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Abstract Purpose: To evaluate the pharmacokinetics
and toxicity of high-dose intravenous (i.v.) methotrexate
(MTX) with leucovorin in patients with meningeal car-
cinomatosis. Methods: Of 16 eligible patients entered on
this study, 13 with meningeal carcinomatosis from
breast cancer, lung cancer, or osteosarcoma were treated
with MTX at loading doses of 200±1500 mg/m2, fol-
lowed by a 23-h infusion of 800±6000 mg/m2. Three
patients without meningeal disease were also treated and
the cerebrospinal ¯uid (CSF) MTX concentrations were
compared in patients with and without central nervous
system (CNS) disease. Results: Patients without CNS
disease had lower CSF MTX concentrations relative to
the plasma MTX levels than those with CNS disease,
who all had CSF MTX concentrations above the target
cytotoxic concentration (1 lM). The CSF MTX con-
centrations correlated better with the free and the total
plasma MTX concentrations than with the doses. The
mean half-life of CSF MTX was 8.7 � 3.4 h. The mean
plasma clearance of MTX was not signi®cantly di�erent
in patients with CNS disease (84 � 41 ml/min per m2)
versus without CNS disease (59 � 38 ml/min per m2).
All toxicities were grade 2 or less except grade 3 hema-
tologic toxicity. No patient had an objective response in
the CSF. Conclusion: This trial demonstrates that
potentially cytotoxic CSF MTX concentrations

(>1 lM) are delivered safely by i.v. infusion, a less in-
vasive and better distributed CSF therapy compared
with intrathecal MTX. Because of the excellent phar-
macokinetics and toxicity, high-dose i.v. MTX should be
evaluated at a loading dose of 700 mg/m2 and a 23-h
infusion of 2800 mg/m2 with leucovorin in less heavily
pretreated patients with carcinomatous meningitis.
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Introduction

Meningeal carcinomatosis, de®ned as di�use or multi-
focal leptomeningeal metastasis from solid tumors, is
most commonly associated with disseminated breast or
lung cancer [18, 22]. The most common therapy consists
of intrathecal or intraventricular administration of
methotrexate (MTX) as a single agent and radiation
therapy to symptomatic sites. The best responses to this
treatment have been achieved in patients with breast
cancer, with several studies showing a greater than 50%
response rate and a median survival after diagnosis of
approximately 2 to 6 months [22, 23]. Most patients die
of disseminated disease, but nearly all have progression
of neurologic involvement at the time of death [22].

The use of intravenous (i.v.) MTX for the treatment
of meningeal malignancy has been evaluated sparingly in
the past and principally in patients with hematopoietic
malignancies. High-dose i.v. MTX combined with leu-
covorin rescue has been examined for the treatment of
non-Hodgkin's lymphoma involving the central nervous
system (CNS) and meninges [20] as well as in the treat-
ment of leukemic meningitis in pediatric acute lympho-
cytic leukemia [1]. The safety of this approach in these
patient populations has been well documented. In one
study in patients with extensive small-cell lung cancer
without established carcinomatous meningitis, the use of
high-dose i.v. bolus MTX was compared with low-dose
i.v. MTX and no di�erence was found in the rate of
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CNS relapse [10]. One recent study [8] of high-dose i.v.
MTX in patients with non-leukemic leptomeningeal
cancer did suggest improved cytologic clearing of the
CSF and improved survival with this therapy compared
with a non-randomized patient population treated with
intrathecal MTX, but half of the patients treated with
i.v. MTX had lymphoma, which would be expected to
respond better than solid tumors.

The theoretical advantage of i.v. versus intrathecal
therapy for meningeal carcinomatosis would be the
achievement of cytotoxic drug levels in all parts of the
CNS. In contrast, intrathecal therapy di�uses through
the cerebrospinal ¯uid (CSF) counter to bulk ¯ow and
thus is less likely to distribute evenly throughout the
CNS. Slow excretion of MTX from the CSF would al-
low for prolonged exposure to cytotoxic levels of MTX
(1 lM) [13] while peripheral leucovorin rescue could
prevent potential bone marrow and gastrointestinal
toxicities of prolonged exposure to MTX due to slow
egress from the CSF [5, 15, 19].

Balis et al. [1] have utilized a regimen of high-dose
i.v. MTX with leucovorin rescue in children with
meningeal disease from acute lymphoblastic leukemia
as a means of achieving and maintaining a therapeutic
MTX concentration throughout the CNS without the
need for concomitant administration of intrathecal
MTX. The MTX was administered as a 1-h loading
dose at 6 g/m2 followed by a 23-h i.v. infusion at 1.2 g/
m2. The loading dose followed by a continuous infu-
sion produced steady-state concentrations (Css) of
MTX in both the plasma and the CSF from 6 h into
the infusion until the end of the infusion [16]. All 20
patients responded to the regimen (80% complete, 20%
partial). Toxicities consisted of liver function test
abnormalities, neutropenia, and mucositis, all of which
were transient and resolved completely. The mean CSF
level of MTX obtained at steady-state (36 lM) was
well above the reported cytotoxic concentration of
MTX (1 lM) [24].

In the dose-escalation study reported here, interme-
diate to high-dose i.v. MTX with leucovorin rescue was
administered to adults with meningeal carcinomatosis
from solid tumors. The total dose of MTX was divided
into a 1-h loading dose (20%) and a 23-h continuous
infusion (80%). It was anticipated that the initial dose of
MTX could be administered safely as repeated weekly
doses and that the higher doses in the escalation scheme
would provide concentrations of MTX in the CSF in
excess of 1 lM at steady-state, even if the ratio of CSF
to plasma MTX were no higher than reported in patients
without meningeal disease [6]. MTX levels in the CSF
and plasma were followed to analyze the pharmacoki-
netics in this patient population. The primary objective
of the study was to evaluate the tolerance of the subjects
to this treatment. Secondary objectives were to evaluate
the feasibility of treating patients with repeated weekly
courses and to describe the response to this schedule of
high-dose i.v. MTX in patients with meningeal carcino-
matosis.

Materials and methods

Patient eligibility

Patients were eligible for this study if they had cytologically proven
meningeal carcinomatosis. A brain CT scan was required prior to
study entry. Patients with recurrent or progressive intracranial
metastases or active systemic disease were not excluded from the
study. However, if parenchymal CNS metastases or spinal cord
compression were present, radiation therapy to those lesions was
required before patients were eligible for the study. Patients with
incapacitating neurologic de®cits attributable to parenchymal brain
metastases were ineligible.

Three patients with metastatic malignancies without meningeal
carcinomatosis who were felt to have disease which might be
responsive to high-dose MTX were treated at the lower dose levels
as a control group; their CSF and plasma MTX concentrations
were also measured.

Adequate liver function (serum bilirubin less than or equal to
1.5 mg/dl and transaminases not exceeding three times the upper
limit of normal) and renal function (creatinine clearance greater
than 50 ml/min) were required, as was adequate hematologic
function (white blood cell count greater than 3000/ll and platelet
count greater than 100,000/ll). Patients with a Karnofsky perfor-
mance status of less than 50% or a life expectancy of less than
1 month were ineligible.

Patients with ``third-space'' ¯uid collections such as ascites or
pleural e�usion were ineligible, unless those ¯uid collections could
be drained completely prior to treatment with MTX. Prior systemic
treatment with MTX was allowed. Concomitant chemotherapy and
radiotherapy were prohibited.

All patients entered on this study voluntarily signed a consent
form meeting institutional and federal guidelines. This study was
approved by the Institutional Review Board of the City of Hope
National Medical Center.

Study design and treatment plan

Lumbar puncture was performed prior to each treatment for
evaluation of CSF cytology. Treatment was administered in the
hospital. Patients received i.v. ¯uids containing sodium bicarbonate
to achieve alkaline diuresis prior to the administration of MTX. At
the initial dose level, i.v. MTX was administered as a 1-h loading
dose of 200 mg/m2 followed by a 23-h continuous infusion of
800 mg/m2. Each cycle consisted of the loading dose and continu-
ous infusion of MTX followed by a minimum of 1 week of obser-
vation. The treatment interval (1±2 weeks) depended on recovery
from toxicities. Our a priori assumption was that this dose could be
safely repeated at weekly intervals, but was unlikely to produce
MTX concentrations in the CSF above the known cytotoxic con-
centration of MTX in vitro (1 lM). Dose escalations in cohorts of
patients were planned as approximate doublings of the total dose
(loading and continuous infusion) to a maximum of 15 g/m2. The
maximum dose estimate was based on the intention to achieve a
range of concentrations in the CSF (1±7 lM) above the cytotoxic
concentration of MTX, calculated assuming linear pharmacoki-
netics and a range of two standard deviations (SD) from the CSF
concentrations (mean � SD, 0.27 � 0.1 lM) reported for patients
who had received a total dose of 1 g/m2 of MTX administered in an
identical manner [6]. Table 1 indicates the dose levels actually ad-
ministered. The MTX dose was not escalated in individual patients.

In the initial four patients (dose level 1A), i.v. leucovorin was
started 12 h after the completion of the MTX infusion at a dose of
50 mg/m2 as an i.v. bolus followed by 25 mg/m2 every 6 h for four
doses, then 12 mg/m2 every 6 h until the serum MTX level was less
than 10±7 M. After grade 3 hematologic toxicity was observed
following subsequent cycles in two patients at dose level 1A, the
dose of leucovorin was increased and the delay between completion
of the MTX infusion and the ®rst dose of leucovorin was reduced
to 6 h in all patients (dose levels 1B±4). Serum MTX concentra-
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tions were obtained daily and leucovorin rescue was continued until
the MTX concentration was less than 10)7 M.

Evaluation of toxicity and e�cacy

Treatment was continued until disease progression or the occur-
rence of any grade 4 toxicity. If lesser toxicities occurred, treatment
was delayed for not longer than 28 days until patients once again
met all eligibility criteria. Toxicities were graded according to the
NCI Common Toxicity Scale. Complete blood counts, platelet
counts, and blood chemistry pro®les were obtained weekly. Lum-
bar puncture for cytology was obtained prior to each treatment.

Patients must have completed at least one cycle of protocol
therapy to be evaluable for toxicity. To be evaluable for response,
patients must have completed four doses of MTX, have had pro-
gressive disease, or have been unable to continue therapy on pro-
tocol because of toxicity. A response was de®ned as two sequential
negative CSF cytologies obtained at least 1 week apart in addition
to an improved neurologic status.

Pharmacokinetic analysis

Pretreatment CSF was obtained during the lumbar puncture per-
formed to determine CSF cytology. Pretreatment plasma was ob-
tained at the same time. Plasma and CSF were then obtained
between hour 18 and 24 of the MTX infusion. Previous studies had
indicated that plasma and CSF concentrations reach steady-state
by 6 h when MTX is administered as a loading dose followed by a
continuous infusion [16]. In ®ve patients with positive CSF cytol-
ogy and one patient found to have negative cytology upon review,
additional CSF and plasma samples were obtained 24 and 48 h
after the end of the MTX infusion.

Total MTX concentrations in the plasma and CSF were deter-
mined against an aqueous standard by HPLC with UV detection at
303 nm of samples (both controls and unknowns) extracted with
trichloroacetic acid (TCA) as previously described [17]. To deter-
mine the concentration of free MTX in plasma, 99.9% protein-free
ultra®ltrates were obtained by centrifuging fresh plasma samples for
20 min at 1500 g in Amicon Centrifree micropartition devices
(#4104, 1-ml capacity) in a Sorvall SS34 ®xed-angle rotor centri-
fuge. No more than 200 ll of ultra®ltrate was obtained from each
1-ml sample. The MTX concentrations in the ultra®ltrates were
determined by the same HPLC method used for the TCA extracts.
Controls to determine the recovery of MTX in the TCA extracts
were processed in the same manner as unknown samples after
spiking individual pretreatment plasma and CSF samples with
5 lMMTX. The mean � SD recovery from plasma was 62 � 6%
(n � 8), which was used to correct the total plasma MTX concen-
trations. The CSF concentrations were not corrected because the
recovery from CSF was quantitative (109 � 7%, n � 9). To obtain
within-day (n � 10) and between-day (triplicate analyses on each of
3 days) coe�cients of variation (CV), a pooled plasma TCA extract,
a pooled plasma ultra®ltrate, and a pooled CSF TCA extract were
analyzed multiple times as indicated. All CV were less than 5%.

Plasma clearances (CLp) were calculated for individual patients
using the equation CLp � (dose rate of MTX)/(Css of total plasma
MTX). The half-life (t1/2) of MTX in the CSF was estimated in a
subset of the patients from the slope of t1/2(MTX) versus time using
the Css obtained near the end of the infusion and one or two daily
samples after the end of the infusion. (In one patient, the MTX was
not detectable at 48 h; in one patient, no sample was obtained at
48 h.)

Statistical analysis

Analyses of correlations between the MTX concentration in the
CSF and the MTX dose, its total concentration in plasma, and its
free concentration in plasma used logarithmic scales. For repeated
measurements, a generalized estimating equation method was used
to allow for the dependence of multiple observations from the same
patient [14]. (Analyses using ordinary linear models of the mean
values from each patient gave similar results.)

Results

Patient characteristics

Of 16 eligible patients entered on this study, 13 had
positive CSF cytologies and 3 were known to have neg-
ative CSF cytologies prior to study entry and served as
controls for the ratio of CSF to plasma MTX concen-
tration in patients with an intact blood-brain barrier. One
additional patient with small-cell lung cancer was en-
rolled in the treatment group with positive cytology but
was found to be ineligible when the initial CSF cytology
was reviewed and determined to be negative; this patient
was included in the analysis of pharmacokinetic data.

Of the 13 patients with carcinomatous meningitis, 9
had breast cancer, 2 had small-cell lung cancer, and 2
had adenocarcinoma of the lung. Of the 3 eligible
patients with negative CSF cytologies, 2 had breast
cancer and 1 had osteosarcoma. The demographic fea-
tures of the eligible patients are shown in Table 2.

Of the 16 eligible patients, 15 had received prior sys-
temic chemotherapy (1 as neoadjuvant treatment, 3 as
adjuvant therapy, 6 for metastatic disease, and 5 as both
adjuvant and metastatic therapy), and 10 had received
prior radiation therapy. None of the patients had
received prior intrathecal therapy. Seven of the breast
cancer patients with positive CSF cytology had previ-
ously received MTX, but not high-dose MTX: 4 as ad-
juvant therapy, 2 for metastatic disease, and 1 for both
adjuvant treatment and for metastatic disease. Five of
these previously-treated patients were considered refrac-
tory to MTX; 3 developed progressive disease while re-
ceiving aMTX-containing regimen; 1 progressed within 3
months and another within 11 months of stoppingMTX-
containing therapy. The patients with lung cancer or os-
teosarcoma had not previously been treated with MTX.

Toxicity

The toxicity assessment included the one ineligible pa-
tient who was evaluable for toxicity. Only one patient

Table 1 Dose levels

Level
1A

Level
1B

Level
2

Level
3

Level
4

MTX loading dose
(mg/m2)

200 200 400 700 1500

MTX infusion
(mg/m2 over 23 h)

800 800 1600 2800 6000

Leucovorin ®rst dose
(mg/m2)

50 200 200 400 400

Leucovorin doses two
through ®ve (mg/m2)

25 100 100 200 200

Leucovorin subsequent
doses (mg/m2)

12 50 50 100 100
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(with negative CSF cytology) developed grade 3 toxicity
(grade 3 neutropenia and thrombocytopenia at dose
level 2) on the ®rst cycle of therapy. All other toxicities
were grade 2 or less. There was no neurotoxicity at-
tributable to protocol treatment. No delayed or cumu-
lative toxicity occurred.

Extent of treatment and response to therapy

The number of cycles administered to each cohort of
eligible patients is listed in Table 3. The median number
of treatment cycles was two (®ve patients received one
cycle, 4 received two cycles, 3 received three cycles, and
1 each received: four cycles, ®ve cycles, seven cycles, and
ten cycles.

Grade 3 leukopenia occurred with later cycles in two
patients treated at dose level 1A. Therefore, the deci-
sion was made to start the leucovorin at 6 h rather than

at 12 h after the MTX, and to increase the leucovorin
dose at that level and thereafter even though later cy-
cles were not considered in the determination of dose-
limiting toxicity. Two more patients were treated with
the same dose of MTX and the higher doses of leu-
covorin (dose level 1B) in order to expand the entire
cohort receiving that dose of MTX to a total of six
patients. Subsequently, the dose escalation of MTX
resumed. The three patients treated at dose level 2
include the ineligible patient who was evaluable for
toxicity.

Because the CSF to plasma MTX ratios were higher
than in patients without meningeal disease, we found
that the Css of MTX in the CSF were consistently
greater than concentrations reported to be cytotoxic to
MTX-sensitive neoplastic cells in vitro [24]. After this
pharmacologic result was achieved, dose escalation was
stopped at a level which did not produce dose-limiting
toxicities. In the 16 evaluable patients, there were no
objective responses, de®ned as two sequential negative
CSF cytologies with an improvement in the neurologic
status.

Pharmacokinetics

The CLp of MTX was highly variable, ranging from 26
to 184 ml/min per m2 (Table 4). In patients with CNS
disease the mean � SD was 84 � 41 ml/min per m2

(n � 11). Although the mean was lower in the limited
number of patients without CNS disease, the di�erence
was not signi®cant.

Although there was a correlation between the CSF
MTX Css and the doses of MTX (Fig. 1), the CSF MTX
Css were better correlated with both the total (Fig. 2)
and the free (Fig. 3) plasma MTX Css. The patients
without CNS disease had the lowest CSF MTX con-
centrations when adjusted for either the total or the free
plasma concentrations. The di�erence was highly sig-
ni®cant: the probability that the three patients with
negative cytology would, by chance, have the three
lowest or highest adjusted levels was 0.0017. From these
data, a model for the CSF MTX concentration as a
function of the free plasma concentration and CNS
disease (no � 0, yes � 1) is:

ln�CSF Css� � ÿ2:7� 1:2 � ln�free plasma Css�
� 0:94 � �CNS� � e

where the residual SD of e is 0.25. Variation of 2 ´ SD
on a log scale implies that it is not uncommon for Css

CSF to vary from 0.6 to 1.6 times the values predicted
from the Css free. The dose, the total plasma Css, and the
free plasma Css were highly colinear. Neither the dose
nor the total plasma Css added signi®cant information to
a model that included the free concentration.

In the patients with CNS disease, the t1/2 of MTX in
the CSF ranged from 4.6 to 12.5 h, and the mean � SD
was 8.7 � 3.4 h (Table 4).

Table 2 Patient characteristics

Positive CSF
cytology

Negative CSF
cytology

No. of patients entered 13 3
Age (years)
Median 57 54
Range 30±67 51±58

Karnofsky performance status
Median 60 80
Range 50±90 60±90

Sex
F 9 (69%) 2 (67%)
M 4 (31%) 1 (33%)

Primary Site
Breast 9 2
Lung (small-cell) 2 0
Lung (adenocarcinoma) 2 0
Osteosarcoma 0 1

Sites of metastasis (no. of patients, percentage)
Bone 7 (54%) 1 (33%)
Lung 3 (23%) 2 (67%)
Soft tissue 2 (15%) 1 (33%)
Adrenal gland 2 (15%) 0
Lymph nodes 1 (8%) 1 (33%)
Liver 1 (8%) 0
Parenchymal brain 1 (8%) 0

Table 3 Number of cycles of high-dose MTX

Dose level Total

1A 1B 2 3 4

Patients with positive CSF cytology
Eligible patients 4 2 2 3 2 13
Cycles 12 4 2 12 10 40

Patients with negative CSF Cytology
Eligible patients 2 1 3
Cycles 6 2 8
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Discussion

The results of this study demonstrate that high-dose
MTX administered over 24 h with early high-dose i.v.
leucovorin rescue is a well-tolerated regimen which
results in high CSF MTX levels in patients with menin-
geal carcinomatosis. Toxicities were mild, all grade 2 or
less, except in one patient who developed grade 3 leuk-
openia, neutropenia, and thrombocytopenia at dose level
2. Of note is that no signi®cant neurologic toxicity

developed, and no cumulative toxicity was observed. The
study was closed at a dose which did not produce dose-
limiting toxicities because all of the CSF MTX concen-
trations in patients with meningeal carcinomatosis were
above the minimum target value of 1 lM. No patient
cleared his/her CSF cytology after high-dose i.v. MTX
therapy. However, ®ve of the nine patients with breast
cancer were refractory to standard MTX therapy. A high
level of MTX resistance in this patient population is the
most likely explanation for the lack of response in this
study despite achieving high levels of MTX in the CSF.

Table 4 Pharmacokinetic
parameters (for patients in
whom data was collected on
multiple treatment cycles, the
mean steady-state data is
shown)

Dose
level

Plasma CSF CSF/plasma

totalf
Css total
(lM)a

Css free
(lM)b

CLp

(ml/min/m2)c
Css CSF
(lM)d

t1/2 CSF
(h)e

CNS disease 1 14.7 87 7.9 0.537
1 6.9 184 2.2 0.317
1 13.7 93 5.3 0.386
1 12.8 3.5 100 1.2 0.092
1 15.2 9.0 84 1.9 12.5 0.127
1 27.0 8.2 47 2.1 4.6 0.080
2 46.8 22.0 55 11.2 7.8 0.240
2 48.7 52 3.1 11.9 0.064
3 6.8
3 55.3 25.7 81 9.2 0.167
3 43.2 20.4 103 5.9 0.144
4 290.0 103.6 34 59.7 0.207

Mean � SD 84 � 41 8.7 � 3.4 0.215 � 0.147
No CNS disease 1 12.6 5.2 101 0.5 0.039

2 51.4 20.7 50 2.7 9.1 0.053
2 98.8 20.6 26 3.0 0.030

Mean � SD 59 � 38 0.041 � 0.011

a Total plasma MTX concentration at steady-state, obtained between 12 and 24 h
bUltra®lterable plasma MTX concentration at steady-state
c Plasma clearance (dose rate/Css total)
dCSF concentration at steady-state
e Postinfusion half-life in CSF
fCss CSF/Css total plasma

Fig. 1 Association between MTX concentration in CSF and the
total MTX dose (sum of the loading dose and the infusion dose).
Data were obtained from 11 patients with meningeal carcinoma-
tosis (d) and 3 patients without (s), each treated on one or more
occasions. The line indicates the regression on the data from the
patients with meningeal carcinomatosis. A generalized estimating
equation was used for multiple observations from the same patient

Fig. 2 Association between MTX concentration in CSF and total
MTX in plasma. Data were obtained from 7 patients with
meningeal carcinomatosis (d) and 3 patients without (s), each
treated on one or more occasions. The line indicates the regression
on the data from the patients with meningeal carcinomatosis.
A generalized estimating equation was used for multiple observa-
tions from the same patient
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Because the levels of MTX achieved in the CSF were
>1 lM, i.v. MTX administered in this manner might be
of bene®t in less heavily pretreated patients. I.v. admin-
istration of MTX provides more uniform drug exposure,
avoids the need for lumbar punctures, and o�ers a
therapeutic approach for patients in whom repeated CSF
access is a problem, thus allowing less-invasive admin-
istration of a potentially e�ective therapy [1, 8, 19].

Shapiro et al. [19] have demonstrated a lack of con-
sistent CSF distribution of intrathecal MTX adminis-
tered via lumbar puncture. Peak ventricular MTX CSF
levels obtained via Ommaya reservoir following lumbar
administration of identical doses of intrathecal MTX
resulted in interpatient variability of greater than an
order of magnitude. The CSF MTX concentrations in
the patients treated with lumbar puncture fell to sub-
therapeutic levels (<1 lM) within 24 h. However, when
the MTX was administered i.v. over 24 h, potentially
therapeutic MTX concentrations were sustained longer
throughout the CSF. The i.v. administration of high-
dose MTX may o�er improved CSF distribution and
more prolonged therapeutic MTX levels compared to
administration via lumbar puncture.

Several agents have been used to treat meningeal
carcinomatosis, including thiotepa, MTX, cytarabine
(ara-C), and a depot formulation of ara-C (DepoCyt).
Most often the drugs have been administered intrathe-
cally or intraventricularly. These agents have shown
some activity, although the response is much lower than
in the treatment of meningeal metastasis of leukemias or
lymphomas. Intrathecal thiotepa has been compared to
intrathecal MTX therapy in the treatment of meningeal
carcinomatosis, including patients with lymphoma [9].
Conversion of the CSF cytology to negative occurred in
approximately one-third of patients on each treatment
arm. However, 75% of patients developed neurologic
progression within 8 weeks of initiating therapy. The

authors concluded that the e�cacy and toxicities of in-
trathecal MTX and thiotepa are similar, but neither
reverses neurologic de®cits. The combination of intra-
thecal MTX and ara-C has been compared with intra-
thecal MTX alone in patients with meningeal
carcinomatosis [12]. The conclusion of the study was
that the addition of ara-C does not improve the out-
come. DepoCyt releases ara-C slowly, permitting sus-
tained cytotoxic levels in the CSF without frequent
dosing [4, 7]. In one study a greater e�cacy at a similar
level of toxicity was found with intrathecal DepoCyt
than with intrathecal MTX in the treatment of patients
with meningeal carcinomatosis [4].

As discussed above, i.v. administration of drugs
which can penetrate into the CSF is an attractive alter-
native to intrathecal or intraventricular administration.
The lipophilic drug thiotepa distributes into the CSF
well [11], but lacks signi®cant activity against solid
tumors. Glantz et al. [8] have recently reported a non-
randomized comparison of the response rates and sur-
vival durations of patients with meningeal
carcinomatosis treated with conventional intrathecal
MTX, or with high-dose i.v. MTX (8 gm/m2 over 4 h).
One-half of the patients treated with i.v. MTX had
lymphoma and only one had breast cancer, while only
one-third of the patients treated with intrathecal MTX
had lymphoma. Prior systemic chemotherapy received
by these patients, including prior MTX therapy, was not
discussed. In another recent report, high-dose i.v. MTX
improved survival in patients with primary cerebral
lymphomas, re¯ecting the chemosensitivity of lymphoma
to this agent [2]. The patients treated on the trial re-
ported here were heavily pretreated with both chemo-
therapy and radiation therapy and many had systemic
disease considered refractory to MTX. In the study by
Glantz et al. [8], cytologic response was de®ned by
clearing of CSF tumor cells 1 month after initiation of
treatment. In the study reported here, six patients had a
negative cytology on at least one occasion, but none met
the study requirement for response of two sequential
negative CSF cytologies. The di�erent patient popula-
tions, particularly the lack of patients with lymphoma in
the current study, and the di�erent response criteria
preclude direct comparison of the results of the current
study with the results of the previous studies.

It is possible that the high doses of leucovorin used in
this trial decreased the tumor response to MTX by res-
cuing malignant cells. The doses of leucovorin were se-
lected to decrease hematologic toxicity. At the time the
study was initiated, hematopoietic growth factors were
not available for routine clinical use and it would be
di�cult to integrate growth factor support into the
weekly chemotherapy as administered in this trial. Early
in this trial, the dose of leucovorin was increased to
allow subsequent courses of MTX to be administered
without unacceptable delays. While the administration
of weekly doses of MTX was feasible using the higher
dose of leucovorin, the dose of leucovorin required was
not systematically studied. The optimal amount of

Fig. 3 Association between MTX concentration in CSF and free
MTX in plasma. Data were obtained from 7 patients with
meningeal carcinomatosis (d) and 3 patients without (s), each
treated on one or more occasions. The line indicates the regression
on the data from the patients with meningeal carcinomatosis.
A generalized estimating equation was used for multiple observa-
tions from the same patient
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leucovorin to be used in combination with high-dose
MTX therapy needs to be explored in further studies to
®nd the minimum dose required to allow for retreatment
at the desired interval.

The ratio of CSF MTX concentration to total plasma
MTX concentration (0.22 � 0.15) in our patients with
CNS disease was higher than expected from the ratio
reported in patients without CNS disease (0.023 � 0.04)
[6], and was higher than the ratio (0.04 � 0.01) in the
limited number of patients on our study with solid tu-
mors, but not CNS disease. Two studies of the CSF to
plasma MTX ratio after high-dose i.v. MTX adminis-
tered as a loading dose followed by a 23-h infusion to
children with meningeal leukemia produced di�erent
results [1, 16]. In one study, 11 children with overt
meningeal leukemia were found to have a mean ratio of
0.157, which was signi®cantly higher than the mean ratio
of 0.013 in 49 children who never had evidence of CNS
leukemia [16]. The mean ratio during the initial infusion
administered to four patients with meningeal leukemia
at diagnosis was even higher (0.472). Another study of
the treatment of meningeal leukemia with the same high-
dose MTX regimen included 13 patients in whom CSF
MTX was determined; the mean CSF to plasma MTX
ratio in that group of patients was 0.03 [1]. Thus it is not
clear whether or not there is a di�erence between men-
ingeal carcinomatosis and meningeal leukemia with
regard to e�ects on the ratio of CSF to plasma MTX
obtained during prolonged continuous i.v. administra-
tion of the drug.

The CLp in this study was similar to the data from
children without CNS disease reported by Evans et al.
[6] (98 � 51 ml/min per m2, n � 29), both in regard to
the mean and the variability. Although the range was
large, the mean and median t1/2 in CSF were similar to
the value of 7.1 h reported by Ettinger et al. [5] in pa-
tients with acute lymphocytic leukemia with and without
overt CNS disease. From examination of their data at 24
and 48 h after the MTX was administered, there did not
appear to be a di�erence in the t1/2 with and without
CNS disease, even though the concentrations in patients
with overt CNS disease were tenfold higher. The
graphical data presented by Glantz et al. [8] indicate a
similar t1/2 in the CNS in patients treated with high-dose
i.v. MTX, all of whom had overt CNS lymphoma or
carcinoma. The t1/2 which we observed were somewhat
shorter than the range of 12 to 18 h reported by Bleyer
et al. [3]. Although limited, our data do not support the
conclusion that elevated concentrations of MTX in the
CSF of patients with meningeal carcinomatosis were due
to slow clearance from either the plasma or the CSF.
The most likely explanation is a decreased blood/CSF
barrier for MTX in these patients. This alteration may
be due to the presence of new, permeable blood vessels
in the tumors, or to a breakdown in the barrier between
meningeal capillaries and the CSF induced by tumor
growth over the leptomeninges [21]. Whatever the
mechanism that permits increased distribution of MTX
into the CSF in patients with carcinomatous meningitis,

it is clear that cytotoxic concentrations of MTX can be
obtained safely by prolonged i.v. infusion.

A concentration of 1 lM is a frequent pharmacologic
target for MTX because the limited data available sug-
gest that this concentration is cytocidal against MTX-
sensitive tumors [24]. Glantz et al. [8] maintained con-
centrations of MTX >1 lM in the CSF for >48 h in
the average subject by i.v. administration of a high dose
(8000 mg/m2) over a short interval (4 h). Since the MTX
was administered at a uniform rate over 4 h, neither the
serum nor the CSF were likely to have reached steady-
state when the mean peak concentrations of MTX
(858 lM and 17.1 lM, respectively) were determined.

The same duration of CSF MTX above the 1 lM
threshold can be obtained with a lower total dose of i.v.
MTX by administering a loading dose and prolonging
the infusion to 24 h. Given a t1/2 in the CSF of ap-
proximately 8 h, a concentration of MTX in the CSF
>8 lM at the end of the infusion should maintain
concentrations >1 lM for the subsequent 24 h; i.e.
>1 lM for a total of 48 h. In the current study, the log-
log regression of the CSF Css versus the dose (Fig. 1)
predicts a mean CSF Css of 12 lM at dose level 3, sat-
isfying this goal in the average patient. However, the
lower limit of the 95% con®dence interval at this dose is
6.5 lM. Because there is a better correlation of the CSF
Css with the free plasma Css than with the dose, an al-
ternative strategy to maintain MTX above 1 lM in the
CSF for a minimum of 48 h would be to obtain a plasma
sample after the ®rst 6 h of the MTX infusion and in-
crease the dose rate, if necessary, to achieve a minimum
free plasma MTX concentration of 25 lM, which is
highly correlated with a CSF concentration of 8 lM.

Administering MTX at 700 mg/m2 over 1 h followed
by 2800 mg/m2 over 23 h is expected to produce the
same duration of CSF MTX >1 lM in the average
subject as reported by Glantz et al. [8]. On that basis,
this dose, with a dose adjustment at 6 h (if rapid deter-
mination of MTX concentrations is available), is rec-
ommended as appropriate for further study in patients
with meningeal carcinomatosis whose primary disease is
less likely to be resistant to MTX.

References

1. Balis FM, Savitch JL, Bleyer WA, Reaman GH, Poplack DG
(1985) Remission induction of meningeal leukemia with high-
dose intravenous methotrexate. J Clin Oncol 3: 485

2. Blay J-Y, Conroy T, Chevreau C, Thyss A, Quesnel N, Eghbali
H, Bouabdallah R, Coi�er B, Wagner J-P, Mevel AL,
Dramais-Marcel D, Baumelou E, Chauvin F, Biron P (1998)
High-dose methotrexate for the treatment of primary cerebral
lymphomas: analysis of survival and late neurologic toxicity in
a retrospective series. J Clin Oncol 16: 864

3. Bleyer WA, Drake JC, Chabner BA (1973) Neurotoxicity and
elevated cerebrospinal-¯uid methotrexate concentration in
meningeal leukemia. N Engl J Med 289: 770

4. Chamberlain MC, Khatibi S, Kim SC, Howell SB, Chatelut E,
Kim S (1993) Treatment of leptomeningeal metastasis with
intraventricular administration of depot cytarabine (DTC 101).
A phase I study. Arch Neurol 50: 261

25



5. Ettinger LJ, Chervinsky DS, Freeman AI, Creaven PJ (1982)
Pharmacokinetics of methotrexate following intravenous and
intraventricular administration in acute lymphocytic leukemia
and non-Hodgkin's lymphoma. Cancer 50: 1676

6. Evans WE, Hutson PR, Stewart CF, Cairness DA, Bowman
WP, Rivera G, Crom WR (1983) Methotrexate cerebrospinal
¯uid and serum concentrations after intermediate-dose
methotrexate infusion. Clin Pharmacol Ther 33: 301

7. Glantz M, Phuphanich S, White CA, Jaeckle KA, Recht L,
Allen J, Swinnen L, Chocair A, Aikens R, Greenberg HS,
New P, Brunson C, Gertler S, Maria B, Chamberlain M (1996)
Treatment of leptomeningeal metastases with intra-CSF
DepoFoam encapsulated cytarabine. Proc Am Soc Clin Oncol
15: 160

8. Glantz MJ, Cole BF, Recht L, Akerley W, Mills S, Saris S,
Hochberg F, Calabresi P, Egorin MJ (1998) High-dose intra-
venous methotrexate for patients with non-leukemic lepto-
meningeal cancer: is intrathecal chemotherapy necessary?
J Clin Oncol 16: 1561

9. Grossman SA, Finkelstein DM, Ruckdeschel JC, Trump DL,
Moynihan T, Ettinger DS (1993) Randomized prospective
comparison of intraventricular methotrexate and thiotepa in
patients with previously untreated neoplastic meningitis. J Clin
Oncol 11: 561

10. Hande KR, Oldham RK, Fer MF, Richardson RL, Greco FA
(1982) Randomized study of high-dose versus low-dose
methotrexate in the treatment of extensive small cell lung
cancer. Am J Med 73: 413

11. Heideman RL, Cole DE, Balis F, Sato J, Reaman GH, Packer
RJ, Singher LJ, Ettinger LJ, Gillepsie A, Sam J, Poplack DG
(1989) Phase I and pharmacokinetic evaluation of thiotepa in
the cerebrospinal ¯uid and plasma of pediatric patients: evi-
dence for dose-dependent plasma clearance of thiotepa. Cancer
Res 49: 736

12. Hitchins RN, Bell DR, Woods RL, Levi JA (1987) A prospec-
tive randomized trial of single-agent versus combination che-
motherapy in meningeal carcinomatosis. J Clin Oncol 5: 1655

13. Hryniuk WM, Bertino JR (1969) Treatment of leukemia with
large doses of methotrexate and folinic acid: clinical-biochem-
ical correlates. J Clin Invest 48: 2140

14. Liang K-Y, Zeger SL (1986) Longitudinal data analysis using
generalized linear models. Biometrika 73: 13

15. Mehta BM, Glass JP, Shapiro WR (1983) Serum and cereb-
rospinal ¯uid distribution of 5-methyl tetrahydrofolate after
intravenous calcium leucovorin and intra-ommaya methotrex-
ate administration in patients with meningeal carcinomatosis.
Cancer Res 43: 435

16. Morse M, Savitch J, Balis F, Miser J, Feusner J, Reaman G,
Poplack D, Bleyer A (1985) Altered central nervous system
pharmacology of methotrexate in childhood leukemia: another
sign of meningeal relapse. J Clin Oncol 3: 19

17. Newman EM, Villacorte DG, Testi AM, Krance RA, Harris
MB, Ravindranath Y, Pinkel D (1990) Biochemical interac-
tions between methotrexate and 1-b-D-arabinofuranosylcyto-
sine in hematopoietic cells of children: a Pediatric Oncology
Group study. Cancer Chemother Pharmacol 27: 60

18. Olson ME, Chernik NL, Posner JB (1974) In®ltration of the
leptomeninges by systemic cancer: a clinical and pathologic
study. Arch Neurol 30: 122

19. Shapiro WR, Young DF, Mehta BM (1975) Methotrexate:
distribution in cerebrospinal ¯uid after intravenous, ventricu-
lar, and lumbar injections. N Engl J Med 293: 161

20. Skarin AT, Zuckerman KS, Pitman SW, Rosenthal DS,
Moloney W, Frei E3, Canellos GP (1977) High-dose methot-
rexate with folinic acid in the treatment of advanced non-
Hodgkin's lymphoma including CNS involvement. Blood 50:
1039

21. Ushio Y, Shimizu K, Aragaki Y, Arita N, Hayakawa T,
Mogami H (1981) Alteration of blood-CSF barrier by tumor
invasion into the meninges. J Neurosurg 55: 445

22. Wasserstrom WR, Glass P, Posner JB (1982) Diagnosis and
treatment of leptomeningeal metastases from solid tumors:
experience with 90 patients. Cancer 49: 759

23. Yap HY, Yap BS, Rasmussen S, Levens ME, Hortobagyi GN,
Blumenschein GR (1982) Treatment of meningeal carcinoma-
tosis in breast cancer. Cancer 49: 219

24. Zaharko DS, Dedrick RL (1984) Pharmacokinetics of
methotrexate in animals and man. In: Sirotnak FM, Burchall
JJ, Ensminger WD, Montgomery JA (eds) Folate antagonists
as therapeutic agents, Academic Press, Orlando, p 97

26


