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Methodology

This guideline was developed according to the BSH process, as set out on www.b-s-h.org/

guidelines. The Grading of Recommendations Assessment, Development and Evaluation 

(GRADE) nomenclature was used to evaluate levels of evidence and to assess the strength of 

recommendations (see www.gradeworkinggroup.org).

Review of the manuscript

The manuscript was reviewed by the BSH Guidelines Committee Haemato-Oncology 

Taskforce, the Guidelines Committee, and the Haemato-Oncology Sounding Board. It 

was on the members section of the BSH website for comment. The guideline has also 

been reviewed by patient representatives nominated by the UK charity Lymphoma Action 

(www.lymphoma-action.org.uk), this organisation does not necessarily approve or endorse 

the contents.

Scope

This British Society of Haematology (BSH) guideline summarises the recommended initial 

investigation and first-line management of large B-cell lymphoma (LBCL). Primary extra-

nodal LBCL is discussed in this guideline, with the exception of lymphoma involving the 

central nervous system, covered by separate BSH guideline publications.1, 2 Post-transplant 

lymphoproliferative disorders are also covered by a separate guideline.3 The investigation 

and management of primary mediastinal large B-cell lymphoma, mediastinal grey-zone 

lymphoma, primary cutaneous LBCL, primary effusion lymphoma, plasmablastic lymphoma 

and Burkitt lymphoma are also beyond the scope of this guideline. Management of relapsed 

LBCL is covered in a separate guideline.

Introduction

Large B-cell lymphomas are a biologically heterogenous group of clinically aggressive 

malignancies arising from mature B lymphocytes. Current classification systems describe a 

number of LBCL subtypes based on morphological, molecular and clinical characteristics.4, 

5 Where tumours do not meet the criteria for one of these specific disease entities, they 
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are classified as diffuse large B-cell lymphoma, not otherwise specified (DLBCL, NOS), or 

high grade B-cell lymphoma, not otherwise specified (HGBCL, NOS). The vast majority 

of patients will receive systemic chemo-immunotherapy delivered with curative intent. The 

type of regimen, number of cycles and radiotherapy consolidation are influenced by a 

range of disease features and patient characteristics. Patients should be actively involved 

in all aspects of their care, and an understanding of their individual priorities should be 

established early to ensure person-centred care. Patients can also be signposted towards 

relevant charities for further information and support in an accessible format.

Diagnosis and baseline investigations

Sufficient tissue sampling is essential for the accurate classification of LBCL, and excisional 

biopsy is recommended. However, whilst surgical excision is more likely to yield adequate 

material,6 if it is impractical, entails excessive risk, or confers undue delay, then core biopsy 

is an acceptable alternative. There is generally no role for fine needle aspiration and it 

can delay diagnostic tissue biopsy. Expert haematopathology review is essential, employing 

a full range of phenotypic and molecular investigations. Diagnostic material, framed in a 

clinical context should be discussed at a multidisciplinary team meeting.

Positron emission tomography (PET) using [18F] fluorodeoxyglucose (FDG), combined with 

low-dose computed tomography (CT) is the recommended imaging modality for staging 

of LBCL.7–9 In most cases, contrast-enhanced full-dose CT does not confer additional 

value.10, 11 PET-CT is more likely than bone marrow biopsy to detect marrow involvement 

with LBCL, and the presence of non-avid bone marrow disease does not confer a worse 

prognosis.12–16 Bone marrow biopsy may be considered for selected patients in whom 

a co-existing haematological condition is suspected (for example low-grade lymphoma 

or myelodysplasia), and where this would inform clinical management, but is otherwise 

unnecessary. Baseline tumour burden, as assessed by metabolic tumour volume on PET-CT 

is a promising biomarker.17, 18

Where suspected, central nervous system (CNS) involvement should be investigated by 

contrast-enhanced magnetic resonance imaging (MRI) of the brain and/or spinal cord 

together with cerebrospinal fluid (CSF) examination (cytology and flow cytometry).19 CNS 

investigations should also be considered for patients at high risk, informed by the CNS-

International Prognostic Index (CNS-IPI)20 and the number (three or more) and location of 

extra-nodal sites of disease.21

Electrocardiography (ECG) should be performed on all patients prior to chemotherapy. 

Assessment of left-ventricular function (echocardiography or multi-gated acquisition 

(MUGA) scan) should be considered for older patients, those with abnormalities on ECG, 

and patients with a history of cardiovascular disease or risk factors. Patients with abnormal 

investigations may warrant clinical evaluation by a cardiologist. The significance of serum 

troponin concentration in this context is not established, and routine testing is not currently 

recommended.
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Serological testing for hepatitis B (to include core antibody), hepatitis C and human 

immunodeficiency virus (HIV) should be routinely performed prior to starting treatment. 

Patients with positive serology for hepatitis B should undergo viral DNA quantification and 

receive prophylactic antiviral therapy and hepatic B virus polymerase chain reaction (HBV 

PCR) monitoring, both during and after chemo-immunotherapy, as per current guidance.22 

Referral to a hepatologist or infectious disease physician should be considered. Patients 

with positive serology for hepatitis C virus (HCV) require HCV RNA quantification and 

should be urgently referred to a hepatologist or infectious disease physician. Patients testing 

positive for HIV should be urgently referred for joint care from an HIV specialist at a centre 

of expertise.23 Those with well-controlled HIV (fully-suppressed viral load and CD4 count 

≥200x106/L) can be treated on the same protocols as patients who are HIV-negative.

Reproductive counselling should be offered to all age-appropriate patients in whom 

potentially gonadotoxic therapy is planned. Sperm cryopreservation, ovarian preservation 

or oocyte harvest should be discussed where relevant. Patients who may be affected by 

the menopause during or after treatment should be signposted to their general practitioner 

for counselling, and the relevant investigations and hormonal replacement after completing 

treatment for lymphoma.

Before starting therapy (including pre-phase treatment), a risk-based prophylaxis and 

monitoring plan for tumour lysis should be initiated.24

Prognostic assessment

The International Prognostic Index (IPI) should be calculated for all patients.25 The National 

Comprehensive Cancer Network (NCCN)-IPI26 may allow better prognostic delineation of 

both high and low-risk patients.27 The stage modified IPI (smIPI) is discriminative in those 

with localised disease.28 Additional information should be incorporated into risk assessment 

including the presence of bulky disease (≥7.5 cm),29 and presence of MYC and BCL2 (with 

or without BCL6) co-translocations.

Both recently revised classifications4, 5 describe HGBCL with MYC and BCL2 
rearrangements (with or without BCL6 rearrangement) as an aggressive lymphoma of GCB 

origin with distinct biology from other LBCLs. Data to support distinct biology in patients 

with MYC and BCL6 rearrangements are less compelling. In the WHO-HAEM5,4 dual 

MYC and BCL6 rearrangements are now classified either as a subtype of DLBCL, NOS or 

HGBL, NOS according to their cytomorphological features. The revised ICC5 has retained 

HGBCL-DH-BCL6 as a provisional entity to allow for continued study. MYC translocation 

to an immunoglobulin partner is most strongly associated with inferior overall survival.30 

Other predictors of poor outcome, for example TP53 mutations and ‘molecular high-grade’ 

gene expression signature,31, 32 are not yet routinely used in clinical prognostication.

Gene expression profiling distinguishes molecular subtypes of LBCL according to the 

cell-of-origin (COO) model; a germinal centre B-cell (GCB) pattern is associated with 

more favourable outcomes than activated B-cell (ABC) disease.33–35 Whilst surrogate COO 

delineation is possible with immunohistochemistry,36 and the distinction is retained in 

current consensus criteria,4, 5 it has limited utility in routine diagnostic practice outside 
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clinical trials. More recently, comprehensive genomic approaches have identified a number 

of LBCL sub-groups but the clinical utility of this approach has not yet been established.37–

39

Table 1 provides a summary of the investigations to be performed or considered at baseline. 

Investigations should be coordinated to minimise hospital visits and ensure the timely 

collation of results. Patients should be contacted early by a keyworker (e.g. a lymphoma 

clinical nurse specialist), who can help them navigate this process.

Recommendations

• Perform excision biopsy to provide the optimal material for diagnosis. (1B)

• Consider needle-core biopsy when a surgical approach is either impractical or 

entails excessive risk or delay. (2B)

• Diagnosis should be made in a reference haematopathology laboratory with 

access to a full range of phenotypic and molecular investigations. (1A)

• Discuss all diagnoses and treatment plans at a fully constituted haemato-

oncology multidisciplinary team (MDT) meeting. (1A)

• All patients should have a full range of baseline blood tests to include serum 

lactate dehydrogenase (LDH) and full serology for hepatitis B (including core 

antibody), hepatitis C and HIV. (1A)

• Perform baseline PET-CT for all patients. (1A)

• Consider contrast-enhanced CT of neck, chest, abdomen and pelvis as an 

alternative if PET-CT is not practicable, or as an additional imaging modality 

in selected cases. (2B)

• Perform contrast-enhanced MRI of the brain (include spine if clinically 

indicated) and baseline CSF assessment (to include cytology and 

immunophenotyping) where there is clinical suspicion of CNS involvement. (1B)

• Consider contrast-enhanced MRI of the brain (include spine if clinically 

indicated) and baseline CSF assessment (to include cytology and 

immunophenotyping) for those considered at high risk of CNS involvement. (2B)

• Consider staging bone marrow biopsy only where discordant or alternative bone 

marrow pathology would influence clinical management. (2B)

• Perform a baseline ECG on all patients. (1B)

• Consider a baseline echocardiogram (or alternative imaging) to assess left 

ventricular function in older patients and those with relevant risk factors (2B)

• Record Eastern Cooperative Oncology Group (ECOG) performance status, 

International Prognostic Index (IPI) and CNS-IPI scores for all patients. (1A)

• Perform fluorescence in situ hybridization (FISH) for MYC rearrangements. 

(1B)
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○ If MYC is rearranged, evaluate for an immunoglobulin gene partner 

and perform FISH for BCL2 and BCL6 rearrangement. (1B)

• Determine COO in line with current classifications. (2B)

• Gene expression profiling and comprehensive genomics are not currently 

standard of care.

• Discuss and explain all diagnoses and treatment plans with the patient, and their 

family or carer if appropriate. Signpost to additional sources of support. (1B)

Supportive care

Optimising all aspects of supportive care is important to reduce morbidity, particularly for 

elderly or frail patients. Patients often present with complex needs, and involvement of key 

members of the wider MDT (e.g. lymphoma clinical nurse specialists, pharmacists, cardio-

respiratory specialists, and healthcare of older people liaison teams) can prove invaluable.

The risk of osteoporotic bone fractures is significant in the LBCL patient population.40 

The 18-month cumulative incidence of frailty-related fractures was 11% in a UK study 

of LBCL patients ≥70 years.41 A predisposing history (osteoporosis, osteopenia, prior 

fracture and rheumatoid arthritis), bony involvement with lymphoma and receipt of pre-

phase corticosteroids were independent risk factors. Baseline osteoporosis risk should be 

assessed (e.g. FRAX score). Patients receiving steroid therapy have been shown to benefit 

from vitamin D treatment in other contexts so this may be considered.42 Bisphosphonate or 

similar therapies should be considered in patients at higher risk.43

Infection is a common cause of morbidity and mortality in the context of LBCL 

therapy.44, 45 Primary granulocyte colony-stimulating factor (G-CSF) prophylaxis and 

antimicrobial prophylaxis should be considered for all patients.46 Neutropenic prophylaxis 

with fluoroquinolone may be considered - informed by local microbiological guidance - for 

example in patients with additional risk factors for infection. Treatment should be delivered 

in an appropriate clinical setting with adequate staffing, so that immediate complications can 

be managed according to applicable guidelines.

Recommendations

• Consider referral to relevant specialities (e.g. cardiology, health care of older 

people, endocrinology) for medical optimisation prior to and/or during treatment. 

(2B)

• Clinically assess osteoporosis risk in all patients. (1B)

• Consider vitamin D supplementation and bisphosphonate treatment according to 

risk profile. Consider seeking advice from an endocrinologist. (2B)

• Offer primary G-CSF prophylaxis to all patients receiving chemo-

immunotherapy with curative intent. (1B)

• Consider primary prophylaxis against herpes simplex/zoster (e.g. aciclovir) and 

Pneumocystis jirovecii (e.g. co-trimoxazole). (2B)
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Stage I and II disease

Up to one third of patients with LBCL present with early stage (I/II) disease, some of 

whom can undergo abbreviated systemic therapy (see below). Bulk has been conventionally 

defined as a maximal tumour diameter of ≥7.5 cm, although it is recognised that bulk is 

a continuum.29 A number of approaches to clinical management have evolved, although 

the heterogeneous populations included in the key trials introduces complexity to clinical 

decision-making; individualised multidisciplinary discussion is required.

A minority of patients with early-stage LBCL will fulfil the eligibility criteria of the 

randomised phase 3 FLYER trial:47 age 18-60 years with an IPI of 0 and non-bulky disease. 

Such patients should be offered abbreviated chemo-immunotherapy with four cycles of 

R-CHOP plus two additional rituximab doses, as this was non-inferior to six cycles of 

R-CHOP (3-year progression-free survival (PFS) 96% vs 94%), with fewer adverse events.

Preliminary data from the randomised phase 3 LYSA LNH 09-1B trial support an interim 

(i)PET-adapted approach.48 Eligibility criteria were broader than for the FLYER study: ages 

18-80, age-adjusted (aa)IPI=0, bulky disease permitted. Patients were randomly allocated 

to standard treatment with six cycles of R-CHOP, or a PET-adapted experimental arm 

where patients in complete metabolic response (CMR) after two cycles received two further 

cycles of R-CHOP. The PET-adapted approach was non-inferior (3-year PFS 92% vs 89%). 

Further support for iPET-adapted therapy is provided by the prospective S1001 trial,49 which 

showed excellent outcomes (5-year PFS 89% and overall survival (OS) 91%) after four 

cycles of R-CHOP in the 89% of patients who were in CMR on iPET3. A retrospective 

analysis of patients with early-stage disease also described high rates of long-term disease 

control (5-year PFS 88% and OS 90%) with iPET3-directed abbreviated R-CHOP alone.50 

However, the less favourable outcomes for iPET3-positive patients, including those treated 

with combined modality therapy, underscore that the optimal approach for these patients is 

not yet clear.

Where a risk-adapted abbreviated chemo-immunotherapy strategy is not planned, combined 

modality treatment with abbreviated chemo-immunotherapy plus radiotherapy is generally 

recommended.28, 51 Long-term follow up data from these and other studies have emphasised 

the risk of late relapses after first-line treatment for early-stage disease. Notably, outcomes 

appear to be similar amongst patients treated with combined modality and standard chemo-

immunotherapy approaches.52 When offered, involved site radiation therapy (ISRT) should 

be delivered according to internationally agreed guidelines.53, 54

A proportion of patients with stage I or II disease show adverse risk features, including 

a high IPI or bulky disease. This group was recognised in a phase 3 randomised trial, in 

which all patients with a high stage-modified IPI received 6 cycles of R-CHOP, however 

an incremental benefit from radiotherapy was not demonstrated.55 Additional data on the 

benefit of radiotherapy after full-course chemo-immunotherapy are mixed and limited to 

retrospective studies. Individual factors must be considered, including distribution of disease 

at baseline, quality of treatment response, and the relative risks and benefits of radiotherapy 

consolidation.54 The phase 3 POLARIX trial comparing RCHP-polatuzumab vedotin with 
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R-CHOP (discussed in more detail in the Advanced Stage section of this guideline) included 

11% of patients with stage I/II disease and IPI ≥2.56 The relatively small number of patients 

limits further interpretation of the early-stage subgroup. However their inclusion within the 

intention-to-treat POLARIX population means RCHP-polatuzumab vedotin is an option for 

those with high IPI.

In early-stage disease, double-hit (MYC and BCL2 or BCL6 rearrangement) and high-risk 

COO status were not associated with poorer PFS or OS.57–59

Recommendations

• Consider well-designed clinical trials as an option for all patients (2A)

• Where more than one treatment approach is suitable, treatment decisions should 

be guided by the MDT and in accordance with patient preferences. (2A)

For patients 18-60 years with stage I/II, aaIPI 0, without bulky disease: offer abbreviated 
chemo-immunotherapy

• Offer 4 cycles of R-CHOP plus 2 additional infusions of rituximab. (1A)

• Radiotherapy is not required if full dose intensity is delivered. (1A)

For patients 61-80 years with stage I/II, aaIPI 0, without bulky disease: consider a PET-
adapted approach

• Perform iPET2 after 2 initial cycles of R-CHOP

○ If PET2 CMR (Deauville score (DS) 1-3), complete treatment with a 

further 2 cycles of R-CHOP. (1A)

○ If PET2 not CMR (DS 4 or 5), deliver 4 further cycles of R-CHOP 

followed by radiotherapy consolidation (ISRT 30 Gy in 15 fractions). 

(1B)

For other patients <80 years with stage I/II disease and IPI 0-1

• Consider combined modality therapy with 3-4 cycles of R-CHOP followed by 

radiotherapy consolidation (ISRT 30 Gy in 15 fractions). (2B)

• Consider 6 cycles of R-CHOP without radiotherapy where the risks of radiation 

are considered to be greater than 2-3 further cycles of R-CHOP. (2B)

For other patients <80 years with stage I/II disease and IPI ≥2

• Offer 6 cycles of RCHP-polatuzumab vedotin or R-CHOP followed by end-of-

treatment PET-CT. (1B)

• Consider radiotherapy consolidation according to baseline disease bulk and 

distribution, treatment response, and risks of radiation (ISRT 30 Gy in 15 

fractions). (2B)

Additional considerations for radiotherapy consolidation
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• Consider radiotherapy consolidation, following response to chemo-

immunotherapy (including where an iPET2 CMR has been demonstrated), for 

patients with stage I/II disease patients in the following scenarios, unless the 

toxicities of radiotherapy are considered to outweigh potential benefits:

○ Patients receiving less than full-dose intensity of chemo-

immunotherapy (including those receiving RminiCHOP or less 

intensive rituximab-chemotherapy combinations). (2B)

○ Patients with extra-nodal involvement (for specific primary extra-nodal 

sites refer to next section). (2B)

○ Patients with bulky disease (≥7.5 cm diameter). (2B)

Primary extra-nodal LBCL

Management of primary extra-nodal LBCL is an area of uncertainty. Patients with specific 

extra-nodal localisations and primary extra-nodal disease (compared with extra-nodal 

extension of predominantly nodal disease) are not individually well-represented in clinical 

trials of early-stage disease. Involvement of specific extra-nodal sites may have distinct 

therapeutic implications. Some extra-nodal subtypes are associated with inferior prognosis, 

and treatment usually follows an advanced stage LBCL approach. For specific sub-types, 

there are limited data for applying a combined modality approach with abbreviated chemo-

immunotherapy. Most patients with primary extra-nodal LBCL have a low IPI. However 

those with IPI 2-5 were eligible for the POLARIX trial, and RCHP-polatuzumab vedotin is 

an option in this group. The role of CNS prophylaxis, particularly in patients with primary 

breast LBCL, remains an area of uncertainty.

Testicular involvement by LBCL is associated with an inferior clinical outcome compared 

with other subtypes of extra-nodal LBCL, in particular with a higher risk of CNS relapse. 

Management of this LBCL subtype is often based on the protocol used in the phase II 

IELSG10 study which involved six to eight cycles of R-CHOP, four doses of intrathecal 

methotrexate and radiotherapy to the contralateral testis and regional lymph nodes (where 

involved). Outcomes in the 53 patients enrolled were favourable compared with historical 

controls, with 5-year PFS and OS of 74% and 85% respectively, and cumulative incidence 

of CNS relapse of 6%.60 The subsequent IELSG30 trial employed the same chemotherapy/

radiotherapy protocol but additionally incorporated 4 doses of intrathecal liposomal 

cytarabine and 2 cycles of intravenous methotrexate (1.5 g/m2) following completion of 

R-CHOP chemotherapy. Recently presented data from this study (n=54) reported no CNS 

relapses during the median 6 years of follow-up, although late extra-nodal relapses were 

observed. A PFS of 88% at median follow up of 5 years was reported.61

Data to inform treatment of primary breast LBCL is largely retrospective, but several studies 

have reported high rates of relapse both in the ipsilateral and contralateral breast and 

in the CNS.62, 63 As a result, CNS prophylaxis and consolidation radiotherapy are often 

considered. Six cycles of chemo-immunotherapy are typically delivered.62
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Patients with gastric LBCL are generally treated with 6 cycles of R-CHOP.64 Combined 

modality treatment with 3-4 cycles of CHOP followed by radiotherapy has previously 

shown activity.65 However, there is very limited evidence for a role of radiotherapy after 

chemo-immunotherapy, and irradiation of the stomach is often avoided. Surgery is generally 

avoided unless required for complications such as perforation, obstruction or bleeding. The 

absolute risk of gastric perforation is low; elective hospital admissions are usually not 

required.66

Intravascular LBCL (IVL) is rare and characterised by neoplastic B cells within the lumen of 

blood vessels. These lymphomas more commonly affect older patients and often involve the 

CNS (approximately 30% of patients), lungs and skin. Prognosis is generally poor although 

patients with isolated skin lesions appear to experience more favourable outcomes (3-year 

OS: 56% versus 22%).67 Rituximab has had a significant impact upon outcomes in this 

disease although it may be associated with severe infusion related reactions.68, 69 This may 

be mitigated during initial induction by delaying rituximab until 2-3 days after the first dose 

of chemotherapy. Seeking to mitigate the high risk of CNS involvement, an early-phase trial 

incorporating intrathecal and high-dose intravenous methotrexate into an R-CHOP backbone 

reported a 2-year PFS of 76%.70

Primary cutaneous LBCL, leg type typically presents in older people with rapidly growing 

tumours on one or both legs, but 10-15% of cases arise at other sites and dissemination 

to extracutaneous sites is common. MYD88 L265P mutations are found in up to 60% of 

cases. Survival outcomes were historically poor but data from the recent SEER study suggest 

improved survival in the rituximab era with 5-year OS of 59%.71 Tolerance of systemic 

therapy is often limited in this older population.

Primary bone LBCL is rare, and bone disease is more commonly seen as a secondary 

site of widespread stage IV disease.72 A pooled analysis of nine prospective trials of 

newly-diagnosed DLBCL, which identified 1.4% of patients as having primary bone disease, 

suggested a beneficial effect of radiotherapy to involved sites.73

In one retrospective study, radiotherapy was associated with improved outcomes in patients 

with early-stage extra-nodal LBCL, although the benefit is less clear in patients who are 

PET-negative at end of treatment.74 Consolidation radiotherapy approaches for primary 

extra-nodal disease may involve irradiation of the whole affected organ. The definition of 

the clinical target volume for irradiation should be informed by the site of disease, involved 

tissue volume, and the potential for microscopic residual disease.75

Recommendations

• Consider well-designed clinical trials as an option for all patients (2A)

• For some patients with early-stage primary extra-nodal LBCL, the guidance 

for early-stage disease can be followed with exception of the primary disease 

locations listed below, which are generally treated with 6 cycles of chemo-

immunotherapy and site-specific recommendations. (2B)
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• Consider RCHP-polatuzumab vedotin for patients fit for full-dose chemotherapy 

with ECOG PS 0-2 and IPI 2-5. (2B)

• CNS prophylaxis is recommended in line with the current BSH good practice 

paper (GPP) on CNS prophylaxis.76 (2B)

Testicular

• Offer 6 cycles of R-CHOP. (1B)

• Offer CNS prophylaxis guided by the current BSH GPP. (1B)

• Offer contralateral testicular radiotherapy following completion of systemic 

therapy. (1B)

Breast

• Offer 6 cycles of R-CHOP. (1B)

• Consider consolidation radiotherapy to the involved breast to reduce risk of local 

recurrence in bulky or localised tumours. (2C)

• Consider CNS prophylaxis as per BSH GPP. (2B)

Gastric

• Offer 6 cycles of R-CHOP. (1B)

• Where H. pylori is detected, offer eradication therapy as per current guidance. 

(1A)

Intravascular LBCL

• Perform contrast-enhanced MRI of the brain (include spine if clinically 

indicated) and baseline CSF assessment (to include cytology and 

immunophenotyping) as baseline screening for CNS disease. (1B)

• Offer 6 cycles of R-CHOP. (1B)

○ Consider delaying the first rituximab infusion by ≥48 hours after 

chemotherapy administration to mitigate against the risk of a severe 

infusion reaction in cycle 1. (2B)

• Offer CNS prophylaxis as per BSH GPP for those with no evidence of CNS 

disease at baseline. (1B)

• Offer intensive CNS-directed secondary CNS lymphoma protocols for those with 

evidence of CNS disease at baseline. (1B)

Leg-type cutaneous LBCL

• Offer 6 cycles of R-CHOP. (1B)

• Offer consolidation radiotherapy to areas of previous bulky disease or localised, 

non-bulky tumours after completion of chemotherapy. (1C)

Bone
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• Offer 6 cycles of R-CHOP. (1B)

• Consider consolidation radiotherapy to reduce risk of local recurrence in bulky or 

localised tumours. (2B)

Advanced stage disease

For over two decades, six cycles of R-CHOP delivered on a 21 day cycle was a well-

established standard of care for the majority of patients with newly diagnosed advanced 

stage LBCL.77–81 However, data from the phase 3 POLARIX randomised controlled trial 

(RCT), in which the CD79b-directed antibody-drug conjugate (polatuzumab vedotin) was 

incorporated into the RCHP regimen in place of vincristine, reported an improved 2 year 

PFS (hazard ratio (HR) 0.73, p=0.02; 2-year PFS 76.7% vs 70.2%) for the experimental arm 

(RCHP-polatuzumab vedotin). Eligible patients had newly diagnosed, de novo LBCL with 

performance status of 0-2, IPI score of 2-5 and suitable for 6 cycles of full-dose R-CHOP.56 

To-date, no difference in OS is evident. Toxicity profiles of the two regimens were very 

similar although higher rates of diarrhoea and febrile neutropenia were observed in the 

experimental arm. Post-hoc analyses from subgroups within POLARIX suggest a greater 

benefit from RCHP-polatuzumab vedotin amongst patients with IPI 3-5 or ABC COO 

by GEP. However, the POLARIX trial was not powered to provide evidence for specific 

subgroups and no sensitivity analyses have been presented. It is therefore not possible to 

draw firm conclusions about relative treatment efficacy in different sub-groups.

Long-term follow-up data from the REMoDL-B trial (investigating the addition of 

bortezomib to R-CHOP) recently reported significant differences in both PFS for patients 

with a molecular high-grade (MHG) gene expression profile (55% vs 29% 5-year PFS; HR 

0.46, p=0.011) and also OS for patients with an ABC profile (80% vs 67% 5-year OS; HR 

0.58, p=0.032) favouring the bortezomib arm.32, 82 COO was determined by transcription 

profiling, which is not yet available in routine clinical practice. Both treatment arms in 

REMoDL-B provided six cycles of chemo-immunotherapy, without two additional doses 

of rituximab, providing a rationale for this treatment approach that is now standard UK 

practice. Six cycles of chemo-immunotherapy is also an accepted standard in international 

phase 3 trials of first-line treatment for LBCL. Both treatment arms in REMoDL-B included 

six cycles of chemo-immunotherapy, without two additional doses of rituximab, providing 

a rationale for this treatment approach that is now standard UK practice. Six cycles of 

chemo-immunotherapy is also accepted as standard treatment in international phase 3 trials 

of first-line treatment for LBCL.83, 84

Two randomised phase 3 trials have compared the dose-intensive ACVBP regimen with 

CHOP, first without and subsequently with concurrent rituximab.85, 86 Whilst improvements 

in event-free survival (EFS) and OS were seen with intensified treatment, the substantially 

higher rates of toxicity have limited its widespread adoption. An advantage of adding 

etoposide to R-CHOP had not been demonstrated in a RCT. Delivery of R-CHOP on a 14-

day schedule is not superior to a 21-day schedule, but offers a shorter time on treatment.81 

Consolidation with high-dose chemotherapy (HDT) and autologous stem cell transplantation 
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(ASCT) may confer improvement in EFS for some patients, however the lack of OS benefit 

means ASCT is reserved as consolidation for patients in second remission.87–89

For patients with high-risk disease (IPI 3-5), data from an NCRI single-arm phase 2 trial 

investigating the intensive R-CODOX-M/R-IVAC regimen described encouraging outcomes 

for an adverse-risk group: 2-year PFS (68%) and OS (76%).90 However, higher rates of 

treatment-related morbidity and mortality, particularly in patients >50 years or with impaired 

performance status, should be noted. The dose-intensive, infusional regimen DA-EPOCH-R 

was compared with R-CHOP in the randomised phase 3 Alliance/CALGB 50303 trial, 

but no difference in 2-year survival outcomes were observed and the toxicity profile of 

DA-EPOCH-R was unfavourable.91

The prospective PETAL trial investigated dose-intensification of conventional chemotherapy 

for patients with a positive early interim PET after two cycles of R-CHOP.92 There 

was no observed benefit for dose-intensification over continued treatment with R-CHOP 

(2-year PFS 41% vs 56%, OS 47% vs 65%), and toxicity was significantly greater in 

the intensified treatment arm. Non-randomised evidence from the GAINED trial described 

favourable outcomes for a group of iPET2+ patients who subsequently received HDT-ASCT 

consolidation. However, this only applied to those who converted to CMR on iPET4 after 

two further R-CHOP cycles. Although encouraging, these data are not readily applicable to 

clinical practice given the uncertainties associated with lack of randomisation.93

There is no uniform approach towards consolidation radiotherapy (for example to sites 

of initial disease bulk, extra-nodal sites) in the context of advanced stage disease after 

full course chemo-immunotherapy. A retrospective analysis of patients with advanced-stage 

LBCL treated with 6-8 cycles of R-CHOP described the potential role of end-of-treatment 

PET in guiding consolidation radiotherapy decisions.94 In this population-based study, 72% 

of patients achieved CMR and experienced a 3-year time-to-progression (TTP) of 83% and 

OS of 87%; baseline bulky disease (≥10 cm) did not appear to impact outcomes in the CMR 

group. Of the patients not in CMR after initial chemo-immunotherapy, 53% subsequently 

received radiotherapy, and their outcomes were similar to the PET-negative cohort (3-year 

TTP 76%, OS 80%). The poorest outcomes were seen in those not in CMR who did not 

receive radiotherapy. It should be noted however, that 30% of patients not in CMR who 

did not receive radiotherapy did not experience relapse, reflecting a clinically important 

false-positivity rate in end-of-treatment scan (see also section on end-of-treatment response). 

Treatment decisions should be individualised, taking into account potential benefits and 

anticipated toxicity of the target field, and the potential for subsequent effective therapies in 

the event of disease relapse.54

Recommendations

• Consider well-designed clinical trials as an option for all patients. (2A)

• Offer 6 cycles of RCHP-polatuzumab vedotin as first-line treatment for patients 

with de novo LBCL, fit for full dose chemotherapy, with an ECOG PS ≤2 and an 

IPI score of 2-5. (1A)

○ R-CHOP can also be considered as an option for this group. (2A)
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• Offer 6 cycles of R-CHOP as first-line treatment for patients with stage III/IV 

disease and an IPI score of 1. (1A)

• Consider a corticosteroid pre-phase and/or dose-attenuation (e.g. 50%) of 

cytotoxic agents for the first treatment cycle for patients with impaired PS and/or 

significant physiological compromise due to advanced stage disease. (2B)

• Consider more dose-intensive regimens such as R-CODOX-M/R-IVAC for 

younger patients (e.g. ≤50 years of age) with good performance status with IPI 

≥3, particularly for those considered at high-risk of CNS relapse. (2B)

• Consider CNS prophylaxis for carefully selected high-risk patients in line with 

current BSH GPP.76 (2B)

• Consider radiotherapy consolidation for bulky disease on a patient-by-patient 

basis. (2B)

• There is no accepted standard of care for patients with high-grade B-cell 
lymphoma with MYC and BCL2 and/or BCL6 rearrangements. Treatment 

options include:

○ RCHP-polatuzumab vedotin for patients with an IPI score of 2-5. (2B)

○ 6 cycles of R-CHOP-21 or R-CHOP-14. (2B)

○ For selected younger patients (where MYC is translocated to an Ig 

partner gene and co-exists with a BCL2 rearrangement), more intensive 

regimens such as DA-EPOCH-R or R-CODOX-M/R-IVAC may be 

considered. (2B)

• HDT-ASCT consolidation is not recommended as first-line therapy. (1B)

Older patients and those with co-morbid conditions

Older patients

For older, frailer patients or those with co-morbid conditions that preclude the delivery of 

full dose R-CHOP, survival outcomes remain unsatisfactory. Historically, patients enrolled 

in LYSA and RICOVER-60 trials were considered ‘older’ if >60 years.77, 80 This definition 

has since evolved considerably; the recent SENIOR trial exclusively enrolled patients ≥80 

years.95

Numerous scoring systems have evaluated patient factors (age, performance status, 

nutritional status, social support, polypharmacy, activities of daily living (ADLs), 

comorbidities etc.) but are typically cumbersome, impractical, and rarely performed.96, 97 A 

recent simplified geriatric assessment (sGA) has been validated in 1163 patients classifying 

patients >64 years as fit (55%), unfit (28%) or frail (18%).98 The elderly prognostic index 

(EPI) integrated the sGA score, International Prognostic Index, and haemoglobin levels to 

define low (24%), intermediate (48%), and high (29%) risk groups with divergent 3-year OS 

of 87%, 69% and 42% respectively.98 However, the utility of such systems to better inform 

therapeutic decisions beyond standard clinical assessment remains to be established. In the 
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UK, half of patients presenting with LBCL are over the age of 70 years, with a variable 

burden of co-morbid conditions.99

The evidence base supporting the use of attenuated R-CHOP is primarily limited to 

single-arm trials or retrospective series, and dosing decisions must weigh up the risk of 

treatment-related toxicities versus reductions in dose intensity.100 In patients <80 years, 

evidence suggests that retaining full dose intensity of R-CHOP is important for improving 

survival outcomes.101 However, in those ≥80 years studies suggest equivalent survival 

outcomes between full dose R-CHOP and ‘attenuated’ or R-miniCHOP.100, 102–105 Two 

large phase II trials support the curative potential of ‘mini’ CHOP (doxorubicin (25 mg/

m2), cyclophosphamide (400 mg/m2) and vincristine (1 mg capped-dose)) plus anti-CD20 

monoclonal antibody treatment.106, 107 Patients ≥80 years treated with the R-miniCHOP 

regimen experienced a 2-year OS of 59%. In the recent phase III SENIOR trial, the 2-year 

OS of the R-miniCHOP arm was 67%. Treatment-related mortality was considerably lower 

with the use of pre-phase steroids and vincristine; likely achieved through improved PS 

and a lower risk of clinically significant early toxicities.95, 107 A recent systematic review 

supports the notion that R-miniCHOP should be standard of care in suitable patients ≥80 

years.101

For patients receiving attenuated R-CHOP for limited stage LBCL, there is no firm evidence 

to guide the optimal dose or number of treatment cycles. Radiotherapy can be an important 

adjunctive treatment in this age group where long-term risks of radiation may be less 

relevant.

Holistic, multi-disciplinary care is essential for all patients with LBCL, and is especially 

important for meeting the complex needs of elderly or frail patients. Timely and regular 

discussions with patients, carers and family members to understand their priorities, and 

early involvement of palliative care services, are essential. Many sites are developing frailty 

services for integrated assessment and management.

A palliative approach that focuses on quality of life and symptom control may be more 

suitable for very frail or elderly patients. This may include low-intensity cytotoxic regimens, 

rituximab monotherapy, corticosteroids, palliative radiotherapy, or best supportive care alone 

for selected patients. There is a clear need for greater clinical research focus, including 

interventional trials, for the frail and elderly groups.

Anthracycline-unsuitable patients

A number of non-anthracycline regimens have been developed for patients with significant 

cardiac history or impaired left ventricular ejection fraction precluding anthracycline use. 

It should be recognised that intra- and inter-study heterogeneity exists with regard to 

definitions of cardiac morbidity and ‘unsuitability’ for anthracyclines. A single-arm phase II 

study of RCVP plus gemcitabine (RGCVP) was conducted in 62 patients.108 Two-year PFS 

and OS were 50% and 56% respectively. R-Gem-Ox-14 (rituximab-gemcitabine-oxaliplatin) 

was studied in 61 patients (median 75 years) with a 3-year PFS of 49%.109 A retrospective 

series of anthracycline-unsuitable patients supports the substitution of etoposide in place 

of doxorubicin (50 mg/m2 intravenously on day 1, and 100 mg/m2 orally on days 2-3) 
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conferring a 4-year OS of 49%.110–112 A retrospective Danish population-based study 

focused on the very elderly (>85 years) suggested comparable overall survival using non-

anthracycline regimens (CVP+/-R or CEOP+/-R) as compared with R-CHOP/RCHOEP.103 

Studies evaluating alternative anthracyclines and bendamustine yielded disappointing 

results.113, 114

Recommendations

• Consider using a validated frailty index such as the EPI, if practicable, to help 

inform risks and benefits of therapy (2B)

• Offer a corticosteroid pre-phase (e.g. 1 mg/kg of oral prednisolone) in patients 

whose performance status is adversely affected by LBCL disease burden. (1B)

○ Consider adding vincristine to corticosteroid pre-phase treatment (e.g. 

a single intravenous 1 mg dose). (2B)

• Offer R-miniCHOP (50% dosing of cyclophosphamide (400 mg/m2), 

doxorubicin (25 mg/m2) and vincristine (1 mg)) to patients ≥80 years. (1A)

• Consider dose-attenuation (e.g. 50% or 75%) of the chemotherapy components 

of R-CHOP in patients <80 years with clinically significant non-cardiac co-

morbidities or impaired performance status. (2B)

• Offer a non-anthracycline-based regimen for patients with cardiac co-morbidities 

unsuitable for anthracyclines; options include RGCVP and RCEOP. (1B)

• Consider palliative approaches (low-intensity cytotoxic regimens, rituximab 

monotherapy, corticosteroids, palliative radiotherapy, or best supportive care 

alone) for very frail patients. (2B)

End-of-treatment response assessment and follow-up

Prospective data from the randomised phase 3 GOYA trial demonstrated that CMR on 

end-of-treatment PET is highly predictive of favourable long-term outcomes, independent 

of baseline IPI.115 Retrospective studies have similarly demonstrated the prognostic 

significance of CMR when adjusting for baseline IPI and COO classification.116, 117 In one 

study, 30% of patients not in CMR and who did not receive further treatment nevertheless 

did not show disease progression, demonstrating a false-positive rate of PET.94 Where 

feasible, biopsy should be performed where there is clinical or radiological suspicion of 

residual lymphoma, taking into account the clinical context and options for second-line 

treatment.

The negative predictive value for interim PET is approximately 80%.118, 119 A number 

of studies have scanned patients with newly diagnosed DLBCL at interim and end-of-

treatment.120–123 The percentage of patients with ‘negative’ iPET and ‘positive’ end-of-

treatment PET scans ranged from 0-5%. Interim PET-negative rates range from 50-88%, 

with a CMR rate of 63% in a prospective blinded study of patients receiving R-CHOP for 

newly diagnosed DLBCL.124, 125 Overall, the majority of iPET scans are negative, and the 
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very low rate of end-of-treatment PET-positivity in this group justifies the omission of the 

later scan, avoiding the additional radiation dose and cost.

The majority of LBCL relapses occur within the first two years after diagnosis. However, 

late relapses do occur, including in patients with early-stage disease.52 The clinical value 

to individual patients for routine follow-up within haemato-oncology services beyond 

two years is not clear. The timing and frequency for follow-up should be informed 

by the characteristics of the disease, the treatment received and be aligned with the 

patient’s preferences. It is important to recognise late complications of LBCL therapy, 

including cardiac disease, bone health, early menopause, neurocognitive effects, and reduced 

psychological wellbeing.126, 127 Patient-initiated follow-up may represent an attractive 

option for selected patients, although evidence supporting its effectiveness remains limited 

to date. However, it is clear that patient access to advice and support from haemato-oncology 

services following completion of therapy is valuable.128 The patient’s preferences should 

inform the mode of follow-up that is offered.

Recommendations

• Where interim imaging is planned, consider performing a PET-CT following 2 

cycles of chemo-immunotherapy (iPET2) for an early assessment of response 

quality. (2B)

○ A change of treatment should only be considered for those with no 

response or progressive disease on iPET2. (1B)

○ Patients with early stage LBCL on a PET-adapted protocol should 

follow the appropriate management plan recommended at the outset. 

(1A)

• For patients with a complete metabolic response on iPET2, a contrast-enhanced 

CT scan is usually sufficient as end-of-treatment imaging. (2B)

• For patients without a complete metabolic response on iPET2 (or for patients 

who have not undergone an iPET2), an end-of-treatment PET-CT scan should be 

performed. (1B)

• End of treatment response should be assessed 3-6 weeks after the last dose of 

antibody. (1A)

• End-of-treatment imaging should be performed and reviewed in a timely manner, 

prior to consolidation radiotherapy or high-dose methotrexate, where planned. 

(1B)

• Consolidation radiotherapy should commence 6-8 weeks after completion of 

primary chemo-immunotherapy. (1B)

• After completion of radiotherapy consolidation, re-imaging should be performed 

at 12 weeks. (1B)

• Metabolic response should be ascertained using the Deauville criteria; DS 1-3 is 

regarded as CMR. (1A)
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• The positive-predictive value of non-CMR is variable; biopsy is therefore 

strongly recommended prior to second line treatment. (1A)

• For patients with residual foci of FDG-uptake, review imaging in an MDT 

meeting to assess suspicion of residual disease and amenability to biopsy:

○ Offer biopsy of FDG-avid lesions wherever feasible. (1A)

○ Offer a repeat PET-CT at an 8-12-week interval, where tissue biopsy is 

not possible and there is uncertainty regarding imaging findings. (1B)

○ Consider ISRT to single FDG-avid lesions if considered suspicious 

of residual disease but where tissue biopsy is not feasible. Such 

decisions require careful patient counselling and close consultation 

with a radiation oncologist. (2B)

Acknowledgements

The writing group are extremely grateful for the contributions from Claire Munro and a second patient 
representative, on behalf of Lymphoma Action, whose comments have been incorporated into the sections on 
baseline investigation, supportive care, and older patients.

The BSH haemato-oncology taskforce members at the time of writing this guideline were Tracey Chan, Andrew 
Clark, Dima El-Sharkawi, Toby Eyre, Austin Kulasekararaj, Jahanzaib Khwaja, Nilima Parry-Jones, Rob Sellar, 
Simon Stern, and Matthew Wilson. The authors thank them, the BSH sounding board, and the BSH guidelines 
committee for their support in preparing this guideline.

SFB acknowledges support from the National Institute for Health and Care Research (NIHR) [RP-2016-07-001]. 
King’s College London and UCL Comprehensive Cancer Imaging Centre is funded by the CRUK and EPSRC 
in association with the MRC and Department of Health and Social Care (England). This work was also 
supported by core funding from the Wellcome/EPSRC Centre for Medical Engineering at King’s College London 
[WT203148/Z/16/Z] and the NIHR Clinical Research Facility. The views expressed are those of the author(s) and 
not necessarily those of the NHS, the NIHR or the Department of Health and Social Care.

TI acknowledges support from National Institute for Health and Care Research (NIHR) and Manchester Biomedical 
Research Centre.

References

1. Fox CP, Phillips EH, Smith J, Linton K, Gallop-Evans E, Hemmaway C, et al. Guidelines for the 
diagnosis and management of primary central nervous system diffuse large B-cell lymphoma. Br J 
Haematol. 2019; 184 (3) 348–63. [PubMed: 30467845] 

2. Cwynarski K, Cummin T, Osborne W, Lewis J, Chaganti S, Smith J, et al. Management of 
secondary central nervous system lymphoma. Br J Haematol. 2023; 200 (2) 160–9. [PubMed: 
36408800] 

3. Shah N, Eyre TA, Tucker D, Kassam S, Parmar J, Featherstone C, et al. Front-line management of 
post-transplantation lymphoproliferative disorder in adult solid organ recipient patients - A British 
Society for Haematology Guideline. Br J Haematol. 2021; 193 (4) 727–40. [PubMed: 33877688] 

4. Alaggio R, Amador C, Anagnostopoulos I, Attygalle AD, Araujo IBO, Berti E, et al. The 5th 
edition of the World Health Organization Classification of Haematolymphoid Tumours: Lymphoid 
Neoplasms. Leukemia. 2022; 36 (7) 1720–48. [PubMed: 35732829] 

5. Campo E, Jaffe ES, Cook JR, Quintanilla-Martinez L, Swerdlow SH, Anderson KC, et al. The 
International Consensus Classification of Mature Lymphoid Neoplasms: a report from the Clinical 
Advisory Committee. Blood. 2022; 140 (11) 1229–53. [PubMed: 35653592] 

6. Syrykh C, Chaouat C, Poullot E, Amara N, Fataccioli V, Parrens M, et al. Lymph node excisions 
provide more precise lymphoma diagnoses than core biopsies: a French Lymphopath network 
survey. Blood. 2022; 140 (24) 2573–83. [PubMed: 35797472] 

Fox et al. Page 18

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



7. Barrington SF, Mikhaeel NG, Kostakoglu L, Meignan M, Hutchings M, Mueller SP, et al. Role 
of imaging in the staging and response assessment of lymphoma: consensus of the International 
Conference on Malignant Lymphomas Imaging Working Group. J Clin Oncol. 2014; 32 (27) 3048–
58. [PubMed: 25113771] 

8. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, Zucca E, et al. Recommendations for 
initial evaluation, staging, and response assessment of Hodgkin and non-Hodgkin lymphoma: the 
Lugano classification. J Clin Oncol. 2014; 32 (27) 3059–68. [PubMed: 25113753] 

9. Metser U, Prica A, Hodgson DC, Mozuraitis M, Eberg M, Mak V, et al. Effect of PET/CT 
on the Management and Outcomes of Participants with Hodgkin and Aggressive Non-Hodgkin 
Lymphoma: A Multicenter Registry. Radiology. 2019; 290 (2) 488–95. [PubMed: 30511907] 

10. Pinilla I, Gomez-Leon N, Del Campo-Del Val L, Hernandez-Maraver D, Rodriguez-Vigil B, 
Jover-Diaz R, et al. Diagnostic value of CT, PET and combined PET/CT performed with low-dose 
unenhanced CT and full-dose enhanced CT in the initial staging of lymphoma. Q J Nucl Med Mol 
Imaging. 2011; 55 (5) 567–75. [PubMed: 21150860] 

11. Chalaye J, Luciani A, Enache C, Beaussart P, Lhermite C, Evangelista E, et al. Clinical impact 
of contrast-enhanced computed tomography combined with low-dose (18)F-fluorodeoxyglucose 
positron emission tomography/computed tomography on routine lymphoma patient management. 
Leuk Lymphoma. 2014; 55 (12) 2887–92. [PubMed: 24597987] 

12. Campbell J, Seymour JF, Matthews J, Wolf M, Stone J, Juneja S. The prognostic impact of bone 
marrow involvement in patients with diffuse large cell lymphoma varies according to the degree of 
infiltration and presence of discordant marrow involvement. Eur J Haematol. 2006; 76 (6) 473–80. 
[PubMed: 16529599] 

13. Sehn LH, Scott DW, Chhanabhai M, Berry B, Ruskova A, Berkahn L, et al. Impact of concordant 
and discordant bone marrow involvement on outcome in diffuse large B-cell lymphoma treated 
with R-CHOP. J Clin Oncol. 2011; 29 (11) 1452–7. [PubMed: 21383296] 

14. Cerci JJ, Gyorke T, Fanti S, Paez D, Meneghetti JC, Redondo F, et al. Combined PET and biopsy 
evidence of marrow involvement improves prognostic prediction in diffuse large B-cell lymphoma. 
J Nucl Med. 2014; 55 (10) 1591–7. [PubMed: 25214642] 

15. Adams HJ, Kwee TC, de Keizer B, Fijnheer R, de Klerk JM, Nievelstein RA. FDG PET/CT for the 
detection of bone marrow involvement in diffuse large B-cell lymphoma: systematic review and 
meta-analysis. Eur J Nucl Med Mol Imaging. 2014; 41 (3) 565–74. [PubMed: 24281821] 

16. Alzahrani M, El-Galaly TC, Hutchings M, Hansen JW, Loft A, Johnsen HE, et al. The value of 
routine bone marrow biopsy in patients with diffuse large B-cell lymphoma staged with PET/CT: a 
Danish-Canadian study. Ann Oncol. 2016; 27 (6) 1095–9. [PubMed: 27002106] 

17. Sasanelli M, Meignan M, Haioun C, Berriolo-Riedinger A, Casasnovas RO, Biggi A, et al. 
Pretherapy metabolic tumour volume is an independent predictor of outcome in patients with 
diffuse large B-cell lymphoma. Eur J Nucl Med Mol Imaging. 2014; 41 (11) 2017–22. [PubMed: 
24902639] 

18. Barrington SF, Meignan M. Time to Prepare for Risk Adaptation in Lymphoma by Standardizing 
Measurement of Metabolic Tumor Burden. J Nucl Med. 2019; 60 (8) 1096–102. [PubMed: 
30954945] 

19. McKay P, Wilson MR, Chaganti S, Smith J, Fox CP, Cwynarski K, et al. The prevention of central 
nervous system relapse in diffuse large B-cell lymphoma: a British Society for Haematology good 
practice paper. Br J Haematol. 2020; 190 (5) 708–14. [PubMed: 32433789] 

20. Schmitz N, Zeynalova S, Nickelsen M, Kansara R, Villa D, Sehn LH, et al. CNS International 
Prognostic Index: A Risk Model for CNS Relapse in Patients With Diffuse Large B-Cell 
Lymphoma Treated With R-CHOP. J Clin Oncol. 2016; 34 (26) 3150–6. [PubMed: 27382100] 

21. El-Galaly TC, Villa D, Michaelsen TY, Hutchings M, Mikhaeel NG, Savage KJ, et al. The number 
of extranodal sites assessed by PET/CT scan is a powerful predictor of CNS relapse for patients 
with diffuse large B-cell lymphoma: An international multicenter study of 1532 patients treated 
with chemoimmunotherapy. Eur J Cancer. 2017; 75: 195–203. [PubMed: 28237865] 

22. National Institute for Health and Care Excellence. Hepatitis B (chronic): diagnosis and 
management (CG165). 2017. 

Fox et al. Page 19

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



23. Bower M, Palfreeman A, Alfa-Wali M, Bunker C, Burns F, Churchill D, et al. British HIV 
Association guidelines for HIV-associated malignancies 2014. HIV Med. 2014; 15 (Suppl 2) 1–92. 

24. Jones GL, Will A, Jackson GH, Webb NJ, Rule S, British Committee for Standards in 
H. Guidelines for the management of tumour lysis syndrome in adults and children with 
haematological malignancies on behalf of the British Committee for Standards in Haematology. Br 
J Haematol. 2015; 169 (5) 661–71. [PubMed: 25876990] 

25. International Non-Hodgkin's Lymphoma Prognostic Factors Project. A predictive model for 
aggressive non-Hodgkin's lymphoma. N Engl J Med. 1993; 329 (14) 987–94. [PubMed: 8141877] 

26. Zhou Z, Sehn LH, Rademaker AW, Gordon LI, Lacasce AS, Crosby-Thompson A, et al. 
An enhanced International Prognostic Index (NCCN-IPI) for patients with diffuse large B-cell 
lymphoma treated in the rituximab era. Blood. 2014; 123 (6) 837–42. [PubMed: 24264230] 

27. Ruppert AS, Dixon JG, Salles G, Wall A, Cunningham D, Poeschel V, et al. International 
prognostic indices in diffuse large B-cell lymphoma: a comparison of IPI, R-IPI, and NCCN-IPI. 
Blood. 2020; 135 (23) 2041–8. [PubMed: 32232482] 

28. Miller TP, Dahlberg S, Cassady JR, Adelstein DJ, Spier CM, Grogan TM, et al. Chemotherapy 
alone compared with chemotherapy plus radiotherapy for localized intermediate- and high-grade 
non-Hodgkin’s lymphoma. N Engl J Med. 1998; 339 (1) 21–6. [PubMed: 9647875] 

29. Pfreundschuh M, Ho AD, Cavallin-Stahl E, Wolf M, Pettengell R, Vasova I, et al. Prognostic 
significance of maximum tumour (bulk) diameter in young patients with good-prognosis diffuse 
large-B-cell lymphoma treated with CHOP-like chemotherapy with or without rituximab: an 
exploratory analysis of the MabThera International Trial Group (MInT) study. Lancet Oncol. 2008; 
9 (5) 435–44. [PubMed: 18400558] 

30. Rosenwald A, Bens S, Advani R, Barrans S, Copie-Bergman C, Elsensohn MH, et al. 
Prognostic Significance of MYC Rearrangement and Translocation Partner in Diffuse Large B-
Cell Lymphoma: A Study by the Lunenburg Lymphoma Biomarker Consortium. J Clin Oncol. 
2019; 37 (35) 3359–68. [PubMed: 31498031] 

31. Sha C, Barrans S, Cucco F, Bentley MA, Care MA, Cummin T, et al. Molecular High-Grade 
B-Cell Lymphoma: Defining a Poor-Risk Group That Requires Different Approaches to Therapy. J 
Clin Oncol. 2019; 37 (3) 202–12. [PubMed: 30523719] 

32. Davies AJ, Barrans S, Stanton L, Caddy J, Wilding S, Saunders G, et al. Differential Efficacy 
From the Addition of Bortezomib to R-CHOP in Diffuse Large B-Cell Lymphoma According to 
the Molecular Subgroup in the REMoDL-B Study With a 5-Year Follow-Up. J Clin Oncol. 2023. 
JCO2300033 

33. Alizadeh AA, Eisen MB, Davis RE, Ma C, Lossos IS, Rosenwald A, et al. Distinct types of diffuse 
large B-cell lymphoma identified by gene expression profiling. Nature. 2000; 403 (6769) 503–11. 
[PubMed: 10676951] 

34. Rosenwald A, Wright G, Chan WC, Connors JM, Campo E, Fisher RI, et al. The use of molecular 
profiling to predict survival after chemotherapy for diffuse large-B-cell lymphoma. N Engl J Med. 
2002; 346 (25) 1937–47. [PubMed: 12075054] 

35. Lenz G, Wright G, Dave SS, Xiao W, Powell J, Zhao H, et al. Stromal gene signatures in 
large-B-cell lymphomas. N Engl J Med. 2008; 359 (22) 2313–23. [PubMed: 19038878] 

36. Hans CP, Weisenburger DD, Greiner TC, Gascoyne RD, Delabie J, Ott G, et al. Confirmation of 
the molecular classification of diffuse large B-cell lymphoma by immunohistochemistry using a 
tissue microarray. Blood. 2004; 103 (1) 275–82. [PubMed: 14504078] 

37. Schmitz R, Wright GW, Huang DW, Johnson CA, Phelan JD, Wang JQ, et al. Genetics and 
Pathogenesis of Diffuse Large B-Cell Lymphoma. N Engl J Med. 2018; 378 (15) 1396–407. 
[PubMed: 29641966] 

38. Chapuy B, Stewart C, Dunford AJ, Kim J, Kamburov A, Redd RA, et al. Molecular subtypes of 
diffuse large B cell lymphoma are associated with distinct pathogenic mechanisms and outcomes. 
Nat Med. 2018; 24 (5) 679–90. [PubMed: 29713087] 

39. Lacy SE, Barrans SL, Beer PA, Painter D, Smith AG, Roman E, et al. Targeted sequencing in 
DLBCL, molecular subtypes, and outcomes: a Haematological Malignancy Research Network 
report. Blood. 2020; 135 (20) 1759–71. [PubMed: 32187361] 

Fox et al. Page 20

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



40. Baech J, Hansen SM, Jakobsen LH, Ovlisen AK, Severinsen MT, Brown PN, et al. Increased 
risk of osteoporosis following commonly used first-line treatments for lymphoma: a Danish 
Nationwide Cohort Study. Leuk Lymphoma. 2020; 61 (6) 1345–54. [PubMed: 32043382] 

41. Booth S, Plaschkes H, Kirkwood AA, Gibb A, Horgan P, Higham C, et al. Fractures are 
common within 18 months following first-line R-CHOP in older patients with diffuse large B-cell 
lymphoma. Blood Adv. 2020; 4 (18) 4337–46. [PubMed: 32915975] 

42. Homik J, Suarez-Almazor ME, Shea B, Cranney A, Wells G, Tugwell P. Calcium and vitamin D 
for corticosteroid-induced osteoporosis. Cochrane Database Syst Rev. 2000; 1998 (2) CD000952 
[PubMed: 10796394] 

43. Westin JR, Thompson MA, Cataldo VD, Fayad LE, Fowler N, Fanale MA, et al. Zoledronic acid 
for prevention of bone loss in patients receiving primary therapy for lymphomas: a prospective, 
randomized controlled phase III trial. Clin Lymphoma Myeloma Leuk. 2013; 13 (2) 99–105. 
[PubMed: 23276888] 

44. Dendle C, Gilbertson M, Spelman T, Stuart RL, Korman TM, Thursky K, et al. Infection is an 
Independent Predictor of Death in Diffuse Large B Cell Lymphoma. Sci Rep. 2017; 7 (1) 4395. 
[PubMed: 28667319] 

45. Pettengell R, Johnsen HE, Lugtenburg PJ, Silvestre AS, Duhrsen U, Rossi FG, et al. Impact of 
febrile neutropenia on R-CHOP chemotherapy delivery and hospitalizations among patients with 
diffuse large B-cell lymphoma. Support Care Cancer. 2012; 20 (3) 647–52. [PubMed: 22101611] 

46. Eyre TA, Wilson W, Kirkwood AA, Wolf J, Hildyard C, Plaschkes H, et al. Infection-related 
morbidity and mortality among older patients with DLBCL treated with full- or attenuated-dose 
R-CHOP. Blood Adv. 2021; 5 (8) 2229–36. [PubMed: 33890978] 

47. Poeschel V, Held G, Ziepert M, Witzens-Harig M, Holte H, Thurner L, et al. Four versus six 
cycles of CHOP chemotherapy in combination with six applications of rituximab in patients 
with aggressive B-cell lymphoma with favourable prognosis (FLYER): a randomised, phase 3, 
non-inferiority trial. Lancet. 2019; 394 (10216) 2271–81. [PubMed: 31868632] 

48. Bologna S, Vander Borght T, Briere J, Ribrag V, Damaj GL, Thieblemont C, et al. 
EARLY POSITRON EMISSION TOMOGRAPHY RESPONSE-ADAPTED TREATMENT IN 
LOCALIZED DIFFUSE LARGE B-CELL LYMPHOMA (AAIPI=0) : RESULTS OF THE 
PHASE 3 LYSA LNH 09-1B TRIAL. Hematological Oncology. 2021; 39 (S2) 

49. Persky DO, Li H, Stephens DM, Park SI, Bartlett NL, Swinnen LJ, et al. Positron Emission 
Tomography-Directed Therapy for Patients With Limited-Stage Diffuse Large B-Cell Lymphoma: 
Results of Intergroup National Clinical Trials Network Study S1001. J Clin Oncol. 2020; 38 (26) 
3003–11. [PubMed: 32658627] 

50. Sehn LH, Scott DW, Villa D, Gerrie AS, Freeman CL, Aquino Parsons C, et al. Long-Term Follow-
up of a PET-Guided Approach to Treatment of Limited-Stage Diffuse Large B-Cell Lymphoma 
(DLBCL) in British Columbia (BC). Blood. 2019; 134 (Supplement_1) 401. 

51. Persky DO, Unger JM, Spier CM, Stea B, LeBlanc M, McCarty MJ, et al. Phase II Study 
of Rituximab Plus Three Cycles of CHOP and Involved-Field Radiotherapy for Patients With 
Limited-Stage Aggressive B-Cell Lymphoma: Southwest Oncology Group Study 0014. Journal of 
Clinical Oncology. 2008; 26 (14) 2258–63. [PubMed: 18413640] 

52. Stephens DM, Li H, LeBlanc ML, Puvvada SD, Persky D, Friedberg JW, et al. Continued Risk of 
Relapse Independent of Treatment Modality in Limited-Stage Diffuse Large B-Cell Lymphoma: 
Final and Long-Term Analysis of Southwest Oncology Group Study S8736. J Clin Oncol. 2016; 
34 (25) 2997–3004. [PubMed: 27382104] 

53. Illidge T, Specht L, Yahalom J, Aleman B, Berthelsen AK, Constine L, et al. Modern 
radiation therapy for nodal non-Hodgkin lymphoma-target definition and dose guidelines from 
the International Lymphoma Radiation Oncology Group. Int J Radiat Oncol Biol Phys. 2014; 89 
(1) 49–58. [PubMed: 24725689] 

54. Wirth A, Mikhaeel NG, Aleman BMP, Pinnix CC, Constine LS, Ricardi U, et al. Involved Site 
Radiation Therapy in Adult Lymphomas: An Overview of International Lymphoma Radiation 
Oncology Group Guidelines. Int J Radiat Oncol Biol Phys. 2020; 107 (5) 909–33. [PubMed: 
32272184] 

Fox et al. Page 21

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



55. Lamy T, Damaj G, Soubeyran P, Gyan E, Cartron G, Bouabdallah K, et al. R-CHOP 14 with or 
without radiotherapy in nonbulky limited-stage diffuse large B-cell lymphoma. Blood. 2018; 131 
(2) 174–81. [PubMed: 29061568] 

56. Tilly H, Morschhauser F, Sehn LH, Friedberg JW, Trneny M, Sharman JP, et al. Polatuzumab 
Vedotin in Previously Untreated Diffuse Large B-Cell Lymphoma. N Engl J Med. 2022; 386 (4) 
351–63. [PubMed: 34904799] 

57. Grass GD, Mills MN, Ahmed KA, Liveringhouse CL, Montejo ME, Robinson TJ, et al. 
Radiotherapy for early stage diffuse large B-cell lymphoma with or without double or triple hit 
genetic alterations. Leuk Lymphoma. 2019; 60 (4) 886–93. [PubMed: 30457458] 

58. Torka P, Kothari SK, Sundaram S, Li S, Medeiros LJ, Ayers EC, et al. Outcomes of patients with 
limited-stage aggressive large B-cell lymphoma with high-risk cytogenetics. Blood Adv. 2020; 4 
(2) 253–62. [PubMed: 31945157] 

59. Barraclough A, Alzahrani M, Ettrup MS, Bishton M, van Vliet C, Farinha P, et al. COO and 
MYC/BCL2 status do not predict outcome among patients with stage I/II DLBCL: a retrospective 
multicenter study. Blood Adv. 2019; 3 (13) 2013–21. [PubMed: 31285189] 

60. Vitolo U, Chiappella A, Ferreri AJ, Martelli M, Baldi I, Balzarotti M, et al. First-line treatment 
for primary testicular diffuse large B-cell lymphoma with rituximab-CHOP, CNS prophylaxis, and 
contralateral testis irradiation: final results of an international phase II trial. J Clin Oncol. 2011; 29 
(20) 2766–72. [PubMed: 21646602] 

61. Conconi A, Chiappella A, Orsucci L, Gaidano G, Ferreri AJM, Balzarotti M, et al. INTENSIFIED 
(INTRAVENOUS AND INTRATHECAL) CNS PROPHYLAXIS IN PRIMARY TESTICULAR 
DIFFUSE LARGE B-CELL LYMPHOMA: 5-YEAR RESULTS OF THE IELSG30 TRIAL. 
Hematological Oncology. 2021; 39 (S2) 

62. Yhim HY, Kang HJ, Choi YH, Kim SJ, Kim WS, Chae YS, et al. Clinical outcomes and prognostic 
factors in patients with breast diffuse large B cell lymphoma; Consortium for Improving Survival 
of Lymphoma (CISL) study. BMC Cancer. 2010; 10: 321. [PubMed: 20569446] 

63. Yhim HY, Yoon DH, Kim SJ, Yang DH, Eom HS, Kim KH, et al. First-Line Treatment 
for Primary Breast Diffuse Large B-Cell Lymphoma Using Immunochemotherapy and Central 
Nervous System Prophylaxis: A Multicenter Phase 2 Trial. Cancers (Basel). 2020; 12 (8) 

64. Wohrer S, Puspok A, Drach J, Hejna M, Chott A, Raderer M. Rituximab, cyclophosphamide, 
doxorubicin, vincristine and prednisone (R-CHOP) for treatment of early-stage gastric diffuse 
large B-cell lymphoma. Ann Oncol. 2004; 15 (7) 1086–90. [PubMed: 15205203] 

65. Park YH, Lee SH, Kim WS, Bang SM, Ryoo BY, Yang SH, et al. CHOP followed by involved field 
radiotherapy for localized primary gastric diffuse large B-cell lymphoma: results of a multi center 
phase II study and quality of life evaluation. Leuk Lymphoma. 2006; 47 (7) 1253–9. [PubMed: 
16923554] 

66. Kadota T, Seo S, Fuse H, Ishii G, Itoh K, Yano T, et al. Complications and outcomes in diffuse 
large B-cell lymphoma with gastric lesions treated with R-CHOP. Cancer Med. 2019; 8 (3) 982–9. 
[PubMed: 30730104] 

67. Ferreri AJ, Campo E, Seymour JF, Willemze R, Ilariucci F, Ambrosetti A, et al. Intravascular 
lymphoma: clinical presentation, natural history, management and prognostic factors in a series of 
38 cases, with special emphasis on the 'cutaneous variant'. Br J Haematol. 2004; 127 (2) 173–83. 
[PubMed: 15461623] 

68. Ferreri AJ, Dognini GP, Bairey O, Szomor A, Montalban C, Horvath B, et al. The addition 
of rituximab to anthracycline-based chemotherapy significantly improves outcome in 'Western' 
patients with intravascular large B-cell lymphoma. Br J Haematol. 2008; 143 (2) 253–7. [PubMed: 
18699850] 

69. Shimada K, Matsue K, Yamamoto K, Murase T, Ichikawa N, Okamoto M, et al. Retrospective 
analysis of intravascular large B-cell lymphoma treated with rituximab-containing chemotherapy 
as reported by the IVL study group in Japan. J Clin Oncol. 2008; 26 (19) 3189–95. [PubMed: 
18506023] 

70. Shimada K, Yamaguchi M, Atsuta Y, Matsue K, Sato K, Kusumoto S, et al. Rituximab, 
cyclophosphamide, doxorubicin, vincristine, and prednisolone combined with high-dose 
methotrexate plus intrathecal chemotherapy for newly diagnosed intravascular large B-cell 

Fox et al. Page 22

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



lymphoma (PRIMEUR-IVL): a multicentre, single-arm, phase 2 trial. Lancet Oncol. 2020; 21 
(4) 593–602. [PubMed: 32171071] 

71. Arjyal L, Giri M, Uprety D, Vallatharasu Y, Talluri S, Bhaskar C, et al. Primary Cutaneous Diffuse 
Large B Cell Lymphoma -Leg Type in United States: Epidemiology and Survival Outcome. Blood. 
2019; 134 (Supplement_1) 2202. 

72. Mikhaeel NG. Primary bone lymphoma. Clin Oncol (R Coll Radiol). 2012; 24 (5) 366–70. 
[PubMed: 22402011] 

73. Held G, Zeynalova S, Murawski N, Ziepert M, Kempf B, Viardot A, et al. Impact of rituximab and 
radiotherapy on outcome of patients with aggressive B-cell lymphoma and skeletal involvement. J 
Clin Oncol. 2013; 31 (32) 4115–22. [PubMed: 24062391] 

74. Bobillo S, Joffe E, Lavery JA, Sermer D, Ghione P, Noy A, et al. Clinical characteristics and 
outcomes of extranodal stage I diffuse large B-cell lymphoma in the rituximab era. Blood. 2021; 
137 (1) 39–48. [PubMed: 32730585] 

75. Yahalom J, Illidge T, Specht L, Hoppe RT, Li YX, Tsang R, et al. Modern radiation therapy 
for extranodal lymphomas: field and dose guidelines from the International Lymphoma Radiation 
Oncology Group. Int J Radiat Oncol Biol Phys. 2015; 92 (1) 11–31. [PubMed: 25863750] 

76. British Society for Haematology. British Society for Haematology Guidelines. Available from: 
https://b-s-h.org.uk/guidelines

77. Coiffier B, Lepage E, Briere J, Herbrecht R, Tilly H, Bouabdallah R, et al. CHOP chemotherapy 
plus rituximab compared with CHOP alone in elderly patients with diffuse large-B-cell lymphoma. 
N Engl J Med. 2002; 346 (4) 235–42. [PubMed: 11807147] 

78. Coiffier B, Thieblemont C, Van Den Neste E, Lepeu G, Plantier I, Castaigne S, et al. Long-term 
outcome of patients in the LNH-98.5 trial, the first randomized study comparing rituximab-CHOP 
to standard CHOP chemotherapy in DLBCL patients: a study by the Groupe d'Etudes des 
Lymphomes de l’Adulte. Blood. 2010; 116 (12) 2040–5. [PubMed: 20548096] 

79. Habermann TM, Weller EA, Morrison VA, Gascoyne RD, Cassileth PA, Cohn JB, et al. Rituximab-
CHOP versus CHOP alone or with maintenance rituximab in older patients with diffuse large 
B-cell lymphoma. J Clin Oncol. 2006; 24 (19) 3121–7. [PubMed: 16754935] 

80. Pfreundschuh M, Schubert J, Ziepert M, Schmits R, Mohren M, Lengfelder E, et al. Six versus 
eight cycles of bi-weekly CHOP-14 with or without rituximab in elderly patients with aggressive 
CD20+ B-cell lymphomas: a randomised controlled trial (RICOVER-60). Lancet Oncol. 2008; 9 
(2) 105–16. [PubMed: 18226581] 

81. Cunningham D, Hawkes EA, Jack A, Qian W, Smith P, Mouncey P, et al. Rituximab plus 
cyclophosphamide, doxorubicin, vincristine, and prednisolone in patients with newly diagnosed 
diffuse large B-cell non-Hodgkin lymphoma: a phase 3 comparison of dose intensification with 
14-day versus 21-day cycles. Lancet. 2013; 381 (9880) 1817–26. [PubMed: 23615461] 

82. Davies A, Cummin TE, Barrans S, Maishman T, Mamot C, Novak U, et al. Gene-expression 
profiling of bortezomib added to standard chemoimmunotherapy for diffuse large B-cell 
lymphoma (REMoDL-B): an open-label, randomised, phase 3 trial. Lancet Oncol. 2019; 20 (5) 
649–62. [PubMed: 30948276] 

83. Younes A, Sehn LH, Johnson P, Zinzani PL, Hong X, Zhu J, et al. Randomized Phase III Trial 
of Ibrutinib and Rituximab Plus Cyclophosphamide, Doxorubicin, Vincristine, and Prednisone 
in Non-Germinal Center B-Cell Diffuse Large B-Cell Lymphoma. J Clin Oncol. 2019; 37 (15) 
1285–95. [PubMed: 30901302] 

84. Nowakowski GS, Chiappella A, Gascoyne RD, Scott DW, Zhang Q, Jurczak W, et al. ROBUST: 
A Phase III Study of Lenalidomide Plus R-CHOP Versus Placebo Plus R-CHOP in Previously 
Untreated Patients With ABC-Type Diffuse Large B-Cell Lymphoma. J Clin Oncol. 2021; 39 (12) 
1317–28. [PubMed: 33621109] 

85. Tilly H, Lepage E, Coiffier B, Blanc M, Herbrecht R, Bosly A, et al. Intensive conventional 
chemotherapy (ACVBP regimen) compared with standard CHOP for poor-prognosis aggressive 
non-Hodgkin lymphoma. Blood. 2003; 102 (13) 4284–9. [PubMed: 12920037] 

86. Recher C, Coiffier B, Haioun C, Molina TJ, Ferme C, Casasnovas O, et al. Intensified 
chemotherapy with ACVBP plus rituximab versus standard CHOP plus rituximab for the treatment 

Fox et al. Page 23

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

https://b-s-h.org.uk/guidelines


of diffuse large B-cell lymphoma (LNH03-2B): an open-label randomised phase 3 trial. Lancet. 
2011; 378 (9806) 1858–67. [PubMed: 22118442] 

87. Schmitz N, Nickelsen M, Ziepert M, Haenel M, Borchmann P, Schmidt C, et al. Conventional 
chemotherapy (CHOEP-14) with rituximab or high-dose chemotherapy (MegaCHOEP) with 
rituximab for young, high-risk patients with aggressive B-cell lymphoma: an open-label, 
randomised, phase 3 trial (DSHNHL 2002-1). Lancet Oncol. 2012; 13 (12) 1250–9. [PubMed: 
23168367] 

88. Stiff PJ, Unger JM, Cook JR, Constine LS, Couban S, Stewart DA, et al. Autologous 
transplantation as consolidation for aggressive non-Hodgkin's lymphoma. N Engl J Med. 2013; 
369 (18) 1681–90. [PubMed: 24171516] 

89. Chiappella A, Martelli M, Angelucci E, Brusamolino E, Evangelista A, Carella AM, et al. 
Rituximab-dose-dense chemotherapy with or without high-dose chemotherapy plus autologous 
stem-cell transplantation in high-risk diffuse large B-cell lymphoma (DLCL04): final results of a 
multicentre, open-label, randomised, controlled, phase 3 study. Lancet Oncol. 2017; 18 (8) 1076–
88. [PubMed: 28668386] 

90. McMillan AK, Phillips EH, Kirkwood AA, Barrans S, Burton C, Rule S, et al. Favourable 
outcomes for high-risk diffuse large B-cell lymphoma (IPI 3-5) treated with front-line R-CODOX-
M/R-IVAC chemotherapy: results of a phase 2 UK NCRI trial. Ann Oncol. 2020; 31 (9) 1251–9. 
[PubMed: 32464282] 

91. Bartlett NL, Wilson WH, Jung SH, Hsi ED, Maurer MJ, Pederson LD, et al. Dose-Adjusted 
EPOCH-R Compared With R-CHOP as Frontline Therapy for Diffuse Large B-Cell Lymphoma: 
Clinical Outcomes of the Phase III Intergroup Trial Alliance/CALGB 50303. J Clin Oncol. 2019; 
37 (21) 1790–9. [PubMed: 30939090] 

92. Duhrsen U, Muller S, Hertenstein B, Thomssen H, Kotzerke J, Mesters R, et al. Positron Emission 
Tomography-Guided Therapy of Aggressive Non-Hodgkin Lymphomas (PETAL): A Multicenter, 
Randomized Phase III Trial. J Clin Oncol. 2018; 36 (20) 2024–34. [PubMed: 29750632] 

93. Le Gouill S, Ghesquieres H, Oberic L, Morschhauser F, Tilly H, Ribrag V, et al. Obinutuzumab vs 
rituximab for advanced DLBCL: a PET-guided and randomized phase 3 study by LYSA. Blood. 
2021; 137 (17) 2307–20. [PubMed: 33211799] 

94. Freeman CL, Savage KJ, Villa DR, Scott DW, Srour L, Gerrie AS, et al. Long-term results of 
PET-guided radiation in patients with advanced-stage diffuse large B-cell lymphoma treated with 
R-CHOP. Blood. 2021; 137 (7) 929–38. [PubMed: 32871586] 

95. Oberic L, Peyrade F, Puyade M, Bonnet C, Dartigues-Cuilleres P, Fabiani B, et al. Subcutaneous 
Rituximab-MiniCHOP Compared With Subcutaneous Rituximab-MiniCHOP Plus Lenalidomide 
in Diffuse Large B-Cell Lymphoma for Patients Age 80 Years or Older. J Clin Oncol. 2021; 39 
(11) 1203–13. [PubMed: 33444079] 

96. Repetto L, Fratino L, Audisio RA, Venturino A, Gianni W, Vercelli M, et al. Comprehensive 
geriatric assessment adds information to Eastern Cooperative Oncology Group performance status 
in elderly cancer patients: an Italian Group for Geriatric Oncology Study. J Clin Oncol. 2002; 20 
(2) 494–502. [PubMed: 11786579] 

97. Hamaker ME, Mitrovic M, Stauder R. The G8 screening tool detects relevant geriatric impairments 
and predicts survival in elderly patients with a haematological malignancy. Ann Hematol. 2014; 93 
(6) 1031–40. [PubMed: 24488257] 

98. Merli F, Luminari S, Tucci A, Arcari A, Rigacci L, Hawkes E, et al. Simplified Geriatric 
Assessment in Older Patients With Diffuse Large B-Cell Lymphoma: The Prospective Elderly 
Project of the Fondazione Italiana Linfomi. J Clin Oncol. 2021; 39 (11) 1214–22. [PubMed: 
33577377] 

99. Smith A, Crouch S, Lax S, Li J, Painter D, Howell D, et al. Lymphoma incidence, survival and 
prevalence 2004-2014: sub-type analyses from the UK's Haematological Malignancy Research 
Network. Br J Cancer. 2015; 112 (9) 1575–84. [PubMed: 25867256] 

100. Carson KR, Riedell P, Lynch R, Nabhan C, Wildes TM, Liu W, et al. Comparative effectiveness 
of anthracycline-containing chemotherapy in United States veterans age 80 and older with diffuse 
large B-cell lymphoma. J Geriatr Oncol. 2015; 6 (3) 211–8. [PubMed: 25614297] 

Fox et al. Page 24

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



101. Bataillard EJ, Cheah CY, Maurer MJ, Khurana A, Eyre TA, El-Galaly TC. Impact of R-CHOP 
dose intensity on survival outcomes in diffuse large B-cell lymphoma: a systematic review. Blood 
Adv. 2021; 5 (9) 2426–37. [PubMed: 33961018] 

102. Eyre TA, Salisbury R, Eyre DW, Watson C, Collins GP, Hatton CS. Results of a large 
retrospective analysis of the effect of intended dose intensity of R-CHOP on outcome in a cohort 
of consecutive, unselected elderly patients with de novo diffuse large B cell lymphoma. Br J 
Haematol. 2016; 173 (3) 487–91. [PubMed: 26223361] 

103. Juul MB, Jensen PH, Engberg H, Wehberg S, Dessau-Arp A, Haziri D, et al. Treatment strategies 
and outcomes in diffuse large B-cell lymphoma among 1011 patients aged 75 years or older: A 
Danish population-based cohort study. Eur J Cancer. 2018; 99: 86–96. [PubMed: 29935491] 

104. Eyre TA, Martinez-Calle N, Hildyard C, Eyre DW, Plaschkes H, Griffith J, et al. Impact of 
intended and relative dose intensity of R-CHOP in a large, consecutive cohort of elderly diffuse 
large B-cell lymphoma patients treated with curative intent: no difference in cumulative incidence 
of relapse comparing patients by age. J Intern Med. 2019; 285 (6) 681–92. [PubMed: 30811713] 

105. Hounsome L, Eyre TA, Ireland R, Hodson A, Walewska R, Ardeshna K, et al. Diffuse large B 
cell lymphoma (DLBCL) in patients older than 65 years: analysis of 3 year Real World data 
of practice patterns and outcomes in England. Br J Cancer. 2022; 126 (1) 134–43. [PubMed: 
34611308] 

106. Peyrade F, Jardin F, Thieblemont C, Thyss A, Emile JF, Castaigne S, et al. Attenuated 
immunochemotherapy regimen (R-miniCHOP) in elderly patients older than 80 years with 
diffuse large B-cell lymphoma: a multicentre, single-arm, phase 2 trial. Lancet Oncol. 2011; 
12 (5) 460–8. [PubMed: 21482186] 

107. Peyrade F, Bologna S, Delwail V, Emile JF, Pascal L, Ferme C, et al. Combination of ofatumumab 
and reduced-dose CHOP for diffuse large B-cell lymphomas in patients aged 80 years or older: 
an open-label, multicentre, single-arm, phase 2 trial from the LYSA group. Lancet Haematol. 
2017; 4 (1) e46–e55. [PubMed: 28041583] 

108. Fields PA, Townsend W, Webb A, Counsell N, Pocock C, Smith P, et al. De novo treatment of 
diffuse large B-cell lymphoma with rituximab, cyclophosphamide, vincristine, gemcitabine, and 
prednisolone in patients with cardiac comorbidity: a United Kingdom National Cancer Research 
Institute trial. J Clin Oncol. 2014; 32 (4) 282–7. [PubMed: 24220559] 

109. Shen QD, Zhu HY, Wang L, Fan L, Liang JH, Cao L, et al. Gemcitabine-oxaliplatin plus 
rituximab (R-GemOx) as first-line treatment in elderly patients with diffuse large B-cell 
lymphoma: a single-arm, open-label, phase 2 trial. Lancet Haematol. 2018; 5 (6) e261–e9. 
[PubMed: 29752199] 

110. Moccia AA, Schaff K, Freeman C, Hoskins PJ, Klasa RJ, Savage KJ, et al. Long-term 
outcomes of R-CEOP show curative potential in patients with DLBCL and a contraindication 
to anthracyclines. Blood Adv. 2021; 5 (5) 1483–9. [PubMed: 33683338] 

111. Al-Sarayfi D, Meeuwes FO, Durmaz M, Issa DE, Brouwer RE, Beeker A, et al. R-CEOP 
as first-line treatment for anthracycline-ineligible patients with diffuse large B-cell lymphoma. 
Blood Cancer J. 2022; 12 (9) 125. [PubMed: 36055987] 

112. Puckrin R, Ghosh S, Peters A, Stewart D. Inferior outcomes with R-CEOP for patients with 
diffuse large B-cell lymphoma and cardiovascular comorbidities. Leuk Lymphoma. 2022; 63 (3) 
583–90. [PubMed: 34672241] 

113. Luminari S, Viel E, Ferreri AJM, Zaja F, Chimienti E, Musuraca G, et al. Nonpegylated liposomal 
doxorubicin combination regimen in patients with diffuse large B-cell lymphoma and cardiac 
comorbidity Results of the HEART01 phase II trial conducted by the Fondazione Italiana 
Linfomi. Hematol Oncol. 2018; 36 (1) 68–75. [PubMed: 28524259] 

114. Storti S, Spina M, Pesce EA, Salvi F, Merli M, Ruffini A, et al. Rituximab plus bendamustine 
as front-line treatment in frail elderly (>70 years) patients with diffuse large B-cell non-Hodgkin 
lymphoma: a phase II multicenter study of the Fondazione Italiana Linfomi. Haematologica. 
2018; 103 (8) 1345–50. [PubMed: 29748444] 

115. Kostakoglu L, Martelli M, Sehn LH, Belada D, Carella AM, Chua N, et al. End-of-treatment 
PET/CT predicts PFS and OS in DLBCL after first-line treatment: results from GOYA. Blood 
Adv. 2021; 5 (5) 1283–90. [PubMed: 33651099] 

Fox et al. Page 25

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



116. Bishton MJ, Hughes S, Richardson F, James E, Bessell E, Sovani V, et al. Delineating outcomes 
of patients with diffuse large b cell lymphoma using the national comprehensive cancer network-
international prognostic index and positron emission tomography-defined remission status; a 
population-based analysis. Br J Haematol. 2016; 172 (2) 246–54. [PubMed: 26577576] 

117. Kanemasa Y, Shimoyama T, Sasaki Y, Tamura M, Sawada T, Omuro Y, et al. Analysis of 
prognostic value of complete response by PET-CT and further stratification by clinical and 
biological markers in DLBCL patients. Med Oncol. 2017; 34 (2) 29. [PubMed: 28083854] 

118. Burggraaff CN, de Jong A, Hoekstra OS, Hoetjes NJ, Nievelstein RAJ, Jansma EP, et al. 
Predictive value of interim positron emission tomography in diffuse large B-cell lymphoma: 
a systematic review and meta-analysis. Eur J Nucl Med Mol Imaging. 2019; 46 (1) 65–79. 
[PubMed: 30141066] 

119. Eertink JJ, Burggraaff CN, Heymans MW, Duhrsen U, Huttmann A, Schmitz C, et al. Optimal 
timing and criteria of interim PET in DLBCL: a comparative study of 1692 patients. Blood Adv. 
2021; 5 (9) 2375–84. [PubMed: 33944897] 

120. Carr R, Fanti S, Paez D, Cerci J, Gyorke T, Redondo F, et al. Prospective international cohort 
study demonstrates inability of interim PET to predict treatment failure in diffuse large B-cell 
lymphoma. J Nucl Med. 2014; 55 (12) 1936–44. [PubMed: 25429159] 

121. Kim J, Song YS, Lee JS, Lee WW, Kim SE. Risk stratification of diffuse large B-cell lymphoma 
with interim PET-CT based on different cutoff Deauville scores. Leuk Lymphoma. 2018; 59 (2) 
340–7. [PubMed: 28629257] 

122. Mamot C, Klingbiel D, Hitz F, Renner C, Pabst T, Driessen C, et al. Final Results of a Prospective 
Evaluation of the Predictive Value of Interim Positron Emission Tomography in Patients With 
Diffuse Large B-Cell Lymphoma Treated With R-CHOP-14 (SAKK 38/07). J Clin Oncol. 2015; 
33 (23) 2523–9. [PubMed: 26150440] 

123. Schoder H, Polley MC, Knopp MV, Hall N, Kostakoglu L, Zhang J, et al. Prognostic value of 
interim FDG-PET in diffuse large cell lymphoma: results from the CALGB 50303 Clinical Trial. 
Blood. 2020; 135 (25) 2224–34. [PubMed: 32232481] 

124. Burggraaff CN, Cornelisse AC, Hoekstra OS, Lugtenburg PJ, De Keizer B, Arens AIJ, et al. 
Interobserver Agreement of Interim and End-of-Treatment (18)F-FDG PET/CT in Diffuse Large 
B-Cell Lymphoma: Impact on Clinical Practice and Trials. J Nucl Med. 2018; 59 (12) 1831–6. 
[PubMed: 29728515] 

125. Mikhaeel NG, Cunningham D, Counsell N, McMillan A, Radford JA, Ardeshna KM, et al. 
FDG-PET/CT after two cycles of R-CHOP in DLBCL predicts complete remission but has 
limited value in identifying patients with poor outcome - final result of a UK National Cancer 
Research Institute prospective study. Br J Haematol. 2021; 192 (3) 504–13. [PubMed: 32621535] 

126. Boland V, Drury A, Sheaf G, Brady AM. Living with or beyond lymphoma: A rapid review of 
the unmet needs of lymphoma survivors. Psychooncology. 2022; 31 (7) 1076–101. [PubMed: 
35670252] 

127. Frick MA, Vachani CC, Hampshire MK, Bach C, Arnold-Korzeniowski K, Metz JM, et al. 
Patient-Reported Survivorship Care Practices and Late Effects After Treatment of Hodgkin and 
Non-Hodgkin Lymphoma. JCO Clin Cancer Inform. 2018; 2: 1–10. 

128. Newton C, Beaver K, Clegg A. Patient initiated follow-up in cancer patients: A systematic review. 
Front Oncol. 2022; 12 954854 [PubMed: 36313728] 

Fox et al. Page 26

Br J Haematol. Author manuscript; available in PMC 2024 September 16.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Fox et al. Page 27

Table 1
Baseline investigations required, or to be considered, for initial assessment of patients 
with large B-cell lymphoma.

Required investigations Investigations to consider if indicated

Diagnostic biopsy
Excisional biopsy preferred
Core biopsy acceptable

Bone marrow biopsy

Molecular testing
FISH for MYC translocation and Ig partner
FISH for BCL2 and BCL6 translocations if MYC rearranged

Baseline blood tests
Full blood count
Blood film
Renal function and electrolytes
Liver function
Bone profile
LDH
Uric acid
Immunoglobulins

Virology (HBV (including core antibody), HCV, HIV)
Blood grouping and antibody screen

Vitamin D

Imaging
PET-CT

Contrast-enhanced CT

Central nervous system assessment Contrast-enhanced MRI brain and spine
CSF flow cytometry

Cardiac assessment
ECG

Echocardiogram
MUGA
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