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Summary
This study retrospectively evaluated the outcome of salvage therapy in 51 patients 
who failed axicabtagene ciloleucel or tisagenlecleucel for relapsed/refractory large  
B- cell lymphomas. Of these patients, 22 (43%) were enrolled in clinical trials (glofitamab  
or loncastuximab tesirine + ibrutinib), whereas 29 received standard therapies  
(lenalidomide [Len], checkpoint inhibitors [CPIs], ibrutinib [I], chemoimmunother-
apy and radiotherapy) or supportive care. Overall, 26 of 39 (67%) treated patients  
received a treatment based on immunotherapy (glofitamab, CPI, Len) that was mainly 
represented by bispecific antibody (n = 18). In this subgroup, plasma samples were col-
lected and analysed for circulating tumour DNA (ctDNA) using cancer- personalized 
profiling by deep sequencing (CAPP- seq). The study found that patients with high 
ctDNA had poor outcomes. At a median follow- up of 11.7 months, the estimated  
12- month overall survival (OS) was 35%. Factors adversely affecting the prognosis 
in the multivariable model were the absence of response to CAR T- cell therapy (HR: 
3.08; p = 0.0109) and a diagnosis other than PMBCL and t- FL (HR: 4.54; p = 0.0069). 
The outcome of patients failing CAR T cells is poor and requires further investigation.
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I N TRODUC TION

First- line chemotherapy can cure approximately 60% of pa-
tients affected by large B- cell non- Hodgkin lymphomas 
(LBCLs); however, those with primary refractory disease or 
relapsing after second- line therapy have a median overall sur-
vival (OS) of only 6 months.1 Autologous chimeric antigen 
receptor (CAR) T cells targeting CD19 have demonstrated 
significant efficacy in relapsed LBCL, including diffuse large 
B- cell lymphoma (DLBCL), high- grade B- cell lymphoma 
(HGL), transformed follicular lymphoma (t- FCL) and primary 
mediastinal B- cell lymphoma (PMBCL). Based on pivotal tri-
als, three different CD19 CAR T cells, namely axicabtagene 
ciloleucel (axicel), tisagenlecleucel (tisacel) and llisocabtagene 
maraleucel (lisocel), have been approved by the Food and 
Drug Administration (FDA) and European Medicines Agency 
(EMA) for patients failing at least two lines of therapy.2– 4 All 
these trials reported 39%– 58% of complete remission and an 
OS ranging from 40% to 50% at 24 months. Recently, FDA and 
EMA approved axi- cel and liso- cel as second- line therapy for 
patients with early relapsed/refractory DLBCL based on the 
advantage of EFS as compared to platinum- based chemother-
apy and salvage autologous stem cell transplantation.5,6

Approximately 60% of patients progress or relapse after CAR 
T- cell therapy, and their treatment remains an unmet clinical 
need. Many factors are associated with failure, some related to 
the tumour and its microenvironment, others to the reduced 
expansion, persistence and cytotoxicity of CAR T cells.7,8

Data regarding the clinical outcome after CAR T cells 
failure are limited.9– 11 Conventional treatment options for 
these patients include standard chemoimmunotherapy, al-
logeneic stem cell transplantation or lenalidomide. Recently, 
novel treatment approaches, including antibody– drug conju-
gates,12,13 checkpoint inhibitors (CPIs)14,15 and bispecific an-
tibodies,16– 19 became available in the setting of clinical trials.

After identifying the recommended phase 2 dose of 
glofitamab,16 Dickinson et al.17 reported the results of the 
expansion phase of trial NP30179 showing similar complete 
response (CR) rates for patients who had failed CAR T cells 
versus those who had not.

In this retrospective study, we evaluated the outcome of 
patients failing CAR T cells at two haematological depart-
ments. Patients were treated with standard care approaches 
or investigational drugs (glofitamab or loncastuximab- 
tesirine in combination with ibrutinib). Patients treated with 
glofitamab were analysed specifically for their clinical char-
acteristics and molecular features, as defined by circulating 
tumour DNA (ctDNA).

M ATER I A L S A N D M ETHODS

Study population

Between February 2019 and February 2022, we identi-
fied 51 consecutive patients affected by R/R aggressive 
LBCL who did not respond to or relapsed after CAR T- cell 

therapy. The patients were treated at Fondazione IRCCS 
Istituto Nazionale dei Tumori and Humanitas Cancer 
Center. Inclusion criteria were: (i) therapy with axicel or 
tisacel; (ii) relapse or progressive disease (PD) after CAR 
T- cell therapy. At the time of CAR T- cell failure, patients' 
eligibility for additional treatments was evaluated. If ther-
apeutic slots were available, patients were screened for en-
rollment in either the phase 1/2 NP30179 glofitamab trial 
or the phase 2 ADCT- 402- 103 Loncastuximab- tesirine 
and Ibrutinib trial (protocols details under Supplementary 
section). All the remaining patients received commercially 
available salvage treatments or no therapy according to 
their clinical conditions.

Patients' characteristics were evaluated before lymphode-
pletion and at salvage therapy post- CAR T- cell failure. All 
patients gave written informed consent. The Ethical Com-
mittees of participating Institutions approved the study 
(number 11/22).

Clinical evaluation

Disease response after CAR T cells infusion was assessed 
by f luorodeoxyglucose positron emission tomography 
(PET) and computed tomography (CT) at months +1 and 
+3 and then every 3 months until +12 and every 6 months 
after that. Relapse or PD were defined according to Che-
son criteria.20 Biopsy was performed only when indicated 
and clinically feasible. Patients were divided into two 
groups according to their response to CAR T- cell therapy: 
non- responders (absence of response to CAR T cells at any 
time) and transient responders (CR or PR as the best re-
sponse at any time during the follow- up). We defined early 
relapse/PD for those who experienced PD ≤30 days and 
late PD for those who experienced PD after 30 days from 
CAR T cells.

Disease assessment according to Cheson criteria20 for pa-
tients receiving salvage therapy after failure of CAR T cells 
was performed every 2 months until the achievement of the 
best response of CR or PR and then every 6 months until PD 
or death (details under the Supplementary section). Plasma 
samples were isolated and profiled by cancer personalized 
profiling by deep sequencing (CAPP- Seq) strategy21 (details 
under the Supplementary section).

Statistical analyses

Patient and disease characteristics were summarized using 
descriptive statistics. The Binary association between two 
categorical variables was evaluated using the non- parametric 
Fisher– Freeman– Halton test.22 In contrast, Kruskal– Wallis 
test23 was used to study the numerical and categorical vari-
ables association. Survival curves were estimated using the 
Kaplan– Meier method, and group differences were tested 
using the log- rank test (details are reported under the Sup-
plementary section).
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R E SU LTS

Patients

A total of 51 patients were evaluated. Twenty- nine patients 
(57%) were diagnosed with DLBCL, seven (14%) with high- 
grade lymphomas, eight (15%) with t- FCL, and seven (14%) 
with PMBCL (Table  1). Seventeen patients were infused 
with axicel (33%) and 34 (67%) with tisacel, with a median 
time from enrollment to infusion of 48 days (IQR: 39– 64.5) 
[38 days for axicel (IQR: 35– 44) and 55.5 days for tisacel (IQR: 
47– 69)]. A detailed description of patient characteristics can 
be found in Tables S1– S3). Twenty of 51 patients (39%; N = 10 
CR, N = 10 PR) responded to CAR T cells, whereas 31 (61%) 
did not. Progression after CAR T- cell therapy occurred at a 
median time of 49 days (IQR: 31– 93 days), with nine patients 
(18%) experiencing an early PD (PD ≤30 days).

All patients had a documented CT/PET scan at relapse or 
progression; a lymph node biopsy was performed in 29 (57%). 
Among these, the lack of CD19 and CD20 expression by im-
munohistochemistry was found in 12 (41%) and 8 (28%) pa-
tients respectively. At the time of CAR T- cell therapy failure, 
37 (73%) patients had advanced clinical stage. Most of the 
relapsed patients presented with extranodal disease (n = 40, 
78%), bulky disease (n = 25, 49%), elevated LDH (n = 35, 69%) 
and increased ferritin levels (n = 30, 59%).

Efficacy of salvage therapy

Twenty- two (43%) patients were enrolled in a clinical trial 
(n = 18, glofitamab; n = 4, loncastuximab- tesirine + Ibruti-
nib), whereas the remaining 29 patients were treated with 
standard therapies (n = 17, 33%) or supportive care only 
(n = 12, 24%). The details of the treated and untreated pa-
tients are reported in Table S2. Clinical characteristics be-
fore and after CAR T- cell therapy were not different between 
patients enrolled or not in clinical trials (Table S3).

The median time to treatment after progression was 
38 days (IQR: 19– 69) and did not differ among the different 
strategies. The leading causes for not recruiting patients in 
clinical trials (n = 29) were rapidly PD (n = 3, 10%), reduced 
marrow reserve (n = 4, 14%), active infections (n = 3, 10%), 
ECOG >2 (n = 8, 28%), cardiological problems (n = 1, 3%) and 
patient choice (n = 10, 35%).

Among the 17 patients treated with standard therapy, 
lenalidomide (LEN) was given to 4 (8%), CPIs to 4 (8%), 
ibrutinib to 2 (4%), chemotherapy to 6 (12%) and radiother-
apy to only one (2%). We observed two complete remissions 
and two progressions in those treated with LEN. CPI were 
administered to 4 patients with a PMBCL diagnosis: three 
achieved complete remission. One partial remission was 
achieved in patients treated with ibrutinib (n = 2). Seven 
patients received chemotherapy (n = 6, CT) or radiotherapy 
(n = 1, RT); only one attained complete remission.

Among 22 patients enrolled in clinical trials, 18 received 
glofitamab for a median of five cycles (IQR: 4.25– 7 cycles) 

(Table S3). The expression of CD20 was evaluated in 12 of 
18 patients. The overall response (OR) and CR rates were 
61% (n = 11) and 33% (n = 6) respectively. Interestingly, in the 
eight patients, who experienced a transient response to CAR 
T cells, the CR rate was 50% (4 out of 8). The median time 
to response to glofitamab was 41 days (IQR: 32– 43). Seven of 
the 18 patients receiving glofitamab are alive, and five are in 
complete remission. The estimated 1- year OS was 47% (95% 
CI: +21%– 24%) for the population treated with glofitamab 

T A B L E  1  Patient characteristics.

Overall (N = 51)

Age

Mean (SD) 52.0 (14.1)

Median [Q1, Q3] 57.0 [44.0, 63.0]

ECOG at leukapheresis

0 25 (49.0%)

≥1 26 (51.0%)

IPI at leukapheresis

0– 1 16 (31.4%)

≥2 35 (68.6%)

Histotype

DLBLCa 29 (56.9%)

HGBL w/o rearrangement 1 (2.0%)

DHL/THL 6 (11.8%)

PMBCL 7 (13.7%)

tFL 8 (15.7%)

Relapsed versus refractory

Refractory (never CR or CR <6 months) 36 (70.6%)

Relapsed 15 (29.4%)

CAR- T product

Axicel 17 (33.3%)

Tisacel 34 (66.7%)

LDH before infusion

Mean (SD) 547 (881)

Median [Q1, Q3] 315 [231, 530]

LDH elevated before infusion

No 26 (51.0%)

Yes 25 (49.0%)

Response to CAR- T at 30 days

SD/PD 31 (60.8%)

CR/PR 20 (39.2%)

Abbreviations: CR, complete remission; DHL/THL, double- hit and triple- 
hit lymphomas; DLBCL, diffuse large B- cell lymphomas; HGBL, high- grade 
lymphomas without rearrangement; IPI, International Prognostic Index; PD, 
progressive disease; PMBCL, primary mediastinal B- cell lymphomas; PR, partial 
remission; SD, stable disease; tFL, transformed follicular lymphomas.
aThe presence of rearrangements by FISH was evaluated in 33 patients (65%), with 
single rearrangements found in five patients. The concomitant expression of MYC 
and BCL2 (DEL) was evaluated in 28 (55%) patients (DEL, n = 16 [31%] non- DEL, 
n = 12 [24%]). Immunohistochemical analysis of the cell of origin was performed 
in 41 patients (80%) (n = 22, germinal and n = 19, non- germinal centre). Notably, 36 
(71%) patients presented with primary refractory disease.
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and 57% (95% CI: +21%– 29%) for patients receiving a target 
glofitamab dose of 16 mg or 30 mg.

The remaining four patients enrolled in a clinical trial 
were treated with loncastuximab- tesirine in combination 
with ibrutinib. By protocol, tumour biopsy was mandatory 
to assess CD19 expression. All patients were CD19- positive; 
two responded to therapy by achieving CR (n = 1) or PR 
(n = 1).

Among patients who received a post- CAR T- cell salvage 
therapy, 26 of 39 (67%) were addressed to T- cell- activating 
treatments, including glofitamab, CPI or LEN, which re-
sulted in an overall CR rate of 42% (Tables S4 and S5).

Circulating tumour DNA assessment in patients 
treated with glofitamab

Plasma samples collected at baseline (n = 18) and before 
cycle 3 (n = 11) were profiled by the CAPP- Seq strategy.21 At 
baseline, patients showed a median of 18 (range 0– 54) non- 
synonymous somatic variants in the coding region and a 
median of 8 mutated genes (range 0– 18). Genes recurrently 
affected by non- synonymous somatic variants were PIM1 
(53%), BCL2 and CARD11 (37%), CREBBP (32%), IGLL5, 
BCL6 and TP53 (26%), SOCS1, EZH2, HIST1H1E and IRF8 
(21%) (Figure S1).

The median value of ctDNA was 38 790 (range 6334– 
496 076) haploid genome equivalents per mL (hGE/mL). 
The receiver operating characteristic (ROC) curve was 
built to evaluate the optimal ctDNA value for predicting 
the achievement of complete remission after salvage. We 
identified the cut- off value of 593 hGE/mL with a sensitiv-
ity and specificity of 100% and 42% respectively. High lev-
els of pretreatment ctDNA were associated with poor OS 

(estimated 6- month OS: 20% vs. 68%; p- value 0.0035) and 
PFS (estimated 6- month PFS: 0% vs. 30%; p- value = 0.0023) 
as compared to those with low levels (Figure 1). Five out of 
18 patients bearing mutations of the TP53 gene experienced 
PD at the end of the treatment. Assessment of ctDNA before 
cycle three could be performed in 11 patients (61%). Six of 7 
patients with negative ctDNA at cycle 3 achieved CR or PR, 
and 4 of 7 remained in remission at the end of the treatment.

Allogeneic stem cell transplantation

Nine of 51 (17%) patients underwent allogeneic stem cell 
transplantation (alloSCT). At the time of allografting, pa-
tients were in complete (n = 5) or partial remission (n = 4) 
following immunotherapy (n = 5, glofitamab; n = 1, LEN) or 
standard therapy (n = 1, radiotherapy, and n = 2, chemother-
apy). The donors were as follows: human leukocyte antigen 
(HLA)- matched related for one patient, HLA- matched un-
related for two patients and haploidentical for six patients. 
Seven of 9 patients are alive and in CR after alloSCT. Two 
patients died of PD; both received chemotherapy as a bridge 
to alloSCT.

Outcome and predictive factors

At a median follow- up of 11.7 months (IQR: 16.8– 247), 19 
patients were alive, and 32 died (n = 30, PD; n = 1, corona-
virus disease pneumonia; and n = 1, infection following au-
tologous stem cell transplantation). The estimated 12- month 
and 24- month OS rates were 35% [95% confidence interval 
(CI): 23%– 53%] and 27% (95% CI: 16%– 47%) respectively. 
The median OS of the whole population was 8.36 months 

F I G U R E  1  PFS (A) and OS (B) according to high pretreatment ctDNA threshold identified by the Jouden method. ctDNA, circulating tumour DNA; 
OS, overall survival; PFS, progression- free survival.
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   | 5DODERO et al.

(IQR: 2.43- NA) (Figure  2). In treated versus untreated pa-
tients, the estimated 12- month OS was 45% (95% CI: 31%– 
66%) versus 0% (p < 0.0001) respectively (median OS of 11.74 
vs. 1.88; respectively).

In addition, the estimated 1- year overall survival was 
significantly different for those treated with Axicel ver-
sus Tisacel [50% vs. 27%, p- value 0.0483]. As reported in 
Table S1, patients treated with Tisacel were older and with 
higher IPI.

First, we studied the prognostic factors on the whole pop-
ulation of treated and untreated patients. Univariable Cox 
analyses for OS are shown in Table 2. A diagnosis other than 
t- FCL and PMBCL, age ≥60 years, and IPI ≥2 (evaluated at 
the time of CAR T cells infusion) were significantly associ-
ated with poor outcomes. In addition, no response to CAR 
T cells and early relapse was associated with inferior OS. Pa-
tients not responding to CAR T- cell therapy had the worst 
OS (12- month OS for non-  vs. transient responders: 17% 

F I G U R E  2  Intention- to- treat analysis: Overall survival for all patients who failed CAR T cells (A); overall survival according to the histotype 
(p < 0.0001) (B); overall survival in patients transient responders (CR/PR) versus never responding (PD/SD) to CAR T cells (p = 0.0010) (C); overall 
survival according to time to relapse (early vs. late, p = 0.0084) (D). CAR- T, chimeric antigen receptor T cell; CR, complete remission; DHL/THL, double- 
hit and triple- hit lymphomas; DLBCL, diffuse large B- cell lymphomas; HGBL, high- grade lymphomas without rearrangement; PD, progressive disease; 
PMBCL, primary mediastinal B- cell lymphomas; PR, partial remission; SD, stable disease; tFL, transformed follicular lymphomas.
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6 |   OUTCOME AFTER CAR T- CELL THERAPY FAILURE

[95% CI: 7%– 41%] vs. 63% [95% CI: 44%– 89%], p = 0.0010) 
(Figure 2C).

Secondly, we analysed OS and PFS only for the cohort of 
treated patients. Overall, 39 patients were treated, and their 
observed 12-  and 24- month OS, starting from the treatment, 
were 37% (95% CI: 22%– 63%) and 30% (95% CI: 15%– 59%) 
respectively. Furthermore, the PFS at 12 and 24 months was 
30% (95% CI: 17%– 52%), with 23 of 39 (59%) patients experi-
encing progression after salvage, and only one died without 
progression (Figure 3A,B, Table 3).

Multivariate analysis for OS starting at the time of re-
lapse/progression after CAR T- cell administration is shown 
in Table 4, and for OS and PFS starting at the time of sal-
vage therapy (performed only for 39 patients) is shown in 
Table 5. The factors that negatively influenced OS were the 

absence of response to previous CAR T- cell administration 
(HR: 3.08; 95% CI: 1.29– 7.31; p = 0.0109) and a histotype 
different from t- FCL and PMBCL (HR: 4.54; 95% CI: 1.51– 
13.61; p = 0.0069). For patients who underwent salvage treat-
ment, the only factor that significantly influenced OS and 
PFS at multivariable analysis was an IPI ≥2 at the time of 
starting salvage therapy (OS: HR: 10.20; 95% CI: 1.19– 87.21; 
p = 0.0340; PFS: HR: 6.83; 95% CI: 1.40– 33.38; p = 0.0176).

Toxicity of salvage therapy

Six of 39 (15%) treated patients experienced grade 3– 4 and 
two grade 5 infections while in CR. Six infectious complica-
tions were bacterial, and one was caused by severe acute res-
piratory coronavirus syndrome. In the 18 cases treated with 
glofitamab, the incidence of CRS was 78%, with only 27% 
of grade ≥2. Immune effector cell- associated neurotoxicity 
syndrome was not reported. We did not observe immune- 
mediated adverse events for those treated with CPIs. Patients 
treated with loncastuximab- tesirine plus Ibrutinib did not 
have grade 3– 4 adverse events. Nine patients were allo-
grafted, and a grade 3 graft- versus- host disease (GVHD) was 
observed in only one patient. No patient died of non- relapse 
mortality after alloSCT.

DISCUSSION

In this retrospective study, we evaluated the outcome of a con-
secutive series of patients, mostly treated with immune- based 
therapies, after CAR T- cell therapy failure. The peculiarity of 
our population was that a significant proportion of patients 

T A B L E  2  Univariable Cox models for OS for all patients.

Variable HR
Lower 
0.95

Upper 
0.95 p- value

Response to CAR- 
T— SD/PD versus 
CR/PR

3.75 1.61 8.73 0.0022

Early relapse— Yes 
versus No

2.73 1.26 5.92 0.0112

IPI (at apheresis)— ≥2 
versus 0– 1

2.94 1.25 6.9 0.0131

Histotype— Other 
versus PMBCL/tFL

6.48 2.23 18.84 0.0006

Age at enrolment— ≥60 
versus <60

2.07 1.02 4.21 0.0448

Abbreviations: CAR- T, chimeric antigen receptor T cells; IPI, International 
Prognostic Index; OS, overall survival; PMBCL, primary mediastinal B- cell 
lymphomas; t- FCL, transformed follicular lymphomas.

F I G U R E  3  Intention- to- treat analysis: overall survival (A) and progression-free survival (B) for patients treated with a salvage therapy.
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(43%) was included in clinical trials. We observed an estimated 
12- month OS of 35%, which was favourable considering that 
most of these patients (61%) were refractory to CAR T cells.

Patients progressing after CAR T cells have limited treat-
ment options, and there is no consensus on the best strategy 
to adopt.

Two retrospective studies reporting the outcome after 
CAR T cells failure showed an overall response rate of 14%– 
39% with a 1- year OS of 25%.10,11 These studies are funda-
mental as they demonstrated the ineffectiveness of standard 
chemotherapy in this setting. Despite the short follow- up, 
both studies showed an OS advantage for patients treated 
with lenalidomide, given the potential effect on the expan-
sion of CAR T cells.

Another interesting strategy, not available in Italy at time 
of this retrospective analysis, was using polatuzumab- based 
regimens. This combination was investigated retrospectively 
in 57 patients failing CAR T cells with an overall response 
rate of 44% and a CR rate of only 14%, which explains the 
limited OS survival of only 17 weeks.12

Recently, several bispecific antibodies have been ex-
plored in phase 1– 2 studies,16– 19 including patients fail-
ing CAR T- cell therapy. Interestingly, the response rate in 
these patients was similar to that observed in patients not 
previously exposed to CAR T cells. Herein, we report the 
clinical characteristics before and after CAR T- cell infu-
sion and the prognostic role of ctDNA in 18 patients en-
rolled in the phase 1/2 NP30179 trial. In our cohort, the 
overall response and CR rates following glofitamab were 
61% and 33%, respectively, superimposable to those de-
scribed for epcoritamab.19 Interestingly, the CR rate in-
creased in transient CAR T- cell responders (CR rate 50%) 
without detectable expansion of circulating CAR T cells 
(data not shown).

In recent years, cancer personalized profiling by deep se-
quencing (CAPP- Seq) has been recognized to have a role in 
identifying mutations, disease burden and minimal residual 
disease after treatment.24 ctDNA has become an independent 
prognostic marker following standard chemotherapy and 
after CAR T cells.25,26 Our study showed that pretreatment 

T A B L E  3  Univariable Cox models for OS and PFS for patients receiving salvage therapy.

Variable

OS PFS

HR Lower 0.95 Upper 0.95 p- value HR Lower 0.95 Upper 0.95 p- value

Response to CAR- T— SD/PD versus CR/PR 3.64 1.30 10.20 0.0140 3.54 1.43 8.80 0.0064

Early relapse— yes versus no 2.33 0.76 7.08 0.1376 1.63 0.55 4.81 0.3740

IPI (at salvage)— ≥2 versus 0– 1 20.66 2.66 160.32 0.0038 11.89 2.59 54.51 0.0014

Histotype— others versus PMBCL/tFCL 5.28 1.52 18.34 0.0088 3.65 1.35 9.87 0.0106

Immunotherapy— no versus yes 2.12 0.82 5.5 0.1217 1.79 0.75 4.26 0.1878

Time to salvage— 2.6 versus 1.63 months 0.88 0.61 1.27 0.4949 1 0.75 1.34 0.9987

Age –  ≥60 versus <60 years 2.36 0.93 6.00 0.0723 2.73 1.17 6.37 0.0206

Abbreviations: CAR- T, chimeric antigen receptor T- cell; CR/PR, complete remission and partial remission; IPI, International Prognostic Index; OS, overall survival; PFS, 
progression- free survival; PMBCL, primary mediastinal B- cell lymphomas; SD/PD, stable disease and progressive disease; t- FCL, transformed follicular lymphomas.

T A B L E  4  Multivariable Cox model for 
OS for all patients. Variable HR Lower 0.95 Upper 0.95 p- value

Response to CAR- T— SD/PD versus 
CR/PR

3.08 1.29 7.31 0.0109

IPI (at apheresis)— ≥2 versus 0– 1 2.18 0.91 5.20 0.0801

Histotype— other versus  
PMBCL/tFL

4.54 1.51 13.61 0.0069

Abbreviations: CAR- T, chimeric antigen receptor T cell; CR/PR, complete remission and partial remission; IPI, 
International Prognostic Index; OS, overall survival; PMBCL, primary mediastinal B- cell lymphomas; SD/PD, 
stable disease and progressive disease; t- FCL, transformed follicular lymphomas.

T A B L E  5  Multivariable Cox models for OS and PFS for patients receiving salvage therapy.

Variable

OS PFS

HR Lower 0.95 Upper 0.95 p- value HR Lower 0.95 Upper 0.95 p- value

Response to CAR- T— SD/PD versus CR/PR 1.80 0.61 5.27 0.2841 2.19 0.86 5.61 0.1009

IPI (at salvage)— ≥2 versus 0– 1 10.20 1.19 87.21 0.0340 6.83 1.40 33.38 0.0176

Histotype— others versus PMBCL/tFL 2.98 0.83 10.61 0.0926 2.15 0.78 5.95 0.1391

Abbreviations: CAR- T, chimeric antigen receptor T cell; CR/PR, complete remission and partial remission; IPI, International Prognostic Index; OS, overall survival; PFS, 
progression- free survival; PMBCL, primary mediastinal B- cell lymphomas; SD/PD, stable disease and progressive disease; t- FCL, transformed follicular lymphomas.
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ctDNA before glofitamab was significantly associated with 
PFS and OS. In particular, low ctDNA was associated with 
a very favourable outcome (estimated 6- month PFS and OS: 
30% and 68% respectively). Considering the limited sample 
size, this interesting observation requires validation in a 
larger sample.

The long- term follow- up of novel drugs has yet to be de-
fined in this setting. In fact, for young patients attaining a 
response to salvage therapy, alloSCT could be an option. Re-
cently, Zurko reported the outcome of 88 patients allografted 
after a previous CAR T- cell failure showing a 1- year OS and 
PFS of 59% and 45% respectively.27 In our cohort, we al-
lografted nine patients, including five following glofitamab, 
and we did not observe an increase in GVHD incidence or 
non- relapse mortality.

We analysed different prognostic factors in the entire 
population and in treated patients. In agreement with 
other studies, significant prognostic factors were CAR T- 
cell refractoriness and IPI at salvage.9– 11 In addition, not 
previously reported, salvage therapy following CAR T- 
cell failure was less efficient for patients with double- hit/
triple- hit (DH/TH) lymphomas and DLBCL other than 
PMBCL and tFCL. Six out of seven patients diagnosed 
with DH/TH lymphoma died, and only one patient is alive 
but with a rapidly progressive disease. Given the rarity of 
high- grade lymphomas, it is not easy to conclude. The re-
cent ZUMA- 12 data suggested that these patients might 
benefit from an early switch to an immunotherapeutic 
approach.28

In this heavily pretreated population, infectious compli-
cations remained a significant issue. These complications 
might be related to previous treatment with CAR T cells and 
the associated B- cell aplasia and hypogammaglobulinaemia 
that lead to a higher risk of infections despite extensive anti-
microbial prophylaxis.29

Our study demonstrated that novel drugs might improve 
the outcome of patients failing CAR T cells, especially in the 
subset of transient responders.
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