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Abstract
Background

Tisagenlecleucel (tisa-cel) is a CD19 chimeric antigen receptor (CAR) T-cell therapy approved for
relapsed or refractory (r/r) large B-cell ymphoma (LBCL). However, real-world long-term outcomes in
Japanese populations remain limited.

Methods

We retrospectively analyzed patients with LBCL who underwent leukapheresis for tisa-cel between April
2020 and July 2022 at the National Cancer Center Hospital (NCCH), Tokyo. Efficacy, survival, and
immune reconstitution data were collected through December 2024.

Results

Among 24 patients who underwent leukapheresis, 21 received tisa-cel infusion. The median follow-up
among survivors was 3.2 years (range, 0.2-4.3). The overall response rate (ORR) was 61.9% at 1 month
and 52.4% at 3 months. The 3-year overall survival (OS) and progression-free survival (PFS) rates were
62.2% and 42.9%, respectively. CD4* T-cell depletion (CD4+ T-cell < 200 cells/pL) persisted in 30.0% of
complete response (CR) survivors at 1 year; however, all patients recovered at 3 years. In contrast, CD19+
B-cell reconstitution remained limited, with B-cell aplasia observed in 70.0% of CR survivors at 1 year and
66.7% at 3 years. In addition, hypogammaglobulinemia (IgG < 400 mg/dL) persisted in 57.1% of CR
survivors at 3 years, indicating sustained impairment of humoral immunity.

Conclusions

Tisa-cel demonstrated sustained long-term efficacy in Japanese patients with LBCL in a real-world
setting. However, prolonged B-cell aplasia and persistent hypogammaglobulinemia were frequently
observed, highlighting the importance of long-term immune monitoring and infection prevention
strategies after CAR T-cell therapy.

Introduction

Relapsed or refractory large B-cell lymphoma (r/r LBCL) remains a clinical challenge, with poor outcomes
following multiple lines of chemo-immunotherapy. The advent of CD19-directed chimeric antigen
receptor (CAR) T-cell therapy has revolutionized treatment by inducing deep, durable remissions in
otherwise refractory disease.
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Tisagenlecleucel (tisa-cel) is a 4-1BB-costimulated CAR-T product approved for DLBCL by U.S. Food and
Drug Administration (FDA) in 2018. JULIET, a pivotal study for r/r LBCL, reported an overall response rate
(ORR) of 53.0%, with 39.1% of patients achieving a complete response (CR) as their best overall

response [1]. In real-world settings, previous studies have reported an ORRs of 58—-79% and a CR rates of
32-60% in the tisa-cel cohorts, with median overall survival (OS) ranging from 10.7 to 31 months [2-10].

In Japan, tisa-cel was approved in 2021 for patients with r/r LBCL in the third-line or later (3L+) setting.
An initial multicenter real-world study reported encouraging outcomes, with an ORR of 73.0%, a 1-year OS
of 67.0%, and an event-free survival (EFS) of 46.3% after a median follow-up of 6.6 months [4]. However,
comprehensive long-term reports from Japan remain limited.

In this study, we conducted a single-center retrospective analysis of patients with r/r LBCL treated with
commercial tisa-cel at the National Cancer Center Hospital (NCCH), Tokyo, Japan. We aimed to evaluate
the long-term clinical efficacy and safety following tisa-cel infusion, with a focus on sustained cellular
and humoral immune impairment in long-term survivors.

Materials and Methods
Patient selection

Patients were eligible for inclusion if they met all of the following criteria: (1) histologically confirmed
LBCL treated at the NCCH; (2) underwent leukapheresis for tisa-cel between April 2020 and December
2024; and (3) received infusion of tisa-cel. Patients who received out-of-specification products were
excluded. LBCL subtypes included diffuse large B cell ymphoma (DLBCL) not otherwise specified (NOS),
DLBCL transformed from low-grade B cell ymphomas and high-grade B cell lymphoma (HGBCL),
according to the 5th edition of WHO classification [11].

Data collection and definitions

Clinical data were collected retrospectively from electronic medical records. Disease status was
assessed by contrast-enhanced computed tomography (CT) or positron emission tomography-
computed tomography (PET-CT) scans performed at approximately 1, 3, 6, 12, 24, and 36 months post-
infusion, or as clinically indicated. Responses to bridging therapy and tisa-cel were evaluated based on
the Lugano classification [12]. Primary refractory LBCL was defined as the failure to achieve CR or partial
response (PR) after front-line treatment or relapse within 12 months of achieving CR [13, 14]. Relapsed
LBCL was defined as disease progression in patients who had previously responded (CR or PR) to
treatment. Refractory LBCL was defined as failure to respond to the last line of treatment before CAR T-
cell therapy [15, 16]. Toxicity assessment and management of cytokine release syndrome (CRS) and
immune effector cell-associated neurotoxicity syndrome (ICANS) were based on the American Society
for Transplantation and Cellular Therapy (ASTCT) consensus criteria and the Expert Panel Opinion [17-
20]. Immune parameters, including CD4* T-cell counts, CD19* B-cell counts, and serum IgG levels, were
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measured at baseline and approximately 1, 3, 6, 12, 24, and 36 months after tisa-cel infusion, depending
on clinical status and physician discretion. A “low CD4* T-cell count” was defined as an absolute CD4* T-
cell count <200 cells/uL, and a “low CD19* B-cell count” was defined as an absolute CD19* B-cell count
< 50 cells/pL. Hypogammaglobulinemia was defined as a serum IgG concentration < 400 mg/dL.

Statistical Analysis

PFS was defined as the time from infusion to disease progression or death from any cause. OS was
measured from infusion to death from any cause. Survival outcomes were estimated using the Kaplan-—
Meier method and compared using log-rank tests. Continuous variables were summarized as medians
with ranges. Analyses were conducted using EZR (Jichi Medical University, Saitama, Japan) [21].

This study was approved by the Ethics Committe of the National Cancer Center. The requirement for
written informed consent was waived owing to the retrospective nature of the study.

Results
Patient Characteristics

A total of 24 patients underwent leukapheresis for tisa-cel. Two patients did not receive infusion due to
progressive disease (PD), and one patient experienced manufacturing failure and subsequently received
another commercial CAR T-cell product (Fig. 1). Of the 21 patients who received tisa-cel infusion, the
median age was 70 years (range, 36-79 years); 11 (52.4%) were male, and one patient (4.8%) presented
with Eastern Cooperative Oncology Group Performance Status (ECOG-PS) = 2. Three patients (14.3%)
had a history of central nervous system (CNS) involvement, although none had active CNS disease at the
time of leukapheresis (Table 1). The median number of prior treatment lines was three (range, 2—-8), and
six patients (28.6%) had previously undergone autologous stem cell transplantation (ASCT). Nine
patients (42.9%) were primary refractory, and 16 (76.2%) were refractory before receiving tisa-cel.
Elevated lactate dehydrogenase (LDH) levels were observed in 12 patients (57.1%). The median time
from apheresis to tisa-cel infusion was 55 days (range, 44-85). Eighteen patients (85.7%) received
bridging therapy prior to infusion, most commonly multi-agent salvage chemotherapy regimens with or
without rituximab (n =9, 50.0%), followed by polatuzumab vedotin plus bendamustine with or without
rituximab (n = 3). Of the remaining six patients, two received rituximab monotherapy and four underwent
radiotherapy.

Response and Survival

At one month post-infusion, the ORR was 61.9% (13 of 21 patients), with 12 patients (57.1%) achieving
CR (Table 2). At 3 months after infusion, the ORR and CR rates were both 52.4% (11/21). At a median
follow-up of 3.2 years, the 3-year PFS was 42.9% (median 18.3 months, 95% Cl 1.4-NR) and the 3-year
OS was 62.2% (median not reached, 95%Cl 11.1-NR) (Fig. 2). Among 12 patients who relapsed, biopsy at
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relapse was performed in 10 (83.3%). CD19 remained positive in 6 patients (60.0%), negative in 1 patient
(10.0%), while it was not evaluated in 3 patients. At the data cut-off, seven patients had died, all due to
disease progression. Patients who achieved a response at 6 months subsequently demonstrated
durable responses (Fig. 3).

Safety

CRS occurred in 16 of 21 patients (76.2%). Most events were grade 1 (n=8, 38.1%) or grade 2 (n =7,
33.3%); only one patient (4.8%) experienced grade 3 CRS, and no grade > 4 events were observed (Table
S1). The median time to CRS onset was 2 days (range, 2-6 days), and the median duration was 4 days
(range, 2-9 days). Tocilizumab was administered to 11 patients (52.4%), with a median initiation time of
2 days (range, 1-5 days) after onset. Corticosteroids were used in 5 patients (23.8%). ICANS was not
observed in any patient.

Immune Reconstitution

Peripheral blood lymphocyte subsets were evaluated immediately before lymphodepleting (LD)
chemotherapy and following tisa-cel infusion. CD4* T-cell counts were reduced prior to LD chemotherapy
(median 229 cells/pL, range 22-512) (Table S2). Long-term monitoring revealed delayed immune
recovery (Fig. 4A). CD4* T-cell counts gradually increased, and CD4* T-cell recovery was achieved in
70.0% of CR survivors at 1 year. However, recovery was not always sustained; although some patients
transiently exceeded the 200-cells/pL threshold, their counts fluctuated and subsequently fell below this
level (Table S2). For example, CD4* T-cell counts in patient_ID_2 fluctuated around the 200 cells/pL
during the first year, stabilizing above the threshold only after the second year. In patient_ID_6, an initial
CDA4+ T-cell recovery at 3 months was followed by a decline to <200 cells/pL at 12 months; sustained
recovery (=200 cells/pL) was eventually maintained at 3 years. Ultimately, all 8 CR patients evaluable at
3 years achieved CD4* T-cell recovery (median 569 cells/pL, range 205-771). CD19* B-cell reconstitution
was incomplete in most cases (Table S3). CD19* B-cell counts remained below 50 cells/pL in 7 of 10
evaluable CR patients (70.0%) at 1 year, 5 of 7 (71.4%), and 4 of 6 (66.7%) at 3 years (Fig. 4B).
Hypogammaglobulinemia (IgG < 400 mg/dL) was observed in 4 of 21 patients (19.0%) prior to LD
chemotherapy (Table S4). Serum IgG levels gradually decreased during follow-up period, with
hypogammaglobulinemia persisting in 2 of 11 evaluable CR patients (18.2%) at 1 year (median, 571
mg/dL; range 310-960 mg/dL), 2 of 9 (22.2%) at 2 years (median, 383 mg/dL, range 272-1157 mg/dL),
and 4 of 7 (57.1%) at 3 years (median, 383 mg/dL, range 247-704 mg/dL) (Fig. 4C).

Despite the high prevalence of prolonged immune impairment, serious infections were infrequent in this
cohort. Three patients (14.3%) developed COVID-19, of whom two had mild and one had moderate
disease; no severe cases were observed. Other infectious complications occurred in three patients
(14.3%) (Table S5). No opportunistic infections such as Pneumocystis jirovecii pneumonia (PJP) were
documented.
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Discussion

In this single-center retrospective analysis, we report, to our knowledge, the longest follow-up of
commercial tisa-cel use in Japanese patients with r/r LBCL. With a median follow-up of 3.2 years, tisa-
cel demonstrated a durable benefit, with 3-year OS and PFS rates of 62.3% and 42.9%, respectively.
These outcomes are broadly comparable to, and in some respects favorable relative to, those reported in
other real-world registries and clinical cohorts, despite the relatively older age and high proportion of
refractory disease in our cohort (Table S6) [2-10]. Our findings thus support the long-term effectiveness
of second-generation CAR-T therapy in routine clinical practice in Japan.

In the present study, we comprehensively evaluated long-term immune reconstitution following tisa-cel
therapy and compared our findings with previously published real-world CD19-targeted CAR-T studies
(Table 3). Notably, our cohort represents one of the longest follow-up durations reported to date,
enabling a detailed assessment of late immune recovery.

We observed that 30% of CR survivors had not yet achieved CD4* T-cell recovery at 1 year after infusion,
a proportion broadly consistent with previous CD19-targeted CAR-T reports [22-24]. However, CD4+ T-
cell recovery was ultimately achieved in all evaluable CR patients by three years. In contrast, B-cell
reconstitution was markedly impaired and often prolonged. In published cohorts, only about 10% of
patients have detectable peripheral B cells at one month, rising to roughly 20% by three months and
about half by 6 to 12 months [22, 25]. B-cell reconstitution in our cohort appeared more delayed than
previously reported, with only 30.0% of evaluable CR patients achieved B-cell reconstitution at 1 year.
Notably, recovery remained limited even with longer follow-up, with B-cell reconstitution observed in only
28.6% at 2 years and 33.3% at 3 years.

Consistent with impaired B-cell recovery, hypogammaglobulinemia was also prolonged.
Hypogammaglobulinemia is frequently observed even before CAR-T infusion, reflecting cumulative
immunosuppression from prior therapies, and IgG levels typically decline further after infusion, with 48—
61% of patients exhibiting IgG levels < 400 mg/dL at 1 year [25, 26]. Extending these observations, we
found that hypogammaglobulinemia persisted in a substantial proportion of long-term survivors, with
57.1% of evaluable patients still demonstrating IgG levels < 400 mg/dL at 3 years.

Taken together, our results indicate that immune reconstitution is a slow, long-term process,
characterized by progressive CD4* T-cell recovery over several years juxtaposed with sustained B-cell
aplasia with long-lasting hypogammaglobulinemia. These findings have important implications for
infection risk, vaccination strategies, and the need for individualized long-term supportive care in CAR-T
SUrvivors.

Differences in immune reconstitution according to the CAR costimulatory domain have been increasingly
recognized. Tisa-cel is a 4-1BB—based CAR-T product, and prior studies have suggested delayed B-cell
recovery compared with CD28-based products, such as axicabtagene-ciloleucel (axi-cel) (Table 3).
Specifically, CD19+ B-cell detectable at 1 year after infusion were observed in 32.2% of patients treated
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with CD28-based CAR-T products, whereas this was seen in only 5.9% of patients receiving 4-1BB—based
products [24]. In addition, the duration of B-cell aplasia has been reported to be significantly longer with
4-1BB—-based product (median, 278 days) than with CD28-based therapy (median, 165 days) [26]. Our
findings are consistent with these observations, demonstrating durable B-cell aplasia and prolonged
hypogammaglobulinemia in patients treated with tisa-cel. Notably, 4-1BB—based CAR-T cells have been
shown to persist beyond one year after infusion, which may mechanistically explain the sustained
suppression of B-cell reconstitution observed in tisa-cel-treated patients [27].

In this study, prophylaxis against PJP was generally continued for at least 12 months or until CD4* T-cell
counts exceed 200 cells/pL, while antiviral prophylaxis against herpes simplex virus and varicella-zoster
virus reactivation is maintained for approximately 12 months. In addition, intravenous immunoglobulin
replacement was administered to patients with IgG levels below 400 mg/dL. By adhering to these
prophylactic strategies and carefully monitoring immune recovery, no severe infectious events were
observed in our cohort. These findings are consistent with current guideline recommendations and
emphasize the importance of confirming sustained immune recovery before discontinuing prophylactic
regimens [23, 28].

Our study is limited by its retrospective, single-center design and small sample size, which precluded
multivariable analyses. Nevertheless, the consistency of institutional practice and the availability of
longitudinal follow-up provide valuable real-world insights.

In conclusion, tisa-cel provided durable long-term disease control with an acceptable safety profile in
Japanese patients with r/r LBCL treated in routine clinical practice. Importantly, extended follow-up
revealed sustained immune impairment, particularly prolonged B-cell aplasia and
hypogammaglobulinemia, even among long-term responders. These findings emphasize the necessity of
standardized long-term immune monitoring and individualized supportive care strategies to optimize
survivorship care following CAR T-cell therapy.
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Patient flow

Leukapheresis for Tisa-cel,
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Figure 1

Cohort description

Patient flow diagram of the study. Between April 2020 and July 2022, 24 patients underwent
leukapheresis for tisa-cel manufacturing. Among them, 21 patients received tisa-cel infusion. Reasons
for non-infusions included progressive disease (PD, n=2) and manufacturing failure (n=2). Of the patients
with manufacturing failure, one underwent re-leukapheresis and the other received an alternative CAR-T
product. The data cutoff was December, 2024.
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Figure 2

Clinical outcomes after tisa-cel infusion

Kaplan—Meier curves showing (A) progression-free survival (PFS) and (B) overall survival (OS) in patients
with r/r LBCL. PFS was defined as the time from infusion to disease progression or death from any
cause; and OS was defined as the time from infusion to death from any cause. Tick marks indicate

censored observations. The median follow-up among survivors was 3.2 years.
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Swimmer plot of clinical course after tisa-cel

Swimmer plot illustrating individual patient clinical courses following tisa-cel infusion. Each horizontal
bar represents one patient, with time measured from infusion to last follow-up or PD. Symbols and color
coding indicate clinical responses: CR, complete response; PR, partial response; SD, stable disease; and
NA, not assessable. Triangles indicate PD.
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Longitudinal immune reconstitution following tisa-cel infusion. Median values with ranges (minimum-
maximum) are shown for (A) CD4* T-cell counts, (B) CD19* B-cell counts, and (C) serum IgG levels at
baseline (pre-LD) and6, 12, 24, and 36 months after infusion. The number of evaluable CR patients at
each time point is shown below the x-axis. The numbers of patients with CD4+ T-cell counts <200 cells/
yL, CD19* B-cell counts <50 cells/pL, and 1gG levels <400 mg/dL are indicated beneath each panel.
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