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ABSTRACT

Primary central nervous system lymphoma (PCNSL)
constitutes a rare group of extranodal non-Hodgkin’s
lymphomas (NHLs), primarily of B cell origin, whose in-
cidence has markedly increased in the last three de-
cades. Immunodeficiency is the main risk factor, but the
large majority of patients are immunocompetent. Re-
cent evidence suggests a specific tumorigenesis that may
explain their particular clinical behavior compared
with systemic NHL. The addition of i.v. high-dose meth-
otrexate (MTX) chemotherapy to whole-brain radio-
therapy (WBRT) has considerably improved the
prognosis, leading to a threefold longer median survival
time compared with WBRT alone and represents the
current standard of care. However, this combined treat-
ment exposes the patient, especially the elderly, to a high
risk for delayed neurotoxicity. In the older population
(>60 years), there is growing evidence that MTX-based

chemotherapy alone as initial treatment is the best ap-
proach to achieve effective tumor control without com-
promising patient quality of life. In the younger
population, the risk for neurotoxicity is much lower,
and this strategy is controversial because it may be as-
sociated with higher relapse rates. Future efforts should
focus on the development of new polychemotherapy
regimens allowing the reduction or deferral of WBRT in
order to minimize the risk for delayed neurotoxicity. In
this setting, intensive chemotherapy with autologous
blood stem cell transplantation was recently demon-
strated to be feasible and efficient as salvage therapy
and is currently being evaluated as part of primary
treatment. This review highlights the recent advances in
the pathogenesis and treatment of PCNSL in the immu-
nocompetent population. The Oncologist 2009;14:
526–539
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INTRODUCTION

Primary central nervous system lymphomas (PCNSLs) are
extranodal malignant lymphomas arising within the brain,
eyes, leptomeninges, or spinal cord in the absence of sys-
temic lymphoma at the time of diagnosis. The incidence of
PCNSL in western countries is five per one million person-
years. Currently PCNSL are estimated to account for up to
1% of non-Hodgkin lymphomas (NHLs) and 3%–5% of all
primary brain tumors. After a continual increase over the
past two decades [1], epidemiologic data suggest a recent
decrease in the incidence of PCNSL, particularly among
young patients suffering from AIDS, probably associated
with the development of new active antiviral drugs. In con-
trast, the incidence remains high among older patients (�60
years) who are mostly immunocompetent [2]. The reason
for the rising incidence of PCNSL among the immunocom-
petent population is obscure. PCNSL is also of interest be-
cause it is the primary malignant brain tumor whose
prognosis has improved the most over the past two decades
as a result of a better treatment strategy. Although the prog-
nosis remains poor for the majority of patients, a substantial
minority, representing approximately 20%–30% of cases,
can hope to be cured. Because long-term survivors are at a
higher risk for developing severe delayed cognitive dys-
functions, future treatment should improve efficacy while
limiting the risk for neurotoxicity. This review focuses on
PCNSL in the immunocompetent population

PATHOLOGY AND PATHOGENESIS

In immunocompetent patients, all but 5% of PCNSLs are
diffuse large B-cell lymphomas (DLBCLs) [3]. Because
they are morphologically indistinguishable from systemic
DLBCLs, the World Health Organization classification of
tumors of hematopoietic and lymphoid tissues does not rec-
ognize PCNSL as a separate entity [4]. The remaining cases
of PCNSL are T-cell lymphomas (2%–5%) [5] or, in rare
instances, low-grade B-cell lymphomas of the lymphoplas-
mocytic (Waldenström macroglobulinemia), follicular, or
mucosa-associated lymphoid tissue type [6]. Little is
known about the tumorigenesis of PCNSL. In contrast to
immunocompromised patients, the Epstein-Barr virus does
not appear to be involved in the pathogenesis of PCNSL in
immunocompetent patients. The site of origin of lymphoma
cells and the biological mechanisms involved in the neo-
plastic transformation of the cells and their intriguing con-
finement within the CNS during the course of the disease
have yet to be elucidated. Indeed, the CNS does not contain
resident lymphocytes under normal circumstances and
lacks lymphatic vessels. However, recent evidence sug-
gests that T and B cells enter the CNS under physiological
conditions and it has been hypothesized that PCNSL may

originate from B cells derived from systemic lymphoid tis-
sues normally trafficking in and out of the CNS [7]. PCNSL
could derive from a benign CNS inflammatory process
through a monoclonal proliferation of B cells. Another hy-
pothesis is that PCNSL might represent the metastasis of an
occult systemic lymphoma, eradicated by an intact immune
system but escaping within the immune-privileged CNS.
Analysis of clonally rearranged IgH genes revealed identi-
cal dominant polymerase chain reaction products in bone
marrow aspirates, blood samples, and tumor specimens
from some PCNSL patients, suggesting that subclinical
systemic disease can be detected at the initial diagnosis, in
favor of a systemic origin of the tumor in these cases [8]. In
addition, B-cell tropism for the CNS might be acquired (be-
fore or after the oncogenic events) through specific interac-
tions between selective homing receptors and their ligands
expressed on CNS endothelial cells, as suggested by the
distinctive angiotropism of CNS lymphoma cells. Different
inflammatory (e.g., CCL2) and homeostatic (e.g., CCL19,
CCL21, CXCL12, and CXCL13) chemokines might con-
tribute to B-cell migration into the CNS [9, 10].

It also remains unclear whether the dismal outcome of
PCNSL patients compared with patients with systemic
DLBCL is attributable to the immune-privileged cerebral lo-
cation or reflects a specific aggressive intrinsic biologic be-
havior. Recently, expression profiling and genomic
screening have provided new insight into understanding the
poor prognosis of PCNSL patients. Based on lymphochip
cDNA microarrays, two distinct gene expression profiles
have been identified among systemic DLBCLs, indicative
of different stages of B-cell differentiation. One subgroup
expressed genes characteristic of germinal center B cells
(GCB subgroup), whereas the other expressed genes nor-
mally induced during in vitro activation of peripheral blood
B cells (ABC subgroup). Interestingly, patients with the
GCB signature had a significantly better outcome than
those with the ABC profile [11]. PCNSLs have been shown
to frequently express BCL-6 [12] and to carry an extremely
high load of somatic mutations of immunoglobulin genes
and several oncogenes demonstrating aberrant ongoing hy-
permutation [13–15]. Because such ongoing hypermutation
and BCL-6 expression are considered as germinal center
(GC) markers, it has been postulated that the cell of origin
of PCNSL passes through the GC microenvironment and
that these neoplasms correspond to the GCB subgroup as
defined for DLBCL. However, recent immunoprofiling
[16] and gene expression studies using cDNA microarrays
[17, 18] demonstrated that PCNSL may exhibit character-
istics associated with both the ABC and GCB subtypes.
Thus, PCNSLs may correspond to an overlapping B-cell
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differentiation time slot, that is, the late GC/early post-GC
stage.

Pangenomic analyses of chromosomal imbalances by
comparative genomic hybridization have shown frequent
chromosome 6q loss (60%–75%) in PCNSL patients [19–
21]. Nakamura et al. [22] refined the candidate region sus-
pected to contain a lymphoma-related tumor suppressor
gene in the 6q22–23 locus by a fine loss of heterozygosity
deletion mapping of 6q in PCNSL. The PTPRK gene seems
a relevant candidate gene, because it is involved in the reg-
ulation of cell contact and adhesion, and a loss of protein
expression was observed in most (76%) of the PCNSLs
tested. The protein that this gene encodes belongs to the
protein tyrosine phosphatase superfamily of enzymes. Fur-
ther studies to identify gene mutations and/or rearrange-
ments are needed to ascertain the involvement of PTPRK in
PCNSL tumorigenesis. Interestingly, the authors showed
that chromosome 6q loss was found at a significantly higher
rate in PCNSL than in systemic DLBCL and was correlated
with shorter survival [22]. An independent study of 75
newly diagnosed HIV-negative PCNSL patients investi-
gated by interphase fluorescence in situ hybridization anal-
ysis confirmed frequent del(6)(q22) chromosome deletion,
with a prevalence of 45%, and its negative impact on over-
all survival (OS) [23]. Chromosome 6q loss therefore rep-
resents a prognostic marker in PCNSL. Further, the BCL-6
gene has been found to be mutated and its chromosomal lo-
cus (3q27) is often translocated (20%), suggesting that
BCL-6 activation through genomic rearrangements may
play a role in PCNSL pathogenesis [23–25]. BCL-6 is fre-
quently expressed in PCNSL, but there are conflicting data
on its prognostic value as an immunohistochemical marker
[16, 26–29].

Together, these results provide evidence for a different
pathogenesis in PCNSL than in DLBCL, explaining in part
its particular clinical behavior and dismal prognosis.

DIAGNOSIS AND WORKUP

The clinical presentation of PCNSL patients includes focal
symptoms and raised intracranial pressure, but behavioral
and personality changes and confusion frequently occur in
the elderly. Its deep location explains why seizures are less
frequent than in other brain tumors [30, 31]. Computed to-
mography (CT) scans and magnetic resonance imaging
(MRI) typically show unique or multiple periventricular,
homogeneously enhancing lesions [32–34]. But PCNSL is
potentially associated with a large spectrum of radiological
presentations and can simulate inflammatory (sarcoidosis,
multiple sclerosis) or infectious (acute disseminated en-
cephalomyelitis) diseases or other brain tumors (meningio-
mas, malignant gliomas, gliomatosis cerebri, brain

metastases) [35–37] (Fig. 1). The diagnosis may be difficult
to establish, especially with the presence of nonenhancing
infiltrating lesions (occurring in about 10% of cases) [38,
39]. Magnetic resonance spectroscopy and perfusion MRI
seem helpful tools when showing some suggestive abnor-
malities [40 – 42]. Steroid-induced and rare spontaneous
disappearance of lesions is classic, hence the term ghost tu-
mors [43, 44]. Ring-like enhancement is rare in immuno-
competent patients. However, none of these signs are
specific, and the diagnosis relies on the pathological study
of a tumor sample. Cerebral biopsy can be avoided when
lymphomatous cells are discovered in the cerebrospinal
fluid (CSF) (10%–30% of patients) or in a vitreous-body bi-
opsy (uveitis, sometimes asymptomatic, is present in 10%–
20% of cases at diagnosis). The current recommended
staging evaluations for PCNSL include full-body CT scans
and bone marrow biopsy [45]. In fact, systemic involve-
ment is so rare at onset that extensive staging is not recom-
mended by some authors, who only require HIV testing,
chest radiography, analysis of CSF, and ocular slit-lamp ex-

Figure 1. Examples of PCNSL radiological presentations.
(A): PCNSL presenting as a left temporal space–occupying le-
sion: MRI axial T1-weighted sequence with gadolinium. (B):
PCNSL presenting as a tumoral ventriculitis: MRI axial T1-
weighted sequence with gadolinium. (C): PCNSL presenting
as nonenhancing lesions: Left: multiple signal hyperintensities
in the white matter on MRI axial flair weighted sequence;
Right: no contrast enhancement on axial gadolinium T1-
weighted sequence.

Abbreviations: MRI, magnetic resonance imaging; PC-
NSL, primary central nervous system lymphoma.
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amination, and a careful clinical assessment. However, in a
recent retrospective study, 7% of patients were found to
have systemic NHL by staging full-body fluorodeoxyglu-
cose positron emission tomography when full-body CT
scans and bone marrow biopsies were negative [46]. This
higher incidence of systemic lymphoma than reported in
prior series suggests that occult lymphoma may be more
common than previously recognized. These findings war-
rant prospective validation, because the identification of a
systemic site of the lymphoma has important implications
in the management of PCNSL.

PROGNOSTIC FACTORS

Age and performance status are the main independent prog-
nostic factors consistently identified in a large number of
studies. In order to provide a predictive model that will de-
termine patient prognosis and help in therapeutic decision
making, several prognostic scoring systems were recently
proposed. The International Extranodal Lymphoma Study
Group prognostic index (0–5 scale) includes five indepen-
dent variables: age, performance status, lactate dehydroge-
nase level, CSF protein, and involvement of deep structures
[47]. The Nottingham/Barcelona score (0 –3 scale) pro-
poses a prediction score calculated from three independent
prognostic factors: age, performance status, and extent of
brain disease [48]. The Memorial Sloan Kettering Cancer
Center (MSKCC) prognostic score is based solely on age
and Karnofsky performance status score variables and in-
cludes three classes [49].The clinical relevance of these
prognostic scores should be validated in further studies to
facilitate comparison among phase II trials.

TREATMENT OF NEWLY DIAGNOSED PCNSL
PCNSL is a highly radiosensitive and chemosensitive infil-
trative tumor, and surgery is therefore restricted to diagnos-
tic biopsy. Although the tumor appears on MRI as a unique
contrast-enhancing lesion in the majority of immunocom-
petent patients, whole-brain radiotherapy (WBRT) is rec-
ommended based of the microscopically diffuse nature of
PCNSL. Despite a high rate of response, radiotherapy (RT)
alone provides limited survival benefit in PCNSL patients,
with a median OS duration of 10–18 months and a 5-year
survival rate �5% [50]. The only phase II trial, conducted
by the Radiation Therapy Oncology Group (RTOG), which
delivered a total dose of 40 Gy with an additional 20-Gy
boost to contrast-enhancing lesions, reported an 11.6-
month OS time [51]. Interestingly, most of the relapses oc-
curred in sites that had received the maximum RT dose.
These disappointing results have led to the use of chemo-
therapy in combination with WBRT. Since the 1990s, nu-
merous convergent phase II studies have shown that the

addition of high-dose methotrexate (MTX)-based chemo-
therapy to RT results in a substantially longer survival time
than with RT alone (median survival time, 2– 4 years;
5-year survival rate, 20%– 40%) (Table 1) [52–67]. In con-
trast, adding standard chemotherapy for systemic lym-
phoma, such as cyclophosphamide, doxorubicin,
vincristine, and prednisone (the CHOP regimen), to RT did
not appear to result in longer survival than with RT alone.
The fact that these regimens failed to produce longer sur-
vival than with RT alone may reflect the poor CNS pene-
tration of the chemotherapeutic agents included in these
regimens. The optimal dose of postchemotherapy irradia-
tion has never been prospectively investigated. Doses of
20–50 Gy to the whole brain with or without a tumor bed
boost are currently used, with most of the protocols using a
total dose of 40–45 Gy without a boost. For patients who
achieve a complete response (CR) after high-dose MTX-
based chemotherapy, it remains unclear whether consolida-
tion with WBRT provides better disease control or survival.
A subset analysis from a phase II trial that included 25 pa-
tients aged �60 years who achieved a CR after initial che-
motherapy and received either 45 Gy or 30.6 Gy as
consolidation treatment showed a significantly higher re-
currence rate and lower OS rate in the reduced-dose RT
group [59]. Other studies did not share this observation. In
two multicenter retrospective analyses no differences were
noted regarding disease-free survival or OS times between
patients in CR receiving WBRT as consolidation treatment
and those receiving WBRT at the time of relapse [68, 69]. In
the MSKCC experience, consolidation treatment with
WBRT produced a longer failure-free survival time but not
OS time in CR patients after MTX-based therapy and pro-
duced higher rates of neurotoxicity [70].

In order to reduce neurotoxicity, several groups have
explored the efficacy of various high-dose MTX-based che-
motherapy regimens as initial treatment for newly diag-
nosed PCNSL patients. Neuwelt et al. [71] developed the
first such approach using an intra-arterial MTX-based che-
motherapy protocol associated with blood-brain barrier
(BBB) disruption in order to enhance drug delivery to the
brain. However, despite encouraging results in terms of sur-
vival and tolerance [71, 72], the complexity of the proce-
dure restricts its use to experienced centers. A German
prospective multicenter trial using a regimen (Bonn proto-
col) that included i.v. high-dose MTX (5 g/m2), high-dose
cytarabine, ifosfamide, cyclophosphamide, vincristine,
vindesine, and intraventricular chemotherapy reported a
71% response rate and an extended median survival dura-
tion of 50 months [73]. Of note, this vigorous regimen was
associated with a high rate of acute toxicities, including a
9% toxic death rate, but delayed neurotoxicity occurred in
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only 3% of cases. In France, a multicenter study conducted
by the Association des Neuro-Oncologues d’Expression
Française (ANOCEF) group treated patients aged �60
years with a combination of drugs, including MTX (3
g/m2), lomustine (CCNU), procarbazine, and intrathecal
chemotherapy (MTX, cytarabine); consolidation therapy
either with WBRT or intensive chemotherapy was deferred
in responding patients (90%). This regimen was well toler-
ated. Although a similar median OS time (�54 months) and
neurotoxicity rate (9%) were reported, this regimen was as-
sociated with a shorter median progression-free survival
(PFS) duration (13 months) [74]. Together, these results
contribute to the existing literature (Table 2) [71, 73–77],
suggesting that a chemotherapy alone plus deferred RT

strategy may result in a shorter PFS time but allow survival
results comparable with those reported for combined
chemo-RT, with better neurocognitive and quality of life
effects. This supports the comparison of these approaches
in a prospective randomized trial, as proposed by the ongo-
ing German G-PCNSL-SG-1 phase III study. Whereas
high-dose MTX is undoubtedly a key drug for PCNSL che-
motherapy, interest in adding other agents to MTX exists in
the scientific community. Two prospective phase II trials
have investigated the efficacy of high-dose MTX (8 g/m2)
as a single-drug therapy. The New Approaches to Brain Tu-
mor Therapy trial [76] and the German Neuro-Oncology
Working Group (NOA)-3 trial [77] demonstrated a simi-
larly low median PFS duration (13 months), clearly shorter

Table 1. Literature review: Combined MTX-based chemoradiotherapy

Study n Chemotherapy
WBRT �
boost

CR � PR
(%) after
CT

Median
PFS
(mos)

MS
(mos) Neurotoxicity

Gabbai et al. (1989)
[52]

13 MTX (3 g/m2) 30–44 Gy 61 � 31 – 9� –

DeAngelis et al. (1992)
[53]

31 MTX (1 g/m2), i.t. CT,
Ara-C

40 Gy � 14 Gy 0 � 64 – 42 –

Glass et al. (1994) [54] 25 MTX (3.5g/m2) 30–55 Gy 56 � 32 – 33 8%

Blay et al. (1995) [55] 25 MTX (3 g/m2), CTX,
ADR, VCR, Ara-C, i.t.
CT

20 Gy � 30 Gy 56 � 16 – �24 –

Glass et al. (1996) [56] 18 MTX (3.5 g/m2), CHOD 30–60 Gy 61 � 17 19 25 11%

Brada et al. (1998) [57] 31 MTX (0.5–2 g/m2), CTX,
ADR, VCR

40–65 Gy 33 (CR) – 23 10%

O’Brien et al. (2000)
[58]

46 MTX (1 g/m2) 45 Gy � 5 Gy 82 � 13 17 33 13%

Bessel et al. (2002) [59] 57 MTX (1.5 g/m2), Ara-C,
BCNU, VCR, CHOD

45 or 30 Gy 63 � 10 40 12%

De Angelis et al. (2002)
[60]

102 MTX (2.5 g/m2), PCB,
VCR, i.t. CT, Ara-C

45 Gy 58 � 36 24 37 ¨15%

Poortmans et al. (2003)
[61]

52 MTX (3 g/m2), BCNU,
TNP, i.t. CT

40 Gy 32 � 40 – 46 14%

Omuro et al. (2005) [62] 17 MTX (1 g/m2), PCB, TTP 40 Gy 41 � 41 18 32 30%

Korfel et al. (2005) [63] 56 MTX (1.5 g/m2), BCNU,
PCB, with or without
IDA/IFO with or without
Ara-C

With or without
45 Gy

61 (CR) 10 11 18%

Ferreri et al. (2006) [64] 41 MTX (3.5 g/m2), Ara-C,
IDA, TTP

40 Gy 44 � 32 13 15 –

Abrey et al. (2000) [65];
Gavrilovic et al. (2006)
[66]

57 MTX (3.5 g/m2), PCB,
Ara-C, i.t. CT

With or without
45 Gy

56 � 33 – 51 30%

Shah et al. (2007) [67] 30 Rituximab, MTX (3.5
g/m2), PCB, VCR

23.4 or 45 Gy 78 � 15 40 �37 –

Abbreviations: ADR, doxorubicin; Ara-C, cytarabine; CHOD, CTX, ADR, VCR, and dexamethasone; CR, complete
response; CT, chemotherapy; CTX, cyclophosphamide; IDA, idarubicin; IFO, ifosfamide; MS, median survival; MTX,
methotrexate; PCB, procarbazine; PFS, progression-free survival; PR, partial response; TNP, teniposide; TTP, thiotepa;
VCR, vincristine; WBRT, whole-brain radiotherapy.
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than that achieved with a polychemotherapy regimen. This
suggests that other cytotoxic agents should be combined
with high-dose MTX in a chemotherapy-alone approach.
However, the optimal combination remains to be estab-
lished. Alkylating agents able to effectively penetrate the
CNS are preferred. Concerning the optimal “high dose” of
MTX to deliver, although there is no clear evidence of a
dose–response relationship, a dose �3 g/m2 in a rapid in-
fusion is recommended [78]. In addition, this dose gener-
ally yields cytotoxic levels in the CSF thus theoretically
avoiding the need to administer intrathecal chemotherapy
for leptomeningeal coverage. In practice, when i.v. high-
dose MTX (�3 g/m2) is used, several authors recommend
adding intrathecal chemotherapy only in cases of positive
CSF cytology and withholding it in the absence of detect-
able subarachnoid disease [79]. However, other authors re-
cently reported a higher rate of early relapse after
eliminating intraventricular chemotherapy from their initial
protocol despite the use of high-dose i.v. MTX (5 g/m2)
(modified Bonn protocol) [80]. The role of intrathecal pro-
phylaxis warrants investigation in a prospective trial.

DELAYED NEUROTOXICITY

WBRT, high-dose MTX chemotherapy, and the combina-
tion of these two treatments expose patients to delayed neu-
rotoxicity. This complication occurs as early as 3 months
after treatment and is characterized by attention deficit,
memory impairment, ataxia, and urinary incontinence, po-
tentially ultimately leading to dementia. Imaging shows
confluent diffuse white matter changes and later cortical–
subcortical atrophy. The physiopathology of this complica-
tion remains poorly understood; loss of oligodendrocyte
progenitors and oxidative stress have been suggested as po-
tential mechanisms. Lai et al. [81] reported a well-docu-

mented series of five autopsied cases who died of
treatment-related leukoencephalopathy. All had combined
treatment and were in tumor remission. In addition to white
matter rarefaction and spongiosis, fibrotic thickening of
small vessels in the deep white matter and atherosclerosis of
intracranial large vessels were systematically found, sug-
gesting that a vascular process also may be an important
component of this white matter injury. The risk for neuro-
toxicity increases sharply with patient age. In the elderly
population (patients aged �60), virtually all long-term sur-
vivors develop delayed neurotoxicity, with its devastating
quality of life consequences and fatality, after combined
treatment [82]. In the younger population (patients aged
�60), the exact incidence of this complication is more dif-
ficult to determine. Cognitive dysfunctions are usually less
severe, although they do interfere with quality of life, and
occur later than in the elderly population [62]. An update of
the MSKCC experience that provided long-term data (me-
dian follow-up, 115 months) reported a 26% rate of neuro-
toxicity in surviving patients aged �60 years (versus 75%
in the elderly) [66]. However, this should be regarded as a
minimum estimate in the absence of a psychometric evalu-
ation. A series of 19 consecutive young patients (median
age, 44 years) treated in a European clinical trial and in
complete remission for a mean duration of 24 months after
combined therapy was investigated by extensive neuropsy-
chological evaluation [83]. Cognitive impairments were
found in 63% of patients (including 21% with severe cog-
nitive deficits), only 42% of the patients resumed work, and
67% of the patients had white matter abnormalities and cor-
tical atrophy detectable on MRI. Although this study suf-
fers from the absence of available baseline data at the
completion of treatment to assess the potential contribution
of the tumor to cognitive dysfunction, it suggests that the

Table 2. Literature review: Chemotherapy alone

Study n Chemotherapy
CR � PR
(%)

PFS
(mos)

MS
(mos) Neurotoxicity

Neuwelt et al. (1991) [71] 17 MTX i.a. (2.5 g), PCB, CTX 81 � 19 – 44 0%

Sandor et al. (1998) [75] 14 MTX (8 g/m2), TTP, VCR, i.t. CT 79 � 21 16 �40 14%

Batchelor et al. (2003) [76] 25 MTX i.v. (8 g/m2) 52 � 22 12 �23 0%

Pels et al. (2003) [73] 65 MTX (5 g/m2), VCR, IFO, CTX,
Ara-C, i.t. CT

61 � 10 21 50 3%

Herrlinger et al. (2005) [77] 37 MTX (8 g/m2) 29 � 5 10 25 20%

Omuro et al. (2006) [74] 64a MTX (3 g/m2), CCNU, PCB, with or
without i.t. CT

52 � 38 13 �54 9%

a Patients aged �60 years.
Abbreviations: Ara-C, cytarabine; CR, complete response; CT, chemotherapy; CTX, cyclophosphamide; IFO, ifosfamide;
MS, median survival; MTX, methotrexate; PCB, procarbazine; PFS, progression-free survival; PR, partial response; TTP,
thiotepa; VCR, vincristine.
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incidence of delayed neurotoxicity after combined therapy
is largely underestimated in young patients, though less se-
vere than in the elderly. These results contrast sharply with
a prospective neuropsychological study performed by
Fliessbach et al. [84] in a series of 23 patients successfully
treated with a high-dose MTX-based chemotherapy regi-
men without RT (median age, 54 years; range, 28 – 68).
Comparison between a baseline evaluation at the comple-
tion of treatment and at the last follow-up (median, 44
months) showed good preservation of cognitive functions,
although one third of the patients demonstrated some de-
gree of white matter changes on MRI. This latter point con-
firmed some previously published reports showing that
MTX-related leukoencephalopathy is frequent but not nec-
essarily well correlated with cognitive performance [85].
The significantly better preservation of neurocognitive
functions and quality of life observed in patients treated
with chemotherapy alone compared with those who re-
ceived combined treatment was also supported by Correa et
al. [86] in a retrospective comparative neuropsychometric
analysis of 28 patients from a single institution. The incor-
poration of systematic psychometric and quality of life
evaluations with an appropriate standardized test battery
was recommended for all future prospective trials [87]. In-
terestingly, some functional polymorphisms interfering
with methionine metabolism might influence MTX neuro-
toxicity [88, 89].

TREATMENT IN THE ELDERLY

Elderly patients (i.e., those aged �60 years), who experi-
ence a very poor prognosis and high vulnerability to de-
layed neurotoxicity, represent an important subgroup,
accounting for approximately half of all cases of PCNSL.
However, prospective trials specifically devoted to older
patients are scarce. Most of the available data come from
retrospective studies (Table 3) [51, 60, 65, 66, 72, 73, 90–
99]. In the elderly, PCNSLs exhibit low radiosensitivity; an
RTOG phase II trial reported a short median survival time
of 7.6 months with RT alone [51]. The high risk for neuro-
toxicity observed with the combined chemo-RT approach
(see above) prompted several authors to defer RT in such
populations. The only multicenter phase II trial focusing on
patients aged �60 and evaluating chemotherapy alone as
initial treatment was conducted by the European Organiza-
tion for Research and Treatment of Cancer (EORTC). The
regimen consisted of high-dose MTX (1 g/m2) plus lomus-
tine (CCNU), procarbazine, and intrathecal chemotherapy
(MTX, cytarabine). The intent-to-treat response rate and
median survival time were 48% and 14.3 months, respec-
tively [97]. Although that study showed less favorable re-
sults than those reported by other published studies (median

survival time in the range of 18–34 months) [66, 72, 73,
94 –99], it nevertheless led to the same conclusions and
confirmed that chemotherapy alone is a valuable approach
for treating elderly patients with PCNSL. Because the me-
dian PFS time was similar to that in other studies, the
shorter OS time may be explained by the salvage therapy.
Hence, in the EORTC trial, only a small minority of patients
were treated with WBRT at relapse. Together, chemother-
apy alone appears to be more effective than RT alone and
considerably reduces the risk for neurotoxicity (up to 8% of
cases) compared with that expected with combined treat-
ment, allowing a substantial proportion of patients to reach
prolonged remission without the need for consolidation RT
and preserving their quality of life. Future protocols for the
elderly should focus on defining the optimal chemotherapy
regimen.

INTENSIVE CHEMOTHERAPY WITH AUTOLOGOUS

STEM CELL TRANSPLANTATION

Intensive chemotherapy (ICT) with autologous stem cell
transplantation (ASCT) is the standard treatment for che-
mosensitive relapsing systemic NHL. Because ICT is ex-
pected to improve BBB crossing, allowing cytotoxic agents
to reach the brain at higher doses, this strategy has been
evaluated for PCNSL. This procedure was first evaluated in
refractory and recurrent cerebral and intraocular lymphoma
with promising results in a single-institution pilot study
[100]. The protocol consisted of an induction cytarabine–
etoposide combination (the CYVE regimen) followed by
high-dose chemotherapy with thiotepa, busulfan, and cy-
clophosphamide (the TBC regimen). These results were re-
cently confirmed in a multicenter phase II trial using the
same regimen and including 43 patients [101]. Twenty-
seven patients (62% by the intention-to-treat analysis) com-
pleted the full ICT–ASCT procedure, including 15
responsive and 12 nonresponsive patients to CYVE induc-
tion salvage chemotherapy. Twenty-six of these 27 patients
achieved a CR with prolonged remission; the median PFS
and OS times were 41 and 58 months, respectively. Inter-
estingly, all but one patient in whom the disease was refrac-
tory to salvage chemotherapy achieved a CR after ICT–
ASCT (Fig. 2). The intent-to-treat median PFS and OS
times of the whole population of this trial were 11 and 18
months, respectively. Together, these results compare fa-
vorably with those reported for other salvage treatments, in-
cluding second-line conventional chemotherapy regimens
[102, 103] and RT alone [104, 105]. The favorable impact
of ICT–ASCT on survival, regardless of the chemosensitiv-
ity status before ICT, which contrasts with what is reported
in relapsing systemic NHLs, suggests that ICT–ASCT
might overcome resistance mediated by the BBB.
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Several studies have evaluated ICT–ASCT as first-line
treatment in newly diagnosed PCNSL patients (Table 4)
[100, 101, 106–111]. The BEAM protocol (BCNU, etopo-
side, cytarabine, and melphalan) and high-dose thiotepa-
based chemotherapy were used as conditioning regimens
and resulted in a higher rate of complete remission after
high-dose MTX-based induction chemotherapy. However,
three of these trials included WBRT at the end of the pro-
cedure, making an analysis of the specific contribution of
ICT–ASCT to the encouraging survival results question-
able. Subsequently, in order to minimize the risk for neuro-
toxicity, Illerhaus et al. [111] modified their initial protocol
by increasing the number of chemotherapy cycles and aug-
menting the thiotepa dose within the conditioning regimen
while restricting WBRT to patients not in CR after finishing
chemotherapy. In addition, they delivered ICT–ASCT to all
of their patients irrespective of their response to high-dose

MTX. The preliminary results of that pilot study support the
hypothesis that WBRT may not be necessary to cure many
patients in CR after ICT–ASCT. The only trial that did not
combine RT with ICT–ASCT used an induction high-dose
MTX– cytarabine chemotherapy regimen followed by an
intensive BEAM regimen [106]. The results were disap-
pointing, with a short median event-free survival time (9.3
months). This suggests that the drugs were used at subopti-
mal doses and that more aggressive regimens, including
agents such as thiotepa and busulfan that penetrate the
CNS, rather than standard lymphoma regimens may be
warranted. This may be illustrated by encouraging results
reported by Cheng et al. [107] using the TBC pretransplant
conditioning regimen without WBRT in a small series of
seven patients with a median event-free survival duration
that was not reached at 24 months.

The evaluation of the neurocognitive tolerance of this

Table 3. Literature review: Treatment of the elderly

Study n Chemotherapy regimen WBRT
PFS
(mos)

MS
(mos) Neurotoxicity

Radiotherapy alone

Nelson et al. (1992) [51] 17 No 40 Gy � 20 Gy – 7 –

Chemoradiotherapy

Schultz et al. (1996) [90] 34 CHOD 41 Gy � 18 Gy – 10 –

O’Neill et al. (1995) [91] 36 CHOP, Ara-C 50 Gy 6.5 9 –

Desablens et al. (1999) [92] 76 MTX (3 g/m2), teniposide,
BCNU

40 Gy – 18 48%

Bessel et al. (2001) [93] 14 MTX (1.5 g/m2), CHOD, BCNU,
Ara-C

45 Gy � 10 Gy – 23 62%

De Angelis et al. (2002) [60] 41 MTX (2.5 g/m2), PCB, VCR 36–45 Gy 11 21 19%

Abrey et al. (2000 [65];
Gavrilovic et al. (2006) [66]

12 MTX (3.5 g/m2), PCB, VCR,
Ara-C

45 Gy – 29 75%

Chemotherapy alone

Freilich et al. (1996) [94] 13 MTX (1–3 g/m2), PCB with or
without VCR, TTP, Ara-C

No – 30 7%

Ng et al. (2000) [95] 10 MTX i.v. (8 g/m2) No – 36 0%

McAllister et al. (2000) [72] 38 MTX i.a. (2.5 g/m2), CTX, VP16 No – 16 0%

Pels et al. (2003) [73];
Juergens et al. (2006) [96]

35 MTX (5 g/m2), VCR, IFO, CTX,
Ara-C, i.t. CT

No 9 36 6%

Hoang-Xuan et al. (2003) [97] 50 MTX (1 g/m2), PCB, CCNU, i.t.
CT

No 6.8 14 8%

Abrey et al. (2000) [65];
Gavrilovic et al. (2006) [66]

22 MTX (3.5 g/m2), PCB, VCR,
Ara-C

No 7 29 11%a

Omuro et al. (2007) [98] 23 MTX (3 g/m2), temozolomide No 8 35 –

Zhu et al. (2009) [99] 31a MTX (3.5–8 g/m2) No 7 37 0%
a Patients aged �70 years.
Abbreviations: Ara-C, cytarabine; CHOD, CTX, doxorubicin, VCR, and dexamethasone; CHOP, cyclophosphamide,
doxorubicin, VCR, and prednisone; CT, chemotherapy; CTX, cyclophosphamide; IFO, ifosfamide; MS, median survival;
MTX, methotrexate; PCB, procarbazine; PFS, progression-free survival; TTP, thiotepa; VCR, vincristine; WBRT, whole-
brain radiotherapy.

533Sierra del Rio, Rousseau, Soussain et al.

www.TheOncologist.com



approach is an important issue. Soussain et al. [100, 101]
observed a 10%–30% rate of neurotoxicity in relapsing pa-
tients treated with ICT–ASCT as salvage therapy, espe-
cially in older and preirradiated patients. In the studies
using a combined approach, that is, ICT–ASCT followed
by WBRT, for newly diagnosed PCNSL, the reported rates
of severe neurotoxicity are in the range of 0%–20% [109–
111]. In contrast, this was not reported in the two studies
using ICT–ASCT without WBRT as primary treatment
[106, 107]. Further prolonged neurocognitive follow-up
with psychometric evaluation is clearly needed. Neurotox-
icity seems to be influenced by the age of the patient, prior
treatment, especially RT, and the CNS safety profile of the
drug used. It remains to be determined whether ICT–ASCT
can represent an interesting alternative option to RT as con-
solidation treatment. A randomized trial for patients aged
�60 years, comparing WBRT with ICT-ASCT (TBC reg-
imen) as a consolidation treatment after high-dose MTX-
based induction chemotherapy, with special attention on

neurocognitive follow-up is currently ongoing, coordinated
by a French Groupe Ouest Est d’Etude des Leucémies et
Autres Maladies du Sang–ANOCEF intergroup.

SALVAGE TREATMENT

Although combined treatment has considerably improved
the prognosis for PCNSL patients, one should not forget
that about one third of patients are refractory to initial treat-
ment and that the majority of patients who have achieve
complete remission subsequently relapse. As discussed
above, the most promising results have been reported with
ICT–ASCT. Conventional second-line chemotherapy, such
as temozolomide (TMZ) [104], topotecan [112], intra-arte-
rial carboplatin [113], and high-dose cytarabine combined
with etoposide and ifosfamide [102], has been also shown
to be potentially active in relapsed PCNSL. These latter
treatments achieved objective response rates of 26%–37%,
1-year PFS rates of 13%–22%, and 1-year OS rates of 25%–
41%. Although the activity of TMZ and topotecan as single
agents is modest in relapsed tumors, their role as part of a
first-line MTX-based combination merits further investiga-
tion [98], particularly because of their relatively good
safety profile. MTX reinduction may also yield new remis-
sion in some patients who previously achieved prolonged
remission with high-dose MTX-based chemotherapy [114].
Two studies recently evaluated the activity and tolerance of
WBRT delivered in relapsed PCNSL patients previously
treated with high-dose MTX-based chemotherapy alone as
initial treatment [104, 105]. Interestingly, the response rate
was high (70%) and the median survival time from relapse
was in the range of 11–16 months, quite similar to what we
would expect with WBRT as initial treatment [51]. This
suggests the preservation of radiation sensitivity at recur-
rence after high-dose MTX. Delayed neurotoxicity oc-
curred in 15%–22% of patients, raising the question of
whether or not deferred RT after high-dose MTX-based
chemotherapy may reduce the risk for neurotoxicity versus
that seen with immediate postchemotherapy irradiation.

IMMUNOTHERAPY WITH ANTI-CD20 ANTIBODIES

Because most PCNSLs are neoplastic B cells expressing the
CD20 surface antigen, the chimeric monoclonal antibody
rituximab is a potentially active treatment for this disease. It
has been successfully used in systemic DLBCLs in combi-
nation with the CHOP regimen. However, the potential ef-
ficacy of rituximab in CNS tumors when delivered i.v. is
limited by its high molecular weight, which prevents its
penetration into the CNS through an intact BBB. Pharma-
cokinetic studies have estimated that CSF levels of rit-
uximab are approximately 0.1% of matched serum levels
after i.v. administration [115]. Schulz et al. [116] re-

Figure 2. MRI T1-weighted sequence with gadolinium injec-
tion. (A): Patients suffering from progressive PCNSL refractory
to combined high-dose MTX-based polychemoradiotherapy and
salvage chemotherapy (high-dose cytarabine-VP16). (B): Objec-
tive response to intensive chemotherapy (thiotepa–busulfan–
cyclophosphamide regimen) with autologous stem cell
transplantation.

Abbreviations: MRI, magnetic resonance imaging; MTX,
methotrexate; PCNSL, primary central nervous system lym-
phoma.
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ported their experience using direct intraventricular/
intrathecal administration of rituximab (10 – 40 mg),
allowing them to reach a higher continuous concentra-
tion in the CSF, in a series of six patients. The only rel-
evant toxicity was acute reversible paraparesia
associated with back pain related to a rapid tumor cell ly-
sis in the CSF. An objective response was observed in all
four patients with leptomeningeal disease, whereas no
response was obtained in the two patients suffering from
a parenchymal tumor mass. Rubenstein et al. [117] con-
ducted a phase I study in recurrent CNS lymphoma and
found that intraventricular rituximab monotherapy
(10 –25 mg) was feasible and effective. They reported a
cytologic response in six of nine patients with lympho-
matous meningitis. Interestingly two of the three patients
with concurrent intraocular lymphoma and one of the
five patients with brain parenchymal lymphoma exhib-
ited an objective response. These preliminary results
suggest that intraventricular/intrathecal rituximab can be
safely delivered and may have a role in the management
of leptomeningeal and ocular disease, rather than in pa-
renchymal tumors of PCNSL.

Intravenous rituximab has been used only in combina-
tion with a high-dose MTX-based chemotherapy regimen
(MTX–procarbazine–vincristine–Ara-C, MPVA) as initial

treatment before WBRT for newly diagnosed PCNSL pa-
tients [67] and with temozolomide as salvage treatment for
recurrent parenchymal CNS lymphomas [118, 119]. Both
combinations were associated with a high rate of response
and were well tolerated, except for a higher rate of neutro-
penia seen when rituximab was added to MPVA. However,
given the fact that the CNS penetration is poor and that the
specific contribution of i.v. rituximab to these results is not
evaluable, the interest in adding rituximab to chemotherapy
in the treatment of PCNSL patients remains speculative.
Targeting CD20 for selective radioimmunotherapy is an-
other approach that was shown to be feasible in a pilot study
including refractory or recurrent PCNSL patients using i.v.
radiolabeled indium-111 and ytrium-90 anti-CD20 mono-
clonal antibody (ibritumomab tiuxetan) [120].

PRIMARY INTRAOCULAR LYMPHOMA

Ocular involvement of PCNSL may precede clinically de-
tectable disease in the brain and is called primary intraocu-
lar lymphoma (PIOL). The optimal treatment has not yet
been defined. Because approximately 80% of patients with
PIOL subsequently develop brain lymphoma, the goal of
treatment should not only be to eradicate disease in the eye
but also to prevent spread to the brain and the CSF. How-
ever, available data are scarce and based only on retrospec-

Table 4. Literature review: Intensive chemotherapy (ICT) with ASCT

Study n PCNSL Induction CT
ICT–
ASCT

ICT–ASCT
completion

CR to
ICT–
ASCT WBRT

Median
follow-up
(mos)

Median
PFS/EFS,
ASCT
pts/all
(mos)

OSa probability,
ASCT patients/
all Neurotoxicity

Soussain et al.
(2001) [100]

22 Recurrent/
refractory

CYVE TBC 90% 80% No 41 – 3-yr, 60%/64% 31%

Soussain et al.
(2008) [101]

43 Recurrent/
refractory

CYVE TBC 62% 96% No 36 41/11 2-yr, 69%/45% 11%

Abrey et al.
(2003) [106]

28 Newly
diagnosed

MTX (3.5 g/
m2), Ara-C

BEAM 50% 57% No 28 9/5 3 yr, 60%/NA No

Cheng et al.
(2003) [107]

7 Newly
diagnosed

MTX (3.5–5
g/m2), PCB,
Ara-C

TBC 86% 100% No 24 – 2-yr, 50%/50% No

Colombat et al.
(2006) [108]

25 Newly
diagnosed

MTX (3 g/m2),
BCNU, VP16
IFO, Ara-C

BEAM 68% 76% 30 Gy 34 NR/40 4-yr, 64%/NA No

Montemurro et al.
(2007) [109]

23 Newly
diagnosed

MTX (6–8
g/m2)

Thiotepa,
busulfan

69% 68% 45 Gyb 15 27/17 2-yr, 61%/48% 20%

Illerhaus et al.
(2006) [110]

30 Newly
diagnosed

MTX (8 g/m2),
Ara-C, thiotepa

Thiotepa,
BCNU

77% 65% 45 Gy 63 – 5-yr, 87%/69% 17%

Illerhaus et al.
(2008) [111]

13 Newly
diagnosed

MTX (8 g/m2),
Ara-C, thiotepa

Thiotepa,
BCNU

84% 63% 36–50 Gyb 25 NR 3-yr, NA/77% No

a PFS and OS of patients receiving ICT–ASCT.
b Only in non-CR patients after ICT–ASCT.
Abbreviations: Ara-C, cytarabine; ASCT, autologous stem cell transplantation; BEAM, BCNU, etoposide, Ara-C,
melphalan; CR, complete response; CT, chemotherapy; CTX, cyclophosphamide; CYVE high-dose Ara-C plus etoposide;
EFS, event-free survival; IFO, ifosfamide; NA, not available; NR, not reached; OS, overall survival; PCB, procarbazine;
PCNSL, primary central nervous system lymphoma; PFS, progression-free survival; TBC, thiotepa, busulfan, CTX; WBRT,
whole-brain radiotherapy.
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tive studies. In a single-center experience, Hormigo et al.
[121] suggested that patients whose ocular disease was
identified and treated before CNS progression had a signif-
icantly longer survival time than those who were treated
only after CNS disease was diagnosed. Treatment may be
focal, including ocular RT and intraocular MTX chemo-
therapy, or extensive, including systemic chemotherapy
and WBRT. Although a recent retrospective multicenter
study of PIOL patients failed to show any difference be-
tween focal and extensive therapy in terms of relapse and
survival [122], most authors consider that the initial treat-
ment of PIOL should not differ from that of PCNSL as pre-
viously described above, including high-dose MTX-based
polychemotherapy and WBRT.

CONCLUSIONS

The prognosis for PCNSL patients has improved consider-
ably over the past two decades. Currently, appropriate treat-
ment of PCNSL can lead to prolonged remission,
frequently with remarkable patient recovery compatible
with an active life. A minority of patients can even hope to
be cured. Long-term survivors are at a higher risk for de-
veloping severe delayed cognitive dysfunctions that may
seriously compromise their quality of life. Future treatment

should therefore improve efficacy while minimizing the
risk for neurotoxicity. In the elderly (�60 years old), there
is growing evidence to propose a chemotherapy-alone ap-
proach with a less toxic regimen and to defer or avoid RT.
In younger patients, the main questions addressed in clini-
cal trials should focus on defining the optimal chemother-
apy regimen, the role of RT as consolidation treatment in
complete responders to chemotherapy, and the role of ICT
with ASCT as part of primary treatment. Prospective stan-
dardized neuropsychological testing is warranted. Hence,
whenever possible, patients suffering from PCNSL should
be referred to major centers for treatment in order to in-
crease accrual into clinical trials and facilitate international
collaborations. There is also literature suggesting that pa-
tients treated in centers with more experience do better than
those treated in centers with less experience [63]. New
strategies will not only benefit from advances in the man-
agement of NHL outside the CNS but also from a better un-
derstanding of specific PCNSL tumorigenesis.

AUTHOR CONTRIBUTIONS
Conception/Design: Monica Sierra del Rio, Khê Hoang-Xuan
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