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Abstract Patients with malignant central nervous system
(CNS) involvement of lymphoma have a poor prognosis
with intrathecal chemotherapy and radiation. In this paper,
we report the results we obtained in such patients by
intravenous chemotherapy with high-dose methotrexate and
ifosfamide (HDMTX/IFO). The study involved a review of
all patients who received HDMTX/IFO for CNS involve-
ment of malignant lymphoma at our hospital. Therapy
consisted of 4 g/m2 of MTX (4 h infusion on day 1) and
1.5–2 g/m2/day of IFO (3 h infusion on days 3–5). The
study included 20 patients with a median age of 65 years
(range, 30–83) and CNS relapse of a malignant lymphoma.
Seventeen patients had been pretreated with up to two
chemotherapy regimens. The objective response rate was
90% with 12 complete or unconfirmed complete (CR and
CRu) and six partial remissions. All patients had at least
stabilization of their neurological symptoms. Myelosup-
pression was the most common toxicity. The median
follow-up time was 14.9 months. The median time to
neurological progression was 8.9 months. Twelve patients
received subsequent therapy, including high-dose chemo-
therapy with autologous stem cell transplantation in five
cases. The median overall survival was not reached.
Systemic chemotherapy with HDMTX/IFO is a feasible
and promising treatment modality for CNS relapse of a
malignant lymphoma.
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Introduction

Central nervous system (CNS) involvement is a serious
complication of hematologic malignancies. Standard thera-
py has not been established for these patients. Patients with
leptomeningeal involvement usually receive intrathecal (IT)
chemotherapy consisting of methotrexate (MTX) or cytar-
abine, which is sometimes combined with radiotherapy for
nodular tumor masses [1–4]. Patients presenting with
parenchymal brain involvement are usually submitted to
whole-brain irradiation (WBI). With this therapy, patients
with malignant CNS involvement generally have a poor
prognosis with a median survival of usually less than
6 months. Systemic disease is a frequent cause of death in
these patients [5–8].

In the management of CNS malignancies, systemic
therapy offers several potential advantages over local
treatment modalities like IT chemotherapy or radiation,
the most important one being simultaneous treatment of
the systemic disease [5, 8, 9]. Furthermore, systemic
application achieves a more uniform distribution of the
drug throughout the neuroaxis and obviates ventricular
reservoir insertion or multiple lumbar punctures (LP) for
drug instillation with all the potential acute and late
complications. Finally, a much wider array of chemother-
apeutic agents can be administered by intravenous (IV)
than by IT application. On the other hand, considerable
systemic toxicity is associated with IV chemotherapy,
whereas IT therapy poses potential infectious and neuro-
toxic risks.
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Both systemic ifosfamide and high-dose MTX (doses of
1.0 g/m2 or more) reach cytostatic levels in the cerebrospinal
fluid (CSF) and are effective for treating various malignan-
cies [10–12]. This monocenter study retrospectively ana-
lyzed the activity and toxicity of combination chemotherapy
with high-dose methotrexate and ifosfamide (HDMTX/IFO)
for CNS manifestations of non-Hodgkin’s lymphoma.

Materials and methods

Patients

The study included all patients treated with HDMTX/IFO
for CNS lymphoma (including the retina) at our institution
from July 2002 to August 2007. CNS disease was
diagnosed radiologically [brain lesions and/or meningeal
enhancement on cranial and spinal magnetic resonance
imaging (MRI) or computed tomography (CT)] or by CSF
cytomorphology or immunocytology. Intraocular malignan-
cy was diagnosed by slit-lamp examination and aqueous
cytology or chorioretinal biopsy. All patients underwent a
staging procedure for systemic tumor manifestations with
bone marrow biopsy and contrast-enhanced CT of the
thorax and abdomen.

Exclusion criteria were creatinine clearance <50 ml/min,
liver disease with elevation of bilirubin >2 mg/dl, previous
WBI, and active systemic infection. All patients gave
written informed consent before starting treatment.

Treatment

Patients received an IV infusion of MTX 4 g/m2 over 4 h on
day 1 and IFO 1.5 or 2 g/m2/day over 3 h on days 3 to 5.
The MTX dose was adjusted for creatinine clearance (CC)
<100 ml/min as follows: CC/100×4g/m2. Supportive
therapy included antiemetics, intravenous hydration, urine
alkalization, mesna, and a leucovorin rescue beginning 24 h
after the start of MTX infusion. Systemic corticosteroids
were applied only for symptom control at the beginning of
therapy. Treatment was continued for a maximum of eight
cycles and stopped in cases where further therapy was
prevented by radiologic or CSF progression, clinical
deterioration, or toxicity.

Response and toxicity

In patients treated after August 2005, response of paren-
chymal lesions was evaluated according to the then
published criteria of the International Primary CNS Lym-
phoma Collaborative Group (IPCG) [13]. Those included
the specification of an unconfirmed complete remission
(CRu) for cases with small but persisting enhancing

abnormalities on brain imaging or patients fulfilling the
criteria for complete remission (CR) but still receiving
corticosteroids. In three patients treated before 2005, IPCG
guidelines were used for a retrospective evaluation of
parenchymal brain lesions. These patients had CR accord-
ing to both Cheson criteria [14] used initially and IPCG
criteria used for the present analysis.

In leptomeningeal disease, CR was defined as a negative
CSF cytomorphology in two consecutive LP and disap-
pearance of meningeal enhancement on gadolinium MRI, if
present at first presentation. Progressive disease (PD) was
defined as an increase of CSF tumor cells, while stable
disease (SD) was considered to be any other condition.
Response and SD were only documented if neurological
symptoms had improved or remained stable; patients were
otherwise assessed as having PD [2, 4]. Response of
measurable systemic disease was documented according
to Cheson’s criteria [14].

Neurological response was classified as complete re-
sponse, improvement, stable disease, or worsening. Neuro-
logical complete response was defined as complete
resolution of all neurological symptoms and signs attribut-
able to the malignant disease, improvement as regression of
symptoms with residual deficits, worsening as neurological
deterioration, and stable disease as no improvement in the
absence of new symptoms.

Response evaluation of all CNS tumor sites using the
initial method (MRI, CT, CSF cytomorphology/immunocy-
tology, and ophthalmologic examination) was performed at
least after every second chemotherapy cycle and every
3 months after therapy. A full clinical and neurological
assessment, including toxicity evaluation, was performed
before each chemotherapy course.

Adverse events were graded according to the Common
Terminology Criteria (CTC) of the National Cancer
Institute, version 3.0, and the highest observed grade was
recorded for each patient.

Statistical analysis

A descriptive analysis of qualitative and quantitative
variables was done. Frequencies, median values, and ranges
were specified when applicable. Estimates of the overall
survival (OAS) and time to neurological progression (TTP)
were calculated for all patients using the Kaplan–Meier
method. The OAS was calculated from the start of therapy
to the last follow-up or to death from any cause. The time to
neurological progression was measured from the start of
therapy until neurological deterioration, death from CNS
disease, or the last follow-up. Responding or stable patients
who continued with other treatment (due to toxicity or the
attending physician’s decision) were censored for calcula-
tion of the TTP.
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Results

Patient characteristics

Twenty patients with a median age of 65 years (Table 1)
were treated with at least one HDMTX/IFO course.
Meningeal involvement was confirmed by cytomorphologic
CSF evaluation in all patients. Parenchymal brain involve-
ment was confirmed by biopsy in all but two patients who
had developed parenchymal brain lesions during treatment
for histologically proven systemic lymphoma. Seventeen
patients had diffused large B-cell lymphoma (DLBCL) in
the CNS. Secondary CNS involvement of systemic DLBCL
was present in eight of them and a relapsed PCNSL/PIOL
in seven, while two had an aggressive large-cell lymphoma
in the CNS in the presence of systemic indolent B-cell
lymphoma (Richter’s transformation of Waldenstrom’s
macroglobulinemia). Two patients had simultaneous sys-
temic and CNS involvement of mantle cell lymphoma and

marginal zone lymphoma, respectively, and one patient had
a T-cell lymphoma.

Three patients with systemic indolent B-cell lymphoma
already had CNS disease at first presentation and were
therapy-naive. All others had a CNS relapse and were
pretreated with up to two different chemotherapy regimens.
Systemic pretreatment regimens were CHOP-like (with or
without rituximab). CNS-directed pretreatment (one or two
therapy lines) had been given to ten patients and consisted
of IT chemotherapy with MTX or IV chemotherapy with
HDMTX, high-dose cytarabine, ifosfamide, or topotecan.
Nine patients (45%) had concomitant systemic disease.

Therapy

Patients were treated with a median of five HDMTX/IFO
cycles (range, 1 to 8). Nine patients received the full MTX
dose, while 11 had a dose adjustment to 50–90% based on
their creatinine clearance. Dose adjustment was necessary
in nine (64%) patients >60 years but only in two (33%)
younger ones (p=0.28).

HDMTX/IFO was terminated prematurely in ten patients
for the following reasons: creatinine clearance <50 ml/min
(n=3, all with grade 2 nephrotoxicity), the doctor’s decision
to intensify treatment by high-dose chemotherapy with
autologous stem cell transplantation (SCT; n=3), disease
progression (n=2), the patient’s request (n=1), and toxic
death (n=1). In three other patients, therapy was modified
as follows: An individual decision was made to stop
HDMTX after one to five cycles due to grade 1, 2, or 3
nephrotoxicity, and therapy was continued with IFO alone.
Therapy had to be modified or terminated due to toxicity or
renal function impairment in five (36%) patients over 60
and in one (25%) younger patient (p=0.4).

No concurrent lymphoma-directed therapy was given
except to one patient with CNS relapse of a mantle cell
lymphoma, who was additionally treated with IT liposomal
cytarabine.

Granulocyte colony-stimulating factor (G-CSF)-supported
mobilization of peripheral blood stem cells after HDMTX/
IFO in six patients was successful in all cases. Five of them
proceeded to high-dose chemotherapy with carmustine or
melphalan in combination with thiotepa followed by
autologous stem cell transplantation (three for consolidation
and two at relapse), and eight patients received various other
consolidation or salvage treatments (systemic therapy with
topotecan, high-dose cytarabine or zevaline, WBI, or IT
chemotherapy).

Response

Eighteen patients (90%) responded to HDMTX/IFO with a
CR in ten cases, a CRu in two, and a PR in six (Fig. 1).

Table 1 Patient characteristics at diagnosis of CNS disease

Characteristics Values

n Percent

Age (years) 30–83 (median 65)
Age >60 14
Male/female 10/10
Histologic diagnosis (CNS)
DLBCL 17 85
Mantle cell lymphoma 1 5
Marginal zone lymphoma 1 5
T-cell lymphoma 1 5
CNS involvement
Meningeal 3 15
Parenchymal 13 65
Meningeal+parenchymal 3 15
Ocular 1 5
Systemic disease 9 45
Primary CNS involvement /CNS relapse 3/17 15/85
Previous therapy
1 regimen 13 65
2 regimens 4 20
Previous CNS directed therapy
1 regimen 9 45
2 regimens 1 5
Symptomsa

Cranial nerve palsy 5 25
Sensorimotor deficits 4 20
Nausea/Emesis 4 20
Pain 4 20
Cerebellar 5 20
Neuropsychological 5 20
Other 11 55

aMore than one symptom per patient possible
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Two patients had SD for 1.9 and 5.1 months. Neurological
symptoms resolved completely in eight patients, improved
in nine, and remained stable over 1.3 to 5.5 months in three
(two with an objective response and one with stable CNS
disease).

Pretreatment with HDMTX led to a CNS response rate
of 85.7% (six of seven patients) as compared to 92.3% (12
of 13 patients) with other regimens or without pretreatment
(p=0.6).

Systemic manifestations responded in four patients:
axillary lymph node enlargement in a thyroid non-Hodgkin’s
lymphoma disappeared completely, as did intrapulmonary
nodules in a relapsed PCNSL and bone marrow infiltration
in a marginal zone lymphoma after six to eight cycles of
HDMTX/IFO, while pulmonary manifestations in one
systemic DLBCL were in partial remission after four
cycles.

One patient with Waldenstrom’s macroglobulinemia
remained stable according to his paraprotein levels. In four
patients, systemic disease (bone marrow involvement of
DLBCL or indolent lymphoma) was not reevaluated due
either to the doctor’s decision or to death before systemic
response evaluation.

Toxicity

Myelosuppression was the most frequent toxicity and
involved grades 3 and 4 leukopenia in 13 patients (65%),

grade 3 and 4 thrombopenia in six (30%), and grade 3
anemia in four (20%). There were no significant differences
in the frequency of thrombopenia and anemia between
patients over 60 years and younger ones. However, grade 4
leukopenia occurred only in patients over 60. Grades 3, 2,
and 1 infection was observed in one patient each. Grade 3
nephrotoxicity occurred in one patient and grades 1 and 2
in 11 patients, leading to omission of HDMTX in three of
them. In three patients, HDMTX/IFO was terminated
prematurely due to nephrotoxicity grade 2. One patient
developed acute ifosfamide-related grade 2 encephalopathy,
which reversed spontaneously after 3 days. Other toxicities
were nausea (grade 3 in one patient and grades 1 and 2 in
nine patients) and fatigue (grade 3 in one patient and grades
1 and 2 in seven patients).

There were two therapy-related deaths, both due to
sepsis in neutropenia: An 83-year-old patient with DLBCL
and bone marrow infiltration died after two chemotherapy
cycles, and a 73-year-old patient with stage IV mantle cell
lymphoma died after six chemotherapy courses.

Survival

After a median follow-up of 14.9 months, 13 patients were
alive, and seven had died (five from tumor progression and
two of toxicity). The site of relapse/progression was the
CNS in all patients. For the whole patient population, the
median TTP was 8.9 months (range 1.3 to 30 months), and

Fig. 1 Patient with CNS and
pulmonary relapse of DLBCL
responding to therapy (a–c cra-
nial MRI, d–e chest CT scan): a,
d after partial surgical removal
of CNS tumor and before che-
motherapy; b, d after four
courses of HDMTX/IFO; c
3 months after high-dose car-
mustine/thiotepa and autologous
SCT
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the median OAS was not reached (range 1.8 to 50+ months;
Fig. 2).

There were no significant differences in outcome with
respect to age (≤60 versus >60 years), meningeal involve-
ment, or lymphoma type (Table 2); however, a trend toward
longer survival was seen in patients without meningeal
involvement and with PCNSL. The estimated survival at
12 months was 55% for older and 83% for younger patients
(p=0.2).

Seven patients survived longer than 12 months; four of
them received high-dose therapy with autologous stem-cell
transplantation after HDMTX/IFO.

Discussion

Data supporting the utility of systemic chemotherapy for
secondary CNS involvement in malignant disease are
mostly limited to small phase II studies or retrospective
analyses of heterogeneous patient populations. Some
analyses suggested a survival advantage for CNS-directed
systemic chemotherapy and found no evidence for a
superiority of IT therapy [1, 15–17].

Two studies have reported on systemic HDMTX mono-
therapy for CNS manifestations of lymphoma and solid
tumors [18, 19]. Glantz et al. found that treatment with
8 g/m2 of MTX led to a high-objective response rate of 81%
and a median survival of 13.8 months in 16 patients with
lymphoma and solid tumor neoplastic meningitis. The study
suggested a superiority of systemic HDMTX over IT MTX
applied in a historic control group [18]. Lassmann et al.

administered 3.5 g/m2 of MTX to 23 solid tumor patients,
44% of whom had isolated meningeal metastases, and
reported a PR in 33% and a median OAS of 20 weeks
[19]. In a prospective study, the combination of 3.5 g/m2

MTX, procarbazine, and IT cytarabine in 23 patients with
secondary CNS lymphoma achieved a response rate of 100%
with a 33% CR rate for leptomeningeal disease. The median
OAS of the whole group was 6 months [5].

Little data is available on IFO for treatment of malignant
CNS disease. The drug was included in treatment protocols
that proved effective in PCNSL and intraocular lymphoma,
both at first diagnosis and at relapse [20–22].

The present study included a relatively old population
with a high proportion of pretreated and potentially
chemotherapy-resistant patients. An age of over 60 is a
well-established risk factor in both PCNSL and systemic
lymphoma [23, 24]. Our study nevertheless achieved a high
objective response rate of 90%. Moreover, the median TTP
of 8.9 months compares favorably to the outcome reported
in the literature. The study regimen proved effective for
both parenchymal and meningeal involvement as well as
concomitant systemic disease. Remarkably, a response was
observed in nine of ten patients pretreated with up to two
CNS-directed therapies, including HDMTX in six patients.
Survival tended to be shorter in patients with meningeal
disease than in those with brain parenchyma involvement.
The reason for this difference remains speculative. These
patient groups were comparable for age and pretreatment;
however, four of six patients with meningeal disease had
secondary CNS lymphoma. It may be speculated whether
secondary CNS lymphoma has a generally worse prognosis
than PCNSL.

Our results should be interpreted with caution because of
some obvious study limitations such as the retrospective
analysis and the relatively small number of patients.

Fig. 2 Overall survival (OAS) and time to neurological progression
(TTP) for all patients

Table 2 Outcome by age, meningeal involvement, and lymphoma
type

Median TTP
(months)

Median OAS
(months)

Age
≤60 years n.r. n.r.
>60 years 6.5 n.r.

p=0.1 p=0.2
Meningeal involvement:
no (n=14) 8.9 n.r.
yes (n=6) 5.8 7.1

p=1.0 p=0.066
Diagnosis:
PCNSL (n=7) 8.9 n.r.
Secondary CNS lymphoma (n=13) 13.1 8.7

p=0.9 p=0.08

n.r. Not reached
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Moreover, our patient population was heterogeneous in
terms of lymphoma subtype (including relapsed systemic
DLBCL, PCNSL, and indolent CNS lymphoma), pretreat-
ment (three patients were therapy-naive), and post-study
treatment. In particular, subsequent treatment with high-
dose chemotherapy and autologous stem cell transplanta-
tion in five patients might have contributed to the favorable
overall survival. High-dose chemotherapy with stem-cell
transplantation is the only treatment associated with
prolonged survival in patients with CNS involvement of
aggressive lymphomas [25, 26].

WBI alone may represent an effective salvage treatment
for many PCNSL patients [27]. However, there is growing
evidence linking it to delayed neurotoxicity in these cases
[28–30]. On the other hand, different salvage chemotherapy
regimens have proven effective for PCNSL [31]. Thus,
delaying WBI in relapsed PCNSL seems a reasonable
approach. Since the risk of late neurotoxicity appears to be
particularly high when HDMTX is given after WBI [32],
patients pretreated with WBI do not receive HDMTX at our
institution and were therefore excluded from this analysis.
This might have introduced a selection bias, since relapse
after WBI could entail a different prognosis than relapse
after chemotherapy alone.

HDMTX/IFO had considerable hematotoxicity with a 70%
incidence of CTC grades 3 and 4 leukopenia and an 8.7%
treatment-related mortality rate. Prophylactic administration
of G-CSF should therefore be considered in this protocol.
Antibacterial and, in patients receiving corticosteroids, possi-
bly antifungal prophylaxis might also reduce the rate of
infectious complications, especially in older patients. Both
HDMTX and IFO are potentially nephrotoxic, but renal
function impairment was generally manageable with dose
adjustment according to creatinine clearance. However,
therapy had to be modified and terminated prematurely due
to renal insufficiency in 30% of patients.

Systemic HDMTX/IFO seems to be a promising therapy
option for CNS involvement of lymphoma. Our results
justify evaluation of the MTX/IFO protocol in a prospective
study.
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