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KEY PO INTS

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

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
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 5 173) or tisa-cel (n 5 183)
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
prognostic index (IPI), 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.1-4 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.5,6 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 f€ur 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

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.7 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/mL or platelet count.20 000/mL.

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 (CI). All tests
and CIs 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.8

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
(IPI)9 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 5 252 [71%]) had
received $3 pretreatment lines before the start of bridging ther-
apy or lymphodepletion. Of these, 20% (n 5 51/252) had
received $5 pretreatment lines. Prior autologous (n 5 108) or
allogeneic (n 5 13) hematopoietic cell transplantation (HCT) had
been performed in 34% of the patients; 76% (n 5 269/356) 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 5 278) of the patients. The patients

receiving bridging therapy were associated with higher IPI and
elevated LDH: IPI $3, no bridging: 28/76 (37%) vs bridging:
154/269 (57%); P 5 .0018; or LHD . ULN, no bridging: 34/76
(45%) vs bridging: 172/269 (64%); P 5 .0034. As was no
response to bridging: IPI $3 response: 23/59 (38%) vs 131/210
(63%); P 5 .0017; no response or LDH . ULN response: 30/59
(51%) vs 142/210 (68%); P 5 .022; no response (supplemental
Table 4). Bridging modalities included classical platinum-based
chemoimmunotherapy (n 5 67, rituximab/ifosfamide/carbopla-
tin/etoposide [R-ICE] 5 27, R-gemcitabine/oxaliplatin 5 33,
other 5 7) or regimens of similar intensity (n 5 71 [26%]),
polatuzumab-based regimens (n 5 71 [26%]), other rituximab-
based chemoimmunotherapy (n 5 33 [12%]), radiotherapy
(n 5 30 [11%]), immunotherapy (n 5 12 [4%]), and steroids
(n 5 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).

Table 1. Patient characteristics

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) 6 (4) 11 (6)

Interval indication to CAR
T-cell infusion (d)

68 (28-278) 65 (28-278) 68 (28-194) n.s.

Interval leukapheresis to CAR
T-cell infusion (d)

42 (27-526) 35 (27-133) 55 (27-526) ,.001

sIPI 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-I 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-cel5 65, tisa-cel5 68). The median time from aphere-
sis to CAR T-cell infusion was 42 days (range, 27-526; axi-cel5 35,
tisa-cel5 55).

Toxicity
Grade 4 neutropenia (,500 neutrophils/mL) 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/mL) 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 5

.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 5 .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 5 .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 5 .0004)
(Figure 1D). Causes of nonrelapse death were infections (n 5 13
[62%]; bacterial, n 5 8; fungal, n 5 3; viral including 1 case of
SARS-CoV2, n 5 2); unspecified, n 5 1; neurotoxicity (n 5 2,
10%), CRS, bleeding, hyperinflammatory syndrome, unknown,

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 128, with
infections (n 5 9; bacterial 5 5, fungal 5 2, viral 5 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 128 without progression
and did not have subsequent NRM, we did not find significant
differences in terms of age, sex, IPI, 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 1100
or last follow-up (29% vs 5%; P 5 .0083), had experienced
grade $3 ICANS (43% vs 9%; P 5 .002), and/or had received
axi-cel (93% vs 51%; P 5 .0017). Patients with neutrophil nonre-
covery and/or grade $3 ICANS had a 12-month late NRM inci-
dence of 16% (95% CI, 5.1-26.9) vs 2.5% (95% CI, 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 5 .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 IPI .2 (P 5 .004), elevated LDH (P 5 .002), ineligibility for
ZUMA-I (P 5 .026), nonresponse to bridging therapy (P , .001),
and use of tisa-cel (P 5 .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

Table 2. CRS and ICANS

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

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) 0 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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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 5 .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 5 .031).

Significant predictors of inferior OS on univariate analysis were
IPI Score .2 (P 5 .002), ECOG score .1 (P , .001), elevated
LDH at lymphodepletion (P , .001), ineligibility for ZUMA-1
(P 5 .010), and nonresponse to bridging therapy (P 5 .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-naïve patients
(supplemental Figure 3). Three nonrelapse deaths occurred, 1

each from CRS-related bleeding, late sepsis, and delayed neuro-
toxicity10 (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%.5,6 Long-term remissions enduring .9 years have
been reported.11 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.12-19 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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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 128 and day 1100, respectively.
This is in line with cytopenia patterns reported in the approval
trials,6,20 but markedly inferior to hematopoietic recovery kinet-
ics observed after alloHCT for LBCL.21 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

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,22-25 and the axi-cel real-world mile-
stone analyses from the US, in which infections were a major con-
tributor to NRM.13,17 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
alternative immunosuppressants. This stresses the need for close
follow-up, immunoglobulin level determination, infectious disease
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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% CIs (shaded red).
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surveillance, and prophylaxis, especially in patients after CAR T-cell
therapy being at high risk for developing these complications.26-29

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,5,6 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

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.30

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,14,31 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 IPI. 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.32-35 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.36,37

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.38 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.30,39 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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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-
naïve patients. However, this was based on only 3 events, and
the CIs, therefore, were extremely wide. Most importantly, and
in keeping with previous case series,40,41 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.

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.
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