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Primary CNS Lymphoma
Christian Grommes and Lisa M. DeAngelis

A B S T R A C T

PrimaryCNS lymphoma (PCNSL) is a rare formofextranodal non-Hodgkin lymphoma that is typically confined
to thebrain, eyes, andcerebrospinalfluidwithoutevidenceofsystemicspread. Theprognosisof patientswith
PCNSL has improved during the last decades with the introduction of high-dose methotrexate. However,
despite recent progress, results after treatment are durable in half of patients, and therapy can be associated
with late neurotoxicity. PCNSL is an uncommon tumor, and only four randomized trials and one phase III trial
have been completed so far, all in the first-line setting. To our knowledge, no randomized trial has been
conducted for recurrent/refractory disease, leaving many questions unanswered about optimal first-line and
salvage treatments. This review will give an overview of the presentation, evaluation, and treatment of
immunocompetent patients with PCNSL.

J Clin Oncol 35:2410-2418. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Primary CNS lymphoma (PCNSL) is a highly ag-
gressive non-Hodgkin lymphoma confined to the
CNS, including the brain, spine, cerebrospinal fluid
(CSF), and eyes. Unlike other brain tumors, it often
has a favorable response to both chemotherapy and
radiation therapy, but compared with lymphomas
outside the CNS, survival is usually inferior.
Moreover, the prognosis for PCNSL that has failed
first-line therapy remains poor. Although new
therapeutic approaches have improved survival, the
management of this disease still poses a challenge in
neuro-oncology.

EPIDEMIOLOGY

PCNSL can develop in immunosuppressed (HIV/
AIDS, organ transplant, immunosuppressive agents)
or immunocompetent patients. In this review, we
focus on the latter. PCNSL in immunocompetent
patients is rare and represents 4% of all intracranial
neoplasms and 4% to 6% of all extranodal lym-
phomas.1However, in recent years, a rising incidence
has been recognized, particularly in patients older
than 60 years, with an incidence rate of 0.5 per
100,000 per year.2 Approximately 1,500 new patients
are diagnosed each year in the United States.

CLINICAL PRESENTATION AND DIAGNOSTICS

Patients with PCNSL develop neurologic signs
over weeks, including focal neurologic deficits

(56% to 70%), mental status and behavioral
changes (32% to 43%), symptoms of increased
intracranial pressure (headaches, nausea, vomit-
ing, papilledema, 32% to 33%), and seizures
(11% to 14%),3 depending on the site of CNS
involvement. Imaging usually reveals a homoge-
nously enhancing mass lesion (Fig 1), most often
a single brain lesion (66%), with a supratentorial
location (87%) and involvement of the fronto-
parietal lobes (39%).3 Less frequently, eyes (15%
to 25%),4 CSF (7% to 42%),5-7 and only in rare
cases, the spinal cord are involved. To assess the
extent of disease, the International PCNSL Col-
laborative Group recommends baseline staging,
including magnetic resonance imaging of the
brain (and spine, if spinal symptoms are present),
ophthalmologic evaluation, and CSF evaluation.8

To detect the presence of non-CNS disease, a body
positron emission tomography/computed to-
mography scan and bone marrow biopsy should
be performed. The diagnostic procedure of choice
to establish the diagnosis of PCNSL is a stereo-
tactic biopsy, or, if ocular or CSF involvement is
evident, vitrectomy or CSF cytology might be
sufficient.

PATHOLOGY AND PATHOPHYSIOLOGY

Pathology reveals highly proliferative tumor cells
in an angiocentric growth pattern, diffusely in-
filtrating the CNS (Fig 2A-2B). Most PCNSLs are
diffuse large B-cell lymphoma (DLBCL; 90%)
and, rarely, Burkitt, low-grade, or T-cell lym-
phoma.9 Gene-expression profiling has identified
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three molecular subgroups of non-CNS DLBCL, including the
germinal center B-cell–like, activated B-cell–like, and type 3
subgroups.10 Staining of PCNSL biopsies with antibodies that
distinguish these DLBCL subgroups11 showed that the vast ma-
jority of PCNSLs were nongerminal center subtype12 (Figs 2C-2E).
Outside the CNS, this DLBCL subgroup is associated with worse
outcome and frequent mutations in the B-cell receptor pathway.13

In PCNSL cohorts,14-18 the B-cell receptor signaling axis, with its
downstream target, NFkB, is affected by frequent recurrent mu-
tations, mainly inMYD88 and CD79B. This suggests a central role
of this pathway in PCNSL maintenance. Recently, copy number
gains at chromosome 9p24.1, the programmed death ligand
1/programmed death ligand 2 locus, have been described, suggesting
that immune evasion might play a role in PCNSL.18

PROGNOSIS

To predict outcome and better stratify patients in clinical trials, two
scoring systems are used: the International Extranodal Lymphoma
Study Group (IELSG) score6 and Memorial Sloan Kettering Cancer
Center (MSKCC) prognostic score.19 The IELSG score uses five
parameters (age, Eastern Cooperative Oncology Group performance
score, lactate dehydrogenase level, CSF protein concentration, and

deep brain involvement). The presence of 0 to 1, 2 to 3, or 4 to 5
adverse risk factors correlates with 2-year survival rates of 80%, 48%,
or 15%, respectively. The MSKCC score distinguishes three groups
on the basis of age and Karnofsky performance status (KPS)—age
# 50 years, age older than 50 years plus KPS$ 70, or age older than
50 years plus KPS less than 70—which correlate with median overall
survival (OS) of 8.5, 3.2, and 1.1 years in anMSKCC population and
5.2, 2.1, and 0.9 years, respectively, in a validation cohort.

INDUCTION THERAPY

Treatment of PCNSL has evolved over the last decades, but no
uniform consensus on the optimal treatment regimen exists currently.
Experts in the field agree that high-dose methotrexate (HD-MTX) is
the backbone of multimodal therapy, including other chemothera-
peutic agents with and without radiation. Current controversies in-
clude the role of surgery, the optimal upfront chemotherapy regimen,
the role of radiation, and treatment of the CSF space.

Surgery
The role of surgery in PCNSL is generally restricted to ste-

reotactic biopsy due to widespread and diffusely infiltrative tumor

Fig 1. Characteristic primary CNS lym-
phoma imagingpattern onmagnetic resonance
imaging. (A) T1 sequence with gadolinium
contrast (T1+c) demonstrates a single, frontal,
homogenously enhancing brain lesion. (B)
Fluid-attenuated inversion recovery (FLAIR)
sequence visualizes a comparatively small
area of edema surrounding the mass lesion.
(C) Diffusion-weighted imaging (DWI) demon-
strates restricted diffusion within the tumor.

Fig 2. Histologic features of primary CNS
lymphoma (PCNSL). (A) Hematoxylin/eosin
(H&E) staining of a PCNSL biopsy sample
demonstrating the angiocentric growth pattern
of PCNSL. (B) Higher magnification H&E shows
that the blood vessels are surrounded by in-
filtrative PCNSL cells. (C, D, and E) Cell-of-origin
determination using three immunohistoche-
mical markers (CD10, BCL-6, MUM-1, respec-
tively) and the Hans algorithm.11 The majority of
PCNSL are of the nongerminal center subtype and
display a similar staining pattern, as shown (CD10
negative [C], BCL-6 positive [D], and MUM-1
positive [E]).
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growth. A surgical resection increases the risk of permanent
neurologic deficits in a disease that often involves deep structures
and is highly chemosensitive (Fig 3). No survival benefit from
subtotal or gross total resection has been observed in retrospective
studies,3,20,21 but recently, this view has been challenged by a subset
analysis of the German PCNSL Study Group-1 trial,22 which re-
ported improved clinical outcomes for patients undergoing sub-
total or gross total resection. The survival benefit was lost when
adjusted for the total number of lesions. Currently, there is in-
sufficient evidence to recommend an aggressive surgical approach,
including resection, to PCNSL.

Upfront Regimen
Until the early 1980s, whole-brain radiotherapy (WBRT) was

used to treat newly diagnosed PCNSL. Overall response rates (ORRs)
reached 90%, but OS was limited to 12 to 18 months23,24 (Table 1).
Focal radiation resulted in increased relapses in regions excluded
from the radiation port, confirming the need for WBRT in PCNSL47

when radiotherapy is used. In the 1980s to 1990s, chemotherapy was
added to WBRT, and it became apparent that regimens used in non-
CNS DLBCL, such as cyclophosphamide, doxorubicin, vincristine,
and prednisone, were ineffective,27,29,48 partly due to inadequate
penetration of the blood-brain barrier (BBB). Methotrexate (MTX)
penetrates the BBB when administered at high doses (. 1.5 g/m2) as
a rapid infusion.49,50 HD-MTX was effective in patients with CNS
metastases from lymphoma or lymphoid leukemias, and when added
to WBRT, it enhanced response and prolonged survival in PCNSL.
High doses of MTX are possible with the concomitant use of leu-
covorin, which prevents bone marrow and systemic organ damage
while limiting the rescue of lymphoma cells in the CNS because of its
poor BBB penetration. With the introduction of HD-MTX in
combination with WBRT, ORR remained high (71% to 94%) but
outcomes improved, with a median OS of 30 to 60 months and
5-year survival rates of 30% to 50%.25,26,30,31,32,33,34 Most studies
were single-arm, phase II trials, with the exception of Ferreri et al,35

who demonstrated that the addition of cytarabine to HD-MTX
and WBRT improved ORR from 40% to 69% and prolonged
progression-free survival (PFS) from 3 to 18months, suggesting that
polychemotherapy is more effective than single agent HD-MTX.

With prolonged survival times, patients treated with che-
moradiation developed neurotoxicity. Clinically, patients presented
with psychomotor slowing, executive and memory dysfunction,
behavioral changes, gait ataxia, and incontinence. Imaging dem-
onstrated diffuse white matter disease and cortical-subcortical
atrophy. Autopsy data revealed white matter damage with glio-
sis, thickening of small vessels, and demyelination.52 These changes
are mainly attributed to the synergistic toxicity of HD-MTX and
WBRT, particularly atWBRT doses. 42 Gy, and are found in up to
40% of all patients with PCNSL treated with chemoradiation and
75% of those $ 60 years of age.53

In an effort to reduce neurotoxicity, chemotherapy-only tri-
als were conducted using single-agent HD-MTX5,54 and poly-
chemotherapy regimens,39 demonstrating ORRs of 35% to 74%,
with a median OS of 25 to 50 months. The only phase III ran-
domized study conducted in PCNSL examined whether the
omission of WBRTaffected survival. All patients received HD-MTX
with or without ifosfamide, and those who achieved a complete
response were randomly assigned to receive 45 Gy WBRT or ob-
servation; those patients who failed to achieve a complete response
were randomly assigned to receive 45 Gy WBRT or high-dose
cytarabine.7 The study failed to meet its predetermined non-
inferiority end point despite 551 patients being enrolled. There was
34% noncompliance in the WBRT arm contrasting with complete
compliance seen in the chemotherapy-alone arm, making the
comparison difficult. However, the data demonstrated that patients
who received WBRT had a significantly longer PFS of 18 months
compared with those who did not receive WBRT (12 months),
but there was no difference in OS (32.4 months with WBRT v
37.1 months without WBRT). On the basis of these data and the
high risk of neurotoxicity, most physicians eliminate WBRT as part
of routine care of patients with PCNSL.

Rituximab, a monoclonal antibody directed against the B-cell
surface antigen CD20, dramatically improved response and clinical
outcome in DLBCL55 and was incorporated into first-line PCNSL
treatment regimens. Rituximab is a large protein, but it can be
detected in the CSF at a low level after systemic administration in
patients with PCNSL56 and at the tumor site where the BBB is
disrupted.57 The IELSG32 trial randomly assigned patients with
PCNSLs to receive HD-MTX and cytarabine with or without
thiotepa and with or without rituximab first-line treatment fol-
lowed by WBRT (45 Gy) or high-dose chemotherapy with stem-
cell rescue (HDC-ASCT) as consolidation. The results of the first
randomization demonstrated that the addition of rituximab to
HD-MTX/cytarabine improved ORR (73% v 53%) and median
PFS (20 v 6 months).41 Moreover, the addition of thiotepa to
rituximab and HD-MTX/cytarabine (MATRix regimen) further
improved ORR to 86%, and median PFS has not been reached.
Another ongoing randomized trial by the Hemato-Oncologie voor
Volwassenen Nederland/Australasian Leukaemia and Lymphoma
Group (HOVON/ALLG; EudraCT, No. 2009-014722-42) is also
addressing the role of rituximab in PCNSL by randomly assigning
patients to receive HD-MTX, teniposide, carmustine (BCNU), and
prednisone (MVBP) with or without rituximab, followed by
cytarabine andWBRT consolidation. This trial has not yet reported
outcome data, but retrospective data58 and the MATRix trial highly
suggest that the addition of rituximab to induction therapy is
beneficial in patients with PCNSL.

At diagnosis

A B

2 months after treatment initiation

Fig 3. PCNSL is highly chemosensitive. (A) Magnetic resonance imaging (T1+
gadolinium) demonstrates a large, frontal-enhancing brain lesion. (B) Follow-up
magnetic resonance imaging demonstrates resolution of the large lesion 2months
after treatment initiation with a high-dose methotrexate-based regimen.
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To address whether reduced-dose WBRT for consolidation
leads to less neurotoxicity with durable disease control, we used
rituximab, HD-MTX, vincristine, and procarbazine (R-MVP)
followed by reduced-dose WBRT (23.4 Gy) in a phase II single-
institution study. We demonstrated no cognitive impairment clin-
ically or on formal psychometric testing, with an ORR of 78% and
a median PFS of 7.7 years.36 This approach is being tested by the
RTOG (Radiation TherapyOncologyGroup)/NRG (NCT01399372)
in a randomized phase II setting inwhich all patients will continue to
receive psychometric testing to assess the cognitive consequences of
relapse as well as treatment.

The multicenter Cancer and Leukemia Group B (CALGB)
study 50202 used rituximab, HD-MTX, and temozolomide (R-
MT), followed by consolidation with high-dose etoposide and
cytarabine. An ORR of 72% with a median PFS of 48 months was
observed, comparable to results achieved with combined che-
moradiation.59 Interestingly, RTOG 0227 used a similar R-MT
regimen followed by WBRT consolidation. Only 66% of patients
were assessable for radiographic response, but an ORR of 86% was
observed, with a median PFS of 90 months.37 The R-MTregimen is
currently being used in a randomized phase II CALGB trial
(NCT01399372) in which all patients will receive R-MT followed
by consolidation with etoposide/cytarabine or HDC-ASCT.

To further intensify consolidation, particularly in patients
with complete or significant partial response, HDC-ASCT may
improve disease control by higher CNS drug concentrations,
circumventing chemoresistance mediated by the BBB. Different
conditioning regimens have led to varied outcomes, although
thiotepa-based treatments have demonstrated better clinical
results43,44,60 compared with the more commonly used BCNU-
based regimens (BCNU, etoposide, cytarabine, melphalan [BEAM]
or cyclophosphamide, etoposide, BCNU [CBV]).43 Recently, two
studies—one using rituximab, HD-MTX, thiotepa, and cytar-
abine46 and the other using R-MVP61 as induction regimens, and
HDC-ASCT as consolidation (both with thiotepa-based con-
ditioning)—demonstrated high ORR (. 90%) and prolonged PFS
(. 74 months), suggesting that HDC-ASCT is a promising con-
solidative strategy, but this approach is limited to patients with
adequate organ function and might exclude elderly patients.

Currently, HD-MTX (. 3 g/m2) and rituximab should be part
of any induction treatment. Regimens currently used for induction
are R-MVP, R-MT,MATRix, or R-MVBP, depending on geographic
region and physician preference. No comparison study has been
conducted thus far. The only comparison study compared HD-
MTX and temozolomide with HD-MTX, vincristine, and pro-
carbazine (MVP) in an elderly population (age $ 60 years) in
a multicenter phase II trial. Toxicity profiles were similar between
the groups. ORR was 82% in the MVP group and 71% in the HD-
MTX and temozolomide group, and median OS was 31 and
14 months, respectively. Although these trends were not statisti-
cally significant, the results favor the MVP regimen.61 For con-
solidation, radiation (23.4 or 45 Gy), conventional chemotherapy
(cytarabine, etoposide plus cytarabine), HDC-ASCT (in younger
patients and patients with adequate organ function), or obser-
vation (in elderly patients or those unable to tolerate additional
treatment) is used. Ongoing trials that randomly assign patients to
different consolidation treatments will hopefully shed more light
on the optimal consolidation regimen. In addition, age and

response to induction therapy should be used to guide the choice of
consolidation.

Treatment of CSF Space
No consensus exists regarding the role of intraventricular or

intrathecal (IT) chemotherapy. The CSF can be a sanctuary for
lymphoma cells and potentially contribute to treatment failure and
early relapses. Longer exposure to cytotoxic concentrations in the
CSF can be achieved with IT drug administration, but it can
enhance neurotoxicity.62 No benefits in response rates or survival
by adding IT chemotherapy have been demonstrated in retro-
spective studies,63,64 and a high Ommaya infection rate has been
observed in at least one study. IT chemotherapy is not a routine
part of any induction regimen at this time. ITrituximab alone or in
combination with MTX was associated with response in both
recurrent leptomeningeal and subependymal disease.65,66 There
are currently no data to suggest that newly diagnosed patients with
PCNSL with or without CSF or ocular disease should be treated
differently.

TREATMENT OF RECURRENT PCNSL

Disease recurrence is commonly observed in patients with PCNSL
and rarely occurs outside the CNS. Despite advances in initial
treatment, up to half of patients relapse and 10% to 15%have primary
refractory disease.67 Patients with primary refractory or relapsed
PCNSL have a poor prognosis, with median survival of 2 months
without additional treatment.68 Median time to relapse is 10 to
18 months, and most relapses occur within the first 2 years of initial
diagnosis.67 Moreover, relapsing disease has been observedmore than
5 years after initial diagnosis.69 The optimal salvage regimen for
patients with recurrent or refractory PCNSL has not been established.
No randomized trials have been conducted so far in this patient
population, in part because of (1) limited insights into the patho-
physiology of this disease pointing to specific drug targets and (2) the
heterogeneous sites of recurrence (brain, CSF, eyes, or a combination
thereof), number of recurrences, and age at recurrence.

Numerous small retrospective studies have been conducted
(Table 2). WBRT and HD-MTX rechallenge seem to be effective.
Rechallenging patients withMTX led to anORR of 85% to 91%,74,80

with median OS of 41 to 62 months. WBRTwas associated with an
ORR of 74% to 79% and median OS of 10 to 16 months,75,76 and
might be considered in patients who have not received it as a part of
initial therapy. The efficacy of HD-MTX rechallenge or WBRT has
not been evaluated in prospective studies so far, but HD-MTX
rechallenge can be considered as the most frequently used treatment
regimen in patients with recurrent PCNSL, especially when there
was a long period of remission after initial HD-MTX therapy and the
patient has responded to HD-MTX before.

Prospective trials using single agents such as pemetrexed,88

topotecan,84 and temozolomide,85 as well as rituximab,87,89 have
demonstrated ORRs of 31% to 55% with limited median PFS of
1.6 to 5.7 months (Table 2). Moreover, promising outcomes ob-
served in retrospective reports were not confirmed in prospec-
tive trials (eg, rituximab in combination with temozolomide).
Rubenstein et al66 investigated an IT regimen of rituximab (10 or
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25 mg) twice a week in combination with once-weekly MTX
(12 mg) in patients with recurrent PCNSL. Toxicities were limited
to lymphopenia, paresthesias, chills, hypertension, and rigors. A
response rate of 43% was observed. This treatment regimen can be
considered in patients who can no longer tolerate systemic options.
A French prospective multicenter trial of high-dose etoposide/
cytarabine followed by HDC-ASCT demonstrated a median PFS of
11.6 months and 2-year OS of 45%.86 The age of participants was
limited to those younger than 65 years of age. HDC-ASCT is not
feasible in most elderly patients, limiting this treatment approach
to younger patients with recurrent PCNSL.

Increased insight into the pathophysiology of PCNSL has led
to the introduction of targeted agents in the treatment of disease
recurrence. The first targeted agent was the mammalian target of
rapamycin inhibitor temsirolimus in a German multicenter phase
II trial.90 Treatment was associated with an ORR of 54%, but
median PFS was only 2.1 months. Additional targeted agents are
being investigated currently. At the American Society of Hema-
tology 2016 meeting, an entire section was dedicated to the results
of targeted agents in this patient population. Two studies used the
Bruton tyrosine kinase inhibitor, ibrutinib, at 560 and 840 mg
daily. In the 560-mg trial, patients with recurrent PCNSL or ocular
lymphoma were enrolled, and the first 18 patients had three
complete and seven partial responses after 2 months of treat-
ment.91 In the 840-mg trial, 20 patients with recurrent PCNSL and
secondary CNS lymphoma achieved an ORR (complete and
partial) of 75% (77% in PCNSL and 71% in secondary CNS
lymphoma) and amedian PFS of 5.4 months at a median follow-up
of 255 days.92 In both trials, as well as in an additional trial

combining ibrutinib with temozolomide, doxorubicin, etoposide,
dexamethasone, and rituximab (DA-TEDDI-R; NCT02203526),
pulmonary and cerebral aspergillosis were observed. A trial using
lenalidomide in combination with rituximab maintenance had an
ORR of 67% andmedian PFS of 8.1 months (45 of 50 patients were
evaluable for response).93 These high response rates are encouraging,
and additional trials with targeted inhibitors (NCT02669511,
NCT01722305), combining targeted agents with conventional che-
motherapy (NCT02315326) and checkpoint inhibitors (NCT02779101,
NCT02857426) are ongoing.

As with the upfront regimens, age, performance status, pre-
vious therapies, and duration of prior response are guides to the
choice of salvage treatment until data from randomized clinical
trials will identify the optimal treatment regimen for patients with
recurrent CNS lymphoma.

OUTLOOK

Significant progress has beenmade in the treatment of PCNSL over
the last decades. We now anticipate that up to half of the newly
diagnosed patients with PCNSL will have long-term control, even
though rare relapses more than 10 years after diagnosis69 have been
reported. The current focus is to optimize upfront treatment to
reduce the number of refractory patients, to prolong remission,
and to increase treatment options for patients with recurrent
PCNSL. In addition, the growth of the elderly population and
increase in elderly patients with PCNSL demands trials targeting
this patient population in particular.

Table 2. Salvage Regimen in Primary CNS Lymphoma

First author Year Agents No. of Patients Median Age (years) ORR, PR+CR (%)
Median PFS
(months)

Median OS
(months)

Retrospective
Herrlinger70 2000 PCV 7 57 6/7 (86) NR 39
Arellano-Rodrigo71 2003 Eto+ifos+AraC 16 54 6/16 (37) 4.5 6
Wong72 2004 Ritux+temozolomide 7 64 7/7 (100) 6 8
Enting73 2004 Ritux+temozolomide 15 69 8/15 (53) 2.2 13.6
Plotkin74 2004 HD-MTX 22 58 20/22 (91) 25.8 61.9
Nguyen75 2005 WBRT 27 66.8 20/27 (74) 9.7 10.9
Hottinger76 2007 WBRT 48 62 38/48 (79) 10 16
Makino77 2012 Temozolomide 17 68 8/17 (47) 1.9 6.7
Wong78 2012 Temozolomide 7 58 1/7 (14) 2 4
Zhang79 2013 Pemetrexed 30 (18 PCNSL) 67 18/30 (60) 4.1 22.6
Pentsova80 2014 HD-MTX 39 66 33/39 (85) 16 41
Chamberlain81 2014 Bendamustine 12 61.5 6/12 (50) 3.5 5
Houillier82 2015 Lenalidomide 6 73.5 3/6 (50) 1.5 2.5
Chamberlain83 2016 AraC 14 60 5/14 (36) 3 12

Prospective
Fischer84 2006 Topotecan 27 51 9/27 (33) 2 8.4
Reni85 2007 Temozolomide 36 60 11/36 (31) 2.8 3.9
Soussain86 2008 CYVE+SCT 43 52 20/40 (50) 11.6 18.3
Batchelor87 2011 Ritux 12 64 5/12 (42) 1.9 (57 days) 20.9
Raizer88 2012 Pemetrexed 11 69.8 6/11 (55) 5.7 10.1
Rubenstein59 2013 IT Ritux+IT M 14 (6 PCNSL) 61 6/14 (43) 1.2 NR
Nayak89 2013 Ritux+temozolomide+pred 16 63 5/14 (36) 1.6 (7 weeks) Not reached
Korfel90 2016 Temsirolimus 37 70 20/37 (54) 2.1 3.7

Abbreviations: AraC, cytarabine; CYVE, cytarabine plus etoposide; CR, complete response; eto, etoposide; HD-MTX, high-dose methotrexate; ifos, ifosfamide; IT M,
intrathecal methotrexate; IT Ritux, intrathecal rituximab; NR, not reported; ORR, overall response rate; OS, overall survival; PCNSL, primary CNS lymphoma; PCV,
procarbazine, CCNU (lomustine, bleomycin, vinblastine, dexamethasone), vincristine; PFS, progression-free survival; PR, partial response; pred, methylprednisone;
Ritux, rituximab; SCT, stem cell transplant; WBRT, whole-brain radiation.
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