Methods
Patients
Newly diagnosed Ph-ALL YA patients were consecutively enrolled in 6 centers in China, namely, Peking University People’s Hospital, Peking Union Hospital, Wuhan Union Hospital, General Hospital of PLA, First Hospital of Soochow University and Peking University Aerospace Center Hospital, between July 2014 and Feb 2018, according to the following inclusion criteria: (1) age 18 to 39 years; (2) without high-risk features, which consisted of elevated WBC count (>30 *109/L for B cell lineage or >100 *109/L for T cell lineage) or high-risk cytogenetic abnormalities, such as hypodiploidy, t(v;11q23), and a complex karyotype (≥5 chromosome abnormalities) determined according to the NCCN 2013 guidelines; and (3) achieved CR after 1 to 2 cycles of induction.

Donor searches were initiated during induction. After cycles of consolidation, patients were excluded from the study if they did not meet the following criteria: remained in CR1, physical score (ECOG) 0-2 and hematopoietic cell transplantation specific comorbidity index (HCT-CI) 0-2. After two cycles of consolidation, the first choices was MSD-SCT or MUD with available donor. Subjects without suitable MSD or MUD were randomized at 1:1 to receive haplo-SCT or chemotherapy.

After 1 year of enrollment, randomization was terminated because of the patients’ intention to crossover between the two intervention groups (total enrolled n=16). The sample size was recalculated as cohort study in July 2015, and the ethics committee agreed to modify the randomization scheme to intention-to-therapy (ITT). Patients who met the recruitment criteria after the second consolidation participated fully in discussions with their doctors and then made decisions on their own regarding their intention to receive haplo-SCT. For each patient, informed consent was obtained from patients in accordance with the Declaration of Helsinki. The trial was approved by the ethics committees at all participating hospitals. Figure S1 provides an overview of the enrolled patients based on ITT.

Diagnostics and assessment of the treatment response
ALL was diagnosed according to the WHO 2008 criteria and as described previously. CR was defined as 5% bone marrow (BM) blasts, the absence of extramedullary disease. Minimal residual disease (MRD) detected by eight-color flow cytometry (FCM) defined as previously reported (in brief >0.01% leukemia-associated immunophenotypes (LAIP) positive cells, minimum 750,000 collected events)[1].

Treatment protocols
Treatment involved 1-2 cycles of induction with VCDP (intravenous vindesine 4 mg/d, days 1, 8, 15, and 22; cyclophosphamide, Cy 750 mg/m2/d, days 1; daunorubicin 45 mg/m2/d, days 1 to 3 and days 15 to 17; dexamethasone equivalent to prednisone 1 mg/kg/d, days 1 to 21) plus subcutaneous L-asparaginase 2,000 U/m2 once, days 19 to 28) or not. If CR occurred, patients received 2 cycles of consolidation with hyper-CVAD-B regimen (intravenous high dose of methotrexate 1 g/m2 d1 and cytarabine 2-3 g/m2, q12 h, d2-3) and a hyper-CVAD-A regimen (intravenous hyperfractionated Cy 300 mg/m2 q12 h, d1-3; vindesine 4mg/d, d4, d11, IV; epirubicin 60mg/m2, d4; dexamethasone 40 mg/d, d1-4, d11-14). Patients in the chemotherapy group received an additional 6 cycles of hyper-CVAD-B/A[2] and maintenance therapy up to 2 years (oral methotrexate and mercaptopurine). Intrathecal chemotherapy with methotrexate, cytarabine, and dexamethasone was given to all patients for at least six doses during induction and consolidation chemotherapy (before HSCT) as previously reported[3, 4]. No patient received antigen receptor (CAR) T cells (Car-T) or antibody-based therapies before the first relapse. 

All SCT patients received grafts with both G-CSF mobilized bone marrow and peripheral blood. The target mononuclear cell count was 6-8×108/kg of the recipient’s weight. Considering the relatively lower CIR of SR ALL CR1 patients compared with HR ALL patients, busulfan (Bu)/Cy-based conditioning rather than total body irradiation (TBI) was chosen in the current study[5]. The conditioning of haplo-SCT was: intravenous cytarabine (4 g/m2 per day) on days -10 to -9, intravenous Bu (3.2 mg/kg per day) on days -8 to -6, intravenous Cy (1.8 g/m2 per day) on days -5 to -4, oral methyl chloride hexamethylene urea nitrate (Me-CCNU; 250 mg/m2 per day) on day -3, and intravenous ATG (2.5 mg/kg per day; Sang Stat, Lyon, France) on days -5 to -2. The graft-versus-host disease (GVHD) prophylaxis regimen consisted of pretransplant ATG and posttransplant cyclosporine A, mycophenolate mofetil, and short-term methotrexate. Patients received low-dose corticosteroid prophylaxis with based on their risk stratification[6]. Two doses of 14.5 mg/kg Cy were given on days 3 and 4 after SCT for patients who received haplo-SCT from maternal donors or collateral relatives[7].

End points and statistical methods
LFS was the primary end point, which was defined as the survival period with continuous CR from CR1 after induction. MRD was not considered relapse for the LFS determination. Other endpoints included OS, CIR and nonrelapse mortality (NRM) in the whole study population, as well as GRFS in the haplo-SCT cohort. Relapse was defined as a recurrence of >5% BM blasts, the reappearance of blasts in the blood, or the development of extramedullary disease. NRM was defined as death after SCT or chemotherapy without disease progression or relapse. CIR was calculated using competing risks with NRM. Acute and chronic GVHD were evaluated and graded by a single practitioner within the program[8, 9]. GRFS events were defined as grade III-IV aGVHD, systemic therapy-requiring cGVHD (extensive or NIH severe), relapse, or death in the two years post-SCT.

To exclude bias that may arise from including patients who relapsed or died too early to receive haplo-SCT in CR1, dynamic landmark analysis and time-dependent Cox proportional hazards regression were used. The dynamic landmark points were calculated between 0 and 12 months after CR1; patients in whom death, the end of follow-up, or relapse occurred before the landmark were excluded. Patients undergoing SCT before the landmark were categorized in the haplo-SCT group, whereas those undergoing SCT after the landmark were included in the chemotherapy-only group[10]. The median time to haplo-SCT was 4.8 months from the achievement of CR1, while the median time to MSD/MUD-SCT was 4.7 months from the achievement of CR1.
As only 18 patients (30.5%) received haplo-SCT before 4 months post CR1 while 9 patients (15.3%) received haplo-SCT after 6 months post CR, we chose 6 months as the fixed landmark point to demonstrate outcomes comparing haplo-SCT and chemotherapy.

Multivariable Cox regression analyses were performed with consolidation by allo-SCT as a time-dependent covariate, in which patients receiving consolidation by chemotherapy first followed by haplo-SCT were counted as at risk in the chemotherapy group from CR1 until SCT and then as at risk in the haplo-SCT group, which was conceptually similar to a Mantel-Byar analysis[11]. The variables included in the univariate analysis were patient age (linear with estimates of HRs for differences of ten years), sex (female or male), WBC count at diagnosis (linear with estimates of HRs for differences of 10×109/L), T cells or B cells, induction regimens (with or without L-asparaginase), and induction time (linear with estimates of HRs for differences of 10 days). Age, WBC count at diagnosis and induction time were calculated as continuous variables. 

[bookmark: OLE_LINK1]Other statistical methods, including comparisons of patient characteristics between two groups, Kaplan-Meier method, competitive risk model, test for proportional hazards (PH) assumption and propensity score (PS) weighting, were calculated as previously reported [12]. SPSS 24.0, R software 3.5.3 (with library “dynpred”, etc.), and GraphPad Prism 8.0 were used for data analyses and graphing.
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