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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.

Contents

1. introduction
2. Second-line treatment after failed response to high-dose  
 methotrexate
3. conclusions

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 

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 

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/m2/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 et 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. 90y-ibritumomab tiuxetan (Zevalin) is a murine 
anti-cd20 covalently linked to the high-energy β-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 111in 
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/m2 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/
m2) 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 

or refractory PcnSl in a retrospective study (33). Treatment 
cycles over 28 days were: rituximab (750 mg/m2) on days 1, 
8, 15 and 22, and temozolomide (100-200 mg/m2) 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/m2 

20 min before the mannitol infusion; subsequently, carboplatin 
was administered ia at a dose of 200-400 mg/m2 over 10 min, 
starting within 5 min of the mannitol infusion. etoposide was 
administered ia or i.v. at a dose of 200-400 mg/m2. 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). ifosfamide, 
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 vP16, 
ifosfamide and ara-c (via) chemotherapy as a salvage 
treatment. via included etoposide (100 mg/m2 on days 1-3), 
ifosfamide (1000 mg/m2 on days 1-5) and cytarabine (2000 mg/
m2/12 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 cyve. 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 cyve 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 et al 
reported a Phase ii trial in 8 patients with recurrent PcnSl 
who were treated with pemetrexed (900 mg/m2) 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). 

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 
recurrent and refractory patients following a chemoradiotherapy 
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.

References

  1. Panageas kS, elkin eB, deangelis lM, Ben-Porat l and 
abrey le: Trends in survival from primary central nervous system 
lymphoma, 1975-1999: a population-based analysis. cancer 104: 
2466-2472, 2005.

  2. eby nl, grufferman S, Flannelly cM, et al: increasing incidence 
of primary brain lymphoma in the uS. cancer 62: 2461-2465, 
1988.

  3. cote Tr, Manns a, Hardy cr, yellin FJ and Hartge P: 
epidemiology of brain lymphoma among people with or without 
acquired immunodeficiency syndrome. AIDS/Cancer Study 
group. J natl cancer inst 88: 675-679, 1996.

  4. olson Je, Janney ca, rao rd, et al: The continuing increase in 
the incidence of primary central nervous system non-Hodgkin's 
lymphoma: a surveillance, epidemiology and end results analysis. 
cancer 95: 1504-1510, 2002.

  5. Fine Ha and Mayer rJ: Primary central nervous system 
lymphoma. ann intern Med 119: 1093-1104, 1993.

  6. küker W, nägele T, korfel a, et al: Primary central nervous 
system lymphomas (PcnSl): Mri features at presentation in 
100 patients. J neurooncol 72: 169-177, 2005.

  7. Herrlinger u, Schabet M, eichhorn M, et al: Prolonged corti-
costeroid-induced remission in primary central nervous system 
lymphoma: report of a case and review of the literature. eur 
neurol 36: 241-243, 1996.

  8. endo S, Zhang SJ, Saito T, et al: Primary malignant lymphoma of 
the brain: mutation pattern of rearranged immunoglobulin heavy 
chain gene. Jpn J cancer res 93: 1308-1316, 2002.

  9. Harris nl, Jaffe eS, Stein H, et al: a revised european-american 
classification of lymphoid neoplasms: a proposal from the 
international lymphoma Study group. Blood 84: 1361-1392, 
1994.

10. abrey le, yahalom J and deangelis lM: Treatment for primary 
cnS lymphoma: the next step. J clin oncol 18: 3144-3150, 
2000.

11. deangelis lM, yahalom J, Heinemann MH, et al: Primary cnS 
lymphoma: combined treatment with chemotherapy and radio-
therapy. neurology 40: 80-86, 1990.

12. Ferreri aJ, reni M, dell'oro S, et al: combined treatment with 
high-dose methotrexate, vincristine and procarbazine, without 
intrathecal chemotherapy, followed by consolidation radiotherapy 
for primary central nervous system lymphoma in immunocompe-
tent patients. oncology 60: 134-140, 2001.

13. gavrilovic iT, Hormigo a, yahalom J, deangelis lM and 
abrey le: long-term follow-up of high-dose methotrexate-
based therapy with and without whole brain irradiation for newly 
diagnosed primary cnS lymphoma. J clin oncol 24: 4570-4574, 
2006.

14. glass J, gruber Ml, cher l and Hochberg FH: Preirradiation 
methotrexate chemotherapy of primary central nervous system 
lymphoma: long-term outcome. J neurosurg 81: 188-195, 1994.

15. Poortmans PM, kluin-nelemans Hc, Haaxma-reiche H, et al: 
High-dose methotrexate-based chemotherapy followed by con-
solidating radiotherapy in non-aidS-related primary central 
nervous system lymphoma: european organization for research 
and Treatment of cancer lymphoma group Phase ii Trial 20962. 
J clin oncol 21: 4483-4488, 2003.

16. abrey le, deangelis lM and yahalom J: long-term survival in 
primary cnS lymphoma. J clin oncol 16: 859-863, 1998.

17. Freilich rJ, delattre Jy, Monjour a and deangelis lM: 
chemotherapy without radiation therapy as initial treatment 
for primary cnS lymphoma in older patients. neurology 46: 
435-439, 1996.

18. Batchelor T, carson k, o'neill a, et al: Treatment of primary 
cnS lymphoma with methotrexate and deferred radiotherapy: a 
report of naBTT 96-07. J clin oncol 21: 1044-1049, 2003.

19. cher l, glass J, Harsh gr and Hochberg FH: Therapy of 
primary cnS lymphoma with methotrexate-based chemotherapy 
and deferred radiotherapy: preliminary results. neurology 46: 
1757-1759, 1996.

20. guha-Thakurta n, damek d, Pollack c, et al: intravenous 
methotrexate as initial treatment for primary central nervous 
system lymphoma: response to therapy and quality of life of 
patients. J neurooncol 43: 259-268, 1999.

21. Mcallister ld, doolittle nd, guastadisegni Pe, et al: cognitive 
outcomes and long-term follow-up results after enhanced chemo-
therapy delivery for primary central nervous system lymphoma. 
neurosurgery 46: 51-60, 2000.

22. desablens B, gardembas M and Haie-Meder cH: Primary central 
nervous system lymphoma: long term results of the goelaMS 
lcP 88 trial with a focus on neurological complications among 
152 patients. ann oncol 10: abs. 040, 1999.

23. reni M, Ferreri aJ and villa e: Second-line treatment for primary 
central nervous system lymphoma. Br J cancer 79: 530-534, 
1999.

24. Murray k, kun l and cox J: Primary malignant lymphoma of 
the central nervous system. results of treatment of 11 cases and 
review of the literature. J neurosurg 65: 600-607, 1986.

25. nguyen Pl, chakravarti a, Finkelstein dM, et al: results of 
whole-brain radiation as salvage of methotrexate failure for 
immunocompetent patients with primary cnS lymphoma. J clin 
oncol 23: 1507-1513, 2005.

26. Hottinger aF, deangelis lM, yahalom J and abrey le: Salvage 
whole brain radiotherapy for recurrent or refractory primary cnS 
lymphoma. neurology 69: 1178-1182, 2007.

27. Plotkin Sr, Betensky ra, Hochberg FH, et al: Treatment of 
relapsed central nervous system lymphoma with high-dose 
methotrexate. clin cancer res 10: 5643-5646, 2004.

28. reni M, Zaja F, Mason W, et al: Temozolomide as salvage 
treatment in primary brain lymphomas. Br J cancer 96: 864-867, 
2007.

29. rubenstein Jl, Fridlyand J, abrey l, et al: Phase i study of intraven-
tricular administration of rituximab in patients with recurrent cnS 
and intraocular lymphoma. J clin oncol 25: 1350-1356, 2007.

30. Maza S, kiewe P, Munz dl, et al: First report on a prospective 
trial with yttrium-90-labeled ibritumomab tiuxetan (Zevalin™) in 
primary cnS lymphoma. neuro oncol 11: 423-429, 2009.

31. Fischer l, Thiel e, klasen Ha, et al: Prospective trial on topotecan 
salvage therapy in primary cnS lymphoma. ann oncol 17: 
1141-1145, 2006.

32. voloschin ad, Betensky r, Wen Py, Hochberg F and Batchelor T: 
Topotecan as salvage therapy for relapsed or refractory primary 
central nervous system lymphoma. J neurooncol 86: 211-215, 
2008.

33. enting rH, demopoulos a, deangelis lM and abrey le: 
Salvage therapy for primary cnS lymphoma with a combination 
of rituximab and temozolomide. neurology 63: 901-903, 2004.

34. Tyson rM, Siegal T, doolittle nd, et al: current status and future 
of relapsed primary central nervous system lymphoma (PcnSl). 
leuk lymphoma 44: 627-633, 2003.

35. arellano-rodrigo e, lópez-guillermo a, Bessell eM, et al: 
Salvage treatment with etoposide (vP-16), ifosfamide and cytara-
bine (ara-c) for patients with recurrent primary central nervous 
system lymphoma. eur J Haematol 70: 219-224, 2003.

36. Soussain c, Hoang-Xuan k, Taillandier l, et al: intensive 
chemotherapy followed by hematopoietic stem-cell rescue for 
refractory and recurrent primary cnS and intraocular lymphoma. 
J clin oncol 26: 2512-2518, 2008.

37. nelson dF, Martz kl, Bonner H, et al: non-Hodgkin's lymphoma 
of the brain: can high dose, large volume radiation therapy 
improve survival? report on a prospective trial by the radiation 
Therapy oncology group (rTog): rTog 8315. int J radiat 
oncol Biol Phys 23: 9-17, 1992.

38. rubenstein Jl, combs d, rosenberg J, et al: rituximab therapy 
for cnS lymphomas: targeting the leptomeningeal compartment. 
Blood 101: 466-468, 2003.

39. Coiffier B, Lepage E, Briere J, et al: cHoP chemotherapy plus 
rituximab compared with cHoP alone in elderly patients with 
diffuse large-B-cell lymphoma. n engl J Med 346: 235-242, 2002.

40. Shenkier Tn, voss n, chhanabhai M, et al: The treatment of primary 
central nervous system lymphoma in 122 immunocompetent 
patients: a population-based study of successively treated 
cohorts from the British colombia cancer agency. cancer 103: 
1008-1017, 2005.



Molecular Medicine rePorTS  2:  879-885,  2009 885

41. yamanaka r, Morii k, Shinbo y, et al: results of treatment of 112 
cases of primary cnS lymphoma. Jpn J clin oncol 38: 373-380, 
2008.

42. krishnan a, nademanee a, Fung Hc, et al: Phase ii trial of a 
transplantation regimen of yttrium-90 ibritumomab tiuxetan 
and high-dose chemotherapy in patients with non-Hodgkin's 
lymphoma. J clin oncol 26: 90-95, 2008.

43. kancherla rr, nair JS, ahmed T, et al: evaluation of topotecan 
and etoposide for non-Hodgkin lymphoma: correlation of 
topoisomerase-dna complex formation with clinical response. 
cancer 91: 463-471, 2001.

44. Herben vM, Ten Bokkel Huinink WW and Beijnen JH: clinical 
pharmacokinetics of topotecan. clin Pharmacokinet 31: 85-102, 
1996.

45. Zelenetz ad, Hamlin P, kewalramani T, et al: ifosfamide, carbo-
platin, etoposide (ice)-based second-line chemotherapy for the 
management of relapsed and refractory aggressive non-Hodgkin's 
lymphoma. ann oncol 14: 5-10, 2003.

46. Pels H, Schmidt-Wolf ig, glasmacher a, et al: Primary central 
nervous system lymphoma: results of a pilot and phase ii study 
of systemic and intraventricular chemotherapy with deferred 
radiotherapy. J clin oncol 21: 4489-4495, 2003.

47. kroll ra and neuwelt ea: outwitting the blood-brain barrier 
for therapeutic purposes: osmotic opening and other means. 
neurosurgery 42: 1083-1099, 1998.

48. neuwelt ea, Barnett Pa, Mccormick ci, et al: differential 
permeability of a human brain tumor xenograft in the nude rat: 
impact of tumor size and method of administration on optimizing 
delivery of biologically diverse agents. clin cancer res 4: 
1549-1555, 1998.

49. Muldoon ll, Soussain c, Jahnke k, et al: chemotherapy delivery 
issues in central nervous system malignancy: a reality check. 
J clin oncol 25: 2295-2305, 2007.

50. cabanillas F, Hagemeister FB, Bodey gP and Freireich eJ: 
iMvP-16: an effective regimen for patients with lymphoma who 
have relapsed after initial combination chemotherapy. Blood 60: 
693-697, 1982.

51. lópez r, Martino r, Brunet S, et al: Salvage chemotherapy 
with iaPvP-16 for advanced refractory or relapsed follicular 
lymphomas. Haematologica 84: 911-916, 1999.

52. Heideman rl, cole de, Balis F, et al: Phase i and pharmacokinetic 
evaluation of thiotepa in the cerebrospinal fluid and plasma of 
pediatric patients: evidence for dose-dependent plasma clearance 
of thiotepa. cancer res 49: 736-741, 1989.

53. Hassan M, oberg g, ericson k, et al: in vivo distribution of 
[11c]-busulfan in cynomolgus monkey and in the brain of a 
human patient. cancer chemother Pharmacol 30: 81-85, 1992.

54. Soussain c, Patte c, ostronoff M, et al: Small noncleaved cell 
lymphoma and leukemia in adults. a retrospective study of 
65 adults treated with the lMB pediatric protocols. Blood 85: 
664-674, 1995.

55. chattopadhyay S, Moran rg and goldman id: Pemetrexed: 
biochemical and cellular pharmacology, mechanisms and clinical 
applications. Mol cancer Ther 6: 404-417, 2007.

56. altman Jk, Tellez c, chandler J, et al: Phase ii trial of recurrent 
primary cnS lymphoma (PcnSl) treated with pemetrexed. J 
clin oncol 26: abs. 2075, 2008.

57. deangelis lM, yahalom J, Thaler HT and kher u: combined 
modality therapy for primary cnS lymphoma. J clin oncol 10: 
635-643, 1992.

58. Bessell eM, graus F, Punt Ja, et al: Primary non-Hodgkin's 
lymphoma of the cnS treated with BvaM or cHod/BvaM che-
motherapy before radiotherapy. J clin oncol 14: 945-954, 1996.

59. reni M, Ferreri aJ, garancini MP and villa e: Therapeutic 
management of primary central nervous system lymphoma in 
immunocompetent patients: results of a critical review of the 
literature. ann oncol 8: 227-234, 1997.

60. illerhaus g, Marks r, ihorst g, et al: High-dose chemotherapy 
with autologous stem-cell transplantation and hyperfractionated 
radiotherapy as first-line treatment of primary CNS lymphoma. J 
clin oncol 24: 3865-3870, 2006.

61. Montemurro M, kiefer T, Schüler F, et al: Primary central 
nervous system lymphoma treated with high-dose methotrexate, 
high-dose busulfan/thiotepa, autologous stem-cell transplanta-
tion and response-adapted whole-brain radiotherapy: results of 
the multicenter ostdeutsche Studiengruppe Hamato-onkologie 
oSHo-53 phase ii study. ann oncol 18: 665-671, 2007.

62. Coiffier B: Diffuse large cell lymphoma. Curr Opin Oncol 13: 
325-334, 2001.

63. alizadeh aa, eisen MB, davis re, et al: distinct types of diffuse 
large B-cell lymphoma identified by gene expression profiling. 
nature 403: 503-511, 2000.

64. rosenwald a, Wright g, chan Wc, et al: The use of molecular 
profiling to predict survival after chemotherapy for diffuse large 
B-cell lymphoma. n engl J Med 346: 1937-1947, 2002.

65. Wright g, Tan B, rosenwald a, et al: a gene expression-based 
method to diagnose clinically distinct subgroups of diffuse large 
B-cell lymphoma. Proc natl acad Sci uSa 100: 9991-9996, 2003.

66. rosenwald a, Wright g, leroy k, et al: Molecular diagnosis 
of primary mediastinal B cell lymphoma identifies a clinically 
favorable subgroup of diffuse large B-cell lymphoma related to 
Hodgkin lymphoma. J exp Med 198: 851-862, 2003.

67. Savage kJ, Monti S, kutok Jl, et al: The molecular signature 
of mediastinal large B-cell lymphoma differs from that of other 
diffuse large B-cell lymphomas and shares features with classical 
Hodgkin lymphoma. Blood 102: 3871-3879, 2003.

68. Staudt lM and dave S: The biology of human lymphoid 
malignancies revealed by gene expression profiling. Adv Immunol 
87: 163-208, 2005.

69. Fine HA and Loeffler JS: Primary central nervous system 
lymphoma. in: The lymphomas. canellos gP, lister Ta and 
Sklar Jl (eds). WB Saunders, Philadelphia, pp481-494, 1998.


