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Abstract

The efficacy and toxicity of high-dose methotrexate (HD-MTX)-based chemotherapy were retrospectively
reviewed in patients with primary central nervous system lymphoma (PCNSL). All immunocompetent pa-
tients with histologically or radiographically diagnosed PCNSL treated between 2006 and 2012 at Niigata
University Hospital were enrolled. Thirty-eight patients with a diagnosis of PCNSL were treated with one
of two regimens during different time periods. During the first period, from 2006 to 2009, three 3-week
cycles of MPV (MTX + procarbazine + vincristine) were administered (MPV3 group). In the second period,
from 2010 to 2012, five 2-week cycles of MTX were administered (MTX5 group). High-dose cytarabine
was used in both groups following HD-MTX-based chemotherapy. Whole-brain radiotherapy was used for
patients who did not attain a complete response (CR) based on magnetic resonance images. In the MPV3
group, 20 out of 23 patients (87%) completed the planned treatment. The CR rate after chemotherapy was
30%, and 57% after radiation therapy. Thirteen out of 15 patients (87%) in the MTX5 group completed the
planned treatment. The CR rates after chemotherapy and radiation therapy were 53% and 93%, respec-
tively. Renal dysfunction was assessed by measuring creatinine clearance rates, which were very similar
in both groups. In terms of hematologic toxicity and other adverse reactions, there was no significant dif-
ference between the two groups. In conclusion, dose-dense MTX chemotherapy improved outcome with
acceptable toxicity compared with the treatment schedule for three cycles of MPV treatment.
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Introduction (4) length of interval, and (5) monotherapy or
combination therapy. In terms of dosage, 1-8 g/m?

Primary central nervous system lymphoma (PCNSL) is of MTX has b’een adopted in various clinical trials,
a rare brain tumor, but its incidence is rising among and 3.0 8/1'11& Or Imore of MTX is widely acce
immunocompetent patients.” More than 60% of all pted.>o-om121a192173032 MTX appears to be readily
cases of PCNSL occur among patients older than distributed into the cerebrospinal fluid when 3.0 g/m?*
60 years in Japan.” High-dose methotrexate (HD-MTX)- or more of MTX is administered."” Furthermore, a
based chemotherapy with or without radiotherapy ~ Tecent trial has investigated changing subsequent
is the standard treatment for PCNSL. However, the  doses of MTX based on the plasma concentration of
most effective parameters for MTX usage are unclear. MTX.* For 100 mg/kg of MTX, a 3-hour infusion
The following five factors need to be considered: has been recommended because of optimal central

(1) dosage, (2) infusion speed, (3) number of cycles, nervous system (CNS) penetration."” For 8 g/m?, a 4-
to 6-hour infusion is commonly used.*®*?? Currently,

some reports have indicated improved treatment results
Received May 31, 2013; Accepted August 14, 2013 with an increased number of cycles of MTX.*#122632
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One of the essential roles of dose-intensity MTX
treatment is to defer whole-brain radiation therapy
(WBRT) during first-line treatment and thus decrease
the risk for leukoencephalopathy, especially for
elderly patients, and retain the option of re-treating
with MTX at relapse. When MTX is administered, a
2-week interval would hypothetically be better than
a 3-week interval between cycles. However, there are
no reports to confirm this point.

Renal toxicity and myelosuppression are among
the major side effects of MTX. However, when
monitored closely, MTX can be administered with
minimal side effects to patients, including the
elderly.?%? It is extremely important to assess the
optimal MTX treatment method, and these data will
be critical when exploring new treatment options
for PCNSL.

At Niigata University Hospital Department of
Neurosurgery, we have used two different HD-MTX-
based chemotherapy protocols consecutively. In this
study, CR rates after completion of chemotherapy
and radiation therapy, progression-free survival
(PFS), and overall survival (OS) were assessed to
determine the effectiveness of these two protocols.
Furthermore, renal dysfunction, hematologic toxicity,
and other adverse reactions of the two treatments
were compared.

Patients and Methods

This study included 38 patients with PCNSL, who
were newly diagnosed from January 2006 to December
2012 at Niigata University Hospital. Major inclu-
sion criteria of this study were: immunocompetent
PCNSL; less than 80 years; creatinine clearance of
more than 0.5 ml/min; and no apparent dissemina-
tion radiographically nor cytologically. Consecutive
patients treated with chemotherapy were enrolled.
The treatment group from the first period, from
January 2006 to December 2009, was designated
as the MPV3 group, and the latter group, receiving
treatment from January 2010 to December 2012, was
allotted to the MTX5 group.

I. Treatment protocol

Treatment protocols for both groups are indicated
in Fig. 1. MPV3 patients were treated with three
cycles of MPV treatment: 1.4 mg/m?* of vincristine
(day 1), 100 mg/m?* of procarbazine (days 2-8), and
3.5 g/m? of MTX (day 10) in 3-week cycles. Next,
leucovorin rescue was used as indicated below.
After three cycles of chemotherapy, 1.5 or 2.0 g/m?
of cytarabine (Ara-C, days 1, 2) was intravenously
administered; 2.0 g/m? of Ara-C was administered
to patients 60 years old or younger, and 1.5 g/m?

MPV3 (2006 - 2009) MTX5 (2010 - 2012)

VCR 1.4 mg/m?, day 1
PCZ 100 mg/m?, day 2-8
MTX 3.5 g/m?, day 10

MPV

MPV

MPV

Ara-C 2.0 g/m?, day1,2

Ara-C

+ WBRT 30Gy + 10~20Gy boost

Fig. 1 Scheme of two treatment protocols. MPV3
contains three cycles of MPV treatment in 9 weeks,
and MTX5 contains five cycles of MTX treatment in
10 weeks. Ara-C: cytarabine, MPV: methotrexate + procar-
bazine + vincristine, MTX: methotrexate, PCZ: procarbazine,
VCR: Vincristine, WBRT: whole-brain radiotherapy.

for patients over 60 years old. For patients who did
not attain CR based on evaluation by post-contrast
magnetic resonance (MR) images, a total dose of
30 Gy of WBRT using conventional fractionation
with or without 10-20 Gy of focal boosts was added.
MTX5 patients were treated with a cycle of MPV
followed by four cycles of the same MTX dose
alone (day 3) in 2-week cycles. In brief, MTX was
administered five times during 10 weeks in the
MTX5 group. Ara-C and WBRT were administered
using the same criteria as for the MPV3 group.
In addition, for patients who attained CR after chemo-
therapy and had not received WBRT, a cycle of MPV
chemotherapy was repeated every 4 months for 2 years.
In both protocols, a creatinine clearance rate (Ccr)
of more than 50 ml/min was confirmed before each
cycle. Each 3.5 g/m? dose of MTX was administered
over 3 hours. Leucovorin rescue was used from 24
hours after administration of MTX for 5 days. Before
and after administration of MTX, hydration and urine
alkalization were continued to maintain a urine output
of more than 100 ml/hr and a urine pH of more than 7.

Patients who had progressive disease or grade
IV hematologic toxicity during chemotherapy also
received WBRT or focal boosts to areas of persistent
tumor after discontinuing chemotherapy. Steroid
therapy was administered to all MPV3 patients as
10-30 mg of oral prednisolone. In contrast, MTX5
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patients received minimal doses of oral prednisolone
for improving their symptoms in order to correctly
determine the treatment efficacy on MR images.

II. Patient characteristics

Twenty-three and 15 patients were enrolled
in the MPV3 and MTX5 groups, respectively.
The main clinical features during diagnosis are
shown in Table 1. The median age at the time of
diagnosis was 61 years (range: 17—75 years) and
63 years (range: 43—71 years), respectively. Seven-
teen patients (74%) were men and 6 (26%) were
women in the MPV3 group, and 11 patients (73%)
were men and 4 (27%) were women in the MTX5
group. The median Karnofsky performance status
(KPS) was 60 in both groups. In the MPV3 group,
PCNSL was diagnosed histologically by biopsy in
21 patients (91%) and clinically without surgical
procedures in 2 patients (9%). In the MTX5 group,
PCNSL diagnosis was made histologically by surgery,
including one total removal, in 10 patients (67%);
by cerebrospinal fluid (CSF) cytology in 3 patients
(20%); and clinically in 2 patients (13%). B-cell
lymphoma was diagnosed in 19 patients (83%)
of the MPV3 group and 13 patients (87%) of the
MTX5 group.

ITI. Response and toxicity criteria

MR scans of the brain were repeated after surgery,
chemotherapy, and radiotherapy. Further scans
were performed every 2 months during follow-up
evaluations for the first 2 years and every 3 months
thereafter. Neuroradiographic response criteria as
defined by Macdonald et al. were used.'® Toxicity
was graded using the National Cancer Institute
Common Toxicity Criteria.

IV. Statistical methods

The CR rates after chemotherapy and radiotherapy
were assessed. Median PFS and median OS were
estimated. Adverse effects including renal dysfunc-
tion and hematologic toxicity were also investigated.
Categorical data were compared using Fisher’s exact
test, two-tailed p value. The survival curves were
estimated according to the method of Kaplan and
Meier and compared using the log rank test. PFS
and OS were determined from the date of diagnosis
to relapse and death or last visit.

Results

I. Treatment completion

Patients’ treatment profiles are shown in Table 2.
Twenty out of 23 (87%) patients in the MPV3 group
and 13 out of 15 (87%) patients in the MTX5 group
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Table 1 Lymphoma patient characteristics in two groups

MPV3 (n=23)  MTX5 (n = 15)

éfg;liy:gs 17-75 (61) 43-71 (63)
Sex

Male 17 (74%) 11 (73%)

Female 6 (26 %) 4 (27%)
gsd(i):n?dmlsswn 40-90 (60) 30-90 (60)
Diagnosis

Surgery

Removal 0 (0%) 1(7%)

Biopsy 21 (91 %) 9 (60 %)

Cytology 0 (0%) 3 (20%)

Others 2 (9%) 2 (13%)
Pathology

B-cell lymphoma 19 (83%) 13 (87%)

DLBCL 19 (83%) 10 (67 %)

Others 4 (17%) 2 (13%)

DLBCL: diffuse large B-cell lymphoma, KPS: Karnofsky per-
formance status, MPV: methotrexate + procarbazine + vincris-
tine, MTX: methotrexate, N: number.

Table 2 Treatment completion and complete response
rate

MPV3 MTX5  Fisher’s test
(n=23) (n=15) results
MPV / MTX 20 (87%) 13 (87%)
complete
Ara-C complete 18 (78%) 13 (87%)
CR/PR/SD/PD 7/13/1/2 8/6/0/1
CR rate after 30% 53% 0.2
chemotherapy
Response rate 87% 93%
Whole brain
radiotherapy 18 (78%) 7 (47%) 0.2
CR/PR/SD/PD 13/10/0/014/1/0/0
CR rate after 57% (93%) 0.03
radiotherapy

Response rate 100% 100%

CR: complete response, MPV: methotrexate + procarbazine +
vincristine, MTX: methotrexate, PD: progressive disease, PR:
partial response, SD: stable disease.

completed MTX treatment. Eighteen out of 23 (78%)
patients in the MPV3 group and 13 out of 15 (87%)
patients in the MTX5 group completed Ara-C treat-
ment. Eighteen out of 23 (78%) patients in the MPV3
group and 7 out of 15 (47%) patients in the MTX5
group received WBRT following chemotherapy. In
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both groups, all patients completed the planned
radiotherapy. Patients who did not attain CR received
WBRT in both groups.

I1. Response of therapy

Seven out of 23 (30%) patients in the MPV3
group and 8 out of 15 (53%) patients in the MTX5
group reached CR after chemotherapy. There was no
significant difference between these two groups (p =
0.2). Thirteen out of 23 (57%) patients in the MPV3
group and 14 out of 15 (93%) patients in the MTX5
group attained CR after radiotherapy. The CR rate was
significantly higher in the MTX5 group (p = 0.03).
PR, SD, PD, and response rate are shown in Table 2.

IT1. Progression-free survival and overall
survival

Kaplan-Meier curves of PFS and OS are shown
in Fig. 2. Median follow-up periods were 39 (range:
7-72) months for the MPV3 group and 23 (range:
6—37) months for the MTX5 group (Table 3). Sixteen
out of 23 (70%) patients in the MPV3 group and 2
out of 15 (13%) patients in the MTX5 group have so
far suffered a relapse. Patients who had not received
WBRT at relapse, additional MTX/MPV treatment and/
or WBRT were prioritized. Patients who had already
received WBRT at relapse, a carboplatin + etoposide
regimen, additional WBRT, stereotactic radiotherapy,
or rituximab administration were considered as single
therapies or in combination; best supportive care
was selected for advanced disease. Estimated median
PFS was 12 months in the MPV3 group and was not
reached in the MTX5 group, which had significantly
prolonged PFS (p = 0.01). Fourteen out of 23 (61%)
patients in the MPV3 group have died so far, and
no patients have died in the MTX5 group. Estimated
median OS was 39 months in the MPV3 group and
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.......
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was not reached in MTX5 group, which also had
significantly prolonged OS (p = 0.01). Recurrences
were confirmed in all deceased patients, including
one who developed esophageal cancer.

IV. Treatment toxicity

A total of 64 cycles of MTX were administered to
23 patients in the MPV3 group. In 3 patients, MTX
was interrupted because of arrhythmia, esophageal
cancer, or patient request. A total of 72 cycles of
MTX were administered to 15 patients in the MTX5
group. In 2 patients, MTX was discontinued because
of renal dysfunction or tumor progression. The
most significant acute toxicity of MTX was renal
dysfunction. Ccr before and after MTX treatment is
indicated in Fig. 3. Mean Ccr before and after MTX
treatment in the MPV3 group was 98 ml/min and
80 ml/min, and 104 ml/min and 82 ml/min in the
MTX5 group, respectively. There was no significant
difference between these two groups.

Another major acute toxicity for chemotherapy
involved hematologic indicators. Grade 4 toxicity in
the form of neutropenia was observed in only one
patient in the MPV3 group, and Ara-C was omitted
for this patient. Grade 3 anemia was observed in
only one patient in the MPV3 group. As already
mentioned, 18 out of 23 (78%) patients in the
MPV3 group and 13 out of 15 (87 %) patients in
the MTX5 group completed Ara-C treatment. Grade
4 neutropenia was observed in 16 (89%) and in
12 (92%) patients; grade 4 thrombocytopenia was
observed in 5 (28%) and in 2 (15%) patients of the
respective groups (Table 4). Grade 4 anemia was not
observed in either group. There was no significant
difference in incidence of any hematological adverse
events between these two groups.

With regard to other adverse events, nausea (grade

1.0 A asaaa aaa

0.5 =

Survival probability (%)

0 10 20 30 40 50 60 70 80

Overal |l survival (month)

Fig. 2 Kaplan-Meier curves of progression-free and overall survival. MPV: methotrexate + procarbazine +

vincristine, MTX: methotrexate.
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Table 3 Follow-up period and median progression-free
and overall survival

MPV3 MTX5 Log-rank test
(n=23) (n =15) results
Follow-up
period (m) 39 (7-72) 23 (6-37)
Median PFS (m) 12 N.R. 0.01
Median OS (m) 39 N.R. 0.01

M: month, MPV: methotrexate + procarbazine + vincristine,
MTX: methotrexate, N.R.: not reached, OS: overall survival,
PFS: progression-free survival.

150

100

50

creatinine clearance rate (mL/min)
creatinine clearance rate (mL/min)

before after

MPV3

MTX5

Fig. 3 Comparison of creatinine clearance rate at
before and after methotrexate treatment. Bar graph
shows average of creatinine clearance rate (Ccr) in
each group. Line graph shows the Ccr of each patient.
MPV: methotrexate + procarbazine + vincristine, MTX:
methotrexate.

3) was observed in four patients in the MPV3 group
and two patients in the MTX5 group. Liver dysfunc-
tion (grade 3) was observed in three patients in the
MPV3 group. One patient in the MPV3 group devel-
oped deep venous thrombosis. In the MTX5 group,
one patient developed photodermatosis, one had
numbness of the upper limbs, and two with drug-
associated skin eruption were observed. High fever
(grade 3 or more) was not observed in either group.

Discussion

The present study reports the results of 38 patients
treated with two different HD-MTX-based chemo-
therapy protocols during different periods of time.
Dose-dense MTX chemotherapy, which means five
2-week cycles of MTX contrasted with three 3-week
cycles of MPV, showed a treatment benefit in terms
of the CR rate after chemotherapy and radiotherapy
without additional toxicity.

Table 5 shows recent representative clinical trials
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Table 4 Hematologic toxicities after chemotherapy

MPV3 MTX5 Fisher’s
m=23) (n=15) testresults
After MPV / MTX
Neutropenia G3 3(13%) 3(20%) n.s.
G4 1 (4%) 0 (0%) n.s
Thrombocytopenia G3 1 (4%) 0 (0%) n.s
G4 0(0%) 0 (0%) n.s
Anemia G3 1(4%) 0 (0%) n.s
G4 0 (0%) 0 (0%) n.s.
After Ara-C
Neutropenia G4 16/18 12/13 n.s.
(89%) (92%)
Thrombocytopenia G4 5 /18 2/13 n.s.
(28%) (15%)
Anemia G4 0/18 (0%) 0/13 (0%) n.s.

Non-hematologic toxicity

Nausea G3 4(17%) 2(15%) n.s.
Liver dysfunction G3 3 (13%) 0 (0%) n.s.
DVT G2 1(4%) 0 (0%) n.s.
Numbness G3 0 (0%) 1 (7%) n.s.
Drug eruption G2 0(0%) 2(13%) n.s.
Photodermatosis G2 0 (0%) 1 (7%) n.s.
Fever 0 (0%) 0 (0%) n.s.

DVT: deep venous thrombosis, G2: grade 2, G3: grade 3, G4:
grade 4, MPV: methotrexate + procarbazine + vincristine,
MTX: methotrexate, n.s.: not significant.

using HD-MTX and data from the present study.
First, Abrey et al. reported excellent clinical results
from an MPV protocol in 2000.? The CR rate after
chemotherapy was 58%, and the median OS was 60
months. The outcome of this clinical trial, which
included elderly patients, has served as the bench-
mark for subsequent trials. Shah et al., also at the
Memorial Sloan-Kettering Cancer Center, reported
that the CR rate was elevated to 78% by increasing
the number of MTX cycles to seven and adding
rituximab.?® However, it should be noted that the
incidence of neutropenia was significantly increased
with the addition of rituximab. They speculated that
increasing the number of cycles of MTX contrib-
uted to a better outcome. In a randomized phase 2
trial by the Eastern Cooperative Oncology Group,
Ferreri et al. reported the treatment results of MTX
monotherapy as part of the study.” The CR rate after
chemotherapy was 18%, and the median OS was
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Table 5 Published studies on PCNSL treated with the protocol containing HD-MTX and the present report

Age, years Treatment Dose Interval Cycle of CR rate after Median OS
median (g/m?) treatment = chemotherapy (months)
Abrey et al. 27-89 o
(2000)" 65 MPV 3.5 2 weeks 5 56% 60
Shah et al. 30-76 o
(2007)29 57 R-MPV 3.5 2 weeks 5-7 78% N.R.
*Ferreri et al. 27-72 o
(2009)9 53 MTX 3.5 3 weeks 4 18% <12
Thiel et al. 55—69 o
(2010)20 63 MTX 4.0 2 weeks 6 35% 32.4
Cobert et al. 23-86 o
(2010)° 63 MTX 8.0 10-14 days 11 58% 84
MPV3 176_175 MPV 3.5 3 weeks 3 30% 39
43-71
MTX5 63 MPV/MTX 3.5 2 weeks 5 53% N.R.

*MTX alone protocol out of two groups in the study. CR: complete response, HD: high-dose, MPV: methotrexate + procarbazine
+ vincristine, MTX: methotrexate, N.R.: not reached, OS: overal survival, R-MPV: rituximab + MPV.

less than 12 months. These results were inferior to
previous reports, suggesting a disadvantage for a
3-week interval during MTX treatment. Based on these
findings and results, dose-dense MTX chemotherapy,
shortening intervals, and increasing the number of
cycles can be expected to improve outcome.

The results reported by Thiel et al. were important
as one of the few phase 3 trials for PCNSL.? Patients
in this trial underwent six cycles of MTX treatment
combined with ifosphamide with an interval of 2
weeks. The CR rate after chemotherapy was 35%, and
the median OS was 32—-37 months. It is interesting
that no significant improvement in OS was noted by
adding WBRT. Cobert et al. reported clinical results
of patients, including the elderly, treated with an
average of 11 cycles of 8 g/m? MTX.? The median OS
was 7 years, with only a small percentage of patients
experiencing severe toxicity. The disadvantage of this
protocol is the long treatment period, which includes
maintenance therapy every 3 months.

In the current study, the CR rate was assessed as
the clinical outcome because of a short follow-up
period. There are some reports that the CR rate
is significantly associated with long-term OS,%28)
so it may be a useful tool in the interest of time.
However, caution should be observed in that the
correlation between CR and OS may be altered by

inclusion of steroids or radiotherapy. When the
patients in this study were grouped according to
the recursive positioning analysis (RPA) classifica-
tion,Y there were four class 1 (< 50 years) patients
(two in the MPV3 group and two in the MTX5
group). All four patients attained CR after the initial
treatment, and three out of four patients attained
CR after chemotherapy without radiotherapy. So,
younger patients could be considered to have good
prognoses. Furthermore, there was no significant
difference in prognoses between class 2 (age > 50;
KPS > 70) and class 3 (age = 50; KPS < 70) (data
not shown). We need to evaluate the usefulness of
RPA as a prognostic factor of OS after evaluating
patients’ data for longer follow-up periods.
Obscured by the question of how to use MTX
effectively is the issue of how to defer WBRT
from the initial therapy. According to the National
Comprehensive Cancer Network, ‘WBRT may
increase toxicity, especially in patients over 60
years of age and may be withheld in the primary
setting’.?” From data collected from the previous
studies at Niigata University, a substantial number of
elderly patients who maintain CR have progressive
leukoencephalopathy, and 30 Gy or more WBRT has
been considered to be the most influential cause.®?
Avoiding treatment-related leukoencephalopathy
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while maximally utilizing MTX is expected to
improve the quality of life in patients with PCNSL.
From that point of view, temozolomide, which has
minimal adverse effects, is a promising drug, and
a clinical trial using it has been reported.'¢1*?% In
contrast, use of high-dose chemotherapy followed by
autologous stem-cell transplantation is difficult in
elderly people and tends to be applied in younger
patients. However, since young patients generally
have better prognoses from the outset, the wisdom
of applying high-risk treatment to such cases needs
to be debated. In the next decade, it is expected
that the treatment of PCNSL will be standardized
by the results of clinical trials, and the era of
MTX-based chemotherapy is likely to continue
until more effective treatments are established.
In conclusion, five 2-week cycles of MTX chemo-
therapy improved the CR rate with acceptable toxicity
compared to three 3-week cycles of MPV treatment.
Furthermore, it is essential to observe prognosis and
functional outcomes, including OS and late toxicity.
As a cornerstone for future development, a treatment
strategy that fully utilizes MTX is desired.
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