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Abstract Purpose: Previously, we conducted a nation-
wide survey of primary central nervous system lym-
phoma (PCNSL) treated between 1985 and 1994 in
Japan. In the present study, we conducted further
investigations of PCNSL patients treated between 1995
and 1999 to clarify possible changes with time in the
clinical features, treatment, and outcome of this disease.
Methods: Thirteen Japanese institutions were surveyed,
and data on 101 patients with histologically-confirmed
PCNSL were collected. These data were compared with
those of 167 patients treated at the same institutions
between 1985 and 1994. Results: Regarding patient and
tumor characteristics, the proportion of patients with
good performance status (PS) was significantly higher in
the group treated during 1995–1999 than in that treated
during 1985–1994, but other characteristics were not
significantly different. Regarding treatment, more
patients in the more recent period (66%) received sys-
temic chemotherapy than those in the preceding period
(53%, P = 0.049). For all patients, including those who

did not complete radiotherapy, the median survival time
was 17 months and 30 months in patients treated
between 1985 and 1994 and those treated between 1995
and 1999, respectively, and the 5-year survival rate was
15% versus 31% (P = 0.0003). In both patient groups,
higher age and tumor multiplicity were associated with
poor prognosis in multivariate analysis. In patients
treated between 1995 and 1999, those who received
systemic chemotherapy showed significantly better
prognosis than those who did not (P = 0.0049), but the
difference was not significant in multivariate analysis (P
= 0.23). Conclusions: The high survival rates observed
in the present survey are comparable with those of recent
prospective studies employing intensive chemoradio-
therapy. The improvement in prognosis appeared to
result, at least in part, from the increase in the propor-
tion of patients with better PS. Since the clinical feature
and treatment outcome of patients with PCNSL can
thus change with the era, historical control data should
not be used in comparing different treatment modalities.
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Introduction

Primary central nervous system lymphoma (PCNSL) is
increasing and is becoming one of the most important
tumors in neuro-oncology. Radiation therapy has been
the standard treatment for PCNSL until recently, but
the outcome of patients treated by radiation alone has
not necessarily been satisfactory (Shibamoto et al. 1990;
Reni et al. 1997; Hayabuchi et al. 1998; Nelson 1999).
More recently, the use of high-dose methotrexate
(MTX)-containing chemotherapy before radiation
appeared to have gained some success in obtaining
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long-term survival (Glass et al. 1994; Blay et al. 1998;
Brada et al. 1998; Abrey et al. 2000; Ferreri et al. 2000;
O’Brien et al. 2000; Reni et al. 2001; Bessel et al. 2001;
Caldoni & Aebi 2002; DeAngelis et al. 2002). However,
there has been no randomized trial suggesting the
superiority of the combined modality treatment over
radiation therapy alone, and a recent study by a German
group suggested a high rate of progressive disease during
treatment with 6 courses of 8 g/m2 of MTX (Herrlinger
et al. 2002). Therefore, the benefit of high-dose MTX
appears to remain uncertain. Since the clinical features
of PCNSL appear to be changing with time, it may not
be reasonable to consider that combined MTX-con-
taining chemotherapy and radiation is superior to radi-
ation alone, by comparing the results of combined
treatment with the historical control data in patients
treated by radiation therapy alone.

Previously, Hayabuchi et al. (Hayabuchi et al. 1998)
conducted a nationwide survey of PCNSL in Japan
treated between 1985 and 1994. The findings on 466
patients were previously published. Considering the
increasing importance of this disease, we organized a
research group consisting of 13 institutions to carry out
both retrospective and prospective studies on PCNSL.
As a first study of this group, we collected data on
PCNSL patients treated between 1995 and 1999 at these
institutions. In addition to analyzing these data on 101
patients, we compared the data with those on 167
patients from the previous survey treated between 1985
and 1994 at the same institutions, to investigate changes
in the clinical feature, treatment modality, and outcome
between these eras.

Materials and methods

Subjects of the present survey were patients with histologically-
proven PCNSL who received radiation therapy between 1995 and
1999. Those who did not complete the planned radiotherapy were

included. Clinical characteristics, treatment and prognosis of each
patient shown in the Results section were asked using a detailed
questionnaire. Data on 101 patients were collected from 13 insti-
tutions. For comparison, data on 167 patients treated in the pre-
ceding 10 years, i.e., between 1985 and 1994, at the same
institutions were obtained from the data source of the previous
nationwide survey (Hayabuchi et al. 1998) and were analyzed. Data
regarding tumor size (maximum diameter at diagnosis and before
radiation therapy) was asked for in the present survey, which had
not been done in the previous survey. As often happens with such a
survey, a number of the items were unanswered by the investiga-
tors. Various chemotherapy regimens had been used, and were
categorized as follows: (A) cyclophosphamide, vincristine, and
prednisolone (COP) or COP plus doxorubicin (CHOP/VEPA); (B)
intravenous methotrexate (MTX) alone or MTX-containing regi-
mens. The drugs included in regimen A had often been used in
combination with MTX, and such regimens were categorized into
this group; (C) cytarabine plus procarbazine; (D) nitrosourea-
containing regimens. Some of the drugs in regimen A had been
used in combination with nitrosoureas, and such regimens were
included in this group. When MTX had been used in combination,
the regimen was categorized into group B; (E) cisplatin plus
etoposide; and (F) Single use or combination of miscellaneous
other agents not included in the above groups. For analysis of
treatment results, regimens C–F were grouped together. Differences
in patient, tumor, and treatment characteristics between groups
were examined by Fisher’s exact test.

Survival rates were calculated from the date of starting radio-
therapy using the Kaplan-Meier method, and differences in pairs of
survival curves were examined by the log-rank test. Multivariate
analysis of prognostic factors was carried out using the Cox pro-
portional hazards model. In doing multivariate analysis, patients
were divided into two groups, and all the parameters were entered
as dichotomous variables. All statistical analyses were carried out
using a computer program, Stat View Version 5 (SAS institute,
Cary, NC, USA).

Results

Table 1 shows patient, tumor, and treatment charac-
teristics in the two groups treated between 1985 and
1994 and between 1995 and 1999. There were more
patients with better WHO performance status (PS) score
in the group treated between 1995 and 1999 than in the

Table 1 Patient, tumor, and treatment characteristics

Characteristic 1985–1994 1995–1999 P

Gender Male/female 97/70 67/34 0.20

Age (years) <60/‡ 60 83/84 53/48 0.71
Median (range) 60 (15–84) 59(15–84)

Performance status 0–2/3,4 69/95 60/41 0.0078
Lactate dehydrogenase Normal/high 49/34 50/30 0.75
B symptom Yes/no 16/133 11/81 0.83
Phenotype B/T 75/8 79/6 0.59
Tumor number Single/multiple 103/63 56/43 0.44
Maximum tumor diameter At diagnosis – 3 (1.5–9)
Median (range) (cm) Before radiation – 3 (0–9)
Radiotherapy Completed/not completed 158/9 97/4 0.77
Radiation field Whole brain/partial brain 146/21 92/9 0.43
Spinal radiation Yes/no 15/152 4/97 0.15
Total dose (Gy) <50/‡50 54/113 28/73 0.49

Median (range) 50 (2–70) 50 (6–80)
Whole-brain dose (Gy) <40/‡40 70/97 42/59 1.0

Median (range) 40 (0–54) 40 (0–60)
Chemotherapy Yes / no 78/70 65/34 0.049
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group treated in the preceding 10 years, but the other
patient and tumor characteristics did not differ signifi-
cantly between the two groups. Radiotherapy charac-
teristics were similar between the two groups. During
both study periods, more than 85% of the patients were
treated with whole-brain irradiation with or without
focal boost, and the median total and whole brain doses
were 50 Gy and 40 Gy, respectively. Whole spinal irra-
diation was employed in less than 10% of the patients.
On the other hand, more patients seen between 1995 and
1999 received systemic chemotherapy than those seen
between 1985 and 1994 (66% vs 53%, P = 0.049).
Table 2 shows chemotherapy regimens used in the two
groups. The use of MTX-containing regimens appeared
to be increasing recently. However, a high dose of MTX
(>2 g/m2 per administration) was used in only 14 pa-
tients (14% of all patients) treated between 1995 and
1999.

Figure 1 shows overall survival curves for all patients
in the two groups. Patients in the present survey had
significantly better survival rates than those in the pre-
vious survey (P = 0.0003); median survival time was 30
vs 17 months, and the 3-year survival rate was 46% vs
24%. The 5-year survival was 31% and 15%, respec-
tively. Table 3 summarizes survival data in the two
groups according to potential prognostic factors. In
both study periods, patients with ages <60 years, PS 0–
2, or a single tumor showed significantly higher survival
rates. Patients with normal lactate dehydrogenase
(LDH) levels or without B symptom had better prog-
noses than those with high LDH level or with B symp-
tom, respectively, in the group treated between 1995 and
1999, but not in those treated during 1985–1994.

To analyze the influence of treatment-related factors
on outcome, patients who did not complete radiother-
apy (and died soon) were excluded. In patients treated
between 1985 and 1994, those who received partial-brain
radiation, spinal radiation, or whole-brain dose <40 Gy
showed better prognoses, but these phenomena were not
observed in patients treated between 1995 and 1999.
Figure 2 shows survival curves according to the treat-
ment modality, i.e., radiation alone vs radiation plus
chemotherapy. In patients treated between 1985 and
1994, the two groups showed similar prognoses. In pa-
tients treated between 1995 and 1999, however, those
who received radiation plus chemotherapy showed
significantly better survival than those who received
radiation alone. Among these patients, 61% of the

patients who received radiochemotherapy were younger
than 60 years, but 39% of those treated with radiation
alone were younger than 60 years (P= 0.050). Similarly,
64% of the patients who received radiochemotherapy
had a PS 0–2, but 55% of those treated with radiation
had a PS 0–2 (P = 0.50). Figure 3 shows survival curves
according to the chemotherapy regimens. In patients
treated between 1985 and 1994, there was no significant
difference in survival curves according to the regimens.
On the other hand, there was an overall difference
in those treated between 1995 and 1999 (P = 0.018).
Patients receiving MTX-containing regimens showed
better survival than those treated with CHOP/VEPA or
COP (P = 0.0071).

Multivariate analyses were performed for potential
prognostic factors, which were significant in univariate
analyses (Table 4). Factors concerning the radiation
field and spinal radiation were not included because of
the small number of patients in one of the groups. In
both patient groups treated during 1985–1994 and 1995–
1999, age and tumor number were suggested to be sig-
nificant prognostic factors. PS and LDH level did not
reach statistical significance. The radiation dose to the
whole brain and chemotherapy did not prove significant
in patients treated between 1985 and 1994, and in those
treated between 1995 and 1999, respectively.

Discussion

The most significant finding of this study appears to be
that patients treated between 1995 and 1999 showed a
significantly better prognosis than those treated between
1985 and 1994. Comparison of the patient and tumor
characteristics revealed that there were more patients
with better PS between 1995 and 1999 than between
1985 and 1994. This may be due to the earlier diagnosis
of the disease in recent years and improvement in gen-

Table 2 Chemotherapy regimens (COP cyclophosphamide, vin-
cristine and prednisone, CHOP/VEPA COP plus doxorubicin)

Regimen 1985–1994 1995–1999

COP, CHOP/VEPA 35 (45%) 25 (38%)
Methotrexate-containing regimens 18 (23%) 27 (42%)
Cytarabine and procarbazine 0 7 (11%)
Nitrosourea-containing regimens 13 (17%) 2 (3%)
Cisplatin and etoposide 8 (10%) 4 (6%)
Miscellaneous drugs 4 (5%) 0

Fig. 1 Survival curves for patients with primary central nervous
system lymphoma treated between 1985 and 1994 (- - -d- - -) and for
those treated between 1995 and 1999 (_____s_____). The
difference was significant (P = 0.0003)
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Table 3 Survival data according to potential prognostic factors (MST median survival time in months, 5-YSR 5-year survival rate)

1985–1994 1995–1999

Prognostic factor n MST 5-YSR(%) P n MST 5-YSR(%) P

Gender Male 97 15 8.7 0.13 67 32 31 0.62
Female 70 22 23 34 28 33

Age (years) <60 83 20 22 0.0057 53 44 45 0.0052
‡ 60 84 13 6.8 48 23 15

Performance status 0–2 69 24 18 0.0015 60 37 32 0.024
3,4 95 11 13 41 12 30

B symptom Yes 16 10 7.5 0.30 11 14 18 0.027
No 133 18 17 81 36 35

Lactate Normal 49 22 31 0.17 50 55.5 43 0.0084
dehyrdogenase High 34 21 5.8 30 20.5 (20)b

Tumor number Single 103 22 19 0.0021 56 55.5 43 0.0083
Multiple 63 11 7.9 43 26 17

Tumor size (cm)a £ 3 cm – – – – 51 32 33 0.95
>3 cm – – – 41 37 31

Radiation field Whole brain 139 17 12 0.026 89 30 31 0.99
Partial brain 19 35 38 8 35 (33)

Spinal radiation Yes 15 31 37 0.042 4 - (50) 0.69
No 143 17 13 93 30 30

Total dose (Gy) <50 45 16 22 0.79 24 29.5 26 0.16
‡ 50 113 18 13 73 36 32

Whole-brain dose <40 61 24 22 0.025 38 32 26 0.83
(Gy) ‡40 97 14 11 59 30 32
Chemotherapy Yes 65 18 19 0.63 64 38 40 0.0049

No 74 19 14 31 25 (14)

a Maximum tumor diameter before radiation
b Figures in parentheses are 4-year survival rate

Fig. 2 Survival curves according to the treatment modality.
_____s_____ : patients treated with radiation alone, - - -d- - - :
patients treated with radiation and chemotherapy. The difference
was significant in the group of patients treated between 1995 and
1999 (upper panel, P = 0.63; lower panel, P = 0.0049)

Fig. 3 Survival curves according to chemotherapy regimens.
_____s_____ : cyclophosphamide, vincristine, prednisolone ±
doxorubicin, - - -d- - - : methotrexate-containing regimens, - - -M- - -
: other regimens. The difference among the curves was significant in
the group of patients treated between 1995 and 1999 (upper panel,
P = 0.32; lower panel, P = 0.018)
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eral care including corticosteroid therapy and less
aggressive surgery. Since PS was a significant prognostic
factor in univariate analysis, it is suggested that the in-
crease in the proportion of better PS patients may, at
least in part, have contributed to the improvement in
prognosis in patients treated between 1995 and 1999.

Age, PS, and tumor multiplicity are well-known
prognostic factors for PCNSL (Corry et al. 1998; Hay-
abuchi et al. 1998; O’Brien et al. 2000). The present re-
sults of univariate analyses agree with these previous
observations, although the influence of PS did not reach
a significant level in multivariate analysis. Patients with
a high LDH level treated between 1995 and 1999 showed
a poorer prognosis than those with a normal LDH level
in univariate analysis. However, LDH was not a sig-
nificant factor in patients treated between 1985 and
1994, as also shown in the multivariate analysis of pa-
tients treated between 1995 and 1999. The previous
analysis of 466 patients in the nationwide survey sug-
gested an association of high LDH level and poor
prognosis in both univariate and multivariate analyses
(Hayabuchi et al. 1998), so LDH may be a potential
prognostic factor which is certainly weaker than age, PS,
and tumor multiplicity. A similar finding was obtained
regarding B symptom. In the newer survey, we investi-
gated the influence of tumor size, but it did not appear to
have a significant influence on patient outcome.

Regarding the method of radiation therapy, patients
who were treated with a partial-brain field showed a
better prognosis than those treated with a whole-brain
field in the group treated between 1985 and 1994. Shi-
bamoto et al. (Shibamoto et al. 2003) recently discussed
the possible benefit of using partial-brain irradiation,
especially in patients with a single lesion. Due to the
retrospective nature of the present study and the small
number of patients who received partial-brain irradia-
tion, no conclusion should be drawn regarding radiation
field, but avoiding whole-brain radiation may be a
future topic in the treatment of PCNSL. The observa-
tion in the earlier period that patients who received
spinal radiation and those who received whole-brain
doses of less than 40 Gy had a better prognosis are
paradoxical, and it is suggested that these observations
would represent patient selection bias, which is often
seen in retrospective analysis. As has been suggested by

previous findings (Nelson et al. 1992; Hayabuchi et al.
1998), a higher dose of radiation did not appear to be
associated with survival improvement.

In patients treated between 1985 and 1994, those who
received radiation alone and those who received
radiation plus chemotherapy showed a similar progno-
sis. On the other hand, in patients treated between 1995
and 1999, those who received radiation plus chemo-
therapy had a significantly better prognosis than those
who received radiation alone. However, the effect of
chemotherapy was not significant in multivariate anal-
ysis. Since younger patients were more often treated with
combined radiation and chemotherapy, this may be one
of the reasons why the effect of chemotherapy was not
supported by multivariate analysis. Analysis according
to chemotherapy regimens suggested a possible advan-
tage of MTX-containing regimens over conventional
CHOP or similar regimens. Several studies have
suggested the ineffectiveness of CHOP or similar regi-
mens, especially when given before radiation (Schultz
et al. 1996; O’Neill 1999; Mead et al. 2000), although
post-radiation CHOP requires further investigation
(Shibamoto et al. 1999). The present findings suggest
that systemic chemotherapy with weak or moderate
intensity may not be beneficial in PCNSL.

The findings of the present study revealed that the
treatment outcome for PCNSL varies greatly with the
era. Although most of the chemotherapy regimens used
were of mild or moderate intensity and only 14% of
the patients received high-dose-MTX-containing che-
motherapy, the 5-year survival rate of 31% for all
patients treated between 1995 and 1999 (including
those who did not complete radiotherapy) were equal
to that recently reported by the Radiation Therapy
Oncology Group (DeAngelis et al. 2002) or those of
other series using intensive combined modality treat-
ment including high-dose MTX (Brada 1998; Bessell
et al. 2001). Therefore, it appears to be inappropriate
to discuss the usefulness of treatment modality by
comparing with the historical control data. There have
been no major randomized studies, except for a small
one (Mead et al. 2000), regarding the benefit of com-
bining chemotherapy with radiation, but to confirm the
efficacy of chemotherapy, randomized studies appear to
be necessary.

Table 4 Multivariate anayses for potential prognostic factors that were significant in univariate analysis

Factor 1985–1994 (n= 154) 1995–1999 (n= 72)

P Relative risk P Relative risk

Age (<60 vs ‡ 60 years) 0.036 1.48 (1.03–2.15)a 0.047 2.07 (1.01–4.22)
Performance status (0–2 vs 3,4) 0.13 1.36 (0.92–2.01) 0.13 1.77 (0.85–3.68)
Lactate dehydrogenase (normal vs high) – – 0.13 1.70 (0.86–3.34)
Tumor number (single vs multiple) 0.0093 1.67 (1.13–2.45) 0.0032 2.82 (1.42–5.62)
Whole-brain dose (<40 vs ‡ 40 Gy) 0.22 1.28 (0.86–1.91) – –
Chemotherapy (yes vs no) – – 0.23 1.53 (0.32–1.31)

aFigures in parentheses are 95% confidence intervals
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