
Submitted 29 June 2022; accepted 31 Octo
Advances First Edition 10 November 2022; f
https://doi.org/10.1182/bloodadvances.2022

*P.A.R. and M.-A.P. are joint senior authors.

This study was presented in part at the 64th
of Hematology, December 2021.

REGULAR ARTICLE

3192
Low toxicity and excellent outcomes in patients with DLBCL without
residual lymphoma at the time of CD19 CAR T-cell therapy
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Key Points

• Patients without
detectable lymphoma
at the time of CD19
CAR T-cell therapy had
excellent outcomes.

• Administering CD19
CAR T cells to patients
without detectable
disease is safe,
feasible, and warrants
further exploration.
294-m
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CD19 chimeric antigen receptor (CAR) T-cell therapy represents a breakthrough for patients

with relapsed/refractory (R/R) diffuse large B-cell lymphoma (DLBCL), inducing sustained

remissions in these patients. However, CAR T cells can result in significant toxicities.

Preinfusion disease burden is associated with toxicities and outcomes after CAR T-cell

therapy. We identified 33 patients with R/R DLBCL treated at 8 academic centers who had

no detectable disease at the time of CAR T-cell therapy. The median time from leukapheresis

to CAR T-cell infusion was 48 (19-193) days. Nine patients received axicabtagene ciloleucel,

and 24 received tisagenlecleucel. There was no severe (grade ≥3) cytokine release

syndrome, and only 1 patient developed severe neurotoxicity (grade 4). After a median

follow-up of 16 months, 13 patients relapsed (39.4%) and 6 died (18.1%). One-year event-

free survival and overall survival were 59.6% and 81.3%, respectively. Our findings suggest

that, in patients with R/R DLBCL who have an indication for CAR T-cell therapy, treating

patients in complete remission at the time of infusion is feasible, safe, and associated with

favorable disease control. Further exploration in a larger clinical trial setting is warranted.
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Introduction

CD19 chimeric antigen receptor (CAR) T-cell therapy has revolutionized the treatment of relapsed/
refractory (R/R) diffuse large B-cell lymphoma (DLBCL). Data from pivotal trials and real-world practice
demonstrate excellent efficacy in these difficult-to-treat patients.1-4 However, CAR T cells can have
unique toxicities, including cytokine release syndrome (CRS), immune effector–cell associated neuro-
toxicity syndrome (ICANS), and prolonged cytopenia. Data suggest that pretreatment disease burden is
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associated with toxicities and outcomes after CAR T-cell therapy.5-7

However, because CAR T-cell kinetics are partly influenced by the
engagement between CAR and its target antigen, pretreatment
disease burden may be a prerequisite for CAR T-cell expansion,
which could influence outcomes.8 Recently, Bishop et al9 reported
outcomes of 7 patients with no residual disease at the time of tisa-
genlecleucel (tisa-cel) infusion. Five patients (71%) remained in
remission at 1 year after treatment. The peak CAR T-cell expansion
and toxicities in these patients were comparable to the original
JULIET cohort. However, the study was limited by a small number of
patients and restricted to the use of tisa-cel. Here, we report real-
world data focusing on 33 patients with R/R DLBCL with no resid-
ual diseases at the time of CAR T-cell infusion to provide additional
insights in this setting.

Methods

This retrospective multicenter analysis includes adults aged ≥18
years with DLBCL undergoing apheresis for commercial CAR T-
cell therapy at 8 US academic centers that offer either axicabta-
gene ciloleucel (axi-cel) or tisa-cel.10 Data collection occurred from
1 May 2018 through 30 June 2021. Baseline data, details on CAR
T-cell treatment, toxicity, response, and outcomes were recorded in
a centralized research electronic data capture (REDCap) data-
base. The study was approved by the individual member institu-
tional review boards and ethics committee. The study was
performed in accordance with the Declaration of Helsinki.

Preinfusion disease status from positron emission tomography-
computed tomography (PET-CT) was interpreted using the 5-point
scale Deauville score according to the 2014 revised International
Working Group response criteria for malignant lymphoma.11 Com-
plete remission (CR) without detectable disease was defined by the
resolution of all FDG-avid lesions consistent with a complete meta-
bolic response on the PET-CT scan (Deauville score 1-3) without
evidence of lymphomatous involvement by other clinically indicated
studies, including brain magnetic resonance imaging study, bone
marrow pathology, or cerebrospinal fluid if available. CAR T cells
were administered in accordance with the standard package insert
of each product. CRS and ICANS were graded using the American
Society of Transplantation and Cellular Therapy consensus
criteria.12 Event-free survival (EFS) was defined as the time from
CAR T-cell infusion to relapse/progression, the initiation of new
antilymphoma treatment, death, or last follow-up. Overall survival
(OS) was defined as time from infusion until last follow-up or death.
Relapse incidence was the time from CAR T-cell infusion to lym-
phoma relapse, with nonlymphoma–related death being a competing
event. Baseline demographic and clinical variables were compared
across patients with and without CR pre-CAR T-cell therapy using
Wilcoxon rank sum tests for continuous variables and Fisher exact
tests for categorical variables. OS and EFS were analyzed using
Kaplan-Meier methodology. Differences in survival based on disease
status pre-CAR T-cell therapy were assessed using log-rank tests.
All statistical analyses were performed using R statistical software
version 4.1.1.

Results

Of the 363 patients receiving CD19 CAR T cells during the study
period, 33 patients received CD19 CAR T-cell therapy when their
disease status was in CR without evidence of residual disease
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(9 axi-cel and 24 tisa-cel). Baseline characteristics and details of
33 patients with no detectable disease at CAR T-cell therapy are
described in Table 1. The median age was 63.8 years (interquartile
range [IQR], 58-70 years). Indications for CAR T-cell therapy
included 23 with R/R de novo DLBCL, 5 with high-grade B-cell
lymphoma, and 6 with transformed DLBCL.

Of 33 patients, 26 (78.8%) had measurable disease at leukaphe-
resis and achieved a CR after bridging therapy (systemic therapy;
n = 20, radiotherapy; n = 4 and corticosteroids; n = 2). The
remaining 7 patients who were in CR before leukapheresis were
deemed to have high-risk disease by their treating physician
(including 5 heavily treated patients, 1 post-ASCT relapse, and 1
ASCT ineligible). The details of bridging therapy are described in
the supplemental Material. The median time from leukapheresis to
CAR T-cell infusion was 48 days (IQR, 37-56 days). The median
time from preinfusion PET-CT to CAR T-cell infusion was 14 days
(IQR, 10-29 days). Lymphodepletion chemotherapy was given
according to the specific CAR T product’s package insert. Of the
24 patients receiving tisa-cel, bendamustine was given to 15
patients, whereas the other 9 tisa-cel recipients, and all axi-cel–
treated patients received fludarabine and cyclophosphamide.
Compared with patients with detectable disease, patients with no
residual disease at the time of infusion had a lower proportion of
primary refractory disease and had a lower median pretreatment
lactate dehydrogenase (Table 1).

CRS was observed in 12 patients (36.3%) (5 of 9 axi-cel, 7 of 24
tisa-cel) with a median onset of 3 days (range, 0-7 days) from the
day of infusion (supplemental Material). There were no grade ≥3
CRS events. Four patients received tocilizumab, and 2 received
standard-dose corticosteroids (≤40 mg/d dexamethasone or
equivalent) for the treatment of CRS. Two patients (6.1%) devel-
oped ICANS (grade 1; n = 1 and grade 4; n = 1, both of whom
received axi-cel) requiring corticosteroids. The occurrence of CRS
and ICANS was significantly lower in patients with no residual
lymphoma at the time of CAR T-cell therapy (Table 1). It should be
noted that the use of tisa-cel was significantly higher in patients
with no residual disease compared with patients with disease
(72.7% vs 40.2%). This may in part explain the observed differ-
ences in CRS and ICANS, as tisa-cel is associated with lower rates
of CAR T-cell therapy toxicity than axi-cel, which was more
commonly used in the cohort of patients with residual disease.10

At day 100, 26 patients (78.8%) remained in remission (3 relapsed
within the first 30 days). There was no treatment-related mortality
within the first 100 days. The incidence of prolonged cytopenias (>28
days) grade 3 or higher was low (grade ≥3 neutropenia in 3 patients
and grade ≥3 thrombocytopenia in 4 patients), with only 1 patient
(3%) experiencing grade 4 neutropenia and 2 patients (6%) having
grade 4 thrombocytopenia (requiring a thrombopoietin receptor
agonist). Details on bridging treatment, inflammatory markers, and
hematological parameters are provided in the supplemental Material.

At the time of data cutoff, with the median follow-up of 16 months,
13 patients (39.3%) relapsed; the corresponding 1-year relapse
incidence was 37.3% (95% confidence interval [CI], 20.1-54.3) (4
DLBCL, 1 high-grade B-cell lymphoma). Of the 13 patients who
relapsed after CAR T-cell therapy, CD19 status at the time of
relapse was available in 8 patients, including 6 with a CD19+
relapse. Six patients (18.1%) died as of last follow-up; causes of
death included progressive disease in 5 patients and therapy-
CD19 CAR T-CELLS IN PATIENTS WITH DLBCL IN CR 3193



Table 1. Baseline characteristics and detail of CD19 CAR T-cell therapy of 33 patients who had no evidence of disease at the time of CAR

T-cell infusion and 330 patients with persistent disease at the time of CAR T-cell therapy

Parameters

Patient without detectable disease

N = 33 (%)

Patient with detectable disease

N = 330 (%) P value

Median age at CAR T-cell infusion (y, IQR) 64 (58-70) 63 (55-70) .3

Male gender 19 (57.6) 221 (67.0) .3

Histological diagnosis .6

De novo DLBCL 23 (69.6) 232 (70.4)

High-grade B-cell lymphoma 5 (15.2) 29 (8.8)

Transformed DLBCL 5 (15.2) 63 (19.0)

Primary mediastinal B-cell lymphoma 0 (0) 3 (0.9)

Missing 0 (0) 3 (0.9)

Double hit/triple hit by fluorescent in-situ
hybridization

5 (15.2) 68 (20.5) .8

Response to first-line immunochemotherapy .002

Relapsed disease 30 (90.9) 200 (60.7)

Primary refractory disease 3 (9.1) 107 (32.3)

Missing 0 (0) 23 (6.9)

Median LDH level before leukapheresis (U/L, IQR) 234 (190-286) 256 (189-377) .2

International Prognostic Index at the time of

apheresis

.5

0-1 6 (18.2) 58 (17.5)

2 11 (33.3) 84 (25.4)

3 6 (18.2) 110 (33.2)

4-5 5 (15.2) 45 (13.6)

Missing 5 (15.2) 33 (10.3)

CAR T-cell product <.001

Axi-cel 9 (27.3) 197 (59.5)

Tisa-cel 24 (72.7) 132 (40.2)

Missing 0 1

Median number of treatments before CAR T cells
(lines, IQR)

4 (3-5) 3 (2-4) .09

Previous autologous stem cell transplant 11 (33.3) 75 (22.6) .2

Previous allogeneic hematopoietic cell transplant 2 (6.1) 6 (1.8) .2

Previous CD19 target therapy 2 (6.1) 12 (3.6) .4

Median LDH before initiation of lymphodepletion
chemotherapy (U/L, IQR)

192 (168-231) 252 (183-396) .002

Median time from preinfusion PET/CT to the day of
infusion (d, IQR)

14 (10-19) 15 (8-36) >.9

Treatment setting of CAR T cells .2

Inpatient 20 (60.6) 239 (72.5)

Outpatient 13 (39.4) 91 (27.5)

Occurrence of CRS 12 (36.4) 227 (68.8) <.001

Distribution of CRS grading .01

Grade 1 6 (18.2) 117 (35.4)

Grade 2 6 (18.2) 90 (27.3)

Grade 3 0 (0) 13 (3.9)

Grade 4 0 (0) 7 (2.1)

Median time from infusion to CRS (d, IQR) 3 (1-3.5) 3 (1-4) .8

Occurrence of ICAND 2 (6.1) 121 (36.7) <.001

Distribution of ICANS grading .02

LDH, lactate dehydrogenase; N/A, not applicable.
*Analysis relapse and death were performed by Kaplan-Meier estimate and comparison between groups were done using log-rank analysis.
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Table 1 (continued)

Parameters

Patient without detectable disease

N = 33 (%)

Patient with detectable disease

N = 330 (%) P value

Grade 1 1 (3.0) 26 (7.9)

Grade 2 0 (0) 24 (7.3)

Grade 3 0 (0) 47 (14.0)

Grade 4 1 (3.0) 21 (6.4)

Grade 5 0 (0) 3 (0.9)

Median time from infusion to ICANS (d, range) 6.5 (6-7) 5 (5-7) .7

Relapse or progress after CAR T-cell therapy 13 (39.4) 187 (56.5) N/A*

Deceased at last follow-up 6 (18.2) 136 (41.1) N/A*

LDH, lactate dehydrogenase; N/A, not applicable.
*Analysis relapse and death were performed by Kaplan-Meier estimate and comparison between groups were done using log-rank analysis.
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Figure 1. Survival outcomes after CD19 CAR T-cell therapy in patients with

and without evidence of disease at the time of infusion. (A) EFS after CAR

T-cell therapy. (B) OS after CAR T-cell therapy.
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related myelodysplastic syndrome in 1 patient. The 1-year EFS and
OS of 33 patients without residual disease at the time of infusion
were 59.6% (95% CI, 44.7-79.3) and 81.3% (95% CI, 68.8-96.0),
which were significantly higher than those with detectable disease
at CAR T-cell infusion (Figure 1).

Discussion

Our study highlights the excellent safety and outcomes using CAR T
cells in patients without detectable disease at the time of infusion
and supports the role of disease burden on CAR T-cell–related
toxicities and outcomes. The survival in these 33 patients appeared
superior to that in patients with persistent disease at the time of CAR
T-cell infusion (Figure 1). However, our results also suggest that
having a significant disease burden at infusion is not a prerequisite
for CAR T-cell function. Similar to the cohort of 7 patients without
measurable disease from the JULIET study, the incidences of CRS
and ICANS in our study were low. Although not a matched
controlled comparison, our study demonstrated better safety and
outcomes in patients with no detectable disease compared with
those with residual disease at the time of CD19 CAR T-cell infusion.

Although the number of patients in our report is relatively small, this is
the largest study to date and represents real-world practice.
Furthermore, our study is important to the cell therapy community as
it includes both tisa-cel and axi-cel. CRS and ICANS were uniformly
graded using the American Society of Transplantation and Cellular
Therapy consensus criteria, allowing comparisons across products.
A major limitation of the study is the retrospective design. Other
limitations include the lack of a central radiology review and the
absence of data on postinfusion CAR T-cell kinetics and persis-
tence. A potential concern about treating patients in CR is the
absence of antigenic stimulus to drive CAR T-cell expansion.
However, the fact that we did observe CRS and ICANS suggests
that there was an expansion of CAR T cells. This could be driven in
part by the presence of residual normal B cells. Furthermore,
although preclinical data shows that optimal expansion of T cells in
the lymphopenic state is driven by recognition of specific antigens,
T cells also expand in part through homeostatic proliferation.13

The results of our study are also not applicable to other hemato-
logical malignancies or CAR T-cell products. Finally, data are lacking
on outcomes in patients who achieved a CR and did not receive
CAR T cells.
11 JULY 2023 • VOLUME 7, NUMBER 13
The excellent safety of CAR T-cell therapy in our cohort bolsters
the feasibility of CAR T-cell therapy in the ambulatory setting,14,15

particularly in patients with low disease burden. Moreover, 1-year
CD19 CAR T-CELLS IN PATIENTS WITH DLBCL IN CR 3195
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EFS and OS from our cohort appear promising, with survival rates
comparing favorably to the results of the pivotal studies.1,2,16,17 The
3 patients who relapsed early following CAR T-cell infusion may be
explained by intrinsic CAR T-cell deficits or other host-related
factors and deserve further exploration. Along with other reports,
our study highlights that pretreatment disease burden can signifi-
cantly influence the safety and efficacy profile of CAR T cells.
Recently, a post hoc analysis of the BELINDA study showed that
patients who achieved a CR or PR before tisa-cel had a better
response rate and a superior EFS.18 These results, however, also
need to be seen in the context of an overall negative trial, likely due
in part to an extended vein-to-vein time.19

Although pivotal trials included very specific recommendations on
bridging therapy, real-world data show that clinicians are increas-
ingly using bridging therapy in patients, typically chemo-
immunotherapy, including in recipients of axi-cel. In addition, some
of the patients in our cohort received nonchemotherapy–based
bridging therapy. Novel agents, including small molecule inhibi-
tors or antibody drug conjugates, may provide additional bridging
options in the real-world setting compared with pivotal clinical trials.
A potential benefit of bridging is a reduction in tumor burden, which
may translate into higher efficacy and lower toxicity. However,
patients may also develop complications related to bridging ther-
apy, which can result in treatment delays or even the inability to
proceed to CAR T-cell therapy, or may progress on bridging
therapy with resultant increased tumor burden. The interpretation
of data on bridging therapy may also be subject to selection biases.
Patients without residual disease at the time of infusion may
represent a biologically distinct group of patients with a high
probability of doing well after treatment compared with patients
with a higher disease burden. The lower baseline disease burden
may also offer an ideal effector to target ratio compared with
patients with higher disease burden. In contrast, patients who
require bridging may have a highly proliferative disease that is less
likely to respond to CAR T cells. In sum, the exact role and/or
benefit of bridging therapy, as well as the optimal bridging therapy,
remain open questions.

Although we report a relatively small cohort, our results with CAR T
therapy in patients in CR compare favorably to outcomes in
patients with R/R lymphoma who underwent ASCT after achieving
a CR with salvage therapy.20,21 CAR T cells may be able to
eradicate chemorefractory subclones at the minimal residual level
that might not be eradicated by high-dose therapy given for ASCT.

Finally, our study supports further exploration of CAR T-cell therapy
in patients with no measurable disease in a prospective trial to
better understand the impact of CAR T cells as a consolidation
therapy.
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