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Figure S1. CAR transgene copies (quantitative PCR) and corresponding hematologic recovery over time for each patient. Arrows indicate interventions administered at the onset of mixed chimerism with/without cytopenia. A broken y-axis was used for clarity, with the break indicated by double slashes. CAR-T, chimeric antigen receptor T-cell; allo-HSCT, allogeneic hematopoietic stem cell transplantation; KO, knockout; DLI, donor lymphocyte infusion; BM, bone marrow; PBSC, peripheral blood stem cell; Flu/Cy, Fludarabine and cyclophosphamide; G-CSF, granulocyte colony-stimulating factor; RBC, red blood cells; PLT, platelets.




Supplementary Tables

Table S1.  Baseline characteristics of individual patients.
	
	Patient 1
	Patient 2
	Patient 3

	Age/Sex(yr/)
	9/M
	2/M
	35/M

	Diagnosis
	T-ALL/LBL
	T-ALL/LBL
	PTCL-NOS

	Prior Therapies

	Lines (no.)
	4
	3
	3

	1st Line
	CCLG-ALL 2008
	CCLG-ALL 2008
	CHOPE + Chidamide

	2nd Line
	MTX+CAM+ Bortezomib
	Venetoclax + Linperlisib, CTX + VDS + IDA + DEX
	CAML + Chidamide；MTX + CHOP + Chidamide

	3rd Line
	CLAG + Venetoclax
	Nelarabine
	Venetoclax+Linperlisib+Chidamide+Azacitidine

	4th Line
	COPDL+Venetoclax + Nelarabine
	NA
	NA

	Bone Marrow

	BM Blasts (%, by
morphology)
	74.5
	30.5
	9.0

	BM Blasts(%, by 
flow cytometry)
	60.85
	52.31
	7.26

	Fusion Gene
	NA
	MTAP-CDKN2B-AS1
	NA

	Somatic Gene Mutation∗
	PTEN p.S229Yfs*3
USP7 p.A204Gfs*48
	NOTCH1 L1678P, CDKN1B，PIK3R1,
TNFRSF13C, ITGA2
	ND

	Immunophenotypes†

	Positive expression, or dim/partial expression as indicated
	CD5, CD7, CD99, CD2, TRBC1dim, cCD3part, TdTpart, CD8dim, CD38part
	cCD3, CD7, CD5dim, CD8few, CD99, TRBC1, CD38part, CD117part, cBCL2, CD45RApart, cKi67part, CD19part
	cCD3，CD3, CD4, CD99, CD5, CD2, HLA-DR, CD38part 

	Negative expression
	CD56, CD45RA, CD3, CD4, TCRrd, 
CD99, CD19, CD1a, CD117, CD15, CD123, CD16, CD34, CD45RO, CD57
	sCD3, CD45, CD2, CD4, CD1a, CD10, CD56, CD34,  CD13, CD33, cMPO, HLADR, CD20, cCD79a
	CD7, CD10, CD1a，CD8, CD45RA, CD56, TRBC1, CD34, CD117, CD13/33, cMPO, cCD79a, TCRrd, CD20, KI67, cBCL-2

	CD7 Expression (%)
	100
	100
	0

	CD5 Expression (%)
	ND
	ND
	100

	Cerebrospinal Fluid

	CSF Blasts (%, by flow cytometry)
	NA
	24.13
	71.58

	CSF Blasts Immunophenotypes
	NA
	CD7+TRBC1+CD38+CD8part+CD3dim+CD5dim+CD2-CD56-CD34-TCRrd-CD1a-
	CD3+CD7part+(27.6%) CD5+CD2+CD99+CD38+CD4+CD8-TRBC1-CD1a-TCRgd-

	[bookmark: OLE_LINK2]Other EMD
	NA
	NA
	Focal lesion in the anterior right shoulder joint. Skin involvement in bilateral axillae and buttock.  



[bookmark: OLE_LINK1]∗A same test was used to screen for mutations in different patients. This test uses high-throughput DNA sequencing technology to detect single nucleotide site variants (SNVs) and small insertions/deletions (InDel) in the coding regions of genes with a coverage of >99% and an average sequencing depth of 2500X or more. †Tumor MRD and immunophenotyping test before enrollment is primarily based on the 2016 revision to the World Health Organization classification of acute leukemia, with reference to the immunophenotyping profile of the patient at the last relapse. Therefore, the panels used for the test varies slightly between patients. M, male; T-ALL/LBL, T-cell acute lymphoblastic leukemia/lymphoma; PTCL-NOS, peripheral T-cell lymphoma, not otherwise specified; BM, bone marrow; CSF, cerebrospinal fluid; EMD, extramedullary disease; dim, dim expression; part, partial expression; NA, Not Applicable; ND, not determined; CTX, Cyclophosphamide; VDS, Vindesine; IDA, Idarubicin; DEX, Dexamethasone; CHOPE, Cyclophosphamide + Vincristine + Doxorubicin + Prednisone + Etoposide; CAML, Cyclophosphamide + Cytarabine + 6-mercaptopurine + L-Asparaginase; MTX, Methotrexate; CLAG, Cladribine + Cytarabine + Granulocyte Colony-Stimulating Factor;   COPDL, Dexamethasone + Cyclophosphamide + Vincristine + L-Asparaginase; CCLG-ALL 2008, Chinese Children Leukemia Group-ALL 2008 protocol [1].

Table S2. Characteristics of the infused cells: CAR-T cell, HSC, PBSC and antigen-knockout lymphocyte.
	
	Patient 1
	Patient 2
	Patient 3

	CAR-T cell

	Donor type
	Haploidentical donor
	Haploidentical donor
	Haploidentical donor

	HLA match degree
	5/10
	5/10
	5/10

	Dose (105/kg)
	5
	10
	10

	CD3+ T cells in lymphocytes (%)
	99.98
	94.11
	98.81

	Transduction rate (%)
	92.34
	73.23
	51.36

	Cell viability (%)
	92.45
	94.11
	89.63

	Culture time (days)
	5
	8
	8

	Quality control
	Qualified
	[bookmark: OLE_LINK3]Qualified
	Qualified

	Lymphodepletion Chemotherapy
	Fludarabine (30mg/m2/day) + Cyclophosphamide (30mg/kg/day)
	Fludarabine (30mg/m2/day) + Cyclophosphamide (250mg/m2/day)
	Fludarabine (30mg/m2/day) + Cyclophosphamide (30mg/kg/day)

	HSC

	Days post CAR infusion (day)
	30/31
	27/28
	25/26

	Stem-cell source
	BM+PB
	BM+PB
	BM+PB

	Donor type
	MSD
	Haploidentical donor
	MSD

	HLA match degree
	10/10
	9/10
	10/10

	Preconditioning Regimen
	TBI/FLU/VM-26/Ara-C/ATG-F/Me-CCNU
	BU/FLU/ATG-F/Me-CCNU
	BU/FLU/ATG-F/Me-CCNU

	Dose (BM)
	MNC 1.67×108/kg, CD34+ 0.2×106/kg, CD3+ 0.14×108/kg
	MNC 1.74×108/kg, CD34+ 0.31×106/kg, CD3+ 1.74×108/kg
	MNC 1.77×108/kg, CD34+ 0.49×106/kg, CD3+ 0.14×108/kg

	Dose (PBSC)
	MNC 11.8×108/kg, CD34+ 4.33×106/kg, CD3+ 3.34×108/kg
	MNC 9×108/kg, 
CD34+ 6.86×106/kg, CD3+ 4.49×108/kg
	MNC 8.4×108/kg, CD34+ 14.51×106/kg, CD3+ 2.73×108/kg

	GVHD Prophylaxis
	CSA + DEX + MTX
	Ruxolitinib + MMF + MTX
	Ruxolitinib + MMF + MTX

	Antigen-knockout lymphocyte

	Donor
	NA
	HSC donor
	HSC donor

	Days post HSC infusion (day)
	NA
	38
	26/49

	Pre-conditioning
	NA
	Fludarabine (30 mg/m²×3 days) + Cyclophosphamide (250 mg/m²×3 days)
	NA

	Knockout antigen
	NA
	CD7
	CD5

	Dose(106/kg)
	NA
	49.4
	11.8/8.9

	Lymphocytes (%)
	NA
	45.6
	94.16/89.77

	CD3+ T cells in lymphocytes (%)
	NA
	93.88
	74.88/80.65

	Viable CD3⁺ dose(106/kg)
	NA
	19.6
	8.02/6.07

	Cell viability (%)
	NA
	92.68
	96.41/94.20

	Target-negative T in CD3+ T cells  (%)
	NA
	98.0
	57.1

	Culture time (days)
	NA
	7
	6

	Quality control
	NA
	Qualified
	Qualified

	Cryopreserved PBSC

	Days post HSC infusion (day)
	NA
	28/30/41
	NA

	Dose
	NA
	Day +28 PBSC: MNC 1.28 × 10⁸/kg, CD34⁺ 0.98 × 10⁶/kg, CD3⁺ 0.64 × 10⁸/kg. Days +30 and +41 PBSC: double the day +28 dose.
	NA


HSC, hematopoietic stem cell; BM, bone marrow; PB, peripheral blood; MSD, matched sibling donor; BU, Busulfan; FLU, Fludarabine; Me-CCNU, Semustine; VM-26, Teniposide; Ara-C, Cytarabine; ATG-F, Antithymocyte Globulin-fresenius; TBI, total body irradiation; MNC, mononuclear cell; PBSC, peripheral blood stem cell; MMF, Mycophenolate Mofetil; CSA, Cyclosporin A; Flu/Cy, Fludarabine and cyclophosphamide. NA, Not Applicable.

Table S3. Preconditioning Regimen.

	
	Patient 1
	Patient 2
	Patient 3

	Total

	
	TBI/FLU/VM-26/Ara-C/ATG-F/Me-CCNU
	BU/FLU/ATG-F/Me-CCNU
	BU/FLU/ATG-F/Me-CCNU

	By days

	d -9
	TBI, 500cGY
	BU, 4.8mg/kg
	NA

	d -8
	TBI, 500cGY
	BU, 4.8mg/kg
	NA

	d -7
	Ara-c, 1g/m2
VM-26, 60mg/m2
	BU, 4.8mg/kg
	NA

	d -6
	Ara-c, 1g/m2
VM-26, 60mg/m2
FLU, 30mg/m2
	FLU, 30mg/m2
	BU, 3.2mg/kg
FLU, 30mg/m2

	d -5
	Ara-c, 1g/m2
FLU, 30mg/m2
	FLU, 30mg/m2
	BU, 3.2mg/kg
FLU, 30mg/m2

	d -4
	FLU, 30mg/m2
ATG-F, 2.5mg/kg
	FLU, 30mg/m2
	FLU, 30mg/m2
ATG-F, 2.3mg/kg

	d -3
	FLU, 30mg/m2
Me-CCNU, 250mg/m2
ATG-F, 2.5mg/kg
	FLU, 30mg/m2
Me-CCNU, 250mg/m2
ATG-F, 5mg/kg
	FLU, 30mg/m2
Me-CCNU, 250mg/m2
ATG-F, 2.3mg/kg

	d -2
	FLU, 30mg/m2
ATG-F, 2.5mg/kg
	FLU, 30mg/m2
ATG-F, 5mg/kg
	FLU, 30mg/m2
ATG-F, 2.3mg/kg

	d -1
	NA
	NA
	NA

	d 01
	BM
	BM
	BM

	d 02
	PBSC
	PBSC
	PBSC


BU, Busulfan; FLU, Fludarabine; Me-CCNU, Semustine; VM-26, Teniposide; Ara-C, Cytarabine; ATG-F, Antithymocyte Globulin-fresenius; TBI, total body irradiation; NA, Not Applicable.


Table S4. Date correspondence for CAR-T infusion, allo-HSCT, MCC diagnosis, and interventions in the three patients.
	
	Patient 1
	Patient 2
	Patient 3

	
	Date
	CAR-T(day)
	HSCT (day)
	Date
	CAR-T (day)
	HSCT (day)
	Date
	CAR-T(day)
	HSCT (day)

	CAR-T
	Apr. 22, 2024
	d0
	
	Aug. 12, 2025
	d0
	
	Sep. 5, 2025
	d0
	

	Pre-transplant conditioning
	May. 13, 2024
	d21
	
	Aug. 30, 2025
	d18
	
	Sep. 19, 2025
	d19
	

	allo-HSCT (BMSC)
	May. 22, 2024
	d30
	01d
	Sep. 8, 2025
	d27
	01d
	Sep. 30, 2025
	d25
	01d

	allo-HSCT (PBSC)
	May. 23, 2024
	d31
	02d
	Sep. 9, 2025
	d28
	02d
	 Oct. 1, 2025
	d26
	 02d

	Neutrophil recovery
	 Jun. 9, 2024
	d47
	+16d
	Sep. 23, 2025
	d42
	+14d
	Oct. 13, 2025
	d38
	+12d

	Platelet recovery
	Jun. 10, 2024
	d48
	+17d
	Sep. 23, 2025
	d42
	+14d
	Oct. 13, 2025
	d38
	+12d

	mixed chimerism
	NA
	NA
	NA
	Oct. 9, 2025
	d58
	+30d
	Oct. 22, 2025
	d47
	+21d

	mixed chimerism with cytopenia (MCC)
	NA
	NA
	NA
	Oct. 9, 2025
	d58
	+30d
	NA
	NA
	NA

	PBSC support
	NA
	NA
	NA
	Oct. 7, 9, and 20 2025
	d56, 58, and 69
	+28, +30, and +41d
	NA
	NA
	NA

	Flu/Cy conditioning
	NA
	NA
	NA
	Oct. 12, 2025
	d61
	+33d
	NA
	NA
	NA

	KO-DLI
	NA
	NA
	NA
	Oct. 17, 2025
	d66
	+38d
	Oct. 27 and Nov. 19, 2025
	d52 and 75
	+26 and +49d


CAR-T, chimeric antigen receptor T-cell; allo-HSCT, allogeneic hematopoietic stem cell transplantation; BMSC, bone marrow stem cell; PBSC, peripheral blood stem cell; KO, knockout; DLI, donor lymphocyte infusion; Flu/Cy, Fludarabine and cyclophosphamide; NA, Not Applicable.
[bookmark: _Hlk226503279]
Table S5. Adverse events associated with CAR-T cell therapy and Allo-HSCT.
	AE/Grade(G1-5)
	Patient 1
	Patient 2
	Patient 3

	AEs post-CAR-T

	CRS
	G2
	G1
	G1

	ICANS
	G1
	No
	No

	Cytopenias
	
	
	

	Neutro
	G4
	G4
	G4

	Leuko
	G4
	G4
	G4

	Thrombo
	G4
	G4
	G4

	Anemia
	G3
	G3
	G3

	Lympho
	G4
	G4
	G4

	GVHD
	
	
	

	Skin
	No
	G1
	G1

	Liver
	No
	No
	No

	Intestinal
	No
	No
	No

	Infection
	
	
	

	Bacterial
	No
	No
	G2 (Septicemia)

	Viral
	No
	No
	No

	Fungal
	No
	No
	No

	AEs post-HSCT

	GVHD
	
	
	

	Skin
	G1
	G1
	No

	Liver
	No
	G1
	No

	Intestinal
	No
	No
	No

	Infection
	
	
	

	Bacterial
	No
	No
	No

	Viral
	No
	No
	No

	Fungal
	No
	No
	No

	Cytopenias
	
	
	

	Neutro
	G4
	G4
	G4

	Leuko
	G4
	G4
	G4

	Thrombo
	G4
	G4
	G4

	Anemia
	G3
	G3
	G3

	Lympho
	G4
	G4
	G4



CRS, cytokine release syndrome; ICANS, immune effector cell–associated neurotoxicity syndrome; Neutro, neutropenia; Leuko, leukocytopenia; Thrombo, thrombocytopenia; Lympho, lymphocytopenia. 
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