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The chromosomal translocation t (17;19), resulting in the oncogenic fusion transcription factor
TCF3-HLF?, defines a rare cytogenetic subtype of B-cell precursor (BCP) ALL (<1% of pediatric
ALL). It is reported to be associated with relapse and death within two years from diagnosis, even with
the most intensive conventional chemotherapy and allogeneic hematopoietic stem cell transplantation
(allo-HSCT) 2 3. Given the strong homogeneous expression of CD19 in TCF3-HLF-positive ALL,
CD19-directed immunotherapeutic approaches will be under consideration®. With the rapid
development of chimeric antigen receptor T cell (CAR-T) therapy in recent years, unprecedented
success has been achieved in early trials of anti-CD19 CAR-T cells for relapsed and/or refractory
B-cell malignancies, with many patients obtaining long-term remission and possibly even a cure®”. Of
note, CD19-negative relapse is the predominant cause of treatment failure in patients treated with
anti-CD19 CAR T cells as a standalone therapy, occurring in 25-42% of responding patients> ®,
Similarly, reduced CD22 antigen density at relapse was observed in a phase | study of anti-CD22 CAR
T cell therapy, suggesting that escape by CD22 downregulation is also possible® °. Therefore,
co-administration of CD19 and CD22 CAR-T cells was decided in our study. This report precisely
focused on long-term analysis of safety and efficacy outcomes in 16 patients with TCF3-HLF positive
B-ALL. Clinical characteristics, treatment responses, toxicity and outcomes were analyzed
retrospectively. Consequently, 13 of 16 patients (81.25%) are alive. Surprisingly, only one patient was
observed with CD19 negative relapse after CAR-T infusion and durable remissions were lasted for
more than 24 months in four treated patients. The 12-month OS and 12-month RFS were 93.33% and
76.58%, respectively. It suggests that CAR-T might provide an attractive stand-alone treatment without
HSCT for TCF3-HLF-positive childhood B-ALL patients.

This ongoing phase Il trial (Chinese Clinical Trial Registry: ChiCTR2000032211) evaluates bispecific
CD19/CD22 CAR T-cell therapy in children with relapsed/refractory B-cell malignancies and were
approved by the ethics committee of Shanghai Children’s Medical Center (IRB number:
SCMCIRB-K2016067-1), with updated outcomes recently reported.* Written informed consent was
obtained from patients or their guardians. T cells were transduced with CD19-specific or
CD22-specific CAR lentiviral vectors with 4-1BB costimulatory and CD3-zeta signaling domains. We
combined anti-CD19 CAR-T cells with anti-CD22 CAR-T cells whose scFv was derived from the
FMC63 and the m5/44 clone, respectively. Three patients in this cohort were previously reported by
our center for early responses'; the current sub-study extends follow-up (December 2019-July 2024)
to assess long-term efficacy in TCF3-HLF-positive patients treated with autologous CAR-T cells.
Patients previously treated with anti-CD19 CAR-T therapy were excluded from this study (Figure
S1A). The median follow-up was 15.45 months (range, 2.1-56.3 months) to a data cut-off of 1
September 2024. The cohort (N=16) had a median age of 10.7 years (range: 3.2-14.9) and received a
median of 1 prior therapy line (range: 1-3). Three patients had prior blinatumomab exposure, two were
post-allo-HSCT relapses, and 16 had high-risk disease (6 first relapse, 10 refractory).
Pre-lymphodepletion (day -7), 5 patients exhibited MRD >15% and 5 had extramedullary disease
(EMD). All patients received protocol-defined fludarabine/cyclophosphamide conditioning.
Autologous CD19/CD22 CAR-T cells were infused at a median dose of 8.3x100J/kg (range:



3.5-11.4x1001/kg), with 7 receiving cryopreserved products. Median CAR transduction efficiencies
were 44.2% (CD19; range: 26-67.1%) and 54.7% (CD22; range: 24.3-73%) (Table 1).

The detailed information for each patient is shown in Figure 1. On day 30 after dual-targeted CAR-T
infusion, all patients achieved complete response or complete response with incomplete bone marrow
recovery. The rate of complete molecular remission (MRD<0.01% as assessed with flow cytometry)
was 100% at 2 months. One patient underwent consolidative hemopoietic stem cell transplantation
while in complete remission, and four patients maintained complete remission without any additional
treatment at 12 months after infusion and three of them still persisted at 24 months. Four patients have
relapses with rising MRD (n=3, CD19+CD22+ relapse; n=1, CD19-CD22+ relapse). Three patients
received a second CAR-T infusion. Pt.05 received a combined humanized CD19 and CD22 CAR-T
cells and achieved MRD negative CR at dayl2 after infusion. Pt.04 and Pt.06 received the
donor-derived dual CD19/CD22 CAR-T product. Both of them achieved MRD-negative complete
remission (CR) by day30 post-reinfusion. Then allogeneic HSCT had been performed in Pt.04 and
Pt.06, who maintain CR until now. However, patient Pt.05 died of uncontrollable infections before
bridging to HSCT. As of the cut-off date, 14 of 16 patients are alive. The RFS rate as the time from
CAR-T infusion to morphological relapse or death was 93.33% at 6 months and 76.58% at 12 months
for all treated patients (Figure S1B). The overall survival rate was 93.33% at both 6 months and 12
months (Figure S1C).

TABLE 2 summarized the toxicity caused by CAR-T cells. 13 of 16 patients developed CRS at a
median of 5d (range, 2—-17d) after infusions. CRS was relatively mild in most cases, and grade>3 CRS
was only observed in 2 patients. Of 14 patients treated with tocilizumab, nine patients were combined
with corticosteroid. The peak of IL-6 and IFN-y was usually detected around day 7 (Figure S2A). Four
patients had CAR-related neurotoxicity (Table 2). The copy of CAR T cells in blood always reached
peak levels before day 14 after treatment. Within 28 days after infusion, the highest peak copies of
CD22 CART and CD19 CART were observed in Pt.10 on day6 and Pt.06 on day 3, respectively
(Figure S2B). For long-term follow-up, CAR T cells were still detectable by gPCR in Pt.06, Pt.10,
Pt.11, Pt.13, and Pt.16’s peripheral blood at 6 months post-CAR T-cell infusion. However, CAR-T
cells in patient Pt.08 were steeply dropped between 1 and 3 months after infusion while patient Pt.4
kept with low level of CAR-T cells either within 14 days or 3 months post-CAR T-cell infusion
(Figure S2C). B cell recovery was detected in 3 of 12 patients at a median time of 89 (range, 44-89)
days. B cells remained undetectable in other 9 patients until the last visit. Pt.014 persisted B cell aplasia
over 26 months while Pt.06 relapsed after 24 months with CD19-negative disease with detectable
CAR-T copies and ongoing B cell aplasia (Table 2). However, this study is limited by incomplete
CAR-T persistence and cytokines data, primarily due to sample availability and technical constraints.
While sensitivity analyses support the validity of our findings, future studies should prioritize
standardized longitudinal sampling to minimize such gaps.

This might be the first study providing a median follow-up of 15.45 months in 16 pediatric participants
with TCF3-HLF-positive ALL treated by dual CD19- and CD22-directed immunotherapy, four of
whom were followed up more than 30 months. We showed durable remissions lasted for more than 24
months in four of 16 treated patients. The 6-month RFS and 12-month RFS were 93.33% and 76.58%,



respectively. CD19 antigen loss would be regarded as one of the main causes of CD19-directed
immunotherapy failure. A European cohort reported that in 4 of 9 TCF3-HLF-positive ALL patients
remained molecular remission treated by blinatumomab as a bridge to HSCT with a median follow-up
of 324 days and one patient was observed CD19 negative relapses® . Dual-targeted CAR-T was
regarded as a promising strategy to reduce this kind of relapse, thus co-administration was chosen by
our group. In our cohort enrolled with TCF3-HLF positive r/r B-ALL, only Pt.06 was observed with
CD19 negative relapsed but CD22 positive conserved over 43 months after CAR-T cell infusion.
Moreover, Pt.04, Pt.05, and Pt.06 received a second CAR-T therapy and achieved CR again, as well as
Pt.04 and Pt.06 underwent HSCT and kept the status of CR. No cases of dual CD19/CD22-negative
relapse were observed, and we found the peak expansion of CD22-CAR T cells was higher than that of
CD19-CAR T cells (peaked at median: 825.74 v 495.78 CAR-T copies/ng of genome DNA) in 8
patients tested.This may support the hypothesis that dual targeting mitigates antigen loss.

The better efficacy in our cohort may refer to the high transduction efficiency and high dose of CAR-T
cells infused, which can result in longer CAR-T cell persistence in vivo. The median transduction
efficiency of CD19- and CD22- CAR-T was 44.2 % and 54.65%. In five patients with detectable
CAR-T copies at 6 months, all received over 7 x 10%kg CAR-T cells, and Pt.16 were infused with a
single dose of 11.4 x 10%kg CAR-T cells without dose-limiting toxicity. B cell aplasia was still not
recovered after 26 months in Pt.14, who received 10.5 x 10%kg CAR-T cells. In a phase | trial, 15
patients accepted AUTO3 CAR-T cells transduced by a bicistronic retroviral vector encoding
humanized anti-CD19 and CD22 CARs. The one-year-EFS was reported to be 32% and the median
transduction efficiency of this product was reduced by 18%, which correlated with its shorter
persistence’®. Anti-CD19 CAR-T therapy bridging to allo-HSCT has been announced to prolong the
EFS and OS of r/r B-ALL in several clinical trials' *° but the risk of graft versus host disease (GVHD)
remains underappreciated. The occurrence of CAR-T-related GVHD was found in 23% of B-ALL
patients who experienced relapse after allo-HSCT and were subsequently treated with sequential CD19
and CD22 CAR-T cells*’. In our cohort, CAR-T cell therapy seems to be a stand-alone treatment
without SCT for childhood B-ALL patients with TCF3-HLF positive gene. 10 of 16 patients maintain
ongoing complete remission without HSCT or additional treatments. Notably, three of these patients
have sustained this remission status for over two years. Thus, for patients with high-risk genetic
features (e.g., TCF3-HLF), first-line CAR-T or bispecific antibodies could be studied in parallel with
reduced-intensity chemotherapy to minimize cumulative toxicity while preserving efficacy.

In conclusion, our study presented durable efficacy of dual CD19 and CD22-targeted CAR-T cells in a
subset of 16 patients with TCF3-HLF. The impressive survival rate and CAR-T cell persistence were
achieved in our study with a long-term follow-up. In order to decide whether this strategy can be
stand-alone for TCF3-HLF positive patients, our phase Il trial of dual targeting CD19 and CD22
CAR-T therapy will be ongoing, which may provide additional supportive clues.
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Tables

TABLE 1 Patient and CAR-T products characteristics.

MRD
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D gender (years Genetic Variations Indication mab Prior HSCT Prior toSit CAR-T 19CAR+ 22CAR+ Statuson
es - .
lit dose
0|d) toCAR-T CAR-T infusion dose (E6/kg) sp Day 30
BM, .
01 M 9.78 TCF3-HLF R1 Testi 1% 3.48 Single 49.00%  67.00% MRD neg
estis
split dose :
02 M 8.0 TCF3-HLF; Refractory BM Neg 10.92 # 38.30%  35.40% MRD neg
day0 and
day 16
TCF3-HLF; PAX5 .
03 M 11.83 Refractory BM 28.83% 3.62 Single 40.00%  41.70% MRD neg
exon5 del
TCF3-HLF; ZEB2: BM, _
04 M 11.73 Refractory 0.40% 3.7 Single 40.00%  46.00% MRD neg
Q1072R Bone
TCF3-HLF; NR3C1: .
05 M 10.35 61706 Refractory BM 40.2%% 3.78 Single 26.00%  26.00% MRD neg
S
06 M 3.18 TCF3-HLF Refractory BM 4890% 7 Single 31.00%  26.70% MRD neg
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TABLE 2 CAR-T toxicity and clinical outcomes.

Patient CRS Durationof CANS  pyrationof  Received Received B cell aplasia until last Final Stats
ID grade CRS (days) grade ICANS (days) toxilizumab  corticosteroid FU (days)
01 3 5 2 1 Y Y 189 Alive with CCR
02 3 10 0 0 N N 88 Alive with CCR
03 3 6 0 / Y Y 59 Alive with CCR
04 0 / 0 / N N 44 Alive after 2" CAR-T
05 3 N/A 0 / Y Y N/A Death
06 3 4 2 / Y Y 587 Alive after 3 CAR-T
07 2 3 0 / Y N N/A Alive with CCR
08 3 ) 0 / v N 89 Alive with Relapse after
CAR-T
09 3 7 0 / Y Y N/A Alive with CCR
010 4 4 0 / Y Y 187 Alive with CCR

011 3 7 0 / Y N 181 Alive with CCR



012 1 / 0 / Y N N/A Alive with CCR

013 2 17 0 / Y Y 326 Alive with CCR
014 0 / 0 / N N 793 Alive with CCR
015 4 4 3 N/A Y Y N/A Death

016 1 10 0 / Y N 188 Alive with CCR

CRS grade 1, n=1 patient; CRS grade 2-3, n=10; ICANS grade 2, n=2 patients; ICANS grade 3-4, n=2; CR, complete remission; CCR, continuous CR; FU, follow-up; N/A,

not available; Y, yes; N, no; /, None.



Figure L egends

Figure 1. Clinical response and outcomes. Swimmer plot shows the clinical response and follow-up of individual TCF3-HLF positive patients, as indicated with different
colors in the swimmer lanes. The length of each bar represents a patient's survival time (months) from the date of CAR-T cell infusion to the date of death or last follow-up.

Pt.15 died of epileptic seizure, which was unrelated with CAR-T therapy.
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Figure S1 A) CONSORT diagram; B) and C) Kaplan—Meier estimates of Relapse-free survival and

Overall survival of all 16 treated patients.
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Figure S2 A) demonstrated the level of IL-6 and IFN-y of all patients in the first 3 weeks after CAR-T
cell infusion, respectively. INFG, interferon-gamma. B) Kinetics of CD19 or CD22 CAR T cells in
peripheral blood of individual patients as detected using real-time PCR in the first 28 days after infusion;
C) long-term follow-up of CAR-T cell pharmacokinetics in PB.
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