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Purpose: To assess the safety and efficacy of intensive
methotrexate-based chemotherapy followed by high-dose
chemotherapy (HDT) with autologous stem-cell rescue in pa-
tients with newly diagnosed primary CNS lymphoma (PCNSL).

Patients and Methods: Twenty-eight patients received
induction chemotherapy using high-dose systemic metho-
trexate (3.5 g/m2) and cytarabine (3 g/m2 daily for 2 days).
Fourteen patients with chemosensitive disease evident on
neuroimaging then received high-dose therapy using car-
mustine, etoposide, cytarabine, and melphalan with autol-
ogous stem-cell rescue.

Results: The objective response rate to the induction-
phase chemotherapy was 57%, and median overall sur-
vival is not yet assessable, with a median follow-up time of
28 months. The overall median event-free survival time is
5.6 months for all patients and 9.3 months for 14 patients

who underwent transplantation. Six of these 14 patients
(43%) remained disease-free at last follow-up. Treatment
was well tolerated; there was one transplantation-related
death. Prospective neuropsychologic evaluations have re-
vealed no evidence of treatment-related neurotoxicity.

Conclusion: This treatment approach is feasible in pa-
tients with newly diagnosed PCNSL without evidence of
significant related neurotoxicity. Although the transplanta-
tion results are similar to those achieved in patients with
aggressive or poor-prognosis systemic lymphoma, the low
response rate to induction chemotherapy and the significant
number of patients who experienced relapse soon after HDT
suggest that more aggressive induction chemotherapy may
be warranted.

J Clin Oncol 21:4151-4156. © 2003 by American
Society of Clinical Oncology.

PRIMARY CNS lymphoma (PCNSL) is an aggressive non-
Hodgkin’s lymphoma (NHL) confined to the brain, eyes,

and CSF. Histologically, these tumors are most often classified
as diffuse large B-cell lymphoma (DLBCL). Event-free survival
(EFS) and overall survival (OS) are similar in aggressively
treated PCNSL and systemic DLBCL patients.1-3

The best available therapy for PCNSL is a combination of
methotrexate-based chemotherapy and cranial radiation; with
this approach, median survival time ranges from 30 to 60
months.4-7 Unfortunately, recurrent or progressive disease is
common, and significant neurotoxicity is seen in long-term
survivors. Patients older than 60 years who attain remission
after receiving combined-modality therapy have at least a
70% risk of developing significant dementia.7,8 Younger
patients have a lower risk of treatment-related neurotoxicity,
but this risk continues to increase with longer survival. For
these reasons, efforts to improve the treatment of PCNSL
have increasingly focused on ways to enhance the efficacy
of chemotherapy and to eliminate or defer the need for
cranial irradiation.

High-dose chemotherapy (HDT) with autologous stem-cell
transplantation (ASCT) is an effective salvage treatment for
relapsed or primary refractory NHL. In patients with chemosen-
sitive disease, the long-term progression-free survival rate ap-
proaches 50%.9 Similar results have been reported in one trial
using HDT for relapsed or primary refractory PCNSL.10 Because
several studies have suggested an improved outcome when HDT
with ASCT is used as part of the initial treatment of patients with

high-risk NHL,11,12we applied this treatment strategy to patients
with newly diagnosed PCNSL.

In this article, we report the results of a multicenter phase II
trial using induction therapy with high-dose methotrexate and
cytarabine followed by consolidative HDT and ASCT using the
carmustine, etoposide, cytarabine, and melphalan (BEAM)
regimen for patients with newly diagnosed PCNSL. Metho-
trexate and cytarabine were selected for the induction regimen
on the basis of their ability to penetrate the blood-brain barrier
when given systemically. Both drugs are currently used in the
treatment of PCNSL, and methotrexate has been identified in
many studies as the single most effective drug.4,5,13 In
addition, experimental studies have demonstrated synergistic
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cytotoxicity of methotrexate and cytarabine when adminis-
tered in sequence.14,15

BEAM was selected as the ASCT conditioning regimen for
several reasons: This regimen can be safely administered to older
patients. (The median age of PCNSL patients is 60 years.)
BEAM is the most common HDT regimen used for systemic
DLBCL. Moreover, each of the agents included in this regimen
has the ability to cross the blood-brain barrier and treat areas of
microscopic disease.

PATIENTS AND METHODS

Patients

Immunocompetent, HIV-1–negative patients with newly diagnosed PC-
NSL were eligible for enrollment. All patients were required to have a
histologic diagnosis of NHL by brain biopsy. Pretreatment evaluation to
exclude systemic NHL included a bone marrow aspirate and biopsy, chest
x-ray, and a computed tomography scan of the chest, abdomen, and pelvis.
Patients were required to have adequate bone marrow function (peripheral
leukocyte count � 4,000 cells/�L and platelet count � 150,000 cells/�L),
liver function (bilirubin � 2.0 mg/100 mL and AST � 2 � upper limit of
normal) and renal function (creatinine clearance � 50 mL/min/1.73 m2).
Patients with a history of prior cranial irradiation, other active primary
malignancy, pre-existing immunodeficiency, or prior treatment for PCNSL
were excluded. Patients with isolated CNS relapse of systemic NHL were
eligible to participate if all other inclusion criteria were satisfied. All patients
were required to have pretreatment lumbar puncture for CSF cytology and a
complete ophthalmologic evaluation, including slit-lamp examination. The
institutional review boards at all participating centers reviewed and approved
this protocol. All patients provided written informed consent. The treatment
protocol is summarized in Table 1.

Treatment

Methotrexate 3.5 g/m2 was administered intravenously during 2 hours on
weeks 1, 3, 5, 7, and 9. The dose was capped at a body-surface area of 2 m2

or not to exceed 7 g total dose. Leucovorin rescue (25 mg orally every 6
hours) began 24 hours after treatment with methotrexate and continued
for a total of 12 doses or until the daily serum methotrexate level was �

1 � 10�7 M. After four cycles of methotrexate, patients were assessed for
response; a complete response (CR) or partial response (PR) was required
to continue on protocol.

Two courses of cytarabine separated by 1 month were administered. Each
course consisted of cytarabine 3 g/m2/d for 2 days. The first dose of
cytarabine was administered approximately 72 hours after the fifth dose of
methotrexate or when the methotrexate level was � 1 � 10�7 M. Filgrastim
10 �g/kg/d was started 48 hours after the first course of cytarabine and
continued until stem-cell leukapheresis was complete. Filgrastim 5 �g /kg/d
was given after the second course of cytarabine and continued for 2 weeks
or until the absolute neutrophil count was more than 3,000/�L.

Peripheral-blood progenitor cells were collected after the first course of
cytarabine. Leukapheresis was started when the WBC count was more
than 3000/�L or the number of CD34� cells as determined by flow
cytometry was � 50/�L. The target for cell collection was � 2.5 � 106

CD34� cells/kg. A maximum of five leukaphereses were allowed. If
fewer than 2.5 � 106 CD34� cells/kg were collected, bone marrow
collection was permitted.

BEAM chemotherapy was administered in a dedicated in-patient stem-cell
transplant service to all patients who had a CR or PR to induction-phase
chemotherapy. Before HDT, all patients were evaluated with pulmonary
function studies (including diffusing capacity for carbon monoxide), a dental
consultation, and an echocardiogram or multiple-gated acquisition scan.
Carmustine 300 mg/m2 was given on day �7. On days �6 to �3, patients
received etoposide 100 mg/m2 every 12 hours (total dose, 800 mg/m2) and
cytarabine 200 mg/m2 every 12 hours (total dose, 1,600 mg/m2). Melphalan
140 mg/m2 was given on day �2. There was a minimum period of 24 hours
between the last dose of chemotherapy and the peripheral-blood progen-
itor cell infusion on day 0. Granulocyte colony-stimulating factor was
administered at 5 �g/kg every 12 hours beginning on day �1 and
continued until the absolute neutrophil count was more than 1,000/�L for
3 days or more than 10,000/�L for 1 day. Standard supportive measures
as described by institutional guidelines were followed for all patients
throughout their hospitalization.

Response to treatment was assessed in all patients after four cycles of
methotrexate, immediately before BEAM chemotherapy, 3 months after
transplantation, and approximately every 3 months thereafter. Magnetic
resonance imaging (MRI) of the brain with gadolinium was used to assess
radiographic response; baseline MRI was obtained in all patients within 2
weeks before initiating therapy. In patients with positive CSF cytology at
diagnosis, repeat lumbar puncture was required to assess response; patients
with ocular lymphoma required repeat slit-lamp examination. CR was
defined as the disappearance of all enhancing tumor. In addition, patients
must have discontinued corticosteroid therapy and be neurologically stable or
improved. Repeat CSF cytology must be negative for malignant cells and
repeat ophthalmologic examination was required to be negative for persistent
tumor. PR was defined as a � 50% decrease in tumor size in comparison
with the baseline MRI scan. Patients must be neurologically improved or
stable while receiving a decreasing or stable dose of corticosteroids.
Progressive disease was defined as a more than 25% increase in enhancing
tumor or the appearance of any new lesion in the brain, CSF, or eyes. Stable
disease included all other situations.

Prospective neuropsychologic evaluations were performed at baseline,
immediately before HDT, 6 months after ASCT, and every 6 months
thereafter. A battery of neuropsychologic tests was administered to assess
multiple cognitive domains, including attention and executive function,
learning and memory, psychomotor, language, and visual-construction abil-
ities; mood and quality of life measures were also included (Table 2).
Patients were allowed to refuse neuropsychologic testing and still participate
in the therapeutic portion of this trial.

Statistics

The primary end point of this study was to assess the feasibility of this
treatment regimen in patients with PCNSL. Toxicity was graded using the
National Cancer Institute common toxicity criteria, version 2.0. An early
stopping rule was included to protect against excess mortality related to HDT
and ASCT.

EFS and OS were assessed from the first day of induction-phase metho-
trexate. An event was defined as a treatment failure (a treatment-related
toxicity precluding HDT and ASCT or a failure to achieve a PR or better

Table 1. Treatment Summary

Induction chemotherapy
Methotrexate 3.5 g/m2

Administered every other week for 5 cycles
Initial assessment of response performed after cycle 4

Cytarabine 3 g/m2 daily for 2 days
Administered monthly for 2 days
First dose given 72-96 hours after cycle 5 of methotrexate
PBPC harvested after cycle 1

High-dose chemotherapy, BEAM
Day 7 Carmustine 300 mg/m2

Day 6
Day 5 Etoposide 100 mg/m2 every 12 hours for 8 doses
Day 4 Cytarabine 200 mg/m2 every 12 hours for 8 doses
Day 3
Day 2 Melphalan 140 mg/m2

Day 1
Day 0 PBPC reinfusion

Abbreviations: PBPC, peripheral-blood progenitor cell; BEAM, carmustine, etopo-
side, cytarabine, and melphalan.
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during the induction phase), relapse or progression after ASCT, or death as
a result of any cause. If relapse or treatment failure occurred before a
patient’s death, the former date was used for the calculation of EFS. Survival
curves were generated using the Kaplan-Meier product limit method16 and
were compared using the log-rank test. Analysis of discrete variables was
performed using the �2 method, with Yates correction for expected values
less than 5. All patients who began this treatment regimen were included in
the analysis in an intent-to-treat fashion. Follow-up extended through
December 31, 2002.

RESULTS

Patients

Twenty eight patients—10 women and 18 men—were en-
rolled onto the study. Median age was 53 years (range, 25 to 71
years), and median Karnofsky performance score (KPS) was 70
(range, 30 to 100). All patients had parenchymal brain disease;
three also had positive CSF cytology, and three others had
concomitant ocular lymphoma. No patient had evidence of
disease in all three compartments. One patient with systemic
lymphoma diagnosed and treated 10 years prior was enrolled
with isolated CNS lymphoma. No patient had evidence of
systemic lymphoma at the time of enrollment.

Overall median survival time for all patients (n � 28) enrolled
onto this trial has not been assessed (Fig 1); median EFS time is
5.6 months. Eighteen patients remain alive with an intent-to-treat
EFS and OS of 20% and 55%, respectively, at 28 months median
follow-up (range, 1 to 49). There was no significant difference in
either EFS or OS as a result of age (� 50 v � 50 years) or KPS
(� 70 v � 70 years).

Toxicity

There was one death attributed to toxicity during treatment;
this patient died as a result of liver failure 2 months after ASCT.
An autopsy found only steatosis with no evidence of recurrent
tumor. A total of 13 serious adverse events were reported; 11
occurred during the induction phase and two during HDT. One
patient developed both grade 4 infection without neutropenia and
grade 3 melena while hospitalized for HDT. This required
intensive care unit management and resulted in a prolonged

hospital stay of 36 days. The nine serious adverse events
attributed to the induction-phase chemotherapy were grade 4
neutropenia, grade 3 neutropenia, grade 4 hemorrhage, grade 3
bone pain, grade 3 fatigue, grade 3 ALT or AST elevation, grade
4 pneumonitis, and two deep venous thromboses. The remaining
two adverse events occurring during induction chemotherapy
and most likely unrelated to treatment included one seizure and
one grade 3 dyspnea that could not be explained despite
extensive workup.

Response to Induction Chemotherapy

Twenty-five patients were assessed for radiographic response
after four cycles of methotrexate; 16 patients (57%; 95% CI,
39% to 75%) had a PR or better and proceeded to high-dose
cytarabine. Nine patients had no improvement and were removed
from protocol, three patients had stable disease, and six experi-
enced disease progression during initial treatment with metho-
trexate. Three additional patients were removed from the proto-
col during induction methotrexate and were not assessed for
response. One patient developed a breast mass that proved to be
DLBCL on biopsy; this mass was not present on initial systemic
evaluation. One patient developed grade 2 renal insufficiency
that precluded additional treatment with methotrexate, and an-
other patient was removed at the request of the family as a result
of poor neurologic condition. These three patients were not
considered assessable.

Fourteen patients had either a PR (six patients) or CR (eight
patients) after completing two cycles of high-dose cytarabine
and proceeded to HDT. One patient experienced disease pro-
gression during high-dose cytarabine and was removed from the
study. Another patient had a gastrointestinal hemorrhage into a
pancreatic pseudocyst while receiving anticoagulation for a deep
venous thrombosis; this occurred during his first cycle of
cytarabine and necessitated transfer to the intensive care unit.
This complication precluded additional treatment on protocol.

HDT With ASCT

Fourteen patients (50% by intention-to-treat analysis) com-
pleted HDT and ASCT (Table 2). The median number of CD34�

Fig 1. Kaplan-Meier plot: event-free survival (���) and overall survival (——) of
all patients (n � 28).

Table 2. Neuropsychologic Test Battery

Attention and execution
Digit span subtest of the Wechsler Adult Intelligence Scale—III
Trail making test (parts A and B)
Brief test of attention
Stroop color-word test
Phonemic verbal fluency test

Learning and memory
Hopkins Verbal Learning Test, revised

Psychomotor skills
Grooved pegboard test

Language and visual-construction ability
Boston Naming Test
Category fluency test
Clock drawing test

Mood and quality of life
Beck Depression Inventory
Functional Assessment of Cancer Therapy—Brain (FACT-Br)
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cells collected by leukapheresis was 25.8 � 106 cells/kg (range,
8.56 to 254 � 106cells/kg); no patient required a bone marrow
collection. In general, treatment was well tolerated. Median
hospital stay was 14 days after ASCT (range, 11 to 36 days). All
patients had pancytopenia, and marrow engraftment occurred in
all cases. Median time to absolute neutrophil count � 500/�L
was 8 days, and median time to platelet count � 2,000/�L was
9 days after ASCT. No unexpected side effects, neurotoxicity, or
seizures were seen. Only one patient experienced any serious
adverse event that resulted in a prolonged hospitalization. There
was one death before day 100 after ASCT that was considered a
transplantation-related mortality.

Median OS of patients who completed HDT with ASCT is not
yet assessable (Fig 2); the median follow-up of these surviving
patients is 28 months (range, 10 to 46 months). Median EFS is

9.3 months. EFS and OS rates for patients undergoing transplan-
tation are 43% and 60%, respectively.

Patterns of Failure After HDT

Eight patients developed progressive disease a median of 2.3
months after transplantation (range, 1.3 to 29.6 months); all but
one patient experienced relapse within 7 months of transplanta-
tion. Four patients experienced relapse in the brain alone, and
one patient each experienced relapse systemically, in the CSF, in
the brain and CSF, and in the brain and systemically. Neither
response to induction phase (PR v CR; P � .9) nor extent of
disease (absence v presence of ocular or CSF lymphoma; P �
.79) predicted risk of subsequent relapse. The one patient with
isolated systemic relapse is the only patient enrolled on protocol
with a history of systemic NHL and isolated brain disease at
enrollment. The two patients with leptomeningeal relapse had
positive CSF cytology at diagnosis, but both had a negative CSF
cytology before HDT.

Seven of the eight patients received additional treatment for
progressive disease; four were treated with additional chemo-
therapy and have not received cranial irradiation, two received
whole-brain radiotherapy, and one received whole-brain radio-
therapy and additional chemotherapy (Table 3). Four patients
remain alive more than 1 year after relapse (13�, 15�, 31�, and
35� months, respectively), three of whom were treated with
chemotherapy alone.

Neuropsychologic Assessment

In total, 14 patients completed a cognitive evaluation at
diagnosis. Seven patients were assessed after induction-phase
chemotherapy and had serial examinations for comparison; all
demonstrated improvement in all cognitive domains concomitant

Fig 2. Kaplan-Meier plot: event-free survival (���) and overall survival (——) of
the 14 patients who completed high-dose chemotherapy.

Table 3. Patients Undergoing Transplantation

Age Sex KPS EOD Pre-ASCT Post-ASCT
TTP

(months) Site of Relapse Treatment for Relapse
Time Survival

(months) Status

32 Female 100 Brain and eye CR PD 1.7 Brain WBRT 37.4 AWD
60 Male 70 Brain PR CR 23.2 NED
41 Female 50 Brain CR CR 5.1 Systemic Rituximab, CHOP 20.1 NED
59 Male 90 Brain and CSF PR PD 1.3 CSF IO Ara-C 4 DOD
52 Male 70 Brain CR CR 2.3 Brain None 2.4 DOD
58 Male 90 Brain CR CR 27.1 NED
49 Male 50 Brain PR CR 29.6 Brain and

systemic
MPV, proMACE-cytaBOM, rituximab 42 AWD

35 Female 100 Brain CR CR 23.7 NED
56 Male 60 Brain PR PR 2.7 Brain WBRT 5.6 DOD
41 Male 70 Brain PR PR 6.8 Brain Busulfan, thiotepa, CTX with ASCT 37.9 NED
55 Female 70 Brain CR NA 2.5 DOC
25 Male 50 Brain and CSF CR PD 2 Brain and CSF WBRT 5.6 DOD
59 Female 60 Brain and eye CR CR 36.8 NED
60 Male 90 Brain PR CR 34 NED

Abbreviations: KPS, Karnofsky performance status; EOD, initial extent of disease at diagnosis; Pre-ASCT, radiographic response prior to high-dose chemotherapy;
Post-ASCT, best radiographic response following high-dose chemotherapy and autologous stem-cell transplantation; TTP, time to progression from day of stem-cell reinfusion;
CR, complete response; PD, progressive disease; PR, partial response; NA, not assessable; WBRT, whole-brain radiotherapy; CHOP, cyclophosphamide, doxorubicin,
vincristine, and prednisone; IO Ara-C, intra-Ommaya cytarabine; MPV, methotrexate, procarbazine, and vincristine; proMACE-cytaBOM, prednisone, methotrexate-
levcovorin, Adriamycin, cyclophosphamide, etoposide � cytarabine, bleomycin, oncovin, and methotrexate; CTX, cyclophosphamide; ASCT, autologous stem cell
transplantation; AWD, alive with disease; NED, no evidence of disease; DOD, dead of disease; DOC, dead of complications.
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with a response of their disease to treatment (Fig 3). Patients who
were removed from the study for any reason were not re-
examined. Four patients with continued follow-up after ASCT
displayed average to low average performance with no evidence
of significant delayed treatment-related neurocognitive decline.
Three patients returned to their usual work after ASCT; one
60-year-old man retired but reportedly returned to his normal
level of function.

DISCUSSION

Our experience with this treatment regimen clearly indicates
that this is a feasible approach for patients with newly diagnosed
PCNSL. Patients tolerated both the induction phase and the HDT
plus ASCT with acceptable toxicity. Some patients have had
prolonged disease control using chemotherapy alone. Signifi-
cantly, no patient has developed cognitive impairment as a
consequence of treatment, including patients older than 50 years
at the time of diagnosis. Although the average age and KPS of
patients enrolled onto this trial may be somewhat better than that
of the so-called usual PCNSL patient, neither age nor KPS
correlated with EFS or OS. In fact, the patients who derived the
greatest benefit from this trial tended to be older patients.

The primary rationale to explore this treatment strategy in
newly diagnosed PCNSL patients was to deliver an intensive and
exclusively chemotherapy-based treatment. Although our small
sample size, in particular the number of patients who completed
HDT, limits the interpretation of our results, studies of newly
diagnosed high-risk systemic lymphoma patients treated with
HDT have reported similar findings. The 3-year OS probability
of our 28 patients (60%) is similar to other HDT protocols for
systemic NHL patients12,17,18 and compares favorably with
other recent trials reported for PCNSL.19,20 In assessing the
feasibility of this approach for patients with PCNSL, the 50%
of our patients who completed HDT is comparable to other
reported studies of HDT with ASCT in NHL, in which 40% or
more of patients experience disease progression during induc-
tion-phase chemotherapy.17,21

The radiographic response rate to the induction-phase chemo-
therapy was lower than expected; 50% of patients had an

inadequate response to single-agent methotrexate at this dose.
Other studies using single-agent methotrexate regimens in PC-
NSL have also reported low response rates ranging from 30% to
50%.19,22 Although this may suggest that some patients have
inherently chemoresistant tumor, it may also indicate that a more
aggressive multiagent induction strategy is necessary to cytore-
duce these tumors. In contrast, we have previously reported a
combination regimen of high-dose methotrexate (3.5 g/m2) with
procarbazine and vincristine that resulted in an objective re-
sponse rate (CR � PR) of 90%,4 and similar results were
obtained by the Radiation Therapy Oncology Group using the
same combination regimen with a lower dose of methotrexate
(2.5 g/m2).20 For the current protocol, a simplified regimen of
single-agent methotrexate was used to ensure that patients would
not have significant myelosuppression during the induction
phase that might compromise the stem-cell collection. Given the
excellent results of our stem-cell collection, a more aggressive
induction regimen may be feasible; alternatively, stem cells
could be collected earlier. The need to use a more aggressive
induction regimen is also supported by several studies in
systemic NHL, in which abbreviated induction regimens fol-
lowed by HDT have had inferior outcomes to those studies using
HDT after conventional induction regimens.12,17,18

The choice of the optimal HDT regimen to use for PCNSL is
difficult. Perhaps the most important rationale for using BEAM
is that this regimen is generally well tolerated in older patients,
and half of the patient population with PCNSL is older than 60
years. However, although our patients tolerated the regimen
well, nearly 50% experienced disease relapse within a few
months of ASCT. Although each of the agents in BEAM can
cross the blood-brain barrier, the levels achieved in the CNS may
be suboptimal. Furthermore, our patients had been exposed
previously to higher doses of cytarabine during the induction
phase. In contrast, Soussain et al10 published their experience
using an HDT regimen of busulfan, thiotepa, and cyclophosph-
amide for patients with recurrent or refractory PCNSL or ocular
lymphoma. In their series, only four of 20 patients experienced
disease progression after HDT with ASCT, suggesting that these
agents may be more effective in the treatment of CNS disease. In
particular, busulfan and thiotepa have excellent CNS pene-
tration, with CSF levels in excess of 80% serum levels.23

However, high-dose busulfan-containing regimens may be
significantly more toxic and therefore more difficult to ad-
minister safely to older patients. Soussain et al10 noted
increased toxicity in their PCNSL patients older than 60
years. A recent series of seven newly diagnosed or recurrent
PCNSL patients with a poor prognosis treated by Cheng et
al24 suggests that a transplant regimen including busulfan and
thiotepa may be both tolerable and efficacious in the patient
population, although in this series, two of three patients older
than 60 years had significant complications.

Interestingly, half of our patients with recurrent lymphoma
after HDT were able to attain a second durable remission in
excess of 1 year, frequently with additional chemotherapy alone.
One patient was given salvage therapy with a second HDT and
ASCT treatment (using thiotepa and busulfan), and he remains

Fig 3. Neurocognitive test results showing mean z scores at baseline (Time 1)
and after induction chemotherapy (Time 2); error bars � 1 SE.
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alive with no evidence of disease nearly 3 years after his relapse.
Furthermore, it is noteworthy that four of five patients who
remain disease-free after HDT are older than 55 years. There-
fore, older patients, who constitute approximately half of the
patients with PCNSL, can benefit from this intensive chemother-
apy approach.

Finally, one of the most compelling reasons to pursue this
aggressive chemotherapy-only treatment strategy in newly diag-
nosed PCNSL patients was to eliminate the need for radiother-
apy and thereby eliminate or diminish the risk of treatment-
related neurocognitive toxicity. Thus, a crucial finding of this
study is the lack of any significant treatment-related neurocog-
nitive decline. This is particularly important because neurocog-
nitive dysfunction has been reported as a complication of
high-dose chemotherapy with stem-cell rescue in the breast
cancer population. Furthermore, several trials have been pub-
lished using high-dose chemotherapy with stem-cell rescue for

patients with recurrent or refractory primary brain tumors. In
each of these series, there has been a significant incidence of
treatment-related neurotoxicity, suggesting that an HDT with
ASCT strategy may not be feasible in patients who have received
prior cranial radiation.10,25

In conclusion, the development of new strategies to treat
PCNSL using intensive chemotherapy alone or in combination
with reduced doses of radiotherapy is critical to improve disease
control while maintaining cognitive function. The use of HDT
and ASCT is clearly feasible in this patient population and, given
the success of this strategy in systemic NHL, additional study
using a more intensive, conventional induction regimen and
possibly a different HDT conditioning regimen, including agents
such as busulfan and thiotepa, is warranted.
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