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Stem Cell Transplantation

Autologous stem cell transplantation has greatly improved the prognosis of systemic recurrent non-Hodgkin’s lym-
phoma. However, no prospective data are available concerning the feasibility and efficacy of this strategy for sys-
temic lymphoma relapsing in the central nervous system. We, therefore, we performed an international multicen-
ter retrospective study of patients with a central nervous system recurrence of systemic lymphoma to assess the
outcome of these patients in the era of stem cell transplantation. We collected clinical and treatment data on
patients with a first central nervous system recurrence of systemic lymphoma treated between 2000 and 2010 in
one of five centers in four countries. Patient- and treatment-related factors were analyzed and compared descrip-
tively. Primary outcome measures were overall survival and percentage of patients transplanted. We identified 92
patients, with a median age of 59 years and a median Eastern Cooperative Oncology Group/World Health
Organization performance status of 2, of whom 76% had diffuse large B-cell histology. The majority (79%) of
these patients were treated with systemic chemotherapy with or without intravenous rituximab. Twenty-seven
patients (29%) were transplanted; age and insufficient response to induction chemotherapy were the main reasons
for not being transplanted in the remaining 65 patients. The median overall survival was 7 months (95% confi-
dence interval 2.6-11.4), being 8 months (95% confidence interval 3.8-5.2) for patients ≤ 65 years old. The 1-year
survival rate was 34.8%; of the 27 transplanted patients 62% survived more than 1 year. The Memorial Sloan
Kettering Prognostic Index for primary central nervous system lymphoma was prognostic for both undergoing
transplantation and survival. In conclusion, despite the availability of autologous stem cell transplantation for
patients with central nervous system progression or relapse of systemic lymphoma, prognosis is still poor. Long-
term survival is, however, possible and more likely in patients able to undergo stem cell transplantation.
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Introduction

Patients with a relapsed systemic non-Hodgkin’s lymphoma
(NHL) with central nervous system (CNS) localization have a
poor prognosis with a median survival of 2-4 months and a 1-
year survival rate of less than 10% after various conventional
treatments.1-3 In relapsed systemic lymphoma without CNS
localization, survival is much improved by myelo-ablative
therapy followed by autologous stem cell transplantation
(ASCT), especially when combined with rituximab.4-7 Patients
with relapsed lymphoma with a CNS localization have
always been excluded from protocols studying ASCT and no
prospective data are available concerning the feasibility and
efficacy of this treatment in such patients. Retrospective stud-
ies of transplanted patients have shown that treatment with
high-dose chemotherapy and stem cell transplantation can
result in long-term survival in selected patients.8-11 However,
there are virtually no data concerning the whole population of
patients with a CNS localization of a recurrent systemic lym-

phoma. The prognosis of these patients is, therefore,
unknown. Likewise, it is not known what proportion of these
patients actually reach transplantation or which patient- or
treatment related factors influence prognosis. 
We, therefore, aimed to assess outcome in patients with a

first recurrence of systemic NHL in the CNS in the era of stem
cell transplantation in a retrospective multicenter study. The
International Primary CNS Lymphoma Collaborative Group
(IPCG) is an international multidisciplinary group from
Europe, North America and Australasia set up to advance
knowledge on CNS lymphoma. Given the rarity of CNS
recurrence of systemic lymphoma the platform of the IPCG
was used to gather information on a larger number of patients
than would be possible in a single center or national setting.

Design and Methods

From collaborating centers, patients with a CNS recurrence or pro-
gression of systemic lymphoma were selected from local databases.



Patients were included if they had been diagnosed with systemic
NHL and had a first recurrence in the cerebrospinal fluid (CSF),
brain parenchyma or both and were treated for their recurrence
between January 2000 and January 2010.  Concurrent systemic
lymphoma was allowed but not required. For these patients data
were collected on baseline characteristics, prognostic factors such
as age, performance status, and International Prognostic Index (IPI)
score as well as on treatment of both the primary disease and the
recurrence or progression. With regard to the treatment of the
recurrence or progression, the information recorded was the result
and toxicity of the treatment, and survival. Data were rendered
anonymous locally and collected in a central database.
Independent review board approval was obtained for all partici-
pating centers, according to local regulations in the various coun-
tries.
Primary outcome measures were overall survival and percent-

age of patients transplanted. The secondary outcome was toxicity.
Patient- and treatment-related factors were analyzed and com-
pared descriptively.
Kaplan-Meier survival estimates were used to predict overall

survival. Log-rank statistics to compare times to event across strat-
ification variables were used to describe potential trends.
Univariate Cox regression analysis was performed for age at
relapse, both as a continuous variable and divided into age up to
and over 65 years, and up to and over 50 years. These age limits
were chosen since 65 is a commonly used age limit for stem cell
transplantation and 50 has been found to be a prognostic factor in
primary CNS lymphoma.12 Additionally, the value of the
Memorial Sloan Kettering Cancer Center (MSKCC) prognostic
score for primary CNS lymphoma was evaluated in this popula-
tion of patients with secondary CNS lymphoma.12 There are three
prognostic categories in this score: category 1 being age ≤50 years,
category 2 being age >50 years and Karnofsky performance status
≥70, and category 3 being age >50 years and Karnofsky perform-
ance status <70. Other factors evaluated were Eastern Cooperative
Oncology Group (ECOG)/World Health Organization (WHO) sta-
tus at relapse; chemotherapy regimen at relapse categorized into
regimens with or without methotrexate, with or without cytara-
bine, with or without both methotrexate and cytarabine; and with
or without ifosfamide; treatment with rituximab in the first line
therapy; treatment with rituximab at relapse; localization of the
recurrence in the brain parenchyma and transplantation.
Correlations between baseline characteristics and treatment at
recurrence, and ASCT were tested using cross-tabulation and the
Pearson χ2 test.

Results

Five centers from four countries included 92 patients (38
women and 54 men) with CNS recurrence or progression
of systemic aggressive NHL. The patients’ baseline and
treatment characteristics at initial disease presentation are
shown in Table 1. The majority of patients (76%) had dif-
fuse large B-cell histology. At initial presentation 39% of
the patients had two or more extranodal sites involved; in
22% the bone marrow was involved and in 12% a local-
ization in a sinus, orbit or testis was present. Twenty
patients (22%) initially had stage I disease; in three of
them this was localized in a sinus, orbit or testis, seven
had a breast lymphoma. Sixteen patients (17%) were at
high risk according to the IPI score (4 or 5 risk factors) and
16 (17%) had high-intermediate risk (3 factors); the IPI
score was not available for 37 patients (39%). Various
chemotherapy regimens had been used as primary treat-

ment; most of the patients (74%) had been pretreated
with cyclophosphamide, adriamycin, vincristine and pred-
nisone (CHOP) or CHOP-like regimens. Twenty-two per-
cent had received specific CNS-directed therapy such as
high-dose methotrexate (2%) or intrathecal chemotherapy
(20%). Thirty-nine patients (42%) had received intra-
venous rituximab.
The patients’ clinical features at recurrence are shown in

Table 2. Their median age at relapse was 59 years (range,
22-89 years); 32/92 patients were older than 65 years at
the time the relapse was diagnosed. The median interval
between the primary diagnosis and CNS relapse was 9
months (range, 0-281 months). The median ECOG/WHO
performance status was 2. Sixty-five patients presented
with symptoms of CNS disease, 12 with symptoms of
systemic disease and 15 with symptoms of both. At least
53 patients (58%) had systemic disease activity concurrent
with the CNS relapse but for 34 (37%) patients informa-
tion on the presence or absence of systemic disease activ-
ity was not available. Fifty-five percent of patients had cra-
nial nerve deficits or peripheral sensory or motor symp-
toms; 37% had headache or mental status changes. The
CNS recurrence was localized only in the CSF in 37/92
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Table 1. Baseline characteristics of the patients and their treatment at
lymphoma presentation.
Characteristic Value

Age (years)
Median 58 (23-88)
65 years or older 30 (32%)
Sex (m/f) 54/38 (59/41%)
Histology
Diffuse large B-cell lymphoma 70 (76%)
Follicular  5 (5%)
Mantle cell 5 (5%)
Burkitt 2 (2%)
Other 10 (11%)
Disease stage
I 20(22%)
II 13 (14%)
III 8 (9%)
IV 48 (53%)
Not reported 3 (4%)
Number of extranodal sites
None 1 (12%)
1 38 (41%)
2 or more 36 (39%)
Not reported 7 (8%)
Extra-nodal site
Bone marrow 20 (22%)
Testis/orbit/sinus 11 (12%)
CNS 8 (9%)

Treatment 
Radiotherapy only 2 (2%)
Chemotherapy 86 (93%)
Rituximab 39 (42%)
Intrathecal 18 (20%) 

Response to first-line treatment
Complete response 48 (52%)
Partial response 28 (30%)
Stable response 5 (5%)
Progressive disease 3 (3%)
Not reported 8 (9%)



patients (40%). In 47/92 (51%) of patients the recurrence
was localized in the brain parenchyma, with or without
concurrent CSF involvement; the percentage was similar
for patients treated with or without rituximab in the first-
line therapy. Seventy-three patients (79%) were treated
with systemic chemotherapy for the recurrence. Many
different regimens were used: 54 patients (74%) received
a regimen containing methotrexate and 30 (41%) a regi-
men containing cytarabine. Twenty-three patients (25%)
were treated with rituximab at relapse (Table 3). Response
to induction treatment is shown in Table 4. Data on CNS
response were available for 68 of the 73 patients treated
with chemotherapy (93%) and on systemic response for
44 (60%). Although some data on response are missing, at
least 48/73 (66%) were responsive to induction treatment
in the CNS (complete or partial response) and 25/73 (34%)
systemically. Response rates were similar for patients with
CSF localization only and those with brain parenchymal
disease. Twenty-seven patients (29%) underwent ASCT
and 65 (71%) did not. The reason patients were not trans-
planted was age over 65 years (n=17, 18%), poor perform-
ance status or co-morbidities (n=14, 15%), complications
of induction treatment (n=5, 5%), inadequate harvest
(n=3, 3%) and insufficient response to induction treatment
(n=13, 14%). Transplantation was not considered for four
patients and for nine patients the reason for not perform-
ing a transplant was not reported or unknown. 
The median overall survival was 7 months (95% CI:

2.6–11.4) for the whole population of patients, 8 months
(95% CI: 3.8–12.2) for patients ≤65 years of age, and 3
months (95% CI: 0.7–5.3) for patients aged >65 years. The
difference between patients up to the age of 65 and those

older was not statistically significant (log rank P=0.25).
The overall survival rate was 35% at 1 year and 22% at 3
years. The median overall survival for transplanted
patients was not reached. The overall survival rates in
patients who had undergone ASCT were 62%, 54% and
42% at 1 year, 2 years and 3 years, respectively. The cor-
responding rates for patients who were not transplanted
were 25%, 17% and 14% at 1, 2 and 3 years. At the end
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Table 2. Clinical features of the patients at relapse.
Feature                                                                            Value 

Median age at relapse (range)                                        59 (22-88) years
Interval between NHL diagnosis and CNS                 9 (0.5-281) months
relapse (median, range)                                                                  
CNS symptoms
Cranial nerve palsy                                                                  28 (30%)
Peripheral sensory/motor symptoms                                23 (25%)
Mental status changes                                                             8 (20%)
Headache                                                                                   6 (17%)
Gait/balance disturbance                                                        9 (10%)
Nausea/vertigo                                                                            4 (4%)
Seizures                                                                                        4 (4%)
Focal CNS signs                                                                          4 (4%)
Concurrent systemic recurrence
Yes                                                                                               53 (58%)
No                                                                                                  5 (5%)
Not reported/unknown                                                           34 (37%)
Localization of CNS disease
Brain parenchyma                                                                    40 (43%)
Leptomeningeal                                                                       37 (40%)
Both                                                                                               7 (8%)
Other or unknown                                                                     8 (9%)
ECOG/WHO performance status
0                                                                                                     6 (7%)
1                                                                                                    28 (30%)
2                                                                                                    25 (27%)
3                                                                                                      8 (9%)
4                                                                                                      2 (2%)
Not reported                                                                             23 (25%)

Table 3. Treatment of relapse.
Treatment N. of patients (%)

Systemic chemotherapy 73 (79%)
MTX+araC combinations 18 (25%)
MTX + ifosfamide 13 (18%)
MTX + other 14 (19%)
Bonn combination 3 (4%)
MTX monotherapy 6 (8%)
Any including HD-MTX 54 (74%)
HD-araC + other 12 (16%)
Any including HD-araC 30 (41%)
Other (no HD-MTX or ara-C) 7 (9%)
Intravenous rituximab
Yes 23 (25%)
No 53 (58%)
Not reported 16 (17%)
Radiotherapy 22 (24%)
Cranial radiotherapy only 1 10 (11%)
Cranial radiotherapy + chemotherapy 7 ( 8%)
Brain + spinal cord   3 ( 3%)
Focal other   2 ( 2%)
Intrathecal/intraventricular 56 (60%)
MTX 25
Ara-C, native or sustained release 6
MTX + ara-C 25
None 34
Not reported 2
Myeloablative treatment 28 (30%)
Chemotherapy 24 (26%)
BCNU/TT 10
BEAM/BEAC 3
Busulfan and cyclophosphamide 3
Other 8
Total body irradiation 4 (4%)

Transplantation
Yes 27 (29%)
No 65 (71%)
No treatment 4 (4%)

MTX: methotrexate; ara-C: cytarabine; Bonn combination: HD-methotrexate, ifosfamide,
vincristine, dexamethasone, cytarabine; cyclophosphamide, vindesine combination; HD:
high dose; BCNU: carmustine; TT: thiotepa; BEAM: carmustine, etoposide, cytarabine,
melfalan; BEAC: carmustine, etoposide, cytarabine, cyclophosphamide.

Table 4. Response to induction chemotherapy at recurrence.
                                                   CNS                              Systemic

Complete response                26/73 (36%)                            15/73 (21%)
Partial response                      22/73 (30%)                            10/73 (14%)
Stable disease                          4/73 (5%)                              3/73 (4%)
Progressive disease                16/73 (22%)                            16/73 (22%)
Not reported                              5/73 (7%)                             29/73 (40%)



of the follow-up 66 patients (72%) had died; the median
follow-up for patients still alive was 51 months (range, 2 -
147 months), while that for transplanted patients was 56
months (range, 5-147 months). The cause of death was
lymphoma in 38 patients (41%); in 15% this was the sys-
temic lymphoma, in 17% the CNS lymphoma and in 9%
both. Twenty-one patients (23%) died of sepsis with or
without other metabolic factors, and seven (8%) died of
neurotoxicity (n=1) and unknown causes.
At univariate analysis prognostic factors for overall sur-

vival were age at relapse (P=0.003, Figure 1A),
ECOG/WHO status at relapse (P=0.006, Figure 1B), and
the combination of these as summarized in the MSKCC
prognostic score (P=0.001, Figure 1C). The median overall

survival in patients with a MSKCC prognostic score of 1
(age ≤50 years) was 16 months, and differed significantly
from the 9 months in patients with a MSKCC score of 2
(age >50 years and ECOG/WHO score 0-2) and 2 months
in patients with a MSKCC score of 3 (age >50 years and
ECOG/WHO score >2) (P=0.001). No treatment factors
other than  transplantation (P<0.0001) were statistically
significant: of the 27 transplanted patients, 62% survived
more than 1 year, compared with 25% of patients who
were not transplanted. (Figure 1D) Survival was not influ-
enced by the interval between primary diagnosis and
relapse, by chemotherapy regimen at relapse, by localiza-
tion of the CNS recurrence in the CSF or the brain
parenchyma, or by rituximab treatment in first-line thera-
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Figure 1. (A) Overall survival (in months) by age. (B) Overall survival (in months) by performance status. (C) Overall survival (in months) by
MSKCC prognostic score. (D) Overall survival (in months) by stem cell transplantation.
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py or at recurrence. At multivariate analysis both MSKCC
prognostic score (P=0.007) and transplantation (P=0.002)
remained statistically significant. Both age under 50 years
at recurrence (P=0.001) and the MSKCC prognostic score
(P=0.004) were also predictive of undergoing ASCT.

Discussion

We performed a retrospective, multicenter, internation-
al study to document outcome in patients with recurrent
systemic lymphoma and secondary CNS disease in the
era of stem cell transplantation. We included 92 patients
in whom the clinical features at presentation of the
relapse were compatible with those of prior publications:
a median age of 59 years, median ECOG/WHO perform-
ance status of 2 and a majority (72%) of patients present-
ing with symptoms of CNS disease.13,14 We found a medi-
an survival of 7 months with 35% 1-year and 22% 3-year
survival rates. No prior data are available on survival in
unselected populations with CNS recurrence of systemic
lymphoma in the era of stem cell transplantation.
Previous series covered long periods of time in which
transplantation was not available for a majority of
patients. Only one study has been published on patients
treated after 2002 but in this series only 8/20 patients had
recurrent systemic lymphoma; the others had relapsed
primary CNS lymphoma.15 Although our study is retro-
spective, it comprises the only series of patients diag-
nosed with CNS recurrence of systemic lymphoma in the
CSF and/or brain parenchyma treated in the last 10 years.
Our 3-year survival rate of 22% seems better than that
previously found in CNS recurrent aggressive lymphoma
before stem cell transplantation became available.14,16
However, it is considerably worse than the survival of
patients with recurrent systemic diffuse large B-cell lym-
phoma, in whom the 3-year overall survival rate was
reported to be 49-55%.7,17 In patients with recurrent pri-
mary CNS lymphoma the median survival is reported to
be 5 -18 months, the 18 months having been reported in
a prospective phase II study investigating ASCT.18-21 Thus,
although our retrospective and unselected series is not
comparable with prospective studies in which all patients
had to conform to strict inclusion criteria, from these data
the prognosis does appear to be worse in patients with
CNS recurrence of systemic lymphoma than in patients
with primary CNS lymphoma or with systemic disease
only.
As expected, age and performance status were prognos-

tic for survival; furthermore, the MSKCC prognostic index
for primary CNS lymphoma appears to be valid also in
recurrent secondary CNS lymphoma. Contrary to the
findings in isolated brain parenchyma relapse of NHL, the
use of methotrexate was not a prognostic factor in our
patients, possibly because few patients in our series were
treated without methotrexate.22 Of the treatment factors
analyzed, only transplantation was a significant prognos-
tic factor for survival (log-rank P<0.001). However, only
patients with acceptable performance status responding to
induction chemotherapy were eligible for this treatment
and few comparable patients not treated with ASCT are
available in this study. 
Patients in our series who actually underwent transplan-

tation had a fair chance of long-term survival, with 42% of
these patients being alive at 3 years. However, only a

minority (29%) of patients were actually treated with
ASCT despite the fact that all patients were accrued from
centers performing this procedure. A major reason for not
being transplanted was age over 65 years (32 patients).
Excluding these patients, 42% (25/60) of patients were
transplanted, which is similar to the 49-63% of patients
transplanted in prospective trials investigating ASCT in
recurrent systemic diffuse large B-cell lymphoma.4,7,17,23
Other than age and performance status, both factors
which cannot be influenced, insufficient response to re-
induction treatment was the main reason ASCT was not
performed in our series. 
The efficacy of re-induction chemotherapy is a major

determinant of the outcome after ASCT.10,11,24 Sixty-six per-
cent of our patients had an objective CNS response to
chemotherapy and at least 35% had a systemic response;
data, especially regarding systemic responses, were unfor-
tunately missing for a substantial number of patients.
However, the proportion of patients dying from CNS lym-
phoma (17%) was very similar to that of patients dying of
systemic lymphoma (15%), with progressive disease in
9% of both. The efficacy of re-induction therapy does,
therefore, seem similar in systemic disease and in the
CNS. 
In 41% of patients the lymphoma was the main cause

of death. Sepsis with or without other metabolic factors
was described as the main cause of death in 24% and
other or unknown causes in 6.5% of patients. Thus
although infectious complications occurred frequently,
especially in older patients, the main determinant of the
poor prognosis was the disease itself, reflecting insuffi-
cient efficacy of the treatment employed, despite signifi-
cant toxicity. 
We observed a relatively large proportion of patients

with brain parenchymal disease. In past series of patients,
most patients with CNS localization of systemic lym-
phoma were diagnosed with leptomeningeal disease, with
brain parenchymal disease reported in only 20-25% of
patients.13,16,25,26 The major change in the treatment of sys-
temic NHL in the last decade has been the addition of rit-
uximab. We, therefore, investigated whether treatment
with rituximab influenced the localization of the CNS dis-
ease, but that was not the case in our series. Other series
in which this issue was addressed have yielded conflicting
results and a definitive conclusion cannot be made.1,27 In
any case, outcome did not differ between patients with or
without brain parenchymal disease. 
Naturally, our study has its limitations. As described

previously it is retrospective, with patients’ data collected
from dedicated centers, and there may have been bias in
recognizing patients and confounding from missing data.
However, being multicenter and multinational the results
will be broadly applicable and similar data, describing a
relatively large population of patients with this rare dis-
ease entity exclusively in the era of ASCT, are not yet
available. It is clear that improved treatments are dearly
needed; several systematic and prospective studies are cur-
rently underway and will, it is to be hoped, yield better
results. 
In conclusion, despite the availability of ASCT as con-

solidation treatment for patients with CNS progression or
relapse of systemic NHL, these patients’ prognosis is still
poor, for the most part because of insufficient efficacy of
treatment. However, long-term survival is possible and
more likely in patients able to undergo ASCT. The
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MSKCC prognostic index for primary CNS lymphoma
was found to be prognostic both for undergoing ASCT
and for survival in these patients with secondary CNS
lymphoma, but no specific treatment variable could pre-
dict outcome. Until the results of prospective studies cur-
rently underway become available, the data obtained
might aid clinicians in deciding whether to aim for long-
term survival or even a cure in a given patient by treating

aggressively and aiming for ASCT or whether the poten-
tial toxicity and limited chances of efficacy support a more
palliative treatment. 
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