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Abstract

We initiated a prospective multicenter phase II trial using rituximab and temozolomide in 

immunocompetent patients with progressive or recurrent primary central nervous system 

lymphoma (PCNSL) based on activity observed in retrospective studies. Treatment consisted of an 

induction phase with rituximab (750 mg/m2 ) on days 1, 8, 15 and 22 and temozolomide (150 

mg/m2 ) days 1–7 and 15–21, followed by six cycles of consolidation temozolomide (150–200 

mg/m2 × 5/28 days), followed by maintenance with methylprednisolone (1 g IV every 28 days) 

until progression. Sixteen patients were enrolled, and a complete response was seen in 2/14 (14%) 

evaluable patients. The median progression-free survival was 7 weeks and median overall survival 

was not reached (median follow-up: 37 months). Treatment was well tolerated, but due to slow 

accrual and preliminary analysis suggesting futility, the trial was closed early. Given the overall 

modest activity, this regimen should be reserved for patients who are not candidates for other, 

more aggressive salvage treatments.
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Introduction

The prognosis of primary central nervous system lymphoma (PCNSL) relapsing after initial 

treatment with high-dose methotrexate (HD-MTX) based chemotherapy with or without 

whole brain radiotherapy (WBRT) is poor, and there is no consensus on optimal salvage 

treatments [1]. Available literature on salvage chemotherapy options is limited, mostly based 

on small or retrospective studies reporting variable response rates (RRs) ranging from 31 to 

86% and 1-year overall survival (OS) of 35–57% (Table I); new alternatives are clearly 

needed [2–8].

Temozolomide is an alkylating agent with excellent blood–brain barrier penetration that is 

active in PCNSL [5,9]. In a phase II study of 23 patients with recurrent PCNSL treated with 

single-agent temozolomide, the RR was 31% and 1-year OS was 31% [5].

Rituximab is a chimeric monoclonal antibody against the B-cell specific CD20 antigen and 

has been incorporated into chemotherapeutic regimens for treatment of PCNSL, which is 

most often a CD20 + diffuse large B-cell lymphoma [10]. In a study of 12 patients with 

recurrent PCNSL, confirmed responses were seen in 4/11 patients (36%) treated with single-

agent rituximab, with a median OS of 21 months [8].

Given the favorable toxicity profile, two small retrospective studies combined rituximab and 

temozolomide, and found RRs of 53–100% and 1-year OS of 50–55% [11,12]. To 

investigate this combination in the prospective setting, we initiated a multicenter phase II 

trial through the North American Brain Tumor Consortium (NABTC).

Patients and methods

This protocol was approved by the institutional review boards of all participating centers. 

Immunocompetent patients with progressive or recurrent PCNSL with no limit on number of 

previous recurrences were eligible. Other inclusion criteria consisted of age ≥18, Karnofsky 

performance status (KPS) ≥60%, histological confirmation of PCNSL (brain biopsy, 

positive cerebrospinal fluid [CSF] cytology or vitrectomy), presence of measurable disease 

and radiographic evidence of tumor progression on brain magnetic resonance imaging 

(MRI), white blood cell count (WBC) ≥3000/μL, absolute neutrophil count (ANC) 

≥1500/μL, platelet count ≥100 000/μL, hemoglobin ≥10 g/dL, serum glutamic oxaloacetic 

transaminase (SGOT) and bilirubin < 2 × upper limit of normal, creatinine < 1.5 mg/dL or 

creatinine clearance ≥ 60 mL/min. If patients were on corticosteroids, the dose was required 

to be stable for 5 days; if the dose was increased, a new MRI scan was obtained as baseline. 

Patients with a history of any other active cancer or history of prior exposure to 

temozolomide were excluded. Patients had to have recovered from toxic effects of prior 

therapy (28 days from any investigational drug or cytotoxic therapy, 14 days from 

methotrexate, 42 days from nitrosoureas, 21 days from procarbazine and 7 days from non-

cytotoxic agents). In addition to MRI of the brain, pretreatment evaluation consisted of 

contrast-enhanced computed tomography (CT) of the chest, abdomen and pelvis, complete 

ophthalmologic examination including a slit-lamp examination, and a lumbar puncture for 

CSF cytology. All patients signed an informed consent form.
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Treatment

Induction phase—Treatment consisted of one 28-day cycle as follows: rituximab (750 

mg/m2 intravenously on days 1, 8, 15 and 22) and temozolomide (150 mg/m2 orally on days 

1–7 and 15–21). Following the induction cycle, a MRI scan of the brain was obtained and 

patients proceeded with consolidation therapy if they had stable disease (SD) or a partial 

response (PR). Patients with progressive disease (PD) were taken off protocol.

Consolidation phase—Consolidation treatment consisted of six 28-day cycles of 

temozolomide (150 mg/m2/day on days 1–5). The dose was escalated to 200 mg/m2 after the 

first cycle if there was no evidence of ≥ grade 2 toxicities. MRI of the brain was obtained 

every 8 weeks, and patients with PD were removed from the study.

Long-term maintenance—Following the consolidation phase, methylprednisolone was 

given at a dose of 1 g intravenously every 28 days, indefinitely. MRI of the brain was 

obtained initially every 8 weeks for the first year of maintenance therapy, and every 3 

months thereafter. Patients continued on maintenance until disease progression.

Response criteria

Measurable disease was defined as bi-dimensionally measurable enhancing lesions with 

clearly defined margins by MRI. A complete response (CR) was defined as complete 

disappearance of all measurable disease and no new lesions, while off steroids. A PR was 

defined as ≥50% reduction of all measurable lesions. The corticosteroid dose at the time of 

scan had to be no greater than the maximum dose used in the first 8 weeks from initiation of 

therapy. PD was characterized by a 25% increase in the measurable lesions from baseline, 

clear worsening of any lesion, appearance of a new lesion or clear clinical deterioration. All 

other cases were characterized as SD.

Statistics

The primary endpoint was RR, with a required sample size of 40 patients. The regimen 

would be considered successful if ≥14 patients showed a response. The probability of a 35% 

RR would be 0.10 if the true rate was 25% and 0.92 if the true rate was 45%. Patients in 

whom no response assessment could be made were considered treatment failures. 

Progressionfree survival (PFS) and OS were measured from the start of treatment until 

disease progression or death, respectively. Kaplan–Meier methodology was used for 

survival analysis.

Results

After the first 16 patients were enrolled, the study was terminated early due to slow accrual 

and preliminary analysis suggesting futility. The study remained open from 2005 to 2008. 

Among the enrolled patients, 12 (75%) were women and 4 (25%) were men. The median 

age was 63 years (range, 42–79 y) and median KPS was 90% (range, 60–100%). Based on 

the Memorial Sloan-Kettering Cancer Center prognostic model, 3 patients were classified as 

class 1 (Age <50 years), 8 patients as class 2 (Age ≥50, KPS ≥70), and 2 patients as class 3 

(Age ≥50, KPS <70). The KPS on the remaining 3 patients was not available; they were ≥50 
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years of age. The number of previous relapses was 1 in 11 patients, 2 in 2 patients and 3 in 3 

patients. Data on prior chemotherapy was available for 14/16 patients, of whom 13 had 

received a HDMTX based regimen (multidrug regimen: 9, single agent HDMTX: 4). Four 

patients had received prior WBRT in addition to HD-MTX. Three patients had disease 

refractory to first line treatment; all others had recurrent disease after response to initial 

treatment. The median time from initial diagnosis to enrollment on this trial was 1 year 

(range, 0.2–7.5 y).

Response

Fourteen patients were evaluable for response; one died prematurely and one withdrew 

consent before completion of the induction cycle. On the first MRI following the induction 

phase, five patients (two CR, three PR; 36%) showed a radiographic response. However, 

three of those patients showed progression of disease on subsequent MRI. The other two 

patients had their response confirmed on subsequent MRI, both of whom achieved a CR. 

Therefore, the objective RR was 14% (95% confidence interval [CI], 17–43; Figure 1). 

Thirteen patients came off study for PD.

Survival

Median PFS was 7 weeks (95% CI 4–13) and 6-month PFS was 13% (95% CI 2–35) (Figure 

2). Five patients died, four from disease progression and one from an unrelated infection. 

Median OS was not reached (median follow-up: 37 months) (Figure 2). The 1-year OS rate 

was 71% (95% CI, 40–88).

Toxicity

No serious adverse events or grade 3–5 toxicities were seen on this treatment. Grade 1–2 

toxicities consisted of hematotoxicity (n = 8), fatigue (n = 3), liver enzyme elevation (n = 2) 

and skin rash (n = 1).

Salvage therapy

One patient remains in remission; he received monthly prednisolone for a period of 3 years, 

after which treatment was discontinued at the investigator’s decision. Information on 

salvage treatment is available for 11 patients. Four patients were treated with a HD-MTX 

based regimen, two with pemetrexed followed by high dose chemotherapy and autologous 

stem cell rescue, three with WBRT, one received focal RT to the spine and etoposide, and 

one received no treatment.

Discussion

In this prospective, multicenter phase II study in progressive/relapsed PCNSL, the 

combination of rituximab and temozolomide was associated with only modest efficacy. 

Although some activity was observed following the induction treatment, responses were 

short-lived, which may reflect poor efficacy of single-agent temozolomide in the 

consolidation phase. Unfortunately, the promising results seen in the retrospective studies 

were not replicated in this trial, and a decision was made to discontinue accrual. While the 

discrepancy between our study and previous retrospective studies on temozolomide and 
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rituximab may be explained by the inherent selection bias in retrospective series, we were 

unable to reproduce results from prospective studies on single agent temozolomide or single 

agent rituximab (Table 1). This may reflect the fact that patients in our study had received 

more intensive, multi-drug methotrexate regimens whereas many patients in the other 

studies had failed single-agent methotrexate; our patients were therefore more likely to 

harbor chemoresistant tumors. Moreover, three patients in our study had HD-MTX 

refractory disease. Another potential explanation is the utilization of more stringent response 

criteria, which required confirmation of responses. In our study, the initial MRI showed a 

radiographic response in 31% of patients, similar to other studies, but the following MRI 

performed two months later only confirmed responses in 14% of patients.

In addition to the studies of single-agent temozolomide and rituximab, there have been few 

prospective chemotherapy trials in recurrent PCNSL (Table I). To date, the best results have 

been reported by Soussain et al., who utilized induction chemotherapy with cytarabine and 

etoposide followed by high-dose chemotherapy with stem-cell rescue [13]. The median PFS 

was 12 months in the intent-to-treat population, and 41.1 months in patients who were 

transplanted; the median OS was 18.3 and 58.6 months, respectively. However, the 

induction chemotherapy was highly toxic, and this approach was restricted to high-

performing patients, all younger than 65 years. A prospective trial using topotecan 

monotherapy achieved a RR of 33% with a median PFS of 2 months [14]. The combination 

of etoposide, ifosfamide and cytarabine demonstrated a RR of 37% and a median PFS of 4 

months; toxicity was significant [15].

The favorable OS in our study suggests that subsequent salvage treatments were effective; 

these consisted mainly of either re-introduction of HD-MTX or WBRT in those who had not 

received it previously. Retrospective studies have suggested that HD-MTX based regimens 

remain the most effective salvage therapy for patients with PCNSL who previously 

responded to HD-MTX, with reported RRs of 71–91% and OS of 23–61 months [16,17]; 

however, this is not applicable to patients with primary refractory disease. Salvage WBRT 

has also been an effective option in patients who have not received this treatment, but 

neurotoxicity remains a concern [18,19]. Although the rituximab–temozolomide 

combination did not show great efficacy, it was effective for at least two patients, one of 

whom remains in a sustained remission after 6 years. The high variability of response to this 

and other regimens suggests that unknown aspects of the biology of this disease are critical 

in determining the appropriate choice of salvage therapy.
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Figure 1. 
T1 post-contrast MRI showing initial lesion and sustained complete response 5 years after 

treatment.
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Figure 2. 
Progression-free survival (PFS) and overall survival (OS) Kaplan–Meier curves. Median 

PFS: 7 weeks (CI 4–13), 6-month PFS: 13% (CI 2–35); median OS: not reached, 1-year OS: 

71% (CI 40–88).
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Table I

Salvage chemotherapy treatments for primary CNS lymphomas without methotrexate.

Treatment [reference] n ORR 1-year OS

Retrospective studies

 Ara-C, VP-16, ifosfamide [2] 16 37% 41%

 Procarbazine, CCNU, vincristine [4] 7 86% 57%

 Temozolomide, rituximab [11] 15 53% 55%

 Temozolomide [20] 17 59% 35%

Prospective studies

 Topotecan [3] 27 33% 35%

 Temozolomide [5] 23 31% 31%

 Rituximab [8] 12 36% NA

 Temozolomide, rituximab [present study] 16 14% 71%

Ara-C, VP-16 + HDCASCT (patients under age 65 only) [6] 43 47% 60%

Ara-C, cytarabine; VP-16, etoposide; CCNU, lomustine; HDCASCT, high dose chemotherapy (busulfan, thiotepa, cyclophosphamide) followed by 
autologous stem cell transplant; ORR, objective response rate (response criteria and response confirmation requirements varied across studies); OS, 
overall survival; NA, not available.
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