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The key secondary endpoint was the efficacy, which was assessed by the overall response rate (ORR) at Day 28 and Day 56, defined as the proportion of patients demonstrating a complete response (CR), or partial response (PR) according to the 2014 National Institutes of Health (NIH) consensus criteria.
Additional secondary endpoints included non-relapse mortality (NRM; proportion of patients who died from causes other than malignancy relapse, with relapse as a competing risk), incidence of relapse (CIR, proportion of patients with relapse of underlying malignancy), overall survival (time from first hUC-MSCs infusion to death from any cause). 
Exploratory endpoints included biomarker assessments.
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Acute graft-versus-host disease (aGVHD) grading was determined by the investigator per Mount Sinai Acute GVHD International Consortium (MAGIC) guidelines1 at scheduled study visits on days 7, 14, 21, 28, 56, as well as days 100,180, and at the end of treatment.

Response was assessed according to the Center for International Blood and Marrow Transplant Research modifications to the International Bone Marrow Transplant
Registry response index.2,3 

Adverse events were assessed according to National Cancer Institute Common Terminology Criteria for Adverse Events v 5.0 from first infusion (Day 1) to Day 180. Pharmacokinetic samples were collected prior initial MSC infusion and post infusion on 2h、6h、10h、24h、48h、96h、192h、384h and 576h.
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Peripheral blood from all participants were collected at different time points before and after medication. Use flow cytometry to detect the levels of regulatory T cells (Treg, mainly CD3+CD4+CD25(high) CD127(dim)), T4 cells, T8 cells, B lymphocytes (CD19+CD3-), B1 lymphocytes (CD19+CD3-CD5+), B2 lymphocytes (CD19+CD3-CD5-), and the expression levels of cytokines IL-2, IL-4, IL-6, IL-10, TNF-α, IFN-γ, and IL-17A in serum. All patients consented to the blood collection.
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The immunogenicity of MSCs was assessed using flow cytometry by detecting the presence and levels of anti-MSC antibodies in human serum. Serum samples were prepared alongside MSC cell suspensions, with both negative and positive control groups (using Anti-CD44 antibody). Cells were stained with recombinant Protein L (PE-conjugated) to detect immunoglobulin-related molecules on their surface, while the Anti-CD44 antibody validated the experimental system's effectiveness. Flow cytometric analysis measured fluorescence intensity, comparing differences between experimental and control groups to evaluate MSC immunogenicity. Data analysis followed predefined acceptance criteria, incorporating sensitivity, precision, and other validation parameters to confirm the reliability of the method and the immunogenicity level of MSCs. This approach, designed and validated by Wuhan Hongren Biopharmaceutical Co., Ltd.

[bookmark: _Toc198732420]Assessment of Relevance between Adverse Events and Investigational Drugs

(1) The analysis of the association between adverse events and investigational drugs must comprehensively consider the following factors: ①Whether there is a reasonable temporal sequence between the adverse event and the administration of the investigational drug; ②Whether the adverse event disappears or diminishes after discontinuation or dose reduction of the investigational drug; ③Whether the adverse event reoccurs upon readministration (if feasible); ④Whether the clinical or pathological manifestations of the adverse event align with known pharmacological and toxicological knowledge of the investigational drug or its drug class; ⑤Whether the adverse event can be explained by pre-existing diseases, patient-specific factors, or environmental influences.  
[bookmark: _Hlk198552930](2) The relevance between adverse events and investigational drugs may be categorized as follows: ①Definitely related: Evidence of investigational drug use exists. The adverse event follows a reasonable temporal sequence after drug administration; it is supported by drug labeling, similar drugs, or literature; diminishes or resolves after discontinuation or dose reduction; reoccurs upon readministration (if feasible); and other confounding factors (e.g., pre-existing diseases) are excluded, making the investigational drug the most plausible explanation. ②Probably related: Evidence of investigational drug use exists. Readministration history is absent (otherwise consistent with "Definitely related"), or confounding effects of concomitant medications are effectively ruled out. ③Possibly related: Evidence of investigational drug use exists. The adverse event follows a reasonable temporal sequence; supported by labeling, similar drugs, or literature; unclear whether the event reoccurs upon readministration; multiple drugs or factors (including disease progression) may contribute. ④Possibly unrelated: Evidence of investigational drug use exists. The adverse event follows a reasonable temporal sequence but does not align with known adverse reactions in labeling, similar drugs, or literature; unclear whether the event reoccurs upon readministration; alternative explanations (e.g., other causes) may be more plausible.  ⑤Unrelated: No evidence of investigational drug use, or evidence exists but shows no temporal correlation between drug use and the adverse event, or a clear alternative cause is identified.
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	Inclusion criteria

	1
	Male or female, aged 14 to 70 years; 

	2
	Patients have undergone allogeneic hematopoietic stem cell transplantation (allo-HSCT) from any donor source (matched unrelated donor, sibling, haploidentical) using bone marrow, mobilized peripheral blood stem cells, or cord blood for hematologic malignancies;

	3
	Patients who have received aGVHD prophylaxis with at least one immunosuppressive agent, such as calcineurin inhibitors (cyclosporine or tacrolimus), Post-Transplantation Cyclophosphamide (PTCy), antithymocyte globulin (ATG), or CD25 monoclonal antibodies, both prior to and following allogeneic HSCT, yet still developed aGVHD;

	4
	Clinically suspected grades II–IV aGVHD per MAGIC guidelines;

	5
	Patients with steroid-refractory aGVHD, defined as any of the following:
(1) Patients with progressive aGVHD (ie, increase in stage in any organ system or any new organ involvement) after 3~5 d of primary treatment with methylprednisolone ≥2 mg/kg/d (or equivalent);
(2) Patients with aGVHD that has not improved (ie, decrease in stage in at least 1 involved organ system) after 5~7 d of primary treatment with methylprednisolone ≥2 mg/kg/d (or equivalent);
(3) Patients with aGVHD that has not achieved complete response (CR) after more than 28 days of immunosuppressive treatment including steroids;
(4) Patients who previously began corticosteroid therapy at a lower dose (≥1 mg/kg/d methylprednisolone) for treatment of skin GVHD or skin GVHD accompanied by upper GI GVHD but increase in stage in any organ system or any new organ involvement;
(5) Inability to taper prednisone below 2 mg/kg/day or a recurrence of aGVHD activity during steroid taper;

	6
	Evidence of myeloid engraftment (eg, absolute neutrophil count ≥0.5 × 109/L for 3 consecutive days);

	7
	Patients are required to have no intentions of conceiving from the time of screening through a period of six months following the termination of the study. Additionally, they must commit to utilizing effective non-pharmacological methods of contraception throughout the duration of the study.

	



	

	Exclusion criteria

	1
	Known allergy to bovine-derived products;

	2
	Patients with malignant solid tumor;

	3
	Patients with evidence of primary relapsed disease;

	4
	History of alcohol abuse or drug misuse within the six months preceding screening;

	5
	Participation in another clinical trial involving a drug within one month prior to screening;

	6
	Receipt of CAR-T therapy within three months prior to screening;

	7
	Clinically significant, unstable arrhythmias;

	8
	History of immunodeficiency, such as positive human immunodeficiency virus (HIV) antibody status or other congenital immunodeficiency disorders;

	9
	Activated partial thromboplastin time (APTT) >2.5× upper limit of normal (ULN) or prothrombin time (PT) >2.5×ULN (without anticoagulant treatment);

	10
	Active hepatitis B infection [positive hepatitis B surface antigen (HBsAg) with peripheral blood HBV DNA levels ≥1×10³ IU/ml] and/or hepatitis C infection;

	11
	Women who are pregnant or breastfeeding (pregnancy diagnosis to be confirmed through blood or urine tests and/or obstetric ultrasound evaluation);

	12
	Any severe and life-threatening complications that may interfere with the assessment of the study or pose potential risks, including but not limited to severe active infections, particularly severe pneumonia (diagnostic criteria based on the 2007 guidelines from the Infectious Diseases Society of America/American Thoracic Society for diagnosing adult severe pneumonia), severe heart failure (NYHA class IV), or pulmonary hypertension, as determined by the investigator;

	13
	Any condition that may hinder the participant's ability to receive treatment at the study center, comprehend the informed consent document, or any other circumstance deemed by the investigator to be contrary to the best interests of the participant (e.g., compromising health), leading to their ineligibility for this study.
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	Response
	0.5×106cells/kg
	1×106 cells/kg
	2×106cells /kg
	Total

	
	(N=5)
	(N=17)
	(N=3)
	(N=25)

	Day 28
	　
	　
	　
	　

	CR [n, (%)]
	3 (60.0)
	5 (29.4)
	2 (66.7)
	10 (40.0)

	PR [n, (%)]
	1 (20.0)
	8 (47.1)
	1 (33.3)
	10 (40.0)

	PD [n, (%)]
	0 (0.0)
	1 (5.9)
	0 (0.0)
	1 (4.0)

	NR [n, (%)]
	1 (20.0)
	3 (17.6)
	0 (0.0)
	4 (16.0)

	ORR(95％CI)
	80.0 (28.4, 99.5)
	76.5 (50.1, 93.2)
	100.0 (29.2, 100.0)
	80.0 (59.3, 93.2)

	Day 56
	　
	　
	　
	　

	CR [n, (%)]
	4 (80.0)
	7 (41.2)
	2 (66.7)
	13 (52.0)

	PR [n, (%)]
	0 (0.0)
	7 (41.2)
	0 (0.0)
	7 (28.0)

	PD [n, (%)]
	0 (0.0)
	0 (0.0)
	0 (0.0)
	0 (0.0)

	NR [n, (%)]
	1 (20.0)
	3 (17.6)
	1 (33.3)
	5 (20.0)

	ORR(95％CI)
	80.0 (28.4, 99.5)
	82.4 (56.6, 96.2)
	66.7 (9.4, 99.2)
	80.0 (59.3, 93.2)


CR indicates complete response; NR, no responses; PR, partial response; PD, progressive disease; ORR, overall response rate

















[bookmark: _Toc198732422]Supplemental Table 3. The relevance between adverse events and investigational drugs 
	Correlation judgement

	
	Related (TRAE)
	
	Unrelated

	Category
	
	Definitely related
	Probably related
	Possibly related
	
	Possibly unrelated
	Unrelated

	​A reasonable temporal sequence between investigational drug administration and the adverse event
	
	＋
	＋
	＋
	
	＋
	－

	Known drug reaction type
	
	＋
	＋
	＋
	
	－
	－

	Resolution or attenuation of the adverse event after discontinuation or dose reduction of the investigational drug
	
	＋
	＋
	±/？
	
	±/？
	－

	​Reoccurrence of the adverse event upon re-administration of the investigational drug
	
	＋
	？
	？
	
	？
	－

	Explained by concomitant medication effects, progression of the patient’s underlying disease, or influence of other treatments​
	
	－
	－
	±/？
	
	±/？
	＋


＋ indicates ​Affirmed​
－ indicates ​Negated​
± indicates ​Indeterminate (possible but difficult to assess)​​
? indicates ​Unknown
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	Case
	TRAEs
	Days of TRAEs onset

	S01011
	
	

	  TRAE-1
	hypofibrinogenemia
	4

	  TRAE-2
	hypofibrinogenemia
	20

	  TRAE-3
	hypofibrinogenemia
	97

	  TRAE-4
	Anemia
	14

	  TRAE-5
	Hypogammaglobulinemia
	6

	S01017
	
	

	  TRAE-1
	Upper respiratory tract infection
	31

	S01018
	
	

	  TRAE-1
	Anemia
	1

	  TRAE-2
	Leukopenia
	1

	  TRAE-3
	Leukopenia
	18


TRAE indicates treatment-related adverse event
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	Case
	Events for Death
	Days between first MSC infusion and cause of death
	Days between cause of death and death

	[bookmark: OLE_LINK1]S01004
	Recurrence of the original hematologic malignancy
	4
	5

	S01015
	Recurrence of the original hematologic malignancy
	84
	124

	S01023
	Severe pneumonia
	155
	108

	S01024
	Death of unknown cause
	201
	0

	S02001
	Severe pneumonia
	59
	11

	S03001
	aGVHD/TMA
	40
	29


aGVHD indicates acute graft-versus-host disease; TMA, transplantation associated thrombotic microangiopathy
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	Factor
	CR (n=10)
	
	Non-CR(n=15)
	P

	IL 7 (pg/ml)
	3.97(2.95)
	
	2.95(1.84)
	0.296

	IP 10 (pg/ml)
	17.66(15.99)
	
	6.10(4.72)
	0.014

	CD8 central memary T count (/ul)
	87.82(166.67)
	
	121.26(200.63)
	0.667

	CD8 central memary T percentage (%)
	21.27(12.91)
	
	20.91(10.78)
	0.940

	CD8 terminally differentiated effector memory T count (/ul)
	84.86(129.13)
	
	80.77(64.81)
	0.917

	CD8 terminally differentiated effector memory T percentage (%)
	19.58(11.14)
	
	23.27(17.80)
	0.566


CR indicates complete response; Non-CR, non-complete responses
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