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Abstract
Over 60% of relapsed/refractory (R/R) large B‐cell lymphoma (LBCL) patients who receive chimeric antigen receptor (CAR)

T cells will experience disease progression. There is no standard next line of therapy and information in this setting is scarce and

heterogeneous. We analyzed 387 R/R LBCL patients who progressed after CAR T cells from July 2018 until March 2022 in Spain

and the United Kingdom. Median overall survival (OS) was 5.3 months, with significant differences according to the interval

between infusion and progression (<2 months [1.9 months], 2–6 months [5.2 months], and >6 months [not reached]). After

progression, 237 (61%) patients received treatment. Focusing on the first subsequent therapy, overall (complete) response rates

were 67% (38%) for polatuzumab–bendamustine–rituximab (POLA), 51% (36%) for bispecific antibodies (BsAb), 45% (35%) for

radiotherapy (RT), 33% (26%) for immune checkpoint inhibitors (ICIs), 25% (0%) for lenalidomide (LENA), and 25% (14%) for

chemotherapy (CT). In terms of survival, 12‐month progression‐free survival and OS was 36.2% and 51.0% for POLA, 32.0% and

50.1% for BsAb, 30.8% and 37.5% for RT, 29.9% and 27.8% for ICI, 7.3% and 20.8% for LENA, and 6.1% and 18.3% for CT.

Thirty‐two (14%) patients received an allogeneic hematopoietic cell transplant with median OS not reached after a median

follow‐up of 15.1 months. In conclusion, patients with R/R LBCL who progress within the first 2 months after CAR T‐cell therapy
have dismal outcomes. Novel targeted agents, such as polatuzumab and BsAbs, can achieve prolonged survival after CAR T‐cell
therapy failure.

HemaSphere. 2024;8:e62. hemaspherejournal.com | 1 of 11

https://doi.org/10.1002/hem3.62

This is an open access article under the terms of the Creative Commons Attribution‐NonCommercial‐NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non‐commercial and no modifications or adaptations are made.

© 2024 The Authors. HemaSphere published by John Wiley & Sons Ltd. on behalf of European Hematology Association.

1Department of Hematology, University Hospital Vall d'Hebron, Barcelona, Spain
2Experimental Hematology, Vall d'Hebron Institute of Oncology (VHIO),

Barcelona, Spain
3Department of Hematology, University College London Hospitals, London, UK
4Oncology Data Science (ODySey) Group, Vall d´Hebron Institute of Oncology

(VHIO), Barcelona, Spain
5Department of Hematology, Freeman Hospital, Newcastle, UK

6Department of Hematology, Hospital General Universitario Gregorio Marañón,

Madrid, Spain
7Hematology Department, Hospital Clínico Universitario de Salamanca, IBSAL,

CIBERONC, University of Salamanca, Salamanca, Spain
8Department of Hematology, Queen Elizabeth Hospital, Birmingham, UK
9Hematology Department, Hospital Virgen del Rocío, Instituto de Biomedicina

de Sevilla (IBIS)/CSIC, Universidad de Sevilla, Sevilla, Spain

http://orcid.org/0000-0003-0805-9288
http://orcid.org/0000-0001-6925-4605
https://orcid.org/0000-0002-4952-2550
mailto:giacoboni@vhio.net
mailto:pabrisqueta@vhio.net
https://hemaspherejournal.com
http://creativecommons.org/licenses/by-nc-nd/4.0/


INTRODUCTION

Chimeric antigen receptor (CAR) T‐cell therapy targeting CD19 has
shown durable responses in 30%–40% of patients with relapsed/
refractory (R/R) large B‐cell lymphoma (LBCL) in the third or later
line setting.1–11 Therefore, more than 60% of infused patients will
progress and require additional treatment options.

There is no standard next line of treatment for patients who progress
after CAR T‐cell therapy and long‐term outcomes are dismal.12–14 Clinical
trials are favored in this context, but not all patients meet inclusion criteria
nor have access in their local centers.15 Outside of clinical trials, con-
ventional chemotherapy (CT) has traditionally been the standard option,
with very poor results. Recently, novel antibodies and antibody–drug
conjugates targeting CD19 (tafasitamab, loncastuximab tesirine), CD79b
(polatuzumab vedotin), and CD20/CD3 (epcoritamab, glofitamab),
amongst others, have been approved for R/R LBCL patients.16–20 Some of
the pivotal trials for these agents included patients with prior CAR T‐cell
therapy, with similar outcomes to CAR‐naïve patients. However,
the number of CAR‐exposed patients in these trials was low, and real‐
world results are scarce and heterogeneous.12,13,21 Data on optimal se-
quencing are warranted to inform decision‐making in this rising patient
population, especially in light of the recent approval of CAR T‐cell therapy
for second line in refractory or early relapsing LBCL patients.22,23

Here, we report outcomes of R/R LBCL patients who progressed
after CD19‐targeted CAR T‐cell therapy in the third or later line
setting, and provide a detailed analysis of response and survival after
the first‐line subsequent regimen.

METHODS

Patients

We conducted a retrospective, international study including patients
from 20 centers in Spain and the United Kingdom with R/R LBCL who
experienced disease progression after third or later line treatment with
axicabtagene ciloleucel (axi‐cel), tisagenlecleucel (tisa‐cel), or lisocabta-
gene maraleucel (liso‐cel) from July 2018 until March 2022.

The response was locally assessed according to Lugano criteria24

and grading of cytokine release syndrome (CRS) and immune effector
cell‐associated neurotoxicity syndrome (ICANS) after CAR T‐cell
therapy was performed following the American Society for Trans-
plantation and Cellular Therapy criteria.25 The study was approved by
the ethics committee of the Vall d'Hebron University Hospital
(PR[AG]404/2020).

Definitions and endpoints

Overall survival (OS1) was defined as the time from disease pro-
gression after CAR T‐cell therapy until death from any cause. OS1 was
analyzed in the full patient population, according to receipt of

treatment after progression (“NT group” [palliative management] vs.
“T group” [active treatment]), and depending on the time interval from
CAR T‐cell infusion to disease progression (<2, 2–6, and >6 months).
A second OS assessment (OS2), restricted to patients from the
T group, was defined as the time from the first subsequent treatment
start until death from any cause. Progression‐free survival (PFS) was
assessed for the T group and defined as the time from the start of
the first subsequent treatment until disease progression or death
from any cause. Response rates were reported for each regimen,
including overall response rate (ORR, complete and partial response)
and complete response (CR).

Statistical analyses

A descriptive analysis was performed to examine the baseline vari-
ables of all patients who experienced disease progression after CAR
T‐cell therapy. Categorical variables were reported with frequencies,
and percentages and numerical variables with median and inter-
quartile range (IQR). To determine significant differences between
the two cohorts, a logistic regression model and the Wald test were
employed to calculate p values for numerical variables, while a test of
proportions was used for categorical variables.

Response rates were reported with percentages for each treat-
ment group and a test of proportions was conducted to calculate the
p value and identify significant differences between the groups.

Survival endpoints, including PFS and OS, were analyzed with
the Kaplan–Meier method and the results were presented with
their corresponding 95% confidence intervals (95% CI). Patients who
underwent an allogeneic hematopoietic cell transplant (allo‐HCT)
were censored at the time of transplant. To assess differences in
survival endpoints, univariable and multivariable Cox proportional
hazard models were utilized, and hazard ratios with 95% CI and
p values were reported.

To address missing values for variables included in multivariable
analysis, a Multivariate Imputation via Chained Equations method26

was employed, which imputed missing values completely at random.
This approach was implemented to prevent the omission of cases and
ensure a robust analysis. All statistical analyses were conducted using
R software version 4.2.2.

RESULTS

Characteristics of the full patient population

The study included 387 R/R LBCL patients with disease progression
after CAR T‐cell therapy at a median of 2.6 months (IQR: 1.0–3.3)
from infusion. Of these, 237 (61%) patients received subsequent
treatment (T group); the remaining 150 (39%) received the best
supportive care or palliative therapy such as single‐agent steroids or
low‐dose CT (NT group). Baseline variables of the full patient
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population are summarized in Table 1. In terms of patient and lym-
phoma characteristics at the time of CAR T‐cell therapy, the NT group
was older (63 vs. 58 years; p < 0.01), had a worse performance status
(Eastern Cooperative Oncology Group [ECOG] ≥1, 78% vs. 60%;

p < 0.01), and was enriched with patients who presented a high‐risk
International Prognostic Index score (62% vs. 46%; p < 0.01) and
an increased lactate dehydrogenase (82% vs. 66%; p < 0.01), in
comparison with the T group. Focusing on CAR T‐cell‐related data,

TABLE 1 Baseline characteristics of the full patient population.

All patients,
N = 387

No treatment (NT cohort),
N = 150

Treatment (T cohort),
N = 237 p Value

Variables at the time of CAR T‐cell therapy

Median age (years) (IQR) 60 (50–69) 63 (54–71) 58 (48–67) <0.01

>70 years, n (%) 77 (20) 42 (28) 35 (15) <0.01

Male gender, n (%) 253 (65) 98 (65) 155 (65) 1

ECOG ≥ 1, n (%) 258 (67) 116 (78) 142 (60) <0.01

Histology, n (%)

DLBCL 252 (65) 97 (65) 155 (65) Ref.

HGBL 56 (14) 21 (14) 35 (15) 0.89

PMBL 19 (5) 5 (4) 14 (6) 0.30

THRLBCL 14 (4) 8 (5) 6 (3) 0.17

tFL 37 (10) 15 (10) 22 (9) 0.81

tMZL 8 (2) 3 (2) 5 (2) 0.95

Primary refractory, n (%) 228 (60) 86 (59) 142 (61) 0.69

IPI score 3–5, n (%) 193 (53) 88 (62) 105 (46) <0.01

Bulky (>7.5 cm), n (%) 125 (33) 52 (35) 73 (32) 0.50

>2 previous lines, n (%) 165 (44) 66 (45) 99 (43) 0.74

Previous auto‐HCT, n (%) 80 (21) 27 (18) 53 (22) 0.37

LDH >ULN, n (%) 254 (72) 111 (82) 143 (66) <0.01

>2 × ULN, n (%) 101 (29) 57 (42) 44 (20) <0.01

CAR T‐cell‐related characteristics, n (%)

Bridging treatment 338 (88) 134 (90) 204 (86) 0.43

Construct

Axi‐cel 202 (52) 75 (50) 127 (54) Ref.

Tisa‐cel 165 (43) 69 (46) 96 (41) 0.36

Liso‐cel 19 (5) 6 (4) 13 (5) 0.63

CRS any grade 306 (79) 124 (83) 182 (77) 0.21

Grade ≥3 29 (7) 19 (13) 10 (4) <0.01

ICANS any grade 110 (28) 56 (37) 54 (23) <0.01

Grade ≥3 45 (12) 28 (19) 17 (7) <0.01

Best response to CAR‐T

CR/PR 201 (52) 59 (39) 142 (60) Ref.

SD/PD 186 (48) 91 (61) 95 (40) <0.01

Time from CAR‐T to PD

<2 months 169 (44) 86 (57) 83 (35) <0.01

2–6 months 172 (45) 55 (37) 120 (51) <0.01

>6 months 43 (11) 9 (6) 34 (14) 0.02

Note: Missing data in the following variables: Histology (10, 3%), previous lines (10, 3%), primary refractory lymphoma (7, 2%), IPIs (21, 5%), construct (1, 1%), bridging (2, 1%),
ECOG (4, 1%), LDH (36, 9%), bulky disease (8, 2%), ICANS grade (1, 1%), time from CAR‐T infusion to progression (1, 1%). Bold values indicate statistically significant results.

Abbreviations: Axi‐cel, axi‐cel; CAR‐T, chimeric antigen receptor T cells; CR, complete response; CRS, cytokine release syndrome; DLBCL, diffuse large B‐cell lymphoma;
ECOG, Eastern Cooperative Oncology Group; HCT, hematopoietic cell transplant; HGBL, high‐grade B‐cell lymphoma; ICANS, immune effector cell‐associated neurotoxicity
syndrome; IQR, interquartile range; IPI, International Prognostic Index; LDH, lactate dehydrogenase; Liso‐cel, lisocabtagene maraleucel; PD, progressive disease; PMBL, primary
mediastinal B‐cell lymphoma; PR, partial response; Ref., reference; SD, stable disease; tFL, transformed follicular lymphoma; THRLBCL, T‐cell/histiocyte‐rich large B‐cell
lymphoma; Tisa‐cel, tisagenlecleucel; tMZL, transformed marginal zone lymphoma; ULN, upper limit of normal.

HemaSphere | 3 of 11

 25729241, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hem

3.62 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [25/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



patients in the NT cohort had experienced higher rates of grade ≥3
CRS (13% vs. 4%; p < 0.01), any grade ICANS (37% vs. 23%; p < 0.01),
and grade ≥3 ICANS (19% vs. 7%; p < 0.01) in comparison with
the T cohort. The former also included an increased rate of early
progressors (<2 months, 57% vs. 35%; p < 0.01) compared to the
T cohort.

Outcomes of the full patient population

With a median follow‐up of 20.4 months (95% CI: 17.8–23.2) since
progression to CAR T‐cell therapy, the median OS1 was 5.3 months
(95% CI: 4.4–6.2) (Figure 1A) and the 12‐month OS1 was 31%
(95% CI: 26–36). Patients who progressed within 2 months of
infusion had a significantly shorter median OS1 (N = 169 [44%],
1.9 months [95% CI: 1.6–2.5]) in comparison to patients who pro-
gressed from 2 to 6 months after infusion (N = 175 [45%], 5.2 months
[95% CI: 4.3–6.7]) and more than 6 months after infusion (N = 43
[11%], median not reached) (Figure 1B). These survival differences
were maintained when the analysis was restricted to theT group (data
not shown) and when it was conducted separately for each CAR‐T
product (Supporting Information: Figure S1). The cohort of patients
who progressed within 2 months of the CAR T‐cell infusion, enriched
with tisa‐cel recipients (Supporting Information: Table S1), included
a significantly lower proportion of patients receiving subsequent
treatment (49% vs. 72%, p < 0.01), in comparison to patients who
progressed at a later timepoint.

Focusing on treatment after CAR T‐cell failure, patients in the NT
group had a significantly shorter median OS1 (1.4 months [95% CI:
1.2–1.8]) in comparison to patients in theT group (9.9 months [95% CI:
7.7–12.5]; p < 0.01). The 6‐ and 12‐month OS1 for the NT and T
groups was 12% (95% CI: 8–19) versus 66% (95% CI: 60–72) and 9%
(95% CI: 5–15) versus 44% (95% CI: 38–52), respectively (Figure 1C).
For patients in the T group, median OS1 was comparable across CAR
T‐cell constructs (10.97 months for axi‐cel vs. 8.71 months for tisa‐cel
vs. 9.56 months for liso‐cel, p =NS [not significant]) (Figure 1D).

First‐line treatment after progression from
CAR T‐cell therapy

Descriptive analysis and response rates

Among the 237 patients in the T group, the median number of lines
after CAR T‐cell progression was 1 (IQR: 1–2, range: 1–5 lines of
therapy) during our study period. The first‐line regimens included
polatuzumab–rituximab–bendamustine (POLA) in 67 (28%) patients,
bispecific antibodies (BsAb) in 34 (14%), radiotherapy (RT) in 37
(16%), immune checkpoint inhibitors (ICI) in 28 (12%), lenalidomide
(LENA)‐containing regimens in 23 (10%; Supporting Information:
Table S2), conventional CT in 41 (17%), and other treatments in seven
(3%) patients (Supporting Information: Table S3). Further details of
the regimens included in each cohort are available in Supporting In-
formation: Figure S2, and the baseline characteristics of each

(A)

(B) (D)

(C)

F IGURE 1 Overall survival (OS) for patients who progressed after chimeric antigen receptor (CAR) T‐cell therapy. (A) Global OS for the full patient population

(N = 387). (B) OS depending on the time from CAR T‐cell infusion to disease progression, including patients who progressed within 2 months (N = 175), between 2 and

6 months (N = 169), and beyond 6 months of infusion (N = 43). (C) OS curves for patients who received treatment (N = 237) and for patients who only received

palliative treatment or best supportive care (N = 150). (D) OS curves according to CAR T‐cell construct, including axicabtagene ciloleucel (N = 127), tisagenlecleucel

(N = 96), and lisocabtagene maraleucel (N = 13); this latter analysis was restricted to patients who received subsequent treatment after progression to CAR T‐cell
therapy. CAR‐T‐PD, time interval between CAR T‐cell infusion and disease progression.

4 of 11 | Outcomes after CAR T‐cell progression

 25729241, 2024, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hem

3.62 by R
eadcube (L

abtiva Inc.), W
iley O

nline L
ibrary on [25/06/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



treatment group at the time of CAR T‐cell therapy and at the time of
disease progression are summarized in Supporting Information:
Table S4. Among the 211 (89%) patients evaluable for disease re-
sponse after the first‐line subsequent treatment, ORR (CR) was 67%
(38%) for POLA, 51% (36%) for BsAb, 45% (35%) for RT, 33% (26%)
for ICIs, 25% (0%) for LENA, and 25% (14%) for CT (Figure 2).

Survival outcomes after first‐line subsequent therapy

In terms of the T cohort, the median PFS (mPFS) was 3.6 months and
the 12‐month PFS was 26% (Figure 3A). Patients who progressed
within 2 months of the CAR T‐cell infusion had a significantly shorter
mPFS (2.7 months) in comparison to patients who progressed between
2 to 6 months (4.0 months [hazard ratio, HR 0.58, 95% CI: 0.4–0.8])
and later than 6 months (not reached [HR 0.25, 95% CI: 0.1–0.5])
(Supporting Information: Figure S3). Concerning disease histology,
patients with high‐grade B‐cell lymphoma had a significantly shorter
PFS with the first subsequent treatment in comparison to patients
with transformed LBCL (HR 0.53 [95% CI: 0.29–0.98]; p = 0.044)
(Supporting Information: Figure S4). Regarding the specific
regimens, mPFS (12‐month PFS) was 7.5 months (36.2%) for POLA,
5.3 months (32.0%) for BsAb, 4.8 months (30.8%) for RT, 3.1 months
(29.9%) for ICIs, 2.9 months (7.3%) for LENA, and 1.6 months (6.1%)
for CT (Figure 3B and Table 2). Focusing on the subgroup of patients
who progressed within 2 months of the CAR T‐cell infusion, PFS was
comparable across the different subsequent treatment regimens
(Supporting Information: Figure S5). In the MVA for all patients from
the T cohort, a better pre‐CAR T‐cell therapy performance status
(ECOG 0), a longer time interval from CAR T‐cell infusion to disease

progression (>6 months), and first‐line subsequent treatment with
POLA were associated with a longer PFS (Figure 4A).

Median OS2 (12‐month OS) was 12.1 months (51.0%) for
POLA, 13.6 months (50.1%) for BsAbs, 7.4 months (37.5%) for RT,
5.7 months (27.8%) for ICIs, 6.6 months (20.8%) for LENA, and
5.7 months (18.3%) for CT (Figure 3C and Table 2). In the MVA, a
longer time interval from CAR T‐cell infusion to disease progression
(>6 months) and subsequent treatment with POLA retained a favor-
able prognostic impact on OS (Figure 4B).

Second‐line treatment after progression from
CAR T‐cell therapy

In our data set, 51 patients (22% among the 237 patients in
the T group) received second‐line treatment after CAR‐T failure.
Of these, 3 (6%) received BsAb, 16 (31%) CT, 15 (29%)
polatuzumab‐containing strategies, 2 (4%) ICIs, 3 (6%) LENA‐
based regimens, 3 (6%) RT, and 9 (18%) other treatments. The
response rate to the second line of treatment was low and survival
was limited for most patients (Supporting Information: Figure S6).
Only 14 patients received third‐line or later subsequent treatment
(data not shown).

Role of allogeneic stem cell transplant consolidation

Of the 237 patients from the T group, 32 (14%) received an
allogeneic stem cell transplant (allo‐HCT) consolidation after
subsequent treatment for CAR‐T failure. Patients included in the
allo‐HCT cohort were significantly younger (median 48 vs.

F IGURE 2 Response rate for the different regimens administered as a first‐line treatment after progression from CAR T‐cell therapy. BsAbs, bispecific
antibodies; CR, complete response; CT, chemotherapy; ICI, immune checkpoint inhibitors; LENA, lenalidomide; PD, progressive disease;

POLA, polatuzumab–bendamustine–rituximab; PR, partial response; RT, radiotherapy; SD, stable disease.
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60 years; p < 0.01) and had a better performance status (ECOG > 1,
38 vs. 64%; p < 0.01) in comparison with the rest of the T group.
Additional baseline characteristics are summarized in Supporting
Information: Table S5.

The treatment regimen which served as a bridge to allo‐HCT included
POLA (N=13, 41%), CT (N=9, 28%), ICIs (N=4, 12%), BsAbs (N=3, 9%),
and RT (N=3, 9%). Most patients were in CR (N=21, 66%) or PR (N=10,
31%) at the time of the allo‐HCT; 1 (3%) patient was in PD prior to

(A)

(B)

(C)

F IGURE 3 Survival outcomes for patients who received treatment after chimeric antigen receptor T‐cell therapy progression. (A) Progression‐free survival (PFS)

for all patients who received treatment (N = 237). (B) PFS according to the type of first subsequent therapy. (C) Overall survival according to the type of first

subsequent therapy. BsAbs, bispecific antibodies; CI, confidence interval; CT, chemotherapy; HR, hazard ratio; ICI, immune checkpoint inhibitors; LENA, lenalidomide;

POLA, polatuzumab–bendamustine–rituximab; RT, radiotherapy.
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transplant. With a median follow‐up of 15.1 months (95% CI: 13.1–22.3)
since the HCT infusion, the median OS was not reached with a 12‐month
OS of 84% (Supporting Information: Figure S7). At data cutoff, 7 (22%)
patients had died from PD (N=4), cytomegalovirus encephalitis (N=1),
graft‐versus‐host disease (N=1), and other causes (N=1).

DISCUSSION

This is the largest study to date focused on the outcomes of patients
with R/R LBCL who progress after CD19‐targeted CAR T‐cell ther-
apy. We describe distinct survival patterns according to the time of
disease progression after CAR T‐cell infusion and identify treatment
strategies associated with better response rates in this setting.

Our first aim was to analyze survival outcomes in this large, in-
ternational cohort of patients who progressed after CAR T‐cell ther-
apy. Median OS after progression to CAR T‐cell therapy in our cohort
(5.3 months) was similar to previous publications which included this
endpoint (5.3–9.6 months).12,21,27,28 In line with other studies, we
confirmed that patients with an early progression after CAR T‐cell
therapy had a dismal outcome, irrespective of the subsequent treat-
ment they received.12,21,27 However, this was the first study to include
a cohort of patients with a late relapse, beyond 6 months of infusion.
This group had a particularly good outcome, exceeding the survival
reported for patients progressing beyond 90 days from CAR T‐cell
infusion in the French study (median OS not reached vs. 9.6 months).12

In terms of patient management after progression to CAR T‐cell
therapy, over one‐third of our cohort did not receive any subsequent
treatment, with a median OS of only 1.4 months. This reflects the
rapid clinical deterioration in a multiply relapsed patient population
and will potentially improve as this cellular therapy moves up in the
treatment algorithm of LBCL.

Focusing on the patients who were candidates for subsequent
therapy, the POLA subgroup is the largest reported to date in the
post‐CAR T‐cell therapy setting. Data in this particular context are
essential given the pivotal trial did not include patients with prior CAR
T‐cell therapy.18,29 The CR rate observed in our study was similar to
multicenter US results (38% vs. 33%–34%)13,21 and the pivotal trial (CRR
39%).29 Conversely, another retrospective real‐world publication reported
a significantly lower CR rate (14% vs. 38%) and a shorter mPFS (2.5 vs.
7.5 months) after CAR T‐cell progression in comparison with our cohort.30

These differences could have been driven by distinct baseline char-
acteristics, together with the omission of bendamustine in up to
40% of patients in this latter report. Noteworthy, in our study,
this regimen was the most common bridge to an allo‐HCT, in line with
a recent report focused exclusively on allo‐HCT outcomes after
CAR T‐cell therapy progression.14 Efficacy results in our BsAb cohort
were similar to the CAR‐exposed patients in the pivotal trials of glofita-
mab and epcoritamab.20,31 In comparison to other retrospective reports
focusing on post‐CAR T‐cell treatment strategies,12,21 patients who re-
ceived BsAbs in our study showed a better CR rate (36% vs. 14%–20%)
and improved survival outcomes (mPFS of 5.3 vs. 3.7–3.9 months). In-
terestingly, very few patients from this cohort underwent an allo‐HCT
consolidation, possibly linked to the prolonged treatment schedule and
durable responses reported after treatment discontinuation.32 Note-
worthy, the patients from this cohort received treatment in the setting of
a clinical trial; however, we observed that most baseline characteristics
were comparable with the other treatment groups. The favorable re-
sponse rate observed with RT was potentially associated with a more
localized relapse; only 42% had an advanced stage of disease at pro-
gression to CAR T‐cell therapy, in comparison to 75% for the other co-
horts (Supporting Information: Table S4). Regarding the ICI group, the
rationale for this therapy after CAR‐T failure is based on its potential toT
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(A)

(B)

F IGURE 4 Multivariate analysis (MVA) for patients receiving treatment after CAR T‐cell therapy progression. (A) MVA for progression‐free survival. (B) MVA for

overall survival. Footnote shows values of ECOG, LDH, and IPI at the time of CAR T‐cell therapy. BsAbs, bispecific antibodies; CI, confidence interval; CR, complete

response; CT, chemotherapy; ECOG, Eastern Cooperative Oncology Group; ICI, immune checkpoint inhibitors; IPI, International Prognostic Index; LDH, lactate

dehydrogenase; LENA, lenalidomide; PD, progressive disease; POLA, polatuzumab–bendamustine–rituximab; PR, partial response; RT, radiotherapy; SD, stable

disease; ULN, upper limit of normal.
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reactivate exhausted CAR T cells, counteracting an immunosuppressive
tumor microenvironment.33,34 Small case series of ICIs as subsequent
treatment after CAR T‐cells35 and clinical trials combining CAR‐T with ICIs
have reported modest clinical efficacy.36,37 In terms of our ICI cohort, the
CR rate was similar to other reports in the same setting (26% vs. 25%)21

and higher than the large US multicenter study recently published (N=96,
ORR 19%, CR 10%).38 Noteworthy, even though this group had a com-
parable PFS to the POLA and BsAb patients, OS was significantly shorter.
Patients who received ICI had negative prognostic features in comparison
to other treatment groups, such as a shorter time interval from CAR T‐cell
infusion to disease progression, possibly precluding additional treatment
after ICI failure. Finally, patients receiving CT and LENA‐based regimens
as the next line of therapy had low response rates and short survival. Two
retrospective US studies in the post‐CAR‐T setting showed encouraging
CR rates (29%–33%) with LENA as subsequent therapy,13,21 supported by
preclinical data suggesting immunomodulatory activity which could miti-
gate CAR T‐cell exhaustion.39,40 However, the French study included the
largest cohort to date with this agent (N=59) and also reported low
response rates (ORR 11%, CR 7%). Considering the limited survival in the
ICIs, LENA, and CT cohorts, patients who achieve a response with these
agents and meet additional required criteria could be considered for an
allo‐HCT, taking into account the favorable long‐term outcomes observed
in this setting.14

The main limitation of this study is derived from its retrospective
nature, preventing a completely unbiased distribution of subsequent
treatment selection at the different participating centers. Also, some
clinical and laboratory variables at the time of disease progression
after CAR T‐cell therapy were not available. Longer follow‐up is
warranted to inform on response duration for each treatment in this
particular setting.

In conclusion, this large multicenter cohort demonstrates the
poor outcomes of patients with LBCL progressing after CAR T‐cell
therapy, particularly those with very early progression. Treatment
with rituximab–bendamustine–polatuzumab and BsAbs can achieve
prolonged survival after CAR‐T failure. For selected patients
achieving a response to subsequent therapy, consolidation with an
all‐HCT could be considered.
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