'.) Check for updates

Regular Article

LYMPHOID NEOPLASIA

GLA/DRST real-world outcome analysis of CAR T-cell
therapies for large B-cell lymphoma in Germany

Wolfgang A. Bethge,1 Peter Martus,? Michael Schmitt,® Udo Holtick,* Marion Subklewe,® Bastian von Tresckow,® Francis Ayuk,7
Eva Marie Wagner—Drouet,8 Gerald G. Wulf,? Reinhard Marks,'® Olaf Penack,"" UIf Schnetzke,'? Christian Koenecke,'®

Malte von Bonin,'* Matthias Stelljes,15 Bertram Glass,"® Claudia D. Baldus,"” Vladan Vucinic,'® Dimitrios Mougiakakos,19 Max Topp,20

Matthias A. Fante,?’ Roland Schroers,?? Lale Bayir,13 Peter Borchmann,* Veit Buecklein,® Justin Hasenkamp,9 Christine Hanoun,®

Simone Thomas,?" Dietrich W. Beelen,® Claudia Lengerke,1 Nicolaus Kroeger,7 and Peter Dreger3 on behalf of the German
Lymphoma Alliance (GLA) and the German Registry for Stem Cell Transplantation (DRST)

"Department of Hematology and Oncology, University Hospital Tuebingen, Tuebingen, Germany; *Department of Biometrics and Statistics, University Hospital of
Tuebingen, Tuebingen, Germany; *Department of Hematology and Oncology, University Hospital Heidelberg, Heidelberg, Germany; “Department of Hematology
and Oncology, University Hospital Cologne, Cologne, Germany; “Department of Hematology and Oncology, University Hospital Munich (LMU Munich), Munich,
Germany; ¢Department of Hematology and Oncology, University Hospital Essen, Essen, Germany; ’Department for Stem Cell Transplantation, University Hospital
Hamburg, Hamburg, Germany; ®Department of Hematology and Oncology, University Hospital Mainz, Mainz, Germany; *Department of Hematology and
Oncology, University Hospital Goettingen, Géttingen, Germany; '°Department of Hematology and Oncology, University Hospital Freiburg, Freiburg,
Germany; '"Department of Hematology and Oncology, University Hospital Charite Berlin, Berlin, Germany; '*Department of Hematology and Oncology,
University Hospital Jena, Jena, Germany; "*Department of Hematology and Oncology, University Hospital Hannover, Hannover, Germany; '“Department of
Hematology and Oncology, University Hospital Dresden, Dresden, Germany; '“Department of Hematology and Oncology, University Hospital Muenster,
Muenster, Germany; '®Department of Hematology and Oncology, Klinikum Berlin-Buch, Berlin, Germany; '"Department of Hematology and Oncology,
University Hospital Schleswig-Holstein, Kiel, Germany; '®University Hospital Leipzig, Leipzig, Germany; '’Department of Hematology and Oncology, University
Hospital Erlangen, Erlangen, Germany; 2°Department of Hematology and Oncology, University Hospital Wuerzburg, Wuerzburg, Germany; 2'Department of
Hematology and Oncology, University Hospital Regensburg, Regensburg, Germany; and ?Department of Hematology and Oncology, University Hospital
Bochum, Bochum, Germany

CD19-directed chimeric antigen receptor (CAR) T cells have evolved as a new standard-of-care
(SOC) treatment in patients with relapsed/refractory (r/r) large B-cell lymphoma (LBCL).
Here, we report the first German real-world data on SOC CAR T-cell therapies with
the aim to explore risk factors associated with outcomes. Patients who received SOC
axicabtagene ciloleucel (axi-cel) or tisagenlecleucel (tisa-cel) for LBCL and were registered

® Compared with tisa-cel,
axi-cel was associated
with better disease
control but had a less
favorable safety profile

in SOC treatment of
LBCL.

Other outcome
determinants included
bridging success,

with the German Registry for Stem Cell Transplantation (DRST) were eligible. The main
outcomes analyzed were toxicities, response, overall survival (OS), and progression-free
survival (PFS). We report 356 patients who received axi-cel (n = 173) or tisa-cel (n = 183)
between November 2018 and April 2021 at 21 German centers. Whereas the axi-cel and
tisa-cel cohorts were comparable for age, sex, lactate dehydrogenase (LDH), international

performance status,
age, LDH, prolonged
neutropenia, and/or
severe neurotoxicity.

prognostic index (IPl), and pretreatment, the tisa-cel group comprised significantly more
patients with poor performance status, ineligibility for ZUMA-1, and the need for bridging,
respectively. With a median follow-up of 11 months, Kaplan-Meier estimates of OS, PFS, and

nonrelapse mortality (NRM) 12 months after dosing were 52%, 30%, and 6%, respectively.

While NRM was largely driven by infections subsequent to prolonged neutropenia and/or
severe neurotoxicity and significantly higher with axi-cel, significant risk factors for PFS on the multivariate analysis
included bridging failure, elevated LDH, age, and tisa-cel use. In conclusion, this study suggests that important outcome
determinants of CD19-directed CAR T-cell treatment of LBCL in the real-world setting are bridging success, CAR-T product
selection, LDH, and the absence of prolonged neutropenia and/or severe neurotoxicity. These findings may have
implications for designing risk-adapted CAR T-cell therapy strategies.

Introduction

Patients with large B-cell lymphoma (LBCL), relapsed/refractory
(r/r) after multiple lines of therapy, or autologous stem cell trans-
plantation generally have a poor prognosis with a median over-
all survival (OS) of only a few months.” Since August 2018, 2

CD19-targeting chimeric antigen receptor (CAR) T-cell con-
structs, tisagenlecleucel (Kymriah, tisa-cel, Novartis) and axicab-
tagene ciloleucel (Yescarta, axi-cel, Gilead) are commercially
available for the treatment of r/r LBCL in Europe. The pivotal
clinical trials leading to approval of these CAR T-cell constructs
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have demonstrated an excellent rate of overall response (ORR)
and complete remission (CR) of 52% and 40% with tisa-cel, and
82% and 54% with axi-cel, respectively.>® Approvals were based
on relatively small phase 2 studies, including up to 111 patients
due to high medical need in this heavily pretreated patient popu-
lation, with only limited alternative curative treatment options.
Therefore, data on patient selection, toxicity, early and late effi-
cacy, and long-term outcome using these new but costly therapeu-
tic tools in a standard-of-care (SOC) setting are urgently required.

Unanswered questions of particular importance relate to the
safety of CD19 CAR T-cell therapies when used outside of clini-
cal trials, predictors of outcome, and the impact of bridging
strategies to control disease before CAR T-cell treatment. Fur-
thermore, possible differences in the safety and efficacy profiles
of the 2 products currently available remain to be determined in
a real-world setting. To address these questions, we took advan-
tage of registry data collected by the German Registry for Stem
Cell Transplantation (Deutsches Register fiir Stammzelltransplan-
tation, DRST) as per federal German regulations.

Patients and methods

Data source

The DRST is a voluntary organization of all German adult trans-
plant centers. Of 26 centers performing CAR T-cell therapy at the
time of this analysis, 21 participated in this study. The DRST per-
forms data collection of cellular therapies in cooperation with the
European Society of Blood and Marrow Transplantation (EBMT)
using the EBMT ProMISe (Project Manager Internet Server) data-
base. Accreditation as a DRST center requires submission of mini-
mal essential data (EBMT MED-A form) from all consecutive
cellular therapy recipients to the EBMT central database in which
patients can be identified by the diagnosis of underlying disease
and type of cellular therapy. EBMT/DRST registry data are rou-
tinely audited to determine the accuracy of data collected as part
of the Joint Accreditation Committee International Society for
Cell and Gene Therapy-Europe and EBMT certification. Data col-
lection requires written informed consent using a consent form
based on a standard DRST/EBMT template following the Euro-
pean data protection regulations and the Declaration of Helsinki.

Study design

This study was performed under the auspices of the Working
Group Hematopoietic Cell Therapy of the German Lymphoma
Alliance (GLA), which is the German National Lymphoma Study
Group. Participating GLA member centers are committed to
sharing their data for this project. All centers were trained and
qualified by the respective manufacturers for CAR T-cell applica-
tion and management of toxicities. Furthermore, as per federal
directive, all centers were obliged to adhere to defined quality
assurance measures based on the guidelines of the German
Board of Oncology/Hematology for the management of CAR
T-cell toxicities (www.onkopedia.com/de/onkopedia/guidelines).

Data were approved and provided for this study by the DRST.
Baseline patient, disease, cellular therapy, and outcome data were
obtained from registry files (MED-A cellular therapy forms). Cen-
ters were contacted to provide additional treatment and follow-up
information using additional data fields. Collected data underwent
further quality control, source data review, and additional
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validation by the study office in Tuebingen, Germany, and the
local investigators. The study was performed in accordance with
the Declaration of Helsinki and approved by the Ethical Commit-
tee of the University of Tuebingen (Ref. Nr. 277/2020BO2).

Those eligible were adult (age =18 years) patients with LBCL
treated and dosed with commercially available tisa-cel or axi-cel
and documented in the EBMT/DRST database from November
2018 through April 2021. Patients treated with other CAR T-cell
constructs or within clinical trials were excluded.

The objective of the study was to assess the efficacy and toxicity
of commercial CAR T-cell therapy for LBCL in a real-world set-
ting in Germany. The following outcome parameters were
analyzed: ORR, CR, OS, progression-free survival (PFS) rate, non-
relapse mortality (NRM), incidence and severity of cytokine
release syndrome (CRS), and immune effector cell-associated
neurotoxicity syndrome (ICANS). CRS and ICANS were graded
according to the American Society for Transplantation and Cel-
lular Therapy grading criteria.” Bridging therapy was defined as
any therapy received for lymphoma control between leukaphe-
resis and the start of lymphodepleting chemotherapy. Neutro-
phil or platelet recovery was defined as achievement of absolute
neutrophil count >500/uL or platelet count >20 000/pL.

Statistical analyses

Descriptive statistics used absolute frequencies and percentages
for categorical variables and medians and ranges for continuous
variables. Differences between groups were assessed using
x-square tests and Mann-Whitney rank-sum tests. Probabilities
of OS and PFS were estimated using Kaplan-Meier plots and
log-rank tests to identify differences between groups. Cumula-
tive incidence was used to estimate NRM and relapse with
relapse/progression and death of any cause as a competing
event. OS was defined as the time from cellular therapy to
death from any cause, and PFS was defined as the time from
cellular therapy to relapse or disease progression or death from
any cause, whatever came first. NRM was defined as death after
cellular therapy without prior lymphoma relapse or progression.
Simple and multiple Cox regression analysis was applied to fur-
ther investigate predictive factors for OS and PFS. In multiple
Cox regression, forward variable selection with inclusion/exclu-
sion probabilities 0.05/0.10 was applied. Results are expressed
as hazard ratio (HR) with a 95% confidence interval (Cl). All tests
and Cls were 2-sided. The level of significance was 0.05 for all
tests. Analyses were performed by SPSS 26.0 (SPSS Inc.,
Chicago, IL) and GraphPad Prism Software 9.1.2 (GraphPad Soft-
ware, La Jolla, CA). Incidence curves taking into account com-
peting risks were analyzed using R software (R Foundation for
Statistical Computing, Vienna, Austria) cmprsk package.®

Results

Patient characteristics

A total of 356 consecutive patients treated in 21 German CAR
T-cell centers (of 26 performing CAR T-cell therapy in the index
period) were included; 183 patients were treated with tisa-cel
and 173 patients with axi-cel. Nine of 21 centers treated their
patients with both constructs, 7 of 21 only with tisa-cel, 5 of 21
only with axi-cel. Baseline characteristics were well balanced
between axi-cel and tisa-cel recipients except for a significantly
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higher proportion of patients with bridging treatments and
being refractory at the start of lymphodepletion in the tisa-cel
group (Table 1). The median age was 60 years (range, 19-83),
and 66% of patients were male. About half of the patients (52%)
had a high/high-intermediate international prognostic index
(P at the start of lymphodepleting chemotherapy. Further-
more, the majority of patients (60%) had an elevated lactate
dehydrogenase level (LDH) before lymphodepletion. Perfor-
mance status was Eastern Cooperative Oncology Group (ECOG)
=2 in 16% of the patients. The majority (n = 252 [71%)]) had
received =3 pretreatment lines before the start of bridging ther-
apy or lymphodepletion. Of these, 20% (n = 51/252) had
received =5 pretreatment lines. Prior autologous (n = 108) or
allogeneic (n = 13) hematopoietic cell transplantation (HCT) had
been performed in 34% of the patients; 76% (n = 269/356) of
the patients were defined as refractory to chemotherapy before
the start of lymphodepletion by the treating physician. Patients
were evaluated for potential eligibility for either the ZUMA-1 or
the JULIET trial, retrospectively (Table 1).

Bridging therapy for disease control before lymphodepletion
was administered in 78% (n = 278) of the patients. The patients

Table 1. Patient characteristics

receiving bridging therapy were associated with higher IPI and
elevated LDH: IPl =3, no bridging: 28/76 (37%) vs bridging:
154/269 (57%); P = .0018; or LHD > ULN, no bridging: 34/76
(45%) vs bridging: 172/269 (64%); P = .0034. As was no
response to bridging: IPl =3 response: 23/59 (38%) vs 131/210
(63%); P = .0017; no response or LDH > ULN response: 30/59
(51%) vs 142/210 (68%); P = .022; no response (supplemental
Table 4). Bridging modalities included classical platinum-based
chemoimmunotherapy (n = 67, rituximab/ifosfamide/carbopla-
tin/etoposide [R-ICE] = 27, R-gemcitabine/oxaliplatin = 33,
other = 7) or regimens of similar intensity (n = 71 [26%)]),
polatuzumab-based regimens (n = 71 [26%]), other rituximab-
based chemoimmunotherapy (n = 33 [12%]), radiotherapy
(h = 30 [11%]), immunotherapy (n = 12 [4%)]), and steroids
(n = 6 [2%)) (supplemental Table 1). Of the 71 patients receiving
polatuzumab as first bridging therapy, 52 also received benda-
mustine. Overall, 57 patients were exposed to bendamustine in
the bridging regimen, 38 in the tisa-cel, and 19 in the axi-cel
cohort. Bridging resulted in disease control (CR/partial remission
[PR]) in 59 of 269 patients (22%) evaluable for response (supple-
mental Table 4), with polatuzumab-based regimens tending to
result in superior response rates (34%) (supplemental Table 1).

All, n (%) Axi-cel Tisa-cel P

Patients infused 356 173 183

Median age (range) 60 (19-83) 60 (20-83) 61 (19-83) n.s.
Male 236 (66) 120 (69) 116 (64) n.s.
Histology

DLBCL 323 (91) 153 (88) 170 (93) .004

PMBCL 16 (5) 14 (8) 2(1)

tFL/Other 17 (5) 11 (6)

Interval indication to CAR 68 (28-278) 65 (28-278) 68 (28-194) n.s.

T-cell infusion (d)
Interval leukapheresis to CAR 42 (27-526) 35 (27-133) 55 (27-526) <.001
T-cell infusion (d)

sIPl high/high-intermediate 171 (52) 92 (47) 79 (57) n.s.
LDH >N at LD 213 (60) 112 (65) 101 (55) n.s.
ECOG =2 56 (16) 27 (16) 29 (16) n.s.
=3 Treatment lines 252 (71) 116 (67) 136 (74) n.s.
Prior HCT % 121 (34) 57 (33) 64 (35) n.s
Bridging 278 (78) 125 (72) 153 (84) .017

None 76 (22) 47 (27) 29 (17)

Response (CR/PR) 59 (17) 22 (13) 37 (21)

No Response 210 (61) 103 (60) 108 (62)

Refractory at LD 213 (60) 92 (53) 121 (66) .013
Eligibility ZUMA-| 45 (13) 31 (18) 14 (8) .004
Eligibility JULIET 318 (89) 149 (86) 169 (92) n.s.

ECOG, Eastern Cooperative Oncology Group performance status; HCT, hematopoietic cell transplantation; IPI, International Prognostic Index; LD, lymphodepletion; LDH, lactate
dehydrogenase; N, normal; n.s., not significant; PMBCL, primary mediastinal B-cell lymphoma; tFL, transformed follicular lymphoma.
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The median time from the tumor board’s decision recommending
CAR T-cell therapy to CAR T-cell infusion was 68 days (range,
28-278; axi-cel = 65, tisa-cel = 68). The median time from aphere-
sis to CAR T-cell infusion was 42 days (range, 27-526; axi-cel = 35,
tisa-cel = 55).

Toxicity

Grade 4 neutropenia (<500 neutrophils/uL) was reported in 261
of 319 (81%) patients evaluable. The median duration of grade
4 neutropenia was 13 days (range, 1-419). Of 312 patients with
PFS =28 days, 53 (17%) had persisting grade 4 neutropenia at
that time point. The cumulative incidence of neutrophil recovery
at day 28 and day 100 was 74% and 90%, respectively. Severe
thrombocytopenia (<20 000 platelets/pl) was observed in 115
of 311 (37%) patients evaluable. The median duration of severe
thrombocytopenia was 34 days (range, 2-375). In 37/311 (12%)
patients, platelet recovery did not occur until the end of follow-
up. Cumulative rates of platelet recovery at day 28 and day 100
were 33% and 68%, respectively. There was no difference
between the CAR T-cell constructs with respect to the occur-
rence and extent of cytopenia (supplemental Table 2).

Any grade CRS was observed in 73% of patients with a signifi-
cantly higher incidence in the axi-cel group (81% vs 65%; P =
.0003) (Table 2). CRS grade =3 was observed in 12% of
patients. ICANS of any grade was observed in 33% of the
patients, also with a significantly higher incidence in the axi-cel
group (44% vs 22%; P < .0001). ICANS grade =3 was reported
in 11% of patients, again significantly more common in the axi-
cel cohort (P = .004). The median hospitalization time after CAR
T-cell therapy was 21 days (range, 8-128).

NRM, relapse, and causes of death

Overall, 164 patients (46%) died, 143 (40%) subsequent to dis-
ease progression, and 21 (6%) for nonrelapse-related reasons.
Cumulative incidence of NRM adjusted for competing risk of
relapse at 12 months was 5.5%,; the difference in the incidence
of NRM between axi-cel and tisa-cel at 24 months was 10.4% vs
3.5% (P = .032) (Figure 1C). Cumulative incidence of relapse at
12 months adjusted for competing risk NRM was 67%; at 24
months, 74% with tisa-cel and 60% with axi-cel (P = .0004)
(Figure 1D). Causes of nonrelapse death were infections (n = 13
[62%]; bacterial, n = 8; fungal, n = 3; viral including 1 case of
SARS-CoV2, n = 2); unspecified, n = 1; neurotoxicity (n = 2,
10%), CRS, bleeding, hyperinflammatory syndrome, unknown,

Table 2. CRS and ICANS

and secondary neoplasia (each in 1 patient). Although neurotox-
icity was not a major direct reason of death, grade =3 neurotox-
icity preceded bacterial/fungal infection-related death in 7 of 11
(64%) cases. A detailed description of the patients succumbing
to NRM is presented in supplemental Table 3.

Of note, 14 (67%) NRM events occurred beyond day +28, with
infections (n = 9; bacterial = 5, fungal = 2, viral = 2) being the
leading direct cause of death. When comparing the characteris-
tics of the 14 patients who experienced “late” NRM with those
of the 298 patients who survived day +28 without progression
and did not have subsequent NRM, we did not find significant
differences in terms of age, sex, IPl, ECOG, pretreatment lines,
prior HCT, disease status at lymphodepletion, and prior grade
=3 CRS. However, a significantly larger proportion of patients
with late NRM had persistent grade 4 neutropenia at day +100
or last follow-up (29% vs 5%; P = .0083), had experienced
grade =3 ICANS (43% vs 9%; P = .002), and/or had received
axi-cel (93% vs 51%; P = .0017). Patients with neutrophil nonre-
covery and/or grade =3 ICANS had a 12-month late NRM inci-
dence of 16% (95% Cl, 5.1-26.9) vs 2.5% (95% Cl, 0.3-4.7) in
patients with none of these 2 factors (supplemental Figure 1).

Outcome The best responses were CR in 126 (37%) patients,
PR in 96 (28%) patients, and stable disease in 38 (11%) out of
344 patients evaluable for response, corresponding to an ORR
of 65% (222/344). The median time-to-response was 43 days
(range, 5-459). PD was observed in 85 (24%) patients. ORR (CR)
in the axi-cel cohort was 74% (42%) compared with 53% (32%)
in the tisa-cel cohort; P < .001. With a median follow-up of
patients alive of 11 months (range, 1-29), Kaplan-Meier-
estimated PFS and OS rates at 12 months were 30% and 52%,
respectively (Figure 2). Depending on the CAR-T construct used,
axi-cel or tisa-cel, we observed a better PFS with 35% vs 24% at
12-months (P = .015, Log-rank test) but no significant difference
in OS (55% vs 53%) (Figure 1A-B).

On univariate analysis, significant predictors of an adverse PFS
were I[Pl >2 (P = .004), elevated LDH (P = .002), ineligibility for
ZUMA-I (P = .026), nonresponse to bridging therapy (P < .001),
and use of tisa-cel (P = .009, Cox model, Wald test). On the
contrary, age, performance status (PS), time from board decision
to CAR T-cell infusion, and =3 lines of preceding therapies had
no significant impact. Twelve-month PFS rates for patients with-
out bridging, successful bridging, and bridging failure were
41%, 53%, and 20%, respectively (P = .001). Likewise, increased

All, n (%) Axi-cel, n (%) Tisa-cel, n (%)
CRS 1-4 259 (73) 141 (81) 118 (65) 003
CRS =3 42 (12) 18 (10) 24 (13) n.s.
CRS 5 1(0.3) 1(0.5) —
ICANS 1-4 116 (33) 76 (44) 40 (22) <.0001
ICANS =3 40 (11) 28 (16) 12 (7) .004
ICANS 5 1(0.3) 1(0.6) 0 —
P value compared with no toxicity.
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Figure 1. Survival, NRM, and relapse. PFS (A) and OS (B) of all (green curves), axi-cel (red curves), and tisa-cel (blue curves), respectively. Cumulative incidence of

NRM (C) and relapse (D) adjusted for competing risk.

LDH at lymphodepletion had a negative impact on PFS (Figure
3). Whereas increased LDH at lymphodepletion was not signifi-
cantly associated with PFS in the group of bridging responders
(HR, 0.69; P = .36), it affected the outcome of those patients
who did not respond or did not undergo bridging (HR, 1.70;
P < .001). The interaction between successful bridging and
increased LDH at lymphodepletion was significant (P = .031).

Significant predictors of inferior OS on univariate analysis were
IPI Score >2 (P = .002), ECOG score >1 (P < .001), elevated
LDH at lymphodepletion (P < .001), ineligibility for ZUMA-1
(P = .010), and nonresponse to bridging therapy (P = .001).
Three or more lines of preceding therapies and tisa-cel were not
associated with inferior OS on univariate statistics.

On multivariate analysis (considering age, IPI, ZUMA-1 eligibility,
pretreatment lines, bridging, LDH, PS, and construct), nonres-
ponse to bridging, elevated LDH, and poor performance status
were associated with both significantly inferior PFS and OS. In
addition, tisa-cel and increasing age were independent risk fac-
tors for PFS but did not remain in the final model for OS, while
PS significantly affected OS but not PFS (Table 3).

PFS and OS of the 13 patients with prior allogeneic HCT

(alloHCT) were not different from that of alloHCT-naive patients
(supplemental Figure 3). Three nonrelapse deaths occurred, 1

REAL WORLD DATA GERMANY: CAR-T CELLS FOR LYMPHOMA

each from CRS-related bleeding, late sepsis, and delayed neuro-
‘coxicity10 (supplemental Table 3). graft-versus-host disease-
associated complications were not reported.

Discussion

The introduction of CAR T cells in the therapeutic armamentar-
ium for the treatment of aggressive B-cell lymphoma marked a
paradigm change in lymphoma therapy. Approval studies fos-
tered great hopes with ORR of 54% to 82% and CR rates of
40% to 54%.5% Long-term remissions enduring >9 years have
been reported.”” However, several important questions remain,
including the feasibility and outcomes of this new therapeutic
tool in real-world settings and factors determining adequate
patient selection for CAR T-cell therapy. Up to now, various
groups have reported real-world data in the United States and
Europe.'" In Germany, CAR T cells have been available for
clinical application since the fall of 2018, and as of January
2020, 26 centers had been qualified for CAR T-cell therapy.

The main aims of this study were (1) to investigate the safety of
CD19 CAR T-cell therapies when used in a SOC setting, (2) to
identify predictors of outcome with a specific focus on the
impact of bridging strategies, and (3) to detect possible differ-
ences in the safety and efficacy profiles of the 2 products cur-
rently available, considering the particularities of the health care
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Figure 2. OS and PFS. Kaplan-Meier plots of OS (A) and PFS (B) of all patients. Kaplan-Meier estimated OS and PFS, including 95% Cls (shaded red).

system, organizational factors, and patient selection practice
effective in Germany.

The incidence and severity of CRS and ICANS in our study were
similar as compared to the approval trials, including more neuro-
toxicity in the axi-cel group. The same accounts for neutropenia,
where about 25% and 10% of our patients had not achieved
neutrophil recovery by day +28 and day +100, respectively.
This is in line with cytopenia patterns reported in the approval
trials,®2° but markedly inferior to hematopoietic recovery kinet-
ics observed after alloHCT for LBCL.2" However, there has been
only scant information on if and how neurotoxicity and delayed
neutrophil recovery may translate into NRM in the SOC setting.
To this end, our data clearly suggest that higher grade neurotoxicity
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and prolonged neutropenia are associated with an increased risk of
subsequent fatal infections, which may occur as late as >1 year
after dosing. Late infections after CD19-directed CAR T cells,
including severe and fatal courses, have been observed in several
small single-center case series,**? and the axi-cel real-world mile-
stone analyses from the US, in which infections were a major con-
tributor to NRM."*"7 However, the present study, for the first time,
addresses late infectious fatalities and their relation to preceding
CAR T-cell-specific complications on a relatively large sample in a
multicenter SOC setting in depth. While the relation between neu-
tropenia and infection is obvious, neurotoxicity may predispose to
infectious complications through the use of high-dose steroids or
altemative immunosuppressants. This stresses the need for close
follow-up, immunoglobulin level determination, infectious disease
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Figure 3. PFS in subgroups. PFS according to (A) bridging response and (B)
LDH levels at lymphodepletion.

surveillance, and prophylaxis, especially in patients after CAR T-cell
therapy being at high risk for developing these complications.?*?

While OR and CR rates with 74% and 42% and 53% and 32%
for axi-cel and tisa-cel, respectively, and also OS rates roughly
comparable to previously reported experience,® PFS tended to
be lower with 12-month rates of 35% and 24% for axi-cel and
tisa-cel, respectively. However, our SOC patient cohort differed
in several aspects from the patient populations reported in the
clinical trials as more patients with reduced performance status
and need for bridging were included. Bridging was not allowed
in the ZUMA-1 study but used in 78% of patients in our cohort,
explaining why only 13% of our patients would have been eligi-
ble for inclusion in the ZUMA-1 trial. ZUMA-1 eligibility criteria
were explored as a risk factor across the whole sample for allow-
ing a homogeneous analysis, but also because they are more
restrictive than the JULIET criteria and considered critical for
general CAR T-cell eligibility checks by European cost payers. If
JULIET criteria were applied only to tisa-cel patients and ZUMA-
1 criteria only to axi-cel patients, trial eligibility did not have a
significant impact on outcome (supplemental Figure 3).

The median time from board decision to CAR T-cell infusion was
68 days and thus rather long, reflecting administrative and
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health insurance clearance hurdles in Germany. Of note, the
interval length between indication and dosing was similar for
both products and had no impact on PFS. In contrast, the inter-
val between apheresis and CAR T-cell infusion was significantly
longer in the tisa-cel cohort, most likely due to the option of cry-
opreserving the apheresis product before insurance coverage
clearance and the start of bridging therapy. Notably, a similar
vein-to-vein time was reported for tisa-cel in the BELINDA
trial %

Bridging and its effectiveness was a special focus of our analysis.
While the need for bridging before the start of lymphodepletion
has been previously described as a risk factor,™>" we show that
bridging success can predict CAR T-cell therapy outcome,
thereby supporting the rationale for bridging strategies. One
may argue that bridging response might be a surrogate for
good risk rather than a therapeutic goal, per se. This view is sup-
ported by the fact that bridging nonresponders were character-
ized by a higher proportion of patients with elevated LDH and
advanced IPl. However, this question could only be definitively
addressed by a randomized trial. A wide variety of decision
strategies for the application of bridging therapy and choices of
bridging modalities ranging from steroid monotherapy to high-
dose alkylators with autologous stem cell rescue have been
used in our patient sample, with polatuzumab-based regimens
yielding the most promising results. However, even with polatu-
zumab, only a minority could be bridged successfully. To this
end, novel targeted agents currently entering the clinical stage
may help to make CAR T-cell treatment in LBCL more effective
in the near future.*3> Apart from bridging, other factors pre-
dicting unfavorable outcomes in our analysis were LDH elevation
at lymphodepletion and poor performance status, in line with
previous reports.*

In contrast to previously published real-world analyses of CD19-
directed CAR T-cell therapies, for the first time, we have
attempted to compare the safety and efficacy profiles of the 2
constructs available in Europe. The results suggest that when
compared with tisa-cel, axi-cel was associated with higher com-
plication rates and higher efficacy but not higher OS. Given the
increasing armory of effective salvage therapies for LBCL, the
lack of OS difference may be related to the rather short median
follow-up of 11 months. Similar results have been recently
reported in meeting abstracts by Bachy and colleagues for the
French CAR T-cell registry.®® Furthermore, randomized phase 3
studies of the role of either axi-cel or tisa-cel as second-line ther-
apy in comparison with the standard of care only showed posi-
tive results for axi-cel.**3? Axi-cel tended to be associated with
higher NRM, partly driven by the complications of neurotoxicity
and cytopenia. However, despite quite vigorous safety measures
mandated by the authorities and effective national guidelines,
risk management practices could vary from center to center and
may have influenced results relating to differences between the
2 products and the incidence of late toxicities. Despite this
caveat, axi-cel appears to provide superior PFS because of
higher response rates and fewer progression events. However,
some obvious risk imbalances between the 2 cohorts have to be
considered; for example, larger proportions of patients in need
of bridging and not meeting ZUMA-1 eligibility, respectively, in
the tisa-cel cohort. Moreover, although the PFS benefit of axi-
cel remained significant after multivariable adjustment for con-
founders, there may be hidden biases in favor of axi-cel since
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Table 3. Multivariate analysis by Cox regression

Multivariate PFS

HR 95% ClI
Bridging nonresponder (vs bridging responder) 2.273 <.001 1.484-3.481
No bridging (vs bridging responder) 1.563 .0871 0.937-2.607
LDH at LD (>N vs N) 1.443 .011 1.087-1.916
ECOG (0,1, 2,3, 4) 1.180 .055 0.997-1.398
Tisa-cel (vs axi-cel) 1.475 .005 1.122-1.942
Age (decades) 0.904 .024 0.825-0.990

Multivariate OS

HR* 95% CI
Bridging nonresponder (vs bridging responder) 2.273 .003 1.324-3.901
No bridging (vs bridging responder) 1.032 .925 0.531-2.008
LDH at LD (>N vs N) 1.439 .038 1.021-2.028
ECOG (0, 1, 2, 3, 4)* 1.357 .003 1.107-1.663

ECOG, Eastern Cooperative Oncology Group performance status; LD, lymphodepletion; LDH, lactate dehydrogenase; N, normal.

*HR refers to change of 1 point in score.

the superior safety features and the management peculiarities of
tisa-cel, in particular the option of disconnecting production
from apheresis by local cryopreservation, may promote the
enrichment of patients who are deemed more instable or frail in
the tisa-cel group. This notion is supported by a survey among
GLA SOC CAR users, suggesting that selection criteria favoring
tisa-cel are primarily uncertainties regarding CAR T-cell indica-
tion and the outlook of CAR T-cell treatment if performed in the
current patient state; but also higher age and comorbidities. In
contrast, criteria favoring the selection of axi-cel comprise the
necessity of a short vein-to-vein time and a large tumor mass,
but also younger age and absence of comorbidity. The full sur-
vey can be found in the supplemental Appendix.

With 13 cases, the proportion of patients undergoing CAR T-cell
therapy after a prior alloHCT was comparably large. Of note,
NRM in this subset was significantly higher than in the alloHCT-
naive patients. However, this was based on only 3 events, and
the Cls, therefore, were extremely wide. Most importantly, and
in keeping with previous case series,">*' PFS and OS of the
alloHCT group was not inferior to that of the remainder, sug-
gesting that a history of alloHCT should not preclude a subse-
quent CAR T-cell therapy in patients with LBCL if clinically
indicated.

Being a retrospective registry report, our study has several limi-
tations. There is certainly heterogeneity in patient selection
across various centers. Data quality and granularity suffer from
the retrospective nature of data collection. On the other hand,
particular strengths of this analysis consist in the large sample
size, enabling informative risk factor analyses, and the compre-
hensive coverage of the German SOC CAR T-cell therapy activ-
ity, with almost all qualified centers contributing data.
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In conclusion, although this large registry analysis basically
confirms the results of the pivotal trials, it highlights some partic-
ularities of CD19-directed CAR T-cell treatment of LBCL in the
real-world setting. These include a relevant risk of delayed
infection-related NRM raising implications for potential prophy-
laxis strategies, and the finding that effective bridging is an
important predictor of CD19-directed CAR T-cell treatment effi-
cacy and can overcome the adverse impact of actively proliferat-
ing disease on the outcome. Finally, our data suggest different
safety/efficacy profiles of the 2 constructs available in the SOC
setting, with less toxicity of tisa-cel, better disease control with
axi-cel, and comparable survival. Before these differences can
be considered for individualized product selection, however,
they need to be substantiated in confirmative studies.

Authorship

Contribution: W.A.B. designed the research, collected and analyzed
data, and wrote the manuscript; P.M. analyzed data and wrote and
reviewed the manuscript; M. Schmitt, U.H., M. Subklewe, B.v.T., F.A,,
EMW.-D., G.GW., RM, O.P, US., CK, Mv.B., M. Stelljes, B.G.,
CD.B., V.V, DM, MT.,, MAF., RS, LB, P.B, VB, JH., CH., ST,
D.W.B., C.L, and N.K. collected patient data and reviewed the manu-
script; P.D. designed the research, collected and analyzed data, and
wrote the manuscript.

Conflict-of-interest disclosure: W.A.B. received honoraria and travel funds
from Gilead, Novartis, Miltenyi, and Janssen; and research grants from
Miltenyi. M. Schmitt received funding for collaborative research from
Apogenix, Hexal, and Novartis; travel grants from Hexal and Kite; finan-
cial support for educational activities and conferences from Bluebird Bio,
Kite, and Novartis; is a board member for MSD and (co-)P| of clinical tri-
als of MSD, GSK, Kite, and BMS, as well as co-founder and shareholder
of TolerogenixX Ltd. U.H. received honoraria from Novartis, Gilead,
BMS, Miltenyi, Roche. M. Subklewe received research support from
Amgen, BMS, Gilead, Miltenyi, MorphoSys, Novartis, Roche, Seagen; sits

BETHGE et al

20z aunf 0 uo 3sanb Aq jpd 6025 10120ZPIGPO0IA/Z8Z0L6L/67E/+/0Y L /HPd-ajo11e/poojgAeusuoleslqndyse//:d)y woly papeojumoq



on the advisory board for Amgen, BMS, Gilead, Janssen, Novartis, Pfizer,
Seagen; received speaker's bureau fees from Amgen, BMS, Gilead,
Novartis, Pfizer, Takeda. B.v.T. is an advisor or consultant for BMS/Cel-
gene, Incyte, Miltenyi, Novartis, Pentixafarm, Amgen, Pfizer, Takeda,
Merck Sharp & Dohme, and Gilead Kite; received honoraria from Astra-
Zeneca, Novartis, Roche Pharma AG, Takeda, and Merck Sharp &
Dohme; received research funding from Novartis (Inst), Merck Sharp &
Dohme (Inst), and Takeda (Inst); received travel support from AbbVie,
AstraZeneca, Kite-Gilead, Merck Sharp & Dohme, Takeda, and Novartis.
F.A. received honoraria from Novartis, Gilead, BMS, Janssen, Takeda,
and Therakos/Mallinckrodt; received research funding from Therakos/
Mallinckrodt. G.W. received honoraria Gilead, Novartis, Takeda, Clinigen,
and Amgen. O.P. received honoraria or travel support from Astellas, Gil-
ead, Jazz, MSD, Neovii Biotech, Novartis, Pfizer, and Therakos; received
research support from Gilead, Incyte, Jazz, Neovii Biotech, and Takeda;
and is on advisory boards of Jazz, Gilead, MSD, Omeros, Priothera, Shio-
nogi, and SOBI. U.S. is on the advisory board for Novartis. C.K. is on
advisory boards for Abbvie, Amgen, BMS, EusaPharm, GSK, Janssen,
Kite/Gilead, Medigene, Novartis, Roche, Sanofi, Takeda, Pfizer, and
Incyte. M.v.B. received honoraria and travel funds from Gilead, Novartis,
Janssen, Takeda, and Daiichi Sankyo. M. Stelljes received honoraria from
Kite/Gilead, Jazz, MSD, Novartis, Pfizer, and BMS/Celgene. C.D.B.
received honoraria and travel funds from BMS, Amgen, Novartis, Jazz,
Gilead, and Janssen. V.V. received honoraria and travel funds for Gilead;
received honoraria and consultancies from Novartis, Gilead, and BMS/
Celgene. D.M. received consultancies for AbbVie, Roche, BMS, Hexal,
Novartis, MSD, Celgene, Janssen-Cilag, Pfizer, Astra-Zeneca, and Jazz
Pharma. J.H. received honoraria from Merck Sharp & Dohme, AstraZe-
neca, Janssen, Amgen, Pfizer, Roche, Abbvie, Incyte, Jazz, and Bristol
Myers Squibb. J.H. received honoraria from Merck Sharp & Dohme,
AstraZeneca, Janssen, Amgen, Pfizer, Roche, Abbvie, Incyte, Jazz, and
Bristol Myers Squibb. S.T. received honoraria and travel funds from Abb-
vie, BMS/Celgene, EUSA Pharma, Janssen, Gilead, Medigene, Novartis,
and Pfizer; received research funding from BMS/Celgene and Gilead.
N.K. received honoraria Kite/Gilead, Jazz, MSD, Neovii Biotech, Novartis,

Riemser, Pfizer, and BMS; received research support from Neovii,
Riemser, Novartis, and BMS. P.D. received consultancy from AbbVie,
AstraZeneca, Bluebird Bio, Gilead, Janssen, Novartis, Riemser, and
Roche; received speaker’s bureau fees from AbbVie, AstraZeneca, Gil-
ead, Novartis, Riemser, and Roche; and received research support from
Riemser. The remaining authors declare no competing financial interests.

The current affiliation for D.M. is Department of Hematology and
Oncology, University Hospital Magdeburg, Magdeburg, Germany.

ORCID profiles: W.A.B., 0000-0001-6052-2618; M. Subklewe, 0000-
0001-9154-9469; B.v.T., 0000-0003-1410-4487; E.M.W-D., 0000-0002-
0728-2253; C.K., 0000-0001-7025-1735; M. Stelljes, 0000-0002-9331-
5145; V.V., 0000-0002-8398-285X; R.S., 0000-0003-2744-5491; V.B.,
0000-0001-7391-7280; C.L., 0000-0001-5442-2805.

Correspondence: Wolfgang A. Bethge, University Hospital Tuebingen,
Hematology and Oncology, Otfried-Mueller Str 10, D-72076 Tuebingen,
Germany; e-mail: wolfgang.bethge@med.uni-tuebingen.de.

Footnotes

Submitted 20 December 2021; accepted 9 March 2022; prepublished
online on Blood First Edition 22 March 2022. DOl 10.1182/
blood.2021015209.

There is a Blood Commentary on this article in this issue.

The publication costs of this article were defrayed in part by page
charge payment. Therefore, and solely to indicate this fact, this article
is hereby marked “advertisement” in accordance with 18 USC section
1734.

REFERENCES Blood Marrow Transplant. 2019;25(4): lymphoma: results from the US Lymphoma
1. Gisselbrecht C, Glass B, Mounier N, et al. 625-638. §7A)§;I'1c(?og?<;r§ium. J Clin Oncol. 2020;38(
Salvage reg!mens with autologous 8. Scrucca L, Santucci A, Aversa F. Competing
transpla'ntanon'forlrelapsed Iargg B-cell lym- risk analysis using R: an easy guide for 15. Kwon M, Bailen R, Corral LL, et al. Real
phoma in the rituximab era. J Clin Oncol. clinicians. Bone Marrow Transplant. 2007; world of experience axicabtagene ciloleucel
2010;28(27):4184-4190. 40(4):381-387. for the treatment of relapsed or refractory
) ) large B-Cell lymphoma in Spain. Bone Marrow
2. G|sse|brechtl C, Glags B, Mounier N, et al. 9. International Non-Hodgkin's Lymphoma Trgnsplant. 2}(/)2’Ip;56(supp| 15’:37_39.
Salvage regimens with autologous Prognostic Factors Project. A predictive
transplantation for relapsed large B-Cell lym- model for aggressive non-Hodgkin’s lym- 16. Pasquini MC, Hu ZH, Curran K, et al. Real-
phoma in the rituximab era (vol, 28, pg phoma. N Engl J Med. 1993;329(14): world evidence of tisagenlecleucel for
4184, 2010). J Clin Oncol 2012;30(15):1896. 987-994. pediatric acute lymphoblastic leukemia and
non-Hodgkin lymphoma [published correc-
3. Crump M, Neelapu SS, Ffarooq U, etal. 10. Jung S, Greiner J, von Harsdorf S, et al. tion appegars inyBlF;od Ad\FZ 2021;5(4):1136).
Outcomes in refractory diffuse large B-cell Fatal late-onset CAR T-cell-mediated Blood Adv. 2020:4(21):5414-5424.
lymphoma: results from the international encephalitis after axicabtagene-ciloleucel in
SCHOLAR-1 study [published correction a patient with large B-cell lymphoma. Blood 17. Jacobson CA, Locke FL, Hu Z-H, et al. Real-
appears in Blood. 2018;131(5):587-588]. Adv. 2021;5(19):3789-3793. world evidence of axicabtagene ciloleucel
Blood. 2017;130(16):1800-1808. (Axi-cel) for the treatment of large B-cell lym-
11. Cappell KM, Sherry RM, Yang JC, et al. phoma (LBCL) in the United States (US).
4. Epperla N, Badar T, Szabo A, et al. Long-term follow-up of anti-CD19 chimeric J Clin Oncol. 2021;39(15 suppl):7552-7552.
Postrelapse survival in diffuse large B-cell antigen receptor T-cell therapy. J Clin
lymphoma after therapy failure following Oncol. 2020;38(32):3805-3815. 18. Sesques P, Ferrant E, Safar V, et al.
autologous transplantation. Blood Adyv. Commercial anti-CD19 CAR T cell therapy
2019;3(11):1661-1669. 12. Riedell PA, Walling C, Nastoupil LJ, et al. A for patients with relapsed/refractory aggres-
multicenter retrospective analysis of sive B cell lymphoma in a European center.
5. Neelapu SS, Locke FL, Bartlett NL, et al. outcomes and toxicities with commercial Am J Hematol. 2020;95(11):1324-1333.
Axicabtagene ciloleucel CAR T-cell therapy axicabtagene ciloleucel and tisagenlecleucel
in refractory large B-cell lymphoma. N Engl J for relapsed/refractory aggressive B-cell lym- 19. Le Gouill S, Bachy E, Di Blasi R, et al. First
Med. 2017;377(26):2531-2544. phomas_ Biol Blood Marrow Transp[ant results of DLBCL patients treated with CAR-
2020;26(3):541-542. T cells and enrolled in DESCAR-T registry, a
6. Schuster SJ, Bishop MR, Tam CS, et al; French real-life database for CAR-T cells in
JULIET Investigators. Tisagenlecleucel in 13. Pasquini MC, Hu ZH, Curran K. Real-world hematologic malignancies. Hematol Oncol.
adult relapsed or refractory diffuse large evidence of tisagenlecleucel for pediatric 2021;39(52):hon.84_2879.
B-Cell lymphoma. N Engl J Med. 2019; acute lymphoblastic leukemia and non-
380(1):45-56. Hodgkin lymphoma (vol 4, pg 5414, 2020). 20. Locke FL, Ghobadi A, Jacobson CA, et al.
Blood Adv. 2021:5(4):1136. Long-term safety and activity of
7. Lee DW, Santomasso BD, Locke FL, et al. axicabtagene ciloleucel in refractory large
ASTCT consensus grading for cytokine 14. Nastoupil LJ, Jain MD, Feng L, et al. B-cell lymphoma (ZUMA-1): a single-arm,
release syndrome and neurologic toxicity Standard-of-care axicabtagene ciloleucel for multicentre, phase 1-2 trial. Lancet Oncol.
associated with immune effector cells. Biol relapsed or refractory large B-cell 2019;20(1):31-42.

REAL WORLD DATA GERMANY: CAR-T CELLS FOR LYMPHOMA

€ blood” 28 JULY 2022 | VOLUME 140, NUMBER 4 357

20z aunf 0 uo 3sanb Aq jpd 6025 10120ZPIGPO0IA/Z8Z0L6L/67E/+/0Y L /HPd-ajo11e/poojgAeusuoleslqndyse//:d)y woly papeojumoq


https://orcid.org/0000-0001-6052-2618
https://orcid.org/0000-0001-9154-9469
https://orcid.org/0000-0001-9154-9469
https://orcid.org/0000-0003-1410-4487
https://orcid.org/0000-0002-0728-2253
https://orcid.org/0000-0002-0728-2253
https://orcid.org/0000-0001-7025-1735
https://orcid.org/0000-0002-9331-5145
https://orcid.org/0000-0002-9331-5145
https://orcid.org/0000-0002-8398-285X
https://orcid.org/0000-0003-2744-5491
https://orcid.org/0000-0001-7391-7280
https://orcid.org/0000-0001-5442-2805
mailto:wolfgang.bethge@med.uni-tuebingen.de
http://www.bloodjournal.org/content/140/4/296

21.

22.

23.

24.

25.

26.

27.

28.

Dreger P, Sureda A, Ahn KW, et al. PTCy-
based haploidentical vs matched related or
unrelated donor reduced-intensity condition-
ing transplant for DLBCL. Blood Adv. 2019;
3(3):360-369.

Hill JA, Li D, Hay KA, et al. Infectious
complications of CD19-targeted chimeric
antigen receptor-modified T-cell immuno-
therapy. Blood. 2018;131(1):121-130.

Wudhikarn K, Pennisi M, Garcia-Recio M,

et al. DLBCL patients treated with CD19
CAR T cells experience a high burden of
organ toxicities but low nonrelapse
mortality. Blood Adv. 2020;4(13):3024-3033.

Logue JM, Zucchetti E, Bachmeier CA, et al.
Immune reconstitution and associated
infections following axicabtagene ciloleucel
in relapsed or refractory large B-cell lym-
phoma. Haematologica. 2021;106(4):
978-986.

Strati P, Varma A, Adkins S, et al.
Hematopoietic recovery and immune
reconstitution after axicabtagene ciloleucel
in patients with large B-cell lymphoma.
Haematologica. 2021;106(10):2667-2672.

Rejeski K, Perez A, Sesques P, et al. CAR-
HEMATOTOX: a model for CAR T-cell-
related hematologic toxicity in relapsed/
refractory large B-cell lymphoma. Blood.
2021;138(24):2499-2513.

Fried S, Avigdor A, Bielorai B, et al. Early
and late hematologic toxicity following
CD19 CAR-T cells. Bone Marrow Transplant.
2019;54(10):1643-1650.

Greenbaum U, Strati P, Saliba RM, et al. CRP
and ferritin in addition to the EASIX score
predict CAR-T-related toxicity. Blood Adv.
2021,5(14):2799-2806.

29.

30.

32.

33.

34.

35.

Pennisi M, Sanchez-Escamilla M, Flynn JR,
et al. Modified EASIX predicts severe
cytokine release syndrome and neurotoxicity
after chimeric antigen receptor T cells.
Blood Adv. 2021;5(17):3397-3406.

Bishop MR, Dickinson M, Purtill D, et al.
Second-line tisagenlecleucel or standard
care in aggressive B-cell lymphoma. N Engl
J Med. 2021;386(7):629-639.

. Pinnix CC, Gunther JR, Dabaja BS, et al.

Bridging therapy prior to axicabtagene
ciloleucel for relapsed/refractory large B-cell
lymphoma. Blood Adv. 2020;4(13):
2871-2883.

Liebers N, Duell J, Fitzgerald D, et al.
Polatuzumab vedotin as a salvage and
bridging treatment in relapsed or refractory
large B-cell lymphomas. Blood Adv. 2021;
5(13):2707-2716.

Hutchings M, Morschhauser F, lacoboni G,
et al. Glofitamab, a novel, bivalent CD20-
targeting T-cell-engaging bispecific anti-
body, induces durable complete remissions
in relapsed or refractory B-cell lymphoma: a
phase | trial. J Clin Oncol. 2021;39(18):
1959-1970.

Hutchings M, Mous R, Clausen MR, et al.
Dose escalation of subcutaneous
epcoritamab in patients with relapsed or
refractory B-cell non-Hodgkin lymphoma: an
open-label, phase 1/2 study. Lancet. 2021;
398(10306):1157-1169.

Tabbara N, Gaut D, Oliai C, Lewis T, de Vos
S. Anti-CD19 CAR T-cell therapy remission
despite prior anti-CD19 antibody Tafasita-
mab in relapsed/refractory DLBCL. Leuk Res
Rep. 2021;16:100260.

358 & blood” 28 JULY 2022 | VOLUME 140, NUMBER 4

36. Nastoupil LJ, Jain MD, Spiegel JY, et al.
Axicabtagene ciloleucel (Axi-cel) CD19
chimeric antigen receptor (CAR) T-cell ther-
apy for relapsed/refractory large B-cell lym-
phoma: real world experience. Blood. 2018;
132(suppl 1):91.

37. Vercellino L, Di Blasi R, Kanoun S, et al.
Predictive factors of early progression after
CAR T-cell therapy in relapsed/refractory dif-
fuse large B-cell lymphoma. Blood Adv.
2020;4(22):5607-5615.

38. Bachy E, Le Gouill S, Di Blasi R, et al. A
propensity score-matched comparison of
axi-cel and tisa-cel for relapsed/refractory
diffuse large B-cell lymphoma in real-life: a
Lysa Study from the Descar-T Registry.
Blood. 2021;138(suppl 1):92.

39. Locke FL, Miklos DB, Jacobson CA, et al.
Axicabtagene ciloleucel as second-line ther-
apy for large B-cell lymphoma. N Engl J
Med. 2021;386(7):640-654.

40. Schubert ML, Dietrich S, Stilgenbauer S,
et al. Feasibility and Safety of CD19 chimeric
antigen receptor T cell treatment for B cell
lymphoma relapse after allogeneic
hematopoietic stem cell transplantation. Biol
Blood Marrow Transplant. 2020;26(9):
1575-1580.

4

. Jain T, Sauter CS, Shah GL, et al. Safety and
feasibility of chimeric antigen receptor T cell
therapy after allogeneic hematopoietic cell
transplantation in relapsed/ refractory B cell
non-Hodgkin lymphoma. Leukemia. 2019;
33(10):2540-2544.

© 2022 by The American Society of Hematology

BETHGE et al

20z aunf 0 uo 3sanb Aq jpd 6025 10120ZPIGPO0IA/Z8Z0L6L/67E/+/0Y L /HPd-ajo11e/poojgAeusuoleslqndyse//:d)y woly papeojumoq



	TF1
	TF2
	TF3
	TF4

