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Abstract

We examined retrospectively the outcome of patients with non-Hodgkin's lymphoma (NHL) with systemic involvement of the

central nervous system (CNS) registered at The Norwegian Radium Hospital (NRH) from 1980 to 1996, in order to evaluate our
treatment strategy for these patients. 170 of 2561 patients (6.6%) had CNS involvement, 140 (5.5%) systemic CNS lymphoma
(SCNSL) and 30 (1.2%) primary CNS lymphoma (PCNSL). Description of the patients, time of SCNSL diagnosis, symptoms at
CNS diagnosis, treatment and survival were registered. The overall median survival for the 140 patients with SCNSL was 2.6

months (95% con®dence interval (CI) 2.1±3.2), only 12 patients are alive in complete remission (CR). Patients with CNS involve-
ment at diagnosis, relapse or progression during treatment for NHL had a median survival of 5.4 months (95% CI: 0.3±10.6), 3.8
months (95% CI: 0.0±9.1), and 1.8 months (95% CI: 1.0±2.7), respectively (P=0.001). 5 of the 8 patients consolidated with high-

dose therapy (HDT) are in CR. Paresis was the only symptom that predicted survival for SCNSL. Patients above 60 years of age
with CNS involvement at progression or relapse and those with paresis at the time of CNS diagnosis have a dismal prognosis. For
these patients supportive therapy only should be considered. For patients under 60 years of age with chemosensitive disease, the

trend was toward better prospects, and they should be o�ered intensive chemo-radiotherapy including HDT with autologous stem
cell support. # 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Systemic central nervous system (CNS) involvement
of non-Hodgkin's lymphoma (NHL) is associated with
a very poor prognosis [1±5]. The early side-e�ects of
CNS-active treatment such as high-dose methotrexate
(MTX) with folinic acid rescue or radiation therapy to
the total spinal axis are considerable. Leucoencephalo-
pathy after radiation to the brain is a well known late
complication [6]. Better knowledge of the variables that
predict outcome might be helpful to manage the
patients in di�erent clinical situations of systemic CNS
lymphoma (SCNSL).
Among 2561 patients with NHL treated during 1980±

1996 at the Norwegian Radium Hospital (NRH), 170
patients (6.6%) were registered with CNS involvement;

140 (5.5%) had SCNSL and 30 (1.2%) had primary
CNS lymphoma (PCNSL).
The purpose of this retrospective study was to exam-

ine the clinical course of SCNSL.
The high number of patients and long follow-up

a�ord the opportunity to study a number of prognostic
variables and CNS-related symptoms with regard to
survival.

2. Patients and methods

2.1. Patients

2561 patients with NHL older than 15 years of age
were diagnosed and treated at the NRH from 1980 to
1996. During this time period, the NRH has been the
only hospital in the region with radiation therapy facili-
ties. The hospital had the treatment responsibility for a
population of approximately 2 million inhabitants, thus
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the patients in this study represent a largely regional
population-based subset. Staging included clinical
examination, chest X-ray, computed tomography (CT)
scan of the abdomen, ultrasound or scintigraphic
examination of the liver and spleen, bone marrow
aspiration Ð and biopsy and standard blood tests.
Clinical stage was classi®ed according to the Ann Arbor
system [7].
SCNSL is de®ned as NHL involvement both within

and outside the CNS. The patterns of CNS involvement
included meningeal, cerebral, intraspinal and epidural
manifestations. Meningeal in®ltration combined with
other CNS localisations were in this study classi®ed as
meningeal involvement. CNS involvement was diag-
nosed by clinical evaluation, radiological ®ndings on CT
or magnetic resonance imaging (MRI) scan and/or
cerebrospinal ¯uid (CSF) examination. The meninges
were considered to be involved if MRI showed in®ltra-
tion, and/or if the CSF showed positive cytology and/or
if the white blood cell count exceeded 20�106/l in
patients with NHL who had CNS symptoms.
A total of 170 patients were registered with CNS

involvement; 140 (5.5%) with SCNSL and 30 (1.2%)
with PCNSL. The patients with SCNSL had a median
age of 52.5 years (range: 15±82), and the male/female
ratio was 1:1. Clinical stage at the time of NHL diag-
nosis was as follows: stage I: 13 patients (9%), stage II:
12 patients (9%), stage III: 12 patients (9%) and stage
IV: 103 patients (74%). The 30 patients (21%) with
CNS involvement at diagnosis were classi®ed as stage
IV [8].
Clinical symptoms registered as potential risk factors

for early death were paresis, epileptic seizure, headache,
nausea/vomiting, mental change and impaired vision.
Treatment prior to and after CNS engagement was

registered. Overall survival was recorded from the time
of the NHL diagnosis, or from the time of the CNS
diagnosis, to the last observation or death. 10 patients
were treated on the basis of their CNS symptoms only; 1
at diagnosis, 1 at relapse and 8 at progression. In 2 of
these cases the CNS involvement was con®rmed by
autopsy.

2.2. Histological groups

The histological diagnosis was established on periph-
eral tumour tissue and classi®ed according to the
modi®ed Kiel classi®cation [9]. Low-grade (L-NHL)
histologies were found in 37 patients (i.e. follicular
centroblastic/centrocytic, follicular and di�use centro-
blastic/centrocytic, di�use centroblastic/centrocytic,
centrocytic, immunocytoma, low-grade unspeci®ed).
High-grade (H-NHL) histologies were diagnosed in 66
patients (centroblastic, anaplastic large cell, peripheral
T-cell, immunoblastic, high-grade B-cell unspeci®ed,
high-grade unspeci®ed).

27 patients with lymphoblastic or Burkitt's lymphoma
were studied separately from the previously mentioned
H-NHLs. In 10 cases of unspeci®ed non-Hodgkin's
lymphoma histologies, malignancy grade could not be
determined. In L-NHL patients, 14/37 (38%) had a
lymph node rebiopsy at the time of CNS diagnosis, and
9 of these had transformed to secondary H-NHL.

2.3. Treatment

The treatment of systemic disease followed standard
protocols at the institution: patients with advanced
L-NHL disease received cyclophosphamide, vincristine
and prednisone (COP) until 1985, and thereafter chlor-
ambucil and prednisone. Patients with H-NHL received
eight courses of cyclophosphamide, doxorubicin, vin-
cristine and prednisone (CHOP). Lymphoblastic and
Burkitt's lymphoma were treated with eight cycles of
CHOP every third week, with MTX 12 mg intrathecally
(i.t.) 6±8 times weekly and MTX (2 g/m2) as a 4-h infu-
sion in between the ®rst six CHOP courses with folinic
acid rescue after 24 h or modi®ed LSA2-L2 from 1991.
The modi®ed LSA2-L2 regimen was given as induction
chemotherapy with vincristine, doxorubicin, cyclophos-
phamide, L-asparaginase, prednisolone, methotrexate
(i.v. and i.t.) daunorubicin, cytosine, arabinoside.
Maintenance chemotherapy until a total time on all
therapy 18 months with thioguanine, cyclophos-
phamide, hydroxyurea, doxorubicin, methotrexate,
CCNU, cytosine arabinoside, vincristine and metho-
trexate i.t. [10]. From 1987 most of these patients who
were in remission after induction chemotherapy were
consolidated with high-dose therapy (HDT), total body
irradiation (TBI) and autologous stem cell support.
Intrathecal CNS prophylaxis was given to H-NHL
patients with involvement of the bone marrow, skeleton,
testis, maxillar, sphenoidal or ethmoidal sinus.
Intended therapy for patients with systemic disease

with established CNS involvement generally consisted
of CHOP or CHOP-like combination chemotherapy
three weekly�8 with high-dose MTX (2 g/m2)�6 with
folinic acid rescue and/or i.t. MTX (12 mg�6±8) once
weekly between the CHOP courses.
From 1990, patients with SCNSL less than 60 years of

age who achieved a complete remission (CR) in the
CNS and otherwise a CR or very good partial remission
(PR) after CNS active chemotherapy and CNS-directed
radiotherapy, were o�ered HDT with autologous stem
cell support.
Patients with a local intraspinal or intracerebral in®l-

tration received radiotherapy. One patient with epidural
disease was treated with laminectomy, irradiation and
chemotherapy (CHOP, MTX i.t. and intravenously
(i.v.)) together with dexamethasone. Patients who did
not respond to CNS-active therapy received supportive
therapy until death.
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2.4. Statistics

All data were registered in DataEase (DataEase
International Incorporated USA 1991). Statistical analy-
ses were performed by using SPSS for Windows
(Release 8.0, SPSS Inc., Chicago, IL, USA). The
Kaplan±Meier method was used for survival analysis
[11], and the curves were compared by the log-rank test
[12]. Multivariate analysis was performed by Cox
forward regression analysis [13]. P<0.05 was con-
sidered as statistically signi®cant.

3. Results

The overall median survival from the CNS diagnosis
in the lymphoma patients was 2.6 months 95% con-
®dence interval (CI) 2.1±3.2) (Fig. 1). Only 12 patients
are alive in CR. The median survival from diagnosis of
NHL was 14 months (95% CI 12±16), range: 1±197.
30 patients (21%) had CNS involvement at the time

of the NHL diagnosis, 27 patients (19%) at relapse and
83 patients (59%) at progression. Patients with initial
CNS involvement had a median survival of 5.4 months,
and the estimated 5-year survival was 20% (95% CI: 5±
35%). Patients with CNS involvement at relapse had a
median survival of 3.8 months, and the 5-year estimated
survival was 19% (95% CI: 0.1±11%). The median sur-
vival of patients with CNS involvement at progression
was only 1.8 months, and 5-year estimated survival was
5% (95% CI: 0.1±11%), (P=0.001) (Fig. 2).
The median time from the diagnosis of NHL until

CNS involvement at relapse was 13.6 months (range:
5.3±68.3) or until CNS progression during primary or
salvage therapy 7.8 months (range: 2.2±146). The med-
ian survival from initial NHL diagnosis was 5.4 months
for those with CNS involvement at diagnosis, 23

months for those at relapse and 13 months for those at
progression (data not shown).
29 patients (21%) had intracerebral involvement, 1

patient (1%) epidural involvement, 6 patients (4%)
intraspinal involvement and 94 patients (67%) menin-
geal involvement. The localisation of CNS involvement
could not be veri®ed in 10 patients (7%). CSF was
positive in 69/94 patients (73%) with meningeal involve-
ment. The localisation of the CNS involvement had no
impact on survival.
Survival did not di�er signi®cantly for patients below

(n=97 (69%)) or above and equal to (n=43 (31%)) 60
years of age (median survival 2.8 months (95% CI: 1.8±
3.8) versus 2.5 months (95% CI: 1.4±3.6)), but there was
an expected trend for better survival among the younger
patients (5-year survival 15% versus 1.5%, respectively)
(P=0.08) (Fig. 3). Known prognostic variables such as

Fig. 1. Overall survival from central nervous system (CNS) diagnosis.
Fig. 3. Survival for patients below or above and equal to 60 years of

age, (P=0.08).

Fig. 2. Overall survival according to the time of central nervous sys-

tem (CNS) involvement (P=0.001).
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gender, bone marrow in®ltration, serum albumin, lac-
tate dehydrogenase (LDH) or erythrocyte sedimenta-
tion rate (ESR) had no impact on survival in patients
with initial CNS involvement.

3.1. CNS-directed treatment

11 of the 30 patients (37%) with CNS involvement at
diagnosis received combined CNS-directed radio-
therapy and CNS-active chemotherapy. 3 patients were
in CR at the last observation (2 of these 3 received
HDT). 8 patients (27%) received CNS-active che-
motherapy, of whom one was in CR. None of the 5
patients (17%) who received CNS-directed radiotherapy
alone or those 6 (20%) who did not receive any CNS-
active treatment survived.
14 of the 27 patients (52%) with CNS involvement at

relapse received combined CNS-directed radiotherapy
and CNS-active chemotherapy. 2 were in CR, of whom
one was treated with HDT. 5 patients (19%) received
CNS-active chemotherapy without radiotherapy. One
of these patients is in CR at the last observation. None
of the 7 patients (26%) who received only CNS-directed
radiotherapy or the patient (4%) who did not receive
any CNS-active treatment survived.
22 of the 83 patients (27%) with CNS involvement at

progression received combined CNS-directed radio-
therapy and CNS-active chemotherapy, of whom two
were in CR at the last observation. Both patients also
received HDT. 23 patients (28%) received CNS-active
chemotherapy without radiotherapy, and 2 of these
were in CR. Only 1/21 patients who received CNS-
directed radiotherapy only was in CR (the patient had
intracerebral involvement and was irradiated with total
brain radiotherapy). The 17 patients (20%) that did not

receive any CNS-active treatment did not survive. In
addition to those 5 that received HDT and survived, 3
patients treated with HDT died.
Of the 140 patients, 8 patients (6%) received HDT

with autologous stem cell support. All of the 8 patients
had meningeal involvement and achieved a CR. 3
patients relapsed and died, the remaining 5 are in a
continuous CR (data not shown, Table 1). 28 of the 132
patients (21%) who did not receive HDT, achieved a
CR (data not shown), of whom, 7 (25%) are in con-
tinuous CR.
The 7 patients who survived without HDT had a

median age of 42 years (range: 24±58). 3 of them had
localised disease (2 intracerebral and 1 intraspinal)
whereas the other 4 had meningeal involvement. 6
patients received CNS-active chemotherapy (high-dose
MTX intravenously (i.v.) with folinic acid rescue and/

Table 1

Description of the 8 patients who received high-dose therapy (HDT) with stem cell support

Status Histology Time of CNS

involvement

Age (median

34.5 years

range: 16±48)

Paresis Chemotherapy at the time

of CNS diagnosis (chemotherapy

at NHL diagnosis)

CNS-directed

radiation

therapy

Bone

marrow

involvement

CR Burkitt's lymphoma Diagnosis 19 No MmCHOP TBI No

CR Lymphoblastic

lymphoma

Diagnosis 26 No MmCHOP TBI No

Dead of

lymphoma

Lymphoblastic

lymphoma

Relapse 35 Yes Mm (LSA2-L2) TBI No

Dead of

lymphoma

Lymphoblastic

lymphoma

Diagnosis 16 No MmCHOP TBI Diagnosis

and relapse

CR High-grade Progression 37 No Mm (MACOP-B) TBI Relapse

CR High-grade Relapse 48 No Mm (MACOP-B) Total CNS axis No

CR High-grade Progression 34 Yes Mm (CHOP) Total CNS axis No

Dead of

lymphoma

High-grade Relapse 39 Yes Mm (CHOP) Total CNS axis Progression

CR, complete remission; TBI, total body irradiation; M, methotrexate (MTX) 2 g/m2 intravenously (i.v.); m, intrathecal MTX; CHOP, cyclo-

phosphamide, doxorubicin, vincristine, prednisone; CNS, central nervous system; NHL, non-Hodgkin's lymphoma; LSA2-L2, vincristine, doxo-

rubicin, cyclophosphamide, L-asparaginase, prednisolone, methotrexate (i.v. and i.t.) daunorubicin, cytosine, arabinoside; MACOP-B,

methotrexate, doxorubicin, cyclophosphamide, vincristine, prednisolone, bleomycin [19].

Fig. 4. Survival for patients with or without paresis (P<0.05).
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or MTX 12 mg i.t.). 2 of these patients received
additional radiotherapy; one for a localised intraspinal
lesion, and 1 patient with meningeal involvement
received radiotherapy to the total CNS axis. 1 patient
with intracerebral involvement received only total
brain irradiation (Table 2).

3.2. Symptoms

The CNS-related symptoms are given in Table 3. The
most common symptom was paresis, present in 87
patients (62%). The estimated 5-year survival for
patients without paresis was 20% compared with 5%
for the patients with paresis (P<0.05) (Fig. 4). None of
the other symptoms had an impact on survival.

3.3. Histology

Survival did not di�er signi®cantly between the histo-
logical groups when calculated from the time of the
NHL diagnosis or from the time of CNS manifestation.
However, when analysing patients with CNS involve-
ment at the time of progression, the 59 patients with
L-NHL (n=25) or H-NHL (n=34) had a median sur-
vival of 2.2 months, (95% CI: 1.3±3.1), and the 15
patients with lymphoblastic or Burkitt's lymphoma had
a median survival of 0.95 months only (95% CI 0.5±
1.4), P=0.03. In addition, 9 patients had unspeci®ed
NHL histology at progression. In L-NHL patients, 14/
37 (38%) had a new lymph node biopsy at the time of
CNS diagnosis, and 9 of these 14 (64%) had trans-
formed to H-NHL.

3.4. Multivariate regression analysis

When entering age, paresis, histology and time of
CNS involvement in a multivariate analysis, paresis
(relative risk (RR)=1.48, 95% CI 1.01±2.16, P=0.04)
and time of CNS involvement (RR=1.43, 95% CI
1.14±1.80, P=0.0017) were still signi®cant risk factors.

4. Discussion

We describe here our experience with SCNSL treated
at a regional oncology centre during a period of 17

Table 2

Characteristics of the surviving patients

Characteristics Patients that received high-dose therapy

(HDT) with stem cell support, n=8 (5 in CR, 3 dead)

Surviving patients who

received conventional therapy, n=7

Status

CR 5 7

Dead of lymphoma 3

Histology at NHL diagnosis

Low-grade 0 3

High-grade 4 2

Burkitt's lymphoma/lymphoblastic lymphoma 4 0

Unspeci®ed lymphoma 0 2

Time of CNS involvement

At diagnosis of NHL 3 (2 CR) 2

At relapse 3 (1 CR) 2

At progression 2 (2 CR) 3

Age at NHL diagnosis (years)

Median (range) 34.5 (16±48) 42 (24±58)

CNS-directed radiation therapy

Total body irradiation (TBI) 5 0

Total CNS axis 3 1

Total brain 0 1

Involved (intraspinal) 0 1

No 0 4

NHL, non-Hodgkin's lymphoma; CR, complete remission; CNS, central nervous system.

Table 3

CNS-related symptoms

CNS involvement At

diagnosis

At

relapse

At

progression

Total

n=30

(21%)

n=27

(19%)

n=83

(59%)

n (%)

Epileptic seizure 0 3 8 11 (8)

Headache 8 11 39 58 (41)

Nausea/vomiting 3 10 32 45 (32)

Paresis or sensory loss 16 15 56 87 (62)

Mental change 5 11 19 35 (25)

Impaired vision 3 8 30 41 (29)

CNS, central nervous system.
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years. This study is most likely the largest study from a
single institution. Among 2561 patients, SCNSL was
diagnosed in 140 cases (5.5%), which is in accordance
with other studies [8,14,15]. The diagnostic procedures
(i.e. the use of magnetic resonance imaging (MRI)) and
treatment (i.e. the use of HDT) varied due to the long
study period.
We con®rm the very poor prognosis of SCNSL with

an overall median survival of 2.6 months (95% CI 2.1±
3.2), and with only 12/140 patients (8.6%) being in a
CR at the last follow-up. This is in accordance with
previous ®ndings [1±5,16] reporting a median survival
ranging from 0.5 to 5 months.
The relatively high number of patients enabled us to

perform subgroup analysis and to look for prognostic
variables. The time of CNS involvement had a sig-
ni®cant impact on survival. The 5-year estimated survi-
val was lower among patients who developed SCNS at
progression (5%) compared with the time of diagnosis
(20%) and relapse (19%). This is in accordance with
Recht and colleagues [4], who found a median survival
of 6 (range: 3±64), 5 (range: 1±23) and 2 (range: <1±8)
months in the respective groups. Bashir and associates
[5], and Williams and colleagues [17] also reported a
better outcome for patients who had CNS involvement
at diagnosis compared with those with involvement at
relapse.
The majority of CNS relapses occurred within a short

time after the lymphoma diagnosis, in our study after a
median of 13.6 months (range: 5.3±68.3), which corre-
lates with van Besien and associates [18] who found that
almost all CNS recurrences occurred during the ®rst
year after diagnosis.
The most common symptom was paresis (62% of the

patients). Other groups have shown similar ®ndings
[8,14]. In contrast, Bashir and colleagues [5] found that
personality change was the most common symptom,
followed by obtundation, headache, vomiting and
hemiparesis. No previous study has examined whether
clinical symptoms predict survival, presumably because
of a lower number of patients studied.
Those 87 who presented with paresis at the time of

CNS diagnosis had a 5-year survival of 5% compared
with 20% for the 53 patients without paresis (P<0.05).
None of the other CNS symptoms had an impact on
survival.
Of the 37 patients with low-grade histology, nine of 14

patients with a new lymph node biopsy at the time of
CNS diagnosis had transformed to a high-grade histol-
ogy. It is not known whether the persistent low-grade
histology is representative for the lymphoma cells in the
CNS, but it can be presumed that the lymphoma cells
invading the CNS have an aggressive phenotype in the
majority of the cases. Thus, the comparison between the
low-grade and high-grade non-Burkitt/lymphoblastic
lymphomas is of limited clinical value.

All of the 8 patients who were treated with HDT with
stem cell support achieved a CR, and 5 (63%) are alive
and disease-free. 28 of the 132 patients (21%) who did
not receive HDT, achieved a CR (data not shown), of
whom 7 (25%) are in a continuous CR. These 7 patients
were younger (median 42 years; range: 24±58) than the
total group (median 52.5 years; range: 15±82).
In our opinion, younger patients in CR in CNS after

conventional CNS-active treatment should be con-
sidered for consolidating HDT, which also has been
suggested by Williams and colleagues [17].
We suggest, based on our data, that patients below 60

years of age with SCNCL should receive intensive CNS-
active chemotherapy. If a CR in CNS and a very good
partial remission elsewhere is not obtained after 2±3
months of therapy, supportive treatment only should be
considered. If chemosensitive disease is documented, the
remission should be consolidated with radiotherapy to
the CNS axis and HDT with autologous stem cell sup-
port. Patients above or equal to 60 years of age, may
have a better quality of life for the short remaining life-
span with supportive therapy only.

References

1. Herman T, Hammond N, Jones S, et al. Involvement of the cen-

tral nervous system by non-Hodgkin's lymphoma. The Southwest

Oncology Group experience. Cancer 1979, 43, 390±397.

2. Levitt LJ, Dawson DM, Rosenthal DS, et al. CNS in non-

Hodgkin's lymphomas. Cancer 1980, 45, 545±552.

3. Mackintosh FR, Colby TV, Podolsky WJ, et al. Central nervous

system involvement in non-Hodgkin's lymphoma: an analysis of

105 cases. Cancer 1982, 49, 586±595.

4. Recht L, Straus DJ, Cirrincione C, et al. Central nervous system

metastases from non-Hodgkin's lymphoma: treatment and pro-

phylaxis. Am J Med 1988, 84, 425±435.

5. Bashir RM, Bierman PJ, Vose JM, et al. Central nervous system

involvement in patients with di�use aggressive non-Hodgkin's

lymphoma. Am J Clin Oncol 1991, 14, 478±482.

6. Haddy TB, Adde MA, Magrath IT. CNS involvement in small

noncleaved-cell lymphoma: is CNS disease per se a poor prog-

nostic sign? J Clin Oncol 1991, 9, 1973±1982.

7. Carbone PP, Kaplan HS, Musho� K, Smithers DW, Tubiana M.

Report of the Committee on Hodgkin's Disease Staging Classi®-

cation. Cancer Res 1971, 31, 1860±1861.

8. Hñrni-Simon G, Suchaud JP, Eghbali H, Coindre JM, Hñrni B.

Secondary involvement of the central nervous system in malig-

nant non-Hodgkin's lymphoma. Oncology 1987, 44, 98±101.

9. Stansfeld AG, Diebold J, Noel H, et al. Updated Kiel classi®ca-

tion for lymphomas. Lancet 1988, 1, 292±293.

10. Santini G, Coser P, Chisesi T, et al. Autologous bonemarrow

transplantation for advanced stage adult lymphoblastic lym-

phoma in ®rst complete remission. Ann Oncol 1991, 2, 181±185.

11. Kaplan EL, Meier P. Nonparametric estimation from incomplete

observations. J Am Stat Assoc 1958, 53, 457.

12. Peto R, Pike MD. Conservatism of the approximation (O-E) 2/E

in the log-rank test for survival data or tumor incidence data.

Biometrics 1973, 29, 579±584.

13. Cox DR. Regression models and life tables. JR Stat Soc 1983,

B34, 187±200.

A. Hollender et al. / European Journal of Cancer 36 (2000) 1762±1768 1767



14. Mead GM, Kennedy P, Smith JL, et al. Involvement of the central

nervous system by non-Hodgkin's lymphoma in adults. A review

of 36 cases. Quart J Med (New Series 60) 1986, 231, 699±714.

15. Fine HA. Treatment of primary central nervous system lym-

phoma: still more questions than answers. Blood 1995, 86, 2873±

2875.

16. Bollen EL, Brouwer RE, Hamera S, et al. Central nervous system

relapse in non-Hodgkin lymphoma. A single-center study of 532

patients. Arch Neurol 1997, 54, 854±859.

17. Williams CD, Pearce R, Taghipour G, Green ES, Philip T,

Goldstone AH. Autologous bone marrow transplantation for

patients with non-Hodgkins' lymphoma and CNS involvement:

those transplanted with active CNS disease have a poor

outcome Ð a report by the European Bone Marrow Transplant

Lymphoma Registry. J Clin Oncol 1994, 12, 2415±2422.

18. Besien van K, Ha CS, Murphy S, et al. Risk factors, treatment

and outcome of central nervous system recurrence in adults with

intermediate-grade and immunoblastic lymphoma. Blood 1998,

91, 1178±1184.

19. Jerkeman M, Anderson H, Cavallin-StaÊ hl E, et al. CHOP versus

MACOP-B in agressive lymphoma Ð a Nordic Lymphoma

Group randomised trial. Ann Oncol 1999, 10, 1079±1086.

1768 A. Hollender et al. / European Journal of Cancer 36 (2000) 1762±1768


