Supplementary Figure S1. Schematic Representation of the Bispecific CD19/CD22 CAR2219 Construct.
The domains of CAR2219 comprise the following: 1. Anti-CD22 scFv and anti-CD19 scFv, which mediate the specific recognition of CD22 and CD19 antigens on the surface of tumor cells; 2. CD8α hinge and transmembrane domains, which enhance the stability and membrane localization of the CAR molecule; 3. 4-1BB costimulatory domain, which promotes the proliferation and survival of CAR-T cells and mitigates their exhaustion; 4. CD3ζ signaling domain, which triggers the cytotoxic activity of CAR-T cells; 5. tEGFR, a reporter gene used for the detection of CAR expression efficiency.

Supplemental Table 1. Comparison of Baseline Clinical Characteristics Between Low-Expansion and High-Expansion Groups
	
	Group 1 (Low Expansion, n=18)
	Group 2 (High Expansion, n=15)
	P value

	Age, median (range), y
	61 (37-78)
	65 (16-81)
	0.28

	Age ≥60 years, n (%)
	10 (55.6)
	8 (53.3)
	0.89

	Male, n (%)
	9 (50)
	8 (53.3)
	0.85

	Ann Arbor stage III-IV, n (%)
	13 (72.2)
	13 (86.7)
	0.41

	B symptoms (Present), n (%)
	8 (44.4)
	8 (53.3)
	0.61

	IPI score ≥3, n (%)
	12 (66.7)
	11 (73.3)
	0.68

	ECOG PS ≥2, n (%)
	8 (44.4)
	4 (26.7)
	0.29

	Bulky disease (≥5 cm), n (%)
	6 (33.3)
	3 (20.0)
	0.46

	Prior lines of therapy ≥3, n (%)
	5 (27.8)
	3 (20.0)
	0.70

	PD-1 inhibitor maintenance, n (%)
	12 (66.7)
	10 (66.7)
	1


Continuous variables were compared using the Mann-Whitney U test, and categorical variables were compared using Fisher's exact test or the chi-square test. All P values are two-sided.
Abbreviations: IPI, International Prognostic Index; ECOG, Eastern Cooperative Oncology Group; PD-1, programmed cell death protein 1.

Supplemental Table 2. Exploratory Limited Multivariable Cox Regression Analysis of Immune Subsets in Association with PFS (Adjusted for IPI Score)
	Variable
	Univariate Analysis
	
	Limited Multivariable Analysis (Adjusted for IPI Score)
	

	
	HR (95% CI)
	P value
	HR (95% CI)
	P value

	Immune Cell Subsets
	
	
	
	

	CD4/CD8 ratio
	0.41 (0.17–0.73)
	0.047
	0.44 (0.19–0.79)
	0.047

	Helper T cells (per 10% increase)
	0.67 (0.45-0.99)
	0.054
	0.69 (0.51–0.97)
	0.054

	Naive T cells (per 10% increase)
	0.78 (0.60–1.01)
	0.060
	0.84 (0.63–1.11)
	0.094

	Activated Tregs (per 5% increase)
	1.32 (1.00–1.74)
	0.057
	1.26 (1.00–1.59)
	0.071


This analysis was performed as an exploratory attempt to illustrate directional trends, given the small sample size and low number of events. The model included only IPI score as a covariate; no other clinical variables were adjusted. Results should not be interpreted as definitive evidence of confounding adjustment and require validation in larger cohorts.
Abbreviations: CI, confidence interval; HR, hazard ratio; IPI, International Prognostic Index; PFS, progression-free survival; Tregs, regulatory T cells.
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Supplemental Methods: 
Detailed gating strategies for immune cell subsets:
Lymphocytes were first gated based on forward scatter (FSC-A) and side scatter (SSC-A) characteristics, followed by doublet exclusion using FSC-H vs. FSC-A. CD3+ T lymphocytes were identified using CD3 expression. For CD4+ and CD8+ T cell subsets, cells were gated on CD3+ lymphocytes and then separated by CD4 vs. CD8 expression.
Naive T cells were defined as CD3+CD45RA+CD62L+. Central memory T cells (Tcm) were defined as CD3+CD45RA−CD62L+. Effector memory T cells (Tem) were defined as CD3+CD45RA−CD62L−.
Regulatory T cells (Tregs) were identified as CD4+CD25+FoxP3+ within the CD4+ T cell gate. Activated Tregs were further defined as CD4+CD25+FoxP3+CD45RA− within the Treg gate.
PD-1 expression was assessed on CD3+ T lymphocytes.
All flow cytometry analyses were performed using standardized clinical protocols on a Beckman CytoFLEX analyzer. Absolute counts were determined using a two-platform method involving a hematology analyzer and flow cytometry.

Validation of bispecific CAR functionality:
To confirm that the CD22 scFv in the tandem CAR2219 construct retains binding activity, we performed co-culture assays using CD19-knockout Raji cells (generated via CRISPR-Cas9). CAR2219-T cells, CD19 CAR-T cells, and mock T cells were co-cultured with target cells at an E:T ratio of 1:1 and 2:1 for 24 hours. CAR2219 demonstrated cytotoxicity against CD19-knockout Raji cells, confirming functional CD22 recognition. Detailed data are available upon request.

