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ABSTRACT

Background: Primary brain lymphoma (PBL) is an ag-
gressive intracranial neoplasm of lymphocytic origin that
involves the brain parenchyma and meninges. The increas-
ing number of cases of PBL has resulted in a growing
awareness of and interest in this disease and has promoted
a large number of publications.

Material and methods: Twenty-nine immunocompe-
tent patients with primary non-Hodgkin's lymphoma of the
brain (PBL) were seen at our institute between 1975 and
1998. Twenty-seven patients had received external radia-
tion therapy (XRT). The treatment volume included the
whole brain (WB) in 10 patients, WB plus boost in 12 pa-
tients and the craniospinal axis in 5 cases. The XRT dose
ranged from 5.4 to 60 Gy with a median of 50 Gy. Two
patients received pre-irradiation high dose methotrexate.
One patient received intrathecal methotrexate and one had
3 cycles of adjuvant chemotherapy.

Results: The mean age at diagnosis was 53 years. Nine
patients (31%) were found to have multifocal tumors.
Eighteen patients were evaluable for assessment of treat-
ment response. Complete response was achieved in 13/18
patients (72%), while 4 (22%) had partial response. Six of
13 patients (46%) who achieved complete response re-
lapsed. Late neurotoxicity was reported in 9 of 15 patients
who survived for more than 6 months after therapy. With a
median follow up of 24 months, the 3 and 5-year overall
survival (OS) rates were 40% and 16%, respectively. The
median survival was 1.1 year. Age < 60 years, perfor-
mance status < 4, solitary brain lesion, XRT dose > 40 Gy,
WB XRT with boost and complete response to therapy
were found to be associated with statistically significant
higher OS rates. Cox regression analysis indicated that
performance status, response to therapy and XRT dose >
40 Gy were the most significant prognostic variables.

Conclusion: The outlook with primary brain lympho-
ma in immunocompetent patients remains somewhat dis-
mal. Randomized trials addressing the efficacy of chemo-
therapy (with and without radiation) over radiation alone
are needed. New treatment approaches need to be consid-
ered in a multiinstitutional setting.
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INTRODUCTION

Primary brain lymphoma (PBL) is an ag-
gressive intracranial neoplasm of lymphocytic
origin that involves the brain parenchyma and
meninges. It is often associated with acquired
or congenital immunosuppression, but in the
past 15 years, its incidence has risen threefold
among apparently immunocompetent individu-
als [10]. This increase in incidence in immuno-
competent hosts is not explained by improved
diagnostic, or epidemiologic modalities [24].
The increasing number of cases of PBL lym-
phoma has resulted in a growing awareness and
interest in this disease and has promoted a large
number of publications.

Studies comparing the immunophenotypic
patterns of PBL with those of systemic lympho-
mas have not shown any substantial differences
[11].

Stereotactic biopsy provides a high rate of
positive tissue diagnosis. No data suggest that
extensive surgery benefits patients with primary
brain lymphoma [4].

PBL is radiosensitive and external beam ra-
diotherapy (XRT) was considered to be the con-
ventional treatment. Although radiotherapy fre-
quently produces radiologic complete remi-
ssion, disease recurrence usually occurs intra-
cranially, within or outside the treated volume.
The median survival after radiotherapy is 12-18
months [18] and the 5-year survival is 14-26%
[22].
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Favourable results of combined chemothera-
py and XRT for systemic non-Hodgkin's lym-
phomas suggest a potential benefit in PBL with
the same approach. Some authors have reported
a significant improvement in the therapeutic
outcome with various chemotherapy schedules
with a 5-year actuarial survival of 36% [5].

Most of the studies on this disease are retro-
spective with patients spanning a long period of
time and treated with different modalities mak-
ing intercomparision of data difficult. The poor
prognosis of PBL in general is well known.

PATIENTS AND METHODS

Over a 23-year period, from 1975 to 1998,
29 immunocompetent patients with the histo-
logic diagnosis of non-Hodgkin's PBL were
seen at King Faisal Specialist Hospital and Re-
search Centre, which is a national tertiary cen-
tre for patients with cancers. None of the pa-
tients had a history of AIDS or any other
immunosuppressive disorder. During the same
period, 2094 non-Hodgkin's lymphomas were
registered, giving a prevelance rate of 1.4% for
PBL [3]. Clinical data were obtained directly
from the patients' medical records. The World
Health Organzation (WHO) performance status
(PS) was used to assess the PS at diagnosis [18].
All histologic materials were reviewed by pa-
thologists at King Faisal Specialist Hospital and
Research Centre at the time of initial referral.
For the purpose of this review, all the charts
and 20 pathological slides were reviewed by
one lymphoma expert pathologist and the diag-
nosis was confirmed and they were re-classified
according to the Revised European-American
Lymphoma classification (REAL) [13]. The ini-
tial staging investigations performed in these
patients at presentation were as follows: CT
brain, chest X-ray and abdominal CT or ultra-
sonogram in all patients, brain MRI in 12, MRI
of the spine in 3, bone marrow aspirate and bi-
opsy in 15 and cerebrospinal fluid cytology in
10. The initial surgery was biopsy in 17 pa-
tients, partial excision in 10 cases and gross to-
tal excision in 2 cases. Twenty-three patients
had received steroids peri-operatively and these
were continued or tapered as the patient's condi-
tion required.

One patient had biopsy only and refused any
further treatment, while another patient with
very poor performance status died 1 month af-
ter partial excision of the tumor.
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Twenty-seven patients had received XRT.
The treatment volume included the whole brain
(WB) in 10 patients, WB plus boost in 12 pa-
tients and the craniospinal axis in 5 cases.
Among the 5 patients who received craniospi-
nal axis XRT, only one had positive CSF cytol-
ogy and one had ventriculo-peritoneal shunt.
The XRT dose ranged from 5.4 to 60 Gy with a
median of 50 Gy. XRT doses were 50 Gy or
higher in 14 patients, while 18 patients received
doses higher than 40 Gy. The spinal axis re-
ceived 20 Gy in 3 patients and 32 Gy in 2 cases.
Five patients died shortly after commencing
XRT; consequently, their total radiation doses
were low. Radiation was delivered to all fields
once daily. Patients were treated either on a co-
balt unit or 6Mv linear accelerator.

Two patients received pre-irradiation high
dose methotrexate 3 g/m2; one patient received
3 cycles and the second patient had 2 cycles
only as he developed liver toxicity. One patient
with positive CSF cytology received intrathecal
methotrexate and one had 3 cycles of combined
chemotherapy carmustine, procabazine and vin-
cristine after XRT. The patient's tumor response
to treatment was assessed radiologically 2-3
months after XRT.

Statistical methods:

Overall survival (OS) was calculated from
the date of diagnosis to the date of death or last
follow-up. We used both univariate and multi-
variate analyses. The former was used primarily
to individually screen the potential prognostic
factors for those that were significantly related
to survival. The log-rank test was used to assess
their significance. The multivariate approach
was used to examine the joint effect of those
variables found to be significant in the univari-
ate analysis. The likelihood ratio test was used
to assess significance in the multivariate model.

RESULTS

The mean age at diagnosis was 53 years
(range 10-76 years). Fifteen patients were
males. The common presenting symptoms were
headache (84%), neurological deficit (69%) and
vomiting (48%). Less frequently, confusion and
seizure disorders in 24% and 14%, respectively,
were reported. The median time between the
onset of symptoms and the diagnosis of the tu-
mor was 3 months. We did not have any in-
stances of symptomatic, clinically detected in-
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volvement of the eyes. None of these patients
underwent a slit lamp examination at presenta-
tion with their brain lymphoma.

Nine of our patients (31%) were found to
have multifocal tumor on their preoperative CT
scan. The cerebrospinal fluid (CSF) was exam-
ined in 10 patients and only one patient had ma-
lignant cells present in the CSF.

The clinical characteristics of the 29 patients
are listed in (Table 1).

Immunophenotyping was performed on the
only available 20 patients' pathological slides;
16 were B-cell tumors, one T-cell and 3 could
not be typed (Table 2).

Follow-up CT scans could not be obtained
in 11 patients; 5 died during XRT treatment, 4
died without post treatment CT scan and 2 pa-
tients were lost during follow up. Eighteen pa-
tients only were evaluable for assessment for
tumor response.

Complete response (CR) was achieved in
13/18 patients (72%), while 4 (22%) had partial
response. One patient had disease progression
after XRT. The overall response to XRT was
94%. The CR rate was 73% (8/11) in patients
who received a dose of = 50 Gy compared to
72% (5/7) with lower doses. Patients treated
with WB and boost XRT fields, WB and whole
CNS axis achieved CR rates of 58% (7/12),
100% (22) and 100% (4/4), respectively.

Six of 13 patients (46%) who achieved com-
plete response relapsed 11 to 36 months after
diagnosis. Tumor relapses were confined to the
brain in 5 patients. One patient had multifocal
relapse in the brain and in the mediastinal
lymph nodes. Three of the patients with relapse
had XRT to the whole CNS axis followed by a
boost; in 2 of them local relapse occurred with-
in the port of radiation boost. Two patients re-
ceived XRT to the whole brain followed by a
boost; both of them had relapse within the
boost XRT field.

Two patients were treated at relapse. They
both received salvage chemotherapy. The first
one relapsed locally after 18 months and re-
ceived combination chemotherapy and intrathe-
cal methotrexate, the salvage chemotherapy
was successful and after 4 years the patient was
still alive and free of disease. The second pa-
tient relapsed locally and in the mediastinal
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lymph nodes 15 months after primary therapy;
he had received combination chemotherapy
with intrathecal methotrexate for 6 cycles. He
achieved partial response and died 14 months
after diagnosis of recurrence. The 4 patients
who did not receive salvage therapy died within
2 months.

All patients who did not achieve complete
response after XRT died within 8 months. The
presence or absence of late neurotoxicity evalu-
ated by clinical symptoms and CT scan or MRI
was reported in 9 of 15 patients who survived
for more than 6 months after therapy. This may
represent a minimum estimate of incidence of
late neurologic damage because the evaluation
was not performed prospectively in this study.
In the 6 patients treated with XRT alone, 3 had
white matter changes, 2 atrophic changes, while
one patient treated with WB XRT to 50 Gy de-
veloped severe disseminated necrotizing leuko-
encephalopathy and brain necrosis. Two pa-
tients received salvage chemotherapy after
XRT failure and both had white matter changes.
One paitent (10 years old) who received 3 cy-
cles induction high dose methotrexate with
whole CNS axis XRT, had atrophic brain
changes. The XRT dose in patients who devel-
oped late XRT toxicity ranged from 40.4 Gy to
60 Gy. The XRT fields were WB with boost in
5 patients, WB in 2 and whole CNS axis in 2
patients.

With a median follow up of 24 months
(range 15 days-8.2 years), the 3 and 5-year OS
rates for the whole group (29 patients) were 40
and 16%, respectively (Fig. 1). The median sur-
vival was 1.1 year. At the time of analysis, 19
patients had died and 8 patients were still alive,
7 of whom were free of disease. Two patients
were lost during follow-up. Five patients died
before completion of XRT, 4 of progressive
disease and one of severe hypoglycemia. Two
patients did not receive treatment after surgery
and died within 2 months after diagnosis. The 2
patients who received induction high dose me-
thotrexate died; one died during XRT due to se-
vere hypoglycemia and the second died of dis-
ease relapse 37 months after therapy.

The final clinical evaluation is shown in Ta-
ble (3).

The factors considered for univariate analy-
sis were as follows: age, sex, performance stat-
us, location of tumor, multifocal disease, extent
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of surgery, pathological subtype, XRT dose,
XRT volume and response to therapy.

Age less than 60 years, performance status <
4, solitary brain lesion, XRT dose > 40 Gy, WB
XRT with boost and complete response to ther-
apy were found to be associated with statistical-
ly significant higher OS rates. Cox regression
analysis indicated that performance status, re-
sponse to therapy and XRT dose > 40 Gy were
the most significant prognostic variables.

The statistically significant factors affecting
the OS in univariate and multivariate analysis
are shown in table (4).

Table (2): Pathology and immunophenotyping of studied
cases.
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Table (1): Patient's characteristics.

Number %

Age:

> 60 14 48

<60 15 52
Gender:

Male 15 52

Female 14 48
Tumor location:

Single 20 69

Multifocal 9 31
Performance status:

0 2 7

1 4 14

2 3 10

3 11 38

4 9 31

Table (3): Final clinical evaluation.

Number %
Histology Lineage Number
- — Response:
Diffuse large cell Not specified 11 Complete 13 45
Diffuse large-B-cell B 13 Partial 4 14
Precursor (lymphoblastic) B 2 Progression 1 3
Not otherwise specified B 1 Alivljon evaluable él ;g
Peripheral-T-cell T 1 Dead 18 62
Burkitt's Not specified 1 Lost during follow up 3 10
Table (4): Prognostic factors.
3-year survival Median survival p-value CI95 %
Univariate analysis:
Age:
260y 16 0.5
<60y 46 3.7 0.05 0.96-7.4
Performance status:
0-3 39 3.7
4 0.0 0.3 0.02 1.6-7.4
Tumor location:
Single 42 3.7
Multifocal 11 0.9 0.05 0.15-1
Radiotherapy dose:
> 40 Gy 55 3.7
<40 Gy 0.0 0.32 0.03 0.13-0.92
Radiotherapy field:
Whole brain (WB) 25 0.2
WB plus boost 50 1.1
WB plus spinal axis 33 3.7 0.03 0.33-0.94
Response to therapy:
Complete 65 3.8
Partial 0.0 0.5 0.0001 1.56-3.15
Multivariate analysis:
Performance status 0.03 1.1-21.78
Radiotherapy dose 0.04 0.25-0.97
Response to therapy 0.002 1.3-4.2
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Fig. (1): Overall survival.

DISCUSSION

The incidence of PBL has been increasing at
a 2% per year rate in the last decades and may
represent the first brain tumor in the next 5
years [2,11]. Our objectives were to study the OS
and prognostic variables of these patients and to
evaluate their long-term outcome.

This series is similar to other series in the lit-
erature in term of age and sex distribution
[14,16].

In our series, a median interval of 3 months
elapsed between the development of first symp-
toms and pathological diagnosis, as compared
to Laperriere et al., who reported a median of 2
months [16].

Thirty-one percent of our patients presented
with multifocal intracranial tumors. This figure
for multifocallity is similar to the 33% reported
by Mendenhall et al. [19], but higher than the
data reported by Letendre et al., 12% [17].

Conflicting results about malignant cells
within the CSF have been reported, with an in-
cidence of 10-30% [11]. In our series, one of 10
patients with CSF studies (10%) exhibited such
CSF involvement. Few patients in other series
could have such an exploration because of in-
creased intracranial pressure at presentation.

Many series of PBL cases have been subdi-
vided according to varied pathological classifi-
cation schemes, often with the support of immu-
nohistochemical typing. In our study, the
diffuse large cell lymphoma was the most com-
mon, accounting for 83% of our cases. Similar
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distribution was reported [11]. In contrast, in an-
other study immunoblastic tumors were the
most common [15].

When immunophenotyping was done, al-
most all cases in the present study were of B-
cell phenotype (16/17-94%). Fine and Mayer
reported similar results [11].

The median survival in our series was 1.1
year, which is comparable to most series in the
literature where radiation therapy was the pre-
dominant form of therapy [16,21]. The median
survival of 50 patients treated primarily by
XRT at Massachusetts General Hospital was
13.5 months [15]. The 3-year OS in the present
study was 40%. The Medical Research Council
randomized trial showed 29% 3-year OS rate
with XRT [18].

Our results did not show that extensive sur-
gery benefits patients with PBL. The extent of
surgical resection showed no impact on survi-
val. Mead et al. [18], in a study that included 53
patients, did not find any evidence that resec-
tion of tumor masses improved prognosis.
While surgery is an essential procedure, it
seems to have no therapeutic role in PBL [23].
Stereotactic biopsy is a safe method for obtain-
ing pathology samples, while craniotomy is as-
sociated with an elevated risk of irreversible se-
quelae [11].

In the present study, patient age was of prog-
nostic significance for survival on univariate
analysis. Most authors reported a statistically
significant better survival in younger patients
[18,23,24]. Reni et al. [23] analyzed 50 studies be-
tween 1980 and 1995 that included 1180 pa-
tients with PBL and concluded that age is a
powerful independent prognostic factor.

Eight out of nine patients with PS grade 4
died within 5 months after diagnosis. The PS
grade 4 was of unfavorable prognostic signifi-
cance for survival on univariate analysis and re-
mained of independent prognostic importance
on multivariate analysis. Similarly. Nelson et
al., reported a median survival of 21 months for
patients with good PS compared to only 5.7
months for those with poor PS [21].

In the current study, patients presenting with
a solitary tumor mass had a significant survival
advantage as compared with those with multifo-
cal disease, a finding seen in several series
[12,16]. However, other series looking at this
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factor found no association with outcome
[18,21].

Although, exclusive XRT was considered
the standard treatment for PBL for some time,
none of the irradiation parameters were clearly
defined in either prospective trial or retrospec-
tive experience. These trials principally consist-
ed of small series of patients treated with heter-
ogeneous XRT volume, doses and fractionation
schedule [22].

Despite the initial response to radiation,
long-term survival is rare with XRT alone. Al-
most all authors advocate WB XRT over in-
volved field based on the multicentric and infil-
trative nature of PBL, the receding risk from
non-irradiated areas and the relapse in sites lo-
cated at a distance from the primary tumor.
However, this has not been confirmed by retro-
spective or prospective studies [23].

In the present study, the survival of patients
receiving > 40 Gy to the whole brain was sig-
nificantly longer than that obtained with < 40
Gy. There was no statistical survival advantage
with doses = 50 Gy. Several studies have
shown that there is a plateau in local tumor con-
trol with 45-50 Gy [2,23]. In fact, this is in
agreement with most of the studies that con-
cluded those patients should receive at least 40
Gy to the whole brain [21,23].

In our study, there was a significant survival
improvement in univariate analysis with addi-
tion of a boost XRT field. Similar results were
reported by Mendenhall et al. [19], who recom-
mended a tumor dose of 60-64 Gy and Murry et
al. [20], who observed a significant survival im-
provement with = 50 Gy.

On the other hand, The Radiation Therapy
Oncology Group (RTOG) evaluated a high-
dose radiation protocol in 41 patients with PBL
using 40 Gy to WB followed by 20 Gy boost to
the involved areas. The median survival of pa-
tients was only 12.2 months, no better than that
of historical control [21].

In the current study, 6 patients had recur-
rences. In 4 patients the recurrences were in the
boosted field. This pattern of local failure has
been observed in the RTOG study as 22/25 of
the relapses were in the sites of previous in-
volvement [21]. These are comparable with the
experience at Memorial Sloan-Kettering Cancer
Centre, where relapses occurred with equal fre-
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quency in a boosted region receiving a total
54.4 Gy and in other areas of brain treated with
only 40 Gy. Because the added XRT did not
improve local control and could contribute to
late neurologic sequelae, they eliminated the
boost dose and used 45 Gy WB in their modi-
fied protocol [10].

The addition of spinal axis irradiation in this
study did not benefit survival as it did not pre-
vent cerebral relapse. Moreover, whole CNS
XRT will destroy substantial amount of bone
reserve, making subsequent administration of
chemotherapy difficult. XRT alone, even when
employed with optimal fields and doses, yields
poor results and as in other intermediate and
high grade extranodal lymphoma, is insufficient
to eradicate PBL. Several limited experiences
adding various chemotherapy regimens to XRT
alone showed an improved outcome in compar-
ison with XRT alone, but only a few prospec-
tive trials have been reported [23].

Although, chemotherapy did not influence
outcome in our series, it was administered to
too few patients and it is difficult to comment
on its possible contribution to the outcome.

Mead et al., randomized 53 patients to XRT
alone and post-XRT adjuvant chemotherapy
with cyclophosphamide, doxorubicin, vincris-
tine and prednisone (CHOP) for 6 cycles. There
was no evidence of a benefit from XRT-CHOP
with respect to OS [18].

Most studies have focused on the use of pre-
XRT chemotherapy for two reasons: it permits
assessment of response to treatment and the ad-
ministration of chemotherapy before XRT may
reduce the synergistic toxicity of chemotherapy
with cranial XRT [8].

High dose methotrexate has emerged as the
most important drug for the treatment of PBL.
Two large retrospective studies have convinc-
ingly demonstrated that it is the single most ac-
tive agent [6,23].

Preliminary results of the intergroup trial
with RTOG and Southwest Oncology Group,
using a 10-week pre-XRT regimen of high dose
methotrexate, procarbazine and vincristine,
showed a median survival of 30 months [9].

The prolonged survival seen with combined
regimen has led to greater appreciation of treat-
ment-induced late neurologic toxicity. This is-
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sue led to an exploration of systemic chemo-
therapy alone as an effective treatment for PBL,
especially in older patients. Dahlborg et al. [7]
in 1996 was the first author to report a durable
response and better OS (41 months) using
blood brain barrier disruption followed by intra-
arterial methotrexate, combined with systemic
cyclophosphamide, procarbazine and dexa-
methazone without XRT. At Memorial Sloan
Kettering it became the standard policy to treat
patients over 60 years of age with chemothera-
py alone reserving XRT for recurrent or pro-
gressive disease [1]. However, the reduction in
complication rate with deferred XRT has yet to
be adequately assessed and should be compared
with the toxicity induced by modern XRT tech-
niques, using conformal 3-dimensional XRT,
smaller fields and lower doses [22].

In conclusion, the outlook with primary
brain lymphoma in immunocompetent patients
remains somewhat dismal. In this study, multi-
variate analysis demonstrated that good perfor-
mance status, doses of XRT > 40 Gy and com-
plete response to therapy were associated with a
relatively better prognosis. Randomized trials
addressing the efficacy of chemotherapy (with
and without radiation) over radiation alone are
needed. The assessment of the impact of treat-
ment on neuropschycological functions and
quality of life should be considered as a manda-
tory endpoint in future trials. New treatment ap-
proaches need to be considered in a multiinsti-
tutional setting.
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