimen: one dose per week for two consecutive weeks in low-risk group and four consecutive weeks in intermediate- and high-risk groups; CCCG-ALL 2015 regimen: one dose per week for one week in low-risk group and two consecutive weeks in intermediate-risk group); PEG-asp Dex, peg-asparaginase-dexamethasone; DNR, daunorubicin; CAM, cyclophosphamide (1 g/m2)-cytarabine (75 mg/m2)-6-mercaptopurine (60 mg/m2); CAT, cyclophosphamide (1 g/m2)-cytarabine (50 mg/m2)-6-mercaptopurine (60 mg/m2); HD-MTX, high dose methotrexate; HR-1', 2', 3', BFM collaboration group high-risk module schemes 1', 2', 3'; 6-MP, 6-mercaptopurine; MTX/VD, methotrexate and/or vincristine-dexamethasone; MTX/CA/VD, methotrexate and/or cyclophosphamide-cytarabine and/or vincristine-dexamethasone; Dex+PVDL, dexamethasone + vincristine-daunorubicin-L-asparaginase-prednisone; PEG-asp, peg-aspargase; VCR, vincristine; MTX, methotrexate; CTX, cyclophosphamide; HSCT, hematopoietic stem cell transplantation

Supplementary Table S4. Comparison between CCLG-ALL 2008 and CCCG-ALL 2015 risk stratification criteria
	Risk criteria
	CCLG-ALL 2008
	CCCG-ALL 2015

	Low risk
	Age 1–10 years
+WBC <50 ×109/L
+B cell precusor
+no CNS3a
+no t(9;22), t(1;19), or MLL rearrangement
+pred good responseb
+CRc on day 33
+no TL
	Age 1–10 years
+B-cell
+WBC <50 ×109/L
or >50 chromosomes, 
or the ETV6-RUNX1 oncogene fusion
+ no CNS3
+ no TL
+MRD <1% on Day 19
+ MRD <0.01% on Day 46

	Intermediate risk
	Age ≥10 years
or WBC ≥50 ×109/L
or T-cell
or t(1;19)
or TL
or CNS3 
+no t(9;22), t(1;19) or MLL rearrangement
+pred good response
+ CR on Day 33
	t(9;22) (or BCR/ABL)
or T-cell
or MLL rearrangement: age ≥6 months or WBC <300 ×10⁹/L
or <44 chromosomes
or no criteria of HR and LR



	High risk
	Poor response to prednisone and/or no
CR on Day 33 and/or positivity for t(9;22) (or BCR/ABL) and/or positivity for t(4;11) (or MLL/AF4) (poor risk genetic features)
	MRD ≥1% (or ≥5% blasts morphologically without suitable markers for MRD) on Day 46 
or age <6 months with
MLL rearrangement + WBC ≥300 × 10⁹/L


WBC, white blood cell count; CR, complete remission; MRD, minimal residual disease; CSNL, central nervous system leukemia; TL, testicular leukemia
aCentral nervous system (CNS) status was defined as follows: CNS1, no detectable blast cells in cerebrospinal fluid (CSF); CNS2, <5 leucocytes per μL with detectable blast cells in a cytospin preparation of CSF; and CNS3 or CNS involvement, ≥5 leucocytes per μL with identifiable blast cells, the presence of cranial-nerve palsies, or intracerebral infiltrates on cranial computed tomography.
bGood prednisone response was defined as <1 ´109/L blasts in peripheral blood on Day 8. Poor prednisone response was defined as ≥1 ´109/L blasts in peripheral blood on Day 8. 
cComplete remission was defined as <5% blasts on morphology in the bone marrow.


Supplementary Table S5. MLPA analysis of IKZF1 deletions in 804 patients with BCP-ALL
	IKZF1 status
	No. of patients 
	%

	IKZF1wt
	718
	89.3

	IKZF1del
	86
	10.7

	Deletions affect exons 4 to 7
	34
	39.5a

	Deletions affect exons 1 to 8
	28
	32.6a

	Deletions affect exons 2 to 3
	2
	2.3a

	Deletions affect exons 2 to 7
	7
	8.1a

	Deletions affect exons 2 to 8
	3
	3.4a

	Deletions affect exons 4 to 8
	3
	3.4a

	Deletions affect other exons
	9
	10.5a


BCP-ALL, B-cell precursor acute lymphoblastic leukemia; MLPA, multiplex ligation probe amplification
aof 86 patients with IKZF1del

Supplementary Table S6. Univariate Cox regression analysis of 450 patients with BCP-ALL with IZKF1 status available in the CCLG-ALL 2008 cohort
	Risk factor
	Overall survival
	
	Event-free survival

	
	HR
	95% CI
	P-value
	
	HR
	95% CI
	P-value

	Sex (male)
	1.317
	0.870–1.993
	0.193
	
	1.317
	0.870–1.993
	0.193

	Age ≥10 years
	1.780
	0.973–3.259
	0.061
	
	1.780
	0.973–3.259
	0.061

	WBC at diagnosis (≥50 × 109/L)
	1.774
	0.887–3.549
	0.105
	
	1.956
	1.248–3.066
	0.003

	ETV6-RUNX1
	0.309
	0.155–0.619
	0.001
	
	0.436
	0.227–0.839
	0.013

	TCF3-PBX1
	0.294
	0.072–1.199
	0.088
	
	1.151
	0.534–2.485
	0.719

	BCR-ABL1
	0.571
	0.209–1.561
	0.275
	
	3.472
	1.852–6.506
	0.000

	KMT2A-rearrangement
	1.599
	0.866–2.955
	0.134
	
	4.839
	1.528–15.323
	0.007

	aHypodiploidy
	1.895
	0.764–4.697
	0.168
	
	2.061
	0.653–6.505
	0.218

	bHigh hyperdiploidy
	1.953
	1.078–3.538
	0.027
	
	1.035
	0.587–1.823
	0.906

	IKZF1del
	0.770
	0.282–2.104
	0.610
	
	3.132
	2.101–4.667
	0.000

	Treatment risk group (high-risk group)
	1.401
	0.344–5.705
	0.638
	
	2.720
	1.646–4.494
	0.000


BCP-ALL, B-cell precursor acute lymphoblastic leukemia; CCLG, Chinese Children Leukemia Group; WBC, white blood cell; HR, hazard ratio; CI, confidence interval
aHigh hyperdiploidy was defined as >50 chromosomes.
bHypodiploidy was defined as <44 chromosomes.


Supplementary Table S7. Univariate Cox regression analysis of 430 BCR-ABL1-negative BCP-ALL patients with IZKF1 status available in the CCLG-ALL 2008 cohort 
	Risk factor
	Overall survival
	
	Event-free survival

	
	HR
	95% CI
	P-value
	
	HR
	95% CI
	P-value

	Sex (male)
	1.167
	0.675–2.017
	0.581
	
	1.348
	0.868–2.093
	0.184

	Age ≥10 years
	1.702
	0.728–3.978
	0.219
	
	1.613
	0.809–3.217
	0.175

	WBC at diagnosis (≥50 × 109/L)
	1.873
	1.004–3.496
	0.049
	
	1.381
	0.802–2.377
	0.244

	ETV6-RUNX1
	0.640
	0.302–1.356
	0.244
	
	0.477
	0.247–0.923
	0.028

	TCF3-PBX1
	1.475
	0.588–3.703
	0.408
	
	1.260
	0.582–2.730
	0.558

	KMT2A-rearrangement
	2.115
	0.292–15.337
	0.459
	
	5.436
	1.683–16.976
	0.004

	aHypodiploidy
	3.666
	1.144–11.751
	0.029
	
	2.256
	0.713–7.138
	0.166

	bHigh hyperdiploidy
	0.870
	0.393–2.104
	0.730
	
	1.144
	0.645–2.028
	0.646

	IKZF1del
	2.659
	1.254–5.638
	0.011
	
	2.332
	1.238–4.393
	0.009

	Treatment risk group (high-risk group)
	3.852
	2.251–6.590
	0.000
	
	2.967
	1.942–4.532
	0.000


BCP-ALL, B-cell precursor acute lymphoblastic leukemia; CCLG, Chinese Children Leukemia Group; WBC, white blood cell; HR, hazard ratio; CI, confidence interval
aHigh hyperdiploidy was defined as >50 chromosomes. 
bHypodiploidy was defined as <44 chromosomes.


Supplementary Table S8. The impact of IKZF1del on the outcome of BCR-ABL1-negative BCP-ALL patients in the CCLG-ALL 2008 cohort, adjusting for known prognostic factors
	Risk factor
	Overall survival
	
	Event-free survival

	
	HR
	95% CI
	P-value
	
	HR
	95% CI
	P-value

	Age ≥10 years
	1.346
	0.565–3.210
	0.502
	
	1.359
	0.671–2.753
	0.394

	WBC ≥50 × 109/L at diagnosis
	1.243
	0.647–2.389
	0.514
	
	1.001
	0.569–1.763
	0.996

	IKZF1del
	1.448
	0.652–3.214
	0.364
	
	1.386
	0.702–2.736
	0.347

	Treatment risk group (high-risk group)
	2.382
	1.273–4.458
	0.007
	
	2.001
	1.216–3.295
	0.006

	aMRD-LR
	0.406
	0.194-0.683
	0.009
	
	0.460
	0.277-0.762
	0.003


BCP-ALL, B-cell precursor acute lymphoblastic leukemia; WBC, white blood cell; HR, hazard ratio; CI, confidence interval; MRD, minimal residual disease
aCriteria for the MRD-risk groups were as follows [1,2]: MRD-LR, TP1 <1% and TP2 <0.01%; MRD-HR, TP2 ≥1%; MRD-IR, exclude MRD-LR and MRD-HR.
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