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DEFINITION, INCIDENCE AND
EPIDEMIOLOGY

Primary diffuse large B‐cell lymphoma (DLBCL) of the central nervous
system (CNS), termed primary CNS lymphoma (PCNSL), is an
aggressive neoplasm presenting with disease limited to the CNS.
PCNSL was recognised as a distinct entity by the 2017 World Health
Organization (WHO) Classification of Tumours of Haematopoietic and
Lymphoid Tissues.1 In the 2022 edition of theWHO classification,2 this
neoplasm is classified in the ‘Large B‐cell lymphomas of immune‐
privileged sites' group, whereas it is considered a specific entity in
the International Consensus Classification of Mature Lymphoid
Neoplasms.3 This entity is also recognised by theWHO classification of
CNS tumours.4 PCNSL can arise in both immunocompetent individuals
and in those who are immunosuppressed (e.g. individuals living
with human immunodeficiency virus and patients receiving im-
munosuppressive therapies following organ transplant). While no clear
predisposing factors have been recognised in immunocompetent in-
dividuals, the nature, intensity and duration of immune suppression can
influence the risk of PCNSL in those who are immunocompromised.5

This European Hematology Association (EHA)–European Society
for Medical Oncology (ESMO) Clinical Practice Guideline (CPG) in-
cludes recommendations for the management of immunocompetent
patients with PCNSL. In this population, PCNSL accounts for 2% of all
primary CNS tumours and 4%‐6% of extranodal lymphomas, with an
incidence of 0.47/100 000 person‐years.6 PCNSL is typically diag-
nosed in the sixth or seventh decade of life, with a median age at
diagnosis of 68 years and a slightly higher frequency in males.7 No-
tably, the recent increase in incidence is limited to patients of >60
years. The incidence of PCNSL in African‐American males of <50
years is more than twofold higher than that in Caucasian males of the
same age.6 Among elderly patients, however, incidence in Caucasian
males is twofold higher than that in African‐American males. Similar
patterns, but with a lesser magnitude, are evident among females.6

DIAGNOSIS, PATHOLOGY AND
MOLECULAR BIOLOGY

Clinical presentation

A proposed algorithm for the diagnosis of PCNSL is shown in
Figure 1. Patients usually present with a range of neurological or
neuropsychiatric symptoms corresponding to the location and extent
of the tumour, while systemic symptoms (fever, night sweats and
weight loss) are exceptionally rare.8 The brain is by far the most
common location, with frequent involvement of the corpus callosum,
basal ganglia and periventricular areas. Up to 40%‐50% of patients
have multifocal disease on standard magnetic resonance imaging
(MRI),7 resulting in a more complex pattern of symptoms.

The eye is an important but less common site of disease: vitreous
fluid and/or the retina are involved in 15%‐20% of patients at pre-
sentation, which is asymptomatic in half of the patients while mani-
festing with blurred vision or floaters in the other half (Figure 1).7,8

Ocular involvement is commonly bilateral and can be detected in two
different conditions: as the exclusive site of disease or concomitant to
other CNS sites, usually brain parenchymal lesions. When disease is
limited to the eyes, patients may be initially diagnosed with uveitis,
resulting in significant diagnostic delays. If comprehensive staging
(see below) excludes the involvement of systemic organs and CNS
localisations other than the eye, a diagnosis of primary vitreoretinal
lymphoma (PVRL) should be considered. In patients with PVRL, an
expert ophthalmologist should exclude differential diagnoses among

the ‘masquerade syndromes’, and definitive diagnosis requires cytol-
ogy examination of vitreous humour. Often, PVRL precedes brain
lesions for months or years. When ocular disease is concomitant to
other CNS sites, ocular involvement is detected during staging in
patients with PCNSL diagnosed on brain biopsy. In both forms, ocular
evaluation should be carried out with a slit lamp, fundoscopy and,
if required, retinal angiography or tomography.9 In patients with
a suitable volume of vitreous sample, flow cytometry and PCR
assessment of genes encoding immunoglobulin (Ig) heavy chains can be
carried out. Although not diagnostic, detection of the MYD88 L265P
mutation and elevated interleukin‐10 (IL‐10) levels in the vitreous and
aqueous humours are indicators of ocular lymphoma.10,11

PCNSL can spread through the cerebrospinal fluid (CSF). Con-
current leptomeningeal involvement, which is often asymptomatic, is
detected by conventional CSF cytology examination in 16% of pa-
tients, while isolated leptomeningeal lymphoma represents <5% of all
PCNSLs.8 Spinal cord lymphoma is the rarest manifestation of PCNSL
and is often associated with a delayed diagnosis and poor prognosis.6

Lymphomas arising primarily in the spinal nerves and ganglia, cauda
equina and peripheral nerves (‘neurolymphomatosis’) are extremely
rare and should be distinguished from neural infiltration of a systemic
lymphoma.

Imaging

Early recognition of imaging features suggestive of PCNSL is essential
to expedite definitive tissue diagnosis and avoid corticosteroids be-
fore biopsy. The imaging method of choice is contrast‐enhanced MRI
including diffusion‐ and perfusion‐weighted scans with volumetric
protocols in line with the published recommended minimum and
desirable standards of the International PCNSL Collaborative
Group (IPCG) (Supplementary Table S1, available at https://doi.org/
10.1016/10.1016/j.annonc.2023.11.010).12 Patients with contra-
indications to MRI can be assessed by contrast‐enhanced computed
tomography (CT) scan. Typical MRI findings are summarised in Sup-
plementary Table S2, available at https://doi.org/10.1016/10.1016/j.
annonc.2023.11.010. The combined use of modern neuroimaging and
biomarkers can be useful in distinguishing PCNSL from neoplastic and
non‐neoplastic lesions, including neuroinflammatory diseases, brain
metastases, non‐necrotic brain tumours, abscesses or tumefactive
demyelination.

Diagnosis

A delay in diagnosis of weeks to months following the onset of
symptoms is common in patients with PCNSL.13 A critical con-
sideration in the diagnostic pathway is to avoid corticosteroids before
biopsy, given their rapid effect on tumour cell viability. Accordingly, if
PCNSL is suspected based on imaging and corticosteroids have al-
ready been administered, it may be necessary to stop them before
stereotactic biopsy of an enhancing lesion. A repeat MRI scan may be
required after stopping corticosteroids and before a biopsy.

The gold standard diagnostic method in PCNSL relies on the
histopathological examination of specimens obtained by stereotactic
biopsy. Surgical resection and/or cytological examination of CSF
should not be considered first‐choice diagnostic methods due to the
higher morbidity rate conferred by the former and the low diagnostic
reliability of the latter.13 Histopathological and molecular findings are
summarised in Supplementary Table S3, available at https://doi.org/
10.1016/10.1016/j.annonc.2023.11.010.

CSF samples should be collected from all patients with suspected
or confirmed PCNSL for diagnosis and staging. However, lumbar

2 of 16 | EHA–ESMO Clinical Practice Guideline ‐ primary CNS lymphomas

 25729241, 2024, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/hem

3.89 by U
niversitat B

ern, W
iley O

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

erm
s and C

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

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://doi.org/10.1016/10.1016/j.annonc.2023.11.010
https://doi.org/10.1016/10.1016/j.annonc.2023.11.010
https://doi.org/10.1016/10.1016/j.annonc.2023.11.010
https://doi.org/10.1016/10.1016/j.annonc.2023.11.010
https://doi.org/10.1016/10.1016/j.annonc.2023.11.010
https://doi.org/10.1016/10.1016/j.annonc.2023.11.010


puncture is not always safe, particularly in patients with concurrent
brain masses and/or extensive perilesional oedema. CSF examina-
tions include physical–chemical parameters, conventional cytology
and flow cytometry. CSF from patients with PCNSL often has a

normal glucose concentration, increased leukocyte count and in-
creased protein concentration. Although CSF examination facilitates
diagnosis of PCNSL in <20% of patients, this source of material
should be exploited diagnostically. Flow cytometry allows the

F IGURE 1 Diagnostic algorithm for PCNSL in immunocompetent patients. Purple: general categories or stratification; white: other aspects of management.

ADC, apparent diffusion coefficient; CNS, central nervous system; CSF, cerebrospinal fluid; DLBCL, diffuse large B‐cell lymphoma; FDG–PET, [18F]2‐fluoro‐2‐deoxy‐
D‐glucose–positron emission tomography; IgVH, immunoglobulin heavy chain variable; IL, interleukin; MRI, magnetic resonance imaging; NHL, non‐Hodgkin

lymphoma; PCNSL, primary central nervous system lymphoma; PET, positron emission tomography; PVRL, primary vitreoretinal lymphoma; SCNSL, secondary central

nervous system lymphoma. aThe most common neurological symptoms are focal deficits (70%; hemiparesis, ataxia), neuropsychiatric symptoms or personality

changes (43%), high intracranial pressure (33%), seizures (14%), headache, confusion, cognitive dysfunction and lethargy; seizures occur rarely. bThe most common

ocular symptoms are blurred vision and floaters. cSee Supplementary Table S1, available at https://doi.org/10.1016/10.1016/j.annonc.2023.11.010. dSee

Supplementary Table S5, available at https://doi.org/10.1016/10.1016/j.annonc.2023.11.010. ePCNSL suspicion on MRI is usually based on site of disease and MRI

features. The most common sites of disease are frontal lobe and other areas of the brain hemispheres (38%), thalamus or basal ganglia (16%), corpus callosum (14%),

periventricular regions (12%), cerebellum (9%), meninges (16%), spinal cord (1%) and cranial and spinal nerves (<1%). MRI features are reported in Supplementary

Table S2, available at https://doi.org/10.1016/10.1016/j.annonc.2023.11.010. In particular, lesions are hypointense onT1, isointense to hypointense onT2, reduced

ADC, with variable surrounding oedema, homogeneous and often strong enhancement. PET positivity can be indicative of disease outside the CNS. fConsider surgical

or endoscopic biopsy of systemic disease and, if a diagnosis of NHL is made, consider treatment for SCNSL. gSuggested exams on vitrectomy samples include

conventional cytology, flow cytometry, MYD88 mutational analysis, level of IL‐6 and IL‐10. Biomarkers can be assessed on anterior chamber samples. hCSF analyses

include physical–chemical analysis, conventional cytology examination, flow cytometry, MYD88 L265P, IL‐10 level and IgVH clonality in selected cases. iSee

Supplementary Table S5, available at https://doi.org/10.1016/10.1016/j.annonc.2023.11.010. jSee Figure 2. kSee Figure 3.
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detection of monotypic B cells, increasing diagnostic sensitivity.
Combined assessment of the MYD88 L265P mutation, IL‐10 levels
and PCR for Ig heavy chain variable (IgVH) rearrangement in the CSF
allows efficient discrimination of PCNSL from glial neoplasms and
non‐neoplastic disorders of the CNS.14 Assessment of these bio-
markers in CSF represents a promising tool when biopsy is not pos-
sible (e.g. poor clinical condition, brainstem lesions). This approach
may also more efficiently identify candidates for stereotactic biopsy
among patients with confounding radiological features, i.e. during
corticosteroid therapy.

Molecular biology

PCNSL displays perturbation of pathways related to signalling of B‐cell
receptors (BCRs), toll‐like receptors (TLRs) and nuclear factor‐κB
(NF‐κB), as well as terminal B‐cell differentiation, deregulation of the
cell cycle, immune escape and protection from apoptosis. Among
these, the BCR–TLR–NF‐κB axis, mammalian target of rapamycin
(mTOR)–protein kinase B (Akt) pathway and programmed cell death
protein 1 (PD‐1) have already been targeted therapeutically in PCNSL
(see Novel therapies subsection). The biological rationales for potential
future therapies are summarised in Supplementary Table S4, available
at https://doi.org/10.1016/10.1016/j.annonc.2023.11.010.

Recommendations

• Contrast‐enhanced cranial MRI is the recommended imaging
modality for patients with PCNSL [II, A]. The IPCG protocol based
on 3T or 1.5T MRI is recommended [V, A].

• PCNSL diagnosis must be confirmed by histopathological
examination of tumour biopsy [III, A].

• Corticosteroid therapy before tissue biopsy should be avoided
whenever clinically possible [IV, D]. In case of clinical deterioration,
urgent biopsy should be carried out before the start of corticos-
teroids [IV, A].

• Tissue samples should be collected by stereotactic biopsy in
patients with brain lesions [IV, A].

• Tumour resection is not recommended, except in carefully
selected patients with rapidly increasing intracranial pressure who
may benefit from surgical debulking at the time of tumour biopsy
[IV, D].

• Diagnosis is based on morphology and immunohistochemistry
[minimum stain panel includes cluster of differentiation (CD)20,
CD3, CD10, B‐cell lymphoma (Bcl)‐6, Bcl‐2, multiple myeloma 1
(MUM1) and Ki‐67 antibodies]. Molecular analysis of Ig heavy and
light chain loci can be used in selected cases where diagnosis is
difficult [V, A].

• When brain biopsy is contraindicated, CSF examination is a valid
option. Flow cytometry,MYD88 L265Pmutation analysis and IL‐10
levels in CSF samples may support a diagnosis of PCNSL [IV, B].

• Suspicion of PVRL should be confirmed by conventional cytology
examination of the vitreous humour and, when possible, by flow
cytometry. Although not diagnostic, MYD88 L265P mutation and
IL‐10 levels may be assessed in the vitreous and aqueous humours
as indicators of ocular lymphoma [III, A].

STAGING AND RISK ASSESSMENT

A comprehensive assessment of the extent of lymphoma involve-
ment (see Supplementary Table S5, available at https://doi.org/10.
1016/10.1016/j.annonc.2023.11.010) is mandatory to determine

both the compartments involved within the CNS and the presence
of concomitant systemic disease, as recommended by the IPCG
guidelines.13 Full neurological and oncohaematological evaluation is
crucial before treatment planning. Gadolinium‐enhanced MRI is the
most relevant tool to define an extension of disease in the brain and
spinal cord. Brain MRI should be repeated after biopsy and ideally
within 14 days before starting treatment12; this is supported by
extremely high proliferative activity, often with >90% of tumour
cells expressing the Ki‐67 antigen, which could potentially affect
therapeutic response definition.1 The involvement of spinal cord
parenchyma is rare and specific MRI should be carried out only in
patients with symptoms suggestive of spinal cord injury. Meningeal
dissemination is often asymptomatic; thus, CSF analysis is advised in
every patient with suspected or confirmed PCNSL, unless clinically
contraindicated. Physical–chemical features in the CSF (i.e. normal
glucose concentration, increased leukocyte count, high protein
concentration) are not specific for PCNSL but may suggest
meningeal dissemination and blood–CSF barrier disruption. Con-
ventional cytology examination underestimates CSF involvement
and should be coupled with flow cytometry to improve diagnostic
sensitivity.15

Accurate ophthalmological examination should be carried out in
every patient with PCNSL. Vitrectomy, however, is not mandatory in
patients with histopathological diagnosis of PCNSL carried out
on brain biopsies. Assessment of IL‐10 level, MYD88 L265P and
monoclonal IgVH rearrangement on vitreous and aqueous humours
offers diagnostic potential as a conservative procedure to confirm
intraocular disease during staging, but its precise role in routine
practice remains to be defined.

Assessment for extra‐CNS disease is relevant as patients with
PCNSL and secondary CNS lymphoma (SCNSL) exhibit different
prognoses and require different treatment protocols.16 Conven-
tional staging with [18F]2‐fluoro‐2‐deoxy‐D‐glucose–positron
emission tomography (FDG–PET), preferably combined with
contrast‐enhanced CT scan, can identify systemic disease in
4%‐12% of patients with a presumptive diagnosis of PCNSL.16

When FDG–PET is not available, bone marrow biopsy and
aspiration and testicular ultrasound (US) are recommended to
accompany CT imaging.

To predict outcomes and better stratify patients in clinical trials,
two scoring systems have been proposed: the International Extra-
nodal Lymphoma Study Group (IELSG) score17 and the Memorial
Sloan Kettering Cancer Center prognostic score.18 Validation of other
proposed scores is pending.

Before starting treatment, bone marrow status and cardiac,
liver and renal functions should be assessed (see Supplementary
Table S5, available at https://doi.org/10.1016/10.1016/j.annonc.
2023.11.010). A battery of cognitive functions and quality of life
(QoL) measures has been proposed by the IPCG.19 Its use outside
clinical trials remains to be defined.

Recommendations

• Spinal cord imaging should be carried out in symptomatic patients
or in case of CSF positivity [V, B].

• Unless lumbar puncture is clinically contraindicated, physical–chemical
features of CSF as well as conventional cytology and flow cytometry
should be assessed in all patients [IV, B].

• Ophthalmological assessment by slit lamp fundoscopy should be
carried out in all patients to exclude intraocular involvement [IV, A].
When available, retinal angiography or tomography is advisable
[IV, C].
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• All patients should undergo systemic imaging to exclude extra‐
CNS disease using FDG–PET, preferably combined with contrast‐
enhanced CT scan [V, B].

• If FDG–PET–CT is not feasible, contrast‐enhanced total‐body CT
scan, bone marrow aspiration and biopsy and testicular US should
be carried out [V, B].

TREATMENT OF NEWLY DIAGNOSED
PCNSL

A proposed algorithm for the treatment of newly diagnosed PCNSL is
shown in Figure 2.

Patient stratification and response assessment

Age is the main prognostic factor in PCNSL. A reliable age cut‐off by
which to distinguish young and elderly patients remains to be defined.
This has become an increasingly pressing issue in the last decade due
to the wider use of high‐dose chemotherapy (HDC) and autologous

stem cell transplantation (ASCT), and the increasing incidence of
PCNSL with age.7,20 The management of older patients with PCNSL
remains a clinical challenge, with disappointing survival figures.
Comorbidities and neurocognitive dysfunction influence individualised
treatment approaches, particularly in patients aged 65‐75 years.
Moreover, the use of high‐dose (HD) methotrexate (MTX), the most
important component of chemotherapy (ChT) regimens used as first‐
line treatment (see Supplementary Table S6, available at https://doi.
org/10.1016/10.1016/j.annonc.2023.11.010), requires suitable renal
(creatinine clearance >50 ml/min), hepatic and cardiac (left ventricular
ejection fraction >45%) functions. Accordingly, stratification between
‘young’ and ‘elderly’ patients should not be made considering ex-
clusively the patient's age but also the ability to tolerate intensified
treatments, informed by performance status (PS), organ function, co-
morbidities and frailty. Importantly, given the rarity of PCNSL and the
complexity of its management, the overall evaluation and treatment of
every patient should be carried out in specialist centres by an experi-
enced multidisciplinary team, which should involve neurosurgeons,
neuroradiologists, haematopathologists, haematologists, oncologists,
radiation oncologists and ophthalmologists with specialist knowledge

F IGURE 2 Treatment algorithm for newly diagnosed PCNSL. Purple: general categories or stratification; green: RT; blue: systemic anticancer therapy; turquoise:

combination of treatments or other systemic treatments; white: other aspects of management. ASCT, autologous stem cell transplantation; ChT, chemotherapy;

CR, complete remission; EMA, European Medicines Agency; FDA, Food and Drug Administration; HD‐AraC, high‐dose cytarabine; HD‐MTX, high‐dose methotrexate;

MATRix, high‐dose methotrexate–high‐dose cytarabine–rituximab–thiotepa; MBVP, methotrexate–carmustine–teniposide–methylprednisolone; MPV,

methotrexate–procarbazine–vincristine; MT, methotrexate–temozolomide; MT–R, methotrexate–temozolomide–rituximab; PCNSL, primary central nervous system

lymphoma; PD, progressive disease; PR, partial response; PS, performance status; R, rituximab; R–MP, rituximab–methotrexate–procarbazine; RT, radiotherapy;
SD, stable disease; WBRT, whole‐brain radiotherapy. aSee text for drug options. bRituximab is not EMA or FDA approved in this setting; its use in induction

combinations remains a matter of debate and the balance between tolerability and efficacy should be discussed with patients and their carers. cReduced‐dose WBRT.

HemaSphere | 5 of 16
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of PCNSL. Moreover, enrolment in a prospective clinical trial should
always be prioritised. Most of the following recommendations concern
treatment in routine practice.

Response to treatment should follow IPCG criteria13: gadolinium‐
enhanced MRI of the brain should be carried out every two courses
during induction ChT and 2 months after consolidation, and compared
with baseline MRI, with the addition of ocular and CSF exams if
involved at baseline.

First‐line treatment for fit patients suitable for
HDC–ASCT

Induction treatment

Due to superior efficacy, intensive systemic ChT protocols have
replaced the historical therapeutic standard of whole‐brain
radiotherapy (WBRT) as initial treatment of patients with
PCNSL. Empirically adopted from systemic lymphoma protocols,
combination ChT regimens such as cyclophosphamide–doxorubicin–
vincristine–prednisone (CHOP) have proven ineffective due to their
insufficient ability to cross the blood–brain barrier.21 HD‐MTX is
widely established as a key component of current PCNSL remission
induction protocols. HD‐MTX doses of at least 3 g/m2 with a rapid
infusion time of 2‐4 h are recommended to achieve sufficient drug
levels in the CNS; some experts advise preceding MTX infusion with a
fast bolus (MTX 500 mg/m2 infused over 15 min). The central role of
HD‐MTX has been confirmed in several prospective non‐randomised
clinical studies either as monotherapy22 or as polychemotherapy
(polyChT).23,24 Recently, the approach to upfront induction therapy
has evolved to be increasingly intensive, translating into improved
efficacy and higher chances of long‐term remission or cure.

HD cytarabine (AraC) 2 g/m2 every 12 h for 2 days has also been
shown to be an important component of the treatment of PCNSL.
This was first demonstrated in the randomised phase II IELSG20
trial.24 Compared with HD‐MTX monotherapy (3.5 g/m2), the
HD‐MTX–HD‐AraC combination was associated with a significantly
increased overall response rate (ORR) (40% versus 69%, respectively)
and progression‐free survival (PFS) (3‐year PFS 21% versus 38%),
as well as a trend in favour of the combination in overall survival (OS)
(3‐year OS 32% versus 46%).

Based on these results, the international randomised phase II
IELSG32 trial compared three different induction protocols:
HD‐MTX–HD‐AraC (standard), HD‐MTX–HD‐AraC–rituximab and
HD‐MTX–HD‐AraC–rituximab–thiotepa (MATRix regimen) followed
by a second randomisation comparing consolidation with HDC–ASCT
versus WBRT.25 Two hundred and twenty‐seven patients were re-
gistered across 53 centres in five European countries. The MATRix
regimen achieved significantly better response, PFS and OS rates.25

An updated analysis at a median follow‐up of 88 months confirmed
the benefit of MATRix,26 with significantly improved 7‐year PFS (52%
versus 29% versus 20%) and 7‐year OS (56% versus 37% versus
26%) rates compared with HD‐MTX–HD‐AraC–rituximab and
HD‐MTX–HD‐AraC, respectively. Patients who received the MATRix
regimen followed by consolidation (either WBRT or HDC–ASCT)
achieved a 7‐year OS rate of 70%. Based on these data, MATRix is
one of the recommended induction regimens (see Figure 2 and
Supplementary Table S6, available at https://doi.org/10.1016/10.
1016/j.annonc.2023.11.010), irrespective of the planned consolida-
tion modality, for eligible patients aged ≤65 years with an Eastern
Cooperative Oncology Group (ECOG) PS 0‐3 or aged ≤70 years with
an ECOG PS ≤2. Of note, a real‐world study involving 156 con-
secutive patients treated at 13 centres across the UK, Italy and

Germany showed that, when used in everyday practice, MATRix is
associated with efficacy and tolerability comparable to those reported
in the IELSG32 trial, with a 2‐year OS rate of 64% and a 6%
treatment‐related mortality (TRM) rate.27 Notably, one‐third of
treated patients were aged >70 years, had ECOG PS ≥3 or had sig-
nificant comorbidities, findings often associated with higher toxicity
and lower efficacy. Of note, 62% of the study population received all
four planned cycles, but three‐quarters of them required dose
reductions.

Other regimens in use in Europe are HD‐MTX–carmustine–
teniposide–methylprednisolone (MBVP) and rituximab–MBVP
(R–MBVP) followed by HD‐AraC. This has been used in the HOVON
105‐ALLG NHL 24 randomised phase III trial, which compared two
cycles of MBVP ChT with two courses of R–MBVP, followed by one
course of HD‐AraC, and, in patients <60 years, by WBRT. The treatment
resulted in a 1‐year PFS rate of 58% and a 3‐year OS rate of
61%, without significant differences between the two induction arms.28

In the PRECIS trial, designed to compare two different consolidation
strategies (HDC–ASCT versus WBRT), patients received two courses of
rituximab–HD‐MTX–carmustine–etoposide–prednisone followed by two
doses of HD‐AraC–rituximab as induction.29 Updated results showed
an 8‐year OS rate of 69% after HDC–ASCT and 65% after WBRT.30

Induction therapies without HD‐AraC tested in large prospective trials
may also be considered, such as rituximab–MTX–temozolomide
(R–MT)31 or rituximab–MTX–procarbazine–vincristine (R–MPV)32 (see
Supplementary Table S6, available at https://doi.org/10.1016/10.1016/j.
annonc.2023.11.010).

The role of rituximab was questioned by the HOVON 105‐ALLG
NHL 24 trial.28 There was no event‐free survival (EFS) advantage
with R–MBVP versus the MBVP arm and while PFS was numerically
improved with R–MBVP, the increase was not statistically sig-
nificant. An unplanned analysis demonstrated EFS and PFS benefits
with R–MBVP versus MBVP in patients aged ≤60 years, whereas
patients aged >60 years seemed to have reduced EFS and PFS with
R–MBVP versus MBVP. Conversely, recent results from the
IELSG32 trial, published after a median follow‐up of 88 months,
demonstrated that addition of rituximab to MTX–AraC was asso-
ciated with significantly improved PFS and OS,26 and a meta‐
analysis of study‐level data from the two randomised trials that
evaluated the role of rituximab as part of induction therapy
(IELSG32 and HOVON 105‐ALLG NHL 24) confirmed a PFS benefit,
but with low certainty.33

Due to the pharmacokinetic limitations of intravenously (i.v.)
delivered drugs in achieving therapeutic concentrations in the CSF
and intraocular humour, some experts have proposed intrathecal
and/or intravitreal ChT as part of initial treatment.34 Evidence re-
garding the role of these therapies is fragile because it is based on
non‐randomised prospective and retrospective studies, with con-
flicting results and sometimes substantial toxicity. Thus, intrathecal
ChT is not routinely recommended if appropriate systemic ChT can be
applied; however, it could be considered in the case of isolated me-
ningeal disease persisting after induction polyChT. Intravitreal ChT is
used as upfront treatment in selected patients with PVRL (see below),
and in cases of intraocular disease with insufficient response to
HD‐MTX‐based protocols.

Consolidation options

Despite high initial response rates to HD‐MTX‐based therapy, re-
lapses often occur. To eliminate residual disease and reduce relapse
risk, consolidation therapy should be carried out. HDC–ASCT and
WBRT are the available consolidation strategies.29,35
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HDC–ASCT. HDC–ASCT is the most intensive consolidation therapy
and can lead to promising long‐term results in suitable patients. The
rationale comprises the administration of maximally dosed blood–brain
barrier‐penetrating cytostatics to overcome drug resistance and reach
therapeutic drug concentrations in the CNS. Conditioning protocols
commonly administered in the treatment of systemic lymphoma
[i.e. carmustine bis‐chloroethylnitrosourea–etoposide–AraC–melphalan
(BEAM regimen)] have yielded disappointing results in patients with
PCNSL,36 whereas thiotepa‐containing protocols (see Supplementary
Table S7, available at https://doi.org/10.1016/10.1016/j.annonc.2023.
11.010) have shown good efficacy.37,38 In a multicentre trial
involving 79 patients aged ≤65 years with PCNSL,39 four courses of
rituximab–HD‐MTX followed by rituximab–HD‐AraC–thiotepa and
consolidating carmustine–thiotepa‐conditioned ASCT have been asso-
ciated with 5‐year PFS and OS rates of 65% and 79%, respectively.
A prospective single‐centre study of 32 patients aged <65 years
treated with R–MPV induction and HDC–ASCT conditioned with
thiotepa–busulfan–cyclophosphamide (TBC) reported 2‐year PFS and
OS rates of 79% and 81%, respectively, and a TRM rate of 10%.40

The effect of consolidation with either HDC–ASCT or WBRT in
patients with newly diagnosed PCNSL has been established in two
randomised phase II trials: the IELSG3235 and PRECIS29 studies. The
conditioning regimens were carmustine–thiotepa in IELSG32 and
TBC in PRECIS (see Supplementary Table S7, available at https://doi.
org/10.1016/10.1016/j.annonc.2023.11.010). In IELSG32, similar
results were observed in both treatment arms in terms of response
and PFS (per protocol 2‐year PFS rate 75% with HDC–ASCT versus
76% with WBRT). In PRECIS, a significant improvement in PFS was
observed with HDC–ASCT; per protocol, the 2‐year PFS rate was
86% versus 67% with WBRT. Both trials reported a decline in neu-
rocognitive function in a substantial proportion of patients after
WBRT but not after HDC–ASCT. As expected, grade ≥3 febrile
neutropaenia and mucositis were common after HDC–ASCT, parti-
cularly after TBC conditioning, with a TRM rate of 11%.29

HDC–ASCT seems to be a safe and effective therapeutic option
for selected elderly patients. A retrospective multicentre study41

and two prospective trials (MARiTA and MARTA) investigated
HDC–ASCT in patients aged >65 years with PCNSL. In a pilot study,
treatment with rituximab–HD‐MTX–HD‐AraC followed by
busulfan–thiotepa‐conditioned ASCT was associated with 2‐year PFS
and OS rates of >90%, without cases of lethal toxicity.42 Haematolo-
gical toxicity was frequent, but rates of infective complications were
similar to those reported after conventional ChT protocols.43 Initial
results of the MARTA trial showed that patients aged >65 years
treated with two courses of rituximab–MTX–AraC and consolidation
with rituximab–busulfan–thiotepa‐conditioned ASCT achieved a
1‐year PFS rate of 59%.44

Several prospective trials have demonstrated that HDC–ASCT is
associated with very good long‐term outcomes in younger and fit
patients, and that WBRT can often be avoided. Accordingly, discus-
sion with selected patients about the pros and cons of consolidation
HDC–ASCT or WBRT is recommended.

Radiotherapy. The long‐term adverse cognitive effects of irradiating
the whole brain, particularly among elderly patients,29,33,45,46 have led
to most patients being consolidated with HDC–ASCT. Nevertheless,
WBRT remains a valid alternative for fit patients with insufficient
autologous stem cell harvest and for patients who refuse HDC–ASCT.
A few patients with residual disease after HDC–ASCT are also can-
didates for WBRT.

The role of consolidation WBRT has been addressed, with con-
flicting results, in two randomised trials using (immuno)ChT alone as

comparator. Patients enrolled in the G‐PCNSL‐SG‐1 trial were treated
with HD‐MTX ± HD‐ifosfamide and, according to response to ChT,
patients in complete remission (CR) were randomly allocated to re-
ceive WBRT (45 Gy/30 fractions) or observation, whereas all other
patients were randomised to WBRT or HD‐AraC monotherapy.47

WBRT was associated with improved PFS but no benefit in OS. Un-
fortunately, these results may have been influenced by methodolo-
gical limitations, such as major protocol violations in one‐third of
enrolled patients.47 Initial results from the randomised RTOG1114
trial demonstrated a significant improvement in PFS with the addition
of reduced‐dose WBRT to rituximab–HD‐MTX‐based ChT compared
with the same ChT alone, with median PFS not reached at 55 months
for patients treated with chemoradiotherapy (CRT) and 25 months for
patients treated with ChT alone.31

PCNSL is multifocal in ∼40% of cases based on MRI at diagnosis,
but conventional MRI is known to underestimate the extent of
disease.48 Focal radiotherapy (RT) results in increased relapses in
areas outside the irradiated volume49; thus, the whole brain should be
irradiated.50,51 Details on RT technique are provided in Supplemen-
taryTable S8, available at https://doi.org/10.1016/10.1016/j.annonc.
2023.11.010. No randomised trials have compared different WBRT
doses, but a dose tailored to the response after induction ChT is
recommended.32,45 There is an increasing interest in the use of ste-
reotactic RT, radiosurgery and hippocampal sparing in PCNSL.52

These options, however, should be used only within clinical trials as
prospective evidence and safety data are lacking.

Non‐myeloablative ChT. De‐escalation of ASCT, using non‐
myeloablative ChT, has been hypothesised as a suitable strategy to
improve feasibility and to extend the indication to older patients.
This strategy was investigated in a single‐arm phase II study53

that preceded two important randomised trials. In the randomised
ALLIANCE 51101 study, consolidation with non‐myeloablative
HD‐AraC–etoposide was compared with carmustine–thiotepa‐
conditioned ASCT in 108 patients aged 18‐75 years with PCNSL.54

Nonmyeloablative ChT was associated with poorer 2‐year PFS rates
(51% versus 73%with ASCT; P = 0.02) and had a similar toxicity profile.54

Initial results of an international randomised phase III trial comparing
rituximab–dexamethasone–etoposide–carboplatin (R–DeVIC regimen)
with carmustine–thiotepa‐conditioned ASCT after induction therapy
with four courses of the MATRix regimen (MATRix/IELSG43 trial;
NCT02531841) were recently reported.55 PFS and OS were significantly
improved in the ASCT arm, with 3‐year PFS rates of 79% after
HDC–ASCT and 53% after R–DeVIC, and 3‐year OS rates of 86%
and 71%, respectively.55 The evaluation of neurocognitive functions
showed no difference between arms. Long‐term results from these
randomised studies will define the value of non‐myeloablative ChT as
part of upfront treatment of PCNSL; in the meantime, this remains an
experimental approach.

A single‐arm phase II trial by the Nordic Lymphoma Group
showed that temozolomide maintenance after HD‐MTX‐based ChT
could provide survival benefit in patients aged >65 years with
PCNSL.56 Conversely, recent results of the randomised phase III
JCOG1114C trial suggested that addition of temozolomide as radio-
mimetic and maintenance does not improve outcomes.57 Patients
aged 18‐70 years with PCNSL were treated with HD‐MTX mono-
therapy and randomly allocated to receive consolidation with WBRT
alone (control arm) or consolidation with WBRT plus temozolomide
followed by 2‐year maintenance with temozolomide (experimental
arm), with 2‐year OS rates of 87% and 71%, respectively. The role of
temozolomide maintenance in patients treated with more intensified
induction (immuno)ChT remains to be defined.
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First‐line treatment for patients unsuitable for
HDC–ASCT

Unsuitability for HDC–ASCT in patients with PCNSL is mostly related
to advanced age, poor PS, treatment‐related toxicity or comorbidities.
Premorbid PS can be used to determine treatment intensity, but this
parameter frequently changes during treatment, requiring reassess-
ment after the first ChT courses to redefine therapeutic goals.
Treatment benefit is limited in elderly patients because they are often
ineligible for HDC–ASCT and at high risk of neurotoxicity after
WBRT.7

Induction ChT

Standard induction treatment for fit, elderly patients is HD‐MTX‐based
ChT; however, choice of treatment regimen and delivery of adequate
dose intensity are therapeutic challenges. Data from retrospective stu-
dies suggest that MTX ≥3 g/m2 is well tolerated in most elderly patients,
including those aged >80 years,58 and that dose intensity reductions
appear to be associated with inferior outcomes.59 Reducing the dose of
MTX is not justified in elderly patients with preserved renal function
[estimated glomerular filtration rate (eGFR) ≥50 ml/min] but should be
considered in patients with eGFR <50 ml/min.60 Combination of
HD‐MTX with other cytostatic agents appears to provide some benefit
when feasible, although there is no evidence from prospective
clinical trials comparing polyChT versus single‐agent ChT in this
age group.61 Oral alkylating agents, such as procarbazine,
lomustine–temozolomide and HD‐AraC–rituximab, have been combined
with HD‐MTX in elderly patients.29,62–64 Although commonly used in
several combinations, the indication for rituximab remains debated
in elderly patients.28,33 Regimens assessed in prospective trials
are recommended in routine practice.31,42,43,65 In a multicentre
randomised phase II trial, 98 patients aged >60 years with PCNSL
received HD‐MTX–procarbazine–vincristine–AraC (MPV–A regimen) or
HD‐MTX–temozolomide (MT regimen).31 ORR was 82% with MPV–A
and 71% with MT, with a 2‐year PFS rate of 30% for
both arms. Tolerability and toxicity were similar for both regimens.
In another prospective, multicentre trial (PRIMAIN), rituximab–
procarbazine–HD‐MTX (R–MP regimen) was evaluated in 38 patients
aged >65 years and reported 2‐year PFS and OS rates of 37% and 47%,
respectively, with a TRM rate of 8%.43

Consolidation options

Consolidation strategies are relevant to patients unsuitable for
HDC–ASCT, aiming to maximise duration of response and survival
outcomes while preserving QoL. Randomised trials of consolidation
therapies in elderly patients are not available; all consolidation op-
tions are supported by single‐arm phase II trials.

Consolidation with WBRT at conventional doses (40 Gy ± boost)
has been increasingly abandoned in elderly patients with PCNSL due
to the high risk of severe neurotoxicity,66 whereas ‘watchful waiting’
is suggested only in patients in CR after well‐established induction
immunoChT. Two large retrospective studies have found that WBRT
consolidation was adopted in very few patients aged >60 years (2%
and 8%, respectively), reflecting an evolution of practice favouring
ChT‐based consolidation or maintenance in elderly patients.7,59 An
important question remains regarding the effect of reduced‐dose
WBRT in older patients, in terms of efficacy and neurotoxicity. Pre-
liminary data from single‐arm studies suggest that a WBRT dose of
23.4 Gy for patients in first CR is associated with encouraging survival

rates, without evidence of significant cognitive decline.32 The number
of patients aged >65 years included in these trials, however, was
insufficient to draw definitive conclusions. Initial results of the
RTOG1114 trial support the use of reduced‐dose WBRT (23.4 Gy/13
fractions), although results from further neuropsychological assess-
ments are pending.31 The optimal dose of WBRT to balance efficacy
with neurotoxicity is not yet known; there are currently no rando-
mised trials comparing different doses of WBRT.

As discussed earlier, non‐myeloablative ChT is an interesting al-
ternative to HDC–ASCT and WBRT as consolidation, especially in
elderly patients.53 It should be noted, however, that studies evalu-
ating this strategy in patients aged >70 years are not available and
high toxicity rates have been reported in routine practice.67

Maintenance treatment

Maintenance treatment is feasible and associated with encouraging
results in elderly patients.68 The phase III BLOCAGE trial
(NCT02313389), evaluating the role of maintenance immunoChT
(R–MT regimen) versus observation in patients with CR after HD‐
MTX‐based induction, is ongoing. Lenalidomide has shown promising
results as single‐agent maintenance after induction ChT in a small
cohort of elderly patients with PCNSL.69 The FIORELLA trial
(NCT03495960) will pioneer a randomisation of procarbazine versus
lenalidomide as maintenance treatment after R–MP induction.

First‐line treatment for unfit patients unsuitable
for ChT

Less than 15% of patients with PCNSL are considered unfit for
HD‐MTX‐containing therapy based on advanced age, frailty or
comorbidities. These patients have a very poor prognosis and data to
guide treatment decisions in this setting are scarce. Life expectancy,
PS and desired QoL should be discussed with patients and
their carers. Importantly, best supportive care should be preferred
in selected frail patients when symptomatic and PS benefit is not
considered achievable. Suitable treatment options include corticos-
teroids, oral alkylating agents (temozolomide, carmustine, procarba-
zine) with or without rituximab and WBRT.70 When WBRT is used as
palliative treatment, a dose of 30‐36 Gy/10 or 15 fractions is sug-
gested.51 Novel active drugs such as Bruton tyrosine kinase (BTK)
inhibitors and immunomodulators may represent off‐label alter-
natives for these patients.

Recommendations

• Enrolment in suitable prospective clinical trials should be offered
to every patient with PCNSL [I, A].

• When a prospective trial is not available, induction ChT including
HD‐MTX is recommended at a minimum dose of 3 g/m2 delivered
in a 3‐h infusion [I, A].

• Combinations of HD‐MTX with other cytotoxic agents that cross
the blood–brain barrier and have been tested in prospective (pre-
ferably randomised) trials are recommended (e.g. MATRix, R–MBVP,
rituximab–HD‐MTX–carmustine–etoposide–prednisone, R–MPV,
R–MT) [I, A].

• The benefit of adding rituximab [not European Medicines Agency
(EMA) approved, not Food and Drug Administration (FDA) ap-
proved] to induction HD‐MTX‐based polyChT remains unclear.
The balance between tolerability and efficacy should be discussed
with patients and their carers [II, B].
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• Judicious reduction of MTX dose according to renal function and
comorbidities is recommended [III, A].

• Intrathecal ChT is not recommended in routine practice, except for
patients with CSF dissemination who are unable to receive ChT
including MTX at ≥3 g/m2 or for patients with persistence of CSF
or meningeal disease at the end of first‐line treatment [III, D].

• Intravitreal ChT is not recommended in routine practice, except for
patients with persistent intraocular lymphoma at the end of first‐
line treatment [III, D].

• HDC–ASCT is recommended as consolidation in fit patients with
responsive or stable disease after suitable induction ChT [I, A].

• Fitness for HDC–ASCT should be evaluated dynamically during
treatment, especially in older patients who may gain or lose
‘HDC–ASCT fitness’ during induction ChT [III, B].

• Thiotepa‐based ASCT conditioning regimens should be used. The
dose of thiotepa combined with either busulfan or carmustine
should be based on established protocols and informed by patient
fitness and comorbidities [III, A].

• Consolidation WBRT at a dose of 36‐40 Gy/20 fractions is
recommended in young patients who are not suitable candi-
dates for ASCT. Safety profiles (haematological and cognitive
toxicities) should be considered for individual therapeutic
choice [I, A].

• ConsolidationWBRT at a dose of 36‐40 Gy/20‐22 fractions should
be avoided or deferred in elderly patients because of the high risk
of disabling neurocognitive impairment [I, D].

• Reduced‐dose WBRT (23.4 Gy) is an option for patients with re-
sponsive disease after suitable induction ChT, but the longer‐term
effects on cognitive function remain to be defined, especially in
elderly patients [III, B].

• Watchful waiting can be considered in elderly patients in CR after
induction with an established drug combination [II, B]. Maintenance
with oral drugs, such as alkylating agents or immunomodulators
such as lenalidomide (not EMA approved, not FDA approved) can be
considered on an individual basis [IV, C].

• There is no established standard of care for patients unfit for
HD‐MTX‐based ChT. Valid (but incompletely investigated) palliative
options include upfront WBRT [III, B], corticosteroids, oral alkylating
agents with or without rituximab (not EMA approved, not FDA
approved), BTK inhibitors and immunomodulators [V, C].

• Assessment of response to treatment should follow modalities and
timing proposed by the IPCG criteria [III, B].

TREATMENT OF PVRL

The therapeutic challenges in PVRL are twofold: to limit visual con-
sequences and to prevent CNS dissemination. Fifty‐six percent to
90% of patients with PVRL develop CNS dissemination within 30
months; this is the main cause of death in patients with PVRL.63

Median survival appears to be longer when the patient is treated at
the time of PVRL diagnosis rather than at CNS relapse.71 Data on
heterogeneous treatments are mainly retrospective, with evident bias
related to the involved medical specialists (i.e. haematologists or
ophthalmologists). Thus, debate persists on the best treatment for
PVRL, both at presentation and for relapsed or refractory (r/r) dis-
ease. Treatment options include local therapies (intravitreal drug in-
jection or ocular RT), systemic (immuno)ChT or both. A proposed
algorithm for the treatment of PVRL is shown in Figure 3.

Antitumour drugs (usually MTX or rituximab) can be injected in
the vitreous under local anaesthesia, with varied duration and number
of injections.9 This approach is used in first‐line treatment or at
relapse, either alone (usually in unilateral disease) in patients not

eligible for systemic ChT,66 or in addition to systemic treatment when
rapid antitumour activity is needed. External beam ocular RT is rarely
used alone as first‐line treatment in patients with bilateral ocular in-
volvement or as salvage treatment for elderly patients. The re-
commended technique to irradiate the eyes is summarised in
Supplementary Table S8, available at https://doi.org/10.1016/10.
1016/j.annonc.2023.11.010. Overall, local treatments seem to be ef-
fective in controlling intraocular disease, but they fail to prevent CNS
relapses and ocular relapses remain frequent.9 Encouraging results were
recently reported in patients treated with a combination of bilateral
ocular RT and HD‐MTX‐based ChT.9,72 However, it is not yet clear
whether CNS‐directed polyChT should be given upfront to prevent CNS
dissemination.63 Systemic treatments for PVRL remain empirical. HD‐
MTX‐based polyChT has been frequently used either alone or combined
with a local therapy to treat PVRL at presentation9; however, control of
intraocular disease is poor.73 In a recent retrospective study of 59 pa-
tients with PVRL receiving HD‐MTX‐based ChT, median survival with-
out brain relapse was prolonged (73 months) and none of the eight
patients who received an additional local treatment experienced in-
traocular relapse after a median follow‐up of 5 years.73

Intensive thiotepa‐based ChT followed by ASCT is feasible and
effective in fit patients with r/r PVRL.9,74 Temozolomide and tar-
geted therapies, such as lenalidomide (alone or in combination with
rituximab) or ibrutinib, have demonstrated some activity in r/r
PVRL.75

Recommendations

• Fit patients with PVRL should be treated with HD‐MTX‐based
induction ChT, using the same combinations proposed for other
patients with PCNSL [IV, C]. Intravitreal MTX injections can be
added if a rapid regression of intraocular disease is needed [IV, C].

• Patients with a CR or partial response to HD‐MTX‐based induction
ChT can be eligible for consolidation with low‐dose bilateral ocular
RT [IV, C]. The risks and benefits of consolidation with ASCT can
be discussed with selected patients [V, C].

• Therapeutic response should be assessed by slit lamp and fundus
examination during and at the end of induction as well as after
consolidation; however, precise response definition based on
clinical evaluation is difficult. If available, assessment of MYD88
L265P and IL‐10 levels in aqueous humour may be useful to
monitor intraocular response. Angiography and optical coherence
tomography could improve response definition [V, C].

• Oral alkylating agents [i.e. temozolomide (not EMA approved, not
FDA approved)] and local therapies (ocular RT or intravitreal MTX
injection) are acceptable options as first‐line treatment for unfit
patients or patients with contraindications to ChT [IV, B].

• Fit patients with r/r PVRL should be treated with second‐line ChT
and consolidative HDC–ASCT [III, B].

• Local treatments, as well as ibrutinib, lenalidomide or temozolo-
mide, are alternative options for patients with r/r PRVL in poor
general condition [III, B; not EMA approved, not FDA approved].

TREATMENT OF R/R PCNSL

Despite therapeutic progress, 16%‐26% of patients aged ≤70 years
with PCNSL are primary refractory to HD‐MTX‐based ChT,7,35 and a
further 25% experience relapse after initial response.76 Relapse rates
are remarkably higher among older patients. Relapses occur pre-
dominantly in the CNS, often in sites distant from the primary
lesion.77 Most relapses are associated with rapid disease progression
and corresponding neurological symptoms; only 20% of relapses are
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diagnosed on surveillance MRI.78,79 The prognosis of patients with r/r
PCNSL is very poor, and benefits from salvage therapies are often
marginal. Notably, patients who experience relapse after the first 3
years of follow‐up demonstrate a significantly better 2‐year survival
rate after relapse (70%) than patients with refractory disease (11%)
and those who experience a relapse during the second or third years
of follow‐up (12%).26

A proposed algorithm for the treatment of r/r PCNSL is shown in
Figure 4. HD‐AraC‐ or HD‐ifosfamide‐based ChT followed by con-
solidative HDC–ASCT is an option for fit patients.79,80 HD‐MTX
rechallenge can result in a second durable remission in patients who
experience long‐lasting regression after a previous HD‐MTX‐based
combination.81 Patients with contraindications to ChT can be treated
with salvageWBRT, with a reported median OS of 11 months.82 Less
than 5% of relapses occur outside the CNS7; these patients may
achieve remission with rituximab–cyclophosphamide–doxorubicin–
vincristine–prednisone (R–CHOP) immunoChT.8

Novel therapies

Some of the abnormalities that characterise the genomic profile of
PCNSL (see Supplementary Table S4, available at https://doi.org/10.
1016/10.1016/j.annonc.2023.11.010) have been proposed as ther-
apeutic targets, and novel targeted therapies have been explored in

patients with r/r PCNSL in single‐arm phase II trials (see Supple-
mentary Table S9, available at https://doi.org/10.1016/10.1016/j.
annonc.2023.11.010). Nevertheless, functional drug screening and
next‐generation sequencing assessment for treatment selection in
the r/r setting is not recommended outside of prospective trials. The
BTK inhibitor ibrutinib, as a single drug at doses of 560‐840 mg/day,
has been associated with an ORR of 70%‐77%, a CR rate of 23%‐38%
and a median PFS of 4‐5 months in patients with r/r PCNSL or
SCNSL.83,84 Fungal infection was more frequently observed in
patients with r/r PCNSL compared with other types of lymphoma,
mostly when ibrutinib was associated with polyChT.85 This is probably
due in part to prolonged exposure to steroids and impairment of BTK‐
dependent fungal immunity and neutrophil function.85 Tirabrutinib, a
highly selective BTK inhibitor, is a valid option in this setting.86

The immunomodulators lenalidomide and pomalidomide, used
alone or combined with rituximab, have been evaluated in patients
with r/r PCNSL or PVRL with encouraging results (see Supplementary
Table S9, available at https://doi.org/10.1016/10.1016/j.annonc.
2023.11.010). Although response rates are not particularly high,75

lenalidomide has shown good efficacy when used as maintenance and
combined with BTK inhibitors.87 A phase Ib trial is evaluating
rituximab–lenalidomide–ibrutinib in r/r PCNSL (NCT03703167).

Among drugs targeting the phosphoinositide 3‐kinase
(PI3K)–mTOR–Akt pathway, temsirolimus has demonstrated good

F IGURE 3 Treatment algorithm for PVRL. Purple: general categories or stratification; green: RT; blue: systemic anticancer therapy; turquoise: combination of

treatments or other systemic treatments; white: other aspects of management. ChT, chemotherapy; CR, complete remission; EMA, European Medicines Agency; FDA, Food

and Drug Administration; HDC–ASCT, high‐dose chemotherapy and autologous stem cell transplantation; HD‐MTX, high‐dose methotrexate; IL‐10, interleukin‐10; IPCG,
International PCNSL Collaborative Group; MTX, methotrexate; PCNSL, primary central nervous system lymphoma; PD, progressive disease; PR, partial response; PVRL,

primary vitreoretinal lymphoma; R, rituximab; R–DHAP, rituximab–dexamethasone–cytarabine–cisplatin; R–ICE, rituximab–ifosfamide–carboplatin–etoposide; RT,
radiotherapy; SD, stable disease. aPatients with no major comorbidities and good clinical condition. bPatients with relevant comorbidities or poor clinical condition at the

discretion of the clinician. cNot EMA approved, not FDA approved. dPR is defined according to the IPCG criteria14 but with an undetectable level of IL‐10 in aqueous humour.
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activity but with relevant toxicities, resulting in a 14% TRM rate.88

The low activity of buparlisib corresponds with its insufficient con-
centration in the CSF.89 A phase II study evaluating bimiralisib, a dual
pan‐PI3K and mTOR inhibitor able to cross the blood–brain barrier, is
ongoing (NCT02669511).

The anti‐PD‐1 antibodies nivolumab90 and pembrolizumab91 are
being evaluated in r/r PCNSL. Pembrolizumab 200 mg i.v. was asso-
ciated with an ORR of 26% and acceptable toxicity.92 Results of other
trials assessing these immune checkpoint inhibitors in r/r PCNSL are
pending [CheckMate 647 (NCT02857426); NCT02779101].

Chimeric antigen receptor T‐cell (CAR‐T) therapy targeting
CD19 has demonstrated encouraging results in patients with r/r
DLBCL; however, patients with CNS disease were typically excluded
from CAR‐T trials due to concerns about severe neurotoxicity.
Recently, a phase I/II trial of tisagenlecleucel in 12 patients with
r/r PCNSL reported that, at a median follow‐up of 12 months,

6 patients had achieved CR, which was maintained to data cut‐off in
3 patients.93 Cytokine release syndrome and immune cell‐associated
neurotoxicity syndrome were common but usually of grade 1‐2.
A further few cases of PCNSL and SCNSL have been safely and
successfully treated with CAR‐T therapy,94–96 thereby warranting
its further investigation.

The use of agents that can permeabilise tumour vessels and increase
ChT penetration was recently investigated in patients with r/r PCNSL.97,98

Tumour necrosis factor‐α coupled with cysteine–asparagine–glycine–
arginine–cysteine–glycine peptide (NGR‐hTNF) targets CD13+ pericytes
and endothelial cells of tumour vessels, induces endothelial permeabili-
sation and improves the tumour access of R–CHOP in r/r PCNSL,97

resulting in a reported ORR of 75% and a good toxicity profile.98 This
treatment was delivered entirely in the outpatient setting, warranting
further investigation of NGR‐hTNF in combination with other therapeutic
agents in patients with PCNSL.

F IGURE 4 Treatment algorithm for r/r PCNSL. Purple: general categories or stratification; green: RT; blue: systemic anticancer therapy; turquoise: combination

of treatments or other systemic treatments; white: other aspects of management. ASCT, autologous stem cell transplantation; BSC, best supportive care; ChT,

chemotherapy; CR, complete remission; EMA, European Medicines Agency; FDA, Food and Drug Administration; HD, high dose; HD‐AraC, high‐dose cytarabine;

HD‐MTX, high‐dose methotrexate; PCNSL, primary central nervous system lymphoma; PD, progressive disease; PR, partial response; r/r, relapsed or refractory; RT,

radiotherapy; SD, stable disease; WBRT, whole‐brain radiotherapy. aDrugs and doses vary according to age, comorbidity and frailty. bNot EMA approved, not FDA

approved. cChoice of consolidation therapy in fit patients aged <70 years should consider the consolidation strategy used in first‐line treatment; a different

consolidation is preferred (i.e. salvage with WBRT if ASCT was used in first‐line treatment and vice versa). A second ASCT may be an option for selected patients,

especially those with long‐lasting remission after the first ASCT.
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Recommendations

• Patients with r/r PCNSL should be registered in a prospective
clinical trial assessing novel drugs or strategies [III, A].

• Fit patients with refractory or early relapsed PCNSL can be treated
with, for example, HD‐ifosfamide‐ or HD‐AraC‐based combina-
tions, followed by ASCT or WBRT according to previous treatment
[III, B].

• Patients with refractory or early relapsed PCNSL unfit for salvage
polyChT could be treated with WBRT [V, C] or with a single drug
such as ibrutinib, lenalidomide or temozolomide [III, B; not EMA
approved, not FDA approved].

• Patients with late relapse of PCNSL could be re‐treated with HD‐
MTX, employing the same or similar ChT regimen used in first‐line
treatment, and consolidated with ASCT or WBRT in the case of
response [IV, B].

• The increased risk of neurotoxicity associated with WBRT should
be considered in patients aged >60 years with r/r PCNSL [IV, C].

FOLLOW‐UP, LONG‐TERM IMPLICATIONS
AND SURVIVORSHIP

Given the extended survival of many patients with PCNSL following
the widespread use of modern approaches, there is a growing
interest in follow‐up and long‐term treatment implications. Notably,
combined CRT is associated with disabling neurotoxicity with a
cumulative 5‐year incidence rate of 25%‐35%. Prospective data on
the optimal follow‐up strategy for patients with PCNSL are lacking.
The IPCG guidelines recommend a follow‐up every 3 months for
2 years in patients enrolled in clinical trials, then every 6 months
for an additional 3 years and thereafter annually for at least 5 years,
for a total of 10 years of follow‐up.13 Details on follow‐up strategy
and long‐term treatment sequelae are reported in Supplementary
Table S10, available at https://doi.org/10.1016/10.1016/j.annonc.
2023.11.010.

Recommendations

• Follow‐up imaging with cranial MRI should be carried out, parti-
cularly in patients eligible for intensive salvage therapies, at
3‐month intervals in the first 2 years from the end of treatment,
every 6 months for another 3 years and subsequently on an annual
basis [IV, B].

• Ophthalmological examination should be carried out annually if not
involved initially, and more often if involved initially or in the case
of visual deterioration [IV, B].

• CSF assessment should only be carried out in the case of sus-
pected or confirmed relapse [IV, B].

• Neurocognitive function and QoL should be assessed on an annual
basis at least within clinical trials [I, B].

METHODOLOGY

This CPG was developed in accordance with the ESMO standard op-
erating procedures for CPG development (http://www.esmo.org/
Guidelines/ESMO-Guidelines-Methodology). The relevant literature
has been selected by the expert authors. The FDA/EMA or other
regulatory body approval status of new therapies/indications is re-
ported at the time of writing this CPG. Levels of evidence and grades of
recommendation have been applied using the system shown in Sup-
plementary Table S11, available at https://doi.org/10.1016/10.1016/j.

annonc.2023.11.010. Statements without grading were considered
justified standard clinical practice by the authors. For future updates to
this CPG, including eUpdates and Living Guidelines, please see the
ESMO Guidelines website: https://www.esmo.org/guidelines/
guidelines-by-topic/esmo-clinical-practice-guidelines-haematological-
malignancies/primary-central-nervous-system-lymphomas.
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