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Abstract. Primary central nervous system lymphoma (PCNSL)
is a non-Hodgkin's lymphoma arising in the central nervous
system. Combined methotrexate-based chemoradiotherapy is
the standard treatment for PCNSL, resulting in a median overall
survival of 25-51 months. Failure of first-line treatment has
been reported in most patients with PCNSL. Salvage therapy
improves outcome; however, since many different treatments
have been applied, conclusions cannot be drawn regarding an
optimal treatment schedule. This review analyzes the efficacy
of different salvage therapies that have been reported in the
literature. These well-designed, randomized trials may help
elucidate issues such as the best chemotherapy regimen for
second-line treatment.
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1. Introduction

Primary central nervous system lymphoma (PCNSL) is an
extranodal form of non-Hodgkin's lymphoma arising in the
craniospinal axis. For many years, PCNSL was reported to
represent 3-5% of all primary central nervous system (CNS)
tumors (1). However, the incidence of PCNSL appears to be
increasing (2-4). PCNSL occurs at all ages, but is most common
between 50 and 60 years of age, with a male to female ratio of
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1.5 (5). The symptoms are focal neurological deficits, mental
disturbance and increased intracranial pressure. PCNSL can
affect the brain, leptomeninges, spinal cord or eyes. Tumor
manifestation is often diffuse and multifocal, most frequently
affecting the supratentorial brain parenchyma, periventricular
lesions involving the corpus callosum, basal ganglia, or
thalamus. The characteristic radiographic finding of PCNSL
is homogeneous contrast enhancement on MRI, at least 15 mm
in contact with the subarachnoid space (6). Diffusion-weighted
MRI (DW-MRI) and proton-MR-spectroscopy (1H-MRS)
usually reveal a uniformly pathologic pattern of metabolite
concentrations (6). Corticosteroids can temporarily induce
regression of the tumor in 40-85% of patients (7). Diagnosis
requires histologic confirmation, while molecular analysis of
the rearrangement of immunoglobulin heavy chain genes by
polymerase chain reaction and Southern blotting may also
be acceptable (8). Most PCNSLs belong to the diffuse large
B-cell and high grade Burkitt-like classifications, according to
the Revised European-American Classification of Lymphoid
Neoplasm (REAL) system (9).

Several Phase II studies combining chemotherapy with
radiotherapy have been carried out in the last decade. The
systemic use of high-dose methotrexate (HD-MTX)-based
chemotherapy with radiation therapy for newly diagnosed
PCNSL has improved the median overall survival from 25 to 51
months (10-15). Even without apparent leukoencephalopathy,
the quality of life in surviving PCNSL patients is poor, and a
proportion of patients suffer from mental deterioration following
treatment (16). The reason for this is not clear, but the incidence
appears to be higher in patients treated with radiotherapy than
in those treated without it (10,17). The risk of neurotoxicity
is lower when chemotherapy alone is used to treat PCNSL
(17). As a result, whole-brain radiation therapy (WBRT) is
often deferred until tumor recurrence in patients who initially
achieve complete remission through chemotherapy (18-21).

However, salvage treatment is necessary in 10-35% of
patients with refractory disease and in at least another 30-60%
who suffer a relapse (22,23). Furthermore, half of the 5-year
survivors relapse 5-13 years after diagnosis (24). Moreover, the
prognosis for patients who do not respond, or relapse after the
initial response, is poor (23). Treatment options for patients with
recurrent PCNSL are limited as there is no standard second-
line chemotherapy. Salvage treatment, for which different
strategies have been reported, may improve the outcome and
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quality of life, even if the optimal salvage regimen is unknown.
Reni et al reported that median time to death was 14 months
for patients who underwent salvage therapy and 2 months for
untreated cases (23). New chemotherapeutic agents with clear
activity in PCNSL are therefore needed for the treatment of
recurrent disease. Twelve larger reports (25-36) with more
than 10 patients were published between 2003 and 2008.
This review analyzes the impact on survival of these reported
second-line treatments for PCNSL, and provides some
therapeutic recommendations for the management of patients
with refractory or relapsed PCNSL.

2. Second-line treatment after failed response to high-dose
methotrexate

Monotherapy

Radiation therapy. In patients who undergo chemotherapy
alone, or for newly diagnosed PCNSL patients treated with
low dose radiation therapy, radiation therapy may be selected
for resistant or relapsed PCNSL. Nguyen et al reported the
efficacy and toxicity of WBRT as salvage therapy for PCNSL
in a retrospective study (25). The study included 27 patients
(17 refractory and 10 recurrent) who failed with initial
HD-MTX and then received salvage WBRT with a median
dose of 36 Gy. Ten patients (37%) achieved a complete
response (CR) and 10 patients (37%) a partial response (PR)
to WBRT, yielding a 74% overall response rate. Median
survival from initiation of WBRT was 10.9 months (range
0.3-63.7 months) and median progression free survival (PFS)
was 9.7 months. The univariate predictor of longer survival
was an age of <60 years. Achievement of CR to WBRT within
4 months predicted longer survival. Late treatment-associated
neurotoxicity was diagnosed in 4 patients (15%) and was
significantly associated with total radiation doses >36 Gy. No
patient treated with daily fractions of <1.8 Gy developed late
neurotoxicity. Hottinger et al also performed a retrospective
study to evaluate the safety and efficacy of salvage WBRT
(26). Forty-eight patients received salvage WBRT for PCNSL
progression (n=24) or recurrence (n=24). After WBRT, 58%
achieved CR and 21% achieved PR, yielding a 79% overall
response rate. Median survival after WBRT was 16 months,
1 year survival after WBRT was 54%, and median PFS was
10 months. An age of <60 years and CR to WBRT were
associated with an improved outcome. Treatment-related
neurotoxicity was observed in 22% of patients. Patients
>60 years of age and those treatment-free for an interval of
<6 months after MTX therapy were at increased risk for the
development of neurotoxicity.

The median survival after salvage WBRT compares
favorably with the 11.6 months reported for patients whose
initial treatment was WBRT alone (37), suggesting that post-
WBRT survival is not diminished in MTX-resistant disease.
However, in relapsed patients, the risk of neurotoxicity
after salvage radiotherapy is potentially greater than with
radiotherapy administered immediately after chemotherapy.
This is because patients are older and have poor performance
status at the relapse stage.

High-dose methotrexate. In a multicenter retrospective study
of 22 patients who relapsed after initially achieving a CR to
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methotrexate, Plotkin et al reported that i) the median time
to first relapse was 24.4 months (range 2-100 months); ii) re-
induction with methotrexate at the same dose and schedule
resulted in an overall response rate to first salvage of 91%
(20/22 patients) and to second salvage of 100% (4/4 patients);
iii) the median PFS was 61.9 months and the overall survival
was 91.9 months in the selected group of patients (27).
Toxicity was hematologic with 10 episodes of grade 3/4 during
566 cycles. However, HD-MTX should be avoided in patients
who have received prior WBRT, or in patients with significant
renal insufficiency. HD-MTX remains effective for relapsed
PCNSL in patients who initially responded to HD-MTX. Given
the low toxicity associated with HD-MTX, it is reasonable to
consider deferring treatment with WBRT. According to the
report, in patients treated with HD-MTX alone, neurotoxicity
should also be observed.

Temozolomide. Temozolomide is a well-tolerated alkylating
agent that is capable of permeating the blood-brain barrier
(BBB) and has additive cytotoxicity when administered
with radiotherapy. A Phase II trial assessing temozolomide
(150 mg/m?/day for 5 days every 28 days) in recurrent PCNSL
patients previously treated with HD-MTX chemotherapy and/
or radiotherapy was evaluated (28). A median of 2 courses
(range 1-12) of temozolomide was administered to 36 patients
with a median age of 60 years, resulting in 9 CRs and 2 PRs,
and a response rate of 31%. One-year survival was 31%, median
PFS was 2.8 months and median survival time was 3.9 months.
Although these results were not particularly encouraging,
toxicity was negligible, with 9% CTC grade 3/4 hematological
toxicity. Temozolomide is active in recurrent PCNSL and
should be evaluated further.

Rituximab. Rituximab, a chimeric monoclonal antibody
against the CD20 antigen, has a molecular weight of 145 kDa
and achieves a cerebrospinal fluid (CSF) concentration of
only 0.1% of matched serum levels after intravenous infusion
(38). Rituximab improves survival when combined with
CHOP therapy in patients with systemic diffuse large B-cell
lymphoma (DLBCL) (39). Rubenstein er al conducted a
Phase I study of intrathecal rituximab monotherapy (29). The
protocol planned 9 injections of rituximab through an Ommaya
reservoir in 10 patients. Meningeal responses were detected
in 6 patients, 2 patients exhibited intraocular responses,
and 1 of 6 cerebral lymphoma exhibited the resolution of
parenchymal lymphoma, despite parenchymal progression
in 4 patients. Intrathecal chemotherapy may not penetrate
bulky leptomeningeal deposits and parenchymal lesions.
The prominent contrast enhancement on neuroimaging that
characterizes most PCNSLs is indicative of a disrupted
BBB, and significant endothelial abnormalities are observed
pathologically in tumor vessels. Approximately 70-90% of
PCNSL are DLBCL and its variant (40,41), and rituximab
is now part of combination therapy in some regimens for
PCNSL. Systemic rituximab therapy in patients with relapsed
or refractory PCNSL warrants further study combined with
other chemotherapeutic agents.

Zevalin. °°Y-Ibritumomab tiuxetan (Zevalin) is a murine
anti-CD20 covalently linked to the high-energy [(3-emitter,
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Yttrium-90, by the chelator tiuxetan. The efficacy of Zevalin
to relapsed systemic non-Hodgkin's lymphoma has been
demonstrated (42). Although monoclonal antibodies are large
molecules excluded by an intact BBB, they may leak across
permeable tumor vasculature into CNS lymphomas following
radiolysis in both the targeted and adjacent lymphoma cells.
Maza et al reported a Phase II trial to evaluate the therapeutic
efficacy, toxicity and biodistribution of Zevalin in PCNSL
(30). Ten patients with relapsed PCNSL were enrolled, 4 of
whom responded. One patient had a CR lasting =30 months,
and 3 patients had a short-term response of <4 weeks. All
patients experienced grade 3/4 hematotoxicity, but no acute
neurotoxicity. Penetration of a therapeutic antibody into PCNSL
and significant clinical activity could be shown by single
photon emission computed tomography imaging with !''In
Ibritumomab tiuxetan. Due to limited response duration and
considerable hematotoxicity, future investigations should focus
on a multimodal approach with additional chemotherapy.

Topotecan. Topotecan, a semi-synthetic derivative of
camptothecin that can specifically inhibit topoisomerase I
during the S-phase of the cell cycle, crosses the BBB to elicit
documented efficacy in patients with relapsed systemic non-
Hodgkin's lymphoma (43). Topotecan penetrates the CNS,
reaching concentrations in CSF of more than 30% in plasma
(44). Fischer et al reported the results of a prospective study
on topotecan chemotherapy in relapsed or refractory PCNSL
(31). The study included 27 patients with a median age of
51 years. Fourteen patients were refractory and 13 relapsed
after a median period of 6 months. Pre-treatment included
chemotherapy in 26 patients and WBRT in 14. A 30-min daily
topotecan infusion of 1.5 mg/m? for 5 days was repeated every
3 weeks. The response rate was 33%, with 5 CRs and 4 PRs.
The median PFS was 2 months (9.1 months in responders), the
overall survival was 8.4 months (9-28 months in responders),
and 1-year survival was 39%. The survival times for resistant
cases and recurrent cases were 9.5 and 3.4 months, respectively.
Additional radiation therapy after topotecan treatment resulted
in a longer survival time in the resistant patient group. However,
with topotecan alone, 5 patients achieved long-term remission,
lasting for 7.5, 10.5, 15.8, 24.1+ and 28.6 months, respectively.
CTC grade 3/4 leucopenia or thrombocytopenia occurred in
26 and 11% of the patients, respectively. Eight of 12 surviving
patients free of cerebral lymphoma for >6 months undergoing
topotecan treatment exhibited signs of late neurotoxicity.

Voloschin et al reported a Phase II study that included
15 refractory or relapsed PCNSL patients with a median
age of 56 years, treated with intravenous topotecan (1.5 mg/
m?) for 5 consecutive days during each 21-day cycle (32).
Three patients achieved CR and 3 achieved PR, yielding a
total response rate of 40%. The median PFS was 2 months.
Eleven of the 15 patients had CTC grade 3/4 neutropenia and
3 patients had grade 3 thrombocytopenia. Thirteen of the
15 patients received G-CSF during treatment. Topotecan as
monotherapy is active in relapsed and refractory PCNSL with
tolerable toxicity.

Polychemotherapy
Temozolomide + rituximab. Enting et al evaluated the efficacy
of a combination of rituximab and temozolomide for recurrent

MOLECULAR MEDICINE REPORTS 2: 879-885, 2009

881

or refractory PCNSL in a retrospective study (33). Treatment
cycles over 28 days were: rituximab (750 mg/m?) on days 1,
8, 15 and 22, and temozolomide (100-200 mg/m?) on days 1-7
and 15-21. Fifteen patients with a median age of 69 years had
a 53% (6 CR, 2 PR) objective response rate with acceptable
toxicity. Grade 3 thrombocytopenia was seen in 4 patients,
grade 3 anemia in 1 and grade 3 leucopenia in 1. No grade 4
toxicities were recorded. Median PFS for responding patients
was 7.7 months. Median overall survival was 14 months,
although median PFS for all patients was 2.2 months. This
may reflect the third-line treatment after temozolomide and
rituximab therapy. This combination merits further study and
provides a reasonable therapeutic alternative for older patients
with progressive PCNSL.

Carboplatin (intra-arterial) + cyclophosphamide + etoposide.
Carboplatin, a second generation platinum analog, is an
alkylating agent with efficacy in multiple cancers that has been
used in combination with several agents for relapsed systemic
lymphoma (45). The efficacy of cyclophosphamide and
etoposide to newly diagnosed PCNSL has been shown (41,46).
The safety and efficacy of intra-arterial (IA) chemotherapy
in conjunction with osmotic blood-brain-barrier disruption
(BBBD) has been documented. The opening of tight junctions
with mannitol allows increased levels of drugs (up to 100-fold)
to reach the CNS (47-49). Tyson et al reported a retrospective
study of patients with relapsed PCNSL treated with second line
IA carboplatin-based chemotherapy plus BBBD (34). Thirty-
seven relapsed PCNSL patients with a mean age of 57.5 years,
most whom had failed with methotrexate-based chemotherapy,
were enrolled. Mannitol was infused (5-10 ml/sec x 30 sec) into
an internal carotid or vertebral artery. Cyclophosphamide was
administered intravenously (i.v.) at a dose of 330-660 mg/m?
20 min before the mannitol infusion; subsequently, carboplatin
was administered TA at a dose of 200-400 mg/m? over 10 min,
starting within 5 min of the mannitol infusion. Etoposide was
administered IA ori.v. at adose of 200-400 mg/m?. This protocol
was repeated every 4 weeks for up to 1 year. Nine patients had
undergone prior radiotherapy. Nine patients had a radiographic
CR and 4 patients had a PR, yielding an overall response rate
of 35%. The median time to failure for patients with CR and
PR was 9.1 months. Overall median survival was 6.8 months
(11-91 months). Six patients achieved survival times of 42.8,
50.4, 50.9, 54.7 and 91 months from first carboplatin/BBBD
treatment. Seven out of 37 patients survived longer than
27 months. However, a CTC grade 3/4 hematological adverse
event was seen in 41% of the patients, and CTC grade 3/4
non-hematological adverse events including ototoxicity (3%),
vascular toxicity (11%), infection (21%), pulmonary toxicity
(3%) and neurotoxicity (11%) were noted.

Etoposide + ifosfamide + cytarabine (VIA). Tfosfamide,
cytarabine (Ara-C) and etoposide (VP16) have been widely
used for salvage therapy in systemic lymphomas (50,51), and
have been shown to be efficacious to newly diagnosed PCNSL
(41,46). At the doses described below as part of the VIA
regimen, they are expected to reach cytotoxic levels in the
CSF and brain parenchyma. Arellano-Rodrigo et al reported a
retrospective study of 16 patients with a median age of 54 years
comprising 1 refractory and 15 recurrent cases of PCNSL
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(35). All patients were initially treated homogeneously with a
cyclophosphamide, doxorubicin, vincristine, dexamethasone/
carmustine, vincristine, cytarabine and methotrexate (CHOD/
BVAM) and radiotherapy regimen, followed by VPI6,
ifosfamide and Ara-C (VIA) chemotherapy as a salvage
treatment. VIA included etoposide (100 mg/m? on days 1-3),
ifosfamide (1000 mg/m? on days 1-5) and cytarabine (2000 mg/
m?/12 h on day 1). The therapy was repeated every 28 days for
a planned total of 6 cycles. Six patients (37%) achieved CR.
The median PFS was 5 months and 1-year overall survival was
41%. The major toxicity was grade 2/4 neutropenia in 69% and
thrombocytopenia in 50% of patients. Five patients had grade
3/4 infectious complications. One patient developed a reversible
ifosfamide encephalopathy. The data presented indicate that
VIA chemotherapy is an effective salvage regimen for patients
with recurrent PCNSL.

High-dose chemotherapy

Intensive chemotherapy followed by autologous hematopoietic
stem-cell rescue. Soussain et al reported the results of a
prospective multicenter trial of intensive chemotherapy
followed by autologous hematopoietic stem-cell rescue (IC
+ HCR) in patients with PCNSL following the failure of
HD-MTX-based treatment (36). Salvage treatment consisted
of 2 cycles of high-dose cytarabine and etoposide (CYVE).
Intensive chemotherapy combined thiotepa, busulfan and
cyclophosphamide. Forty-three patients with a median age
of 52 years were included, with 22 relapse, 17 refractory and
4 partial response to first-line treatment cases. Twenty patients
(47%) were chemosensitive to CYVE; 15 of them proceeded
to IC + HCR. IC + HCR was also administered to 12 patients
who did not respond to CY VE. All but 1 of the 27 patients who
underwent IC + HCR had complete remission. The median
overall survival was 18.3 months in the overall population and
58.6 months among patients who completed IC + HCR. The
respective median PFS times after IC + HCR were 11.6 and
41.1 months. Three patients died after CYVE as a result of
septic shock (n=2) or mesenteric necrosis (n=1). Five patients
had late neurologic toxicity after IC + HCR. Two of these
patients had received first-line cranial radiotherapy before IC
+ HCR. The rationale for using CY VE and the combination of
thiotepa-busulfan-cyclophosphamide for IC was that there was
good CSF and brain diffusion of thiotepa and busulfan (52,53).
The CYVE regimen was used because of the lack of cross-
resistance between cytarabine, etoposide and methotrexate,
and due to its efficacy in newly diagnosed PCNSL (54). IC
+ HCR is an effective treatment for refractory and recurrent
PCNSL, and should be evaluated in comparative studies.

New drugs

Pemetrexed. In addition to inhibiting dihydrofolate reductase,
pemetrexed targets other sites of inhibition, giving it a broader
spectrum of activity than methotrexate (55). This suggests
that pemetrexed may be effective in PCNSL. Altman er al
reported a Phase II trial in 8 patients with recurrent PCNSL
who were treated with pemetrexed (900 mg/m?) every 3 weeks
(56). Most patients had large B-cell lymphoma, except for
one who had a low-grade lymphoma. Most of the patients
demonstrated a radiographic response, with the exception of
the low-grade lymphoma patient, who had stable disease (SD).
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The response rate was 62.5% (3 CR, 3 PR, 2 SD). The PFS of
the CR cases was 3, 5 or 11 months. Five patients had CTC
grade 3/4 hematological toxicity and 3 patients CTC grade 3/4
infection. This regimen exhibited minimal toxicity, however a
potential neurotoxicity issue should be clarified since this drug
is a dihydrofolate reductase inhibitor similar to methotrexate.

3. Conclusions

No standard therapy exists for relapsed PCNSL patients;
however, numerous regimens have been used with variable
results (Table I). Treatment options in such patients
include WBRT; the reinduction of methotrexate in patients
who previously responded to methotrexate; alternative
chemotherapy agents including temozolomide, rituximab,
procarbazine, nitrosourea, vincristine or cytarabine, or high
dose chemotherapy followed by stem-cell rescue. A salvage
treatment schedule should include drugs that can cross the
BBB and agents with some efficacy as primary treatment,
such as HD-MTX, cytarabine, vincristine, procarbazine or
nitrosoureas (57-59). Radiotherapy constitutes an option for
unirradiated patients. Re-treatment with HD-MTX may be an
option in patients who relapse after prolonged initial CR to this
agent and who did not receive prior radiotherapy. The use of
temozolomide with or without rituximab in relapsed PCNSL
after an initial chemoradiotherapy regimen is recommended in
elderly patients. This may be performed with minimal toxicity.
There are several papers supporting the effects of high-dose
chemotherapy with autologous stem-cell transplantation,
although these studies were for patients with PCNSL as
first-line therapy (60,61). Combination chemotherapy and
high-dose chemotherapy with stem-cell transplantation should
be encouraged in prospective trials with younger or better
performance status patients, and as a salvage treatment in
recurrentand refractory patients following achemoradiotherapy
regimen.

DLBCL is believed to be a heterogeneous diagnostic
category (62). Gene-expression profiling studies of systemic
lymphoma have distinguished 3 molecular subtypes of DLBCL
known as ‘germinal center B-like’ (GCB) DLBCL, ‘activated
B-cell-like’ (ABC) DLBCL and ‘primary mediastinal B-cell
lymphoma’ (PMBL) (63-67). GCB DLBCLs seem to arise
from normal germinal center B-cells, ABC DLBCLs may
arise from postgerminal center B-cells that are arrested during
plasmacytic differentiation, and PMBLs may arise from
thymic B-cells (68). Patients with these DLBCL subtypes have
significantly different survival rates following chemotherapy
(63-66), leading to the current proposal that they represent
distinct biological disease entities (68). The histogenetic
derivation of PCNSL is poorly understood. Because the CNS
lacks lymph nodes and lymphatics, it has been hypothesized
that PCNSL may originate from B-cells derived from systemic
lymphoid tissues that traffic in and out of the CNS (69). The
molecular pathogenesis of PCNSL is also uncertain, but it is
important that it is investigated further to enable the molecular
classification and diagnosis of PCNSL. Ongoing studies should
aim to clarify the clinical relevance of PCNSL phenotype
heterogeneity in terms of the host's response to treatment and
outcome, to identify biomarkers in a cohort of patients with
PCNSL and to develop tailored therapy.
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Apart from its rarity, there are several difficulties in

treating PCNSL. For example, the aggressive course of
relapsing PCNSL results in impaired performance status
and neurological deterioration, usually in elderly patients.
Because most reported studies have been retrospective,
used undersized patient groups and involved heterogenous
regimens, no conclusions can be drawn for an optimal regimen.
Positive observations therefore remain to be confirmed in
randomized trials. The inclusion of patients with relapsed or
refractory PCNSL in prospective trials addressing new active
agents or combinations is troublesome, but should be further
recommended.
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