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The specific immune response may be divided into 
two parts:

(1)the humoral response 

(2)the cellular response

Both are mediated via lymphocytes!

The biology behind the CAR



Antigens are any substances that are capable, under appropriate conditions, 
of inducing the formation of antibodies and reacting specifically with the 
antibodies produced. 

They react also with T-cell recognition receptors.

These antigenic molecules may have several antigenic determinants, called 
epitopes, and each epitope can bind with a specific antibody. 

Thus, a single antigen can bind to many different antibodies with different 
binding sites.

Antigen



•Some low-molecular-weight molecules called 
haptens are unable to evoke an immune 
response but can react with existing antibodies. 

•These molecules need to be coupled to a carrier 
molecule to be antigenic.

•Certain structures such as lipids and DNA are 
generally poor antigens.

Antigen



2 H chains- 
connected by 
disulfide bond 
between 2 cysteine 
residues
2 L chains

Antigen 
binding site

Antibody



Variable region

Constant region

Idiotype determinant

Antibody



• Each T cell is also committed to a given antigen and recognizes 
it by TCRs. 

• They may have TCR composed of gamma and delta chains or 
TCR composed of another heterodimer of alpha and beta 
chains. 

• These TCR are associated with a group of transmembrance 
proteins on the CD3 molecule, which takes the antigen 
recognition signal inside the cell.

T cell



TCR
• Signal transduction 

via the CD3 complex 
is regulated by a 
series of kinases, 
which are associated 
with the tails of the 
CD3–TCR complex 
and regulate 
phosphorylation.

Diversity of antigen 
recognition



How do T cells recognize peptides?





• TCR 
complex 
recognize 
small 
peptides 
presented 
by MHC on 
T cells 

MHC- major histocompatibility complex



•Human histocompatibility antigens are also known as 
human leucocyte antigens (HLA), a term that is 
synonymous with the MHC complex. 

• These antigens are cell surface glycoproteins classified 
as type I or type II. 

• They can produce genetic polymorphism with multiple 
alleles at each site, thus permitting a great deal of 
genetic variability between given individuals

MHC- major histocompatibility complex



• Helper T cells (CD4) recognize class II antigens 

while suppressor cytotoxic T cells (CD8) 

recognize class I antigens. 

• Because of the rather low affinity of the 

reactions, recognition of processed antigen 

alone is not sufficient to activate T cells. 

• Soluble interleukins are needed to complete the 

picture and are generated during the antigen

• processing.

MHC- major histocompatibility complex



•Recognition of antigen by T cells is MHC 
restricted. 

•Therefore, any given individual is only able to 
recognize antigen as part of a complex of 
antigenic peptide and self.

MHC- major histocompatibility complex
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Is the binding enough for the T 
cell????



Figure 1: APC-derived cytokines and T cell polarization in autoimmune inflammation

J Clin Invest DOI: 10.1172/JCI31720



Zugasti et al. 2025

From idea to practice



Zugasti et al. 2025

CAR options



Molecular Therapy - Methods & Clinical Development 2020 16136-144DOI: 
(10.1016/j.omtm.2019.11.018) 

From idea to practice



Cross priming



FDA/EMA approvals

Breyanzi-CLL, Obe-cel-ALL



Maude et al.2018. NEJM

B-ALL-Eliana



For Reactive Use Only. Do Not Distribute​ 25Oluwole et al. EHA 2025 (Abstract PF374; poster presentation)

aR/R disease was defined as primary refractory, first relapse within 12 months, R/R after ≥2 prior lines of systemic therapy or relapsed after alloSCT. bAll patients received CSF prophylaxis consisting of an intrathecal 
regimen according to institutional or national guidelines. cBridging chemotherapy was recommended for all patients, particularly those with >25% marrow blasts or >1000 blasts/μL of peripheral blood at screening, per 
physician’s discretion. dFludarabine 25 mg/m2 IV on Days -4, -3, -2 and cyclophosphamide 900 mg/m2 IV on Day -2. eDisease assessment was performed per IRRC through the Month 24 visit or until disease 
progression. Disease assessment after the Month 24 visit for patients whose disease had not progressed was performed per standard of care via investigator assessment.

alloSCT: allogeneic stem cell transplantation; BM: bone marrow; brexu-cel: brexucabtagene autoleucel; CAR: chimeric antigen receptor; CR: complete remission; CRi: complete remission with incomplete hematologic 
recovery; CSF: cerebrospinal fluid; DOR: duration of remission; EU: European Union; IV: intravenously; OS: overall survival; RFS: relapse-free survival; R/R B-ALL: relapsed or refractory B-cell acute lymphocytic 
leukemia.

3. Shah BD, et al. Lancet 2021; 398: 491–502. 

• ZUMA-3 is a multicenter, single-arm, Phase 1 and 2 study evaluating safety and efficacy of brexu-cel (NCT02614066); 
methods have been previously reported.

• Updated endpoints were assessed in pooled Phase 1 and 2 patients treated at the pivotal dose of brexu-cel (N=78), based 
on the EU approval

• Consolidative subsequent allogeneic stem cell transplantation (alloSCT) was allowed per physician’s discretion

Home outline

B-ALL-Zuma 3



For Reactive Use Only. Do Not Distribute​ 26Oluwole et al. EHA 2025 (Abstract PF374; poster presentation)

• The median OS was 25.6 months (95% CI, 16.2–60.4) for Phase 1 and 2 treated patients (N=78), which was unchanged 
since the 4-year analysis, and the 5-year OS rate was 40% .

• Per investigator review, responders (CR/CRi; n=58) reached a median OS of 53.5 months (95% CI, 25.4–not estimable 
[NE]) and those with a CR (n=49) had not reached a median OS (95% CI, 34.1–NE)

Data cutoff date: July 23, 2024. Response status was assessed by investigator review.

CR: complete remission; CRi: complete remission with incomplete hematologic recovery; NE: not estimable; NR: not reached; OS: overall survival.

4. Oluwole OO, et al. J Clin Oncol 2024; 42(Suppl 16): 6531.

Home outline

B-ALL-Zuma 3
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Data cutoff date: July 23, 2024. Response status was assessed by investigator review.

AlloSCT: allogeneic stem cell transplantation; NE: not estimable; OS: overall survival.

Oluwole et al. EHA 2025 (Abstract PF374; poster presentation)

• Median OS was 50.2 months (95% CI, 10.2–NE) in all responders (per investigator review, n=58) who received 
subsequent alloSCT (n=14) and 60.4 months (95% CI, 23.2–NE) in responders who did not receive subsequent alloSCT 
(n=44; Figure 4a); the 5-year OS rates were 42% (95% CI, 16.4–65.4) and 52% (95% CI, 35.8–66.5), respectively

Home outline

B-ALL-Zuma 3
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RESULTS(cont.)
Figure 5a. Overall Survival Rates at 5 Years in ZUMA-3 by Key Subgroups (N=78)

Data cutoff date: July 23, 2024. The dotted vertical line represents the point estimate of overall population.

alloSCT: allogeneic stem cell transplantation; LCI: lower confidence interval; OS: overall survival; UCI: upper confidence interval.

Oluwole et al. EHA 2025 (Abstract PF374; poster presentation)

• In the subgroup analysis of all treated patients, the 5-year OS rates were (Figure 5a):

– 57% for patients with 1 prior therapy (n=15) and 36% for patients with ≥2 prior therapies (n=63)

– 36% for patients with prior alloSCT (n=29) and 42% for patients without prior alloSCT (n=49)

– 25% for patients with prior blinatumomab (n=38) and 54% for patients without (n=40) prior blinatumomab

– 21% for patients with prior inotuzumab (n=17) and 45% for patients without prior inotuzumab (n=61)

Home outline

B-ALL-Zuma 3
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aThere was high censorship in patient subgroups due to high survival rate. Response status was assessed by investigator review.

alloSCT: allogeneic stem cell transplant; brexu-cel: brexucabtagene autoleucel; OS: overall survival.

Oluwole et al. EHA 2025 (Abstract PF374; poster presentation)

• Of the 14 responders who received subsequent 
alloSCT, 8 had died by OS data cutoff, 1 (7%) due to 
relapse and 7 (50%) due to non-relapse–related 
reasons (Figure 6b)

– The estimated 60-month cumulative incidence of 
relapse-related mortality and non-relapse–related 
mortality in responders with subsequent alloSCT were 
7% (0.4–28.6) and 51% (21.4–74.8), respectively

– Whereas the estimated 60-month cumulative incidence 
of relapse-related mortality and non-relapse–related 
mortality in responders without subsequent alloSCT 
were 34% (20.2–49.1) and 13% (4.7–26.2), respectively

– Since the 4-year analysis,1 new adverse event and 
death were reported, both in the same patient who had 
previously received post–brexu-cel alloSCT, cervical 
cancer and death due to pulmonary failure (both 
deemed unrelated to brexu-cel)

• No secondary T-cell malignancies were reported in 
ZUMA-3 at any time

Home outline
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• Brexu-cel continued to demonstrate long-term benefits to patients, with a 40% OS rate at 5 years

– Responders had the greatest benefit with a median OS of >5 years for patients with CR/CRi per investigator review 
(n=58), and not reached for those with CR (n=47)

• Patients benefited from brexu-cel regardless of age, prior therapy, or subsequent alloSCT status, 
though benefits were less apparent in patients with prior blinatumomab or prior inotuzumab

• Responders with subsequent alloSCT had numerically lower median OS and a numerically higher rate of 
non-relapse–related mortality than responders without subsequent alloSCT

• Small sample sizes and/or unbalanced patient characteristics limit interpretation of post hoc subgroup and 
subsequent alloSCT analyses

• The long-term safety was favorable, with no new safety signals observed

• Further studies are needed to fully understand how prior therapies and subsequent alloSCT may 
impact long-term outcomes in patients with R/R B-ALL treated with brexu-cel

alloSCT: allogeneic stem cell transplant; brexu-cel: brexucabtagene autoleucel; CAR: chimeric antigen receptor; CR: complete remission; CRi: complete remission with incomplete hematologic recovery; 
OS: overall survival; R/R B-ALL: relapsed/refractory B-cell acute lymphocytic leukemia.

Home outline

B-ALL-Zuma 3



Neelapu et al, NEJM 2017
Locke et al, Lancet Oncology  2019
Schuster et al. NEJM 2019
Abramson et al, Lancet 2020

Pivotal CAR-T trials in aggressive lymphoma



Roschewski et al, NEJM 2022

Response rate in aggressive lymphoma



Toxicities in aggressive lymphoma

Therapy Trial
CRS Rate 
(Overall)

CRS Rate 
(Grade ≥3)

Median 
Time to CRS 
Onset

ICANS Rate 
(Overall)

ICANS Rate 
(Grade ≥3)

Median 
Time to 
ICANS Onset

Axi-cel ZUMA-1 93% 13% 2 days (1-12) 64% 28% 5 days (1-17)

Tisa-cel JULIET 58% 22%
3 days 
(within 9 
days)

21% 12%
6 days(1-17)

Liso-cel TRANSCEND 42% 2% 5 days (1-14) 30% 10% 9 days(1-66)

Toxicities in aggressive lymphoma



Pivotal 2nd line CAR T trials in LBCL
Axicabtagene ciloleucel

ZUMA-71,2

(N=359)

Lisocabtagene maraleucel
TRANSFORM3

(N=184)

Tisagenlecleucel
BELINDA4,5

(N=322)

Inclusion criteria
R/R <12 months after 1L (rituximab + anthracycline); ECOG PS 0, 1; “Candidate” to ASCT

Age ≥18 years Age 18–75 years Age ≥18 years

Primary endpoint
EFS

(time from randomisation to progression, start of new 
therapy, death from any cause, or no PR/CR at Day 150)

EFS
(time from randomisation to death, progression of 

disease, fail to achieve PR/CR by 9 weeks or start of new 
therapy)

EFS
(time from randomisation to stable disease or 

progression at or after Week 12, or death)a

Stratification
Refractory vs. relapsed

aaIPI
Refractory vs. relapsed

aaIPI

Region (US vs. non-US)
R/R <6 months vs. 6–12 months

aaIPI

Bridging Glucocorticoids Chemo-Immunotherapy Chemo-Immunothrapy

Conditioning
Fludarabine 30 mg/m2 

Cyclophosphamide 500 mg/m2 × 3 days
Fludarabine 30 mg/m2 

Cyclophosphamide 300 mg/m2 × 3 days
Fludarabine 25 mg/m2 

Cyclophosphamide 250 mg/m2 × 3 days

Dosing 2 × 106 CAR T cells/kg 100 × 106 CAR T cells 0.6–6.0 × 108 CAR T+ viable T cells

Crossover Not included Yes Yes

Cross-study comparisons cannot be made due to differences in study designs, endpoint definitions and patient populations
a Response assessment before Week 12 did not represent a failure in either group and was not considered for primary endpoint
1L: first line; aaIPI: age-adjusted International Prognostic Index; CIT: chemoimmunotherapy; ECOG PS: Eastern Cooperative Oncology Group performance status; EFS: event-free survival 
1. Locke FL, et al. ASH 2021 (Abstract 2). 2. Locke FL, et al. N Engl J Med 2022; 386:640–654. 3. Kamdar M, et al. Lancet 2022; 399:2294–2308. 
4. Bishop MR, et al. ASH 2021 (Abstract LBA6). 5. Bishop MR, et al. N Engl J Med 2022; 386: 629–639.

Pivotal second line



ZUMA-7 (axi-cel) BELINDA (tisa-cel)a TRANSFORM (liso-cel)a

Reasons for patient discontinuations included: progressive disease, insufficient response, adverse events, death, protocol deviation and consent withdrawal 

Received ≥1 dose of 
salvage chemotherapy 

(n=168)

Responded to salvage 
chemotherapy (n=80)

Underwent 
leukapheresis (n=69)

SoC

(n=179)

Axi-cel

(n=180)

Axi-cel

(n=170)

HDT/ASCT

(n=64)

Tisa-cel

(n=162)

Received ≥1 dose of 
salvage chemotherapy 

(n=158)

Received conditioning 
and ASCT (n=52)

Received conditioning 
after second PCT (n=10)

SoC

(n=92)

Liso-cel

(n=92)

HDT/ASCT

(n=32)

Liso-cel

(n=78)

Started SoC (n=91)
salvage chemotherapy

HDT (n=43)
HSCT (n=42)

Lymphodepletion 

chemotherapy 

(n=155)

Tisa-cel

(n=155)

Leukapheresis
(n=178)

SoC

(n=160)

39% 
received HDT/ASCT3

85% 
ongoing liso-cel2

35% 
continue HDT/ASCT2,b

94% 
received axi-cel1

36% 
received HDT/ASCT1

96% 
received tisa-cel3

Bridging CIT

(n=63)Dexamethasone
Bridge

Conclusions cannot be drawn from cross-study comparisons due to differences in study design, patient population and length of follow-up. 
These studies were not designed to assess the percentage of patients successfully receiving ASCT treatment
a All patients underwent leukapheresis before randomisation; b Patients continuing SoC after 6 months
Axi-cel: axicabtagene ciloleucel; HDT: high-dose chemotherapy; HSCT: high-dose chemotherapy and autologous stem cell transplant; liso-cel: lisocabtagene maraleucel; 
PCT: platinum-based immunochemotherapy; PD: progressive disease; SD: stable disease; tisa-cel: tisagenlecleucel
1. Locke FL, et al. N Engl J Med 2022; 386:640–654. 2. Kamdar M, et al. Lancet 2022; 399:2294–2308. 3. Bishop MR, et al. N Engl J Med 2022; 386:629–639.

Pivotal second line



Characteristic
Axi-cel

(ITT; n=180)
SoC

 (ITT; n=179)

Overall

(n=359)

Median age (range), years 58 (21–80) 60 (26–81) 59 (21–81)

≥65 years, n (%) 51 (28) 58 (32) 109 (30)

Disease stage III–IV, n (%) 139 (77) 146 (82) 285 (79)

sAAIPI of 2–3,a n (%) 82 (46) 79 (44) 161 (45)

Response to 1L therapy,a 

n (%)

Primary refractory 133 (74) 131 (73) 264 (74)

Relapse ≤12 months of 

1L therapy
47 (26) 48 (27) 95 (26)

Prognostic marker as per 

central laboratory, n (%)

HGBL (including 

double-/triple-hit)
31 (17) 25 (14) 56 (16)

Double expressor 

lymphoma
57 (32) 62 (35) 119 (33)

MYC rearrangement 15 (8) 7 (4) 22 (6)

Elevated LDH levelb 101 (56) 94 (53) 195 (54)

Phase 3, randomised, open-label study of patients with R/R DLBCL treated with axi-cel vs. SoC (N=359)

a As reported by investigator at the time of randomisation; b Lactate dehydrogenase level greater than upper limit of normal as per local laboratory reference range
HGBL: high-grade B-cell lymphoma; ITT: intention to treat; LDH: lactate dehydrogenase; sAAIPI: second-line age-adjusted International Prognostic Index score; SoC: standard of care
Locke FL, et al. N Engl J Med 2022; 386:640–654.

Zuma 7



Primary endpoint: Event-free survival

a Salvage chemotherapy +/- HDT-ASCT
CI: confidence interval; EFS: event-free survival; HR: hazard ratio; mFU: median follow up
Locke FL, et al. N Engl J Med 2022; 386:640–654.

ZUMA-7: Phase 3, randomised, multicentre trial of axicabtagene ciloleucel vs. SoC as 2L treatment in patients with R/R LBCL (N=359)1

mFU: 24.9 months

N at risk
Axicabtagene 

ciloleucel
180 163 106 92 91 87 85 82 74 67 52 40 26 12 12 6

SoC 179 86 54 45 38 32 29 27 25 24 20 12 9 7 6 3 1 0

E
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)
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Time (months)

8.3 months
Median EFS

(95% CI=4.5, 15.8)

41%
2-year EFS rate

(95% CI=33, 48)

Axicabtagene ciloleucel

SoC

2.0 months
Median EFS

(95% CI=1.6, 2.8)

16%
2-year EFS rate

(95% CI=11, 22)
HR 0.4; 95% CI=0.31, 0.51; p<0.001 
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Axicabtagene ciloleucel (n=180) vs. SoC (n=179)

Zuma 7



Axicabtagene ciloleucel demonstrates superior overall survival in 2L DLBCL R/R ≤12 months vs. SoC1–4,a
a Salvage chemotherapy +/- HDT + ASCT1–4 

LBCL: large B-cell lymphoma; NR: not reached; OS: overall survival
1. Westin JR, et al. N Engl J Med 2023; 389:148–157. 2. Axicabtagene ciloleucel SmPC (Feb 2024; available at www.ema.europa.eu). 
3. Bishop MR, et al. N Engl J Med 2022; 386:629–639. 4. Abramson JS, et al. Blood 2023; 141:1675–1684. 

ZUMA-7: Phase 3, randomised, multicentre trial of axicabtagene ciloleucel vs. SoC as 2L treatment in patients with R/R LBCL (N=359)1

mFU: 47.2 months1

Overall survival

N at risk

Axicabtagene 
ciloleucel

180 177 170 161 157 147 136 125 117 116 114 111 108 105 105 100 100 100 100 100 96 80 67 54 41 29 20 14 4 2 1 0

SoC 179 176 163 149 134 121 111 106 101 98 91 89 88 87 87 85 83 81 79 78 73 63 51 41 31 19 14 7 4 1 0
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Axicabtagene ciloleucel

Median OS: 

NR
54.6%

4-year OS rate

57% received 3L+ cellular 
immunotherapy (off protocol)

Axicabtagene ciloleucel (n=180) vs. SoC (n=179)

SoC

Median OS: 

31.1 months
46.0%

4-year OS rate

27% 
reduction in risk 

of death

HR 0.73; 
95% CI=0.54, 0.98;

p=0.03

Zuma 7



The primary endpoint was met showing an EFS HR of 0.36,

representing a 64% reduction in risk of events vs. SoC

52.6%
event-free at 

18 months
(95% CI=42.3, 62.9)

Median EFS 

2.4 months 
(95% CI=2.2, 4.9)E

v
e
n

t-
fr

e
e
 s
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a
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(%

)
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34

Time (months)

Median EFS

Not reached
(95% CI=9.5, NR)

20.8%
event-free at 

18 months
(95% CI=12.2, 29.5)

HR 0.356 (95% CI=0.243, 0.522)

Liso-cel

SoC

N at risk

Event-free survival: Liso-cel (n=92) vs. SOC (n=92)

92 87 76 62 59 55 52 48 45 24 20 17 5 3 3 3

92 66 39 32 27 22 19 19 19 12 12 10 3 2

3

2

0

2 2 0

mFU 17.5 months

NR: not reached, SOC; Standard of Care

1. Abramson JS, et al. ASH 2022 (Abstract 655; oral). 

TRANSFORM



Do we have evidence for CAR-T therapy being 
used as first-line treatment in lymphoma?



Multiple myeloma



KarMMa



KarMMa
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CARTITUDE- 1







Ide-cel vs Cilta-cel



Ide-cel vs Cilta-cel



Ide-cel vs Cilta-cel



❑Current manufacturing time for these products-28 days

❑Over 80% required bridging-Very important in reducing toxicity!!

❑8-14% dropped out prior to infusion- mostly due to disease progression, adverse 
events or cell manufacturing failure

❑How to overcome? Allogeneic CAR-T cells/ T-charge (in-vivo expansion)

Bridging and manufacturing time





Earlier lines



❑ide-cel (dose range, 150×106 to 450×106 CAR-positive T cells) 

❑A total of 386 patients underwent randomization: 254 to ide-cel and 
132 to a standard regimen. 

❑At a median follow-up of 18.6 months, the median progression-free 
survival was 13.3 months in the ide-cel group, as compared with 4.4 
months in the standard-regimen group (hazard ratio for disease 
progression or death, 0.49; 95% confidence interval, 0.38 to 0.65; 
P<0.001).

❑A response occurred in 71% of the patients in the ide-cel group and in 
42% of those in the standard-regimen group.











Earlier lines



❑A total of 419 patients underwent randomization (208 to receive 
cilta-cel and 211 to receive standard care). 

❑At a median follow-up of 15.9 months (range, 0.1 to 27.3), the 
median progression-free survival was not reached in the cilta-cel 
group and was 11.8 months in the standard-care group (hazard 
ratio, 0.26).

❑Progression-free survival at 12 months was 75.9% (95% CI, 69.4 to 
81.1) in the cilta-cel group and 48.6% (95% CI, 41.5 to 55.3) in the 
standard-care group.

July, 2023









Higher percentage of triple class 
refractory(65% vs 25%)
OS?

OS-trend

KarMMa-3 vs CARTITUDE-4

At the second interim analysis, overall survival (OS) was 
significantly improved with cilta-cel vs SoC (HR, 
0.55; P=0.0009).



Cilta-cel first line





Key features suggesting the need for maintenance therapy:

• The absence of a clear plateau in PFS differs from what has 
been observed in DLBCL or B-ALL ??with currently approved 
CD-19-directed CAR-T cells.

• MM is a very heterogeneous disease with clonal heterogeneity 
and a highly deregulated marrow microenvironment.

Role of maintanance



plasma cells 
and in 

epithelial 
structures of 
the skin and 

tongue 

Beyond BCMA







• BCMA-directed CAR-T cell therapy shows very encouraging 
results in triple-class refractory multiple myeloma populations, 
but there is not yet a survival plateau

• To maintain responses and prolong survival, different strategies 
are being investigated, such as dual targeting to prevent 
antigen loss, manufacturing changes to increase the 
proportion of long-lived T cells with a memory phenotype in the 
infused product, to consolidate responses is combination 
with immunostimulatory drugs, such as IMIDs or checkpoint 
inhibitors, to improve functional CAR-T cell persistence and 
avoid exhaustion.

Key points in MM



•Data are not yet available to elucidate what optimal 
rescue therapies should be proposed after CAR-T cell 
progression.

• Salvage treatments should include drugs with new 
mechanisms of action (Selinexor, CelMods) or targeting 
different antigens on the surface of plasma cells (i.e., 
GPRC5dD (talquetamab) or FcRH5 (cevostamab).

Key points in MM



Case presentation

• Initial presentation (February 2024) – 79 y.o male presented with spinal 
cord compression (back pain, leg weakness, and urinary retention). 
Imaging revealed a substantial mass compressing the spinal cord from 
T11 to L5 vertebrae. LDH -315

• Past medical history  – hypertension, atrial fibrillation (treated with 
apixaban, s/p 2 ablations), ischemic heart disease.

• Pathology report: Cores of mantle cell lymphoma, positive for CD19, 
CD20, PAX5, bcl1, SOX11, CD5, bcl2. A subset of cells are positive for 
bcl6, MUM1. Ki67 is 70-80%. C-myc positive in 5% of cells. Negative for 
CD10, CD30, TDT, CD23.



Case presentation

• PET-CT (FDG) – 

• High FDG uptake in a 9*14*14.5 cm mass spanning 
the posterior mediastinum, retro-caval and 
retroperitoneal regions. 

• The mass engulfs the descending aorta, erodes the 
T10-L1 vertebrae, and compresses the spinal canal 
these levels. 

• Additional uptakes in the left axilla and right internal 
mammary and supra-diaphragmatic lymph nodes.

• In short – stage 4B mantle cell lymphoma with 
a high proliferation index and spinal cord 
compression on presentation. MIPI score = 8 
(high risk). TP53 unmutated (FISH).



Initial management

• The patient was emergently treated with high-
dose dexamethasone and radiotherapy to the 
T9-L2 vertebral levels (30 cGy total).
• Remarkable improvement with treatment – the 

patient could walk again and was weaned off a 
urinary catheter.

• 1st line treatment (initiated on 5/3/24)  - 
Rituximab + bendamustine (70 mg/m2)
• Interim PET-CT after 3 cycles (21/5/24) – 

complete metabolic response. 

• Completed 6th cycle (26/7/24), PET-CT (2/9/24) – 
maintained CMR.



Subsequent disease course

• Relapse (29/10/24) –appearance of a 7 
cm lesion palpable on the right ribs. 
Biopsy confirmed MCL relapse. 
• PET-CT (20/11/24) - several new masses in 

the thoracic wall and abdomen.

• 2nd line treatment (initiated on 
25/11/24) - acalabrutinib 100mg once 
daily.
• No clear clinical improvement with 

treatment. Dose increased to 100mg twice 
daily (17/12/24)

• Last follow-up (31/12/24) – only a minor 
improvement.

• 3rd line treatment needed



• Other chemo-immunotherapy combinations (e.g. RCHOP, RBAC, 
GemOX)

• Autologous stem cell transplant - not applicable in a 79 y.o man (ECOG 
PS=0)

• CD19 CAR-T cell therapy

• Brexucabtagene autoleucel (Tecartus®)

• Lisocabtagene maraleucel (Breyanzi®) 

• Non-covalent BTK inhibitors (e.g. pirtobrutinib)

• Clinical trial

Treatment options for R/R MCL



• The anti-CD19 brexu-cel was approved in July 2020 for R/R MCL.

• The ZUMA-2 trial [1]:

• Median age 65 (range 35-79)

• All patients had received prior BTKi (85% ibrutinib)

• Responses: ORR – 93%, CR – 67%. 1-year PFS – 61%.

• Non-negligible toxicity:

• Grade≥3 adverse events – 99% of patients. 

• 32% had grade≥3 infections

• CRS – 91% of patients, grade ≥3 in 15% of patients

• Neurologic events (not specified as ICANS) – 63%, grade ≥3 in 31% of patients

• 3-year f/u of ZUMA-2 [2] – median DOR – 28.2 months, median PFS – 25.8 months, median OS – 46.6 months. Late 
AEs were rare (3%).

• The results from the ZUMA-18 (an ongoing open-label, expanded-access study) are consistent with the above [3]

1 Wang M et al, NEJM 2020     2 Wang M et al, JCO 2023  
  3 Goy A et al, 2023 ASH abstract

CAR-T cells



• In a “real-world” study on 189 patients, 
results were encouraging [1]

• Median age 67 (range 34-89)

• ORR – 90%, CR – 82%. 1-year PFS – 69%

• Of note – 79% would not have met ZUMA-2 
eligibility criteria (mostly d/t comorbidities, 
disease status and prior lines of therapy).

• Grade ≥ 3 CRS – 8%; Grade ≥ 3 neurotoxicity - 32%

• Patients with recent bendamustine exposure (<24 
months before leukapheresis) had shorter PFS 
and OS on UV analysis.

1 Wang Y et al, JCO 2023    

CAR-T cells



• Several studies have reported concerns in 
patients who received prior 
bendamustine:

• MCL patients treated with bendamustine 
exhibited lymphocyte recovery only at 9-12 
months post-treatment. [1]

• DLBCL patients exposed to bendamustine < 
9 months before leukapheresis for CD19 
CAR T-cells had inferior ORR, PFS, and OS. 
[2]

1 Donzelli L et al, Ann Hematol 2024     2 Iacoboni G et al, JCO 2024

The bendamustine complexity



Discussion

1. At this time, should this patient be considered for 
brexu-cel?

2. If available, is pirtobrutinib the best choice at this 
time?



Case continue

1. Pirtobrutinib initiated for 3 months- refractory

2. Apharesis for brexu-cel and administration of CAR-
T cells. 

3. During hospitalization- CRS grade 2 and ICANS 
grade 3
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