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Abstract

Background This retrospective single-center study

assessed the feasibility, outcomes, and side-effects of high-

dose methotrexate (HD-MTX) plus procarbazine in the

treatment of immunocompetent patients with primary

central nervous system lymphoma (PCNSL).

Methods Ninety-one patients diagnosed with PCNSL

between January 2001 and December 2011 were treated

with HD-MTX plus procarbazine. To reduce neurotoxicity

in patients aged C60 years, only those not responding to

chemotherapy and patients with relapse underwent whole-

brain irradiation.

Results All 91 consecutive patients were scheduled to

receive HD-MTX. Their median age was 66 years (range

32–88 years) and their median Karnofsky performance score

was 40 (range 20–100). While 56 patients (61.5 %) com-

pleted 3 cycles of HD-MTX chemotherapy and 48 (52.7 %)

showed a complete response, treatment was stopped in 11

patients (12.1 %) due to toxicity. The median overall sur-

vival and progression-free survival were 40.6 and

11.7 months, respectively. Overall survival was signifi-

cantly improved in patients who completed 3 cycles of

chemotherapy compared with those did not (56.4 vs

24.0 months; p = 0.013 by univariate and p = 0.022 by

multivariate analysis).

Conclusions Initial treatment with HD-MTX plus procar-

bazine was effective in patients with PCNSL. Completion of

3 cycles of HD-MTX chemotherapy was a significant inde-

pendent prognostic factor for patient survival.
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Introduction

Primary central nervous system lymphoma (PCNSL) is highly

aggressive, and accounts for 3–4 % of all intracranial malig-

nancies [1]. While the standard treatment, whole-brain

radiotherapy (WBRT) alone, has been demonstrated to pro-

duce a complete response in up to 70 % of patients, their

median survival is only 12–18 months and the 5-year survival

rate is\5 % [2, 3]. The addition of high-dose methotrexate

(HD-MTX)-based chemotherapy has been shown to sub-

stantially improve median survival in these patients [3–5].

However, long-term evaluation of patients treated with com-

bined chemoradiotherapy has revealed a substantial risk of

developing leukoencephalopathy with dementia, ataxia, gait

disturbance, and incontinence [6]. The main risk factors for

leukoencephalopathy are radiotherapy (RT), age C60 years,

intrathecal therapy, and chemotherapy after WBRT [6–9].

Fliessbach et al. [10] reported that the preservation of

neurocognitive function and quality of life were better in

patients treated with chemotherapy alone than in those

subjected to combined treatment. Illerhaus et al. [11] found

that in patients aged [65 years, using an MCP regimen

consisting of HD-MTX plus the oral alkylating agents

lomustine and procarbazine, omitting intrathecal chemo-

therapy, and restricting WBRT to patients not responding

to chemotherapy, was feasible, effective, and resulted in a

low rate of leukoencephalopathy.

Here, we present our experience in treating PCNSL with

HD-MTX plus procarbazine and deferring RT in patients

aged C60 years.
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Materials and methods

Our study included 91 newly diagnosed immunocompetent

PCNSL patients. PCNSL was histologically confirmed by

biopsy or resection. To diagnose B-cell lymphoma, we

performed immunohistochemical analysis for cluster of

differentiation (CD) 20 expression. After routine depar-

affinization, rehydration, and blocking of endogenous

peroxidase activity we performed microwave-enhanced

antigen retrieval. Slide-mounted sections immersed in

0.01 M sodium citrate buffer (pH 6.0) were placed for 3

and 15 min in 700-W and 200-W microwave ovens,

respectively, at maximum power. CD20 immunostaining

was performed using an anti-CD20 antibody (1:100;

internal clone L26, DAKO, Carpinteria, CA, USA). For

T-cell lymphoma, immunostaining with an anti-CD45RO

antibody (1:100; internal clone UCHL1, DAKO) was

performed.

To exclude patients with systemic lymphoma, positron

emission tomography (PET) or whole-body computed

tomography studies that included the chest, abdomen, and

pelvis were performed for all patients. Other enrollment

criteria included age [20 years, negative human immu-

nodeficiency virus serology, Karnofsky performance status

(KPS) C20, adequate bone marrow (absolute neutrophil

count C1,500/mm3, hemoglobin C8.0 g/dL, platelets

C100,000/mm3), and renal (creatinine clearance C60 mL/

min), heart (ejection fraction C50 %), and hepatic function

(aspartate aminotransferase/alanine aminotransferase B2

times upper limit of normal).

Between January 2001 and December 2011, we enrolled

91 patients in our study. All patients provided written

informed consent prior to receiving the treatment protocol.

Induction therapy consisted of a cycle of high-dose

MTX (3.5 g/m2) delivered intravenously over 3 h on days

1, 22, and 43. Leucovorine rescue (15 mg) was initiated

24 h after the start of MTX infusion, and administered 9

times every 3 h, followed by 5 times every 6 h, and was

continued until MTX clearance (\0.1 lM). Procarbazine

(60 mg/m2) was administered orally on days 1–7, 22–28,

and 43–49. The initial betamethasone treatment dose was

tapered from 16 to 2 mg every 4 days.

We administered RT after induction chemotherapy in

all patients aged \60 years. Patients with complete

remission (CR) underwent whole-brain RT (30 Gy in 15

daily fractions). The schedule for patients manifesting a

partial response (PR) or progressive disease (PD) during

or after induction chemotherapy was 40 Gy in 20

fractions to the whole brain plus a 14 Gy boost by the

three-dimensional conformal technique. In the boost

treatment, delineation of the planning target volume

was performed by adding a 2-cm margin to the gross

tumor volume, which consisted of the residual tumors.

The boost dose was 14 Gy in seven fractions at the

isocenter (Fig. 1).

Baseline magnetic resonance imaging (MRI) was per-

formed in all patients before induction chemotherapy. The

results were assessed before the second and third cycle of

chemotherapy, at the end of treatment, and during the

follow-up period. We evaluated all patients every 3 months

for the first 2 years and every 6 months thereafter. Changes

in tumor size were assessed on gadolinium-enhanced MR

images of the brain. Remission on enhanced MR images

was defined according to International PCNSL Collabora-

tive Group criteria [12]. CR was defined as the disap-

pearance of all contrast enhancement on MR images in the

absence of corticosteroids, PR was defined as a C50 %

reduction in tumor size compared with that seen on base-

line MR images, and PD as a C25 % increase in tumor size

or the appearance of any new lesion. All other findings

were recorded as stable disease (SD). Toxicity was graded

according to the common toxicity criteria (CTC) version

3.0.

The primary end-points of this study were overall sur-

vival (OS) and progression-free survival (PFS). OS was

defined as the time from initial diagnosis to death from any

cause, and PFS as the time from diagnosis to disease pro-

gression or death due to any cause. Patients who did not

experience the event of interest with respect to OS or PFS

during the study period were considered censored obser-

vations, with the time from the first diagnosis to the last

follow-up visit as the censoring time. For patients in CR,

the response duration was defined as the time from the first

observation of a response to the time progression was first

observed or death. In patients without progression and in

survivors, it was censored at the time of the last follow-up

examination. The Kaplan–Meier method was used to esti-

mate survival and response duration probabilities and their

95 % confidence intervals (CIs) using GraphPad Prism

software (GraphPad Software, Inc. San Diego, USA). The

Mantel–Cox log-rank test was applied to assess the strength

Fig. 1 Treatment schedule. HD-MTX high-dose methotrexate, PCB

procarbazine, CR complete response, PR partial response, PD

progressive disease
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of association between OS and PFS. The analyzed vari-

ables included patient age and sex, the KPS at the time of

admission, tumor location, and completion of 3 cycles of

HD-MTX treatment. In addition, the Memorial Sloan-

Kettering Cancer Center (MSKCC) prognosis score, based

on age and KPS, was validated. Statistical analysis was

performed using Stat Mate III software (version III for

Macintosh; ATOMS, Tokyo, Japan), and p values \0.05

were considered statistically significant.

Results

Patient characteristics

As shown in Table 1, 51 out of the 91 patients were male

(56.0 %), the median age was 66 years (range

32–88 years), and the median KPS was 40 (range 20–100).

The diagnosis of PCNSL was based on tumor biopsy

(n = 88) and resection (n = 2), and the pathological

diagnoses were diffuse large B-cell and T-cell lymphoma

in 87 and 3 patients, respectively. All patients with T-cell

lymphoma showed negative human T-cell lymphotropic

virus type 1 serology. One patient was diagnosed based on

MRI and PET findings.

Treatment

First cycle

Of the 91 patients, 79 completed the first cycle of treatment

and proceeded to the second cycle. The remaining 12

patients did not proceed due the development of adverse

events, including nonketotic hyperosmolar coma (n = 1),

hematopoietic insufficiency grade 4 or 2 (n = 1 each),

prolonged MTX clearance followed by pneumonia

(n = 1), and renal failure (n = 1), or due to disease pro-

gression (n = 7).

Second cycle

Among the 79 patients proceeding to the second cycle, 56

completed the cycle and proceeded to the third cycle. The

other 23 did not proceed due to acute heart failure (n = 1),

pneumonia (n = 3), prolonged MTX clearance followed

by renal failure grade 4 (n = 1), hematopoietic insuffi-

ciency grade 3 (n = 1), and disease progression (n = 17).

Treatment response and survival

The treatment response was evaluated on contrast-

enhanced MR images acquired within 3 weeks of MTX

treatment. Progression was observed in 7 and 17 patients

after the first and second cycles, respectively. In 48 of the

91 patients (52.7 %) CR was noted after the third cycle

(Fig. 2).

The median OS and PFS were 40.6 months (95 % CI,

28.9–51.3 months) and 11.7 months (95 % CI, 1.0–21.5

months), respectively (Figs. 3, 4). Among the 48 patients

classified as CR, disease progression was later observed in

36 patients. The median time to progression was

12.6 months (range 0.4–88.2 months). In patients aged

C60 years, the median OS and PFS were 31.3 and

6.8 months, respectively (Table 2), whereas in patients

aged \60 years, the corresponding times were 78.7 and

22.6 months, respectively. Although there were no signif-

icant differences between the two groups (p = 0.061 and

p = 0.081 for OS and PFS, respectively), a trend was
Table 1 Clinical characteristics

Characteristic Number of patients (%)

Age (years)

Median (range) 66 (32–88)

C60 63 (69.2)

\60 28 (30.8)

Sex

Male 51 (56.0)

Female 40 (44.0)

KPS on admission (%)

Median (range) 40 (20–100)

C50 46 (50.5)

\50 45 (49.5)

Tumor localization

Multiple 51 (56.0)

Single 40 (44.0)

KPS Karnofsky performance scale

Fig. 2 Course of therapy and patient responses. CR complete

response, PR partial response, PD progressive disease, AE adverse

events, WBRT whole brain radiotherapy
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observed, with patients aged \60 years having a more

favorable survival outcome. Moreover, patients who com-

pleted three cycles experienced significantly longer OS

(56.4 vs 24.0 months; p = 0.013 by univariate and

p = 0.022 by multivariate analysis; Tables 2 and 3).

Since patient age and performance status are the two

variables that have been consistently identified as inde-

pendent prognostic factors, we analyzed our data based on

the MSKCC classification (class 1, age\50 years; class 2,

age C50, KPS C70; class 3, age C50, KPS \70). The

median OS was 51.1, 59.9, and 31.8 months for patients

classified as class 1 (n = 15), 2 (n = 16), and 3 (n = 60),

respectively. The median PFS was 24.0, 15.9, and

5.5 months, respectively. No significant differences were

detected among the groups with respect to OS (p = 0.26)

and PFS (p = 0.35).

Long-term survivors ([90 months)

At the last follow-up visit, 6 patients (5 male and 1 female)

had survived for[90 months. Their median age at the time

of diagnosis was 65.5 years (range 41–83 years) and their

median KPS at the time of admission was 55 (range

20–100). Of these, 5 patients had completed three cycles of

HD-MTX treatment and 2 had undergone whole-brain

irradiation as part of their initial treatment. In one patient,

we had to stop treatment after the first cycle because of

toxicity. Accordingly, he did not receive additional treat-

ment, but was instead regularly followed up.

Five of these patients experienced disease recurrence at a

median time of 72.5 months (range 19.4–90.5) after the

initial diagnosis. Among them, one patient experienced

systemic disease recurrence at 62.5 months but prolonged

survival (106.4 months) after salvage high-dose chemo-

therapy with autologous peripheral blood stem cell trans-

plantation. An 83-year-old female manifested local

recurrence at 19.4 months, but was treated with temozolo-

mide and survived for 94.9 months without mental deterio-

ration. Three patients died of disease progression. Only one

patient survived without recurrence after the initial HD-

Fig. 3 Kaplan–Meier survival analysis for overall survival (n = 91).

The dotted lines represent the 95 % confidence intervals

Fig. 4 Kaplan–Meier survival analysis for progression-free survival

(n = 91). The dotted lines represent the 95 % confidence intervals

Table 2 Treatment results and comparison

OS PFS

Months p Value Months p Value

Age (years)

C60 31.3 0.061 6.8 0.081

\60 78.7 22.6

Sex

Male 40.6 0.726 21.1 0.070

Female 39.9 5.8

KPS on admission (%)

C50 51.1 0.263 13.8 0.867

\50 31.8 8.8

Tumor localization

Multiple 32.2 0.503 12.5 0.962

Single 43.0 11.7

MTX complete

Yes 56.4 0.013

No 24.0

OS overall survival, PFS progression free survival, KPS Karnofsky

performance scale, MTX methotrexate

Table 3 Multivariate analysis

p Value

OS PFS

Age 0.143 0.183

Sex 0.288 0.131

KPS 0.809 0.579

Tumor localization 0.792 0.98

MTX complete 0.022 N/A

OS overall survival, PFS progression free survival, N/A not assess-

able, KPS Karnofsky performance scale, MTX methotrexate
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MTX treatment plus WBRT (102 months). He worked

normally and his KPS was 100 without mental deterioration.

Acute toxicity

Treatment-related toxicity was observed in 60 (65.9 %)

patients. CTC grades I/II, III, and IV toxicities occurred in

34 (37.4 %), 15 (16.5 %), and 10 (11.0 %) patients,

respectively. One (1.1 %) patient with T-cell lymphoma

died of hemophagocytic syndrome after the first cycle of

HD-MTX treatment. Gastrointestinal disturbances, includ-

ing mucositis, were observed in 11 patients (12.1 %). Of

these, 2 manifested grade III toxicities and 9 experienced

hyperglycemia (grade III/IV, n = 5). Others developed

hematologic complications (n = 8; grade III/IV, n = 5),

pneumonia (n = 7; grade III/IV, n = 5), liver dysfunction

(n = 6; grade III, n = 1), and renal dysfunction (n = 2;

grade IV, n = 2). In 11 patients, HD-MTX treatment was

discontinued due to toxicity.

Late toxicity

At the most recent follow-up examination, 38 patients

(41.8 %) were alive. Updated clinical data were not

available from 13 patients, resulting in 25 patients being

included in the final survival analysis. In these 25 patients

(13 male and 12 female; median age 64 years; range

41–83 years), the median follow-up duration was

51.8 months (range 2.8–106.4 months), median initial KPS

was 40 (range 20–90), and median KPS at the last follow-

up examination was 50 (range 30–100). We did not assess

neurotoxicity by serial neurocognitive function tests.

Radiological signs of neurotoxicity such as brain atrophy

and/or diffuse hyperintensity lesions on fluid-attenuated

inversion recovery images were detected on the most

recent MRI studies in 11 of these patients, with 9 patients

manifesting neurocognitive dysfunction [median KPS 40

(range 30–50)]. Of these 9 patients, 7 received WBRT

initially or during the course of the disease.

Discussion

We report a consecutive series of PCNSL patients who

were treated uniformly based on our response-based strat-

egy of reduced or deferred irradiation in patients with CR

after induction with MTX-based chemotherapy.

The patient’s age and PS strongly affect therapeutic

decisions in PCNSL and have been suggested as prognostic

factors. According to Abrey et al. [13], who proposed the

MSKCC prognostic model, patients aged\50 years have a

better prognosis with respect to both OS and PFS. There-

fore, we analyzed our data using the MSKCC score but

could not find any significant differences between the

patient groups. The median OS in our class 3 patients (age

C50 years, KPS \70) was 31.8 months, which is better

than the previously reported OS for class 3 patients

(1.1 year and 5.2 months [13, 14]).

Analysis of the survival data in our class 3 patients

showed that 12 out of 60 patients survived for[60 months,

a finding that may have contributed to the favorable sur-

vival outcomes of this group.

It has been reported that the initial treatment response

affects the prognosis. Kiewe et al. [14] showed in their study

that the response to first-line MTX-based treatments as well as

a younger age were associated with improved survival, with

the median OS for patients responding to first-line treatment

(45 months) being significantly better than for patients with

no response (18 months; p = 0.04). In our series of 91

patients, 56 (61.5 %) completed 3 cycles of HD-MTX che-

motherapy, and 48 (52.7 %) obtained CR. The median OS in

patients who completed chemotherapy was better than in

those who did not (56.4 vs 24.0 months; p = 0.013). More-

over, six patients survived for[90 months, including 5 who

completed 3 cycles of chemotherapy (chemotherapy only,

n = 4; chemotherapy followed by WBRT, n = 2). The

observation that these 5 patients experienced disease recur-

rence after a median of 72.5 months suggests that the response

to first-line chemotherapy has a prognostic impact.

Phase II studies conducted during the last decade have

shown that the addition of HD-MTX-based chemotherapy

to RT improves survival compared with RT alone. How-

ever, these combined treatments expose long-term survi-

vors, especially elderly patients, to severe delayed

neurotoxicities [7]. Accordingly, it has been suggested that

chemoradiotherapy is associated with significant cognitive

impairment and that radiographic abnormalities such as

white matter changes or cortical atrophy, are correlated

with cognitive functions [10, 15].

Treatment trials using chemotherapy alone have been

conducted to avoid severe long-term neurotoxicity [11, 16,

17]. The reported CR rates after HD-MTX monotherapy

are 30–65 %, and the reported median PFS is

13–17 months [17–19]. In our study, the CR rate after 3

cycles of HD-MTX was 52.7 % and the median PFS was

11.7 months. Other studies [4, 20] have reported CR in

82–88 % of patients treated with HD-MTX followed by

WBRT and a median PFS of 32–40 months. However, it

remains unclear whether the relatively short PFS is related

to deferred RT or the use of single-agent regimens rather

than a combination of drugs. In our opinion, the advis-

ability of RT as a systematic consolidation treatment in

patients with CR after chemotherapy is debatable. Reni and

Ferreri [21] suggested that WBRT consolidation against

microscopic residual disease is preferable to RT delivered

at the time of relapse in patients with more bulky disease.
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Although this is a basic principle of oncology, the prog-

nosis remains poor in patients with PCNSL and treatment

must attempt to preserve good quality of life during the

disease-free stage in patients with CR.

Furthermore, others [22, 23] have reported that WBRT

is effective as salvage therapy in PCNSL patients who

failed to respond to initial HD-MTX treatment. The

reported response rates to salvage WBRT are 74–79 %,

with a reported median survival of 10.9–16 months. These

observations suggest that it might be reasonable to defer

WBRT, as it retains its efficacy as salvage treatment.

Due to the availability of effective salvage therapy, the

high rate of initial treatment failure did not translate into

inferior survival in this study. We have previously reported

the effectiveness of temozolomide in refractory or relapsed

PCNSL [24]. In this previous study, although some patients

were elderly and were heavily pre-treated, temozolomide

treatment resulted in a CR in 29 % and PR in 18 % of

patients, and was found to be well tolerated without elic-

iting any major toxicity.

In conclusion, we found that HD-MTX chemotherapy

with procarbazine was effective in patients with PCNSL,

especially in those who completed 3 cycles of initial

treatment. The relatively short PFS and lower CR observed

in our study compared with those in other studies might

reflect our use of mild therapy regimens as the first-line

treatment and the deferral of RT. To improve treatment

outcomes, multi-agent regimens using non-cross-resistant

drugs should be considered to treat patients with aggressive

systemic non-Hodgkin’s lymphoma.
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