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The introduction of methotrexate (MTX)-based chemo-
therapy has improved median survival for patients with 
primary CNS lymphoma (PCNSL). Older age is a nega-
tive prognostic marker in patients with PCNSL and may 
increase the likelihood of MTX toxicity. We studied the 
response and adverse effects of intravenous high-dose 
MTX in patients who were 70 or more years of age at the 
time of diagnosis. We identified 31 patients at our insti-
tution diagnosed with PCNSL at age >70 years (median, 
74 years) who were treated with high-dose MTX (3.5–8 
g/m2) as initial therapy from 1992 through 2006. The 
best response to MTX was determined by contrast-
enhanced MRI. Toxicity was analyzed by chart review. 
These 31 patients received a total of 303 cycles of MTX 
(median, eight cycles per patient). Overall, 87.9% of 
the cycles required dose reduction because of impaired 
creatinine clearance. In 30 evaluable patients, the overall 
radiographic response rate was 96.7%, with 18 complete 
responses (60%) and 11 partial responses (36.7%). Pro-
gression-free survival and overall survival were 7.1 months 
and 37 months, respectively. Grade I–IV toxicities were 
observed in 27 of 31 patients and included gastrointesti-
nal disturbances in 58% (3.2% grade III), hematological 
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Primary CNS lymphoma (PCNSL) is a rare type of 
extranodal non-Hodgkin’s lymphoma that is con-
fined to the brain, spinal cord, or leptomeninges, 

with a median age of 60 years at diagnosis. The patho-
genesis of PCNSL is unclear, but these tumors appear 
to be distinct from their systemic counterparts and thus 
require unique treatment.1

Older age is an independent negative prognostic 
marker in patients with PCNSL.2–4 Although whole-
brain radiotherapy (WBRT) results in a high response 
proportion (.90%), this treatment is associated with a 
high relapse rate and with delayed neurotoxicity, espe-
cially in patients older than 60 years of age. The intro-
duction of methotrexate (MTX)-based chemotherapy 
has improved median survival from 10–16 months with 
WBRT alone to .30 months with MTX-based chemo-
therapy regimens.5
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As with radiation, the toxicity of multiagent chemo-
therapy may outweigh the benefits in elderly patients.6 
MTX monotherapy may have fewer treatment-associated  
toxic effects than multiagent regimens. However, high-
dose MTX (>3.5 g/m2) is a hospital-based regimen 
requiring aggressive fluid management and may not be 
as well tolerated in elderly patients with an increased 
prevalence of comorbid illnesses. We studied the adverse 
effects, radiographic responses, and survival of a con-
secutive cohort of PCNSL patients who were 70 or more 
years of age at the time of diagnosis and who were treated 
with MTX at our institution over a 14-year period.

Materials and Methods

We identified 36 consecutive patients with pathologi-
cally confirmed PCNSL involving the brain, the eyes, 
or both who were 70 or more years of age at the time of 
diagnosis from our institutional review board–approved 
electronic patient database. Of these 36, 31 patients were 
treated with MTX (3.5–8 g/m2) as initial therapy from 
1992 through 2006 at Massachusetts General Hospital. 
The use of MTX mono therapy was considered the stan-
dard of care at our institution during this time. The five 
patients excluded from this report were initially treated 
with radiation (four) or received no treatment (one).

Thirty-one patients were treated with MTX (3.5–8 
g/m2) in induction cycles every 10–14 days until a com-
plete response (CR) was obtained or a maximum of 
eight induction cycles was reached. If a patient achieved 
a CR during induction (after one to eight cycles of induc-
tion therapy), an additional two consolidation cycles 
were administered every 14 days, followed by 11 main-
tenance cycles every 28 days. Four patients continued 
to receive MTX (8 g/m2) every 3 months following the 
maintenance phase at the discretion of the treating phy-
sician. The dose of MTX (either 3.5 g/m2 or 8 g/m2)  
was adjusted based on renal function as measured by 
24-h urine collection for creatinine clearance. The dose 
of MTX was reduced by the percentage reduction in 
creatinine clearance less than 100. For example, a crea-
tinine clearance of 75 ml/min mandated a reduction in 
the dose of MTX by 25%. Radiographic assessments 
with contrast-enhanced MRI scans were obtained every 
month during induction therapy and then every 2–3 
months thereafter. The best response to MTX was deter-
mined by contrast-enhanced MRI scans as previously 
described.7 Patients had to be off corticosteroids to be 
classified as CR.

All patients were admitted to the hospital for each 
cycle of treatment and provided consent for chemother-
apy. Prechemotherapy laboratory assessments included 
a 24-h urine collection, complete blood count, electro-
lytes, blood urea nitrogen, and creatinine. Patients were 
administered an antiemetic 30 min prior to each MTX 
infusion. MTX was administered as a 4-h intravenous 
infusion followed 24 h later by rescue with calcium leu-
covorin until the MTX serum level was <0.20 μmol/
liter, as previously described.8–10

Clinical characteristics, laboratory values, and toxici-

ties were retrieved and analyzed by reviewing inpatient 
and outpatient medical records. Laboratory values were 
assessed according to institutional normal ranges, and 
toxicities were classified according to the NCI Common 
Terminology Criteria for Adverse Events version 3.0 
(http://ctep.cancer.gov).

Parameters with potential prognostic value, includ-
ing KPS, cerebrospinal fluid (CSF) protein, serum lactate 
dehydrogenase (LDH), and tumor location, were ana-
lyzed when these parameters were known.2–4 Univariate 
analyses of clinical characteristics and outcomes, includ-
ing radiographic response proportion, progression-free 
survival (PFS), and overall survival (OS), were per-
formed. Kaplan-Meier survival distributions were esti-
mated to assess PFS and OS. This study was approved 
by the institutional review board at the Massachusetts 
General Hospital.

Results

Thirty-one patients with a median age of 74 years (range, 
70–85 years), median KPS of 70 (range, 30–70), and a 
median Mini-Mental Status Examination (MMSE) score 
of 28 (range, 5–30) received a total of 303 cycles of MTX 
as initial treatment (Table 1). The median follow-up for all 
31 patients was 28 months. Thirty of the patients started 
treatment with 8 g/m2, while the remaining patient was 
treated with 3.5 g/m2. In 30 patients who could be evalu-
ated for radiographic response (one patient did not have 
a follow-up MRI), the overall response proportion was 
96.7%, with 18 CR (60%), 11 with partial response (PR; 
36.7%), and 1 with progressive disease (PD; 3.3%) (Table 
2). The median number of cycles to CR was 4. Median 
PFS and OS were 212 days (7.1 months) and 1,110 days 
(37 months), respectively (Figs. 1 and 2). On univariate 
analysis, only elevated CSF protein approached signifi-
cance with PFS (p 5 0.05). The small sample size pre-
cluded multivariate analysis.

All 31 patients were included in the toxicity analysis. 
Twenty-two of 31 patients (71%) required dose reduc-

Table 1. Baseline demographics and clinical characteristics

Characteristic Patient Data

Median age (range), years 74 (70–85)

Male 10/31 (32.3%)

Female 21/31 (67.7%)

Median KPS (range) 70 (30–70)

Median MMSE (range) 28 (5–30)

Median number of MTX cycles received (range) 8 (1–22)

Elevated LDH 9/23 (39.1%)

Elevated CSF protein 12/22 (54.5%)

Location (deep structures) 19/31 (61.3%)

Location (other) 12/31 (38.7%)

Ocular involvement 4/31 (12.9%)

Atypical cells in CSF 6/22 (27.3%)

Abbreviations: MMSE, Mini-Mental Status Exam; MTX, methotrexate; LDH, lactate 

dehydrogenase; CSF, cerebrospinal fluid.
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of progression for these 18 patients included reinduction 
with MTX (3 of 18 patients), WBRT (7 of 18 patients), 
stereotactic radiosurgery (1 of 18) followed by continued 
MTX, and chemotherapy plus WBRT (2 of 18 patients). 
Five of the 18 patients elected not to receive further treat-
ment. Response to salvage therapy could not be assessed 
because many patients had salvage treatment at their 
community medical centers.

Discussion

Elderly PCNSL patients are perceived to be at higher risk 
of treatment-related complications. The high risk of neu-
rotoxicity in this patient population has led to deferral of 
WBRT in patients 60 or more years of age.11 Moreover, 
it has been observed that MTX alone or MTX-based 
multiagent chemotherapy is associated with comparable 
response rates and OS compared to regimens that include 
WBRT.5,8,9 However, the use of higher doses of MTX 
regimens in elderly patients may be associated with a 
higher risk of systemic toxicity because of the increased 
prevalence of comorbidities.

Although most patients with PCNSL are older than 60 
years at the time of diagnosis, few studies have focused 
on elderly patients with this disease.12–18 In one study, 
13 patients 50 or more years of age (mean, 74 years; 
12 were >66 years) were treated with an MTX-based 
multiagent regimen (MTX dose, 1–3.5 g/m2).15 The 
response rate was 92%, and the OS was 30.5 months. 
An alternate multiagent regimen that included MTX 
(3.5 g/m2) resulted in a median OS of 29 months in 26 
patients (although four of these were ,60 years old).18 In 
a multicenter study of 50 PCNSL patients with a median 
age of 72 years, subjects were treated with MTX-based 
multiagent chemotherapy, and the response rate was 
48%, with an OS of 14.3 months, but the intravenous 
dose of MTX was only 1 g/m2.13 One patient died dur-
ing chemotherapy, and grade III/IV toxicity (neutrope-
nia) was reported in 19% of patients. In another study, 

tion of the first cycle of MTX due to impaired creati-
nine clearance prior to any treatment (Table 3). Overall, 
87.9% of evaluable MTX cycles required dose reduc-
tion because of impaired creatinine clearance. Patients 
received a median of eight cycles (range, 1–22 cycles). 
MTX-associated toxicities were observed in 27 of 31 
patients (87%), with 74.1% grade I/II and 9.7% grade 
III/IV toxicities (Table 4). Gastrointestinal disturbances, 
including mucositis, were observed in 18 of 31 (58%) 
patients (1 of 31 grade III, 3.2%); hematological com-
plications in 25 (80.6%; 2 of 31 grade III, 6.5%); renal 
toxicity in 8 (25.8%; 0% grade III/IV); and myocardial 
infarction in 1 (3.2%). Only 4 of 31 (12.9%) patients had 
to terminate MTX due to toxicity: three patients because 
of recurrent infections that were possibly related to che-
motherapy, and one because of a myocardial infarction 
that was unlikely related to chemotherapy. The majority 
of the toxicities were mild and reversible.

Among the 18 patients who developed PD, five had 
local recurrence at the site of the original tumor, four 
had both local recurrence and involvement of other 
parts of the brain, and nine had only distant recurrence 
in other parts of the CNS. No patient experienced sys-
temic recurrence of PCNSL. Salvage therapy at the time 

Table 2. Response to treatment with methotrexate (MTX)

Response Type Result

Radiographic response

 CR 60% (18/30)

 PR 36.7% (11/30)

 PD 3.3% (1/30)

Median progression-free survival 212 days (7.1 months)

 (95% Ci 145–356 days)

Median overall survival 1,110 days (37 months)

 (95% Ci, 759–1,849 days)

Abbreviations: CR, complete response; PR, partial response; PD, progressive disease; 

Ci, confidence interval.

Fig. 1. Progression-free survival (days). Analysis was performed 
using the Kaplan-Meier method for all 31 patients. Dotted lines 
represent 95% confidence intervals.

Fig. 2. Overall survival (days). Analysis was performed using the 
Kaplan-Meier method for all 31 patients. Dotted lines represent 
95% confidence intervals.
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temozolomide and MTX (3 g/m2) were administered to 
patients 60 or more years of age (median, 63 years).16 
The radiographic response proportion was 55%, and the 
PFS and OS were 8 months and 35 months, respectively. 
In a study of MTX (4 g/m2) in 154 PCNSL patients with 

a median age of 61 years, including 21 patients 70 or 
more years of age, toxicity from MTX was analyzed as 
a function of age (,60, 60–70, and .70 years).12 A sig-
nificant proportion of patients required a reduction in 
their MTX dose based on their diminished creatinine 
clearance. Dose reduction for this reason was required in 
70% of patients .70 years, 44% of patients .60 years, 
and 18% of patients ,60 years of age. However, no sta-
tistically significant difference in the incidence of toxic-
ity was detected between patients <60 and .60 years, 
suggesting that MTX (4 g/m2) is well tolerated in the 
elderly population.

The present study is the largest cohort of elderly pat-
ents 70 or more years of age at the time of diagnosis of 
PCNSL analyzed for response and toxicities while receiv-
ing MTX (3.5–8 g/m2) alone as the initial treatment. 
Most patients (27 of 31, 87%) received 8 g/m2 (dose 
reduced based on creatinine clearance), unlike many of 
the studies described above in which lower doses were 
initially prescribed. We observed that MTX is associ-
ated with a high proportion of radiographic responses 
in elderly patients with PCNSL, which is similar to 
results of prior studies in the general PCNSL population. 
Median PFS and OS are also similar to prior results for 
MTX-based regimens in patients 60 or more years of age 
(Table 5). However, few reports have restricted analysis 
of PFS and OS to patients older than 70 years, so there 
are no large cohorts of comparable patients with which 
to compare our outcome. Dose reductions required for 
decreased creatinine clearance in the elderly do not 
appear to limit the efficacy of MTX and may make the 
treatment more tolerable. In fact, lower creatinine clear-
ance may improve OS because of improved MTX phar-

Table 3. Dose of methotrexate (MTX) given and amount of reduc-
tion based on creatinine clearance

 Starting Dose  Dose Given  
Patient  (mg/m2) Reduction (mg/m2)

 1 8,000 None 8,000

 2 8,000 None 8,000

 3 8,000 None 8,000

 4 8,000 None 8,000

 5 8,000 None 8,000

 6 8,000 None 8,000

 7 8,000 None 8,000

 8 8,000 None 8,000

 9 3,500 None 3,500

10 8,000  3% 7,760

11 8,000  4% 7,680

12 8,000  6% 7,520

13 8,000 11% 7,120

14 8,000 15% 6,800

15 8,000 18% 6,560

16 8,000 19% 6,480

17 8,000 21% 6,320

18 8,000 22% 6,240

19 8,000 28% 5,760

20 8,000 32% 5,440

21 8,000 33% 5,360

22 8,000 33% 5,360

23 8,000 33% 5,360

24 8,000 36% 5,152

25 8,000 38% 4,960

26 8,000 40% 4,800

27 8,000 42% 4,640

28 8,000 42% 4,640

29 8,000 43% 4,560

30 8,000 44% 4,480

31 8,000 50% 4,000

Table 4. Toxicity associated with methotrexate (MTX) 

Toxicity Frequency

MTX terminated due to toxicity 4/31 (12.9%)

MTX dose reduction based on GFR 218/248 cycles (87.9%)

Grade iii or iV toxicity Total: 3/31 (9.7%)

 Hematological 2/31 (6.5%)

 Gi 1/31 (3.2%)

 Cardiac 1/31 (3.2%)

 Renal 0/31

Abbreviations: GFR, glomerular filtration rate; Gi, gastrointestinal.

Table 5. Studies of methotrexate (MTX)-based chemotherapy without radiation in elderly primary CNS lymphoma patients

 Hoang- Omuro Freilich  Gavrilovic Present 
Measure  Xuan et al.13 et al.16 et al.15 Ng et al.14 et al.18,a Study

Number of patients 50 23 13 10 26 31

Dose of MTX 1 g/m2 3 g/m2 1–3.5 g/m2 3.5–8 g/m2 3.5 g/m2 3.5–8 g/m2

Median age (range), years 72 (60–81) 68 (60–79) 74 (54–89) 72.5 (66–75) 65 (22–89) 74 (70–85)

Radiographic response 48% 55% 92% 90% NA 96.7%

Median progression-free survival (months) 10.6 8 NA NA 7 7.1

Median overall survival (months) 14.3 35 30.5 36 29 37

Abbreviation: NA, not reported. Only Ng et al.14 and our study used MTX monotherapy. Most patients (87%) received 8 g/m2 of MTX in our study.

aFour of the 26 patients treated with chemotherapy alone were ,60 years old.
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macokinetics.19 The discrepancy between median PFS 
and OS suggests that salvage therapies, including rein-
duction with MTX, are effective in this population.

Treatment-related complications of hospital-based 
MTX mono therapy in our patient population were 
modest and consisted mainly of mild azotemia (usually 
reversible), nausea, and diarrhea. Grade III or IV toxici-
ties in patients 70 or more years of age were uncommon 
(9.7% of patients) over 303 cycles of chemotherapy and 
less than with multiagent chemotherapy regimens. Only 
4 of 31 patients (12.9%) discontinued MTX because 
of toxicity. This study provides further support that 
MTX at initial doses of 8 g/m2 (adjusted for creatinine 
clearance) is feasible as first-line treatment of PCNSL 
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