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Abstract

Primary central nervous system lymphoma (PCNSL) is a rare form of non-Hodgkin lymphoma that affects the
brain parenchyma, spinal cord, eyes, and cerebrospinal fluid without evidence of systemic, non-CNS involvement.
PCNSL is uncommon and only a few randomized trials have been completed in the first-line setting. Over the past
decades, the prognosis of PCNSL has improved, mainly due to the introduction and widespread use of high-dose
methotrexate, which is now the backbone of all first-line treatment polychemotherapy regimens. Despite this pro-
gress, durable remission is recorded in only 50% of patients, and therapy can be associated with significant late
neurotoxicity. Here, we overview the epidemiology, clinical presentation, staging evaluation, prognosis, and cur-

rent up-to-date treatment of immunocompetent PCNSL patients.

Keywords

Primary central nervous system lymphoma (PCNSL) is a highly
aggressive non-Hodgkin lymphoma solely affecting the cen-
tral nervous system, including the brain, eyes, spinal cord, and
cerebrospinal fluid (CSF). Unlike other primary brain tumors,
PCNSL respond favorably to chemo- and radiation therapy.
Unfortunately, survival is usually inferior in comparison to sys-
temic, non-CNS lymphomas. Moreover, the prognosis of some
patients, like the elderly or patients relapsed or with refractory
disease, remains very poor. Even though optimized polychem-
otherapy regimens have improved survival for most PCNSL
patients, the management of this disease is still posing a signifi-
cant challenge to the neuro-oncology community.

Epidemiology

PCNSL can be found in immunosuppressed patients
(chronic use of immunosuppressive agents, HIV/
AIDS patients, organ transplant recipients) or

immunocompetent patients. Here, we will center on
PCNSL found in immunocompetent patients. PCNSL is
rare, representing 4% of intracranial neoplasms and 4-6%
of extranodal lymphomas." It is diagnosed in approxi-
mately 1500 new patients in the US each year, generally
in the fifth or sixth decade of life, with a male:female ratio
of 1.2:1.7.2*There was an overall increase in PCNSL inci-
dence in the 1970s through early 1980s, due to a grow-
ing elderly population caused by a longer life expectancy
related to better lifestyles and lower comorbidity as well
as a greater tendency to pursue diagnostic evaluation in
older patients, improved neuro-imaging, and a more uni-
form nosology for the diagnosis of PCNSL. Since the ini-
tial increase, the incidence rate has remained stable since
the mid-1980s,® with only an intermittent sharp spike in
the early 1990s, due to the HIV epidemic. However, in
the last 10 years, a rising incidence has been observed in
patients older than 60, and those who are 70-79 years of
age have the highest incidence at 4.3 per 100000/year.3
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Clinical Presentation

The diagnosis of PCNSL requires a high level of suspi-
cion because clinical presentation varies depending on the
involved CNS compartment. PCNSL involving the brain
parenchyma or leptomeninges and causing focal neurologic
deficits is observed in 70% of patients® and leads to prompt
diagnostic imaging. In up to 43% of patients, nonspecific
behavioral or neurocognitive changes are the main present-
ing deficits and can result in a delayed diagnostic evaluation.
Signs of increased intracranial pressure leading to head-
ache, confusion, nausea, and vomiting are common (33%).
Seizures are uncommonly observed (14%) because the cor-
tex is less frequently involved by PCNSL lesions compared
with primary brain tumors (gliomas) or brain metastases.
Leptomeningeal dissemination is generally asymptomatic.
Only in fewer than one-third of PCNSL patients with definite
leptomeningeal involvement are the clinical signs suggestive
of leptomeningeal dissemination.® Leptomeningeal involve-
ment without parenchymal brain lesions as well as isolated
spinal cord lesions are almost never observed. If spinal cord
lesions are found, they are usually discrete intramedullary
nodules involving mainly the thoracic cord. Symptoms of
lymphomatous spinal cord lesions parallel those observed
with other intramedullary tumors and depend on the loca-
tion within the spinal cord. Patients may experience often
asymmetric sensory changes as well as weakness in arms
and legs and bladder or bowel dysfunction. In some patients
the peripheral nervous system, including peripheral nerves,
nerve roots, plexus, or cranial nerves, can be involved by
malignant lymphoma cells, a condition called neurolympho-
matosis (NL). NL is rarely seen in PCNSL and is more com-
monly found in patients with systemic, non-CNS lymphoma
(90%) as well as leukemia (10%).” The most common presen-
tation of NL is peripheral neuropathy or radiculopathy which
is severe, relentless, and dysesthetic. NL can also present as
cranial neuropathy, peripheral mononeuropathy, and pain-
less polyneuropathy. The neuropathy is generally of the sen-
sorimotor type on electromyographic evaluation, but pure
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motor neuropathies have been observed in ~20% of patients.
The associated weakness frequently progresses, causing
symmetric para- or quadriparesis with associated muscle
atrophy. PCNSL patients with ocular involvement report
decreased acuity, blurry vision, and/or floaters. Overall, these
visual symptoms are rare at presentation (4%),® even though
ocular involvement is relatively high in newly diagnosed
PCNSLs (20-25%).2° Patients are often asymptomatic or
have only subtle symptoms, sometimes resembling uveitis,
that may be misdiagnosed if visual symptoms are the sole
clinical manifestation. Classic B-symptoms such as fever,
sweats, and weight loss as observed in systemic, non-CNS
lymphoma patients are uncommon in PCNSL.

Diagnosis and Staging

Patients who develop neurologic symptoms and deficits
should undergo diagnostic brain imaging. Magnetic reso-
nance imaging (MRI) is the imaging modality of choice and
PCNSLs appear as a solitary lesion or multifocal disease.
These lesions are often periventricular, involving the white
matter of the centrum semiovale, the corpus callosum, or
the basal ganglia. PCNSL lesions are isointense to hyper-
intense on T2-weighted MR images and enhance homo-
geneously (Fig. 1). The lesions frequently are surrounded
by only a moderate amount of edema and are frequently
restricted on diffusion weighted images.® Less often, the
eyes (20-25%)," CSF (7-42%),"?>"'> and scarcely the spinal
cord are involved. The International PCNSL Collaborative
Group recommends baseline staging to determine the
extent of disease, including contrast-enhanced MRI of the
brain, contrast-enhanced MRI of the spine (if spinal symp-
toms are present), as well as ophthalmologic and CSF eval-
uation.'® The ophthalmologic exam should be conducted
by an experienced ophthalmologist and must include a slit
lamp evaluation to detect cellular vitreal or subretinal infil-
trates. To detect non-CNS dissemination and the presence
of systemic disease, a CT or fluorodeoxyglucose (FDG)

Fig. 1

PCNSL imaging pattern on MRI. (A) MRI T1 sequence with gadolinium contrast (T1+c) reveals homogeneously enhancing deep lesions.

(B) Lesions are iso- to hyperintense on T2 imaging with a relatively small amount of edema. (C) Diffusion-weighted imaging (DWI) demonstrates

restricted diffusion in the tumor.
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body PET scan as well as a bone marrow biopsy should be
performed. The yield of systemic staging with PET and/or
CT is typically low and, when systemic disease is present,
usually involves other extranodal sites, including the tes-
tis. Secondary malignancies which are not uncommon in
PCNSL and involve the prostate, skin, and gastrointestinal
tract' can also be identified with PET/CT. The presence of
concomitant monoclonal small-size population in periph-
eral and/or marrow blood has been identified in PCNSL
patients,'®' and with more sophisticated genomic detec-
tion tools we might be able to identify subclonal, systemic,
non-CNS disease more frequently in the future. The role of
a dedicated FDG PET of the brain for diagnosis and prog-
nosis has not been established yet, and for now it should
be used in only clinical studies.

Definitive diagnosis requires pathologic confirmation. The diag-
nostic procedure of choice is a stereotactic biopsy of the brain
lesion, or, if ocular involvement is present, vitrectomy. CSF sam-
pling demonstrating lymphoma cells on cytology or flow cytom-
etry may also be sufficient. However, due to potential delay of
diagnosis (and treatment) it is generally advisable to obtain a
biopsy of an accessible brain lesion rather than obtaining CSF or
vitreous fluid for assessment prior to biopsy. CSF and vitreous fluid
can be used for cytological evaluation, immunophenotyping, and
detection of immunoglobulin H or T-cell receptor rearrangements
by PCR analysis indicating monoclonality.?° Vitreous fluid can be
tested for interleukin (IL)10 and IL6 levels. High IL10 levels and/or
a high IL10:IL6 ratio can be strongly suggestive of lymphomatous
involvement but is not diagnostic.?' Recently, studies have sug-
gested that MYD88 mutations are frequently found in vitreoretinal
lymphomas and the detection of MYD88 increases the diagnos-
tic yield of vitreous fluid.?22 Corticosteroids are lymphotoxic and
therefore can obscure the pathologic diagnosis.?*?>Whenever clin-
ically possible, corticosteroid use should be deferred until tissue,
CSE, or vitreous fluid is obtained, except for life-threatening mass
effect and edema when corticosteroid use is necessary to stabilize
rapidly worsening neurologic deficits.

Most commonly, PCNSLs are found to be diffuse large
B-cell lymphomas (DLBCLs) (90%) and on rare occasions
Burkitt, T-cell, or low-grade lymphomas.?® A higher inci-
dence of PCNSL of theT-cell type is found in eastern Asia.?’
Pathologic review reveals highly proliferating lymphoma
cells that diffusely infiltrate the brain parenchyma in a typ-
ical perivascular growth pattern. Gene expression profiling
of systemic, non-CNS DLBCL has identified 3 molecular
subtypes: (i) germinal center B-cell-like (GCB), (ii) acti-
vated B-cell-like (ABC)/nongerminal center (NGC), and (iii)
type 3 subgroup.?2The vast majority (>80%) of PCNSLs are
of the ABC/NGC subtype.?®0 |n systemic, non-CNS DLBCL,
this subtype is correlated with inferior clinical outcomes
and mutations affecting the B-cell receptor (BCR) signal-
ing pathway.3' Next-generation sequencing has shed more
light on the genetic alteration of PCNSL. The BCR signal-
ing axis is frequent affected by recurrent mutations, par-
ticularly MYD88, CD79B, and less frequently CARD11 and
TNFAIP330382-38 activating the BCR downstream target,
nuclear factor kappa B. MYD88 and CD79B mutations are
enriched in ABC/NGC PCNSLs and are more frequently
observed than in ABC DLBCL outside the CNS.3*Therefore,
PCNSL more closely resembles lymphomas found in other
immune-privileged sites like the testes, in which MYD88
and MYD88/CD79B mutations are reported in >70% of
samples.®®4' Copy number alterations have been observed

in PCNSL. A recently described gain at chromosome
9p24.1, which includes the programmed death ligands 1
and 2 locus, suggests that immune evasion and immune
response modulation might play a role in PCNSL patho-
genesis.*? Moreover, aberrant somatic hypermutation, a
frequent genomic alteration observed in systemic, non-
CNS DLBCL, has also been identified in PCNSL.3243:44

Prognosis

Two prognostic scoring systems are widely applied to better
predict clinical outcome and for patient stratification in clin-
ical trials: (i) International Extranodal Lymphoma Study Group
(IELSG) score® and (ii) Memorial Sloan Kettering Cancer Center
(MSKCC) score.**The IELSG score includes Eastern Cooperative
Oncology Group (ECOG) performance score, age, CSF pro-
tein concentration, serum lactate dehydrogenase (LDH) serum
level, and deep brain involvement to determine prognosis.
Two-year survival rates correlate with the presence of 0-1, 2-3,
or 4-5 adverse risk factors and are 80%, 48%, or 15%, respect-
ively. Three prognostic groups are defined by the MSKCC score
using Karnofsky performance status (KPS) and age: (i) age <50,
(i) age >50 and KPS >70, (iii) age >50 and KPS <70, correlating
with a median overall survival (OS) of 8.5, 3.2, and 1.1 years in an
MSKCC population, respectively, and 5.2, 2.1, and 0.9 years in a
RadiationTherapy Oncology Group validation cohort.

The median OS of patients with PCNSL in the US (from
the Surveillance, Epidemiology, and End Results database)
significantly increased from 12.5 months in the 1970s to
26 months in the 2010s.3 Five-year survival improved from
19% to 30% between 1990 and 2000.4This survival benefit
has been limited to patients <70 years of age. Conversely,
the median survival of the elderly population, approxi-
mately 6 months, has not changed in the last 40 years,® in
part because at least 20% receive no treatment.

Tumor regression is achieved in about 85% of all patients,
regardless of treatment type, but recurrence is common and
is almost always restricted to the CNS compartment. PCNSLs
only rarely metastasize outside the CNS.#%#¢ Advances in ini-
tial treatment have improved clinical outcome, but still up
to half of patients relapse and 10-15% have primary refrac-
tory disease.*® Prognosis for primary refractory or relapsed
PCNSL remains poor, with a median survival of 2 months
without further treatment.® Recurrent disease occurs at a
median of 10-18 months after the initial treatment and most
relapses develop within the first 2 years of diagnosis.*® In
contrast to systemic, non-CNS DLBCL, relapsing disease has
also been observed more than 5 and as long as 13 years after
initial diagnosis and treatment.5! At relapse, prognostic fac-
tors for OS were age at relapse/progression (=60 vs <60 y),
KPS (=70 vs <70), sensitivity to first-line therapy, duration
of first remission (<1 y vs >1 y), administration of a salvage
therapy, and use of rituximab as second-line therapy.*’

Evolution of Standard Therapy for
Newly Diagnosed PCNSL

Treatment for PCNSL has evolved over the last 40 years.
No uniform gold standard regarding the optimal first-line



chemotherapy regimen exists currently. Due to the diffusely
infiltrating growth of PCNSL, surgery is usually restricted
to stereotactic biopsy, and no survival benefit has been
observed after gross total or subtotal resection in retro-
spective studies.>®2% The German PCNSL Study Group 1
trial® challenged this view recently. The authors reported
improved clinical outcomes in those undergoing gross total
or subtotal resection in a subset analysis. This clinical sur-
vival benefit was lost after adjusting for the total number
of lesions. A recent study by Rae et al®® showed a benefit of
craniotomy over biopsy in patients with favorable prognos-
tic markers. A clinical risk scale was defined and patients
with a low risk profile benefited from resection, whereas
those with a high-risk profile benefited from biopsy.The risk
scale included presence of difficulties with activities of daily
living, diabetes mellitus, lung disease, congestive heart fail-
ure, history of myocardial infarction or other cardiac dis-
ease, hypertension, encephalopathy, history of transient
ischemic attack and stroke, peripheral vascular disease, age
>55 years, multiple CNS lesions, and deep lesions. These
comorbidities are frequently found in PCNSL patients and
therefore most will fall into a high-risk group for which
biopsy is the preferred surgical intervention. Currently,
there is not sufficient evidence to support the recommenda-
tion for an aggressive surgical approach in PCNSL.
Historically whole brain radiotherapy (WBRT) was used
for newly diagnosed PCNSL, as it was for all malignant
brain tumors. In the 1980s, the first studies were per-
formed with radiation, including evaluation of the need for
the whole brain component of treatment, and increased
relapses were observed in regions outside the radiation
port.%® Dose intensification was tried using WBRT plus a
boost to the sites of obvious diseases, but it was apparent
that relapses occurred as frequently within and outside of
the boosted field.%” Thus, WBRT at a dose of about 45 Gy
was established as the necessary and sufficient dose and
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port for treatment of newly diagnosed PCNSL. WBRT was
associated with an overall response rate (ORR) of 90%, but
median OS was limited to 12-18 months, usually due to
relapse at the primary site.5%58

In the 1980s, chemotherapy was added to radiation in the
hope of improving outcomes. Regimens used in systemic,
non-CNS DLBCL, like CHOP (cyclophosphamide/doxorubi-
cin/vincristine/prednisone), were ineffective,®®8" partly
due to inadequate penetration of the blood-brain barrier.
A significant advance was achieved with the introduction
of high-dose methotrexate (HD-MTX) in combination with
WBRT, leading to an improved median OS of 30-60 months
with a 5-year survival rate of 30-50%.%2-58 Responses to
chemotherapy were dramatic and rapid (Fig. 2). Although
the chemoradiation treatment prolonged survival, patients
developed neurotoxicity, including psychomotor slow-
ing, neurocognitive impairments, memory dysfunction,
gait ataxia, behavioral changes, and incontinence associ-
ated with significant functional decline. Particular patients
>60 years of age were affected by this delayed neuro-
toxicity.®® Subsequently, the only phase Il randomized
study completed in PCNSL thus far investigated whether
omission of WBRT would affect survival. Trial participants
were treated with HD-MTX (with or without ifosfamide).
Those who achieved a complete response (CR) were rand-
omized to 45 Gy WBRT or observation. Patients who failed
to achieve CRs were randomized to treatment with 45 Gy
WBRT or high-dose cytarabine.’® Even though patients
receiving WBRT had a significantly longer progression-
free survival (PFS) of 18 months compared with obser-
vation (12 months), no difference in OS was observed.
Unfortunately, the interpretation of the study results is
challenging due to caveats in study design and protocol
adherence.”®”" The predetermined primary endpoint for
non-inferiority was not met, one-third of the randomized
trial population had major protocol violations, and the

Fig.2 PCNSLis highly chemosensitive. (A) PCNSL is highly chemosensitive with dramatic response on T1 with gadolinium (B) after initiation of

methotrexate combination therapy.
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study was underpowered. Based on the results of this
trial and the high risk of neurotoxicity, some clinicians no
longer use WBRT as part of routine care of PCNSL patients,
particularly in patients aged 60 and older. Ongoing clinical
trials are further investigating the role of radiation in the
first-line therapy of PCNSL. Currently, the role of WBRT is
mainly in the salvage and palliative setting. Some cent-
ers still use WBRT as part of consolidation,”? delivered at
a lower dose (23.4 Gy) and given to younger patients to
avoid neurocognitive issues.

Chemotherapy-only trials were initiated to reduce neuro-
toxicity, using single-agent HD-MTX'¥78 and HD-MTX-
based polychemotherapy regimens (including the
monoclonal antibody rituximab, which is directed against
the B-cell surface antigen CD20).7476 These trials demon-
strated ORRs of 35-74% with a median OS of 25-50 months,
similar to the results achieved in chemoradiation trials.
A multicenter study using HD-MTX and WBRT with or with-
out cytarabine showed that combination trials are adding
clinical benefit.”’

Different polychemotherapy regimens, consisting of
induction and consolidation phases, have been estab-
lished with variable responses and OS rates (Table 1).
Currently, HD-MTX (dosed >3 g/m? every 2-3 wk) com-
bined with an alkylating agent and rituximab should be
part of any first-line induction treatment.”>’678 Of note,
the addition of rituximab to an MTX-based chemotherapy
regimen (HD-MTX, Lomustine [BCNU], teniposide, pred-
nisone [MBTP]) in the HOVON 105/ALLG NHL 24 phase lll
study, which included 200 newly diagnosed PCNSLs, did
not demonstrate a significant clinical benefit on response
rate, event-free survival, and PFS. One-year event-free sur-
vival was 49% in the chemotherapy arm and 52% in the
rituximab/chemotherapy arm. These data, only available
in abstract form so far, is challenging the role of rituximab
in newly diagnosed PCNSL, but longer follow-up will be
needed to evaluate the effects on OS. Polychemotherapy
regimens currently used are: rituximab/HD-MTX/vin-
cristine/procarbazine (R-MVP),877279  rituximab/HD-MTX/
temozolomide (R-MT),768% rituximab/HD-MTX/thiotepa/
cytarabine (MATRix),”®> and rituximab/HD-MTX/BCNU/
teniposide/prednisone (R-MBTP). Even though difficult to
compare due to varying consolidation therapies, the 2-year
PFS rates in these studies were similar, ranging from
57% (R-MT), 50-79% (R-MVP), to 61% (MATRix) (see also
Table 1). In patients up to 70 years old, the MATRix com-
bination has been associated with an ORR of 87%, with
a 3-year OS of 67%. This combination is associated with
grades 3-4 hematological toxicity in most patients, but
treatment-related mortality is 4%, which is similar to those
reported with other combinations. Patients who achieved
tumor regression after MATRix and received consolidative
radiotherapy of autologous stem cell transplant (ASCT)
had a 4-year OS of over 80%.

The choice among different regimens is mostly based
on geographical regions and drug availability, and with a
single exception, randomized trials comparing these regi-
mens do not exist. The exception is a multicenter phase Il
trial conducted in the pre-rituximab era, comparing 2 dif-
ferent MTX-based regimens in older patients (age >60):
HD-MTX/temozolomide (MT) versus HD-MTX/vincris-
tine/procarbazine (MVP). Toxicity profiles were similar

between the treatment groups. ORR was 82% in the MVP
group and 71% in the MT group, with a median OS of 31
and 14 months, respectively. Even though the predefined
primary outcome did not reach statistical significance,
the trend favored the MVP regimen.’® There has been no
comparison study conducted in an unselected population
of newly diagnosed PCNSL patients, and given the simi-
lar outcomes reported with these regimens, any one of
them is a reasonable choice; the selection is dependent on
geographic region, physician preference, and sometimes
patient comorbidities.

The role of intrathecal (IT) therapy remains undefined.
The rationale to include IT therapy is to achieve longer
drug exposures at cytotoxic concentrations in the CSE?'
a potential reservoir for lymphoma cells. IT therapy has
been part of the initial polychemotherapy regimens, and
agents like MTX, cytarabine, thiotepa, and, more recently,
rituximab® have been demonstrated to be safe. However,
increased toxicity (eg, MTX-associated leukoencephalopa-
thy or myelopathy) and adverse events associated with the
application of IT therapy (eg, Ommaya reservoir complica-
tions during placement and use; infections) have reduced
the use of IT therapy as part of first-line treatment, even
among recent and ongoing prospective trials. Likewise,
retrospective studies have not demonstrated a benefit in
adding IT therapy to first-line systemic chemotherapy.8384

Conversely to chemotherapy-only strategies, several stud-
ies have used radiation therapy,’>’® conventional high-dose
chemotherapy (HDC; cytarabine or etoposide/cytarabine),’
or myeloablative chemotherapy with ASCT®-8 as consolida-
tion after induction chemoimmunotherapy. Age, performance
status, response to induction and comorbidities undoubtedly
play a role in limiting the available options for consolidation
in any given patient. For instance, intensified, myeloablative
chemotherapy has been more commonly used in younger
patients and those with adequate organ function, but well-
recognized recommendations to choose the best consoli-
dation therapy are lacking. Importantly, some recent and
ongoing trials are focused to establish the best candidates
for each strategy. Low-dose WBRT (23.4 Gy) appears to offer
improved disease control without cognitive impairment in a
single-arm phase |l trial, and data from a randomized phase
Il multicenter study are maturing, which should determine if
this is a reasonable option for many, especially those unable
to tolerate intensive chemotherapy. The IELSG32 randomized
trial has demonstrated that both WBRT with 36 Gy and HDC-
ASCT are safe and efficient as consolidation after 4 courses
of the MATRix regimen® (WBRT was associated with signifi-
cant impairment in only some attention and executive func-
tions). Two additional ongoing randomized phase Il studies
compare HDC-ASCT with conventional dose chemotherapy,
respectively, with an infusional combination of etoposide/
cytarabine and a high dose ifosfamide-based combination
as experimental arms. Finally, there is growing interest in
maintenance-based therapies, particularly for older patients
who cannot tolerate aggressive chemotherapy or have se-
vere renal compromise limiting the use of HD-MTX. Alkylating
agents have been used as maintenance strategy in the eld-
erly. In the PRIMAIN study®® patients >65 years received
rituximab, HD-MTX, and procarbazine followed by 4 weeks of
maintenance procarbazine with a 2-year PFS of 37.3%. In the
NORDIC trial®' the 2-year PFS was even higher at 55.6% for
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patients >65 years who received polychemotherapy including
rituximab, HD-MTX, and temozolomide followed by temozo-
lomide maintenance. In comparison, a recent meta-analysis
reported a median OS of 19 months in the elderly popula-
tion.%2 Observation can be applied for elderly patients or those
unable to tolerate additional treatment. In addition, rituximab
and lenalidomide have been used in such fashion, but this is
mostly anecdotal and used in the setting of relapsed disease.
This promising area requires further study and will hopefully
shed more light on the optimal consolidation regimen.

Isolated intraocular disease in patients is supported by

low level of evidence. Currently, patients with brain lesions
and intraocular disease are being treated like the others
PCNSL patients, with the inclusion of posterior two-thirds
of the orbits in the radiation volume in the case chemo-
radiotherapy is used, and with intraocular injection of
MTX or rituximab in case of local residual disease among
patients treated with chemoimmunotherapy. Patients with
lymphoma exclusively involving the eyes at presentation
may be treated with intravitreal drug delivery or radiation,
whereas parameters to distinguish candidates for sys-
temic treatment remain to be defined

Current Gold Standard of First-Line
PCNSL Patients

Surgery

Biopsy only (stereotactic biopsy preferred)

To establish tissue diagnosis

Avoid corticosteroid use prior to biopsy

Surgical debulking can be indicated in selected cases
to improve performance status fast and allows to start
timely chemotherapy

Chemotherapy

Induction therapy: methotrexate-based polychemotherapy

Methotrexate combined with alkylating agent and ritux-

imab should be preferred

The addition of high-dose cytarabine is advised in

patients younger than 65 years

Consolidation therapy:

o Depending on age, performance status, and
comorbidities

o May use radiation, additional chemotherapy, high-
dose chemotherapy with stem cell rescue

oMaintenance with oral alkylating agent is advised in eld-
erly patients or patients who cannot receive consolida-
tion with radiotherapy or myeloablative chemotherapy

Radiation

As part of consolidation (preferably low dose in respon-
sive patients)

Ongoing randomized trials will hopefully soon add
more clarity

Associated with increased neuro-cognitive deficits in
elderly patients and at higher doses

Treatment of CSF Space

e Increased risk of treatment-related adverse events
(Ommaya reservoir infections)
e Not currently part of standard first-line regimen

Considerations in the Elderly Population

e Should receive treatment

e Consider using methotrexate-based chemotherapy
regimen

e Methotrexate might need to be dose adjusted based on
renal function

Future Directions

There has been significant progress in the treatment
of PCNSL over the past decades. We now observe long-
term disease control in up to half of the newly diagnosed
PCNSL patients. In contrast to systemic, non-CNS DLBCL,
relapses can develop even more than 10 years after the
initial diagnosis and treatment.5 The current focus in the
first-line setting is directed toward optimizing early diag-
nosis and upfront treatment to reduce the percentage of
refractory patients, to prolong remission, and to increase
treatment options for recurrent patients. Additionally, the
increasing incidence of elderly PCNSL demands trials spe-
cifically targeting this patient population.
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