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Abstract. Rituximab (RTX) improves the outcome in patients 
with systemic diffuse large B‑cell lymphoma (DLBCL), 
but its benefit in primary central nervous system lymphoma 
(PCNSL) is unclear. In the present study, a single‑institution 
retrospective analysis was performed for 12 patients with 
newly diagnosed PCNSL treated with combined high‑dose 
methotrexate (HD‑MTX) and RTX. MTX was administered 
biweekly at 8  g/m2/dose until a complete response (CR) 
was achieved or for a maximum of eight doses. RTX was 
provided for a total of eight weekly doses at 375 mg/m2/dose. 
Following a median of 11 cycles of MTX, the radiographic 
overall response rate was 91% and the CR rate was 58%. A CR 
was achieved after a median 6 cycles of MTX. The median 
progression‑free survival time was 22 months and the median 
overall survival time has not yet been attained. These results 
compare favorably to single‑agent HD‑MTX and suggest a 
role for immunochemotherapy in the treatment of PCNSL.

Introduction

Primary central nervous system lymphoma (PCNSL) is a 
predominantly extranodal non‑Hodgkin's B‑cell lymphoma 
(NHL) of the brain, spinal cord, leptomeninges and eyes, 
with an incidence of 0.47 cases per 100,000 person‑years (1). 
Traditional therapies for systemic NHL, such as the cyclophos-
phamide, doxorubicin, vincristine and prednisone (CHOP) 
regimen, have proven to be ineffective in PCNSL, presumably 
due to poor drug penetration across the blood‑brain barrier 
(BBB) (2). In the past, whole‑brain radiation therapy (WBRT) 
was considered to be the first‑line treatment for PCNSL due to 
high complete response rates (CRRs) of up to 90% (3). However, 
the median overall survival (OS) time and 2‑year survival 

rate were only 12‑17 months and 28‑40%, respectively (4,5). 
Subsequent trials demonstrated improved median OS times 
with combined WBRT and methotrexate (MTX)‑based 
chemotherapy, prolonging the OS time from 11.5 months with 
WBRT alone (4) to 33‑60 months with combined therapy (6‑8). 
However, this regimen carries a significant risk of delayed 
neurotoxicity (7,9), and therefore WBRT is usually delayed or 
avoided and reserved for cases of tumor recurrence. Several 
trials have investigated the efficacy of single‑agent high‑dose 
MTX (HD‑MTX) and found variable CRRs ranging from 
29‑52%  (10,11). There is now increasing evidence that 
MTX‑based polychemotherapy is superior to HD‑MTX alone, 
for instance, when MTX is combined with HD‑cytarabine 
(Ara‑C) or ifosfamide (12,13). Furthermore, rituximab (RTX) 
is now frequently combined with single‑agent HD‑MTX or 
MTX‑based polychemotherapy, based on observations that the 
addition of RTX results in improved response rates (14‑18). 
The present study reports the experience of a single institu-
tion as a retrospective case series of 12 patients with newly 
diagnosed PCNSL treated with HD‑MTX and RTX.

Patients and methods

Patient selection criteria. Following Institutional Review 
Board (IRB) approval by the University of Washington 
Medical Center (Seattle, WA, USA), a retrospective chart 
review was performed of patients with PCNSL at our institu-
tion between 2007 and 2011. Inclusion criteria consisted of an 
age ≥18 years, a Karnofsky performance status (KPS) of ≥50%, 
magnetic resonance imaging (MRI) evidence of disease and a 
histologically proven diagnosis. Exclusion criteria consisted 
of the presence of other types of malignancy and an immu-
nocompromised state. All patients underwent staging with 
computed tomography (CT) of the chest, abdomen and pelvis, 
as well as an ophthalmological examination. In addition, all 
males underwent a testicular examination and ultrasound to 
exclude the presence of testicular lymphoma. A diagnosis of 
PCNSL was made by histopathological confirmation of either 
biopsy or cerebrospinal fluid (CSF) studies.

Treatment regimen. Patients underwent induction therapy with 
combined biweekly HD‑MTX (8 g/m2/dose) and weekly RTX 
(375 mg/m2/dose). HD‑MTX was administered intravenously 
over 4 h with anti‑emetic premedication and with or without 
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concurrent dexamethasone. All patients received aggres-
sive hydration prior to and after HD‑MTX infusion (sterile 
water + 150 mEq/l of NaHCO3+20 mEq/l of KCl infused at 
150‑200 cc/h over 4 h) to maintain a urine output of ≥100 ml/h 
and a urinary pH of >7, until serum MTX levels had decreased 
to ≤0.1 µM/l. Serum MTX levels were monitored daily. Leucov-
orin rescue was initiated 24 h after completion of MTX infusion 
and administered at 25 mg every 6 h until serum MTX levels 
were ≤0.1 µM/l. Leucovorin dosing was increased in cases of 
slow MTX clearance. All patients were instructed to continue 
leucovorin at 25 mg orally every 6 h for 2 days following 
discharge. HD‑MTX during induction was administered until a 
CR was achieved by MRI criteria. In the absence of a CR, MTX 
was administered for a maximum of eight biweekly doses. RTX 
was provided for a total of eight weekly doses.

Responders to the induction regimen received consolida-
tion treatment with 2 additional cycles of biweekly HD‑MTX, 
followed by maintenance treatment with monthly HD‑MTX 
for up to 12 months. The duration of maintenance treatment 
was primarily limited by drug toxicity according to the 
National Cancer Institute Common Toxicity Criteria 
(version  4.0; http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_ 
4.03_2010‑06‑14_QuickReference_5x7.pdf).

Endpoints and response criteria. The primary end point was 
radiographic response, assessed by contrast‑enhanced MRI 
every 2 cycles during induction and every 2 months thereafter.

Response was classified according to standard radiographic 
criteria as a CR, partial response (PR), stable disease (SD) 
or progressive disease (PD). A CR was defined as complete 
resolution of all contrast‑enhanced lesions. A PR was defined 
as a >50% reduction in size of contrast‑enhancing lesions, and 
PD was defined as an increase in size by >25%. All other situ-
ations were classified as SD.

OS time was measured as the time between the patho-
logical diagnosis and mortality or the time of last follow‑up. 
Progression‑free survival (PFS) time was defined as the time 
between the start of treatment and the day of radiographic 
progression.

Results

Demographics. A total of 12 patients were included in the 
present study (6 females and 6 males). The median patient age 
at the time of diagnosis was 62.5 years (range, 19‑78 years). 
The median KPS was 80% (range, 50‑100%). Patient charac-
teristics are listed in Table I.

Neurological manifestations. The most common symptoms 
were cognitive dysfunction (n=5), including word‑finding 
difficulties and altered mental status, and ataxia and incoor-
dination (n=4). Furthermore, 3 patients experienced vision 
changes and focal weakness. Less commonly observed symp-
toms consisted of headaches (n=2), sensory changes (n=2) and 
seizures (n=1).

Tissue diagnosis and imaging. Tissue diagnosis was made 
either by biopsy (n=10), resection (n=1; case 4) or CSF analysis 
(n=1; case 9). Biopsy alone was diagnostic in 83% of patients 
(n=10) and revealed diffuse large B‑cell lymphoma (DLBCL), 

based on characteristic cellular morphology and antigen 
expression profile, including positivity for CD19, CD20 and 
CD45. CSF analysis in case 9 showed a clonal population 
of abnormal B cells. In total, 2 patients underwent a biopsy 
after non‑diagnostic flow cytometry and cytology from CSF 
analysis (cases 3 and 6).

All patients underwent MRI of the brain and entire spine. 
Characteristic imaging findings included homogenously 
enhancing periventricular white matter lesions with associated 
diffusion restriction, although exceptions to these features 
were observed as well. Systemic involvement of lymphoma 
was excluded in 10 subjects by CT of the chest, abdomen and 
pelvis. Cases 2 and 4 underwent whole‑body positron emission 
tomography (PET)‑CT instead of CT of the chest, abdomen 
and pelvis. CT in case 9 revealed pulmonary nodules, but 
subsequent PET‑CT excluded 18F‑fluorodeoxyglucose avidity. 
None of the patients presented with intra‑ocular involvement 
of lymphoma.

Treatment and treatment response. A total of 109 cycles of 
MTX were administered (104 induction and 5 maintenance 
cycles), with a mean of 8.6 cycles and a median of 11 cycles 
(range, 2‑15 cycles).

The most commonly encountered side effects were fatigue 
(n=4), anemia, neutropenia, nausea and renal dysfunction (n=3 
each). While 2 individuals experienced transient transami-
nitis, 1 patient presented with thrombocytopenia and 1 with an 
RTX‑related infusion reaction. Grade 3 toxicities were identi-
fied in 2 patients: Case 7 was affected by severe mucositis, 
febrile neutropenia, anemia and thrombocytopenia, requiring 
transfusion of blood products; case 5 was also transfused due 
to anemia. No toxicity was reported in 1 patient (case 11) and 
data was unavailable for another (case 9). No grade 4 toxici-
ties were observed.

Salvage therapy was administered to 7  patients; 4  of 
these (cases 1, 4, 8 and 12) received intrathecal Ara‑C alone 
or in combination with HD‑MTX. Case 2 was re‑challenged 
with 8 cycles of RTX and 1 cycle of temozolomide (TMZ), 
followed by gamma‑knife stereotactic radiosurgery and 
WBRT. Case  10 received HD‑MTX as salvage treatment 
prior to undergoing autologous peripheral blood stem cell 
transplantation (ASCT). Two additional patients (cases 11 
and 12) underwent ASCT after achieving a CR.

The mean overall response rate (ORR) to treatment 
was 91.7% (11 out of 12 patients). A CR was achieved in 
7 patients (58.3%) and a PR in 4 patients (33.3%). Survival 
data was not available for case 9. A median of 6 cycles of 
MTX (range, 4‑19 cycles) had to be administered to achieve 
a CR (Fig. 1). In total, 3 patients (cases 1, 2 and 10) had 
recurrent disease after a median PFS time of 22.1 months 
(range, 6‑27.7 months; Fig. 2). Seven patients did not expe-
rience disease progression after achieving a CR or PR 
(cases 3‑8 and 11). At the time of data analysis, 10 out of 
12 patients were alive after a median time of 8.5 months 
(range, 2.9‑17.9 months) following treatment response. Case 2 
succumbed to complications associated with pneumonia and 
a pulmonary embolus. Case 12 underwent an ASCT as part 
of salvage therapy and succumbed to respiratory failure asso-
ciated with lymphocytic alveolitis and a drug reaction with 
eosinophilia and systemic symptoms.
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Discussion

The optimal treatment for PCNSL is unknown. Previous studies 
have demonstrated improved survival with combined WBRT 
and MTX‑based therapy; however, this regimen is associated 
with significant risks of delayed neurotoxicity, particularly in 
patients >60 years old, manifesting as cognitive dysfunction, 
which can progress to dementia with gait ataxia and inconti-
nence (19,20). MTX remains the cornerstone of therapy and 
mounting evidence suggests that MTX‑based polychemo-
therapy improves survival (14,16). WBRT tends to be reserved 
for recurrent disease or those unable to receive chemotherapy.

RTX is a chimeric monoclonal antibody against the 
CD20 antigen on B lymphocytes, which is present in the vast 
majority of patients with systemic NHL and PCNSL (21). 
Administration of RTX improves the outcome in patients with 
systemic DLBCL, reduces the rate of CNS relapse in high‑risk 
disease, and in conjunction with the CHOP regimen, has 
become a standard component of treatment for DLBCL (22). 
The mechanism of action for RTX includes comple-
ment‑mediated and antibody‑dependent cellular cytotoxicity, 
as well as the antibody‑induced inhibition of cell growth and 
apoptosis (21). However, the clinical effects of RTX in PCNSL 
are unclear. Although RTX has poor BBB penetration due to 

its large molecular size, a certain degree of therapeutic drug 
level is achieved (~1.5% of serum concentration) (23), likely 
due to disruption of the BBB by the tumor itself. This explains 
the rationale for using RTX in the induction phase of treatment 
only when BBB permeability is highest due to increased tumor 
burden.

To date, no randomized controlled trials of combined 
HD‑MTX and RTX have been conducted, and treatment 
protocols are largely institution‑dependent. However, multiple 
prospective and retrospective studies have indicated that the 
addition of RTX to MTX‑based chemotherapy may improve 
response rates and PFS times compared with single‑agent 
HD‑MTX (Table II). In one prospective single‑arm study (16), 
patients received induction chemotherapy with an RTX, MTX, 
vincristine and procarbazine regimen, and achieved an ORR of 
93% and a CRR of 78%. Another study investigated combined 
RTX, MTX and ifosfamide therapy, and found that the addition 
of RTX resulted in an improved CRR (100%) and 6‑month PFS 
(PFS‑6) rate (94%) compared with MTX and ifosfamide alone 
(CRR, 68%; PFS‑6, 63%) (15). Two previous studies evaluated 
combined HD‑MTX and RTX (14,24). Chamberlain and John-
ston  (14) conducted a prospective phase  II trial using this 
regimen and reported a ORR and CRR of 80 and 60%, respec-
tively. These results are similar to those of the present study 
(ORR, 91%; CRR, 58%), although there were certain differences 
in trial design. While the patients in the present study received 
weekly RTX for a maximum of 8 cycles or until a radiographic 
CR was achieved, patients in the previous study were admin-
istered a median of 4 cycles of RTX (range, 4‑6 cycles) every 
2 weeks (14). It is unknown whether more frequent administra-
tion of RTX is associated with improved survival, as median 
OS time had not been attained in the present cohort at the time 
of data analysis. Notably, toxicity from RTX was limited to 
grade 3 or less in the patients, suggesting that additional cycles 
of RTX were relatively well tolerated. Holdhoff et al (24) treated 
27 patients with the same combination regimen as in the present 
study and compared the response with that of patients who 
received single‑agent HD‑MTX at their institution. The study 
found that the addition of RTX resulted in an improved CRR 
(89%) and PFS time (27 months). Similar to the present study, 
OS had not been reached in those receiving HD‑MTX and RTX.

RTX may also be beneficial in individuals ≥65 years of 
age. Treatment of this group is particularly challenging since 
WBRT and HD‑MTX are notoriously associated with late 
neurotoxicity (19,20). In a prospective study of 28 patients 
receiving RTX, HD‑MTX, procarbazine and lomustine 
(R‑MCP) (18), the ORR (82%) and CRR (64%) were compa-
rable to response rates in younger subjects. OS and PFS times 
were also prolonged with the addition of RTX when compared 
with a previous single‑arm study  (25) using MCP alone 
(R‑MCP group: OS, 17.5 months and PFS, 16 months; MCP 
group: OS, 15.4 months and PFS, 5.9 months).

Lastly, there is inconclusive data on the optimal treatment 
for recurrent PCNSL. The median OS time in recurrent or 
progressive PCNSL is ~4.5 months (26). Since the majority 
of patients are older (>60 years) at the time of relapse, regi-
mens with minimal toxicity are preferred. Single‑agent RTX 
in 12 patients with recurrent PCNSL resulted in an ORR and 
CRR of 36 and 27%, respectively, and a median OS time of 
21 months (27). By contrast, data from two small retrospective 

Figure 1. CR with regard to number of administered MTX cycles. The 
number of patients achieving CR increases with the number of MTX cycles. 
A minimum of four cycles of MTX had to be administered to achieve a CR. 
After six cycles, 4 patients had achieved a CR. CR, complete response; MTX, 
methotrexate.

Figure 2. Kaplan‑Meier estimate of the PFS of three patients (cases 1, 
2 and 10) who experienced disease progression after initially achieving a 
complete response to high‑dose methotrexate and rituximab. The median 
PFS time was 22.1 months. PFS, progression‑free survival.
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case series suggested that combined RTX and TMZ was well 
tolerated and resulted in a higher ORR (53‑100%), but a shorter 
OS time (8‑14 months) (28,29).

The power of the present study is limited by the small 
number of patients, the lack of randomized data and its 
retrospective nature. Nonetheless, the results support the 
observation that addition of RTX to HD‑MTX imparts a 
survival benefit compared with single‑agent HD‑MTX. Future 
randomized controlled trials will provide further insight into 
the efficacy of RTX in PCNSL treatment. Currently, these 
include the HOVON 105 PCNSL/ALLG NHL24 trial (trial 
number, EudraCT 2009‑014722‑42) and the International 
Extranodal Lymphoma Study Group (IELSG)‑32 trial (trial 
number,  NCT01011920). The former randomizes patients 
to either a MTX, teniposide, carmustine and prednisolone 
(MBVP) regimen or a RTX + MBVP regimen, followed by 
consolidation with Ara‑C. The IELSG‑32 trial randomizes 
patients to either MTX + Ara‑C, MTX + Ara‑C + RTX or 
MTX  +  Ara‑C  +  RTX  +  thiotepa. It further randomizes 
patients who achieve a CR to any of these regimens to consoli-
dation treatment with WBRT or HD‑chemotherapy + ASCT.

In conclusion, the addition of RTX to HD‑MTX in the treat-
ment of PCNSL may increase response rates and prolong PFS 
times. It remains unclear whether RTX improves long‑term 
outcome and whether the addition of other chemotherapeutic 
agents ameliorates survival. These questions should ideally be 
evaluated in prospective trials.
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