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Abstract
Severe cytokine release syndrome (sCRS) and immune effector cell‐associated neurotoxicity syndrome (ICANS) have limited the

widespread use of chimeric antigen receptor T (CAR T)‐cell therapy. We designed a novel anti‐CD19 CAR (ssCART‐19) with a small

hairpin RNA (shRNA) element to silence the interleukin‐6 (IL‐6) gene, hypothesizing it could reduce sCRS and ICANS by alleviating

monocyte activation and proinflammatory cytokine release. In a post hoc analysis of two clinical trials, we compared ssCART‐19 with

common CAR T‐cells (cCART‐19) in relapsed/refractory B‐cell acute lymphoblastic leukemia (r/r B‐ALL). Among 87 patients,

47 received ssCART‐19 and 40 received cCART‐19. Grade ≥3 CRS occurred in 14.89% (7/47) of the ssCART‐19 group versus 37.5%

(15/40) in the cCART‐19 group (p = 0.036). ICANS occurred in 4.26% (2/47) of the ssCART‐19 group (all grade 1) compared to 15%

(2/40) of the cCART‐19 group. Patients in the ssCART‐19 group showed comparable rates of treatment response (calculated with

rates of complete remission and incomplete hematological recovery) were 91.49% (43/47) for ssCART‐19 and 85% (34/40) for

cCART‐19 (p = 0.999). With a median follow‐up of 21.9 months, cumulative nonrelapse mortality was 10.4% for ssCART‐19 and

13.6% for cCART‐19 (p = 0.33). Median overall survival was 37.17 months for ssCART‐19 and 32.93 months for cCART‐19
(p = 0.40). Median progression‐free survival was 24.17 months for ssCART‐19 and 9.33 months for cCART‐19 (p = 0.23). These data

support the safety and efficacy of ssCART‐19 for r/r B‐ALL, suggesting its potential as a promising therapy.

INTRODUCTION

Chimeric antigen receptor T (CAR T)‐cell therapy has revolutionized
the treatment of hematological malignancies.1,2 However, the
occurrence of cytokine release syndrome (CRS) and immune effector
cell‐associated neurotoxicity syndrome (ICANS) cannot be ignored in
CART therapy.3–6 It has been reported that CRS occurred in
54%–91% of relapsed or refractory B‐cell acute lymphoblastic

leukemia (r/r B‐ALL) patients after infusion of CAR T‐cells, and grade
≥3 CRS and ICANS could be fatal.7–9 CRS is a systemic inflammatory
response caused by the elevated proinflammatory cytokines secreted
from activated CAR T‐cells and/or mononuclear macrophages. IL‐6
secreted by activated CAR T‐cells was found to activate monocytes
to secret IL‐6 and therefore was considered the most pivotal cytokine
in initiating CRS. High levels of serum IL‐6 were frequently observed
in patients with severe cytokine release syndrome (sCRS).9–13 On the
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other side, IL‐6 can enhance the function of CAR T‐cells; blocking IL‐6
signaling may negatively impact the proliferation and anti‐tumor
effects of CAR T‐cells.14,15 IL‐6 receptor monoclonal antibody,
tocilizumab, and corticosteroids are recommended to treat sCRS.16–18

However, tocilizumab was less effective in treating ICANS, probably
due to its limited penetration of the blood–brain barrier.15 As for
corticosteroids, they not only inhibit the function of CAR T‐cells but
also suppress the systemic immune system, which may lead to severe
infections.19–22 Therefore, there is an urgent need to reduce sCRS
through ways other than drugs.

In our previous study, we developed a novel anti‐CD19 CAR
T‐cell product (ssCART‐19) which utilized the small hairpin RNA
(shRNA) technology to silence the IL‐6 gene of the anti‐CD19 CAR
T‐cells. Preclinical studies demonstrated that IL‐6 knockdown in CAR
T‐cells effectively reduced the release of IL‐6 by CAR T‐cells and
monocytes. ssCART‐19 also showed improved safety without com-
promising the efficacy of CAR T‐cells in vitro studies.23 A phase 1
study (NCT03919240) employing common CART‐19 (cCART‐19) for
r/r B‐ALL has also been initiated. However, the safety and efficacy of
ssCART‐19 compared with cCART‐19 in r/r B‐ALL remained un-
known. During our clinical practice, we also successfully used
ssCART‐19 for the treatment of B‐ALL patients with central nervous
system infiltration (CNSL).24 The results implied that ssCART‐19 also
significantly reduced leukemic infiltration in the CNS with acceptable
toxicity. Also, the safety and efficacy of ssCART‐19 and cCART‐19 in
treating r/r B‐ALL with CNSL remained unelucidated.

In this study, we performed a post hoc analysis of 87 patients
with r/r B‐ALL who were treated with cCART‐19 in the clinical trial
NCT03919240 or with ssCART‐19 in the clinical trial NCT03275493.
Data regarding the safety and efficacy of both CART products were
directly compared.

PATIENTS AND METHODS

Patients

Inclusion and exclusion criteria for the two trials were presented in
https://clinicaltrials.gov/. Patients in both trials who met the follow-
ing criteria were included in this study: 1. Dose of the infused CAR
T‐cells was 5 × 106/kg. 2. The date of infusion of CART‐19 cells was
between December 2015 and February 2019. 3. Had bone marrow
evaluation results on Day 28 after CAR T‐cells infusion. This post hoc
analysis was approved by the Ethics Committee of the First Affiliated
Hospital of Soochow University. All participants and their guardians
provided informed consent for this study.

CAR constructs and CAR T‐cell production

Chimeric antigen receptor (CAR) constructs were expressed in the
lentivirus vector backbone. CAR constructs and peripheral blood
mononuclear cell transductions were performed as previously de-
scribed.23,25 Except for an anti‐CD19 murine single‐chain variable
fragment (scFv), a 4‐1BB costimulatory moiety was encoded. The
feature lies in the CD3 zeta activation domain with an IL‐6 shRNA
element against IL‐6 (Supporting Information S1: Figure 1A).

CAR T‐cells were manufactured by the Shanghai Unicar‐Therapy
Bio‐Medicine Technology Co., Ltd. A clinical‐grade culture system
was employed to expand the CAR T‐cells to reach the required
clinical infusion dose. The evaluation of CAR T‐cell product func-
tionality mainly involved assessing the transduction efficiency of CAR
T‐cells, CD4+/CD8+ T‐cell ratio, and anti‐tumor effects in vitro. Quality
control studies were routinely conducted to ensure that CAR T‐cell

products were sterile, mycoplasma‐negative, and endotoxin‐free.
Afterward, the CAR T‐cells were washed, frozen, and stored in liquid
nitrogen.

CAR T‐cell treatments and response assessments

Autologous leukapheresis was performed. Then patients were
allowed to receive bridge chemotherapy prior to CAR T‐cell infusion.
The bridge chemotherapy included regimens based on idarubicin,
vincristine, prednisone, high‐dose methotrexate, or Hyper‐CVAD.
Lymphodepletion chemotherapy with fludarabine (30mg/m2/day)
and cyclophosphamide (300mg/m2/day) on days −5, −4, and −3
before CAR T‐cells infusion. All patients received CAR T‐cells at a
dose of 5 × 106 cells/kg which were infused at escalated doses of
5 × 105, 1.5 × 106, and 3 × 106 cells/kg for 3 consecutive days.

Endpoints

The primary endpoint focused on safety, with CRS and ICANS graded
according to the ASTCT Consensus.26 Other adverse events (AEs)
were graded based on CTCAE, Version 5.0.27 Secondary endpoints
included efficacy and survival, evaluated following the NCCN
Guidelines.28 Minimal residual disease (MRD) was assessed through
flow cytometry (FCM), with a sensitivity threshold of 1 × 10−4. The
extramedullary and intramedullary disease was evaluated on Day 28
after CAR T‐cells infusion, followed by subsequent evaluations every
3 months. Progression‐free survival (PFS) and overall survival (OS)
were also secondary endpoints.

The proliferation and persistence of CAR T‐cells in peripheral
blood samples collected from patients at predetermined time points
were detected using quantitative real‐time PCR (qPCR) and FCM.
Calculating the CAR copy number depends on the standard curve of
qPCR established with the plasmid encoding the transgene. Cyto-
metric bead array‐based FCM was employed to detect variations in
cytokines, including IL‐4, IL‐6, IL‐10, IFN‐γ, TNF‐α, and IL‐17A.

Statistical analysis

The t‐test (paired or unpaired), Chi‐square test, Mann–Whitney
nonparametric test, and Fisher's exact test were used for comparing
data in both groups. Kaplan–Meier log‐rank test and Fisher's exact
test were used for analyzing OS, PFS, complete response (CR)/CR
with incomplete hematological recovery (CRi), AEs, CRS, and ICANS.
p < 0.05 were considered statistically significant.

RESULTS

Patients and treatment characteristics

A total of 65 patients were enrolled in the ssCART‐19 group and
56 patients in the cCART‐19 group. In the ssCART‐19 group, eight
patients did not receive CAR T‐cell therapy due to rapid disease
progression (n = 3), production failure (n = 3), or personal withdrawal
(n = 2). Additionally, 10 patients received CAR T‐cell infusions other
than 5 × 106/kg. In the cCART‐19 group, seven patients did not
receive CAR T‐cell therapy due to rapid disease progression (n = 3),
production failure (n = 2), or personal withdrawal (n = 2), and nine
patients received CAR T‐cell infusions other than 5 × 106/kg.
Ultimately, 87 patients were enrolled: 47 patients received an
infusion of ssCART‐19, while 40 patients received an infusion of
cCART‐19. The baseline characteristics of patients who received CAR
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T‐cell therapy are presented in Table 1. No significant differences
were observed between the baseline data of the two groups.

CAR T‐cell manufacturing data

The CAR T manufacturing process was identical in both groups. The
expression of IL‐6 in ssCART‐19 was significantly decreased at
both the mRNA and protein levels (Supporting Information S1:
Figure 1B,C). To evaluate the impact of IL‐6 knockdown on efficacy,
production data from ssCART‐19 cells and cCART‐19 cells
were analyzed. The transfection efficiency was 39.98% (range:
14.0%–65.0%) for ssCART‐19 and 44.66% (range: 13.70%–84.66%)
for cCART‐19 (p = 0.313) (Figure 1A). The CD4+/CD8+ T‐cell ratio
was similar in both groups (1.931 vs. 1.531, p = 0.440) (Figure 1B), and
the target cell killing efficacy of ssCART‐19 cells was comparable to
that of cCART‐19 cells (40.22% vs. 44.96%, p = 0.364) (Figure 1C).

Safety

AEs within 28 days of CAR T‐cell infusion in both groups are
presented in Table 2. There was no difference in the frequency of

overall AEs between the ssCART‐19 group and cCART‐19 group
(p = 0.204) (Figure 2A). The incidence of grade 3 or higher AEs and
CRS were significantly lower in the ssCART‐19 group than in the
cCART‐19 group (p = 0.026) (Figure 2B). The ssCART‐19 group
showed significantly lower incidence and any grade CRS compared to
the cCART‐19 group (p < 0.05, Figure 2C,D). However, the incidence
of grade 3–4 CRS (14.89% vs. 37.5%) and any grade ICANS (4.26% vs.
15%) in the ssCART‐19 group was lower than that in the cCART‐19
group (Table 2). The ssCART‐19 group showed a significantly lower
incidence of ICANS compared to the cCART‐19 group (p < 0.05,
Figure 2E,F). With regard to hematologic toxicities, the incidence of
grade 3–4 neutropenia was 29.79% versus 50%, and grade 3–4
thrombocytopenia was 36.17% versus 45% in the two groups,
respectively, which were both significantly lower in the ssCART‐19
group than in the cCART‐19 group.

Change in cytokine levels after CAR T‐cell therapy

Following infusion of CAR T‐cells, the peak levels of IL‐6, IL‐2, and
TNF‐α within 28 days were significantly lower in the ssCART‐19
group compared to the cCART‐19 group (p < 0.05) (Figure 3A–C).
However, there were no significant differences in the peak levels of
IL‐4, IL‐10, IL‐17A, and IFN‐γ (p > 0.05) (Figure 3D–G). The dynamic
levels of IL‐6 and TNF‐α in the ssCART‐19 group were significantly
lower than those in the cCART‐19 group (p < 0.05) (Figure 3H–I). No
significant differences were observed between the two groups in
terms of the dynamic level of IL‐2, IL‐10, and IFN‐γ (p > 0.05)
(Figure 3J–L). Although the peak and dynamic cytokine levels were
not entirely consistent, the overall trend of lower cytokine release
levels in the ssCART‐19 group suggested a safety benefit of ssCART‐
19, which was consistent with the lower incidence of CRS observed in
the ssCART‐19 group.

Treatment response and survival

On Day 28 after CAR T‐cell infusion, 91.49% (43/47) of patients
achieved CR or CRi in the ssCART‐19 group, compared to 85%
(34/40) in the cCART‐19 group (p = 0.999) (Figure 4). In the ssCART‐
19 group, 72.34% (34/47) achieved MRD‐negative CR, while in
the cCART‐19 group, 65% (26/40) achieved MRD‐negative CR. The
duration of response of each patient enrolled in the study until the
last visit is presented in a swimmer plot (Figure 5). After CART
therapy, 20 patients (42.55%, 20/47) in the ssCART‐19 group and 18
patients (45%, 18/40) in the cCART‐19 group received allogeneic
hematopoietic stem cell transplantation (allo‐HSCT) (p = 0.999)
(Supporting Information S1: Figure 2). Patients in the adverse risk

TABLE 1 Baseline characteristics of all 87 treated patients and subgroups.

Characteristic ssCART‐19 (n = 47) cCART‐19 (n = 40) p Value

Male, No. (%) 24 (51.06) 25 (62.5) 0.579

Median age (range), years 33 (9–64) 24 (2–68) 0.079

Median lines of therapy
(range)

3 (2–8) 4 (2–9) 0.453

Allogeneic SCT, No. (%) 13 (27.66) 6 (15) 0.787

Bone marrow blasts, %

≥50% 6 (12.77) 7 (17.5) 0.820

≥5% and <50% 14 (29.79) 13 (32.5)

≥0.01% and <5% 13 (27.66) 11 (27.5)

<0.01% 14 (29.79) 9 (22.5)

Bone marrow blasts
(range)

4.0 (0.01–86.0) 4.0 (0.02–98.0) 0.340

High‐risk cytogenetic factors, No. (%)

BCR/ABL (Ph+) 12 (25.53) 9 (22.5) 0.164

TP53 1 (2.13） 3 (7.5） 0.910

Abbreviations: Ph+, Philadelphia chromosome‐positive; SCT, stem cell transplantation;
TP53, TP53 gene mutation.

F IGURE 1 CAR T manufacturing data. (A) Transduction efficiency of ssCART‐19 group and cCART‐19 group (p = 0.313; t‐test). (B) CD4+/CD8+ T‐cell ratio of

ssCART‐19 and cCART‐19 group (p = 0.440; t‐test). (C) Cytotoxicity of ssCART‐19 and cCART‐19 groups against target cells (p = 0.364; t‐test).
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group who did not receive allo‐HSCT as consolidation continued to
receive standard consolidation chemotherapy.

In the cCART‐19 group, three patients died within 28 days of CAR
T‐cell infusion, including one patient who succumbed to sCRS, one patient
who experienced sCRS and ICANS, and one patient who was discharged
due to failure of CART therapy and subsequently died of unknown cau-
ses. In the ssCART‐19 group, one patient died of infection within 28 days.

As of the data cutoff on February 2024, the median follow‐up time
was 21.9 (range: 0.33–101.7) months. The NRM was 10.4% in the
ssCART‐19 group and 13.6% in the cCART‐19 group (p=0.33)
(Figure 6A). Median OS was 37.17 months for ssCART‐19 and 32.93
months for cCART‐19 (p=0.40). The median PFS was 24.17 months for
ssCART‐19 and 9.33 months for cCART‐19 (p=0.23) (Figure 6B,C). We
analyzed OS and PFS at 1, 2, and 3 years after CART therapy. The 1‐, 2‐,

TABLE 2 AEs among all 87 treated patients.

ssCART‐19 (n = 47) cCART‐19 (n = 40)
Adverse events Any grade Grade ≥3 Any grade Grade ≥3 p* Value

Hematologic event

Anemia 32 (68.09) 15 (31.92) 28 (70) 15 (37.5) 0.654

Febrile neutropenia 8 (17.02) 6 (12.77) 6 (15) 6 (15) 0.763

Neutropenia 26 (55.32) 14 (29.79) 25 (62.5) 20 (50) 0.078

Thrombocytopenia 25 (53.20) 17 (36.17) 21 (52.5) 18 (45) 0.511

Cardiac disorders

Sinus tachycardia 4 (8.51) 0 (0) 2 (5) 0 (0) NE.

Heart failure 4 (8.51) 0 (0) 2 (5) 1 (2.5) 1.000

Gastrointestinal event

Abdominal distension 5 (10.64) 0 (0) 4 (10) 0 (0) NE.

Abdominal pain 1 (2.13) 0 (0) 6 (15) 0 (0) NE.

Nausea 11 (23.40) 0 (0) 10 (25) 0 (0) NE.

Vomiting 7 (14.89) 0 (0) 9 (22.5) 0 (0) NE.

General disorders

Chill 11 (23.40) 0 (0) 7 (17.5) 0 (0) NE.

Fatigue 20 (42.55) 0 (0) 16 (40) 0 (0) NE.

Immune system disorders

CRS 32 (68.09) 7 (14.89) 34 (85) 15 (37.5) 0.036

ICANS 2 (4.26) 0 (0) 6 (15) 2 (5) 0.044

Infections and infestations

Unknown type infection 20 (42.55) 3 (6.38) 17 (42.5) 5 (12.5) 0.462

Lung infection 9 (19.15) 1 (2.13) 9 (22.5) 4 (10) 0.176

Laboratory tests

Alanine aminotransferase increased 5 (10.64) 2 (4.26) 4 (10) 2 (5) 1.000

Aspartate aminotransferase increased 5 (10.64) 1 (2.13) 6 (15) 1 (2.5) 1.000

Hypokalemia 12 (25.53) 0 (0) 5 (12.5) 0 (0) NE.

Nervous system disorders

Epilepsy 2 (4.26) 0 (0) 6 (15) 2 (5) 0.209

Cognitive disturbance 1 (2.13) 0 (0) 5 (12.5) 1 (2.5) 0.460

Respiratory, thoracic, and mediastinal disorders

Cough 10 (21.28) 0 (0) 6 (15) 1 (2.5) 0.460

Dyspnea 5 (10.64) 0 (0) 5 (12.5) 1 (2.5) 0.460

Hypoxia 6 (12.77) 1 (2.13) 15 (37.5) 1 (2.5) 1.000

Skin and subcutaneous tissue disorders

Rash 4 (8.51) 0 (0) 3 (7.5) 0 (0) NE.

Vascular disorders

Hypotension 18 (38.30) 6 (12.77) 25 (62.5) 7 (17.5) 0.562

Note: Data are No. (%). Bone marrow blasts were measured by flow cytometry after bridging chemotherapy and FC lymphodepletion. Bold values indicate statistical significant
at p < 0.05.

Abbreviations: NE., not estimated; P*, Comparison of ≥3 grade AEs between two groups (Chi‐squared test).
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(A) (B) (C)

(D) (E) (F)

F IGURE 2 AEs, CRS, and ICANS in patients with 28 days after CAR T‐cell infusion. (A) Number of AEs at any grade for ssCART‐19 and cCART‐19 groups

(p = 0.204; t test). (B) Number of grade ≥3 AEs in the ssCART‐19 group and cCART‐19 group (p = 0.026; t test). (C) Number of CRS at any grade for ssCART‐19 and

cCART‐19 groups (p < 0.001; Mann–Whitney nonparametric test). (D) Percentage of different grades of CRS for ssCART‐19 and cCART‐19 groups (p = 0.036; Fisher's

exact test). (E) Grade of ICANS for ssCART‐19 and cCART‐19 groups (p = 0.009; Mann–Whitney nonparametric test). Percentage of different grades of ICANS for

ssCART‐19 and cCART‐19 groups (p = 0.049; Fisher's exact test). (F) Percentage of different grades of ICANS for ssCART‐19 groups and cCART‐19 groups

(p = 0.0449; Fisher's exact test).

F IGURE 3 Cytokine levels in the two groups. (A–G) Scatter plots of the peak concentration of interleukin 6 (IL‐6), IL‐2, tumor necrosis factor‐α (TNF‐α), IL‐4,
IL‐10, IL‐17A, and IFN‐γ. (H–L) Dynamic changes in the cytokines IL‐6, TNF‐α, IL‐2, IL‐10, and IFN‐γ within 28 days after CAR T‐cell infusion.
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and 3‐year OS rates for patients in the ssCART‐19 group versus the
cCART‐19 group were 67.34% versus 65.58%, 58.58% versus 55.33%,
and 47.73% versus 42.43%, respectively. Similarly, the 1‐, 2‐, and
3‐year PFS rates for patients in the ssCART‐19 group versus the
cCART‐19 group were 59.52% versus 45.54%, 51.04% versus 44.66%,
and 44.65% versus 42.5%, respectively (Figure 6B,C; Supporting
Information S1: Figure 3).

Pharmacokinetics

Following infusion of CAR T‐cells, blood levels of CAR T‐cells, mea-
sured by CAR gene copies per mg of DNA, peaked between 7 andF IGURE 4 Response rates in the two groups (p = 0.999; t test).

F IGURE 5 Swimmer plot of 87 patients showing treatment responses after CAR T‐cell infusion.
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30 days in most patients. The ssCART‐19 and cCART‐19 groups were
compared in terms of peak CAR T‐cell concentration (Cmax) and time
to peak (Tmax) of CAR T‐cells expansion, and no statistically significant
difference was observed between the two groups (p = 0.960;
p = 0.768) (Figure 7A,B). Line graph analysis of the dynamic change
process within 30 days of infusion showed that there was no sig-
nificant difference in the expansion of CAR T‐cell expansion between
the two groups (p = 0.438) (Figure 7C). These results suggest that the
addition of IL‐6 knockdown elements does not affect the in vivo ex-
pansion of ssCART‐19 cells after infusion. The Cmax values were similar
between the two groups, regardless of whether the patients achieved

CR/CRi or NR. Specifically, for CR patients, the values were 1.16 × 105

copies (range: 8.27 × 103−1.25 × 107) versus 8.65 × 105 copies (range:
1.29 × 103−8.27 × 106), p = 0.6348. In NR patients, the values were
2.64 × 105 copies (range: 9.25 × 104−3.7 × 105) versus 4.58 × 104

copies (range: 3.05 × 104−1.8 × 106), p = 0.665 (Supporting Information
S1: Figure 4A). Maximum expansion occurred on Day 7 (range: 1–24)
in patients who achieved CR in the ssCART group and on Day 10
(range: 1–22) in the cCART‐19 group, with no significant difference ob-
served between the two groups (Supporting Information S1: Figure 4B).
These results indicate that the pharmacokinetics of ssCART‐19 cells were
not affected by the insertion of IL‐6 knockdown elements in vivo.

F IGURE 6 Response and survival. (A) NRM of the two groups of patients. (B, C) Kaplan–Meier curves of progression‐free survival and overall survival.

(A) (B) (C)

F IGURE 7 Expansion of CAR T‐cells. (A) Cmax in the ssCART‐19 and cCART‐19 groups (p = 0.960). (B) Tmax in the ssCART‐19 and cCART‐19 groups (p = 0.768).

(C) Dynamic expansion of CAR T‐cells within 30 days postinfusion. The results showed no difference in the copies of CAR T‐cells in the ssCART‐19 and cCART‐19
groups (p = 0.438).
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DISCUSSION

The CART therapy has shown great promise in the treatment of r/r
B‐ALL. However, the occurrence of CRS and ICANS remains a major
concern. Therefore, it is crucial to identify the risk factors for these
toxicities and develop appropriate therapeutic and prophylactic
strategies that do not compromise the efficacy of CART. In this post
hoc analysis of 2 clinical trials, we compared the outcomes of patients
treated with ssCART‐19 to those treated with cCART‐19.

Although there was no significant difference in NRM, median OS,
and median PFS between the two groups, the 6‐month PFS was
superior in the ssCART‐19 group, indicating a short‐term benefit of
this treatment approach. This provides an opportunity for patients
with poor prognosis to receive a treatment such as allo‐HSCT. A
notable finding of our study was the significantly lower incidence of
severe AEs in the ssCART‐19 group. In particular, the incidence
of sCRS. In our retrospective analysis, only 17.02% of patients in the
ssCART‐19 group required tocilizumab or corticosteroids, compared
to 37.5% of patients in the cCART‐19 group. Corticosteroids are
commonly used by clinicians to treat CRS and ICANS.29,30 Prolonged
use of corticosteroids can impair immune system function, promote
tumor progression, and increase the risk of infection.21,31,32 The
lower incidence of CRS in the ssCART‐19 group, resulting in reduced
corticosteroid use, may explain the observed 6‐month PFS benefit.

In addition, the knockdown of IL‐6 in CAR T‐cells has been
shown to effectively reduce the severity of CRS. The primitive in-
flammatory factors produced by CAR T‐cells upon activation may be
the trigger of CRS. Our previous experiments have confirmed that
IL‐6, IL‐1, IFN‐γ, and IL‐2 in the supernatant of cCART‐19 activated
by tumor cells can activate monocytes to secrete large amounts of
IL‐6.23 Within 30 days after CAR T‐cell infusion, serum levels of IL‐6,
IL‐2, and TNF‐α levels were lower in patients in the ssCART‐19 group
than in patients in the cCART‐19 group, suggesting that patients in
the ssCART‐19 group had a relatively mild inflammatory response
associated with CAR T‐cell infusion. These data may also partially
explain the lower incidence of sCRS in the ssCART‐19 group.

Antigen stimulation from tumor cells effectively drives CAR T‐cell
expansion, correlating with therapy response and CRS occurrence.
Although higher CAR T‐cell expansion is associated with increased CRS
severity,33,34 our study shows that ssCART‐19 maintains comparable
expansion and efficacy while reducing sCRS incidence compared to
cCART‐19 in vivo. The integration of IL‐6 shRNA technology into
ssCART‐19 did not affect T‐cell activation, proliferation, and differ-
entiation, as confirmed by in vitro experiments and gene enrichment
analysis.23,35 This is consistent with findings suggesting that IL‐6 pro-
motes CAR T‐cell proliferation and that inhibition of the IL‐6/STAT3
pathway could promote CAR T‐cell expansion.14,36 Our clinical data
confirm that IL‐6 knockdown does not affect the proliferation or
cytotoxicity of ssCAR‐T‐19 cells.

In addition, we observed that the proportion of ICANS was lower
in the ssCART‐19 group than in the cCART‐19 group. Chen et al.
reported successful treatment of three patients with r/r B‐ALL
involving the central nervous system using ssCART‐19, and none of
them experienced ICANS.24 By reducing the incidence of sCRS at its
source, we can avoid the complexity of interventions and monitoring
after the onset of ICANS. Therefore, ssCART‐19 is particularly
recommended for patients at high risk of sCRS and ICANS.

In addition, the incidence of hematological toxicity, including
neutropenia and severe thrombocytopenia, was reduced in the
ssCART‐19 group. Notably, patients in the ssCART group had lower
rates of grade ≥3 neutropenia and thrombocytopenia. Neutropenia
can increase the risk of infections, particularly fungal infections,
which can be life‐threatening. Juluri et al. used neutrophil and platelet

recovery as indicators of hematologic toxicity, higher IL‐6 levels were
associated with lower neutrophil and platelet counts.37 Peak and
dynamic levels of IL‐6 were lower after ssCART‐19 infusion, which
may facilitate hematopoietic recovery.

Our clinical trials have demonstrated the safety and efficacy of
ssCART‐19 in patients with r/r B‐ALL, particularly those with ex-
pected severe myelosuppression and CRS. The results support the
potential of ssCART‐19 as a promising therapeutic approach for this
challenging patient population. As T‐cell‐mediated aberrant macro-
phage activation contributes to the development of CRS, our future
focus will be on disrupting the interaction between CAR T‐cells and
macrophages to further improve the safety of CAR T‐cells. Relevant
trial studies are currently underway.
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