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e Department of Onco-Hématology, Institut Paoli-Calmettes, Marseille, France
f Department of Hematology, Institut Curie, Saint-Cloud, France
g Department of Hematology, Centre Hospitalier de la Cote Basque, Bayonne, France
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A B S T R A C T

The management of large B-cell lymphomas (LBCL) has undergone major changes over the last 5 years. These 
changes reflect the availability of new therapies (immunotherapies, cell therapies, targeted molecules), but also a 
better compartmentalization of the entities and their specific clinical characteristics. Numerous first-, second- 
and third-line therapeutic strategies are available, and each practitioner is committed to selecting the treatment 
that offers the best balance between efficacy and toxicity. Advances in the understanding of LBCL biology, 
coupled with improvements in diagnostic and monitoring tools and therapeutic approaches, have significantly 
enhanced patient outcomes in recent years. In this article, we present a set of pragmatic guidelines developed by 
the LYSA (Lymphoma Study Association) for the management of LBCL. These guidelines address key aspects of 
diagnosis, staging, response evaluation, and treatment, integrating the latest evidence from clinical trials, expert 
consensus, and real-world practice. They aim to provide clinicians with a clear, practical framework to optimize 
care for patients with LBCL, ensuring that the best available evidence is translated into clinical practice.

1. Introduction

Large B-cell lymphoma (LBCL) is the most common aggressive B-cell 
malignancy. It is considered a curable disease for most patients treated 
with frontline immunochemotherapy. However, a significant proportion 
(30 %) of patients are refractory or relapse within a short period of time 
[1]. In recent years, immunotherapies such as chimeric antigen receptor 
T-cells (CAR T-cells) or bispecific antibodies (BiAb) have revolutionized 
the treatment of chemo-refractory patients. Moreover, LBCLs encompass 
a large number of specific situations that are related to the patient’s 
medical history, the molecular characteristics of the disease or a 
particular clinical presentation. Herein, the LYmphoma Study Associa
tion (LYSA) group proposes consensus guidelines that reflect the best 
available evidence-based medicine while considering reasonable pro
posals that have been widely adopted and are applied in clinical practice 
by LYSA experts in the field.

Levels of evidence and grades of recommendations have been 
applied according to the Grading of Recommendations Assessment 
Development and Evaluation (GRADE) nomenclature [2].

1) Diagnosis and staging

1.1. Biological and anatomopathological diagnosis

Lymph node surgical excisional biopsy remains the gold standard for 
lymphoma diagnosis [3–7]. Core-needle biopsy represents an alternative 
method which is acceptable for frail patients, or for inaccessible or 
high-risk sites in the case of surgical biopsy. Fine-needle aspiration and 
flow cytometry should not be used as the only diagnostic tool [8,9].

All primary diagnoses should be reviewed by an expert hema
topathologist [7,10] and be made according to the international classi
fications of hematolymphoid neoplasms (2022 WHO-HAEM5 and ICC 
[11,12]). The main challenge in diagnosing diffuse large B-cell 

lymphoma (LBCL) NOS is to exclude all other aggressive B-cell neo
plasms requiring another therapeutic strategy [12,13]. In that respect, a 
minimal immunohistochemical panel is required, with the use of other 
ancillary analyses depending on anatomopathological features 
(Supplementary table 1).

LBCL NOS is a heterogeneous disease that can be subdivided into 
morphological variants, phenotypic subtypes, and molecular subgroups. 
Among them, only the cell-of-origin (COO) subtypes (germinal center B- 
cell [GCB] and activated B-cell [ABC]) are formally recognized in both 
the 2022 WHO-HAEM5 and ICC classifications [12,13] and should be 
mentioned in the histological report conclusion. While gene expression 
profiling is the gold standard for subtyping LBCL NOS according to COO 
[14,15], immunohistochemistry (ICH) surrogates such as the Hans al
gorithm have been developed for standard clinical practice [16]. 
Nonetheless, COO designation is insufficient to fully capture the bio
logical complexity of LBCL NOS and recent molecular profiling studies 
have identified 5–7 functional genetic subgroups [17–20]. However, no 
unified concept has been established so far, precluding its use in stan
dard clinical practice at the present time [12,13]. Double expressor 
(MYC/BCL2) phenotypic status carries an adverse prognosis but may not 
be independent of the prognostic impact of mutation subgroups 
[21–23].

FISH testing of MYC, BCL2 and BCL6 translocation status is recom
mended in all LBCL and, especially, for all patients GCB COO, to identify 
LBCL HGBL with MYC and BCL2 rearrangements [12,13,24,25]. A 
cost-effective approach would be to analyze cases for MYC rearrange
ment first, and to perform BCL2 and BCL6 FISH testing in MYC-rear
ranged cases only. Of note, whereas in both 2022 WHO-HAEM5 and ICC 
classifications LBCL/HGBL with MYC and BCL2 rearrangements are 
recognized as a separate more aggressive entity, LBCL with MYC and 
BCL6 rearrangements seem more heterogeneous [26]. The partner gene 
may be assessed as MYC translocation to an IG gene provides inferior 
outcomes. [27,28]

ctDNA at baseline can be proposed as an exploratory parameter but 
its relevance for routine use in diagnosis and staging should be further 1 Authors contributed equally to the work
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evaluated in prospective studies [29].

1.2. Expert point of view

Histology should be performed at diagnosis and subsequent relapse: 

• Lymph node surgical excisional biopsy is the gold standard for the 
primary diagnosis (IVA).

• Core-needle biopsy is acceptable when surgical approach is 
impracticable and at relapse (VB).

• All cases should be reviewed by an expert hematopathologist (IVA).
• The minimal immunohistochemistry panel recommended includes 

two B-cell markers (including CD20), CD5, CD10, BCL6, MUM1, 
MYC, BCL2, Ki67 and EBER (VA).

• The histological report should include the COO subtype by IHC (Hans 
algorithm) (I A).

• Specifying double expressor status is optional (IVC).
• FISH testing of MYC + /- BCL2 translocation status is recommended 

in all aggressive B-cell lymphomas, especially in those of GCB sub
type (IVA).

1.3. Initial assessment

Pre-treatment clinical assessment and investigations are summarized 
in Table 1.

For prognostic evaluation, the International Prognostic Index (IPI) 
can be calculated [30]. The IPI has been revised in the era of rituximab 
with the R-IPI consisting of a redistribution of the IPI factors [31]. 
Although the National Comprehensive Cancer Network IPI (NCCN-IPI) 
has improved discrimination among high-risk patients [32,33], the IPI is 
still the most widely used prognostic index for stratifying patients 
(Supplementary table 2). Considering the very similar metrics of IPI and 
age-adjusted IPI (aaIPI) in the elderly setting in terms of prognostica
tion, aaIPI is widely used in patients both < 60 y.o and > 60 y.o. [34,35]. 
Of note, comorbidity screening scales (G8 assessment) should be intro
duced for frail patients.

1.4. Bone Marrow Involvement (BMi)

PET/CT can detect easily focal involvement and has shown better 
sensitivity than bone marrow biopsy (BMB) to determine BMi at LBCL 
diagnosis, with focal and intense skeletal uptakes being indicators of 
suspected BMi [36–38]. PET/CT has thus eliminated the need for sys
tematic BMB in LBCL [36,37]. Of note, BMi in LBCL is either concordant 
(BMi by LBCL) or discordant (BMi by low-grade B-cell lymphoma), the 
latter of which has not been shown to be an IPI-independent prognostic 
marker, as opposed to concordant BMi [39].

1.5. CNS involvement (CNSi)

Establishing CNSi relies on brain MRI and cerebrospinal fluid anal
ysis (CSF) at baseline and should be performed in LBCL patients with 
high risk of CNSi or clinical symptoms indicative of potential CNSi. CNS- 
IPI was established to stratify CNS relapse risk [40] but might under
estimate this risk in patients with specific involved sites such as testis, 
kidney, adrenal gland, breast [41–44] and patients with ≥ 3 involved 
extranodal sites [45]. LBCL in proximity of the CNS (craniofacial and 
epidural masses) is also at risk of CNSi via contiguous infiltration 
although studies in the Rituximab era have shown significantly dimin
ished CNS relapse rates [46,47].

When performed, CSF analysis must include cytology and flow 
cytometry (FCM) [48]. Depending on availability, we recommend 
considering CSF IL-6 and IL-10 level dosage, CSF cfDNA and detection of 
clonotypic Ig gene rearrangements [49–52].

Expert point of view: 

• BMB for initial LBCL staging is not mandatory (IA).
• Establishing baseline CNSi should be performed in patients pre

senting neurological symptoms, high CNS-IPI (≥4) (IA), specific 
involved sites (testis, kidney, adrenal gland, breast) or ≥ 3 involved 
extranodal sites (IIIA).

• Establishing baseline CNSi should include whenever possible brain 
MRI, CSF cytology and FCM (IIIA), as soon as possible in the disease 
management.

• Depending on availability, clinicians should consider IL-6 and IL-10 
dosage in CSF, CSF ctDNA and clonotypic Ig rearrangement detection 
(IIIA).

1.6. Role of positron emission tomography (PET) in the overall 
management of LBCL

PET/CT plays many roles in standard clinical practice for: staging 
and restaging [36,53–55], prognostics, treatment choice and response 
assessment [56–58]. Deauville Score compared with CT alone, the 
sensitivity and specificity of FDG-PET for lesion detection exceed 95 %, 
leading to stage modifications in 20–30 % of cases (mainly upstaging) 
and changes in therapeutic management in about 15 % of cases [53,59].

Baseline total metabolic tumor volume (TMTV) shows a strong 
prognostic value, but the absence of consensus on segmentation 
methods has prevented its validation for routine clinical use. The ab
solute SUVmax > 4 threshold method seems to be promising [60]. 
Combining TMTV with other parameters, both metabolic (such as 
Dmax) and clinical, should be validated in prospective cohorts [58, 
61–63].

Derived from the GAINED study (a randomized phase 3 trial 
comparing obinutuzumab to rituximab), relevance of a previously 
determined deltaSUVmax PET0–2 (> 66 % vs ≤ 66 %) and PET0–4 (>
70 % vs ≤ 70 %) (rather than DS) for interim assessment of first-line, 
high-risk LBCL therapeutic response has been validated [56,64–66]. In 
the case of baseline SUVmax < 10, interim evaluation should be per
formed with Deauville scale (with DS 1–3 considered negative) [57].

The prognostic value of iPET has been widely demonstrated in LBCL 
for early identification of non-responders [67]. A large meta-analysis on 
almost 1700 de novo LBCL demonstrated that iPET after 2 cycles iden
tified responders, and iPET after 4 cycles, using DeltaSUVmax, best 
identified non-responders [68]. Thus, the deltaSUVmax approach 
should be applied to patients with disseminated disease eligible to 
intensive treatment, regardless of their age.

In other cases, interpretation of iPET must be reported using the 
Deauville scale and Lugano classification in medical records [69].

FDG-PET is considered the reference exam for routine evaluation of 
end-of-treatment response in LBCL to ensure complete metabolic 
response, using DS and Lugano classification [70]. In case of partial 
metabolic response of persistent FDG uptake without definitive proof of 

Table 1 
Pre-treatment assessment.

Clinical assessment Laboratory tests Pre-treatment 
interventions

Presence of B symptoms 
(fever, night sweats, 
unexplained weight loss, 
fatigue)

CBC, CMP, LDH, 
Coagulation Tests

ECG + evaluation of cardiac 
ejection fraction (TTE or 
isotopic ejection fraction)

Prior history of malignancy HIV/Hepatitis B 
testing

Fertility preservation when 
applicable

Examination of peripheral 
nodal groups and HSMG

Pregnancy test in 
women of child- 
bearing age

CVC (PICC line or port)

HSMG: hepatosplenomegaly; CBC: complete blood count; CMP: comprehensive 
metabolic panel; LDH: lactate dehydrogenase; HIV: human immunodeficiency 
virus; ECG: Electrocardiogram; TTE: trans-thoracic echocardiogram; CVC: cen
tral venous catheter; PICC: peripherally inserted central cathete
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disease, follow-up FDG PET or biopsy can be useful to rule out later 
progression denoting evolutive disease.

FDG-PET has a low positive predictive value in the systematic follow- 
up of patients with a complete metabolic response after first-line 
immunochemotherapy and is not cost-effective [71–73].

1.7. Assessment of response to immuno-therapies (CAR T-cells and 
bispecific antibodies)

FDG-PET is performed before lymphodepletion and infusion of CAR 
T-cells to serve as baseline imaging. It allows assessment of bridging 
therapy efficacy and determines TMTV [57,74–77]. It also serves as a 
reference to evaluate treatment response, which can be performed as 
soon as 1 month after infusion. DS remains relevant in this context, with 
DS1–3 associated with durable response and DS5 mostly associated with 
adverse prognosis [78–80]. In patients with partial response or stable 
disease, persistent intense FDG uptake (SUVmax>10) correlates with 
later progression [81,82].

Later follow-up at 3 months is recommended to confirm response, 
especially in patients with DS≥ 4 [78,80,83]. Given the existence of 
inflammatory or infectious processes, multidisciplinary evaluation and 
histological documentation is recommended in equivocal cases [84,85].

There is no study fully dedicated to FDG-PET interpretation or value 
in the context of bispecific antibodies, but all pivotal studies used FDG- 
PET as assessment tool.

Determination of baseline TMTV and Dmax can be proposed as 
exploratory parameters and their relevance for patients’ risk stratifica
tion should be further evaluated in prospective studies. Determination of 
the optimal timepoints and duration of follow-up in patients receiving 
bispecific antibodies should be further studied.

1.8. Expert point of view

• Baseline FDG-PET is required for initial staging (gold standard) (IA).
• Interim FDG-PET is recommended after 4 cycles (Delta SUV max and 

DS) to identify early responders from non-responders (IA).
• FDG-PET-driven therapeutic strategies in first line DLBCL are rele

vant (IA).
• The use of Delta SUVmax (Simplified Gained Criteria) is recom

mended for patients with disseminated disease who are deemed 
eligible for CAR T and/or intensive treatment when baseline SUV
max is > 10 (IA).

• In localized disease, iPET is recommended for determining chemo
sensitivity, using Deauville scale and Lugano classification (IIA).

• Evaluation of end-of-treatment response is required, in order to 
ensure complete metabolic response, using DS and Lugano classifi
cation (IA).

• FDG-PET (nor CT TDM) should not be performed for systematic 
follow-up of patients with complete metabolic response after front
line therapy (IIB).

2) Frontline therapy

1.9. aaIPI= 0 without Bulky tumor

Localized LBCL is a specific subtype generally defined by stage I or II 
disease without a bulky mass (<7.5 cm). Numerous strategies are 
available: standard R-CHOP, abbreviated R-CHOP or the historical 
combination of 3 R-CHOP+ Involved Site (IS) radiotherapy [86].

Patients should be stratified according to the presence of adverse 
prognostic factors such as defined by the age-adjusted IPI (aaIPI).

Low risk patients without adverse risk factors, aaIPI= 0, have a 
favorable prognosis and can be treated with abbreviated immuno- 
chemotherapy [87,88]. Indeed, the FLYER trial demonstrated that 4 
R-CHOP+ 2 Rituximab versus 6 R-CHOP are non-inferior [87]. The LNH 
02–03 trial established that radiotherapy can be spared in patients 

obtaining a complete remission (CR) after 4 or 6 R-CHOP [89].
PET-guided treatments for abbreviated sequences can be performed. 

Patients in CR after recommended interim PET (iPET, after 2 or 3 cycles, 
DS1–2–3) have an excellent prognosis and can be treated with only 4 R- 
CHOP [90,91] (Figure 1 A). Patients with positive iPET have less 
favorable outcomes. The management of these patients remains to be 
fully clarified with three options: reassessement after 4 cycles, admin
istration of 6 R-CHOP or radiotherapy. Taking into account that the use 
of radiotherapy in this context mainly relies on retrospective studies and 
that no randomized controlled trial comparing both strategies is avail
able, the data is insufficient to choose between the two strategies [92].

For patients with DS4 evaluation at required end of treatment (EOT) 
PET (i.e 4 cycles), considering the high risk of false positive findings, 
several options may be considered, none of which have been directly 
compared/evaluated: biopsy of residual uptake, addition of two more R- 
CHOP cycles (ie, a total of 6 courses) with a follow-up PET, or radio
therapy. For patients with DS5 findings at the EOT (i.e. 4 cycles), a bi
opsy should be performed to rule out lymphoma persistence.

Patients with adverse risk factors (aaIPI≥1) or bulky disease were 
mostly excluded from trials comparing abbreviated R-CHOP vs standard 
R-CHOP. Hence, these patients should be treated like advanced-stage 
patients.

1.10. Expert point of view

Patients without adverse risk factors (aaIPI=0, no bulk) should 
receive 4 cycles of R-CHOP if in CMR at iPET (after 2 cycles), without 
additional radiotherapy (IB). 

• For patients not achieving CMR at EOT, several options should be 
weighted and one cannot be clearly recommended over the others: 
biopsy to assess refractory disease, two more R-CHOP cycles with 
new EOT PET, or radiotherapy.

1.11. aaIPI≥ 1 and/or with Bulky tumor

Many approaches have been attempted in randomized trials to 
improve outcomes of the R-CHOP regimen (Supplementary table 3).

The R-ACVBP regimen is an intensive regimen and was the only 
regimen offering a survival advantage over R-CHOP in patients with an 
age-adjusted IPI score of 1, especially in non-GCB patients. However, its 
use has been limited due to side effects and significant toxicity [93]. No 
dose-dense R-CHOP regimen (every 14 days) has demonstrated superi
ority over a D21 interval in the Rituximab era [94,95].

The R-CHOP backbone has been the standard of care (SOC) for the 
last 20 years and has undergone various changes: 6 R-CHOP+ 2R, 8 R- 
CHOP, 6 R-CHOP. The latest has become the standard arm of the main 
ongoing first-line studies combining new drugs (Bispecific Antibodies, 
Golcadomide, etc.) with R-CHOP (Figure 1B). Of note, PET-guided 
strategies (such as GAINED trial) showed interesting results (overall, 
PFS of 77.5 % at 4y for the whole population), in a selected set of pa
tients, but it must be noted that many patients did not undergo the 
planned ASCT consolidation and there was no control arm with “non- 
iPET” guided strategy [56].

Recently, the POLARIX study which compared Polatuzumab 
(antiCD79b conjugated antibody-R-CHP to R-CHOP in patients with IPI 
2–5, showed a significant PFS benefit,), and has been approved by FDA 
and EMA, but may not be available in every healthcare-system. Notably, 
there was a significant improvement of both PFS and OS in patients with 
ABC subtype (as determined by GEP) [96]. The value of R-CHP-pola in 
GCB patients including DH and darkzone LBCL remains to be further 
explored

No strong evidence supports the systematic use of a low-dose 
debulking chemotherapy (ie “COP”) before intensive therapy but pre
dose with steroids, vincristine should be discussed on a case-by-case 
basis, according to age and/or comorbidities, especially in the elderly 
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Fig. 1. Management of first-line treatment for large B-cell lymphoma. Management of patients with aaIPI¼ 0 without bulky disease. B. Management of 
aaIPI≥ 1 and/or with bulky disease. Abbreviations: aaIPI: age-adjusted International Prognostic Index; DS: Deauville score; DeltaSUVmax: change in SUVmax 
between baseline PET and and iPET; EOT: End of treatment; iTEP: Interim PET; LBCL: large B-cell lymphoma; Neg: negative; NMR: Non-metabolic Response; PET: 
Positron emission tomography; PMR: Partial metabolic response; PMD: Progressive metabolic disease; Pos: Positive; Pola-R-CHP: Polatuzumab vedotin, rituximab, 
cyclophosphamide, doxorubicin, prednisolone, R-CHOP 21: rituximab, cyclophosphamide, doxorubicin, vincristine, and prednisone, delivered every 21 days; 
SUVmax: standardized uptake value maximum, W&W: watch and wait.
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setting.

1.12. Expert point of view

• The treatment of aaIPI ≥ 1 LBCL relies on 6 cycles of R-CHOP-21 for 
eligible patients (IA).

• PET should be used to guide therapy. We recommend performing 
iPET after 4 cycles of immunochemotherapy (IIIB).

PET4 should distinguish patients who achieve a CMR (DS1–3) or 
good partial metabolic response (PMR) (DS4–5 with ΔSUVmax 
PET4 >70 %) from those with progressive metabolic disease (PMD), no 
metabolic response (NMR) or an insufficient PMR (DS4–5 with 
ΔSUVmax PET4 ≤70 %). Patients in the latter group should undergo 
rebiopsy, and if findings are positive (e.g., showing lymphomatous 
proliferation, as previously described), they should be referred for 
salvage treatment.

Fig. 2. A. Management of second-line treatment for large B-cell lymphoma: Management of refractory* or early-relapsing (<12 months) patients. Ab
breviations: Axi-cel: axicabtagene ciloleucel; BsAbs: Bispecific monoclonal antibody; CAR T-cells: chimeric antigen receptor T cells; CMR: Complete metabolic 
response; GEMOX: Gemcitabine-oxalipltaine; Glofi: Glofitamab; liso-cel: lisocabtagène maraleucel; LBCL: large B-cell lymphoma; NMR, Non-metabolic response; 
PMR: Partial metabolic response; PMD, Progression metabolic response. B. Management of second-line treatment for large B-cell lymphoma: Management of 
late-relapsing (≥12 months) patients. Abbreviations: ASCT: Autologous stem cell transplantation; BsAbs: Bispecific monoclonal antibody; CMR: Complete 
metabolic response; GEMOX: Gemcitabine-oxalipltaine; Glofi: Glofitamab; liso-cel: lisocabtagène maraleucel; LBCL: large B-cell lymphoma; NMR, Non-metabolic 
response; PET: Positron emission tomography; PMR: Partial metabolic response; PMD, Progression metabolic response; SMD: Stable metabolic response.
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1.13. CNS prophylaxis in LBCL

So far, only retrospective studies addressed the efficacy of CNS 
prophylaxis using either intrathecal chemotherapy or intravenous high- 
dose (HD) methotrexate (at the end of treatment or intercalated). All 
reports except one failed to demonstrate a benefit of prophylaxis for 
reducing the incidence of CNS relapse [97,98], while toxicities were 
underlined. The subgroups were frequently underpowered to draw other 
definitive conclusions in this very-high risk population. Because CNS 
screening was heterogeneous in the different reports, we cannot 
formally rule out that occult CNS involvement was missed and might 
have reduced the effectiveness of the prophylaxis.

1.14. Expert point of view

• CNS-involvement for high-risk patients must be ruled out by a sys
tematic and thorough examination.

• CNS prophylaxis (prophylactic intrathecal or systemic chemo
therapy) for high risk patients is not systematically recommended, 
except for patients with testicular lymphoma involvement (IVA).

3) Treatment of relapsed or refractory large B-cell lymphoma in the 
second line setting

Among the 30–40 % of the patients who relapse after the frontline 
therapy [99–102], 75 % experience early progression (< 1 year) after 
the completion of first-line immunochemotherapy. [103]. Among these 
early progressive patients, the ones with primary progressive disease (i. 
e. stable disease (SD) or progressive disease (PD) during or by the end of 
frontline therapy) display dismal prognosis [101].

Standard of care for R/R LBCL patients has mainly relied on intensive 
regimens with platinum-salts & ASCT (if eligible). A small fraction of 
these patients (25–30 % in CORAL randomized study and in EBMT 
registry), can experience complete response after the salvage treatment 
and can be candidate to consolidation with autologous stem cell trans
plantation [99,104–106].

Two randomized trials comparing the SOC salvage therapy followed 
by ASCT to CAR T-cell strategies for LBCL patients relapsing within 12 
months of their frontline therapy demonstrated better efficacy of both 
axicabtagene ciloleucel (axi-cel) and lisocabtagene maraleucel (liso-cel) 
[107–109]. These data demonstrated that CAR T-cells produce durable 
remissions in 40–50 % of LBCL patients treated in 2nd line and led to the 
approval of axi-cel and liso-cel for LBCL patients who are refractory or 
relapse within 12 months of frontline therapy. Furthermore, phase II 
studies with axi-cel and liso-cel demonstrated a similar efficacy and an 
acceptable safety profile in transplant-ineligible patients [110,111], 
leading to axi-cel and liso-cel approval in this situation (Fig. 2A).

Expert point of view: 

• For LBCL patients with refractory disease or early relapses (<12 
months), who are deemed eligible for CAR T-cells, Axi-cel and liso- 
cel represent the standard of care (IA).

• For patients with late relapses (> 12 months), salvage immuno- 
chemotherapy remains the preferred option and chemo-sensitive 
patients (CMR evaluated after 2 or 3 cycles) should receive ASCT, 
if eligible (IA).

1.15. How to define patients not eligible for CAR T-cell therapy?

CAR T-cell therapy eligibility criteria were initially derived from 
pivotal clinical trials [112,113]. A definitive answer should result from a 
joint discussion between the CAR T-cells center and the referral center, 
in order not to dismiss a potentially curative option too quickly. Clinical 
experience gathered from transplant-ineligible patients demonstrated 
the feasibility of CAR T-cell therapy in patients with mildly impaired 
organ functions [110,111]. The occurrence of specific acute toxities in 
2nd-line patients receiving CAR T-cells is much better than in third-line 

patients. Among the reasons for this better tolerance, we note a much 
better general condition of patients with better tolerance profile (espe
cially liso-cel with low rates of CRS (50 % all grades with only 2–5 % of 
severe CRS) and neurotoxicites (less than 20 % all grades and 
5–10–15 % of severe neurologic events) [111,114]. Moreover, CAR 
T-cells have also shown good efficacy and a favorable toxicity profile in 
older patients (>75 years old) [115]. Furthermore, specific adaptations 
of the lymphodepleting regimen showed feasibility of CAR T cell therapy 
in patients with renal impairment [116–118]. In Table 2, we propose 
“no go” and “slow go” criteria to help practicing clinicians in deciding 
when to refer a patient for CAR T-cell therapy.

Expert point of view: 

• No clear age limit can be drawn to define CAR T-cell eligibility (IVA).
• CAR T-cell therapy should be proposed as broadly as possible in the 

2nd line setting to optimize the odds of a successful therapy (IVA).
• Tumor board meetings with expert multidisciplinary teams should be 

held to discuss difficult situations on a case-by-case basis (VA).

1.16. Referral to CAR T-cell center

Networking culture shared by both referral and CAR-T cell centers 
should provide fair access to CAR T-cells to all patients. The referral 
process should be efficient enough to minimize the brain-to-vein time 
(ie, time between referral and infusion), and the vein-to-vein time (ie, 
time between leukapheresis and infusion), which is associated with 
better outcomes [119]. Every effort should be made to reduce this time 
interval, including prompt referral to a CAR-T cell center and urgent 
consultation slots. Steps of the CAR-T journey are shared between the 
referral center and the CAR-T center (Supplementary figure 1).

1.17. Holding therapy

Patients may relapse with rapidly progressive mass or critical loca
tion of disease and may need a holding-therapy (HT) before leukaphe
resis. Even though current evidence on the impact of HT on CAR-T cell 
outcome is limited, HT should be avoided given the potential deleterious 
effect of recent chemotherapy on the quality of the apheresis product 
[120] [120–122]. When HT is necessary, HT should avoid the use of 
bendamustine, given its deleterious and long-lasting impact on T-cell 
fitness, which may compromise subsequent CAR T-cell manufacturing 
and efficacy [123]. Alternative bridging approaches should therefore be 
preferred in this setting

1.18. Bridging therapy

The primary aim of bridging therapy (BT) is to maintain disease 
control during the CAR T-cells manufacturing period. BT has been 
frequently used (>60 % of patients) in clinical trials (except with axi- 
cel) as well as in real-world studies [112,122,124–129]. There is no 
consensus on identifying patients who require BT or on the optimal 
choice of BT. Decisions are often based on physicians’ perceptions of 
patient fitness, regimens already received and disease progression. BT is 
typically proposed for patients with high-risk features for CAR T-cell 
failure, such as poor performance status, bulky disease, high LDH levels, 
extra-nodal involvement, and rapid progression [127,128,130]. Of note, 
targeted bridging with radiotherapy could be considered even with 
chemo-refractory disease. Current recommendations suggest a washout 
period of 12 weeks after bendamustine, 2 weeks for other chemother
apies, 7 days for corticosteroids or lenalidomide, and 5 half-lives for 
targeted agents (such as BTK inhibitors, venetoclax…) [131]. These 
measures aim to optimize T-cell collection and ensure CAR T-cell effi
cacy. The role and impact of BT has been studied mainly in patients who 
received CART cells in third line and available data suggest that BT is 
generally safe, with minimal mortality or toxicity [127,128,132]. Better 
disease control limits high-grade CRS/ICANs rates, or immune effector 
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cell–associated hematotoxicity (ICAHT) at day 30 or day 180 [127,128, 
132–134]. However, the ORR to BT is low, between 20 % and 45 % after 
chemotherapy [126,128,133] and 65 % after radiation therapy [128]. 
No significant differences in disease response, progression-free survival 
(PFS), or overall survival (OS) have been observed between BT and 
no-BT groups in multivariate analyses or after propensity score match
ing, nor across different BT types [127,130,132,135]. However, 
achieving a complete or partial response with BT has been associated 
with better outcomes [122,128,133]. Whether this favorable prognosis 
is the effect of BT itself or reflects a more treatment-sensitive disease is 
currently unknown.

Expert point of view: 

• HT should be avoided whenever possible, by improving the referral 
process and reducing both brain-to-vein and vein-to-vein times 
(expert recommendations).

• BT is indicated to control rapidly progressive disease during 
manufacturing, but current evidence is insufficient to retain BT as a 
way to improve post-CAR-T outcome (efficacy and toxicity) (IVB).

• Bendamustine should be avoided as holding therapy due to its 
deleterious impact on T-cell fitness. Adequate washout before leu
kapheresis and infusion is recommended: 12 weeks for bendamus
tine, 2 weeks for other chemotherapies, 7 days for corticosteroids/ 
lenalidomide, and 5 half-lives for other agents (targeted therapies).

1.19. Treatment of CAR T-ineligible patients

CAR T-ineligible patients represent a substantial proportion of pa
tients that are under-represented in clinical trials but carry poor 
outcome in the real life setting when CAR T-cell therapy appears to be 
infeasible. Generally, we propose either less intensive chemo- 
immunotherapy regimens, clinical trials or best supportive care to 
these patients (Fig. 2B, Supplementary table 4).

1.20. Bispecific antibodies

Bispecific antibodies (BiAbs) associated to chemotherapy or targeted 
molecules will be an option when available. The European Commission 
and the China Commission has granted marketing authorisation for 
glofitamab in combination with gemcitabine and oxaliplatin for the 
treatment of adult patients with refractory or relapsed diffuse large 
unspecified B-cell lymphoma (LBCL NOS) who are ineligible for autol
ogous stem cell transplantation (ASCT) based on the STARGLO phase III 
study [136,137]. Recent landmark analysis has demonstrated that an 
estimated 82.4 % of patients reaching CR at EOT would remain disease 
free 12 months after EOT [138].

1.21. Expert point of view

• For patients with chemo-sensitive diseases (late relapse), standard 
chemo-immunotherapy with good safety profile should be 
considered

• Glofitamab-GemOx can be proposed for CAR T/ASCT-ineligible pa
tients (IA)

4) Management of LBCL ≥ 3 L
Autologous anti-CD19 chimeric antigen receptor (CAR) T-cell ther

apy was approved in 2018 for third-line (3 L) therapy of LBCL, pro
ducing durable remissions in around 30–40 % of patients [112,113,125, 
139–141] (Figure 3). The recent approval of these cellular therapies in 
the second-line setting has left two primary options in the third line, 
including – if not received in second line- CAR-T cells or BiAbs. For T cell 
engager (ie, CAR Tcells or BiAbs)-ineligible patients, a few combinations 
of immuno-targeted therapies could be available.

1.22. CAR T-cell therapy eligible patients

In France, two anti-CD19 CAR T products are currently available in 
the third line (if not received in second line): axi-cel [112], and tisa
genlecleucel (tisa-cel) [124]. In the absence of current reimbursement in 
European countries in 3L+ , the third approved CAR T-cell product, 
liso-cel, will not be discussed any further.

Axi-cel offers significant improvement in PFS and OS when 
compared to tisa-cel [126,142]. However, it is associated with a higher 
occurrence and severity of cytokine release syndrome (CRS), neurotox
icity (immune effector cell associated neurotoxicity syndrome, ICANS) 
and cytopenia (immune effector cell-associated haematotoxicity, 
ICAHT) as compared with tisa-cel [142,143]. In this view, tisa-cel may 
be favored for older and frailer patients, or those with preexisting 
neurological disease, given its more favorable safety profile.

CAR T-cells have demonstrated greater efficacy in terms of CR and 
PFS than BiAbs, although with an increased incidence of adverse events, 
even when limiting BiAb cohorts to non-CAR T-experienced patients 
[144]. Discrepancies between patients’ profiles among the respective 
trials cannot be ruled out.

Expert point of view: 

• In the third or later-line, CAR T-cells (Axi-cel and Tisa-cel) are the 
preferred 3rd-line treatment option for CAR-T naïve patients (IIA).

• Axi-cel offers improved overall survival over tisa-cel, but with a 
higher risk of toxicity (IVA).

Table 2 
CAR T-cell therapy ineligibility criteria.

* To be evaluated in collaboration with the CAR T-cell center on a case by case basis
** Altered performance status linked to disease symptoms does not formally exclude patients
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1.23. CAR T-cell therapy-ineligible patients

For patients who are not eligible for CAR T-cells (unfit for or in 
relapse or refractory post CAR T-cells), several BiAbs have been 
approved and recently established as the preferred therapeutic class in 
the third line setting. In particular, the antiCD20xCD3 antibodies 
epcoritamab and glofitamab have been approved based on efficacy data 
reported in phase 2 trials [145–149]. Odronextamab is a third 
antiCD20xCD3 bispecific that has shown a similar rate of response, and 
is approved by the EMA [150]. In both trials, most CRs were reached at 
the time of first evaluation performed by PET-CT after 2 cycles, and 
duration of response was highly correlated to the quality of response (CR 
versus PR versus SD). These data suggest that in the absence of a com
plete response or at least a partial response after the second cycle, 
continuation of treatment should be considered based on the clinical 
benefit obtained. Of note, tumor flare reactions can be observed within 
the first few days of therapy. While high-grade CRS and ICANS can occur 
with bispecifics, the rate of these complications remains low (<10 %) in 
comparison to CAR T-cells [151], and multiple mitigation strategies are 
recommended in this setting (eg, Dexamethasone in premedication 
-before BiAbs infusion- or in prophylaxis -after BiAbs infusion- is 
preferred over other steroids) [145–147,152,153]. The choice should be 
made based on the rhythm of administration, treatment duration and 
patient preference.

Expert point of view: 

• Bispecific antibodies are the preferred third-line treatment for pa
tients who are ineligible for CAR T-cell therapy, in monotherapy 
(IIIC) or with chemotherapy (GemOx) (IA).

• The use of dexamethasone is recommended for the premedication 
and/or prophylaxis of CRS and ICANS during treatment with bispe
cific antibodies (IIIA).

1.24. For patients failing T-cell engagers (CAR T-cells / BiAbs)

For patients who relapse after CAR T-cells and/or BiAbs (i.e in the 
fourth line setting), there are no standard recommended options and 
enrollment in a clinical trial (CT) is preferred whenever possible. 
Salvage regimens should be adapted to age, performance status, 
comorbidities, prior lines of therapy and disease presentation. Several 
options, such as Polatuzumab-vedotin-BR, Loncastuximab tesirine, or 
Tafasitamab and lenalidomide combinations are EMA/FDA approved 
[154,155]. More recently, Brentuximab-Vedotin associated to Lenali
domide and Rituximab demonstrated superiority in terms of OS over R² 
[156]. Other targeted therapy combinations have shown clinical activity 
and can be considered. Both chemo-free regimen IR2 [157] (ibrutinib, 
lenalidomide and rituximab) and ViPOR [86] (venetoclax, ibrutinib, 
prednisone, obinutuzumab and lenalidomide) regimens showed signif
icant ORR rates (47 % and 54 %, respectively), with manageable safety 
profiles. However, these combinations are not approved yet and have 
not been evaluated after CAR-T cell or BiAb. For patients who remain 
chemo-sensitive (i.e. late relapse), classic immunochemotherapy based 
salvage regimens can also be proposed [158–161] and the place of ASCT 
in patients who received CAR-T in second line or third line and who 
would respond to chemotherapy in fourth line, could be discussed.

Last but not least, allogeneic stem cell transplantation could be 
considered as a treatment modality for fit adults without major co
morbid conditions whose disease can be controlled with emerging 
treatment modalities [162].

Expert point of view:
For patients relapsing after CAR T-cells and bispecific antibodies, 

enrollment in a clinical trial is preferred when possible (IVA).
5) Particular situations

1.25. Frail patients

Frailty refers to a patient’s comorbidity or condition that might 

Fig. 3. Management of third-line treatment for large B-cell lymphoma. Abbreviations: Allo-SCT: Allogeneic Stem Cell Transplantation; BsAbs: Bispecific 
monoclonal antibody; CAR T-cells: chimeric antigen receptor T cells; LBCL: large B-cell lymphoma; PMD, Progression metabolic response.
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impair the tolerance of anti-tumoral treatment. The recommendations 
are summarized in Table 3.

1.25.1. Elderly (>80y.o., >75y.o. with comorbidities)
LBCL in elderly patients are characterized by more aggressive fea

tures including a higher prevalence of the ABC subtype [163,164], 
MYD88 mutations, higher association with EBV and display more 
extra-nodal involvement and a higher IPI score.

IPI and/or aa-IPI are usable in LBCL patients > 80 years old. How
ever, several dedicated scoring systems presented in Table 4 have been 
proposed that outperform IPI / aa-IPI. When performed, geriatric 
assessment should take place after a prephase based on corticosteroids 
and vincristine [165]. R-miniCHOP is the preferred regimen for patients 
older than 80 years, or unfit patients under 80 years [165]. No CNS 
prophylaxis is recommended [166].

1.25.2. Cardiac dysfunction
The use of anthracyclines should be avoided for patients with cardiac 

dysfunction (LVEF < 50 %), and alternative regimens listed in the 
Table 3 should be preferred to R-CHOP. For patients with a cardiac 
condition and preserved cardiac function, we recommend close moni
toring with echocardiographic imaging and, if available, to refer pa
tients to a cardio-oncologist [167].

1.25.3. Renal insufficiency
In case of altered renal function, R-CHOP regimen and oxaliplatin 

based protocols are safe and do not need adaptation [168]. For patients 

Table 3 
Therapeutics adaptation for frail patients.

Condition Recommendation Findings

Elderly (> 80 years 
or < 80 and frail)

- To use a prephase 
treatment with 
corticosteroids and/or 
vincristine and/or rituximab 
[165,175,176]- To perform a 
geriatric evaluation after 
prephase [165]- To treat 
with R-miniCHOP [165,176, 
177]- To avoid CNS 
involvement screening and 
prophylaxis- To treat with 
CAR T cell therapy after a 
careful multidisciplinary 
evaluation [178]- To adapt 
Methotrexate dose as a 
function of the plasmatic 
level at 24 h of the 
administration (refer to 
Supplementary table 5)

Lin et al., 2022: prospective 
pilot, Rituximab prephase, 
5-year OS 81 %Oberic 
et al., 2021: phase 3, 
Vincristine prephase, R- 
miniCHOP x 6, 2-years OS 
66 %Peyrade et al., 2011: 
phase 2, R-miniCHOP x 6, 
2-years OS 59 %Peyrade 
et al. 2017: Phase 2, 
Vincristine prephase, O- 
miniCHOP x6, 2-y OS 65 % 
Menez et al., 2024: 
retrospective, CD19 CAR T 
cell, mOS 12.7 months

Cardiac 
dysfunction (left 
ventricle ejection 
fraction < 50 %)

To replace R-CHOP with one 
of these regimens: - R- 
GEMOX: rituximab, 
gemcitabine and 
oxaliplatine[179]- R-COMP: 
non-pegylated liposomal 
doxorubicin instead of 
doxorubicin [180]- R-GCVP: 
gemcitabine instead of 
doxorubicin [181]- R-CEOP: 
etoposide instead of 
doxorubicin [182] - 
R-Bendamustine [183]

Shen et al., 2018: phase 2, 
R-GEMOX x 6, 3-y OS 
65 %Luminari et al, 2010: 
phase 2, R-COMP x 6, 3-y 
OS 72 %Fields et al., 2014: 
phase 2, R-GCVP x 6, 2-y 
OS 56 %Moccia et al., 
2021: retrospective, R- 
CEOP, 5-y OS 47 % Storti 
et al., 2018: phase 2, R- 
Bendamustine x 4–6, 2-y 
OS 51 %

Hemodialysis[184] - Drugs to be administered 
after hemodialysis: 
bendamustine, carboplatin 
(AUC x 25), cisplatin (50 % 
reduction), 
cyclophosphamide (25 % 
reduction), doxorubicin, 
oxaliplatin (30 % dose 
reduction), vincristine- 
Drugs to be administered 
before hemodialysis: 
cytarabine (4–5 h), 
gemcitabine (6–12 h)- Drugs 
to be administered either 
before or after hemodialysis: 
etoposide (50 % dose 
reduction), rituximab- To 
start with 100 mg/m² and 
adapt Methotrexate dose as a 
function of the plasmatic 
level at 24 h of the 
administration (refer to 
supplementary table 5)

Yasuda et al. 2021: review 
of the literature based on 
cases series.

Obesity (BMI > 
30 kg/m²)

- To cap vincristine at 2 mg 
[171,185]- No dose 
limitation for other 
chemotherapy agents’ for 
BSA> 2 sqm[185,186]

Griggs et al, 2021: ASCO 
guidelines based on 
literature review.Weis 
et al., 2020: retrospective 
study, 41 % grade 
2 þ neuropathy with 
vincristine 2 mg/m² vs 
84 % when uncapped. 
Chan et al., 2016: 
retrospective, no 
increased incidence of 
toxicity with uncapped 
R-CHOP (except for 
vincristine).

Table 4 
Selected prognostic scoring systems dedicated to elderly patients with DLBCL in 
first line.

Reference Items included in 
the score

Median 
age (y)

Training/ 
external 
validation 
(n)

Filed of 
application

SENIOR-IPI
[187]
(Dubois et 
al, 2024)

- number of years 
over 80 years old - 
number of aaIPI 
predictors - 
LDH> 3 N - 
albumin < 35 g/ 
LWith weighting 
coefficients

83 396/140 Age > 80 y 
Eligible for R- 
chemo

Geriatric 
Prognostic 
Index[188]
(Isaksen et 
al, 2023)

- ADL- CCI- GNRI- 
Age > 85 y

76 365/193 DLBCL≥ 70 y.o. 
Eligible for R- 
CHOP or R- 
miniCHOP, 
Outperforms 
IPI, R-IPI, 
NCCN-IPI

Simplified 
Geriatric 
Assessment
[189]
(Merli et al, 
2021)

- sGA- ADL- IADL- 
CIRS-G- IPI- 
Hemoglobin level

76 1065/328 1st line and 
palliative care 
Can be 
performed in 
10 min by 
hematologist

GETALMO 
index[190]
(Pardal et 
al, 2018)

- Age- R-IPI- CIRS 83 252 (205 
treated 
with R- 
chemo)

1st line R-CHOP 
based

ACA index
[191]
(Miura et 
al, 2017)

- Age- 
Albuminemia- 
CCL

75 836 Age > 65 
years1st line R- 
CHOP based

MNA[192]
(Soubeyran 
et al, 2012)

- Sex- Localized/ 
advanced stage- 
Time Get-up/go, 
cutoff 20 s

77.5 348 
(including 
105 NHL)

Risk of death at 
6 months after 
treatment

Abbreviations: aa-IPI age-adjusted international prognosis index, LDH lactate 
dehydrogenase, ADL activities of daily living, CCL Charlson comorbidity index, 
GNRI geriatric nutritional risk index, IPI international prognosis index, R-IPI 
revised international prognosis index, NCCN-IPI national comprehensive cancer 
network international prognosis index, sGA simplified geriatric assessment, 
IADL instrumental activities of daily living, CIRS-G cumulative illness rating 
scale-geriatric, MNA mini-nutritional assessment.
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undergoing hemodialysis, there are few studies and mostly case series 
about dosing and schedule of chemotherapy, reviewed by Yasuda and 
colleagues in 2021, Table 4 [169]. Methotrexate (MTX) prophylaxis 
should be avoided for mild impairment. In curative intent, methotrexate 
can be adapted as a function of the degree of renal insufficiency and the 
plasmatic level 24 h after infusion as proposed in Supplementary table 5. 
Bendamustine-based lymphodepletion could be used for patients with 
impaired renal function, without clear impact on CAR T-cell expansion 
and toxicities.

1.26. Obesity

Drug metabolism and distribution may be different in obese patients 
and traditionally chemotherapy used to be capped for a body surface 
area of 2m². With the increased incidence of obesity, data has emerged 
regarding the suboptimal treatment of obese patients [170]. In 2021, the 
American Society of Clinical Oncology guidelines recommended using 
full weight-based cytotoxic chemotherapy doses [171], except for 
vincristine [172].

1.27. T-cell engager immunotherapies (CAR T-cells / BiAbs) in R/R frail 
patients

Data regarding the safety of novel therapeutics in this patient pop
ulation are emerging. In phase 2 studies, glofitamab was given up to 90 
years old [173], and epcoritamab up to 83 years [174]. In both studies, 
age had no impact on response but infectious toxicities should be closely 
monitored.

There are few data concerning elderly patients treated by CAR T- 
cells. Phase 2 and 3 trials of axicabtagene ciloleucel and tisagenlecleucel 
included patients up to 80 years and age did not appear to be a risk for 
failure [193–195]. Lisocabtagene maraleucel has a remarkable safety 
profile and the phase 2 study included patients up to 86 years old. Case 
series of selected patients treated in the SOC showed encouraging out
comes in the population of patients > 80 years [196].

Expert point of view: 

• A geriatric evaluation should be recommended for elderly patients if 
available (IIB), after a prephase (IB).

• R-miniCHOP is recommended after 80 years (IB).
• Anthracycline-free regimen and optimization of cardiological treat

ment are recommended in case of impaired cardiac function (IIIB).
• We recommend not to limit drug dosing for obese patients, except for 

vincristine (IVB).
• In case of altered renal function, R-CHOP regimen and oxaliplatin 

based protocols are safe and do not need adaptation (IVB).
• No definitive age threshold should apply to elderly patients 

regarding T-cell engager agents and CAR T-cells (IIIB).

1.28. Testicular lymphomas

For patients with localized (I-II) testicular LBCLs, a sequence of 6 R- 
CHOP-21 is the preferred option.

Testicular lymphoma represents a subgroup of DLBCLs with a known 
high risk of CNS recurrence, for which there is definite consensus on CNS 
prophylaxis, which is considered mandatory. The efficacy of HD-MTX 
depends on drug dose: doses at 1.5–3 g/m2 result in tumoricidal levels 
in the brain parenchyma and cerebrospinal fluid.

However, IV prophylaxis (ie HD-MTX) but not IT (ie intrathecal) 
improved survival without reducing the risk of CNS relapse in a retro
spective series patients with testicular lymphoma, with or without rit
uximab [197]. Although liposomal cytarabine may optimize the IT 
chemotherapy in IELSG 30 (compared to IT-MTX), the compound was 
permanently withdrawn from the market because of persistent 
manufacturing process problems.

For all these reasons, in testicular lymphoma, CNS-prophylaxis is 

based on 2 Cycles of HD-MTX after R-CHOP completion [198].
We opted for a total of 2 cycles of MTX at a dose of 3g/m². We 

considered this approach safe and well tolerated, while also maintaining 
a good balance between risk and benefit.

Notably, the administration HD-MTX was planned at the end of 
chemoimmunotherapy to prevent an adverse impact of MTX toxicity on 
the regular and complete delivery of the R-CHOP program.

Consolidative testicular radiation therapy (30–30.6 Gy/15–17 frac
tions with a testosterone level check before starting treatment) of the 
controlateral testicle at the end of treatment is strongly recommended to 
reduce the risk of local relapse [198,199]. The benefit of consolidation 
radiotherapy to involved inferior diaphragmatic nodes in stage II is not 
demonstrated.

For patients with disseminated disease (stage III or IV), we lack ev
idence to propose a different therapeutic strategy than in localized dis
ease. The treatment should then rely on 6 cycles of R-CHOP, 2 cycles of 
HD-MTX, and consolidative controlateral testicular radiation therapy 
should be proposed.

Expert point of view:
For stage 1 or 2 primary testicular lymphomas: 

• R-CHOP for 6 cycles should be used in primary testis lymphoma in 
1st line (IIA).

• Add 2 cycles of HD-MTX 3g/m2 (CNS prophylaxis) after R-CHOP 
completion (IIA).

• No IT prophylaxis is recommended.
• Controlateral testis radiotherapy is strongly recommended (IA).

For stage III or IV primary testicular lymphoma:

1.29. Same therapeutic strategy than stage 1–2 PTL (IIIB)

1.29.1. Secondary CNS lymphoma (SCNSL)
SCNSL refers to systemic LBCL disseminated in CNS compartment at 

diagnosis or relapse. SCNSL is a rare but aggressive presentation and is 
associated with a shorter OS. It affects about 4–6 % of LBCL patients 
[200–202].

At initial presentation.
Knowledge of CNS localization at diagnosis is crucial as most of 1st 

line chemotherapy molecules do not cross the blood brain barrier (BBB). 
Association of R-CHOP-HD-MTX for 6 cycles has shown good results 
[203–206]. R-CHOP alone can be proposed for the 1st cycle, depending 
on the clinical presentation, to limit toxicity. An anthracycline-free, but 
potentially more toxic regimen such as MATRix-R-ICE [207] can be 
used. Consolidation with aged-adapted Thiotepa-based conditioning 
regimen followed by ASCT should be proposed to all fit patients until 
65–70 years old who obtained a complete response (CR) after immu
nochemotherapy. For patients reaching a PR, a CR should be achieved 
whenever possible with a salvage regimen prior intensification 
(R-DHAC, R-ICE) (Figure 4).

(Figure 4). Autologous stem cell transplantation is be feasible in 
selected patients over 70 years of age, provided they are carefully 
assessed for comorbidities and functional status [208].

Expert point of view: 

• R-CHOP-HD-MTX for 6 cycles should be used in LBCL with CNS 
localization in 1st line (IVB).

• Eligible patients should benefit from ASCT-consolidation (IVB).

1.29.2. At relapse/progression
SCNSL is a rare but aggressive disease, for which relapse occur 

frequently, with a poor prognosis. At relapse, SCNSL can be isolated or 
associated with systematic relapse and usually occurs in the few months 
after diagnosis (early relapses) suggesting occult disease at diagnosis 
[209]

For isolated CNS relapses, HD-MTX based therapies (such as R-MPV 
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or MATRix) [210,211], with intensive consolidation with ASCT are the 
best options for eligible patients. For patients under 60 years of age, 
low-dose radiotherapy (23.4 Gy) may be considered for consolidation 
after achieving complete remission, if deemed ineligible for ASCT.

For concomitant systemic and CNS relapse, combination of drugs 
with CNS and systemic diffusion (eg R-ICE, R-DHAX or MATRix-R-ICE) 
as a bridge to CAR T-cells (relapse < 12 months) or ASCT (>12 m after 
1 L) seems to be the best option for eligible patients. For those with a 
later relapse (> 12 months), the recommended consolidation is thiotepa- 
based (dosing is to be age-adjusted) ASCT for eligible patients

For ineligible patients for intensive therapy, immunochemotherapy 
with HD-MTX could be proposed if possible, or oral therapies. Due to 
poor prognosis, best supportive care can also be considered as a valuable 
option. First available data [212] show CNS diffusion of bispecific an
tibodies with potential clinical efficacy. These data are promising for 
patients in relapse or who cannot benefit from therapeutic intensifica
tion. Intrathecal chemotherapy has not shown significant benefit in this 
situation.

Expert point of view: 

• Isolated CNS relapses should be treated like PCNSL (IIB).
• In case of chemo-sensitive disease, consolidation with ASCT is the 

preferred option.
• Chemorefractory SCNSL associated with systemic relapse should 

benefit from novel approaches (ie CAR T-cells) adapted to the time of 
relapse (IIIC).

1.30. High Grade B Cell lymphoma (HGBL)

HGBL often present aggressive features, with high IPI and frequent 
CNS involvement and an adverse prognosis when exhibiting a MYC/ 
BCL2 rearrangement. The two recent histological classifications under
line the importance of MYC FISH testing theoretically for any diagnosis 
of LBCL-NOS, which, if positive, should be followed by the analysis of 

BCL2 and BCL6.
First-line treatment with R-CHOP yields inferior outcomes in HGBL 

(double/triple hit) than in LBCL-NOS [213]. However, the administra
tion of more intensive treatments (including first-line intensification 
with autologous stem cell transplantation) remains controversial due to 
significant toxicity and unproven clinical benefit [214]. Based on a 
phase 2 trial and real-world setting reports, we recommend a first-line 
treatment with either R-CHOP or Da-EPOCH-R for patients with 
disseminated HGBL (double/triple hit) [213,215–217]. In limited stage, 
R-CHOP treatment may be sufficient [218].

Due to the high risk of relapse, response to immunochemotherapy 
should be closely monitored (iPET required). In relapsed or refractory 
diseases, CD19 CAR T-cell therapy appears to be a promising option, 
potentially able to overcome the poor prognosis of HGBL [219].

Expert point of view: 

• Patients with HGBL-DH MYC/BCL2 or HGBL-TH should be treated 
with either R-CHOP (IA) (or DA EPOCH-R if eligible) and response to 
immunotherapy should be closely monitored (IIB).

• In case of relapse, treatment with CAR-T cell should be proposed 
(IVA).

1.31. Lymphoma treatment for HIV infected patients

Lymphomas are the second leading cause of death during HIV 
infection and multidisciplinary management is recommended. Treat
ment is based on the combination of effective antiretroviral (ARV) 
treatment and optimal hematological care. The most important point is 
to treat HIV positive patients as HIV negative patients and to consider 
the infection as a comorbidity [220,221].

ARV treatment must be initiated or optimized as soon as the lym
phoma is diagnosed to allow for rapid control of HIV replication, with 
close monitoring. Interactions between ARV treatment and chemo
therapy must be anticipated, and ARV treatment must be adapted if 

Fig. 4. Management of secondary central nervous system lymphoma - Adapted from LOC guidelines. * Eligible patients for ASCT consolidation: no prior ASCT 
in frontline, PS= 0–1, good renal and cardiac functions, CSP collect, thiotepa-based conditioning regimen eligible. ** ASCT consolidation is feasible in selected > 70 
y.o. patients (age-ajusted thiotepa-based intensive regimen). For isolated CNS relapses in patients under 60 years of age, low-dose radiotherapy (23.4 Gy) may be 
considered in cases achieving complete remission and ineligible for ASCT. Abbreviations: ASCT: Autologous stem cell transplantation; CAR T-cells: chimeric antigen 
receptor T cells; CNS: central nervous system; HD: High dose; MTX: methotrexate; PCNSL: Primary central nervous system lymphoma; R-CHOP: rituximab, cyclo
phosphamide, doxorubicin, vincristine, and prednisone, delivered every 21 days; R-Cyta: rituximab- cytarabine; R-DHAOx: rituximab, dexamethasone, cytarabine, 
oxaliplatin; R-ICE: rituximab, ifosfamide, carboplatin,etoposide.
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necessary (drug dosages) [222].
As for other LBCL patients, FDG/PET is the reference for staging and 

response assessment. Of note, opportunistic infections or lymphoid hy
perplasia lesions linked to active HIV replication can cause false 
positives. 

− Standard R-CHOP is recommended as 1st line treatment. In patients 
with CD4 < 50/mm3, the addition of rituximab is associated with 
excess infectious mortality without a gain in survival. For these pa
tients, CHOP is recommended but addition of rituximab can be dis
cussed in the absence of active opportunistic infection and if good 
control of the HIV infection is thought to be rapidly obtained [223].

− EBV-positive PCNSL in very immunocompromised subjects (CD4 <

100/mm3, non-controlled HIV infection or recent HIV diagnosis) 
should be treated by prioritizing immune reconstitution through 
ARV treatment. Mono-chemotherapy with methotrexate is probably 
sufficient, but can potentially be associated to rituximab.

− PCNSL in subjects with well-controlled HIV infection and EBV- 
negative PCNSL should be treated as in HIV-negative patients.

Persistence of contrast enhancement in MRI after treatment is com
mon and should not systematically lead to salvage therapy [224]

The use of cell therapies or T-cell engagers, whether ASCT, axi-cel or 
liso-cel or bispecific antibodies, is possible [225].

Systematic monitoring of the CMV viral load should be proposed for 
patients with CD4 < 100/mm3. Secondary neurological disorders are 
more frequent. There is no consensus on the indications for an initial CSF 
study; these must be broad. The indications and modalities of prophy
laxis for a neurological relapse are the same as for patients without HIV 
infection.

Expert point of view: 

• The patient’s prognosis is associated with the control of his HIV 
infection. Adjustment of ARV treatment in conjunction with the 
infectiologist/pharmacist is essential (IIB).

• There is no systematic recommendation for CNS initial evaluation 
and prophylaxis in HIV-positive patients but it should be performed 
as for immunocompetent patients (IVB).

• In 1st line, R-CHOP is the reference treatment (IIA), except for pa
tients with CD4 < 50/mm3 (IIA) without rapidly expected infectious 
disease control (Rituximab will be omitted).

• EBV+ PCNSL treatment is based on immune reconstitution thanks to 
ARV, with HD-MTX alone if necessary (IIIA).

1.32. Chronic lymphocytic leukemia (CLL) aggressive transformation: 
richter transformation

LBCL is the most common histology of Richter Transformation (RT) 
(2–10 % of cases) [226–228]. Pathological examination, ideally per
formed from an excisional biopsy, is necessary to exclude differential 
diagnoses [229]. Note that Richter-like transformations have been re
ported in patients who have temporarily interrupted ibrutinib [230].

The outcome of patients with RT-LBCL is dismal, with median OS 
generally shorter than 12 months. RT-DLCBL is generally clonally 
related to the underlying CLL (85 % of cases), which is associated with 
shorter survival. It is therefore of the utmost importance to determine 
clonal relationship through IGHV locus sequencing obtained from RT- 
LBCL tissue and CLL cells. Indeed, together with TP53 alterations, 
clonal relation guides therapeutic decisions.

In a prospective trial, the R-CHOP21 regimen only yielded a low 7 % 
CR rate. For patients with clonally related RT-DLBCL, enrollment in 
clinical trials remains the recommended option [231]

Immunotherapies have recently shown encouraging results in phase 
2 studies such as immune checkpoint inhibitors in combination with 
iBTK or iBLC2, or bispecific T-cell engagers [173, 174].

In relapse setting, a retrospective series of patients treated with anti- 

CD19 CAR T-cells, show a 63 % ORR, with 46 % achieving CR [232].
Despite promising advances, overall survival remains poor and 

transplantation strategies should be considered in eligible patients with 
limited subsequent options, according to the risk of relapse [233,234].

Despite promising advances, overall survival remains poor and 
allogeneic stem cell transplantation [234,235] strategies should be 
considered in eligible patients with limited subsequent options, ac
cording to the risk of relapse.

On the other hand, patients with clonally unrelated RT-DLBCL have a 
good prognosis and their management should be similar to those with de 
novo LBCL.

Expert point of view: 

• Clonal relationship based on the comparison of IGHV sequences in 
CLL vs Richter tissue is highly recommended to tailor the treatment.

• Frontline management of RT-LBCL should consider enrollment into 
clinical trials for clonally related RT.

• R-CHOP21 is the option by default but evaluation and collective 
decision for use of off-label drug should be discussed given the poor 
prognosis after standard chemotherapy.

• CAR T-Cells (for refractory or relapse within 12 months after the 
completion of first line RT-LBCL patients), and allogeneic stem cell 
transplantation (for all R/R RT-LBCL patients) are interesting and 
potent options (IVB).

1.33. Other transformed indolent lymphomas

Histological transformation of follicular lymphoma (tFL) occurs in 
10–70 % of patients over time, with a risk of 1–2 % per year in the rit
uximab era [236]. A new biopsy should be performed whenever a 
clinical or radiological transformation is suspected [237]. In onset (at 
diagnosis or after a period of watch and wait), the first-line treatment is 
the same as that of de novo aaIPI≥ 1 LBCL with R-CHOP-like immu
nochemotherapy [238]. Prognosis seems to be better for patients who 
experienced the transformation before any therapy for FL [239].

In relapse situation, after a first line of treatment for FL, we recom
mend a salvage therapy with immuno-chemotherapy (R-CHOP for pa
tients not treated with anthracyclines in 1st line, or R-DHA-X/R-ICE for 
others). Consolidation with ASCT could be discussed for eligible patients 
already exposed to anthracyclines and with a relapse > 12 months. For 
early relapse, CAR T-cell eligibility must be discussed in the same way as 
LBCL with excellent results [240].

Subsequent relapses should, if possible, benefit from histological 
documentation to demonstrate whether or not they have transformed 
and to adapt therapeutic options. In cases of transformed relapses, the 
same options should be offered as for LBCL, notably BiAbs, that have 
shown interesting results in these patients [241].

Expert point of view: 

• A new biopsy should be performed whenever a clinical or radiolog
ical transformation is suspected (IA).

• Histological transformation of non-Hodgkin lymphoma leads to 
modify treatments strategies, patient with HT could earlier benefit of 
CAR T-cells or BiAbs (IIIA).

1.34. Intravascular large B-cell lymphoma (IVLBCL)

IVLBCL is a rare and aggressive subtype of LBCL, characterized by 
the selective growth of malignant B cells within small- to medium-sized 
blood vessels. It typically affects elderly patients and frequently presents 
with extranodal localizations, most notably the central nervous system 
(≈30 % of cases), the lungs, and the skin [242]. The disease is associated 
with an unfavorable prognosis. Rituximab, although a key component of 
therapy, can induce severe infusion reactions, which may be reduced by 
delaying its administration until 2–3–7 days after the first cycle of 
chemotherapy [243,244]. Given the elevated risk of CNS involvement, 

P. Sesques et al.                                                                                                                                                                                                                                 European Journal of Cancer 232 (2026) 116070 

13 



intensified regimens have been explored. A phase 2 study that combined 
intrathecal treatment and high-dose methotrexate (2 cycles) with an 
R-CHOP backbone (6 cycles) reported encouraging outcomes with a low 
incidence (3 %) of secondary CNS involvement [245].

1.35. T-cell/histiocyte-rich large B-cell lymphoma (THRLBCL)

THRLBCL is a rare and aggressive variant of diffuse large B-cell 
lymphoma, characterised by predominance of reactive T cells and his
tiocytes over malignant B cells. It predominantly affects middle-aged 
individuals and often presents with advanced-stage disease involving 
extranodal sites such as the spleen, liver, and bone marrow. Histologi
cally, it is distinguished by a paucity of neoplastic B cells amidst a dense 
infiltrate of reactive T cells and histiocytes. This unique microenviron
ment poses significant challenges for immunotherapies. Subset of cases 
of THRLBCL are known to transform from nodular lymphocyte pre
dominant Hodgkin lymphoma (NLPHL) [246]. Standard treatments, 
including chemotherapy regimens like R-CHOP, have demonstrated 
limited efficacy [247]. Recent studies have explored the use of CAR-T 
therapy in THRLBCL with a 2-year overall survival rate of 42 % and a 
progression-free survival rate of 29 % [248,249]. However, these out
comes are less favorable compared to other LBCL subtypes.
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