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Long-Term Survival Following Radiotherapy and 
Cytarabine Chemotherapy for Sporadic 
Primary Central Nervous System Lymphoma 
Christoph Pöttgen1, Martin Stuschke1, Georg Stüben1, Armin Schmitz1, Karl Schwechheimer2, 
Hans-Heinrich Wacker3, Friedhelm Rauhut4, Susanne Kleuker5, Hans Wilhelm6, Sara Grehl1, 
Thorsten Fehlings7

Purpose: To analyze the long-term results following whole brain radiotherapy (WBRT) with sequential intrathecal (i.th.) cytosine
arabinoside (Ara-C) ± intravenous (i.v.) Ara-C in patients with primary central nervous system lymphoma (PCNSL). 
Patients and Methods: 14 patients were treated between July 1987 and August 1995. All had sporadic PCNSL with proven his-
tology of high-grade CNS lymphoma (twelve diffuse large-cell B-lymphomas, one lymphoblastic lymphoma, one large T-cell lym-
phoma). Patients were treated with two to four cycles of induction chemotherapy (40 mg/m2 Ara-C i.th.), four patients received
additional Ara-C i.v. (150 mg/m2, d1–4). WBRT was administered using 1.8-Gy fractions. Intrathecal chemotherapy was planned
afterwards in 4-week intervals for 6 months. Posttreatment neurocognitive evaluations were performed in two long-term sur-
vivors. 
Results: Two of four patients who received i.v. and i.th. induction chemotherapy showed progressive disease, and irradiation was
started immediately. Six of 14 patients received 50.4 Gy WBRT, four patients had WBRT up to 39.6 Gy followed by a 10.8-Gy boost.
Five patients died early during therapy either due to a decline of the general medical condition or progressive disease. Median
survival was 41 months (95% confidence interval: 6–79 months), survival at 3 and 5 years was 59% and 42%, respectively. Six
patients survived for 3 years, two younger patients are still alive (> 12 years). They show only slightly impaired neurocognitive
functions without clinical relevance. 
Conclusion: This WBRT-based protocol with i.th. meningeal prophylaxis using Ara-C ± i.v. Ara-C yields substantial long-term sur-
vival with moderate toxicity. The value of i.v. chemotherapy is currently being investigated in prospective studies. 
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Langzeitüberleben von Patienten mit malignem zerebralem Lymphom nach kombinierter Radiotherapie und 
Ara-C-Gabe 

Ziel: Analyse der Langzeitergebnisse von Patienten mit primären ZNS-Lymphomen nach Ganzhirnbestrahlung (WBRT) mit in-
trathekaler (i.th.) ± intravenöser (i.v.) Cytosinarabinosid-(Ara-C-)Gabe. 
Patienten und Methodik: 14 Patienten wurden zwischen Juli 1987 und August 1995 behandelt. Alle Patienten hatten ein his-
tologisch gesichertes hochgradig malignes ZNS-Lymphom (zwölf diffuse großzellige B-Zell-Lymphome, ein lymphoblastisches
Lymphom, ein anaplastisches Ki1-Lymphom). Die Induktionstherapie bestand aus zwei bis vier Zyklen i.th. Ara-C-Gabe (40 mg/m2),
vier Patienten erhielten parallel eine i.v. Ara-C-Applikation (150 mg/m2, d1–4). Anschließend erfolgte eine WBRT mit 50,4 Gy (1,8
Gy/Fraktion) bzw. WBRT bis 39,6 Gy, gefolgt von kleinvolumiger Dosiserhöhung in der Lymphomregion bis 50 Gy. Die Behandlung
wurde dann mit i.th. Ara-C-Chemotherapie in 4-wöchigen Intervallen fortgesetzt. Bei zwei langzeitüberlebenden Patienten wur-
den posttherapeutische neurokognitive Funktionsprüfungen durchgeführt. 
Ergebnisse: Vier Patienten erhielten i.v. und i.th. Induktionschemotherapie; zwei von ihnen zeigten eine Progression und wur-
den unverzüglich der Strahlentherapie zugeführt. Sechs von 14 Patienten erhielten 50,4 Gy als WBRT, vier Patienten erhielten
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Introduction 
Primary sporadic central nervous system lymphoma (PCNSL)
is a rare neoplasm, but the incidence has increased significant-
ly within the past 2 decades [14]. Brain lymphomas are, accord-
ing to their clinical behavior, aggressive and morphologically
in the vast majority diffuse polymorphous large-cell lym-
phomas, though other B-cell subtypes and rare lymphomas
such as Ki1 lymphomas of T-cell origin have been described
[10, 24, 29]. 

Whole brain radiotherapy (WBRT) in combination with
corticosteroids alone was the mainstay of therapy for patients
with primary brain lymphoma for a long time. However, even
with radiotherapy up to high total tumor doses of 50–60 Gy, lo-
cal control rates and survival are poor [27]. In the RTOG 8315
study, local cerebral relapses were observed in 61% of patients
with PCNSL and negative cerebrospinal fluid (CSF) cytology
within a limited follow-up time. Patients received 40 Gy
WBRT followed by 20 Gy boost to the contrast-enhancing le-
sions plus a 2-cm margin given with 1.8 Gy per fraction, five
fractions per week [35, 36]. Murray et al. [34] found 21 sur-
vivors out of 693 PCNSL patients with a follow-up > 5 years,
mainly treated with radiotherapy alone in the period between
1964 and 1984. In a more recent review, survival at 5 years was
estimated to be 17% after WBRT with total doses > 40 Gy
[41].

Leptomeningeal involvement was found in considerable
percentages between 10–42% of patients with primary cere-
bral lymphomas at the time of diagnosis in several large series
[2, 8, 34, 41]. The study by Balmaceda et al. [2] with a high pro-
portion of CSF examinations at the start of therapy as well as
at the time of recurrence showed that leptomeningeal relapse,
with 41%, was quite common and that meningeal recurrence
was reduced in patients who received treatment that included
the leptomeninges. A high risk of meningeal relapse was also
found in other series, but with lower proportion of CSF exam-
inations at diagnosis [13, 38]. 

We report the long-term results of thoroughly staged
PCNSL patients receiving intrathecal (i.th.) cytosine arabi-
noside (Ara-C) as prophylactic treatment for leptomeningeal
lymphoma spread before and after high-dose WBRT with or
without intravenous (i.v.) systemic Ara-C administration prior
to radiotherapy. 

Patients and Methods 
All patients were recruited between July 1987 and August
1995 at the Department of Radiotherapy, University Clinic
Essen, Germany, according to protocol guidelines initially
planned for a randomized multicenter study. In one treatment
arm, patients should receive combined i.v. and i.th. Ara-C in-
duction chemotherapy prior to WBRT followed by i.th. Ara-
C. Patients in the other treatment arm were planned to receive
i.th. Ara-C and WBRT alone. Only patients with histological-
ly proven PCNSL without systemic manifestations and a
Karnofsky index ≥ 40% were included. Patients with CSF pos-
itive for lymphoma cells were eligible. 

All were immunocompetent and had no clinical evidence
of HIV infection nor did they test HIV-1-positive. Patients
were randomized centrally to initial treatment with i.v. and
i.th. versus i.th. chemotherapy alone. Due to slow patient en-
try and with seven of eight patients being from the same insti-
tution, the randomization was terminated in December 1989.
At that time, four patients had been randomized to i.v./i.th.
Ara-C induction chemotherapy. Afterwards, patients were
treated according to protocol guidelines as a monocentric
prospective study on i.th. Ara-C and WBRT alone. All pa-
tients had given written informed consent. 

Staging Procedures 
All patients had contrast-enhanced CT scans of the brain.
Original histology after resection (n = 5) or stereotactic biop-
sy (n = 9) was reexamined in 1996. Among the 14 patients,
twelve diffuse large-cell B-lymphomas were diagnosed, one
lymphoblastic B-cell lymphoma, and one anaplastic large-
cell Ki1 lymphoma. All tumors were reviewed at the Depart-
ment of Neuropathology (K.S.) or diagnosed at the German
Lymph-Node Registry in Kiel (H.-H.W.). The Ki1 lymphoma
showed expression of CD30 and, furthermore, partial expres-
sion of the T-cell antigen CD3 as well as ALK1. Immunohis-
tochemical stainings for B-cell-associated antigens remained
negative. 

Further investigations included cytospin evaluation of
CSF, ophthalmologic examination (split lamp), CT of thoracic
and abdominal organs, complete blood cell counts, lactate de-
hydrogenase (LDH), immunoelectrophoresis and protein
electrophoresis, and bone marrow biopsy. 

                                                                                         

nach 39,6 Gy WBRT einen Boost mit 10,8 Gy. Fünf Frühtodesfälle während der Therapie waren auf eine Verschlechterung des All-
gemeinzustandes oder Krankheitsprogression zurückzuführen, ein Patient verstarb interkurrent an einer Pneumonie. Das mediane
Überleben betrug 41 Monate (95%-Konfidenzintervall: 6–79 Monate), die Überlebenswahrscheinlichkeit nach 3 und 5 Jahren lag
bei 59% und 42%. Sechs Patienten lebten länger als 3 Jahre, zwei jüngere Patienten leben noch (> 12 Jahre). Beide zeigen nur
leichte Einschränkungen der neurokognitiven Fähigkeiten ohne klinische Relevanz. 
Schlussfolgerung: Mit einer kombinierten Radiochemotherapie kann in diesem Patientenkollektiv Langzeitüberleben mit mode-
rater Toxizität erzielt werden. Die Wertigkeit der i.v. Chemotherapie wird derzeit prospektiv untersucht. 

Schlüsselwörter: Primäres ZNS-Lymphom · Ganzhirnbestrahlung · Cytosinarabinosid 
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Treatment Schedule 
Meningeal prophylaxis with Ara-C was given i.th. (40 mg/m2,
administered either via lumbar puncture or Ommaya reser-
voir) 5 days and 1 day before the start of WBRT. The clinical
target volume (CTV) comprised the whole neurocranium ex-
tended to the inferior border of the second cervical vertebra.
The posterior half of the orbit was included in the CTV. A
safety margin of 0.5 cm was added for setup uncertainties
(planning target volume, PTV). Two isocentric opposing later-
al fields were used to cover the entire PTV. Critical structures
were shielded with individual blocks. All patients were treated
daily with megavolt irradiation using either a 60Co source or a
linear accelerator. The dose was prescribed at isocenter depth.
Fraction size was 1.8 Gy. The planned total dose was 50.4 Gy.
In accordance with other reports [15], WBRT was limited to a
dose of 39.6 Gy during the later study period. Thereafter, irra-
diation of the tumor region was continued with shrinking por-
tals (boost), which enclosed the macroscopic tumor region
plus a safety margin of 2 cm. Nevertheless, a total dose of
50.4 Gy for the boost volume was planned. 

Following WBRT, chemotherapy was continued i.th.
(40 mg/m2) every 4 weeks for up to six cycles. 

Those patients, who were randomized to systemic i.v.
Ara-C, were planned to additionally receive four cycles of
Ara-C (150 mg/m2 i.v., d1–4, q3wk) before the start of WBRT
on day 56. 

Follow-Up 
After treatment completion, a routine follow-up including
physical examination and contrast CT or MRI, respectively,

was performed. Long-term survivors were followed up with
neuropsychologic testing. Global intellectual functions were
assessed with subtests of the Adult Wechsler Intelligence
Scale. Memory was assessed with age-scaled scores for logical
memory and paired associate learning. Working memory, at-
tention, and concentration were evaluated with the Wechsler
Digit Span Test. Visual memory was tested with the Benton
Visual Retention Test, attentional function with the Trail
Making Test. Perceptual discrimination and information-pro-
cessing abilities were tested with a Divided Attention Test [4].
These tests were completed with an adapted version of a Thur-
stone Cognitive Ability Test [28, 30]. 

Statistical Analysis 
All statistics were done using the SAS software package (SAS
Inc., Calgary, Canada). Follow-up and survival were calculat-
ed from the time of first diagnosis to the date of this evaluation
(September 1, 2001). Survival estimates were calculated ac-
cording to the Kaplan-Meier method. Intercurrent deaths or
patients who were lost to follow-up were censored. 

Results 
Between July 1987 and August 1995, 14 patients were treated
according to protocol guidelines. Five more patients with
PCNSL were treated during the same time interval with
WBRT alone. These patients were not eligible for this study
due to limited Karnofsky index. They received 50 Gy WBRT
(two patients), 40 Gy WBRT plus a 10-Gy boost (two pa-
tients), and 56 Gy (WBRT, one patient), respectively. Median
survival was 3 months, all patients died within 1 year. 

Pat. Sex Age KPS Surgical Histology Radio- Post- Initial response Survival Time to disease
no. (years) (%) procedure therapy radiotherapy to treatment (months) progression 

dose Ara-C chemo-/radio- (months)
(Gy) (cycles) therapy) 

1 F 44 100 Resection Diffuse large-cell B-lymphoma 50.4 1 CR 24 Intercurrent death 
2 M 20 90 Resection Ki1 lymphoma 50.4 2 CR 146+ NED 
3 M 29 90 Biopsy Diffuse large-cell B-lymphoma 50.4 4 CR 162+ NED 
4 F 63 90 Biopsy Diffuse large-cell B-lymphoma 50.0 5 CR 41 40 
5 F 65 90 Biopsy Diffuse large-cell B-lymphoma 50.0 3 CR 65 na 
6 M 66 90 Biopsy Regressive malignant lymphoma 49.8 – PD sys 2 2 
7 M 38 80 Biopsy Diffuse large-cell B-lymphoma 50.4 2 CR 39 39 
8 F 64 80 Biopsy Regressive malignant lymphoma 50.0 2 CR 47 43 
9 F 73 80 Resection Diffuse large-cell B-lymphoma 24.0 – PR 2 Intercurrent death

10 M 56 50 Resection Diffuse large-cell B-lymphoma 30.6 – na 1 Intercurrent death
11 F 57 50 Resection Diffuse large-cell B-lymphoma 50.0 6 CR 79 78 
12 F 59 50 Biopsy Diffuse large-cell B-lymphoma 23.4 – PD loc 3 1 
13 F 75 50 Biopsy Diffuse large-cell B-lymphoma 50.0 1 PD loc 3 3 
14 M 53 40 Biopsy Diffuse large-cell B-lymphoma 39.6 – PR 3 3 

Table 1. Patient characteristics. CR: complete remission; F: female; KPS: Karnofsky performance scale; M: male; na: not available; NED: no evidence
of disease; PD loc: progressive disease locally; PD sys: systemic progressive disease; PR: partial remission. 
Tabelle 1. Patientencharakteristik. CR: komplette Remission; F: weiblich; KPS: Karnofsky performance scale; M: männlich; na: nicht untersucht;
NED: kein Anhalt für Rezidiv; PD loc: lokale Krankheitsprogression; PD sys: systemische Krankheitsprogression; PR: partielle Remission.
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Patient characteristics of the study cohort are shown in
Table 1. Median follow-up was 129 months (range 69–166
months). Four patients received i.v. and i.th. induction
chemotherapy with Ara-C. Two of these patients showed in-
tracerebral tumor progression after one and two cycles, re-
spectively, and passed over to WBRT. The other two complet-
ed the planned four cycles. Acute toxicity of i.v. Ara-C was
low, one episode of leukocytopenia grade IV was observed
during eleven chemotherapy cycles. 

All patients received i.th. Ara-C according to protocol
guidelines and proceeded to radiotherapy. Ten patients re-
ceived the planned total tumor dose of 50.4 Gy, six patients
had WBRT up to 50.4 Gy, four patients had WBRT up to
39.6 Gy and received a boost of 10.8 Gy in the macroscopic
tumor region. 

Radiotherapy was stopped in four patients (between
23.4–39.6 Gy). In two patients, treatment disruption was nec-
essary due to deterioration of their general medical condition
(in one patient proven to be related to tumor progression).
Furthermore, one patient developed a severe pneumonia and
died subsequently (see Table 1, patient no. 9), one other pa-
tient (no. 10) died following a status epilepticus. 

Nine patients received at least one cycle i.th. Ara-C after
completion of WBRT (three patients had two cycles each, four
patients had three or more cycles). During the first 3 months
after WBRT, two early deaths were observed: one patient (no.
6) had a pronounced systemic disease progression as diag-
nosed by CT, for the other (no. 13) a decline in general condi-
tion was reported by the private practitioner, but the patient
did not return to this center. 

The median survival of the entire cohort was 41 months
(95% confidence interval [CI]: 6–79 months, Figure 1). The

survival rates at 2 and 3 years were 59% (95% CI: 31–87%),
and at 5 years 42% (95% CI: 14–70%), respectively. In those
patients, who received i.th. chemotherapy alone, median sur-
vival amounted to 39 months (95% CI: 3–65 months) with sur-
vival rates at 2 and 3 years of 51% (95% CI: 33–69%) and 38%
(95% CI: 21–55%). The median time to progression in this pa-
tient group was 13.5 months (95% CI: 2–43 months). 

Despite the small number of patients, exploratory multi-
variate analysis with the factors age, Karnofsky index, sex, and
i.v. Ara-C revealed age as the most important prognostic fac-
tor (p = 0.02). 

Eight patients survived for 2 years, six patients died be-
tween 24 and 79 months, two patients are still alive. 

Causes of Death 
Progressive disease leading to death was observed in three
cases during or early after completion of therapy, one of these
patients had generalized disease manifestations at autopsy. Six
late deaths were noted, 23–79 months after therapy. Four pa-
tients died intercurrently or without known disease-specific
cause, the two others had documented disease relapse. In one
patient (no. 8), ocular disease was the first site of relapse (43
months after therapy), followed by meningeal and cerebral in-
volvement. The other patient (no. 4) had recurrent disease in
the basal ganglia (41 months after therapy). 

Neurocognitive Toxicity 
Six patients survived for 3 years and were evaluable for late
complications. Four patients maintained their pretreatment
social and professional activities with a stable performance
scale, until two of these suffered from recurrent disease. The
other two patients from the long-term survivors experienced
severe late neurologic complications. One patient (no. 5), be-
ing 65 years old at the time of diagnosis with a Karnofsky in-
dex of 90%, developed dementia and ataxia 17 months after
therapy. She had WBRT up to 50.4 Gy combined with i.th.
Ara-C before and after radiotherapy. Despite the need for
custodial care, she survived the following 4 years. Another pa-
tient (no. 11) experienced bilateral visual loss at 20 (right eye)
and 24 months (left eye) after therapy. She was 63 years old at
the time of diagnosis and had four cycles of i.v. chemotherapy
as well as pre- and post-radiotherapy i.th. Ara-C and WBRT
with 50.4 Gy. Visual acuity was restrained to dark and light
only (right eye) and finger counting (left eye). She later de-
veloped urinary incontinence and, finally, somnolence, but
survived for 79 months. Unfortunately, CT scans were not
available. 

Formal neurocognitive testing was performed on two pa-
tients who survived for > 12 years (nos. 2 and 3). Both were
< 30 years at the time of diagnosis. Both received WBRT with
50.4 Gy, i.th. Ara-C pre- and post-radiotherapy; one of them
additionally received four cycles of i.v. induction chemothera-
py. MRI scans showed no signs of leukoencephalopathy nor
signs of local recurrence. Both patients are fully working. One
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Figure 1. Overall survival (the bar presents the 95% confidence inter-
val, tick marks represent censored events). 
Abbildung 1. . Gesamtüberleben (der Balken zeigt das 95%-Konfidenz-
intervall, Striche markieren zensierte Ereignisse). 
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complained of memory difficulties and needed written notes
during his daily routine and professional activity (no. 2). This
patient who had the T-cell lymphoma showed impairments
concerning verbal learning, visual reproduction, and memory
(34.5 percentile). The speed of information processing was re-
duced (34 percentile). Nevertheless, the neurocognitive im-
pairments were of slight to intermediate degree (average: > 50
percentile, speech-free I.Q.: 87). The other patient (no. 3)
achieved completely normal results in all tests (visual repro-
duction and memory: 86.4 percentile, information processing:
46 percentile, speech-free I.Q.: 107). This patient had a large-
cell B-lymphoma. Both patients could fully compensate treat-
ment-related impairments, and daily activities of social and
professional life were not affected by late neurologic toxicities. 

Discussion 
Studies on induction chemotherapy containing blood-brain
barrier-crossing drugs, i.e., high-dose methotrexate (MTX),
followed by WBRT with or without post-radiotherapy i.v.
Ara-C repeatedly achieved long-term survival rates of > 40%
at 3 years and > 25% at 5 years [1, 5, 7, 9, 20, 46]. Established
patient-dependent prognostic factors like age and perfomance
status [8, 13, 23, 31, 36, 41, 42, 45] can profoundly influence the
treatment results and may even dominate differences in effi-
cacy between alternative treatment options. However, a large
exploratory retrospective study by Blay et al. [8] showed a sur-
vival improvement after treatment with high-dose MTX-
based regimens in addition to radiotherapy. This was support-
ed by a literature review of Reni et al. [41], who found that
high-dose MTX and additional i.th. chemotherapy were inde-
pendent prognostic factors in multivariate analysis. 

The present study with i.th. Ara-C with or without pre-ra-
diotherapy i.v. Ara-C showed efficacy and achieved favorable
results with survival rates of 59% at 3 years and 42% at 5 years,
respectively. The response rate to induction i.v. Ara-C, howev-
er, seems to be worse than those observed with modern high-
dose MTX-based regimens [11, 12, 18, 37, 42]. One of the long-
term survivors in our series had a PCNSL of T-cell origin,
which due to its rarity is much less well defined than B-cell
lymphomas. Gijtenbeek et al. [19] discussed two patients, who
both achieved complete response after MTX, WBRT, and
high-dose Ara-C but relapsed early and died. Here, we report
a patient in whom the anaplastic grade was initially confirmed
and who is cured after follow-up of 12 years. 

The ultimate aim of treatment optimization for primary
cerebral lymphoma is to increase the chance of long-term
survival without severe neurocognitive side effects. Data on
neurologic functioning of long-term PCNSL survivors after
radiotherapy without chemotherapy are sparse. Corry et al.
[13] reported on four out of 33 patients who died with demen-
tia after radiotherapy alone. More detailed data are available
from prospective studies on radiochemotherapy for PCNSL.
Abrey et al. [1] reported a very high incidence of late neuro-
logic toxicity after pre-radiotherapy MTX followed by WBRT

and high-dose Ara-C. Age was a major risk factor for treat-
ment-related neurotoxicity with cumulative risks of 60% and
100% at 2 and 5 years for patients > 60 years. O’Neill et al. [38]
observed higher incidences of neuromotor toxicity in patients
> 60 years after CHOP and WBRT followed by Ara-C-based
combination chemotherapy. Shibamoto et al. [47] treated ten
patients with WBRT followed by CHOP. Two patients devel-
oped brain necrosis and two became bedridden without signs
of tumor recurrence. Blay et al. [8] reported on twelve of 221
patients after radiotherapy with or without chemotherapy
who experienced late neurotoxicity. All had dementia, more
than one half of them gait disturbances. Multivariate analysis
revealed that chemotherapy after irradation increased the risk
of late neurotoxicity significantly in comparison to irradiation
alone or chemotherapy followed by irradiation. In a recent in-
vestigation [43], patients treated solely with a high-dose MTX-
containing regimen were prospectively followed up with for-
mal neuropsychologic assessment. Despite the renunciation
of radiotherapy, the two oldest out of 14 patients developed
severe leukoencephalopathy. In patients who were treated
with CHOD/BVAM followed by WBRT, dementia occurred
in five (62%) of eight patients being ≥ 60 years [5]. Herrlinger
et al. [25] examined 15 patients who received combined-
modality treatment (twelve patients) or radiotherapy alone
(three patients). The patients with WBRT alone (age 70–81
years) had severe neuropsychologic deficits with the need for
intensive nursing care. Following combined-modality therapy,
seven patients (58%) had severe neuropsychologic deficits re-
quiring continuous support in daily life. The experiences from
the present study agree with the aforementioned reports, that
long-term survivors from PCNSL > 60 years have a consider-
able risk of late neurologic toxicity after regimens with WBRT
to doses ≥ 40 Gy. The question whether i.th. Ara-C increases
the risk of late neurologic damage in comparison with radio-
therapy alone cannot be answered satisfactorily due to the low
number of long-term survivors. The risk of developing bilater-
al blindness, as observed in one patient, is rather low after ir-
radiation alone up to 50.4 Gy with conventional fractionation
[22, 36, 40, 44], and therefore an additional toxicity of Ara-C
has to be suspected. It is crucial to discriminate neurologic side
effects from late recurrences during follow-up. The latency
times to expression of neurologic side effects are in the range
of 24–30 months for older patients and may take > 5 years in
patients < 60 years [1, 8, 48]. In order to reduce the risk of neu-
rotoxicity for protocols containing full-dose radiotherapy,
studies have been started with chemotherapy alone. The rates
of complete remissions, observed in several studies with high-
dose MTX-containing regimens alone are in the range of
60–90% with a rather low risk of late neurotoxicity after
chemotherapy alone, especially in older patients [11, 12, 18,
37, 42]. However, long-term tumor control rates are not com-
pletely satisfying with 13–53%. An ongoing phase II trial of
high-dose MTX with deferred radiotherapy has been compro-
mised by a disease progression rate of 28% (4/14 patients) [3].
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A German multicenter study (NOA-3) has been closed early,
because high-dose MTX alone was not able to induce the ex-
pected rate of complete remissions [26]. 

We agree, that future strategies should aim at optimized
chemotherapy and a more selective use of radiotherapy de-
pending on certain patient and tumor risk factors. In order to
clarify the role of WBRT in PCNSL, the Neuro-Oncologic
Working Party of the German Cancer Society has set up a
phase III study on high-dose MTX with or without WBRT af-
ter complete remission. However, it remains unclear whether
it is justified to reserve WBRT for patients with overt recur-
rence after complete response to initial chemotherapy. As, es-
pecially in younger patients, toxicity of radiotherapy is mild,
moderate doses of radiotherapy might optimize the therapeu-
tic benefit in PCNSL patients with complete response to
chemotherapy, as it has been recently demonstrated in extra-
cerebral lymphomas [17, 21, 33, 39]. Up to now, intrathecal
chemotherapy has not found a defined role in the primary
treatment of PCNSL [16]. This is in part due to the increased
risk of severe neurotoxicity, especially when combined with
WBRT, and the lack of a prospective assessment of its survival
effect. According to the present investigation, good long-term
results can be obtained with schedules primarily based on
WBRT with additional meningeal prophylaxis using i.th. Ara-
C. The proven efficacy and moderate toxicity of radiotherapy
in younger patients should guarantee radiotherapy a firm
place in modern multimodal treatment protocols for PCNSL.
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