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CD19-directed CAR T cells as first salvage therapy for large 
B-cell lymphoma: towards a rational approach
Peter Dreger, Paolo Corradini, John G Gribben, Bertram Glass, Mats Jerkeman, Marie Jose Kersten, Franck Morschhauser, Alberto Mussetti, 
Andreas Viardot, Pier Luigi Zinzani, Anna Sureda, on behalf of the European Society for Blood and Marrow Transplantation and the European 
Hematology Association Lymphoma Group

The approval of CD19-directed chimeric antigen receptor (CAR) T-cell therapies for the second-line treatment of high-
risk large B-cell lymphoma (LBCL) has greatly affected salvage algorithms for this condition, and such therapies could 
have the potential to improve the course of relapsed or refractory LBCL. In this Review, we provide guidance for a 
rational management approach to the use of commercial CD19-directed CAR T cells in the second-line treatment of 
LBCL, addressing crucial questions regarding eligible histologies; age, comorbidity, and tumour biology restrictions; 
the handling of very aggressive tumour behaviour; and holding and bridging therapies. The guidance was developed 
in a structured manner and, for each question, consists of a description of the clinical issue, a summary of the 
evidence, the rationale for a practical management approach, and recommendations. These recommendations could 
help to decide on the optimal management of patients with relapsed or refractory LBCL who are considered for 
second-line CAR T-cell treatment.

Introduction
The CD19-directed chimeric antigen receptor (CAR) 
T-cell therapies axicabtagene ciloleucel (axi-cel) and 
lisocabtagene maraleucel (liso-cel) have been approved 
over the past 15 months for the second-line treatment of 
patients with high-risk large B-cell lymphoma (LBCL), 
and have had a substantial effect on current algorithms 
for the salvage treatment of the disease.1 In many 
European countries, CAR T-cell therapy is now the 
standard second-line approach for eligible patients with 
LBCL in whom first-line chemoimmunotherapy was 
unsuccessful or disease relapse occurred within 
12 months of completing treatment. Although the 
principal indication of CAR T cells in these patients is 
well defined, several questions regarding the practical 
implementation of this treatment need to be considered. 
In this Review, we propose management strategies for 
these crucial issues, thereby providing guidance for a 
rational approach to the use of commercial CD19-
directed CAR T cells in the second-line treatment of 
LBCL.

Process of content building
A working group comprising nine experts met on 
Sept 19, 2022 (PD, JGG, MJ, MJK, FM, and AV met in 
person; PC, AS, and PLZ attended virtually), agreed on 
the concept of the project, and discussed the individual 
questions to be addressed. Although this meeting was 
funded by Kite Gilead, the manufacturer of axi-cel, all 
other steps were conducted without any company 
support. Kite Gilead had no access to any further part of 
the process, draft versions, or the final version of this 
manuscript.

Two coordinating authors (PD and AS) were appointed 
by the group, who in turn confirmed the remainder of 
the panel, including the appointment of two additional 
expert members (BG and AM). Proposals for subtopics 
were drafted by the coordinating authors, and discussed 

and agreed upon by the whole panel by email or in virtual 
meetings (appendix p 2).

Because of the paucity of valid evidence for most of the 
questions posed, the objective was not to conduct a 
systematic review or to develop a formal consensus on 
treatment algorithms. Therefore, we did not use evidence 
grading or formally structured consensus building 
approaches. Instead, after conducting a thorough 
literature search, the coordinating authors developed a 
working draft containing suggestions for each individual 
question posed, following a structure comprising a 
description of the clinical issue, a summary of evidence 
and lack of evidence, the rationale for a practical 
approach, and recommendations. This draft was then 
discussed and further elaborated by the whole working 
group. All definitions and conclusions required 
endorsement from all working group members to be 
included in the final manuscript.

Recommendations
All recommendations are summarised in the panel.

Eligible histologies
Clinical issue
Axi-cel has received approval from the European Medicines 
Agency for the second-line therapy of diffuse large B-cell 
lymphoma (DLBCL) or high-grade B-cell lymphoma 
(HGBCL) in the case of either primary refractory disease 
or disease that relapses within 12 months of completion of 
first-line therapy, but it is not formally approved for other 
clinically relevant LBCLs. Liso-cel has received a similar 
approval, although it also includes primary mediastinal 
B-cell lymphoma (PMBCL) and follicular lymphoma 
grade 3B (now known as follicular large B-cell lymphoma 
[FLBL], according to the 2022 WHO classification).2 
However, of patients treated with CAR T-cell therapy in the 
TRANSFORM trial,3 only seven (8%) of 92 patients had 
PMBCL and one (1%) of 92 patients had FLBL, and both 
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lymphoma subtypes were excluded from the ZUMA-7 
trial.4 As such, the benefit of second-line CAR T-cell 
therapy in PMBCL, FLBL, and also transformed indolent 
lymphoma is poorly documented.

Evidence
Transformed lymphoma, PMBCL, and FLBL largely 
follow the same therapeutic indications as DLBCL in 
current clinical practice. Despite the poor representation 
of these histologies in trials of second-line therapy and 
also in the pivotal trials of CAR T-cell therapies for use 
beyond second-line,5,6 evidence from larger real-world 
cohorts in which such therapies were used beyond 
second-line shows that outcomes of patients with 
transformed follicular lymphoma and PMBCL are not 
inferior to those observed in DLBCL.7,8 In fact, 
transformed follicular lymphoma and PMBCL had a 
significantly reduced risk of early treatment failure 
compared with DLBCL in one study.8 Consistent with 
this, the 64% (95% CI 49–84) 12-month progression-free 
survival observed in 33 patients with PMBCL who were 
treated with axi-cel in a registry study suggested 
favourable efficacy of CAR T cells in this lymphoma 
subtype.9 Comparative real-world studies from 2023 
suggest that PMBCL could have a better outcome after 
axi-cel treatment than DLBCL, not otherwise specified 
(DLBCL-NOS).10,11

Rationale
Although evidence is scarce and is restricted to patients 
treated beyond second-line, the available information 
consistently suggests that patients with transformed 
follicular lymphoma or PMBCL benefit from axi-cel treat-
ment at least to the same extent as those with DLBCL. The 
benefits of CAR T-cell therapy might also be extended 
to rare disease subsets, such as FLBL and DLBCL 
transformed from other indolent lymphomas, because of 
their close biological and clinical similarities with DLBCL-
NOS.2,12,13 The situation is less clear for orphan lymphoma 
subtypes such as rare DLBCL and T-cell/histiocyte-
rich LBCL,14 and also for related lymphoma subtypes that 
were explicitly excluded from the approval trials, in 
particular primary CNS lymphoma (PCNSL)15 and DLBCL 
transformed from chronic lymphocytic leukaemia (Richter 
transformation),13,16 in which the efficacy of CAR T cells 
might be affected by the immunosuppressive properties of 
the underlying chronic lymphocytic leukaemia clone 
(appendix p  3).17 Conversely, accumulating evidence 
suggests that secondary CNS involvement in systemic 
DLBCL does not affect the outcome of CAR T-cell 
therapy.15,18 Finally, it should be kept in mind that trial 
eligibility, and therefore approval, rely on the 2016 edition 
of the WHO classification of diseases.19

Recommendation
In addition to DLBCL-NOS and HGBCL, the use of anti-
CD19 CAR T-cell therapy as a second-line standard of 

care seems to also be appropriate for PMBCL, DLBCL 
transformed from indolent lymphoma, FLBL, and 
DLBCL with secondary CNS involvement. By contrast, 
second-line CAR T-cell therapy for PCNSL, Richter 
transformation, and T-cell/histiocyte-rich LBCL should 
preferably be administered only within clinical trials.

Age and comorbidity restrictions and transplantation-
ineligibility
Clinical issue
The ZUMA-7 and TRANSFORM trials included only 
patients who were deemed eligible for autologous 
haematopoietic cell transplantation (HCT) by the treating 
physicians. Although this criterion was not defined 
further, patients with cardiac, renal, hepatic, cerebral, or 
severe pulmonary dysfunction were ineligible. No upper 
age limit was used in ZUMA-7, in which patients up to 
the age of 80 years were enrolled, whereas an age limit of 
75 years was set in TRANSFORM. It might therefore be 
questioned whether patients who have one or more of 
the comorbidities mentioned, are older, or are generally 
considered as not capable of withstanding autologous 
HCT should be routinely treated with CAR T cells as 
second-line therapy.

Evidence
As the median age at diagnosis with DLBCL is 66 years, 
and almost 30% of patients are diagnosed when older 
than 75 years,20 age compatibility is an important 
requirement for therapies targeted to change the natural 
history of the disease. 28% (n=51 of 180) of patients in 
ZUMA-7 and 39% (n=36 of 92) of patients in 
TRANSFORM were aged at least 65 years, and being 
older than 65 years did not affect the event-free survival 
benefit of the CAR T-cell group in either study.3,4,21

Toxicity is a major concern in older patients. Regarding 
settings beyond second-line therapy, a subanalysis of the 
ZUMA-1 trial in 108 patients focusing on age effects 
found that patients aged 65 years or older had higher 
rates of grade 3–4 immune effector cell-associated 
neurotoxicity syndrome (44%; n=12 of 27) than younger 
patients (28%; n=23 of 81).22 Furthermore, in real-life 
settings, higher rates of immune effector cell-associated 
neurotoxicity syndrome, severe cytokine release 
syndrome, and infections were observed in patients aged 
65 years or older treated with axi-cel or tisa-cel than in 
younger patients,23–25 translating into increased non-
relapse mortality in this age group.25 Despite this 
drawback, survival outcomes of older patients treated 
with anti-CD19 CAR T cells have been shown to be at 
least similar to those of younger patients.21,24–26 This 
finding is clearly related to patient selection; however, 
with this caveat in mind, an upper age limit for CD19 
CAR T-cell therapy in LBCL cannot be defined at 
present.25

Regarding comorbidities, a common clinical challenge 
is the presence of renal insufficiency. In a 2022 study 
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from Wood and colleagues,27 166 patients were treated 
with axi-cel or tisa-cel, comprising 17 with renal 
insufficiency (defined as an estimated glomerular 
filtration rate <60 mL/min/1·73 m²; including two 
receiving dialysis) and 149 with normal renal function. 
17 out of 166 CART-treated patients had renal insufficiency 
(including 2 patients on dialysis). No significant 
differences in progression-free survival or overall survival 
were observed between the two groups; however, patients 
who developed acute kidney injury after infusion had 
poor outcomes irrespective of their baseline renal 
function. Similar conclusions were drawn from a 
retrospective single-centre study by Ahmed and 
colleagues.28 CAR T-cell therapy might even be feasible in 
kidney transplantation recipients.29 On the contrary, an 
analysis of 1297 patients selected from the data registry of 
the Center for International Blood and Marrow 
Transplant Research, who were receiving axi-cel for 
beyond-second-line treatment of LBCL, showed that 
moderate-to-severe renal comorbidity (defined as defined 
as serum creatinine >2 mg/dL, being on dialysis, or 
previous renal transplantation) was associated with a 
significantly increased risk of overall mortality (hazard 
ratio [HR] 2·1 [95% CI 1·3–3·4]). Other comorbidities 
that were significantly associated with excess mortality 
were hepatic disorders (defined as liver cirrhosis, 
bilirubin >1·5× upper limit of normal, or aspartate 
aminotransferase to alanine aminotransferase ratio 
>2·5× upper limit of normal; HR 2·7 [1·7–4·2]), cardiac 
diseases (defined as any history of coronary artery 
disease, congestive heart failure, or myocardial infarction, 
or ejection fraction ≤50%; HR 1·4 [1·1–1·8]), and a score 
of 2 or higher on the Eastern Cooperative Oncology 
Group performance status scale. By contrast, pulmonary 
comorbidities and age had no effect.26 Notably, a similar 
analysis in 2022, involving 968 patients who were 
receiving tisa-cel beyond the second line, did not show 
any effect of comorbidities on mortality outcomes.30

Regarding eligibility for autologous HCT, preliminary 
evidence is provided by the ALYCANTE and PILOT 
trials.31,32 In these prospective phase 2 studies, axi-cel 
(ALYCANTE) and liso-cel (PILOT) were administered as 
second-line therapies to patients with LBCL who were 
deemed to be ineligible for transplantation. Response 
rates and toxicities were similar to those observed in the 
CAR T-cell groups of the ZUMA-7 and TRANSFORM 
trials, with fewer high-grade neurotoxicities (5% in 
PILOT and 20% in ALYCANTE) and non-relapse deaths 
(7% in PILOT and 12% in ALYCANTE) with liso-cel than 
with axi-cel. Although definite conclusions cannot be 
drawn, the results suggest that second-line CD19 CAR 
T-cell therapy could be administered in this vulnerable 
patient group with an acceptable efficacy-to-toxicity ratio.

Rationale
Transplant eligibility is hard to define and might differ 
from axi-cel eligibility (which, in turn, might differ from 

liso-cel eligibility). Therefore, eligibility for axi-cel or liso-
cel treatment, rather than for transplantation, should be 
the basis of indication for second-line CAR T-cell therapy 
in LBCL. Although the available evidence does not 
support a distinct upper age limit for second-line CAR 
T-cell therapy, some data suggest detrimental effects 
of particular comorbidities on outcomes after axi-cel 
therapy in patients with relapsed or refractory LBCL.

Recommendation 
Higher chronological age in itself should not be an 
exclusion criterion for second-line CAR T-cell therapy in 
patients with LBCL. By contrast, renal, hepatic, and 
cardiovascular comorbidities could affect mortality risk 
and should therefore be considered alongside other 
variables known to affect outcome, such as performance 
status, tumour parameters, geriatric assessment,20 and—
where validated—biomarker scores such as 
HAEMATOTOX and the Endothelial Activation and 
Stress Index.33–35 In any case, the patient and their 
relatives should be thoroughly informed about their 
individual risk–benefit profile and should be involved in 
the final decision-making process.

Should holding and bridging or salvage therapies be 
used before second-line CAR T-cell therapies?
Detailed descriptions of holding, bridging, and salvage 
therapies are provided in table 1. Holding and bridging 
can be defined as treatment interventions primarily 
aimed at keeping the patient stable during the time 
required for organising a production slot and 
leukapheresis (holding) and for manufacturing CAR 
T-cell products (bridging). Keeping stable means 
maintaining control of tumour-related symptoms and 
preventing tumour-related effects on performance status 
and organ functions that could jeopardise the feasibility 
or outcome of CAR T-cell therapy. In patients with bulky 
disease, the time needed for leukapheresis preparation 
and CAR T-cell manufacture might also be used to 
reduce the tumour burden, which could, in turn, 
decrease the risk of severe toxicity and increase the 
success rate of CAR T-cell therapy. However, all holding 
and bridging therapies should be applied in such a way 
that extension of indication-to-leukapheresis and 
leukapheresis-to-product-infusion times is avoided.

By contrast, the primary goal of salvage therapy is 
response induction, with the aim of minimising the 
tumour load and the associated pro-inflammatory milieu 
before CAR T-cell therapy, making the patient eligible for 
CAR T-cell therapy by improving tumour-related 
performance status impairment and organ dysfunction, 
and abrogating the mass effects of the tumour. Salvage 
therapy can be administered before and after leuka-
pheresis, can require multiple cycles and even multiple 
regimens, and can result in considerable prolongation of 
the indication-to-leukapheresis and leukapheresis-to-
product-infusion times.
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Salvage therapies
Clinical issue 
Similar to other cellular therapies used in patients 
with relapsed or refractory LBCL, such as autologous 
or allogeneic HCT,36,37 inducing a status of disease 
responsiveness or minimising the pre-intervention 
tumour load could be associated with improved outcomes 
of second-line CAR T-cell therapies.

Evidence
Although individual tumour activity or volume 
indicators—such as lactate dehydrogenase (LDH) serum 
concentrations and the sum of product diameters—did 
not have a significant effect on progression-free survival 
in the axi-cel group of the ZUMA-7 trial,38 high metabolic 
tumour volume, as a more comprehensive aggregate of 
tumour burden and proliferation, predicted for inferior 
outcome in this group.38 In the TRANSFORM trial, no 
interaction was found between treatment group and either 
LDH concentrations or the sum of product diameters for 
the primary endpoint of event-free survival, although 
analyses of the effect of these parameters within the liso-
cel group are not available.39 Some circumstantial evidence 
comes from real-world studies on commercial CD19 CAR 
T-cell therapy beyond second-line, which concordantly 
reported that active disease at lymphodepletion had 
detrimental effects on outcomes.8,26,40–42

Rationale
Although the data are conflicting, there is some 
evidence—albeit weak—and some plausibility that 
lymphoma control before second-line CAR T-cell therapy 
might be beneficial. However, these considerations do 
not mean that attempting to reach a status of disease 
control is a reasonable treatment goal in this setting. 
Whether successful tumour debulking by salvage 
therapy is a contributor to favourable CAR T-cell 

treatment outcome in itself, or just a surrogate marker 
of less aggressive tumour biology, is unclear. Moreover, 
data from beyond-second-line CAR T-cell treatments,40,42 
from the standard-of-care groups of the three phase 3 
second-line approval trials,4,39,43 and from earlier studies 
exploring salvage therapies before second-line 
autologous HCT44,45 suggest that response-induction 
attempts are successful in only a minority of patients—
implying that, at least in two-thirds of patients, salvage 
therapy provides nothing more than toxicity and 
potential evolution of tumour resistance. The risks of 
salvage attempts could therefore substantially exceed 
their theoretical benefits. The disappointing results 
from the tisa-cel group of the BELINDA trial, which had 
the most intensive bridging efforts and by far the longest 
leukapheresis-to-product-infusion times in comparison 
with ZUMA-7 and TRANSFORM, are in keeping with 
this hypothesis.43

Recommendation 
Salvage strategies aimed at minimising tumour load or 
activity should not be used before intended second-line 
CAR T-cell therapy in LBCL if such treatment would 
delay CAR T-cell infusion or could jeopardise the 
feasibility of CAR T-cell therapy, for example by inducing 
infectious or haematopoietic toxicity.

Holding and bridging therapies
Clinical issue
In many patients, symptoms or imminent complications 
caused by lymphoma proliferation require adequate 
management to keep the patient stable during the CAR 
T-cell production period.

Evidence
Although patients undergoing beyond-second-line CAR 
T-cell therapy for relapsed or refractory LBCL without 

Salvage therapy Holding therapy Bridging therapy

Time (relative to 
leukapheresis)

Before and after leukapheresis Before leukapheresis After leukapheresis

Primary aim Response induction, to make the patient eligible for CAR T-cell 
therapy (by improving tumour-related performance status 
impairment and organ dysfunction and abrogating tumour mass 
effects) and to minimise tumour load before CAR T-cell therapy

To keep the patient stable by controlling symptoms, preventing 
tumour mass effects, and avoiding organ dysfunction and 
tumour-related deterioration in performance status

Similar to holding therapy

Intended outcome Response Symptom control and non-deterioration Similar to holding therapy

Determinant of time 
delay

Reaching best response Time needed to organise production slot and leukapheresis CAR T-cell production time 

Expected duration of 
time delay

>6 weeks <2 weeks 4 weeks 

Opportunities Response probability 30–40% Reduction of tumour load; downregulation of pro-inflammatory 
environment

Similar to holding therapy

Threats Non-response, clonal evolution, or breakthrough proliferation; 
T-cell toxicity; haematotoxicity; other toxicity or infections

T-cell toxicity (with bendamustine); inefficacy; delay due to 
infections or other toxicity

Inefficacy; delay due to infections, 
haematotoxicity, or other toxicity

CAR=chimeric antigen receptor.

Table 1: Definitions for types of treatment given before CAR T-cell therapy
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previous bridging appear to have favourable outcomes in 
some retrospective studies,40,42,46,47 these findings could 
just reflect a more favourable tumour biology, a lower 
tumour burden, or both. Prospective studies comparing 
bridging with non-bridging strategies before CAR T-cell 
therapy in LBCL are not available. Patients in the CAR 
T-cell group of the TRANSFORM study (63% [n=58 of 92] 
of whom received bridging therapy) tended to show 
higher complete response rates and better event-free 
and overall survival outcomes than patients in this group 
of the ZUMA-7 study, despite similar risk profiles in 
both studies (appendix p 4).1,4,39 A subset analysis of the 
liso-cel group of TRANSFORM did not suggest inferior 
outcomes for patients receiving bridging therapy; in fact, 
18-month event-free survival was 54% (95% CI 40–69) in 
patients with PET-positive disease after bridging, 
67% (36–98) in those with PET-negative disease after 
bridging, and 47% (30–64) in those who did not receive 
bridging therapy.39

Rationale
Although prospective comparisons are absent, the results 
from the CAR T-cell group of TRANSFORM do not 
suggest detrimental effects from a single cycle of 
platinum-based bridging therapy—on the contrary, 
bridging could help to mitigate lymphoma-related 
symptoms and stabilise the patient such that they begin 
CAR T-cell therapy in a more promising condition or 
even when they otherwise might not be eligible. 
Moreover, bridging could result in a reduction of tumour 
load, thereby increasing the probability of a successful 
CAR T-cell therapy outcome in terms of both efficacy and 
safety.48 For the same reasons, considering holding 
therapy in cases in which access to CAR T-cell production 
is delayed seems plausible, although evidence is scanty.

Recommendation 
Holding and bridging treatments intended for symptom 
control, patient stabilisation, or tumour debulking 
during the leukapheresis preparation and CAR T-cell 
production periods should be administered to all patients 
with dynamic tumour growth or high tumour volume.

How to bridge
Clinical issue
Classic platinum-based salvage chemoimmunotherapies 
can exert considerable haematopoietic and organ toxicity 
and are effective in only a minority of patients with LBCL 
who are refractory to R-CHOP (rituximab plus cyclo-
phosphamide, doxorubicin, vincristine, and prednisone 
or prednisolone).

Evidence
Prospective trials have shown that platinum-based 
chemoimmunotherapies—such as R-DHAP (rituximab 
plus dexamethasone, high-dose cytarabine, and cisplatin), 
R-ICE (rituximab plus ifosfamide, carboplatin, and 

etoposide), and R-GDP (rituximab plus gemcitabine, 
dexamethasone and cisplatin)—can induce objective 
responses in 30–50% of patients if administered as a 
second-line treatment to those for whom R-CHOP 
induction was not successful.43–45 Similar results were 
reported for the CD79b-targeting immunotoxin antibody 
polatuzumab vedotin in combination with rituximab 
either with or without bendamustine in patients with 
relapsed or refractory LBCL (table 2).49–51 Considering also 
that the patients receiving polatuzumab vedotin were older 
and tended to have a higher score on the International 
Prognostic Index than those receiving platinum-based 
therapies, and that they mostly received the study 
treatment beyond second-line, polatuzumab vedotin-based 
bridging could be a reasonable alternative to platinum-
containing standard regimens. Indeed, polatuzumab 
vedotin was the most effective bridging regimen in 
beyond-second-line real-world analyses from Germany40 
and the UK.47 However, regarding holding therapies, the 
risks of manufacturing failure when using bendamustine 
as a standard combination partner for polatuzumab 
vedotin before leukapheresis should be considered.52

Tafasitamab is a humanised anti-CD19 monoclonal 
antibody licensed for the treatment of relapsed or 
refractory DLBCL in combination with lenalidomide. 
Although promising responses were observed in the 
approval trial involving 81 patients with relapsed or 
refractory DLBCL (overall response rate 60%, complete 
response 43%),53 preliminary real-world experience was 
less encouraging.54 Moreover, as tafasitamab has the 
same antigen target as CAR T cells, potential interference 
between these therapies is a concern, even though 
anecdotal cases of the successful sequential use of 
tafasitamab and axi-cel have been reported.55 This 
concern might also be relevant for loncastuximab 
terisine,56 which is not yet licensed for second-line 
treatment.

CD20-targeting, T-cell-engaging antibodies—such as 
epcoritamab and glofitamab—are known as bispecific 
antibodies and are emerging as a novel immuno-
therapeutic approach for LBCL.57–59 However, none of 
these agents have yet been licensed for second-line use, 
and administering them as a bridge to CAR T-cell therapy 
could be detrimental because both approaches use 
T cells, potentially leading to interactions in terms of 
efficacy and immunosuppressive adverse effects. 
However, preliminary evidence from the use of 
CD20 × CD3 bispecific antibodies before CAR T-cell 
therapy, and vice versa, does not support these theoretical 
concerns.58,60,61

Ibrutinib monotherapy has shown some activity in 
some LBCL subtypes, such as activating B-cell-like 
DLBCL and double-expressor lymphoma,62,63 and has 
therefore been used anecdotally for off-label bridging to 
CAR T-cell therapy.40 Although responses are infrequent 
and usually short-lived, ibrutinib has the advantage of 
low toxicity, especially haematoxicity, in addition to the 
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theoretical advantage of enhancing the efficacy of CAR 
T-cell therapy by improving T-cell function.64

Finally, radiotherapy might be a convenient and 
effective option for both holding and bridging purposes 
in cases of localised tumour activity or tumour bulk.46,47,65

Rationale
Current evidence supports the use of polatuzumab 
vedotin-based bridging as an alternative to standard 
platinum-containing regimens. Whether the use of 
polatuzumab vedotin as part of first-line therapy could 
decrease its efficacy in subsequent lines of treatment 
remains to be established.66 If used as a holding therapy, 
polatuzumab vedotin should be administered without 
bendamustine; however, bendamustine could be added 
after leukapheresis. The use of bispecific antibodies in 
holding and bridging therapies should be preferentially 
explored in clinical trials. Although ibrutinib is often 
ineffective, its rapid onset of efficacy and low toxicity 
render it easy to explore as a therapeutic option, and 
therefore it might be administered in individual settings 
despite not yet being licensed for this indication.

Recommendation
Platinum-based standard salvage regimens and 
combinations containing polatuzumab vedotin should 
be the first therapies considered for bridging purposes 
before second-line CAR T-cell therapy in LBCL. 

By contrast, CD19-targeting agents should be avoided. 
Holding therapies should have low myelosuppressive 
activity and low T-cell toxicity and should not include 
bendamustine. Radiotherapy can be a useful alternative 
to both holding and bridging in patients with localised 
tumour activity.

What to do in the case of good response to bridging 
therapy
Clinical issue 
Whether CAR T-cell therapy is superior to autologous 
HCT for patients with chemosensitive disease—ie, those 
who reach complete or partial response after bridging 
therapy, or who are referred for second-line CAR T-cell 
treatment after responding to salvage therapy 
administered in the referring centre—is unclear.

Evidence
Unfortunately, the three phase-3 approval trials of CAR 
T-cell therapy were not designed to answer this important 
question. Circumstantial evidence comes from the 
TRANSFORM trial, in which the nine patients from the 
liso-cel group who reached complete metabolic response 
after one cycle of bridging therapy had a remarkably good 
outcome, with 18-month estimates for progression-free 
survival of 67% (36–98) and overall survival of 78% 
(51–100).39 Unfortunately, these values were not compared 
with the survival outcomes of patients who responded to 

NCIC LY.1244 ORCHARRD45 BELINDA 
SOC43

GO29365 
plus 
extension49

Polatuzumab vedotin 
real-world studies 
(bridging to cellular 
therapy)50,51

R-GDP 
(n=310)

R-DHAP 
(n=309)

R-DHAP
(n=223)

O-DHAP
(n=222)

Platinum-
based 
(n=158)

Pola-BR 
(n=152)

Pola-BR or 
Pola-R
(n=51)

Pola-BR 
(n=40)

Age, years 55 (19–71) 55 (23–74) 56 (18–79) 58 (23–83) 58 (26–75) 69 (22–94) 61 (22–82) 67 (29–87)

ECOG performance status 
score ≥2

42 (14%) 42 (14%) 16 (7%) 20 (9%) 0 20 (13%) NA 7 (18%)

IPI high-intermediate/high risk 
group

100 (33%) 98 (32%) 87 (39%) 89 (40%) NA 94 (62%) NA 25 (63%)

First failure ≤12 months from 
first-line

224 (73%) 222 (71%) 157 (70%) 159 (72%) 158 (100%) 97 (64%)* NA NA

Beyond second-line 0 0 0 0 0 102 (67%) 51 (100%) 39 (97%)

Intended cellular therapy Autologous 
HCT

Autologous 
HCT

Autologous 
HCT

Autologous 
HCT

Autologous 
HCT

·· CAR T-cell or 
allogeneic 
HCT

CAR T-cell

Overall response rate 140 (45%) 136 (44%) 94 (43%) 84 (38%) NA >61 (>42%) 14 (27%) 16 (40%)

Complete response NA (14%) NA (15%) 48 (22%) 34 (15%) NA >58 (>39%) 1 (2%) 7 (18%)

Progression 95 (31%) 105 (34%) 60 (27%) 69 (34%) 76 (48%) 40 (27%) NA 16 (40%)

Discontinued owing to toxicity 9 (3%) 15 (5%) 23 (10%) 22 (10%) 21 (13%) ·· ≤4 (≤8%) 1 (3%)

Proceeded to cellular therapy 158 (51%) 151 (49%) 83 (37%) 74 (33%) 52 (33%) ·· 35 (67%) 31 (78%)

Data are mean (range) or n (%).  CAR=chimeric antigen receptor. ECOG=Eastern Cooperative Oncology Group. HCT=haematopoietic cell transplantation. IPI=International 
Prognostic Index. NA=not available. O-DHAP=ofatumumab plus dexamethasone, high-dose cytarabine, and cisplatin. Pola-BR=polatuzumab vedotin plus bendamustine and 
rituximab. Pola-R=polatuzumab vedotin plus rituximab. R-DHAP=rituximab plus dexamethasone, high-dose cytarabine, and cisplatin. R-GDP=rituximab plus 
dexamethasone, gemcitabine, and cisplatin. *Primary refractory only.

Table 2: Comparison of platinum-based and polatuzumab vedotin-based salvage regimens before CAR T-cell therapy 
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salvage therapy in the standard-of-care group in this 
study. A registry analysis by the Center for International 
Blood and Marrow Transplant Research found that 
chemosensitive patients with relapsed or refractory 
DLBCL who were treated with CAR T cells had a higher 
risk of relapse than those treated with autologous HCT.67 
However, the two cohorts were poorly balanced—the 
CAR T-cell group had a shorter time from diagnosis 
to cellular therapy, more extensive pretreatment, a higher 
tumour load, a poorer performance status, and a more 
recent treatment period—therefore precluding definite 
conclusions. Finally, although not conclusive, some 
evidence can be deduced from the small series of patients 
who are receiving beyond-second-line therapy with axi-
cel or tisa-cel without measurable disease, suggesting 
promising CAR T-cell expansion and efficacy in this 
setting.68–70

Rationale
Although evidence for the superiority of CAR T-cell 
therapy over autologous HCT in patients who responded 
to second-line salvage therapy is insufficient, there is also 
no sound evidence for the inferiority of axi-cel or liso-cel in 

this setting. According to registry analyses, the long-term 
progression-free survival of patients with DLBCL for 
whom first-line therapy failed within the first year and 
who receive autologous HCT with sensitive disease can be 
estimated at 35–45%.36,71 This value is not superior to the 
long-term progression-free survival observed with axi-cel 
in the ZUMA-7 trial across all risk profiles.72 Another 
argument in favour of CAR T-cell consolidation in patients 
who respond to bridging therapy is the inferior quality-of-
life outcomes reported in both the ZUMA-7 and 
TRANSFORM trials for patients who remain event-free on 
the standard-of-care group.73,74 Moreover, if the type 
of cellular therapy to be administered is decided only after 
the response to bridging therapy has been established, 
parallel preparation for both CAR T-cell therapy and 
autologous HCT would be required, therefore substantially 
increasing resource consumption and logistical efforts.

Recommendation
Proceeding with the intended second-line CAR T-cell 
treatment in patients who respond to bridging 
therapy or who are referred with responsive disease should 
be preferred over switching to an autologous HCT strategy.

Panel: Summary of recommendations on the use of CD19-directed CAR T cells as first salvage therapy for LBCL

Eligible histologies
In addition to DLBCL-NOS and HGBCL, the use of anti-CD19 
CAR T-cell therapy as a second-line standard of care seems to 
also be appropriate for PMBCL, DLBCL transformed from 
indolent lymphoma, FLBL, and DLBCL with secondary CNS 
involvement. By contrast, second-line CAR T-cell therapy for 
PCNSL, Richter transformation, and T-cell/histiocyte-rich LBCL 
should be preferably be administered only within clinical trials.

Age
Higher chronological age in itself should not be an exclusion 
criterion for second-line CAR T-cell therapy in patients with LBCL.

Comorbidities
Renal, hepatic, and cardiovascular comorbidities could affect 
mortality risk and should therefore be considered alongside 
other variables that are known to affect outcome, such as 
performance status, tumour parameters, geriatric assessment, 
and—where validated—biomarker scores such as 
HAEMATOTOX and Endothelial Activation and Stress Index. 
The patient and their relatives should be thoroughly informed 
about their individual risk–benefit profile and should be 
involved in the final decision-making process regarding 
second-line CAR T-cell therapy.

Salvage therapies
Salvage strategies aimed at minimising tumour load or activity 
should not be used before intended second-line CAR T-cell 
therapy in LBCL if such treatment would delay CAR T-cell 
infusion or could jeopardise the feasibility of CAR T-cell therapy, 
for example by inducing infectious or haematopoietic toxicity.

Holding and bridging therapies
Holding and bridging treatments intended for symptom 
control and patient stabilisation, or tumour debulking during 
the leukapheresis preparation and CAR T-cell production 
periods should be administered to all patients with dynamic 
tumour growth or high tumour volume.

How to bridge
Platinum-based standard salvage regimens and combinations 
containing polatuzumab vedotin should be the first therapies 
considered for bridging purposes before intended second-line CAR 
T-cell therapy in LBCL. By contrast, CD19-targeting agents should 
be avoided. Holding therapies should have low myelosuppressive 
activity and low T-cell toxicity and should not include 
bendamustine. Radiotherapy can be a useful alternative for both 
holding and bridging in patients with localised tumour activity.

Implications of response to bridging
Proceeding with the intended second-line CAR T-cell treatment 
in patients who respond to bridging therapy or who are referred 
with responsive disease should be preferred over switching to 
an autologous HCT strategy.

Immediate need for therapy
The requirement for urgent therapy should not preclude the 
initiation of second-line CAR T-cell treatment in patients with 
LBCL.

CAR=chimeric antigen receptor. DLBCL-NOS=diffuse large B-cell lymphoma-not otherwise 
specified. FLBL=follicular large B-cell lymphoma. HCT=haematopoietic cell 
transplantation. HGBCL=high-grade B-cell lymphoma. LBCL=large B-cell lymphoma. 
PCNSL=primary CNS lymphoma. PMBCL=primary mediastinal B-cell lymphoma.
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Very aggressive disease
Clinical issue
The ZUMA-7 trial excluded patients with “requirement 
for urgent therapy due to tumour mass effects”;4 however, 
such a requirement is quite frequent in patients with 
high-risk relapsed or refractory LBCL. Because such 
patients represent a poor risk selection, whether the 
results from ZUMA-7 can be extrapolated to this 
population is not known.

Evidence
Unlike in ZUMA-7, an immediate need for treatment was 
not an exclusion criterion in the TRANSFORM trial, in 
which 63% of patients (n=58 of 92) assigned to 
the liso-cel group received platinum-based salvage 
chemoimmunotherapy after leukapheresis. Of these, 
40% (n=23) received bridging because of rapid tumour 
growth and 48% (n=28) because of high tumour burden.3 
As described earlier, the overall outcome of patients 
receiving bridging therapy, including those who did not 
respond, was similar to that of patients proceeding to liso-
cel therapy without bridging, suggesting that the require-
ment for urgent therapy might not preclude successful 
CAR T-cell treatment. This finding is consistent with 
follow-up data from the ZUMA-7 trial, which showed that 
neither increased LDH serum concentrations nor tumour 
burden, measured by the sum of radiological product 
diameters, significantly affected event-free survival.38

Rationale
Translating the data from the TRANSFORM trial to the 
axi-cel setting seems plausible, suggesting that an urgent 
need for treatment does not preclude second-line CAR 
T-cell therapy unless disease-related performance status 
deterioration or other factors render a successful out-
come unlikely.

Recommendation
An immediate need for therapy should not preclude the 
initiation of second-line CAR T-cell treatment in patients 
with LBCL.

Conclusions
CAR T-cell therapy has revolutionised the treatment 
of relapsed or refractory LBCL and other B-cell 
malignancies. However, the optimal management of 
CAR T-cell application in the second-line setting requires 
careful consideration of various patient-related and 
treatment-related factors, and the suggestions given here 
could be helpful in this regard. Nonetheless, because the 
treatment of LBCL is so rapidly advancing—both in 
terms of CAR T-cell and other therapies—new evidence 
should continuously be incorporated to enable LBCL 
management algorithms to be adapted to scientific 
progress, thereby improving outcomes for this patient 
population.
Contributors
All authors jointly designed the concept and developed the contents. 
PD, AM, and AS drafted the manuscript. All authors further elaborated 
the manuscript and approved the final version.

Declaration of interests
PC reports consultancy for BMS, Celgene, Gilead Sciences, Janssen 
Pharmaceuticals, Novartis, Sanofi, and BeiGene; participation on 
speakers’ bureaus for BMS, Gilead Sciences, and Novartis; and travel 
grants from Janssen Pharmaceuticals, Roche, Gilead Sciences, and 
Novartis. PD reports consultancy for AbbVie, AstraZeneca, BeiGene, 
BMS, Gilead Sciences, Miltenyi Biotec, Novartis, and Riemser; 
participation on speakers’ bureaus for AbbVie, AstraZeneca, BeiGene, 
BMS, Gilead Sciences, Novartis, Riemser, and Roche; and research 
support from Riemser, all to his institution. BG reports consultancy for 
BMS and Roche and research funding from Riemser. JGG reports 
consultancy for AbbVie, Amgen, AstraZeneca, BMS/Celgene, Janssen 
Pharmaceuticals, Kite Gilead, and Novartis; and research funding from 
AstraZeneca, BMS/Celgene, and Janssen Pharmaceuticals. MJ reports 
consultancy for AbbVie, AstraZeneca, Autolus, Genmab, Gilead 
Sciences, Janssen Pharmaceuticals, Novartis, Pierre Fabre, and Roche; 
and research support from AbbVie, AstraZeneca, Gilead Sciences, 
Janssen Pharmaceuticals, and Roche. MJK reports honoraria from 
BMS/Celgene, Kite/Gilead, Novartis, and Roche; consulting or advisory 
roles for BMS/Celgene, Kite Gilead, Miltenyi Biotec, Novartis, Takeda 
Pharmaceuticals, and Adicet Bio; and research funding from Kite Gilead, 
all to her institution. FM reports consulting fees from Roche, Gilead 
Sciences, Novartis, BMS, AbbVie, Genmab, Miltenyi Biotec, Allogene 
Therapeutics, AstraZeneca, and Janssen Pharmaceuticals. AM reports 
consultancy for BMS, Jazz Pharmaceuticals, Merck, and Takeda 
Pharmaceuticals; and research funding from Kite Gilead. AS reports 
consultancy for BMS, Celgene, Gilead Sciences, Janssen 
Pharmaceuticals, MSD, Novartis, Sanofi, and Takeda Pharmaceuticals; 
participation on speakers’ bureaus for BMS, MSD, and Takeda 
Pharmaceuticals; and travel grants from BMS, Celgene, Janssen 
Pharmaceuticals, Roche, Sanofi, and Takeda Pharmaceuticals. AV reports 
consultancy for AbbVie, Gilead Sciences, Novartis, BMS, Roche, and 
Amgen; honoraria from Roche, Gilead Sciences, BMS, and AbbVie; 
and travel grants from Roche, Gilead Sciences, and AbbVie. PLZ reports 
consultancy for ADC Therapeutics, AstraZeneca, BeiGene, 
BMS, Celltrion, EUSA Pharma, Incyte Kyowa Kirin, Novartis, Gilead 
Sciences, MSD, Roche, Sandoz, Secura Bio, Servier Laboratories, and 
Takeda Pharmaceuticals; and participation on speakers’ bureaus for 
AstraZeneca, BeiGene, BMS, Celltrion, EUSA Pharma, Incyte Kyowa 
Kirin, Novartis, Gilead Sciences, MSD, Roche, Servier Laboratories, 
and Takeda Pharmaceuticals.

References
1 Westin J, Sehn LH. CAR T cells as a second-line therapy for large 

B-cell lymphoma: a paradigm shift? Blood 2022; 139: 2737–46.
2 Alaggio R, Amador C, Anagnostopoulos I, et al. The 5th edition 

of the World Health Organization Classification of 
Haematolymphoid Tumours: lymphoid neoplasms. Leukemia 2022; 
36: 1720–48.

Search strategy and selection criteria

We searched PubMed for articles published in English since 
Jan 1, 2017, containing the term “B-cell lymphoma” and 
either or both of the terms “axicabtagene” or “lisocabtagene”. 
The search was first conducted on Dec 10, 2022, and later 
updated on June 29, 2023. We also reviewed abstract 
databases from the 2021 and 2022 annual meetings of the 
American Society of Hematology and the American Society of 
Clinical Oncology. All members of the author panel were then 
asked to indicate any appropriate citations that were of 
interest but had not been detected by the search strategy. 
The final reference list was generated on the basis of 
relevance to the specific focus of this Review.

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en diciembre 11, 2023. Para 
uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Review

e1014 www.thelancet.com/haematology   Vol 10   December 2023

3 Kamdar M, Solomon SR, Arnason J, et al. Lisocabtagene maraleucel 
versus standard of care with salvage chemotherapy followed by 
autologous stem cell transplantation as second-line treatment in 
patients with relapsed or refractory large B-cell lymphoma 
(TRANSFORM): results from an interim analysis of an open-label, 
randomised, phase 3 trial. Lancet 2022; 399: 2294–308.

4 Locke FL, Miklos DB, Jacobson CA, et al. Axicabtagene ciloleucel as 
second-line therapy for large B-cell lymphoma. N Engl J Med 2022; 
386: 640–54.

5 Neelapu SS, Locke FL, Bartlett NL, et al. Axicabtagene ciloleucel 
CAR T-cell therapy in refractory large B-cell lymphoma. 
N Engl J Med 2017; 377: 2531–44.

6 Abramson JS, Palomba ML, Gordon LI, et al. Lisocabtagene 
maraleucel for patients with relapsed or refractory large B-cell 
lymphomas (TRANSCEND NHL 001): a multicentre seamless 
design study. Lancet 2020; 396: 839–52.

7 Nastoupil LJ, Jain MD, Feng L, et al. Standard-of-care axicabtagene 
ciloleucel for relapsed or refractory large B-cell lymphoma: results 
from the US Lymphoma CAR T Consortium. J Clin Oncol 2020; 
38: 3119–28.

8 Kuhnl A, Roddie C, Kirkwood AA, et al. A national service for 
delivering CD19 CAR-T in large B-cell lymphoma—the UK 
real-world experience. Br J Haematol 2022; 198: 492–502.

9 Crombie JL, Nastoupil LJ, Redd R, et al. Real-world outcomes of 
axicabtagene ciloleucel in adult patients with primary mediastinal 
B-cell lymphoma. Blood Adv 2021; 5: 3563–67.

10 Chiappella A, Dodero A, Guidetti A, et al. CART-SIE real life study: 
primary mediastinal B-cell lymphoma (PMBCL) have a superior 
outcome compared to large B-cell lymphoma (LBCL) treated with 
axicabtagene ciloleucel. Hematol Oncol 2023; 41: 198–99 (abstract).

11 Schubert ML, Bethge W, Ayuk F, et al. Outcomes of axicabtagene 
ciloleucel in PMBCL compare favorably with those in DLBCL: 
a GLA/DRST registry study. Blood Adv 2023; 7: 6191–95.

12 Koch K, Hoster E, Ziepert M, et al. Clinical, pathological and 
genetic features of follicular lymphoma grade 3A: a joint analysis of 
the German low-grade and high-grade lymphoma study groups 
GLSG and DSHNHL. Ann Oncol 2016; 27: 1323–29.

13 Dong N, Rubio Lopes-Garcia L, Viñal D, et al. Outcomes of CD19-
directed chimeric antigen receptor T cell therapy for transformed 
nonfollicular lymphoma. Transplant Cell Ther 2023; 29: 349.e1–8.

14 Trujillo JA, Godfrey J, Hu Y, et al. Primary resistance to CD19-
directed chimeric antigen receptor T-cell therapy in T-cell/histiocyte-
rich large B-cell lymphoma. Blood 2021; 137: 3454–59.

15 Cook MR, Dorris CS, Makambi KH, et al. Toxicity and efficacy of 
CAR T-cell therapy in primary and secondary CNS lymphoma: 
a meta-analysis of 128 patients. Blood Adv 2023; 7: 32–39.

16 Dreger P. Is there a role for cellular therapy in chronic lymphocytic 
leukemia? Cancer J 2021; 27: 297–305.

17 Ramsay AG, Evans R, Kiaii S, Svensson L, Hogg N, Gribben JG. 
Chronic lymphocytic leukemia cells induce defective LFA-1-directed 
T-cell motility by altering Rho GTPase signaling that is reversible 
with lenalidomide. Blood 2013; 121: 2704–14.

18 Ayuk F, Gagelmann N, von Tresckow B, et al. Real-world results of 
CAR T-cell therapy for large B-cell lymphoma with CNS 
involvement: a GLA/DRST study. Blood Adv 2023; 7: 5316–19.

19 Swerdlow SH, Campo E, Pileri SA, et al. The 2016 revision of the 
World Health Organization classification of lymphoid neoplasms. 
Blood 2016; 127: 2375–90.

20 Morrison VA, Hamlin P, Soubeyran P, et al. Diffuse large B-cell 
lymphoma in the elderly: impact of prognosis, comorbidities, 
geriatric assessment, and supportive care on clinical practice. 
An International Society of Geriatric Oncology (SIOG) expert 
position paper. J Geriatr Oncol 2015; 6: 141–52.

21 Westin JR, Locke FL, Dickinson M, et al. Safety and efficacy of 
axicabtagene ciloleucel versus standard of care in patients 65 years 
of age or older with relapsed/refractory large B-cell lymphoma. 
Clin Cancer Res 2023; 29: 1894–905.

22 Neelapu SS, Jacobson CA, Oluwole OO, et al. Outcomes of older 
patients in ZUMA-1, a pivotal study of axicabtagene ciloleucel in 
refractory large B-cell lymphoma. Blood 2020; 135: 2106–09.

23 Zettler ME, Feinberg BA, Phillips EG Jr, Klink AJ, Mehta S, 
Gajra A. Real-world adverse events associated with CAR T-cell 
therapy among adults age ≥65 years. J Geriatr Oncol 2021; 
12: 239–42.

24 Lin RJ, Lobaugh SM, Pennisi M, et al. Impact and safety of 
chimeric antigen receptor T Cell therapy in vulnerable older 
patients with relapsed/refractory diffuse large B-cell lymphoma. 
Blood 2019; 134 (suppl 1): 1603 (abstr).

25 Dreger P, Holtick U, Subklewe M, et al. Impact of age on outcome 
of CAR-T cell therapies for large B-cell lymphoma: the GLA/DRST 
experience. Bone Marrow Transplant 2023; 58: 229–32.

26 Jacobson CA, Locke FL, Ma L, et al. Real-world evidence of 
axicabtagene ciloleucel for the treatment of large B cell lymphoma 
in the United States. Transplant Cell Ther 2022; 28: 581.e1–8.

27 Wood AC, Perez AP, Arciola B, et al. Outcomes of CD19-targeted 
chimeric antigen receptor T cell therapy for patients with reduced 
renal function including dialysis. Transplant Cell Ther 2022; 
28: 829.e1–8.

28 Ahmed G, Bhasin-Chhabra B, Szabo A, et al. Impact of chronic kidney 
disease and acute kidney injury on safety and outcomes of CAR T-cell 
therapy in lymphoma patients. Clin Lymphoma Myeloma Leuk 
2022; 2: 863–68.

29 Mamlouk O, Nair R, Iyer SP, et al. Safety of CAR T-cell therapy in 
kidney transplant recipients. Blood 2021; 137: 2558–62.

30 Landsburg DJ, Frigault M, Heim M, et al. Real-world outcomes for 
patients with relapsed or refractory (r/r) aggressive B-Cell non-
Hodgkin’s lymphoma treated with commercial tisagenlecleucel: 
subgroup analyses from the CIBMTR registry. Blood 2022; 
140 (suppl 1): 1584–87 (abstr).

31 Houot R, Bachy E, Cartron G, et al. Axicabtagene ciloleucel as 
second-line therapy in large B cell lymphoma ineligible for 
autologous stem cell transplantation: a phase 2 trial. Nat Med 2023; 
29: 2593–601.

32 Sehgal A, Hoda D, Riedell PA, et al. Lisocabtagene maraleucel as 
second-line therapy in adults with relapsed or refractory large B-cell 
lymphoma who were not intended for haematopoietic stem cell 
transplantation (PILOT): an open-label, phase 2 study. Lancet Oncol 
2022; 23: 1066–77.

33 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: 2499–513.

34 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: 3397–406.

35 Korell F, Penack O, Mattie M, et al. EASIX and severe endothelial 
complications after CD19-directed CAR-T cell therapy—a cohort 
study. Front Immunol 2022; 13: 877477.

36 Robinson SP, Boumendil A, Finel H, et al. Autologous stem cell 
transplantation for relapsed/refractory diffuse large B-cell 
lymphoma: efficacy in the rituximab era and comparison to first 
allogeneic transplants. A report from the EBMT Lymphoma 
Working Party. Bone Marrow Transplant 2016; 51: 365–71.

37 Fenske TS, Ahn KW, Graff TM, et al. Allogeneic transplantation 
provides durable remission in a subset of DLBCL patients relapsing 
after autologous transplantation. Br J Haematol 2016; 174: 235–48.

38 Locke FL, Chou J, Vardhanabhuti S, et al. Association of 
pretreatment (preTx) tumor characteristics and clinical outcomes 
following second-line (2L) axicabtagene ciloleucel (axi-cel) versus 
standard of care (SOC) in patients (pts) with relapsed/refractory 
(R/R) large B-cell lymphoma (LBCL). J Clin Oncol 2022; 
40 (suppl): 7565 (abstr).

39 Abramson JS, Solomon SR, Arnason J, et al. Lisocabtagene 
maraleucel as second-line therapy for large B-cell lymphoma: 
primary analysis of the phase 3 TRANSFORM study. Blood 2023; 
141: 1675–84.

40 Bethge WA, Martus P, Schmitt M, et al. GLA/DRST real-world 
outcome analysis of CAR T-cell therapies for large B-cell lymphoma 
in Germany. Blood 2022; 140: 349–58.

41 Kwon M, Iacoboni G, Reguera JL, et al. Axicabtagene ciloleucel 
compared to tisagenlecleucel for the treatment of aggressive B-cell 
lymphoma. Haematologica 2023; 108: 110–21.

42 Bachy E, Le Gouill S, Di Blasi R, et al. A real-world comparison of 
tisagenlecleucel and axicabtagene ciloleucel CAR T cells in relapsed 
or refractory diffuse large B cell lymphoma. Nat Med 2022; 
28: 2145–54.

43 Bishop MR, Dickinson M, Purtill D, et al. Second-line 
tisagenlecleucel or standard care in aggressive B-cell lymphoma. 
N Engl J Med 2022; 386: 629–39.

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en diciembre 11, 2023. Para 
uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.



Review

www.thelancet.com/haematology   Vol 10   December 2023 e1015

44 Crump M, Kuruvilla J, Couban S, et al. Randomized comparison of 
gemcitabine, dexamethasone, and cisplatin versus dexamethasone, 
cytarabine, and cisplatin chemotherapy before autologous stem-cell 
transplantation for relapsed and refractory aggressive lymphomas: 
NCIC-CTG LY.12. J Clin Oncol 2014; 32: 3490–96.

45 van Imhoff GW, McMillan A, Matasar MJ, et al. Ofatumumab 
versus rituximab salvage chemoimmunotherapy in relapsed or 
refractory diffuse large B-cell lymphoma: the ORCHARRD study. 
J Clin Oncol 2017; 35: 544–51.

46 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: 2871–83.

47 Roddie C, Neill L, Osborne W, et al. Effective bridging therapy can 
improve CD19 CAR-T outcomes while maintaining safety in 
patients with large B-cell lymphoma. Blood Adv 2023; 7: 2872–83.

48 Locke FL, Rossi JM, Neelapu SS, et al. Tumor burden, inflammation, 
and product attributes determine outcomes of axicabtagene 
ciloleucel in large B-cell lymphoma. Blood Adv 2020; 4: 4898–911.

49 Sehn LH, Hertzberg M, Opat S, et al. Polatuzumab vedotin plus 
bendamustine and rituximab in relapsed/refractory DLBCL: survival 
update and new extension cohort data. Blood Adv 2022; 6: 533–43.

50 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: 2707–16.

51 Northend M, Wilson W, Osborne W, et al. Results of a United 
Kingdom real-world study of polatuzumab vedotin, bendamustine, 
and rituximab for relapsed/refractory DLBCL. Blood Adv 2022; 
6: 2920–26.

52 Iacoboni G, Navarro V, Martin Lopez AA, et al. Recent 
bendamustine treatment before apheresis has a negative impact on 
outcomes in patients with large B-cell lymphoma receiving 
chimeric antigen receptor T-cell therapy. J Clin Oncol 2023; 
published online Oct 24. https://doi.org/10.1200/JCO.23.01097.

53 Duell J, Maddocks KJ, González-Barca E, et al. Long-term outcomes 
from the Phase II L-MIND study of tafasitamab (MOR208) plus 
lenalidomide in patients with relapsed or refractory diffuse large 
B-cell lymphoma. Haematologica 2021; 106: 2417–26.

54 Qualls DA, Lambert N, Caimi PF, et al. Tafasitamab and 
lenalidomide in large B cell lymphoma: real world outcomes in a 
multicenter retrospective study. Blood 2023; published online 
Sept 22. https://doi.org/10.1182/blood.2023021274.

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

56 Caimi PF, Ai W, Alderuccio JP, et al. Loncastuximab tesirine in 
relapsed or refractory diffuse large B-cell lymphoma (LOTIS-2): 
a multicentre, open-label, single-arm, phase 2 trial. Lancet Oncol 
2021; 22: 790–800.

57 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: 1157–69.

58 Dickinson MJ, Carlo-Stella C, Morschhauser F, et al. Glofitamab for 
relapsed or refractory diffuse large B-cell lymphoma. N Engl J Med 
2022; 387: 2220–31.

59 Hutchings M, Morschhauser F, Iacoboni G, et al. Glofitamab, 
a novel, bivalent CD20-targeting T-cell-engaging bispecific 
antibody, induces durable complete remissions in relapsed or 
refractory B-cell lymphoma: a phase I trial. J Clin Oncol 2021; 
39: 1959–70.

60 Crochet G, Audrey C, Bachy E, et al. CAR T-cell therapy remain 
effective in patients with relapsed/refractory B-cell non-Hodgkin 
lymphoma after bispecific antibodies exposure: results of a LYSA 
study based on the DESCAR-T registry. Blood 2022; 
140 (suppl 1): 4639–41 (abstr).

61 Budde LE, Assouline S, Sehn LH, et al. Single-agent mosunetuzumab 
shows durable complete responses in patients with relapsed or 
refractory B-cell lymphomas: phase I dose-escalation study. 
J Clin Oncol 2022; 40: 481–91.

62 Wilson WH, Young RM, Schmitz R, et al. Targeting B cell receptor 
signaling with ibrutinib in diffuse large B cell lymphoma. Nat Med 
2015; 21: 922–26.

63 Landsburg DJ, Hughes ME, Koike A, et al. Outcomes of patients 
with relapsed/refractory double-expressor B-cell lymphoma treated 
with ibrutinib monotherapy. Blood Adv 2019; 3: 132–35.

64 Fraietta JA, Beckwith KA, Patel PR, et al. Ibrutinib enhances 
chimeric antigen receptor T-cell engraftment and efficacy in 
leukemia. Blood 2016; 127: 1117–27.

65 Hubbeling H, Silverman EA, Michaud L, et al. Bridging radiation 
rapidly and effectively cytoreduces high-risk relapsed/refractory 
aggressive B cell lymphomas prior to chimeric antigen receptor 
T cell therapy. Transplant Cell Ther 2023; 29: 259.e1–10.

66 Tilly H, Morschhauser F, Sehn LH, et al. Polatuzumab vedotin in 
previously untreated diffuse large B-cell lymphoma. N Engl J Med 
2022; 386: 351–63.

67 Shadman M, Pasquini M, Ahn KW, et al. Autologous transplant vs 
chimeric antigen receptor T-cell therapy for relapsed DLBCL in 
partial remission. Blood 2022; 139: 1330–39.

68 Bishop MR, Maziarz RT, Waller EK, et al. Tisagenlecleucel in 
relapsed/refractory diffuse large B-cell lymphoma patients without 
measurable disease at infusion. Blood Adv 2019; 3: 2230–36.

69 Jallouk AP, Gouni S, Westin J, et al. Axicabtagene ciloleucel in 
relapsed or refractory large B-cell lymphoma patients in complete 
metabolic response. Haematologica 2023; 108: 1163–67.

70 Wudhikarn K, Tomas AA, Flynn JR, et al. Low toxicity and 
excellent outcomes in patients with DLBCL without residual 
lymphoma at the time of CD19 CAR T-cell therapy. Blood Adv 2023; 
7: 3192–98.

71 Hamadani M, Hari PN, Zhang Y, et al. Early failure of frontline 
rituximab-containing chemo-immunotherapy in diffuse large 
B cell lymphoma does not predict futility of autologous 
hematopoietic cell transplantation. Biol Blood Marrow Transplant 
2014; 20: 1729–36.

72 Westin JR, Oluwole OO, Kersten MJ, et al. Survival with 
axicabtagene ciloleucel in large B-cell lymphoma. N Engl J Med 
2023; 389: 148–57.

73 Elsawy M, Chavez JC, Avivi I, et al. Patient-reported outcomes in 
ZUMA-7, a phase 3 study of axicabtagene ciloleucel in second-line 
large B-cell lymphoma. Blood 2022; 140: 2248–60.

74 Abramson JS, Johnston PB, Kamdar M, et al. Health-related quality 
of life with lisocabtagene maraleucel vs standard of care in relapsed 
or refractory LBCL. Blood Adv 2022; 6: 5969–79.

Copyright © 2023 Elsevier Ltd. All rights reserved.

Descargado para Anonymous User (n/a) en National Library of Health and Social Security de ClinicalKey.es por Elsevier en diciembre 11, 2023. Para 
uso personal exclusivamente. No se permiten otros usos sin autorización. Copyright ©2023. Elsevier Inc. Todos los derechos reservados.


	CD19-directed CAR T cells as first salvage therapy for large B-cell lymphoma: towards a rational approach
	Introduction
	Process of content building
	Recommendations
	Eligible histologies
	Age and comorbidity restrictions and transplantationineligibility
	Should holding and bridging or salvage therapies be used before second-line CAR T-cell therapies?
	Salvage therapies
	Holding and bridging therapies
	How to bridge
	What to do in the case of good response to bridging therapy
	Very aggressive disease

	Conclusions
	References


