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ABSTRACT

Background. The combination of high doses of meth-
otrexate (MTX) and cytarabine (araC) is the stan-
dard chemotherapy for patients with primary CNS
lymphoma (PCNSL). The addition of an alkylating
agent could improve MTX-araC efficacy because it is
active against quiescent G0 cells and increases anti-
metabolites cytotoxicity. A pilot experience with high
doses of MTX, araC, and thiotepa (MAT regimen)
was performed to investigate feasibility and efficacy
of adding an alkylating agent. With respect to MTX-
araC combination, araC dose was halved to minimize

toxicity. Herein, we report tolerability, activity, and
efficacy of MAT regimen and compare these results to
those previously reported with MTX/ara-C combina-
tion.

Methods. Twenty HIV-negative patients with PCNSL
treated with MAT regimen and whole-brain irradiation
and selected according to eligibility criteria of the Inter-
national Extranodal Lymphoma Study Group (IELSG)
#20 trial were analyzed.

Results. Patient characteristics of MAT and MTX-
araC series were similar. G4 hematologic toxicity was
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common after MAT chemotherapy, with dose reduc-
tions in 60% of patients, infections in 20%, G4 non-
hematologic toxicity in 15%, and one (5%) toxic death.
Response after chemotherapy was complete in four pa-
tients (clinical response rate, 20%; 95% confidence in-
terval, 3%–37%) and partial in three (overall response
rate, 35%; 95% confidence interval, 15%–55%). Fif-
teen patients experienced failure and 16 died (median

follow-up, 26 months), with a 2-year overall survival of
24% � 9%.

Conclusions. MAT and MTX-araC combinations
showed similar tolerability, whereas araC dose reduc-
tion was associated with a remarkably lower efficacy,
hiding any potential benefit of thiotepa. Four doses of
araC 2 g/m2 per course are recommended in patients
with PCNSL. The Oncologist 2011;16:336–341

INTRODUCTION

Therapeutic progress in primary central nervous system
lymphomas (PCNSL) is modest because of three main as-
pects: the rarity of these tumors that hampers the conduc-
tion of randomized trials, the limited molecular and
biologic knowledge, and the difficulties in conducting pro-
spective trials testing new potentially active drugs in pa-
tients with relapsed/refractory disease. In this context, a
recently reported international randomized trial (the IELSG
#20 trial) [1], the only one with completed accrual, demon-
strated that, in patients �75 years old with PCNSL, the
combination of high doses of methotrexate (MTX) and cyt-
arabine (araC) results in consistently better outcome and ac-
ceptable toxicity over high-dose MTX (HD-MTX) alone.
MTX-araC followed by whole-brain radiotherapy (WBRT)
has been associated with a 5-year overall survival (OS) of
45%, with a plateau in survival curve after the third year [1].
Thus, MTX-araC combination should be considered as the
standard chemotherapy regimen for patients with PCNSL
because it is supported by the best level of evidence avail-
able in this field [2, 3].

Despite the benefit of the addition of HD-araC, current
results in PCNSL patients remain unsatisfactory. Accord-
ing to the worldwide used therapeutic strategies for aggres-
sive lymphomas, it is unthinkable to treat PCNSL
exclusively with antimetabolites, and the identification of
other drugs active against different phases of the tumor cell
cycle is an unmet need. Some alkylating agents (i.e., temo-
zolomide, ifosfamide, thiotepa, and nitrosoureas) are inter-
esting candidates because they are able to cross the blood-
brain barrier, exhibit antilymphoma activity, are active
against phase-G0 cells, and increase cytotoxicity of antime-
tabolites. The risk/benefit ratio of the addition of one of
these agents to the MTX-araC combination deserves to be
investigated to improve chemotherapy efficacy in PCNSL
patients.

In the time interval between the conclusion of the ac-
crual of the IELSG #20 trial (accrual completed by Decem-
ber 2007) and the start of a new randomized trial,
participating centers treated patients with PCNSL with a

combination of HD-MTX, HD-araC, and thiotepa (MAT
regimen) to investigate the role of this alkylating agent. To
reduce potential toxicity, araC dose was decreased from 2
to 1 g/m2, and feasibility, tolerability, activity, and efficacy
were monitored. This paper reports the results of this pilot
clinical experience, and comparison with the outcome of
MTX-araC standard combination reported in the IELSG
#20 trial [1] seems to suggest that araC dose reduction may
have a negative effect on activity and efficacy.

PATIENTS AND METHODS

Study Group
HIV-negative patients with PCNSL diagnosed during 2008
at five Italian Centers and one Swiss Center were treated
with MAT chemotherapy and WBRT. Patients were se-
lected following the same eligibility criteria of the IELSG
#20 trial [1]: (a) diagnosis of non-Hodgkin lymphoma per-
formed on stereotactic or surgical biopsy, cerebrospinal
fluid (CSF) cytology examination, or vitrectomy; (b) dis-
ease exclusively localized in the CNS, cranial nerves, or
eyes; (c) no previous treatment apart from steroids; (d) at
least one measurable lesion; (e) age 18–75 years; (f) East-
ern Cooperative Oncology Group (ECOG) performance
status �3; (g) adequate bone marrow, renal, cardiac, and
hepatic function. Patients with HBsAg positivity, hepatitis
C virus (HCV) seropositivity, other malignancies, and
pregnant or lactating status were not considered. Written in-
formed consent was obtained from each patient once eligi-
bility was confirmed and after patient received a complete
illustration of treatment modalities, acute and late side ef-
fects, and efficacy perspectives. The study was approved by
the Ethics Committee of the San Raffaele Scientific Insti-
tute, Milan.

MAT Regimen
Considered patients were treated with four courses of MTX
3.5 g/m2 day 1; araC 1 g/m2, 1-hour infusion, twice a day
(every 12 hours), days 2 and 3; and thiotepa 30 mg/m2 day
4; recycling every 3 weeks. The first 0.5 g/m2 of MTX were
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administered in 15 minutes followed by a 3-hour infusion of
3 g/m2. Patients received adequate pre- and post-MTX hy-
dration, urinary alkalinization, and folinic rescue [1]. Intra-
thecal chemotherapy was not included in the chemotherapy
regimens. Dexamethasone dose depended on clinical re-
quirements. rHuG-CSF support from day 7 to day 12 of ev-
ery course in association with antimicrobial prophylaxis
was strongly recommended. Cytostatic dose reductions
were determined according to grade and type of toxicity.
Dose intensity was estimated as previously reported [4]. Pa-
tients in complete remission (CR), partial response (PR), or
stable disease (SD) after two chemotherapy courses re-
ceived two more courses of the same regimen. Patients who
achieved CR, PR, or SD after the fourth course were re-
ferred to WBRT; patients who experienced progressive dis-
ease (PD) at any time were referred to salvage therapy
according to physician’s preferences.

Radiation Therapy
Complementary WBRT started within 4 weeks from the
last chemotherapy course. Photons of 4–10 MeV, 180 cGy
per day, 5 weekly fractions were used. Whole brain was ir-
radiated by two opposite lateral fields including the first
two segments of cervical spinal cord and the posterior two
thirds of the orbits, which had to be shielded after 30 Gy
(after 36 Gy in the case of intraocular disease). Tumor bed
was irradiated by 2–4 isocentric fields based on tumor lo-
cation; in the case of multifocal lesions, the boost volume
included each single lesion. Radiation dose was chosen ac-
cording to response after chemotherapy: patients in CR
were treated with 36 Gy WBRT; patients in PR were treated
with 36 Gy WBRT plus a tumor-bed boost of 9 Gy; patients
with SD or PD were treated with WBRT 40 Gy plus a 9 Gy
boost.

Clinical Evaluation and Staging
Staging work-up and pretreatment tests included physical
examination, biochemical serum profile, HIV, hepatitis B
virus and HCV serological evaluation, echocardiography,
thorax-abdomen CT scan, whole-brain MRI, bone marrow
biopsy, ophthalmologic evaluation, and CSF examination.
Risk groups were defined according to the IELSG score [5].
Patients in whom lumbar puncture was contraindicated
were considered as having an unfavorable feature for CSF
protein level variable.

Toxicity and Response Assessment
Treatment side effects were assessed separately for each
chemotherapy course and graded according to the NCI-
NCIC CTC version 3.0 [6]. The worst toxicity per organ,
per patient, was considered for analyses. Response to treat-

ment was assessed on contrast-enhanced brain MRI per-
formed immediately before chemotherapy and repeated
after the second and fourth courses and after WBRT. Re-
sponse definition was based on changes in tumor size of en-
hanced lesions on T1-weighted MRI, and following the
NCI standardized response criteria [7]. In brief, CR was de-
fined as the complete disappearance of all evidence of lym-
phoma; PR was defined as �50% decrease in tumor size;
PD was defined as �25% increase in tumor size or the ap-
pearance of any new tumor lesion; SD was defined as situ-
ations that did not meet any of the previous criteria. In cases
with concomitant positive CSF, cytology examination was
performed after the second and fourth courses of chemo-
therapy and after treatment completion; a reduction of
�50% of cell number was considered PR, whereas a lower
reduction was considered SD. The maximum response re-
corded from treatment start was considered for activity
analyses. The duration of response was measured from the
date of maximum response (CR or PR) to the date of objec-
tive progression or last date of follow-up in the absence of
progression.

After the end of treatment, the disease was assessed ev-
ery 3 months for the first 3 years, every 6 months during the
fourth and fifth years, and every year thereafter. After pro-
gression, patients were followed every 3 months for sur-
vival, and they returned to the previous follow-up schedule
in the case of a second remission.

Statistical Considerations
Survival curves were generated using the Kaplan-Meier
method. OS was calculated from the first chemotherapy
course date to death or to the last date of follow-up; failure-
free survival (FFS) was calculated from the first chemother-
apy course date to relapse, progression, or death, or to the
last date of follow-up. A death for any cause without re-
lapse/progression was considered as an event in FFS anal-
ysis. Survival rates were reported as 3-year FFS and OS �
standard error. All the probability values were two-sided.
All analyses were carried out using the Statistica 4.0 statis-
tical package for Windows (Statsoft Inc., 1993, Tulsa, OK,
USA).

RESULTS

Patients’ Characteristics
Twenty patients with PCNSL were treated between January
and December 2008. Distribution of patients’ characteris-
tics in this series was similar to those of patients treated with
MTX-araC combination in the IELSG #20 trial [1] (Table
1). Increased lactate dehydrogenase serum levels and posi-
tive CSF cytology were more common among patients
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treated with MAT, whereas involvement of deep regions of
the CNS and high CSF protein level were more common in
patients treated in the IELSG #20 trial.

Chemotherapy Feasibility and Tolerability
Fifty-five (69%) of the 80 planned courses were actually
delivered: 7 patients received four courses, 5 patients re-
ceived three courses, 4 received two courses, and 4 patients
received a single course. Causes of chemotherapy interrup-
tion were PD in 11 patients, toxicity in 1, and physician’s
preference in 1. As expected, hematologic toxicity was
common (Table 2). As main complications, febrile neutro-
penia was observed in three patients and Staphilococcus
heamoliticus septicemia and Clostridium difficile diarrhea
were observed in one. There was a single toxic death: a 64-
year-old woman in partial lymphoma response after the sec-
ond MAT course experienced acute abdominal pain with
radiological suspicion of colic perforation; despite timely
antibiotic therapy, the patient developed infectious perito-
nitis and died of septic shock. CMV reactivation was ob-
served in three patients; all of them were diagnosed during
the first two courses, were responsive to gancyclovir and/or

valgancyclovir, but resulted in chemotherapy delay of up to
3 weeks. G4 nonhematologic toxicities were uncommon.
Dose reduction �25% was indicated in 12 patients: of araC
alone in 3, MTX and araC in 1, araC and thiotepa in 4, and
the three drugs in 4. Median relative dose intensity of MTX,
araC, and thiotepa was 75%, 67%, and 72%, respectively.

Activity
At the completion of chemotherapy, 4 patients (20%; 95%
confidence interval [CI], 3%–37%) achieved a CR, and 3
patients achieved a PR, with an overall response rate of
35% (95% CI, 15%–55%); 12 patients experienced PD and
1 died of toxicity. The 4 patients in CR and the 3 patients in
PR after chemotherapy were treated with WBRT, with PD
during irradiation in 2 patients. Conversely, only 4 of the 12
patients in PD after chemotherapy were irradiated, with a
transient PR in one of them and early PD in the others. No
patient interrupted WBRT due to acute toxicity. At the end
of the first-line treatment (i.e., chemo- � radiotherapy), 5
patients achieved a CR (25%; 95% CI, 7%–43%), with a
remission duration of 17�, 22�, 25, 30�, and 34�
months, respectively.

Efficacy and Salvage Therapy
At a median follow-up of 26 months, 14 patients experi-
enced PD during treatment, 1 patient experienced extra-
CNS relapse (retroperitoneal lymph nodes) after response,
and 1 died of toxicity. At progression or relapse, lymphoma
involved the primary site of disease in 13 (87% of failures)

Table 1. Patient characteristics and distribution of
lymphoma categories

MAT MTX � araCa

No. patients 20 39

Median age (range) 57 yrs (42–74) 59 yrs (25–74)

Male gender 8 (40%) 15 (38%)

ECOG-PS �1 9 (45%) 14 (36%)

Increased LDH 11 (55%) 10 (25%)

High CSF protein levels 3/14 (21%) 16/34 (47%)

Deep lesions 9 (45%) 28 (72%)

IELSG risk

low 7 (35%) 10 (26%)

intermediate 8 (40%) 24 (62%)

high 5 (25%) 5 (13%)

Positive CSF cytology 3/14 (21%) 3/34 (9%)

Ocular involvement 0 (0%) 4/35 (11%)

Multiple lesions 12 (60%) 21 (54%)

Lymphoma categoriesb

diffuse large B-cell
lymphoma

20 (100%) 34 (87%)

Burkitt lymphoma 0 (0%) 1 (3%)

lymphoblastic lymphoma 0 (0%) 1 (3%)

T-cell lymphoma 0 (0%) 2 (5%)

unclassified 0 (0%) 1 (3%)
aSeries treated with MTX-araC conventional combination
reported in ref �1�.
bTissue sample for diagnosis was obtained by surgical partial
resection in 5 patients and by stereotactic biopsy in 15.

Table 2. Toxicity

G4 toxicity
MAT
(n � 20)

MTX � araCa

(n � 39)

Toxic deaths 1 (5%) 3 (8%)

Neutropenia 17 (85%) 29 (74%)

Thrombocytopenia 15 (75%) 25 (64%)

Anemia 0 (0%) 2 (5%)

Infective complications 4 (20%) 6 (15%)

Hepatotoxicity 2 (10%) 2 (5%)

Nephrotoxicity 0 (0%) 0 (0%)

GI/mucositis 1 (5%) 0 (0%)

Cardiotoxicity 0 (0%) 1 (3%)

Neurotoxicity 0 (0%) 0 (0%)

Coagulation/DVT 0 (0%) 0 (0%)

The worst toxicity per organ, per patient was considered
for analyses.
aSeries treated with MTX-araC conventional combination
reported in �1�.
Abbreviations: DVT, deep venous thrombosis; GI,
gastrointestinal.
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patients, meninges in 1 (7%), and extra-CNS organs in 1
(7%) patient. The 2-year FFS was 25% � 9% (Fig. 1). Sal-
vage therapy consisted of WBRT in 4 patients (PD during
MAT), ifosfamide-based chemotherapy in 1 (PD during
MAT), and R-CHOP chemoimmunotherapy in 1 (extra-
CNS relapse), with transient clinical benefit in only 1 pa-
tient; the other 9 failed patients (7 PD during MAT; 2 PD
during WBRT) did not receive salvage therapy because of
rapid neurological impairment. Sixteen patients died: 1
died of toxicity during MAT, 1 died of septic shock during
salvage therapy with R-CHOP, a 74-year-old woman died
of progressive neurological impairment while relapse-free,
and 13 patients died of lymphoma. Four patients are alive at
14�, 22�, 30�, and 34� months, with a 2-year OS of
24% � 9% (Fig. 1).

DISCUSSION

This pilot experience on MAT regimen highlights the crit-
ical role played by araC dose in the upfront treatment of pa-
tients with PCNSL. MAT regimen was an effort to improve
outcome with a reduced toxicity with respect to the conven-
tional MTX-araC combination investigated in the random-
ized IELSG #20 trial [1]. There are two major differences
between the MAT regimen and the MTX-araC combina-
tion: the addition of thiotepa and the reduction of araC dos-
age from four doses of 2 g/m2 to four doses of 1 g/m2. In the
present series, MAT regimen followed by WBRT was as-
sociated with a clinical response rate of 25%, a 2-year FFS
of 25%, and a 2-year OS of 24%. These figures are very
similar to those reported with HD-MTX alone in the IELSG

#20 trial [1], suggesting that a substantial dose reduction
could cancel the significant benefit gained by the addition
of araC to HD-MTX in patients �75 years old with
PCNSL.

The major limitations of the present study regards the
intrinsic caveats of any noncomparative study. However,
this study was conducted by centers with adequate expertise
to treat patients with PCNSL that have actively participated
to the IELSG #20 trial [1]. Patients were consecutive and
selected with the same criteria of the randomized trial, and
no eligible patient was excluded. In fact, patient character-
istics of both series were very similar, and only a minor dif-
ference in the proportion of high-risk patients in the MAT
study was observed. Drugs administration schedules, tox-
icity criteria, response assessment and definition, and fol-
low-up modalities were the same ones used in the
randomized trial. Thus, any macroscopic difference be-
tween outcomes of both studies should be bone fide attrib-
uted to changes in araC dose or thiotepa administration.

Toxic profile of MAT regimen was not significantly dif-
ferent than those reported with MTX-araC; only a slightly
higher hematologic toxicity was observed, but this did not
have clinical relevance. The addition of thiotepa was not as-
sociated with higher rates of septic complications or non-
hematologic toxicities. Importantly, only one patient
interrupted chemotherapy due to toxicity (the case of toxic
death); all the other interruptions were due to lymphoma
progression. The proportion of patients treated with dose
reductions (60%) or with chemotherapy delay (45%; me-
dian cumulative delay, 6 weeks; range, 3–11) was similar to
those reported with MTX-araC [1]. Taken together, these
results suggest that the addition of thiotepa was not associ-
ated with a higher toxicity, and this aspect cannot per se ex-
plain the lower efficacy observed with MAT combination.

The reduced success of the MAT regimen should be at-
tributed to the other variable, that is, the reduction of araC
delivered dose. The comparison of median relative dose in-
tensity of MTX (77% versus 75%) and araC (68% versus
67%) in MTX � araC standard combination and MAT reg-
imen, respectively, seems to exclude interfering factors re-
lated to chemotherapy delay or dose adjustments.
Conversely, it is remarkable that patients treated with MAT
regimen received araC with a median dose intensity of 898
mg/m2 per week in comparison with the 1.808 mg/m2 per
week delivered with standard MTX-araC combination.
This could be the actual cause of disappointing results with
MAT.

AraC pharmacokinetics could better explain the nega-
tive impact of dose reduction in patients with PCNSL. This
drug exhibits a dose-related CSF bioavailability [8], with
CSF levels of 10%–15% of steady-state plasmatic concen-

Figure 1. Failure-free survival (dotted line) and overall sur-
vival curves of the whole series treated with MTX, araC, and
thiotepa regimen.
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trations [9], and a significant direct correlation between
araC dose and CSF end-dose ara-U levels [10]. In a phar-
macokinetic study performed on 19 patients with acute leu-
kemia [10], direct correlations between the dose of araC
administered and peak plasma araC levels and CSF concen-
trations have been shown, with a mean end-dose CSF araC
level following 3 g/m2 of araC of fourfold the mean end-
dose CSF araC level following 0.75 g/m2. In a pharmaco-
kinetics study on 18 patients with acute leukemia or
aggressive lymphomas [8], the administration of 1 g/m2 of
araC has been associated with a mean drug concentration in
the CSF of 347 and 123 ng/ml at 3 and 6 hours, respectively,
whereas these concentrations were 1.070 and 507 ng/ml
when delivered dose was 3 g/m2, with a mean half-life 3
times longer with the higher dose (2.3 versus 6.3 hours).
Importantly, plasmatic concentration of araC has been un-
der the therapeutic drug level at 4 hours in patients treated
with 1 g/m2, whereas a therapeutic concentration was de-
tectable even after 6 hours when the delivered dose was 3
g/m2 [8]. Although a comparison between 1 and 2 g/m2 has
not been performed in that study [8], there are several
pieces of evidence in literature that an araC dose of at least
2 g/m2 is associated with cytotoxic concentrations in the
CSF of leukemia patients [11]. Despite variations in admin-
istration schedule of araC among reported studies and the

existence of a wide interpatient unpredictability in araC lev-
els, delivered dose of araC strongly conditions drug con-
centration, therapeutic level, and half-lives both in CSF and
plasma, which could have a sensible effect on efficacy in
the treatment of PCNSL.

In conclusion, MAT experience shows that, when ad-
ministered in combination with HD-MTX, araC dose re-
duction to 1 g/m2 is associated with disappointing results in
patients with PCNSL. Therefore, four doses of araC at 2
g/m2, as used in the standard MTX-araC combination of the
IELSG #20 trial [1], are recommended in the first-line treat-
ment for PCNSL. Accordingly, this araC administration
schedule has been included in the three treatment arms
of our new PCNSL randomized trial named IELSG #32
(http://clinicaltrials.gov: NCT01011920).
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