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The prognosis of patients with central nervous system relapse of aggressive lymphoma is very poor with no ther-
apy established so far. In a prospective multicenter phase II study, we evaluated a potentially curative chemother-
apy-only regimen in these patients. Adult immunocompetent patients 65 years of age or under received induction
chemotherapy with MTX/IFO/DEP (methotrexate 4 g/m2 intravenously (i.v.) Day 1, ifosfamide 2 g/m2 i.v. Days 3-
5 and liposomal cytarabine 50 mg intrathecally (i.th) Day 6) and AraC/TT/DEP (cytarabine 3g/m2 i.v. Days 1-2,
thiotepa 40 mg/m2 i.v. Day 2 and i.th. liposomal cytarabine 50 mg i.th. Day 3) followed by high-dose chemother-
apy with carmustine 400 mg/m2 i.v. Day -5, thiotepa 2x5 mg/kg i.v. Days -4 to -3 and etoposide 150 mg/m2 i.v.
Days -5 to -3, and autologous stem cell transplantation Day 0 (HD-ASCT). Thirty eligible patients (median age 58
years) were enrolled. After HD-ASCT (n=24), there was a complete remission in 15 (63%), partial remission in 2
(8%) and progressive disease in 7 (29%) patients. Myelotoxicity was the most adverse event with CTC grade 3/4
infections in 12% of MTX/IFO/DEP courses, 21% of AraC/TT/DEP courses and 46% of HD-ASCT courses. The
2-year time to treatment failure was 49%±19 for all patients and 58%±22 for patients completing HD-ASCT. The
protocol assessed proved feasible and highly active with long-lasting remissions in a large proportion of patients. 
(ClinicalTrials.govIdentifier NCT01148173)
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Introduction

Central nervous system (CNS) relapse is diagnosed in 2-5%
of patients with aggressive systemic non-Hodgkin’s lym-
phoma after a median time of approximately six months after
lymphoma diagnosis.1-6 It can occur either as an isolated event
or in combination with systemic relapse. Primary extranodal
involvement (particularly of the testes), elevated serum LDH
and low performance status are among the most commonly
reported risk factors associated with CNS relapse. On CNS
relapse, neither the indication for CNS prophylaxis, nor the
appropriate prophylaxis itself has been defined, nor has the
most appropriate treatment been established.7

Data on therapy of secondary CNS lymphoma (SCNSL) are
limited. With the exception of two prospective studies using
intrathecal (i.th.) chemotherapy alone,8,9 only retrospective
analyses have been published.5,10-12 With i.th. chemotherapy
and/or radiotherapy, prognosis is poor with a median survival
of only a few months.13 In younger patients with isolated

CNS relapse, longer survival has been observed in retrospec-
tive analyses, in particular when high-dose methotrexate
(HDMTX)-based chemotherapy was administered.10

However, in the vast majority of patients, it does not seem
possible to offer a cure.
High-dose chemotherapy followed by stem-cell transplan-

tation (HD-ASCT) offers a cure in relapsed systemic lym-
phoma.14,15 In primary CNS lymphoma (PCNSL), consolidat-
ing therapy with HD-ASCT with the blood-brain-barrier pen-
etrating alkylating agents BCNU and thiotepa resulted in 5-
year overall survival of over 80%.16,17 Small retrospective
analyses have revealed long-term remissions in some patients
treated with HD-ASCT for SCNSL.18-20 In a single institution
retrospective analysis of 43 patients with SCNSL, long-term
survival was found only in those treated with HD-ASCT.11

Here, we present the first completed prospective multicen-
ter study to evaluate feasibility and efficacy of HD-ASCT in
patients with SCNSL. The protocol was designed as a sequen-
tial application of blood-brain-barrier crossing cytostatics. To



reduce the risk of delayed CNS toxicity, radiotherapy was
omitted. 

Design and Methods

Immunocompetent adult patients not older than 65 years with
CNS relapse of systemic aggressive lymphoma with or without
systemic relapse were eligible. Lymphoma had to be histologically
confirmed at first diagnosis. Exclusion criteria were: Burkitt’s lym-
phoma/lymphoblastic lymphoma, prior therapy for SCNSL with
the exception of corticosteroids, prior whole-brain or mediastinal
irradiation, ECOG performance status over 2, neutrophils less
than 1.5/nl, platelets less than 100/nl, bilirubin elevation, transam-
inases more than 3xUNL, creatinine clearance less than 50 ml/min,
acute infection and pregnancy. 

Staging procedures
Pre-treatment evaluation included contrast-enhanced magnetic

resonance imaging (MRI) of the brain (spinal MRI on clinical sus-
picion only), lumbar puncture with cerebrospinal fluid (CSF) cyto-
morphological and immunocytological (if possible) evaluation,
computed tomography (CT) of chest and abdomen, and bone
marrow biopsy. In addition, laboratory testing with whole blood
count, liver enzymes, lactate dehydrogenase (LDH), serum protein
and electrophoresis, creatinine clearance, and hepatitis and HIV
serology were performed. All patients gave their written informed
consent, and the study was approved by the ethics committees of
all participating centers. 
CNS relapse was defined as at least one of the following: i) cyto-

morphological or immunocytological proof of lymphoma cells in
the CSF; ii) clinical symptoms and meningeal enhancement on
MRI; iii) parenchymal brain lesions on MRI with radiomorpholo-
gy consistent with CNS lymphoma.21 Biopsy of parenchymal
lesions for histological proof of diagnosis was not mandatory but
strongly encouraged in patients with CNS lesions occurring more
than two years after first lymphoma diagnosis.

Study design
This was an open-label multicenter phase II trial. The treatment

schedule consisted of three courses of induction therapy in respon-
ders followed by HD-ASCT (Table 1). All patients initially
received one course HDMTX/IFO/DEP: methotrexate 4 g/m2/4 h
i.v. Day 1, ifosfamide 2 g/m2/3 h i.v. Days 3-5, dexamethasone 2x4
mg orally Days 6-10 and liposomal cytarabine 50 mg i.th. by lum-
bar puncture Day 6. Methotrexate dose was adjusted to creatinine
clearance as reported.22 Supportive therapy included vigorous
intravenous hydration, urine alkalization and leukovorin rescue 30
mg/m2 every 6 h starting 24 h after start of HDMTX. In patients
without lymphoma progression on Day 22 of the first
HDMTX/IFO/DEP course, therapy was continued with a second
HDMTX/IFO/DEP course; progressing patients were switched to
HDAraC/TT/DEP: cytarabine 3 g/m2/3 h i.v. Days 1-2, thiotepa 40
mg/m2/1 h i.v. Day 2, dexamethasone 2x4 mg orally Days 3-7 and
liposomal cytarabine 50 mg intrathecally Day 3. Prior to autolo-
gous stem cell mobilization, G-CSF 2x5 mg/kg was given subcuta-
neously starting on Day 7 after the second induction course. A
minimum of 2x106 CD34+ cells per kg of body weight were
required. A third course of induction chemotherapy with
HDAraC/TT/DEP with response evaluation on Day 22 was given
to all patients subsequently. All responding patients later received
HD-ASCT. Patients not responding to induction chemotherapy
without clinical deterioration were allowed to proceed to HD-
ASCT at the discretion of the physician in charge; all others were
treated off protocol. HD-ASCT included: carmustin 400 mg/m2/2
h i.v. Day -5, thiotepa 2x5 mg/kg/2 h i.v. Days -4 and -3 and etopo-

side 150 mg/m2/2 h i.v. Days -5 to -3 followed by ASCT on Day 0.
Standard supportive measures were taken according to institution-
al guidelines. There was no obligatory antibacterial, antiviral or
antimycotic prophylaxis, or obligatory G-CSF administration dur-
ing the induction therapy.

Response and toxicity evaluation
Response was assessed by CSF examination and/or MRI

(whichever revealed pathological results prior to treatment) after
the first and the third induction therapy courses and following
HD-ASCT. During follow up, CSF examination and MRI, as well
as CT of chest and abdomen and bone marrow examination (in
patients with systemic involvement at study entry or at clinical
suspicion) were performed every three months. Systemic response
was evaluated according to Cheson criteria.23 CNS response was
evaluated according to agreed response criteria for PCNSL.24

Complete remission (CR) was defined as complete disappearance
of all lymphoma-caused MRI abnormalities and clearance of lym-
phoma cells in the CSF in at least two consecutive CSF examina-
tions as well as complete resolution of all lymphoma-caused clin-
ical symptoms. Partial remission (PR) was applicable only to
patients with parenchymal lesions visible on MRI and was defined
as a 50% or more reduction in all lesions without new lesions irre-
spective of lymphoma cells detectable in the CSF. No change (NC)
was defined as stable/improved clinical symptoms with a less than
50% reduction in parenchymal lesions or less than 25% growth.
Progressive disease (PD) was defined as appearance of new symp-
toms or lesions or more than 25% growth of parenchymal lesions
or increase in lymphoma cell number in the CSF. Appearance of
new symptoms or of new lymphoma lesions after a CR lasting
more than two months was defined as relapse, and cases of short-
er response duration as progression. Treatment toxicity was grad-
ed according to NCI CTC criteria. For each patient, only the max-
imal toxicity grade was registered.

HD-ASCT in relapsed systemic lymphoma
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Table 1. Chemotherapy regimen.
Protocol Dose Route of Time

administration

HDMTX/IFO/DEP
Methotrexate 4g/m2a 4 hours i.v. day 1 
Ifosfamide 2g/m2 3 hours i.v. Days 3-5
Liposomal cytarabine 50 mg intrathecally Day 6
Dexamethasone 2x4 mg orally Days 6-10 
Folinic acide 30mg/m2 every 6h i.v.b Day 2c

Mesna 20% of ifosfamide dose i.v.d Days 3-5 
To repeat Day 22
HDAraC/TT/DEP 
Cytarabine 3g/m2 3 hours i.v. Days 1-2 
Thiotepa 40 mg/m2 1 hour i.v. Day 2 
Liposomal cytarabine 50 mg intrathecally Day 3
Dexamethasone 2x4 mg orally Days 3-7 
To repeat Day 22
HD-ASCT 
Carmustin 400 mg/m2 2 hours i.v. Day -5
Thiotepa 2x5 mg/kg 2 hours i.v. Days -4 and -3 
Etoposide 150 mg/m2 2 hours i.v. Days -5 to -3 
Autologous stem cell Day 0
transplantation 

awith dose reduction according to creatinine clearance; bstarting 24h after start of
methotrexate; cuntil serum MTX level under 0.1�M;  dimmediately bevore ifosfamide, and
4 and 8 hours thereafter.



Statistical analysis
All 30 patients matching the inclusion/exclusion criteria were

included in the intent-to-treat analysis. Primary end point was
time to treatment failure (TTF) measured from start of study ther-
apy (for HD-ASCT from time of ASCT) to first progression,
relapse or death due to lymphoma or to therapy-related toxicity.
Secondary end points were response, toxicity and overall survival.
There was no formal sample size estimation due to the low fre-
quency of SCNSL. However, in the study protocol we stated that,
depending on the observed frequencies, 95% confidence limits
would have a range of 10-20%. For the primary end point, we
expected a very low frequency of event free subjects. This was
based on the assumption of an overall survival of 50% after six
months.5,11 Assuming an exponential survival after 24 months we
could expect only 12.5% to have survived. As the event rate for
TTF was assumed to be smaller, we expected a proportion of less
than 10% of event free subjects. For 10% event-free subjects, the
95% confidence limit would have been 2.1-26.5% (exact binomial
distribution, ignoring censoring). However, in our study, results
were much more favorable with a TTF rate after two years of
approximately 50%. Therefore, precision of observed results is
approximately ±20%.
The Kaplan-Meier method was used to estimate survival prob-

abilities with 95% confidence interval (CI). Significance tests were
carried out with type 1 error = 5% (two-sided). However, with 15
events, hazard ratios (HR) only as large as 4.3 or higher could have
been detected in survival analyses (type 1 error 0.05, two-sided,
power 80%). SPSS for Windows (release 18.0) was used for all sta-
tistical analysis.

Results

Patients’ characteristics
Thirty-three patients with a median age of 58 years

were screened. Three of those did not meet the inclusion
criteria (one with Burkitt’s lymphoma and 2 with CNS
relapse of PCNSL). Therefore, 30 patients were enrolled
and considered as the intent-to-treat population (Table 2).
The original lymphoma diagnosis was confirmed by refer-
ence pathology (pathologists` panel of the German High-
Grade Non-Hodgkin's Lymphoma Study Group) in all
patients. All patients were pre-treated with only one treat-
ment regimen.

Treatment and response
MTX dose had to be reduced due to creatinine clearance

of less than 100 ml/min in 2 patients once and in one
patient twice. Intrathecal application of liposomal cytara-
bine was omitted in 2 patients on HDMTX/IFO/DEP and
in 4 patients on HDAraC/TT/DEP at the discretion of the
physician in charge. 
After the first HDMTX/IFO/DEP course, CR was

achieved in the CNS in 5 (17%), PR in 14 (47%) and NC
in 6 (20%) patients (Figure 1). Response was not evaluated
in 5 patients (17%): 4 with clinical improvement (due to
decision of the physician in charge) and one who died of
septic colitis prior to response evaluation. Of 29 patients
proceeding to the second induction course, 27 continued
with a second course of HDMTX/IFO/DEP and 2 were
switched to HDAraC/TT/DEP (due to transaminases ele-
vation grade 4 and worsening of clinical symptoms in one
patient each). One of those had PD in the CNS after the
second HDMTX/IFO/DEP and died 3.5 months after
study entry without further therapy, and one patient in

CR refused further chemotherapy, received WBRT and
was alive 28 months after study entry. Twenty-seven
patients continued induction therapy: one with
HDMTX/IFO/DEP due to the decision of the physician in
charge and 26 with HDAraC/TT/DEP. At the end of
induction chemotherapy, CR was documented in 7 (26%),
PR in 13 (48%), NC in 2 (7%) and PD in 4 patients (15%);
in one patient (4%) no response evaluation after complete
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Table 2. Patients’ characteristics.
Characteristic                                                N                        (%)

Age (years): median/range             58/29-65          
Sex: male/female                                                  15/15                         50/50
ECOG performance status:
0-1                                                                             18                              60
2                                                                                 12                              40
Diffuse large B-cell lymphoma                             27                              90
Peripheral T-cell lymphoma, unspecified           3                               10
LDH elevation at relapse
No                                                                              17                              57
Yes                                                                            10                              33
Unknown                                                                     3                               10
Localization of CNS relapse
Brain parenchyma only                                        17                              57
Meninges only                                                         7                               23
Both                                                                           6                               20
Systemic disease at time of CNS relapse:
Present/absent                                                     6/24                          30/70
Symptoms (>20% of patients)
Personality changes                                               7                               23  
Cranial nerves                                                        9                               30
Focal deficits                                                          17                              57
Headache                                                                16                              53
Characteristics at first diagnosis:
Stage
I-II                                                                             10                              33
III                                                                                4                               13 
IV                                                                               16                              53
Extranodal involvement                                         17                              57
Parenchymatous organs                                       9                               30
Bone marrow                                                           7                               23
Testes                                                                        2                                7
Paranasal sinuses                                                   1                                3
Orbit                                                                          1                                3
LDH elevation                                                          17                              57
IPI score                                                                                                        
0-1                                                                              8                               27
2-3                                                                             17                              57
4-5                                                                              4                               13
Unknown                                                                  1                                3
Pre-treatment:
CHOP-like/rituximab                                          29/26                         97/87
CNS involvement prophylaxis:                             6                               20
HDMTX/ifosfamide i.v.                                        1*                               3
MTX i.th.                                                                 5                               17

Time from first diagnosis to CNS relapse:
Median/range (months)                 8.6/3.1-79.8
ECOG: Eastern Cooperative Oncology Group; LDH: lactate dehydrogenase; IPI:
International Prognostic Index; CHOP: cyclophosphamide, vincristine, doxorubicine,
prednisolone; HDMTX: high-dose methotrexate; i.v.: intravenously; i.th.: intrathecally.
*In this patient HDMTX/ifosfamide was the only pre-treatment.



induction therapy was performed. In all patients, autolo-
gous stem cells could be collected in sufficient numbers as
planned in the study protocol. The median number of
CD34+ cells collected was 5.3x106/kg. 
HD-ASCT was given to a total of 24 patients, since one

patient with PD but stable symptoms received it at the
discretion of the physician in charge. The median number
of CD34+ cells reinfused was 3.6x106/kg. 
After HD-ASCT, CR was documented in 15 (63%), PR

in 2 (8%) and PD in 7 (29%) patients.
Of the 6 patients with concomitant systemic lym-

phoma, one patient achieved systemic CR following
induction therapy and maintained it after HD-ASCT, 3
patients achieved PR after induction therapy and had CR
(n=2) or PR (n=1) after HD-ASCT, one had systemic PR
after induction therapy, but progressed in the CNS, and
one had NC after induction therapy and responded partial-
ly to HD-ASCT.

Toxicity
Toxicity was mainly hematologic. Anemia grade 3 was

reported in 8 of 58 (14%) of HDMTX/Ifo/Dep courses, in
12 of 28 (43%) of HDAraC/TT/DEP courses and in 8 of 24
(33%) of HD-ASCT courses, anemia grade 4 in 1 of 58
(2%), 2 of 28 (7%) and 2 of 24 (8%) of courses, respective-
ly. Leukopenia grade 3 was reported in 12 of 58 (21%) of
HDMTX/Ifo/Dep courses and in 4 of 28 (14%) of
HDAraC/TT/DEP courses, grade 4 in 9 of 58 (16%) and in
13 of 28 (46%) courses, respectively, and in all HD-ASCT
courses. Thrombopenia grade 3 occurred in 5 of 58 (9%)
of HDMTX/Ifo/DEP courses and grade 4 in 3 of 58 (5%)
of HDMTX/Ifo/DEP courses, in 16 of 28 (57%) of
HDAraC/TT/DEP courses and all HD-ASCT courses.
There was a grade 3 infection in 5 of 58 (9%) of
HDMTX/Ifo/DEP courses, 6 of 28 (21%)
HDAraC/TT/DEP courses and 10 of 24 (42%) HD-ASCT
courses. Grade 4 infection was registered in 2 of 58 (3%),
0 and 1 of 24 (4%) courses, respectively. Other frequent
toxicities were: transaminase elevation grade 3 in 9 of 30
(30%) patients on HDMTX/Ifo/DEP, stomatitis grade 3 in
4 of 24 (17%) patients and grade 4 in 3 of 24 patients
(13%) on HD-ASCT, and grade 3 diarrhea in one of 30
patients (3%) on HDMTX/Ifo/DEP and in 3 of 24 patients
(13%) on HD-ASCT. Additionally, nausea/vomiting grade
3 was documented in one of 25 patients (4%) on
HDAraC/TT/DEP and in 2 of 24 patients (8%) on HD-
ASCT, grade 3 headache in 2 of 23 patients (9%) on
HDAraC/TT/DEP, bilirubine elevation grade 3 and pneu-
monitis grade 4 in one patient each on HDMTX/IFO/DEP,
and confusion grade 3 in one of 30 patients (3%) on
HDMTX/IFO/DEP and one of 24 patients (4%) on
HDAraC/TT/DEP.
There was one death on therapy; a 62-year old patient

developed a diverticulitis during the first course of
HDMTX/IFO/DEP and succumbed due to neutropenic
septicemia. In follow up, one patient developed an irre-
versible cauda equina syndrome with bladder and bowel
dysfunction.

Outcome and follow up
Of 4 patients with PD after induction therapy, 3 died

without further treatment two, six and eight months after
study entry due to lymphoma, and one patient received
salvage WBRT but relapsed and died 14 months after
study entry. 

Seventeen patients were in remission after HD-ASCT:
15 had CR and 2 PR. Two of 7 patients with PD after HD-
ASCT received i.th. chemotherapy and died of lymphoma
six and nine months after study entry, respectively. One
patient was rescued with WBRT but relapsed and died
after 13 months, and 4 died of progression without further
treatment (after 11, 6, 6 and 8 months, respectively).
After a median follow up of 21 months (95%CI: 10-32)

17 patients were alive by intent-to-treat analysis. The 2-
year TTF was 49%±19 for all patients (Figure 2A) and
58%±22% for patients completing HD-ASCT (Figure 2C);
median TTF was 12 months (95%CI: 0-34.9) and 24.3
months (95%CI: 5.9-42.8), respectively. The 2-year OS
was 63±19% for all patients (Figure 2B) and 68±20% after
HD-ASCT (Figure 2D); the median OS has not been
reached in either group.
Secondary relapse or progressive disease was localized

in the CNS in 11 of 16 patients (69%), outside the CNS in
3 (19%) patients (kidney, lymph nodes/bone marrow and
bone marrow alone in one patient each), and both in and
outside the CNS in 2 (13%) patients. 
No significant difference was found for either OS or

TTF when the following factors were examined:
meningeal versus parenchymal involvement, normal LDH
at CNS relapse versus elevated, ECOG at CNS relapse 0-1
versus 2, CNS relapse within 12 months after first lym-
phoma diagnosis versus later. However, regarding OS and
TTF for all patients, those with ECOG performance of 2
compared to patients with ECOG 0 or 1 and patients with
parenchymal involvement compared to patients with
meningeal involvement showed approximately 2-fold to
3-fold hazard ratios (ECOG: HR=2.9, P=0.053, and
HR=2.2, P=0.12, parenchymal involvement: HR=2.17,
P=0.31, and HR=1.92, P=0.31). Regarding OS and TTF for
HD-ASCT patients, those with CNS relapse after 12
months or later showed a 2-fold hazard ratio (HR=2.50,

HD-ASCT in relapsed systemic lymphoma
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Figure 1. Course of therapy and response. Note that one patient with
progressive disease after AraC/TT/DEP received HD-ASCT.
HDMTX/IFO/DEP: high-dose methotrexate, ifosfamide and liposomal
cytarabine intrathecally; CR: complete response; PR: partial
response; NC: no change; HDAraC/TT/DEP: high-dose cytarabine,
thiotepa and liposomal cytarabine intrathecally; PD: progressive dis-
ease; HD-ASCT: high-dose chemotherapy followed by autologous
stem-cell transplantation. 

HD-ASCT n=24

HDMTX/Ifo/DEP n=30

HDMTX/Ifo/DEP n=27 AraC/TT/DEP n=2

AraC/TT/DEP n=26HDMTX/Ifo/Dep n=1

CR 15
PR 2
PD 7

CR 15
PR 14
NC 6
unknown 4

CR 7
PR 12
NC 2
PD 4
unknown 1 (CR after 2.HDMTX/IFO/DEP)

died 1

PR 1

1 PD
1 refused 

participation



P=0.18 and HR=2.04, P=0.27) as compared to patients
with relapse within 12 months. All other hazard ratios
were smaller than 2 and are not reported.

Discussion

The prognosis of SCNSL is dismal and cure is only
achieved in exceptional cases. In this study, a novel poten-
tially curative chemotherapeutic regimen was evaluated.
The protocol was based exclusively on cytostatics both
highly active in lymphoma and capable of penetrating the
intact blood-brain barrier. The HDMTX/IFO combination
proved tolerable and highly active with a response rate of
90% in a pilot study with 20 patients.25 Intrathecal therapy
with liposomal AraC was added to the present protocol
based on its higher effectiveness compared to convention-
al i.th. cytarabine in patients with lymphomatous menin-
gitis in terms of tumor clearance rate, time to neurological
progression, and survival, as well as longer half-life allow-
ing longer administration intervals.8 The HD-ASCT regi-
men with BCNU and thiotepa has been successfully
applied to patients with PCNSL with an estimated survival
probability of 87% at both three and five years, however,
with WBRT in all patients.16,17 In the present study a simi-
lar regimen was used. However, etoposide has been added
based on the analysis of the German High-Grade Non-
Hodgkin's Lymphoma Study Group, which found etopo-

side an independent prognostic factor for the prevention
of CNS recurrence.2,5 The choice of the high-dose regimen
seems of great importance in CNS lymphoma since disap-
pointing treatment results have been reported in PCNSL
with the BEAM (BCNU, etoposide, low-dose cytarabine
and melphalan) protocol with a median event-free survival
of only 9.3 months for the 14 patients who underwent
transplantation.26 We decided not to use rituximab for B-
cell lymphoma in this protocol owing to its negligible CNS
penetration and thus assumed negligible contribution to
treatment success for the most important prognostic fac-
tor, CNS disease. Moreover, rituximab was considered to
have been part of the initial therapy applied to these
patients shortly before study entry. WBRT was omitted in
the present study to minimize the risk of delayed CNS
toxicity. Moreover, when given after primary HDMTX-
based chemotherapy, it did not significantly prolong over-
all survival in patients with PCNSL in a randomized phase
III study.27
Our patients are extremely comparable to other SCNSL

patients in the rituximab era reported so far. Interestingly,
with the introduction of rituximab, a change in relapse
localization seems to have occurred. The relatively low
frequency of simultaneous systemic relapse of 20% in our
patients is comparable to other more recent studies:
30.4% in the study of Schmitz et al., 41.4% in the study of
Boehme et al., and 21% in the study of Villa et al.2,5,28 prob-
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Figure 2. (A) Time to treatment failure (TTF) for all patients (n=30). (B) Overall survival (OS) for all patients. (C) TTF for patients with high-
dose chemotherapy and autologous stem cell transplantation (HD-ASCT; n=24). (D) OS for HD-ASCT patients.  For analysis B and D, time at
risk started at the beginning of HD-ASCT.
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ably reflecting more efficacy of rituximab in controlling
the systemic disease as compared to the CNS. The rather
frequent brain parenchyma involvement of 77% observed
in the present study corresponds to findings of others:
43.3% in the study of Boehme et al. and 84% in the study
of Villa et al. It may be speculated that the inclusion of
both patients with parenchymal and meningeal relapse
might have introduced some heterogeneity since an
impact on prognosis for parenchymal relapse is suggested
in this study. 
The present study is the first to evaluate a potentially

curative protocol in SCNSL. Remarkably good results
were achieved with a median OS of over 30 months and
a 2-year OS of 63% in patients whose prognosis is gener-
ally regarded very poor. The effectiveness of the protocol
used did not seem different from that observed in patients
with T-cell lymphoma, all of whom responded. Our pro-
tocol within a prospective study compares very favorably
to other treatment strategies for this entity. In a retrospec-
tive multicenter analysis of 113 patients (median age 61
years, 62% treated with HDMTX and 53% with WBRT)
a median OS of 1.6 years has been reported.10 In another
retrospective study, a median OS of seven months has
been outlined based on a dual-center analysis of 23
patients with isolated CNS relapse, all of whom received
an intensive HDMTX-based chemotherapy including i.th.
chemotherapy in 15.12 A retrospective analysis of the
German High-Grade Non-Hodgkin’s Lymphoma Study
Group for patients under 61 years of age revealed a medi-
an OS of only five months for patients with CNS relapse
of DLBCL (n=56; median age 50.5 years).5 The results of
the present study suggest that our protocol is potentially
curative in almost half of the patients suffering from CNS
relapse of aggressive lymphoma. The long-term results of
the present study seem similar to those achieved in
patients with systemic relapse of aggressive lymphoma14
suggesting, together with the lack of systemic progress in
the majority of patients, that SCNSL does not necessarily
represent a refractory condition, but rather needs to be
treated with substances targeting the CNS compartment.
These substances, in addition, need to be administered at
high doses in the setting of HD-ASCT. Obviously, this reg-
imen is associated with more toxicity than palliative treat-
ment strategies limiting its use to younger and fitter
patients. Treatment-related mortality of 3%, however, is
no higher than in other studies on systemic aggressive
lymphomas. Moreover, the risk of infectious complica-
tions can likely be reduced by the prophylactic use of
antibiotics and G-CSF, so its routine implementation into

our protocol can be recommended.
Early relapse (<12 months) is reportedly a negative prog-

nostic factor in patients with systemic relapse of DLBCL.14
No prognostic factors in CNS relapse have been estab-
lished so far. In a retrospective analysis of 43 heteroge-
neously treated patients, LDH and CNS response to ther-
apy proved to be the only independent prognostic factors
for survival in multivariate analysis.11 In the present study,
none of the potential prognostic factors examined proved
significant, probably due to the small number of patients.
However, hazard ratios for “ECOG 0-1” and “time to
relapse under 12 months” were higher than 2, suggesting
a prognostic role that should be validated in the future.
Since the protocol used here was very complex, it is not

possible to estimate the contribution of each component.
However, the complexity seems justifiable regarding the
otherwise dismal prognosis of SCNSL. The relatively
small number of patients is a further limitation of our
study. Regarding the low frequency of CNS relapses in
lymphoma, and given the study design, it did not appear
realistic to include more patients.
In summary, the protocol evaluated in this prospective

trial proved highly active with acceptable toxicity. Its cur-
ative potential remains to be confirmed, and a study
addressing this question in a larger patient cohort is under-
way. 
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