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Abstract Primary central nervous system lymphoma
(PCNSL) is a rare form of non-Hodgkin lymphoma,
but in recent years the incidence in the immunocompe-
tent population has been increasing. Elderly patients, or
those over the age of 60 years, represent an important
subgroup and account for over half of PCNSL patients.
Treatment of older patients poses a number of chal-
lenges, and the optimum approach is yet to be defined.
Chemotherapy, particularly with high-dose methotrexate
as a single agent or in combination, is the mainstay of
treatment of PCNSL. However, chemotherapy is associ-
ated with systemic toxicities, such as myelosuppression,
to which the older patient is more vulnerable. Radio-
therapy is also effective but is limited by significant
delayed neurotoxicity, especially in older patients. Most
studies support the use of chemotherapy-only treatments
for elderly patients given the high risks of neurotoxicity
associated with radiotherapy. Nevertheless, the prognosis
remains poor regardless of the chemotherapy chosen.
This article reviews the principles guiding the treatment
of PCNSL in the elderly, identifies the limitations of
current studies, and critically reports on the available
literature.
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Introduction

Primary central nervous system lymphoma (PCNSL) is an
extranodal form of non-Hodgkin lymphoma (NHL) that
affects the brain, leptomeninges, spinal cord, and eyes. It
is rare and accounts for only 3-4 % of all primary central
nervous system tumors and 1-2 % of all lymphomas [1, 2].
Up to 95 % of PCNSLs are histologically identical to diffuse
large B-cell lymphoma but invariably have a lower cure rate
than their systemic counterpart. Approximately half of pa-
tients affected are older than 60 years, and the highest
incidence has been reported in those older than 75 years
[1]. The incidence of PCNSL has risen over the past 30 years
in immunocompetent patients in all age groups and this
cannot be explained by changes in medical practice, im-
provements in imaging, or increased disease awareness
[3–6]. Notably, more recent studies indicate that the inci-
dence is continuing to rise only in older patients whereas it
has plateaued in younger age groups. This, along with an
increasing aging population, emphasizes the relevance of an
improved understanding of the treatment of PCNSL in the
elderly [7].

This article will review the literature available on PCNSL
in the elderly patient population, focusing on prognostic
factors, treatments, and their limitations in this group of
patients.

Age as a Prognostic Factor

The median survival of patients with PCNSL treated solely
with supportive care has been reported as 1.9–3.3 months [8,
9]. With radiotherapy, it increases to 11–18 months [10–13],
and with radiotherapy combined with chemotherapies such as
methotrexate (MTX) and cytarabine (ara-C), it increases to
33–44.5 months [14–18]. The use of chemotherapy alone has
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also shown comparable results, with a median survival of 30-
36 months [19–23]. These studies, however, have largely
included younger patients with a high Karnofsky performance
status and do not accurately predict survival in patients older
than 60 years.

Older age significantly influences prognosis and treat-
ment decisions (Fig. 1). PCNSL in older patients is associ-
ated with lower response rates, higher rates of relapse, and
increased acute and delayed toxicities [24, 25, 26••, 27–30].
Age is the most significant predictor of the administration of
any treatment, whether radiotherapy or chemotherapy, such
that with increasing age, the rate of treatment decreases [31].
Data from the Surveillance Epidemiology and End Results
(SEER) cancer registry linked with Medicare claims from
1994–2002 demonstrated an overall median survival of only
7 months in patients older than 65 years with a new diag-
nosis of PCNSL. Only 80 % of patients received treatment,
and radiotherapy was the most frequently used treatment
modality (36 %) as compared with combined modality
treatment (26 %) or chemotherapy alone (17 %). Further-
more, treatment patterns were profoundly affected by age—
only 66 % of patients older than 85 years were treated, and
of those, 48 % were treated with radiotherapy alone [31.] In
contrast, a retrospective study of PCNSL patients older than
65 years treated with chemotherapy at a tertiary care center
at initial diagnosis demonstrated both treatment tolerability
and a median overall survival of 25 months [32]. These
findings suggest this group of patients may benefit from
more aggressive approaches, and suboptimal treatment sec-
ondary to age, often administered outside tertiary care cen-
ters, may be partly responsible for worse outcomes.

Even when treatment is identical, older patients often fare
worse. Age has been identified as a prognostic factor in almost
every clinical trial reported to date. It is also a critical compo-
nent of each of the two major prognostic scoring systems
described for PCNSL. In theMemorial Sloan-Kettering Cancer
Center scoring system, age above 50 years confers a worse
prognosis, whereas in the International Extranodal Lymphoma
Study Group system, it is age above 60 years that is associated
with worse outcome. In fact, age is a continuous variable, with
each additional year associated with a worse chance of disease
control and increased risk of toxicity [24, 25].

How to Define the “Elderly” Population

The de-escalation of care and underrepresentation of the
elderly in clinical trials have prompted further exploration
in an attempt to identify barriers and optimize treatment and
quality of life [33–35]. Inconsistencies and bias in the def-
inition of the “elderly” complicate the interpretation of
many studies, which have included patients from 54-
90 years of age [19, 20, 22, 36–41].

In reality, there is great heterogeneity even among pa-
tients of the same age within these broad groups. Older age
is associated with an accumulation of physiologic deficits
that alter the pharmacokinetics and pharmacodynamics of
therapy and may increase the risk of toxicities such as
nephrotoxicity and myelosuppression. Comorbid conditions
and subsequent polypharmacy also play a significant role.
Chronologic age, however, does not always correlate well
with the degree of physiologic or physical decline in older

Fig. 1 Treatment algorithm for
primary central nervous system
lymphoma (PCNSL) in the
elderly patient. PCNSL primary
CNS lymphoma, rdWBRT
reduced dose whole brain
radiation, HD-AraC high-dose
cytarabine, MTX methotrexate,
HDCT high-dose
chemotherapy, ASCT
autologous stem-cell transplant.
*Algorithm appropriate for any
patient ≥ age 60 and should be
considered for patients ≥ age 50
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patients, and functional status serves as an independent
factor in predicting overall survival and drug toxicity [24,
25, 42, 43]. The Karnofsky performance status and Eastern
Cooperative Oncology Group (ECOG) performance status
are the most commonly applied performance measures.
Unfortunately, these tools may not be adequate predictors
in the elderly [44–46]. A more comprehensive predictive
model that includes geriatric assessment tools and physio-
logic markers, such as hemoglobin level and creatinine
clearance, may be necessary to evaluate geriatric vulnera-
bility and treatment-related toxicity more effectively, but
they have not been applied prospectively to older PCNSL
patients [42, 47]. Nonetheless, in making a decision for
treatment, one must consider age, comorbidities, and func-
tional status both at the time of and prior to diagnosis.

Previous Treatments and Their Limitations
in the Elderly Population

Treatment of PCNSL has changed significantly over the past
few decades. Whole-brain radiotherapy (WBRT) induced a
complete or partial response in most patients, increasing the
median survival to 11-18 months [10–12, 48]. The results,
however, were short-lived and 61 % of patients developed
local recurrence, as demonstrated in Radiation Therapy On-
cology Group (RTOG) study 8315. Outcomes were notably
worse in patients older than 60 years, with a median survival
of only 7.6 months [10].

This prompted further investigation into combined mo-
dality therapy (Table 1). Standard NHL regimens with

cyclophosphamide, doxorubicin, vincristine, and prednisone
(CHOP) failed to show improved survival compared with
WBRT alone, partially owing to poor permeability of an
intact blood–brain barrier for these agents [49, 50]. The use
of MTX at doses greater than 1 g/m2 with leucovorin rescue
helped to overcome this problem, and when combined with
WBRT (45 Gy) resulted in a median survival of 30-
40 months [14, 51–53]. Thus, MTX-based chemotherapy
became the standard therapy for PCNSL. With the addition
of other chemotherapeutic agents, such as procarbazine, ara-C,
vincristine, and carmustine, to MTX-based chemotherapy and
radiotherapy, further improvements in overall survival were
achieved, but an increased frequency of grade 3 or grade 4
hematologic toxicity was observed as compared with use of
single-agent MTX with WBRT [17, 18, 20, 54, 55]. Although
patients older than 60 years in these studies had worse
outcomes, they still had significant benefit, with median
overall survival of 22-33 months, superior to that with WBRT
alone [18, 20].

Radiation and Neurotoxicity

Prolonged survival, however, was accompanied by signifi-
cant delayed treatment-related neurotoxicity observed more
frequently in the elderly, which resulted in severe cognitive
dysfunction, ataxia, and urinary incontinence. Neurotoxicity
occurred in 19-83 % of patients older than 60 years who
received WBRT following MTX-based chemotherapy at an
average of 3-52 months after completing treatment [18, 20,
28, 52, 56•]. In a retrospective review of delayed neurotox-
icity in 185 patients with PCNSL treated with high-dose

Table 1 Studies on the treatment of primary central nervous system lymphoma in the elderly using whole-brain radiotherapy (WBRT)

Study Design No. Median
agea (years)

Regimen RR
(%)

MPFS
(months)

MOS
(months)

Neurotoxicity
(%)

Nelson
et al. [10]

Phase II 27 ≥60 WBRT (40 Gy) plus boost to tumor (20 Gy) – – 7.6 –

Abrey
et al. [20]

Phase II 12 67 (60-72) MTX (3.5 g/m2) plus IT MTX, PCB,
VCR plusWBRT (45 Gy)

– – 32 83

Gavrilovic
et al. [21]

Phase II 12 ≥60 MTX (3.5 g/m2) plus IT MTX, PCB, VCR
plus WBRT (45 Gy)

– NR 29 75

Schuurmans
et al. [43]

Retrospective 69b 65 (60-82) 70 (at 3 years)c

29 70 WBRT (18-50Gy) 69 – 7 14

9 62 MTX (3 g/m2), carmustine, teniposide, Dex
plus WBRT (40 Gy)

100 NR (18-80) NR (22-80) 33

Roth et al. [30] Phase III 12 ≥70 MTX (4 g/m2), ifosfamide plus WBRT
(45 Gy)

75d 24.1 29.3 –

RR response rate, MPFS median progression-free survival, MOS median overall survival, NR not reached, IT intrathecally administered, MTX
methotrexate, PCB procarbazine, VCR vincristine, Dex dexamethasone
a The range is given in parentheses
b Thirty-eight received WBRT and 31 received chemotherapy alone (see Table 2)
c Rate available only for entire cohort
d Complete response only
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MTX and WBRT, neurotoxicity increased over time and
was often severe. Furthermore, it tended to occur earlier
with advancing age at the time of treatment and was appre-
ciated only with effective regimens that produced long-term
remission. In addition, subtle cognitive changes were likely
underestimated as no prospective neuropsychological tests
or quality of life measures were incorporated. However,
more than twice as many patients died of disease progres-
sion than neurotoxicity, suggesting that treatment vigorous
enough to cause severe leukoencephalopathy was still not
curative [28]. Although neurotoxicity is not limited to the
elderly, it occurs more severely and rapidly in older patients,
making this group a sensitive indicator of the neurotoxic
potential of a given regimen in any group of patients.

In an attempt to reduce neurotoxicity without impairing
outcomes, several studies have investigated reduced-dose
WBRT or focused radiotherapy [18, 57–59]. In a subset anal-
ysis in the multicenter prospective study by the RTOG, a
hyperfractionated schedule of WBRT with a reduced dose of
3,600 cGy was compared with standard 4,500-cGy WBRT.
The reduced dose of radiotherapy did not compromise disease
control and delayed, but did not prevent, neurotoxicity [18,
57]. The study was limited, however, as it did not assess
efficacy specifically in older patients, who are at greatest risk
of toxicity, and measured cognition with the mini-mental
status examination, which likely underestimated the degree
of neurocognitive impairment [60]. A preliminary report of 19
patients (seven older than 60 years) treated with reduced-dose
WBRT (23.4 Gy) after achieving a complete response to
MTX-based chemotherapy demonstrated promising efficacy
and no cognitive decline in the 12 patients who completed a
comprehensive neurocognitive assessment 2 years after treat-
ment [59, 61]. However, a mild increase in treatment-related
white matter changes, albeit less pronounced than with stan-
dard WBRT, was observed in nine patients following comple-
tion of treatment (6 or 12 months); four of those patients were
older than 60 years. There was no significant correlation
between treatment-related white matter changes and cognitive
performance [61]. Although promising, these data need con-
firmation in a larger number of patients, particularly older
patients, and longer follow-up to better assess relapse risk
and cognitive function.

Current Treatment Approaches

The limitations of radiotherapy in the elderly have prompted
exploration of chemotherapy-only treatment regimens for
this cohort of patients (Table 2). The moderate efficacy of
MTX-based regimens has been demonstrated in multiple
phase II trials with doses ranging from 3 to 8 g/m2, achiev-
ing complete response rates of 30-79 % and median overall
survival of 14-50 months [26••, 62–65]. Unfortunately, there

was great variability in the patient characteristics and treat-
ment regimens used in these studies, making it difficult to
infer benefit for older patients. Salvage therapy with radio-
therapy or other chemotherapeutic agents was frequently
used in some studies and could account for prolonged over-
all survival even with short progression-free survival, but
salvage treatment may also contribute to neurotoxicity.

High-Dose Methotrexate Monotherapy

MTX remains the single most important agent in all patients
with PCNSL regardless of age group. Although the use of
high-dose MTX in the elderly has been thought to require
frequent dose adjustments because of reduced creatinine
clearance and limited bone marrow reserve, there is good
evidence that supports its tolerability. Mostly grade 1 and
grade 2 nonhematologic and grade 1-3 hematologic toxic-
ities were reported in 110 patients older than 60 years who
received high-dose MTX (4 g/m2) for treatment of PCNSL.
Less than 10 % grade 4 toxicity was reported. Specifically
for hematologic toxicities, there was no significant differ-
ence in the severity and frequency of anemia, leukopenia,
thrombopenia, or infections following treatment when com-
pared with patients younger than 60 years. Dose reductions,
however, were required more frequently in patients older
than 60 years because of reduced creatinine clearance; effi-
cacy of treatment was not assessed [40]. In two small
retrospective studies of patients primarily older than 70 years
treated with single-agent MTX at doses of 8 g/m2 adjusted
for creatinine clearance, 60 % of patients had a complete
response, median progression-free survival was 7.1-
18 months, and median overall survival was 36-37 months
[22, 41]. Dose reductions were required in as many as 87 %
of patients; however, all patients received MTX doses of at
least 4 g/m2 [41]. This suggests that patients older than
60 years may benefit from doses of 3-4 g/m2, which can
be administered despite reduced creatinine clearance.

Methotrexate-Based Multidrug Regimens

The need for dose reductions of MTX in patients older than
60 years increases the relevance of other chemotherapeutic
agents that can be used in conjunction with an MTX-based
regimen. A randomized phase II trial strongly supported an
added benefit of combination therapy, in this case MTX and
ara-C compared with MTX alone [54]. Furthermore, with
the increasing use of prophylactic colony-stimulating fac-
tors, myelotoxicity associated with combined chemotherapy
can be reduced.

A nonrandomized study of combined chemotherapy
alone demonstrated survival identical to that for the same
chemotherapeutic regimen followed by WBRT in patients
older than 60 years. MTX (3.5 g/m2) combined with
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vincristine and procarbazine yielded response rates as high
as 90 %, and preliminary results in patients older than
60 years showed a median overall survival of 33 months
compared with 32 months in those who received WBRT
[20]. Long-term follow-up of these patients confirmed no
significant difference in overall survival (29 months) be-
tween patients older than 60 years who received WBRT
and patients older than 60 years who did not receive WBRT.
Median progression-free survival, however, was 7 months in
the group that deferred radiotherapy but had not yet been
reached in the chemotherapy and radiotherapy group. There
was a 25 % relapse rate with chemotherapy and radiotherapy
as opposed to 58 % with chemotherapy alone, and neuro-
toxicity was reported in 75 % of patients who received
radiotherapy. Thus, WBRT improved disease control and
reduced relapse, but its attendant neurotoxicity resulted in
death at the same rate as for patients treated with chemo-
therapy alone [21].

Similarly, the European Organisation for Research and
Treatment of Cancer (EORTC) Brain Tumor Group
conducted a multicenter phase II study of chemotherapy
alone with 50 patients older than 60 years. Treatment
consisted of MTX (1 g/m2), lomustine, procarbazine, meth-
ylprednisolone, intrathecally administered MTX, and intra-
thecally administered ara-C. A complete response was
observed in 42 % of patients and a partial response was
observed in 6 %. Median overall survival was 14.3 months.
Delayed treatment-related neurotoxicity was reported in
12 % of patients. Although these results were not as favor-
able as in previous studies, survival was still twice as long as
that 7 months after WBRT alone [37].

Comparable results have been reported with a number of
different MTX-based chemotherapy regimens for patients
older than 60 years, with differing degrees of toxicity de-
pendent on the agents used [19, 23, 36–38]. In the most
elderly patients, those aged 80 years and older, treatment

Table 2 Studies on the treatment of primary central nervous system lymphoma in the elderly using chemotherapy-only treatment regimens

Study Design No. Median
agea (years)

Regimen RR
(%)

MPFS
(months)

MOS
(months)

Neurotoxicity
(%)

Freilich et al. [19] Retrospective 13 74 (54-89) MTX (1-3.5 g/m2) plus IT MTX, PCB with
or without VCR, TTP, ara-C

92 – 30.5 0

Abrey et al. [20] Phase II 22 70 (54-89) MTX (3.5 g/m2) plus IT MTX, PCB VCR – – 33 5

Gavrilovic et al. [21] Phase II 26 ≥60 MTX (3.5 g/m2) plus IT MTX, PCB, VCR – 7 29 11.5

Ng et al. [22] Retrospective 10 72.5 (66-75) MTX (8 g/m2) 90 18 36 0

Pels et al. [23, 100] Phase II 32 ≥60 MTX (3.5 g/m2), PCB, VCR, with or without
IT MTX and ara-C, vindesine, Dex

56 15 36 19
9b 30b

Hoang-Xuan
et al. [37]

Phase II 50 72 (60-81) MTX (1 g/m2), lomustine, PCB, IT MTX
and ara-C

48 6.8 14.3 8

Zhu et al. [41] Retrospective 31 74 (70-85) MTX (3.5-8 g/m2) 97 7 37 –

Omuro et al. [36] Phase II 23 68 (60-79) MTX (3 g/m2), temozolomide, prednisone 55 8 35 0

Illerhaus et al. [85] Phase II 30 70 (57-79) MTX (3 g/m2), PCB, lomustine 70 6 15 6

Fritsch et al. [71] Phase II 28 75 (65-83) MTX (3 g/m2), rituximab, PCB, lomustine 82 16 17.5 0
29c

4.3d

Taoka et al. [38] Retrospective 17 67 (58-78) MTX (1 g/m2), ranimustine, PCB,
methylprednisolone, IT MTX and ara-C

100 20 36 0

Schuurmans
et al. [43]

Retrospective 69e 65 (60-82) MTX (1.5-3 g/m2), with or without
carmustine, teniposide, Dex

71 3 23 70
(at 3 years)f31 63

Roth et al. [30] Phase III 22 ≥70 MTX (4 g/m2), ifosfamide with or without
ara-C

64g 13.9 26.7 –

Welch et al. [66•] Retrospective 24 82 (80-90) MTX (1-3.5 g/m2), PCB, VCR with or
without IT MTX

64 – 7.9 –

RR response rate, MPFS median progression-free survival, MOS median overall survival, IT intrathecally administered, MTX methotrexate, PCB
procarbazine, VCR vincristine, TTP thiotepa, ara-C cytarabine, Dex dexamethasone
a The range is given in parentheses
b Patients treated without IT chemotherapy
c Patients younger than 80 years
d Patients aged 80 years or older
e Thirty-eight patients received WBRT and 31 received chemotherapy alone
f Rate available only for entire cohort
g Complete response only

Curr Neurol Neurosci Rep (2013) 13:344 Page 5 of 11, 344



with an MTX-based regimen, usually in combination with
vincristine and procarbazine, resulted in an objective re-
sponse in 62.5 % of patients and a median overall survival
of 7.9 months; eight of the 28 patients survived 2 years or
longer [66•]. Thus, MTX-based regimens can be well toler-
ated and produce prolonged disease control even in the
oldest PCNSL patients. However, even with these regimens,
recurrence is common, and improved therapies are needed.

Neurotoxicity also remains a concern with chemotherapy
alone, especially in older patients. In a German phase III
study, clinically determined neurotoxicity was seen in 26 %
of long-term survivors in the chemotherapy alone arm,
which was less than the 49 % incidence seen in patients
who received chemotherapy and WBRT [26••]. Others have
also noted both clinical and radiographic evidence of neu-
rotoxicity in patients treated with chemotherapy [20, 21, 23,
37, 39, 56•, 65]. Thus, omitting WBRT substantially reduces
but does not eliminate the risk of treatment-related cognitive
impairment following successful treatment of PCNSL.

Novel Therapeutic Approaches

Novel approaches to treatment have focused on alternative
chemotherapeutic agents and targeted drugs. The successful
use of rituximab, a chimeric monoclonal antibody against
the CD20 antigen, in diffuse large B-cell lymphoma
prompted investigation of this agent for treatment of
PCNSL, which is CD20 positive in at least 95 % of patients.
Although rituximab penetrates the blood–brain barrier poor-
ly, several studies have shown modest efficacy in the treat-
ment of PCNSL [67–69]. This may be partly due to
disruption of the blood–brain barrier in contrast-enhanced
tumor. Clinical experience with rituximab in PCNSL is
limited; several studies have demonstrated favorable re-
sponse rates when combing rituximab with a high-dose
MTX regimen both for induction therapy and salvage ther-
apy, but it is unclear if rituximab enhances the response
rate above that seen with the identical regimen without
rituximab [59, 70–75]. Rituximab in combination with
high-dose MTX (3 g/m2), procarbazine, and lomustine
in 28 patients with PCNSL older than 65 years yielded
a high response rate, with 64 % achieving a complete
response following three 43-day cycles, and 18 %
achieving a partial response. Three-year overall survival
and progression-free survival were each 31 %; median
progression-free survival was 16 months and median
overall survival was 17.5 months. Patients older than
80 years, however, did not respond as well and had a
median overall survival of 4.3 months, and grade 3 and
grade 4 neutropenias were observed [71]. Intrathecal
administration of rituximab has also been investigated
and has demonstrated some benefit [59, 68].

A few studies have explored less toxic agents such as
temozolomide. Twenty-three patients aged 60-79 years re-
ceived induction chemotherapy with MTX (3.5 g/m2) and
temozolomide (100 mg/m2), and patients who achieved a
partial or complete response proceeded to maintenance ther-
apy with MTX and temozolomide monthly for a maximum
of five cycles; 33 % achieved a complete response, 55 % a
partial response following induction, and 30 % received
salvage WBRT. The median progression-free survival was
8 months, and the median overall survival was 35 months.
No neurotoxicity was observed, but most patients received
WBRT late in the course of the disease and died because of
disease progression [36]. Although this regimen is well
tolerated, efficacy greater than that of MTX alone has not
yet been demonstrated.

The Role of Consolidation Therapy

In patients who have achieved a complete response after
high-dose MTX-based induction therapy, it is unclear
whether consolidation treatment improves disease control
or survival. For older patients, however, consolidation with
WBRT has a deleterious effect and compromises survival
because of neurotoxic effects. A retrospective analysis of
122 patients who achieved complete response with MTX-
based induction therapy assessed the impact of consolida-
tion with WBRT, ara-C, or both on overall survival and
failure-free survival. Intensive consolidation with WBRT
and ara-C resulted in a longer median failure-free survival
of 42 months compared with 15 months without consolida-
tion, 18 months with ara-C alone, and 22 months with
WBRT alone. There was no significant difference in overall
survival, but a trend toward prolonged median overall sur-
vival with WBRT with or without high-dose ara-C com-
pared with no consolidation was observed. This may be
explained in part by the more favorable age and functional
characteristics of those who received WBRT with ara-C;
radiotherapy was also associated with higher rates of neu-
rotoxicity [76]. Thus, intensive consolidation may provide
better disease control without a clear impact on survival.
This has been demonstrated in other studies as well [77, 78].
Particularly for elderly patients, who are at higher risk of
neurotoxicity, radiation-sparing consolidation regimens
such as high-dose ara-C may be a more reasonable option.
However, consolidation treatment with chemotherapy has
not been well studied and warrants further investigation.

Maintenance Therapy as Consolidation

Attempts have been made to use maintenance therapy to
reduce relapse risk with mixed results. The North Central
Cancer Treatment Group conducted a large trial using main-
tenance methylprednisolone therapy in patients older than
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70 years following WBRT. A 6-month survival of only 33 %
was reported, and the trial closed prematurely. Of note, the
induction treatment regimen consisted of CHOP, which is
ineffective, followed by WBRT [79]. MTX monthly
following a complete response to single-agent MTX
induction therapy resulted in a progression-free survival of
only 12.8 months [63]. Maintenance rituximab therapy
(more than 50 mg/m2 monthly) after complete response
to induction or salvage therapy was studied in nine patients.
Administration was well tolerated, with grade 2
neutropenia reported in only one patient and grade 3
hypogammaglobulinemia requiring immunoglobulin infu-
sion in another patient. This study, however, included pa-
tients with recurrent PCNSL as well as those with systemic
NHL with central nervous system involvement, and many
had had multiple relapses. The treatment used before
rituximab to achieve a complete response was quite vari-
able, but progression-free survival ranged from 18.9 to 54.
9 months, which is substantially longer than expected in
patients with multiple relapses [80]. This may be reasonable
in elderly patients who have achieved a complete response
to induction or salvage chemotherapy and in whom radio-
therapy can have deleterious consequences.

High-Dose Chemotherapy with Autologous Stem Cell
Transplantation

In the younger patient population, high-dose chemotherapy
followed by autologous stem cell rescue is a promising
consolidation or salvage strategy [81–90]. Treatment-
related mortality has been reported as high as 14 %, largely
due to the hematologic toxicity of these regimens. This is an
impractical approach for elderly patients and is usually not
an option for the older population.

Treatment of Refractory and Recurrent Disease

Chemotherapy only with a high-dose MTX-based regimen
can be efficacious but is associated with higher rates of
relapse and shorter progression-free intervals, and many
patients require salvage therapy. WBRT remains one of the
most effective salvage treatments and has been used fre-
quently, but it is still associated with neurotoxicity, particu-
larly if given to older patients within 6 months of treatment
with MTX [21, 64, 65, 91]. Reduced-dose WBRT is not an
option as it would be inadequate treatment for bulky recur-
rent disease; it may be a consideration as consolidation after
reinduction and response to chemotherapy [61].

Other studies have looked at optimal chemotherapy sal-
vage regimens. Retreatment with high-dose MTX for pa-
tients who had an initial response to MTX gave an overall
response rate of 91 % and an overall median survival of 61.

9 months from the time of relapse. The median age of this
cohort was 58 years, and nearly 41 % of patients were older
than 60 years. All patients, however, had achieved a com-
plete response to initial induction therapy [92].

Other chemotherapeutic agents have also been investi-
gated with encouraging results [93, 94]. The combination of
rituximab and temozolomide gave a median overall survival
of 14 months and median progression-free survival of 7.
7 months from relapse in patients with recurrent or refrac-
tory PCNSL [73]. A recent phase II study using a similar
treatment regimen was less encouraging, with a median
progression-free survival of 7 weeks, and was closed fol-
lowing an interim analysis [74]. These agents warrant fur-
ther investigation as both are relatively well tolerated and
may be beneficial in patients who are unable to receive
aggressive chemotherapy because of potential toxicity.

To date, the best results have been obtained using induc-
tion chemotherapy with ara-C and etoposide followed by
thiotepa, busulfan, and cyclophosphamide with stem cell
rescue. Progression-free survival was 41.1 months in pa-
tients who had received transplants and overall survival was
58.6 months, but this treatment was used primarily in youn-
ger patients [89]. Toxicity was very high, and this transplant
is not typically available to older patients.

Future Treatments: The Enrollment of Elderly Patients
in Clinical Trials

There are a number of active clinical trials, some of which
are designed specifically for older patients. Those most
relevant to the elderly include an RTOG phase II random-
ized study examining the role of low-dose WBRT in patients
treated with rituximab, MTX, procarbazine, and vincristine;
neurotoxicity and quality of life are being evaluated pro-
spectively in this trial [95]. Also in progress is a phase II
study of MTX and temozolomide compared with MTX,
procarbazine, and vincristine for patients older than 60 years
[96]. Alternative agents and treatment strategies are also
being explored, such as blood–brain barrier disruption,
radiolabelled antibodies, and antiangiogenic agents such as
pomalidomide [97–99]. These studies may offer effective
treatment for patients who are at high risk of myelotoxicity
and neurotoxicity. The elderly, however, are clearly under-
represented in most clinical trials, and future studies will
need to focus on this specific population to improve out-
comes and overall quality of life for this group of patients.

Conclusions

In spite of major advances in the treatment of PCNSL with
MTX-based regimens, optimal treatment of the elderly
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remains challenging and uncertain. This is partly due to the
vague definition of the elderly. Although in studies of
PCNSL those older than 60 years are considered old, chro-
nologic age may not be the best marker of tolerability of
treatment and treatment-related toxicity because of great
variability in functional status and comorbidities within this
group of patients. High-dose MTX remains the single most
important chemotherapeutic agent in treating PCNSL, even
in the elderly, many of whom tolerate it without difficulty.
Radiotherapy continues to play an important role; however,
there is a clear predisposition to debilitating neurotoxicity
following WBRT in patients older than 60 years and even in
some younger patients. As demonstrated in a recent retro-
spective study, response to treatment is one of the most
important predictors of survival in elderly patients [66•].
Thus, future trials may need to focus on stratification of
patients older than 60 years with the goal of achieving and
maintaining remission, increasing tolerability, and minimiz-
ing delayed treatment effects that can greatly compromise
quality of life. Treatment in younger patients is with curative
intent, but in the older population a more individualized
approach needs to be taken. For the most elderly patients,
the goals of treatment may need to be more palliative in
nature and efforts should be steered toward minimizing
toxicity and improving function. Fortunately, an increased
understanding of the natural history of PCNSL, the limita-
tions of treatment, and the vulnerability of older patients
with PCNSL have brought greater attention to the need for
more individualized care and will, hopefully, result in im-
proved outcomes in the future.
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