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Abstract

Primary central nervous system lymphoma (PCNSL) is a rare type of non-Hodgkin lymphoma (NHL) manifesting in the
brain, spinal cord, cerebrospinal fluid and/or eyes, in the absence of systemic manifestations. With an increasing incidence
and a 30% 5-year overall survival if promptly treated, timely diagnosis and subsequent treatment is paramount. The typi-
cal MRI appearance for PCNSL is a solitary or multiple T2-hypointense, homogeneous gadolinium-enhancing lesion with
restricted diffusion. Dexamethasone treatment might compromise and delay the diagnosis. Hallmark of treatment is induction
with intravenous high-dose methotrexate consisting polychemotherapy followed by consolidation treatment. Consolidation
treatment consists of either whole brain radiotherapy (WBRT) or autologous stem cell transplantation (ASCT). Given the
(cognitive) side effects of WBRT, ASCT is increasingly being used as the first choice of treatment.

Keywords CNS lymphoma - Neuro-oncology - High-dose methotrexate - Whole brain radiotherapy

Introduction

Primary central nervous system lymphoma (PCNSL) is a
B-cell non-Hodgkin lymphoma manifesting in the brain, spi-
nal cord, cerebrospinal fluid and/or the eye, without systemic
manifestations. An increase in incidence is observed, specifi-
cally among elderly. Though relapses are common, in most
cases PCNSL is treatable which makes timely diagnosis and
treatment essential for survival.

P< Myrthe E. de Koning
me.dekoning@mst.nl

Department of Neurology, Medisch Spectrum Twente,
Enschede, The Netherlands

Department of Radiology, Medisch Spectrum Twente,
Enschede, The Netherlands

Laboratory of Pathology Eastern Netherlands, Hengelo,
The Netherlands

Department of Hematology, Erasmus MC Cancer Institute,
University Medical Center Rotterdam, Rotterdam,
The Netherlands

Department of Neurology, Erasmus MC Cancer Institute,
University Medical Center Rotterdam, Rotterdam,
The Netherlands

@ Springer

Epidemiology

PCNSL are rare tumours, comprising only 3—4% of intrac-
ranial tumours. In the United States, approximately 1500
new cases are diagnosed each year [1]. Although immu-
nocompromised patients are at higher risk of developing a
PCNSL, the incidence among the immunocompetent elderly
(i.e.,> 60-years-old) population is increasing without a clear
understanding as to why. Currently, the median age of pres-
entation is 65 years, in one third of cases presentation is at
an age above 75 years. Men are slightly more often affected
than women. Over the past three decades, the prognosis
of PCNSL has improved in patients under the age of 70,
whereas it has remained unchanged for elderly [2].

More uncommon presentations of PCNSL include those
limited to the eye, the primary vitreoretinal lymphoma
(PVRL), and those limited to the spinal cord. Leptomenin-
geal localisation is mostly seen in systemic lymphomas with
central nervous system involvement and is rarely encoun-
tered as an isolated finding.
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Diagnosis
Symptoms

As aresult of the fast-growing nature of PCNSL, symptoms
usually develop within days to weeks. Focal neurological
deficits, cognitive or behavioural disturbances and/ or head-
ache are among the most common signs. Seizures, which
are very common in gliomas, are a less common presenting
symptom [3, 4]. Table 1 provides an overview of presenting
signs and symptoms.

Imaging

Most (65%) PCNSL are solitary lesions, however multifocal
lesions are not uncommon. In immunocompetent patients,
MRI images show T2-hypointens lesions with vasogenic
edema, homogenous enhancement, and restricted diffusion
(Fig. 1) [5]. Contrast enhancement may occasionally be more
inhomogeneous or patchy, and in immunocompromised

Table 1 Presenting signs and symptoms of PCNSL

Symptom Frequency (%)
Focal neurological deficits 70
Hemiparesis 56
Cranial nerve deficits 10
Ataxia 10
Aphasia 10
Headache 51
Behavioural changes 43
Seizures 14
Visual complaints 4

patients ring-enhancing lesions occur. In addition to the
cerebral hemispheres, lymphomas are often localized in or
around the midline structures, such as the periventricular
region, thalamus and basal ganglia, or corpus callosum. In
10% of patients, additional non-contrast enhancing lesions
are observed. Since these lesions respond to treatment, they
are also regarded as tumorous [6]. Features such as calcifi-
cations, necrosis, and haemorrhages are very rare in central
nervous system lymphomas.

PET-imaging

The distinction between PCNSL and secondary central nerv-
ous system involvement of a systemic lymphoma is impor-
tant for the treatment protocol. CT imaging of neck, thorax
and abdomen, bone marrow aspirate and testicular echog-
raphy in men are required for making this distinction. Total
body 18F fluorodeoxyglucose positron emission tomography
(18F-FDG-PET) scan may replace these three modalities
and may even be more sensitive [7, §]. Although PET is
sensitive for localisation of systemic activity, false-positive
PET enhancement is common and may delay the diagnostic
process. The International Primary CNS Lymphoma Col-
laborative Group (IPCG) currently recommends a systemic
staging evaluation with a [18F]2-fluoro-2-deoxy-p-glucose-
positron emission tomography (FDG-PET), preferably com-
bined with contrast-enhanced CT scan [9].

The role of FDG-PET in cerebral lesions is under debate;
MRI is the imaging modality of choice for initial diagno-
sis and follow-up [10]. If performed, FDG-PET of PCNSL
shows an avid lesion with homogeneous uptake. Given the
high cellular density and high glucose metabolism, lym-
phoma is 2-3 times more PET-avid than healthy grey mat-
ter [11].

Fig. 1 Typical radiological features of a PCNSL with a space occupying lesion in the thalamic region on right side. T2 hypointense signal (a),

marked restricted diffusion (b) and homogenous contrast enhancement (c)
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Pathology

The pathophysiology of PCNSL is unknown. Although
“primary” implies that the tumour originates in the cen-
tral nervous system, the leading hypothesis is that the
tumour homes to the nervous system after arising in
other organs. This hypothesis is supported by the fact
that the oncogenic protein Bcl-6 is found in virtually all
PCNSL but is only expressed in lymphoid tissue which
is normally not present within the nervous system. The
Epstein-Barr-Virus (EBV) predisposes immunocompro-
mised patients to developing a PCNSL, but this is not the
case for immunocompetent patients. No genetic factors
with an associated risk for developing PCNSL have been
identified.

According to the WHO classification of tumours of
haematopoietic and lymphoid tissues PCNSL are diffuse
large B-cell lymphomas (DLBCL) [12]. In just 10%, lym-
phoma solely located within the CNS are Burkitt, low
grade or T-cell lymphomas. Histopathologically, DLBCL
are characterized by medium-to-large neoplastig cells
with pleomorphic nuclei and prominent nucleoli, sur-
rounded by a narrow rim of cytoplasm. Mitotic activity
is often brisk. Tumour cells are characteristically centred
around blood vessels, and necrosis is a common finding.
(Fig. 2). Most cells express mature B-cell markers (CD20,
CD79a, CD19, PAXS5) and show a high Ki-67 prolifera-
tion index.

Both CSF and histological diagnostic accuracies are
reduced after treatment with corticosteroids due to the
inherent lysis of neoplastic cells. Multiple large series
have found false-negative biopsies after dexamethasone
treatment, causing a delay in both diagnosis and treatment
[13, 14]. This signifies the relative contraindication for
dexamethasone treatment—when suspecting PCNSL—
until biopsy procured tissue.

Fig.2 H&E stain of a PCNSL
with characteristic perivascular
distribution (a) and with most
neoplastic cells expressing the
CD20 mature B-cell immuno-
histochemical marker (b)
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Cerebrospinal fluid

A lumbar puncture is advised in case of an MRI-lesion sus-
pect for lymphoma. Cerebrospinal fluid may provide the
diagnosis, and is important for staging. A biopsy is strongly
recommended for obtaining a definitive diagnosis. If this
is not possible, the diagnosis of PCNSL can only be made
through CSF in case of positive CSF results in combination
with typical clinical and radiological characteristics. Cere-
brospinal fluid typically shows a pleiocytosis with increased
total protein and decreased glucose levels, but can also be
without abnormalities. Cytology and immunophenotyping
with flow cytometry provide additional information when
lymphoma is suspected, providing positive results in up to
30% of cases. However, flow cytometry may also be false
positive in case of an infectious problem, for instance with
neuroborreliosis [15]. When the first CSF analysis shows no
lymphoma localisation, a second lumbar puncture may be
considered, yielding a diagnosis in an additional 8% of cases
[16]. However, this small increase in diagnostic accuracy
needs to be weighed against the delay it entails to analyse
the CSF and thereby delaying the work-up for a biopsy [17].

Besides cytology and immunophenotyping, other CSF
characteristics are helpful. A mutation in the MYD88-gene
is often present in PCNSL and increased interleukin-10
concentrations (IL-10) may be observed. Testing for these
items show promising sensitivity (94-98%) and specificity
(98-99%) for both newly diagnosed and recurring PCNSL.
However, the current literature is as of yet insufficient to
justify a definitive diagnosis based on these factors alone
[18]. As a result, brain biopsy remains the golden standard
of diagnosis.

Further workup

As previously discussed, distinguishing PCNSL from a sys-
temic lymphoma with CNS involvement is important for
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the treatment choice. Apart from imaging, ophthalmologi-
cal examination is advised including fundoscopy and slit
lamp examination to rule out vitreoretinal involvement. Only
4% of patients report ocular symptoms, whereas 15-20% of
patients have asymptomatic ocular involvement [3, 19]. To
prevent complications during chemotherapy, screening for
HIV and hepatitis B and C is advised.

Primary diffuse large B-cell lymphoma
of the vitreoretinal

When a PCNSL is localised exclusively in the vitreoretinal
fluid, it is defined as a primary diffuse large B-cell lym-
phoma of the vitreoretina of which 90% develop cerebral
localisation during the course of the disease. Therefore,
the same treatment regimen as for PCNSL with cerebral
localisation is advised. This includes high-dose intrave-
nous methotrexate-based chemotherapy, possibly followed
by consolidation therapy (see below). Since methotrexate
might not penetrate the eye as well as other parts of the nerv-
ous system, some experts suggest intra-ocular chemotherapy
or local radiation, albeit considering toxicity. Frail patients
might benefit from local treatment only (i.e., omitting sys-
temic treatment), retaining more quality of life in the sub-
sequent years of survival [20]. Whether a PCNSL presents
with or without ocular involvement does not seem to effect
the prognosis. In those cases with ocular involvement (or
PVRL) follow-up with fundoscopy and slit lamp examina-
tion is advised, in addition to traditional MRI follow-up [20,
21].

Differential diagnosis

The differential diagnosis of PCNSL includes other tumours
(such as metastasis, gliomas or meningiomas), CNS infec-
tions (e.g. toxoplasmosis or brain abscess) and inflamma-
tory/auto-immune disease (e.g. sarcoidosis, tumefactive
multiple sclerosis). Table 2 provides an overview of the dif-
ferential diagnosis with clinical and radiological features.

Treatment
Surgery

PCNSL are infiltrating tumours with a high sensitivity to
chemotherapy and radiation, making surgical resection a less
favourable option. Some retrospective studies and a post-hoc
analysis of a prospective study have reported a positive effect
of debulking, however these were selected cohorts with
more favourable prognostic factors such as high Karnofsky
performance score and solitary superficial lesions [20].

Systemic treatment

Randomized controlled trials (RCT) are scarce and the best
systemic treatment has yet to be defined. Intravenous high-
dose (>3 g/m? body surface) methotrexate is the hallmark of
treatment, mostly combined with other blood-brain barrier
penetrating chemotherapeutic agents. A common treatment
plan is the MATRix regimen combining high-dose metho-
trexate (MTX), cytarabine, thiotepa and rituximab, based on
a phase II study, in which three arms were compared and the
MATRIix regimen yielded best survival rates [22]. In a larger
phase III RCT, patients were treated with MBVP (i.e., high-
dose methotrexate, BCNU, teniposide, carmustine, and pred-
nisolone) with or without rituximab, no survival benefit was
found of adding rituximab. Responding patients received a
cycle high-dose cytarabine after two cycles of (R)-MBVP
[23]. Although different trials, the results of the MATRix
treatment and MBVP regimen seem comparable. Complica-
tions of high-dose intravenous methotrexate treatment are
renal insufficiency, transient hepatotoxicity, mucositis, and
bone marrow depression.

Consolidation treatment: whole brain radiotherapy
or autologous stem cell transplantation

When a good response is achieved with induction treatment
using the aforementioned chemotherapeutic agents, “con-
solidation” treatment is advised for those patients in good
clinical condition. A good response is defined as at least a
50% reduction of tumour mass when compared to baseline
(partial response). Consolidation treatment may consist of
whole brain radiotherapy (WBRT) or myeloablative chem-
otherapy followed by autologous stem cell transplantation
(ASCT). WBRT is preferred over local radiation due to the
infiltrative aspect of the tumour and frequent recurrence out-
side the irradiated area in historical series. Important side
effects of WBRT are neurocognitive decline—which may
occur even several years after treatment. Elderly (> 60 years-
old) patients are more vulnerable to severe neurotoxicity.
Nevertheless, even younger patients show reduced scores
on several cognitive tests after WBRT when compared to
those not receiving radiation. MRI can reveal white matter
lesions and atrophy, associated with WBRT [24]. These find-
ings were reported in patients receiving WBRT with 36-45
Gy, leading to protocols now prescribing WBRT with more
modest 23-30 Gy doses, in which the cognitive decline may
be less severe [23, 25]. Consolidation with myeloablastive
chemotherapy followed with ASCT is a good alternative.
The conditioning therapy should consist of high-dose thi-
otepa, in combination with other blood—brain-barrier pen-
etrating drugs [26-28]. Two RCTs have studied the effect
of ASCT when compared to WBRT [22, 29]: both studies
did not identify differences in survival rates between the
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Table 2 Differential diagnosis of PCNSL with clinical and radiological differences

Clinical characteristics

Imaging characteristics

Tumours

High grade gliomas More seizures

More seizures
Less focal deficits

Low grade gliomas

Metastasis More seizures

Meningioma Often asymptomatic

When symptomatic often with seizures

Infectious
Abscess Less focal deficits
Toxoplasmosis Immunocompromised patients
Tuberculosis Clinically severely ill patients

Auto-immune/inflammatory

Behget disease Oral and genital canker sores

Cranial nerve dysfunction, headache, encephalopathy
Sarcoidosis Often cranial nerve dysfunction
CLIPPERS Subacute development of symptoms (weeks—months)

Vertigo, diplopia, vomiting. Steroid responsive

Headaches
Younger patients (~30 years)

Tumefactive MS

Auto-immune encephalitis

Subacute development of symptoms (weeks—months)
More psychiatric symptoms (hallucinations, wanen)

Irregular enhancement

Central necrosis

Less diffusion restriction
Increased perfusion (rCBV >2)
corpus callosum involvement

No or patchy enhancement
Solitary lesion

Ring-like enhancement
More haemorrhagic lesions
Multiple lesions

More profound edema

Also homogeneous enhancement
Less diffusion restriction
Dural thickening (dural tail)

Ring enhancement
Central restricted diffusion in non-enhancing parts

Ring enhancement

Less diffusion restriction

Often multiple lesions

No increased perfusion (rCBV normal)

Basal meningeal enhancement

Tuberculomas may give homogenous enhancement with
restricted diffusion

T2 may be extremely hypointens

Often leptomeningeal involvement surrounding brainstem
or nuclei

Contrast enhancement of cranial nerves, pituitary gland
and hypothalamus

No space occupying lesion

No homogenous enhancement

Open ring enhancement

Less often restricted difffusion

Hyperintense T2 signal, temporal lobe (unilateral or
bilateral)
Almost never enhancement

rCBYV relative cerebral blood volume; MS multiple sclerosis; CLIPPERS chronic lymphocytic inflammation with pontine perivascular enhance-

ment responsive to steroids

two treatment modalities. However, the WBRT group suf-
fered more cognitive decline than the ASCT group, whereas
ASCT was associated with a 10% treatment related mortal-
ity. Currently, patients below 70 years of age with acceptable
clinical conditions (KPS > 70) are preferably treated with
ASCT as consolidation treatment.

Intrathecal chemotherapy
No studies have specifically examined intrathecal chemo-

therapy as an add-on treatment besides systemic chem-
otherapy. In general it is not advised, as intravenous

@ Springer

HD-MTX sufficiently penetrates the blood—brain-barrier.
However, in the MBVP-regimen it is administered to
those patients with CSF localisation after the first course
of chemotherapy. The HOVON 105/ALLG NHL 24-study
showed that this was only necessary for 8% of patients
[23]. In those cases 15 mg methotrexate is administered
twice weekly via lumbar puncture (or 10 mg via Ommaya
reservoir) combined with a low dose corticosteroid to pre-
vent arachnoiditis. Administration may be reduced over
time after normalisation of CSF. Intrathecal methotrexate
is potentially toxic, causing diffuse white matter lesions
[30].
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Treatment in elderly patients

Although the definition of “the elderly” differs among
studies, they tend to have a worse prognosis than younger
patients [31]. Older patients are also at a higher risk of
developing neurotoxicity with cognitive decline, gait dis-
turbance and urge incontinence mostly occurring from circa
6—12 months after treatment, with accompanying atrophy
and white matter lesions on MRI. Treating the elderly patient
is additionally challenging due to comorbidities such as
reduced renal and/or cardiac function, although in most stud-
ies (with strictly selected cohorts) high-dose methotrexate
was well tolerated. The preferred high-dose MTX protocol
is unclear, but it is advised that older patients can be treated
with the same dose intravenous methotrexate when provided
with supportive care and monitoring of the renal function. In
case of severe renal dysfunction (¢eGFR < 50 ml/min) lower
dosage MTX is advisable [32]. Whole brain radiotherapy is
ill-advised due to the cognitive side effects. However, when
patients are unsuitable for chemotherapy, radiation may
be a palliative option with a median survival of 8 months
[31]. The cognitive side effects, especially when patients
live longer than 6—12 months, should be discussed explicitly
with patients. Large trials show that cognitive decline in the
elderly population is mainly caused by the tumour itself,
illustrated by the improvement of cognitive functions follow-
ing induction therapy. However, the combination of chemo-
therapy and radiation causes leukoencephalopathy and atro-
phy, which may lead to dementia, ataxia and incontinence.
The exact interval between treatment and these symptoms is
unknown, but they may arise within 1 year after treatment.

Response evaluation

When assessing treatment response five categories are
defined: complete response (no contrast enhancing lesion on
MRI); complete response unconfirmed (a small—probably
biopsy related—contrast enhanced lesion); partial response
(decrease in contrast enhancement of at least 50%); sta-
ble disease (MRI contrast enhancement of < 50% decrease
or <25% increase); progression (more than 25% contrast
enhancement or new lesions on MRI); and relapse (presence
of tumour after complete response on previous MRI) [33].
A treatment response is important for prognosis, but
analysis from a large RCT showed that in case of at least
a partial response, the extent of response did not influence
progression-free and overall survival [34].

Prognosis
If untreated, patients with PCNSL usually die within 1-3

months. Due to treatment options, prognosis has improved
over the years with a 5-year survival ranging from 11%

(95% confidence interval 8—15%) in 1989 to 30% (27-30%
confidence interval) in 2015 [35]. This improvement in
prognosis is only observed in younger (< 70 years) patients
[2]. However, 50% of elderly patients who were able to
receive MTX treatment survived over 2 years, thereby
underlining the importance of adequate selection of
patients eligible for chemotherapy.

Existing prognostic models for PCNSL are mainly used
for stratifying patients for clinical trials [33, 36]. Age and
clinical condition (KPS or WHO performance scores)
are important parameters in both models. Other factors
which may influence prognosis are: involvement of deep
brain structures (periventricular, basal ganglia, brain stem,
or cerebellum), increased serum lactate dehydrogenases
(LDH), increased total protein in CSF and MMSE scores
prior to treatment [37].

Refractory or relapsed PCNSL

PCNSL with a response rate of less than 50% or with
persisting CSF localisation after induction treatment are
defined as “refractory”. Treatment for both refractory and
relapse PCNSL is unclear. Prognosis is poor, especially
in case of persistent MRI abnormalities, with 50% of
patients dying within months. Further treatment should
be weighed against palliative care, considering cognitive
performance, clinical condition, and comorbidity. When
choosing further treatment in refractory or early (< 1 year)
relapse, chemotherapy based on ifosfamide or etoposide is
the treatment of choice. If the tumour relapses 1 year after
completion of treatment, another course of HD-MTX is an
option. If the patient did not receive earlier treatment with
WBRT or ASCT, both can be considered (if the clinical
condition permits it) [20].

Follow-up

Regular MRIs (every 3—4 months) are advised the first 2
years after treatment, after this period the best follow-up
frequency is unclear. Only 6-25% of relapses are asympto-
matic and most relapses occur in between imaging follow-
up, therefore clinical follow-up after the first 2 years may
be considered instead of regular MRIs. Five years after
treatment, relapses are rare, and discontinuation of follow-
up is therefore justified. Follow-up should not be aimed at
tumour response only; the side effects of treatment regi-
mens should also be considered. Quality of life and cogni-
tive functioning are importance aspects, both of which are
diminished among treated patients when compared to age
and educational level matched peers [29].
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PCNSL in immunocompromised patients

Immunocompromised patients, whether due to untreated
HIV, use of immunosuppressant drugs, or organ transplant
recipients, are at higher risk for developing a PCNSL. Since
the introduction of antiretroviral therapy (ART), the inci-
dence of PCNSL decreased in HIV patients. MRI features
may be less typical in this specific group of patients and
patchy or ring-enhancing lesions are more common, which
may pose a diagnostic challenge. The pathophysiology is
strongly related to reactivation of EBV in immunocompro-
mised patients. Treatment is based on reducing immuno-
suppressant or properly treating HIV, combined with anti-
tumour treatment as described above [20].

Future perspective

Clinical trials are studying the effect of less toxic treatments
for frail patients with low-dose maintenance chemo-therapy
or immunosuppressive drugs. The use of Chimeric antigen-
receptor (CAR)-T cells is established in the treatment of
relapsed systemic diffuse large B-cell lymphoma; the effect
on PCNSL is currently studied in a phase 1 trial (Clinical
trial numbers NCT05625594 and NCT04443829).

Conclusions

Primary central nervous system lymphomas are rare but
treatable tumours. Early recognition and treatment are para-
mount. Chemotherapy (including high-dose methotrexate)
and preferably followed by autologous stem cell transplan-
tation are recommended treatments. Long-term cognitive
decline may be caused by the tumour itself or as a side effect
of treatment, warranting consideration during follow-up.
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