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Abstract

Background and objective: Liposomal cytarabine (DepoCyte®) is a slow-release formulation for intrathecal
application, ensuring prolonged drug exposure. Although there is an urgent need for new treatment options
for infants with leptomeningeal dissemination of a malignant brain tumour, there are no clinical and
pharmacokinetic data available on this drug for children aged <3 years. The objective of this pilot study was
to determine the feasibility, safety and pharmacokinetics of cytarabine after intrathecal administration of
liposomal cytarabine 25 mg in patients aged <3 years.

Patients and methods: Six male patients with a mean age of 21 months and CNS primitive neuroectodermal
tumours (n=3) or atypical teratoid/rhabdoid tumours (n=3) were included. Liposomal cytarabine (25 mg)
was administered intraventricularly. One patient also received the drug by lumbar puncture. Dexametha-
sone was used concomitantly for 3—5 days to prevent arachnoiditis. Cerebrospinal fluid (CSF) and plasma
samples were collected before administration of liposomal cytarabine and 1 hour, 12 hours, 24 hours, 1 week
and 2 weeks post-dosing. Noncompartmental pharmacokinetic analysis of CSF and plasma was performed.
Results: Liposomal cytarabine was generally well tolerated; only grade 2 headache occurred in one patient.
After intraventricular administration of cytarabine 25 mg, free and encapsulated drug concentrations above
the cytotoxic drug level of 0.1 pg/mL were detectable in the CSF for at least 7 days and up to 14 days post-
dosing. The average elimination half-lives were 56.7 hours for encapsulated cytarabine and 59.3 hours for
free cytarabine. After intralumbar administration, the elimination half-life of free cytarabine, measured in
the ventricular CSF during two courses in one patient, was significantly shorter (32.7 hours).

Conclusion: Application of liposomal cytarabine with concomitant dexamethasone appears to be safe and
well tolerated in children aged <3 years. Drug exposure in infants aged <3 years after an intraventricular dose
of 25mg is comparable to that after administration of 50 mg in adult patients and 35mg in older children.

Background

Although there is a clear demand for safe and tested treat-
ment regimens for children with malignant diseases, most newly
developed drugs are evaluated and approved only in adult pa-
tients. One reason for this is the fact that adults constitute the
major oncology patient group, being economically more im-
portant. Another reason is that trials in children are particu-
larly delicate, imposing additional regulatory requirements and
therefore discouraging potential study sponsors. Hence, pae-
diatricians are often obliged to seek compassionate use of many
drugs to provide their patients with an efficient treatment.

Tumours of the CNS constitute the largest group of solid
neoplasms in children and are second only to leukaemia in their
overall frequency during childhood. Treatment of malignant
childhood brain tumours is complicated by their tendency
towards leptomeningeal dissemination. Intravenous chemo-
therapy may be augmented by intrathecal chemotherapy,
particularly in very young children, in whom craniospinal ir-
radiation is not an option. However, various chemotherapeutic
drugs used for treating these tumours show only limited pene-
tration into the cerebrospinal fluid (CSF).[N To date, the
standard agents available for intrathecal chemotherapy are
methotrexate and cytarabine, which are not very effective in



266

Peyrl et al.

treating solid tumours. Therefore, there is a compelling need to
find additional drugs or formulations for intrathecal treatment
of solid tumours.

Cytarabine is a pyrimidine nucleoside analogue of cytidine
that is transported into the cell by facilitated diffusion. It is
converted intracellularly to its active form, arabinosylcytosine
triphosphate (Ara-CTP), which subsequently exerts its anti-
neoplastic effect either as a competitive inhibitor of DNA poly-
merase or by incorporation into DNA. Systemically administered
cytarabine is primarily deaminated to the inactive compound
uracil arabinoside (Ara-U), which is eliminated renally./

Cytidine deaminase, the enzyme that catalyses the metabo-
lism of cytarabine to Ara-U, is present only at low levels in the
CSF. The clearance rate of cytarabine from the CSF is similar
to the rate of CSF bulk flow, suggesting that the elimination of
cytarabine from the CSF occurs by bulk flow.[>4 For cell-cycle-
specific, antineoplastic drugs such as cytarabine, the duration
of exposure of neoplastic cells to cytotoxic drug concentrations
is a critical factor influencing therapeutic efficacy. Because free
cytarabine has a short elimination half-life of only 3.4 hours
after intrathecal injection, cytotoxic concentrations in human
lymphoblasts are maintained for only about 24 hours."!

Depending on the target cell threshold concentration and
proliferation rate, a widely used treatment schedule for in-
trathecal free cytarabine in haematological malignancies con-
sists of lumbar injections twice weekly. Solid tumours have a
lower proliferation rate and are thought to have a higher cyto-
toxic threshold requiring constant infusion or even more
frequent injections to maintain cytotoxic concentrations in the
CSF, particularly when using a cell-cycle-specific drug such as
cytarabine. However, frequent intrathecal injections are im-
practical, uncomfortable for patients and increase the risk of
infectious meningitis.

Liposomal cytarabine is a slow-release formulation in which
cytarabine is encapsulated in microscopic particles that average
19 um in diameter, containing numerous nonconcentric cham-
bers bound by a single bilayer lipid membrane.l®! Cytarabine is
gradually released from these particles into the CSF, thereby
prolonging exposure to the drug and intensifying the effect.

The recommended dose of liposomal cytarabine for adults is
a single injection of 50 mg every 2 weeks, leading to a mean
elimination half-life of free cytarabine in the CSF of 80 hours
versus 3.4 hours for native cytarabine.l] Patients between the
ages of 3 and 21 years showed more rapid elimination of lipo-
somal cytarabine from the CSF than adults treated at similar dose
levels. Children tolerated an overall lower dose than adults,
leading to a recommended phase II dose of 35 mg.[") In spite of
the urgent need for intrathecal antineoplastic treatment in
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children aged <3 years, there are no safety and pharmacokinetic
data available on liposomal cytarabine for this patient group.

The aim of the present pilot study was to test the pharmaco-
kinetics and safety of intrathecally administered liposomal
cytarabine for the first time in children aged <3 years. Hence, an
adequate dosage of intrathecal liposomal cytarabine had to be
defined in this patient group. For this purpose, the appropriate
CNS volume was estimated. In contrast to the body surface
area, which continues to increase throughout childhood and
adolescence, the CSF volume, like the head circumference, in-
creases rapidly during the first years of life, with achievement of
adult volume at the age of 3-4 years.[8! It has been confirmed
that the percentage of the CSF that occupies the intracranial
space remains nearly constant at 7-9% from early childhood to
early adolescence.”! Considering these facts, we decided to use
half of the adult intrathecal dose, i.e. 25 mg of liposomal cy-
tarabine, for children aged <3 years to determine the feasibility,
safety and pharmacokinetics of liposomal cytarabine.

Patients and Methods

Eligibility Criteria

Patients aged <3 years with a histologically proven diagnosis
of a malignant brain tumour and leptomeningeal dissemination
or the risk of such, for whom no routine protocol was available,
were included in the present study. Patients received intrathecal
liposomal cytarabine on a compassionate use basis. Other
eligibility criteria were (i) a life expectancy of at least 8 weeks;
(i1) written informed consent from the parents; (iii) serum
creatinine <1.5mg/dL; (iv) total serum bilirubin <2.0 mg/dL
and ALT <5 times the upper limit of normal; and (v) a platelet
count >40 000/mm? within 48 hours before the first treatment.
The exclusion criteria were (i) severe uncontrolled infection;
and (ii) evidence of obstructive hydrocephalus or compart-
mentalization of CSF flow. Patients were still eligible if they
received local radiotherapy to their primary tumour and other
therapy targeted at their leptomeningeal disease and/or con-
comitant systemic chemotherapy. The study protocol was
approved by the ethics committee of the Medical University
of Vienna (Vienna, Austria). The patient history, physical
examination and laboratory tests (complete blood count,
electrolytes, blood urea nitrogen, creatinine, liver function,
calcium and phosphorus) were obtained before treatment.
A baseline head and spine magnetic resonance imaging (MRI),
with and without contrast, was obtained before liposomal
cytarabine treatment to exclude obstructive hydrocephalus or
compartmentalization of CSF flow. Routine safety measures
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included monitoring of the cell count, microbiology, cytology,
protein and glucose in the CSF.

Drug Administration and Toxicity Assessment

(DepoCyte®,
GesmbH, Vienna, Austria) was supplied by the hospital phar-

Liposomal cytarabine Mundipharma
macy in 2mL syringes containing 25 mg. The drug was ad-
ministered intrathecally through an intraventricular (IVT)
reservoir or via a lumbar puncture. Reservoirs were flushed
with approximately 2 mL of artificial CSF after drug adminis-
tration. Patients who received intralumbar drug were kept in a
recumbent position for 1 hour following drug administration to
increase drug distribution throughout the neuroaxis. All pa-
tients received concomitant dexamethasone (0.15mg/kg/dose
intravenously or orally) for a total of 5 days to prevent arach-
noiditis. In two patients, the duration of dexamethasone
treatment was reduced to 3 days, when evidence emerged from
experience in adult patients that 3 days of concomitant dexa-
methasone might be sufficient to prevent arachnoiditis. A
proton pump inhibitor was given to prevent gastric complica-
tions of dexamethasone therapy. Treatment cycles were sepa-
rated by a wash-out period of at least 2 weeks.

Toxicity was assessed on an ongoing basis according to the
WHO grading system.!'?! Patients were considered assessable
for toxicity if they received at least one dose of liposomal
cytarabine.

Pharmacokinetic Studies

Pharmacokinetic samples for assessment of cytarabine
concentrations were obtained prospectively from a subset of
patients enrolled in the study. Ventricular CSF (1 mL) and
blood (1.2mL) samples from all evaluable patients (including
the one with intralumbar application) were obtained before
liposomal cytarabine administration and at 1, 12 and 24 hours,
1 week and 2 weeks after dosing.

Following collection, CSF samples were immediately
transferred to polypropylene tubes containing 40 pmol/L tetra-
hydrouridine to prevent in vitro catabolism of cytarabine to
Ara-U. CSF samples were centrifuged at 600 g for 5 minutes
to separate liposomal particles (pellets) from the free cytarabine
fraction (supernatant), 200 uL of methanol was added to the
pellets and the volume was adjusted with distilled water to a
final volume of 1 mL. The free cytarabine fractions were ana-
lysed without further processing. All samples were snap frozen
and stored at —80°C until analysis.

Blood samples were collected directly into heparinized
tubes, and tetrahydrouridine was immediately added to reach a
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concentration of 40 pumol/L. Samples were then centrifuged at
+4°C and 3500 rpm for 10 minutes. Plasma was transferred to a
polypropylene tube and stored at —80°C until analysis.

Cytarabine concentrations were analysed using a validated
high-performance liquid chromatography method with UV
detection. Plasma and CSF samples were deproteinized by
addition of 50% trichloroacetic acid and centrifugation. The
supernatants were adjusted to pH 3.0 with 2.5N sodium
hydroxide solution. The methanolic extracts of precipitated
liposomal cytarabine particles were acidified with 50 mmol/L
citric acid and co-extracted with acetonitrile and dichloro-
methane. Separation of cytarabine was performed on a reverse-
phase column (Symmetry C18, 150x2.1 mm, 5um particle
diameter; Waters Corporation, Milford, MA, USA). The
mobile phase consisted of 50 mmol/L sodium citrate buffer
(pH 3.0), 5Smmol/L 1-octanesulfonic acid and 5% methanol,
and was pumped with a flow rate of 0.5 mL/min. The detection
wavelength was set at 270 nm. Elution of cytarabine was fol-
lowed by a column washing step with 70% methanol. The
coefficients of variation of inaccuracy and imprecision of this
method were <7.3% and <3.5%, respectively, in plasma and
<5.6 and £2.2%, respectively, in CSF and methanolic cytar-
abine extracts. The (lower) threshold for cytarabine quantifi-
cation was 0.05mg/L.

Pharmacokinetic Data Analysis

Each of the two study periods of a single subject included in
the pharmacokinetic subgroup was handled as a separate dataset.

Pharmacokinetic parameters of cytarabine in the CSF were
calculated by standard noncompartmental analysis using Ki-
netica 3.0 software (Innaphase Sarl, Philadelphia, PA, USA).
The value of the area under the concentration-time curve from
time zero to infinity (AUC,,) was calculated from non-fitted data
using the linear trapezoidal rule. The residual area from the last
observed concentration (Cy,q) to infinity was calculated using
the approximation AUC,_,, = Cy,./Ke, Where k,; represents the in-
dividual elimination rate constant. The apparent terminal elimi-
nation half-life of the terminal slope was defined as t, h= In2/ky.
Values are presented as means + standard deviations.

Results

Demographics

Six male patients aged <3 years with childhood brain
tumours were treated with intrathecal liposomal cytarabine on
a compassionate use basis. Their ages at first administration
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ranged from 11 months to 35 months (mean 20.8 months).
Three patients had atypical teratoid/rhabdoid tumours
(ATRT) and three had a CNS primitive neuroectodermal tu-
mour (PNET). Three patients had experienced recurrences and
three were treated with liposomal cytarabine at primary diag-
nosis. Liposomal cytarabine was administered over a period of
4-20 months (mean 8.1 months) with a total of 39 applications
(3-10 per patient, mean 6.5 applications). Details of the clinical
characteristics of the six patients are given in table I. All pa-
tients had surgery on their primary tumours, were treated with
systemic chemotherapy concomitant to intrathecal therapy, and
had received additional intrathecal chemotherapy consisting of
methotrexate and etoposide prior to inclusion in the present
study. None of the patients received systemic cytarabine therapy.
Two patients were switched to intrathecal liposomal cytarabine
because of methotrexate-induced leukoencephalopathy.

Two patients were treated with liposomal cytarabine on a
compassionate use basis prior to the start of the pharmaco-
kinetic study. These patients were treated in the same manner
with concomitant dexamethasone for 5 days and assessed only
for toxicity data. Pharmacokinetic data were available from a
subset of four patients (13, 16, 24 and 26 months of age), pro-
viding a total of seven IVT and two intralumbar treatment
periods. Two patients had pharmacokinetic samples from two
periods of IVT treatment and one patient had pharmacokinetic
samples from one IVT period only. In one patient, pharmaco-
kinetic sampling was performed during two IVT cycles and
during two additional cycles with lumbar dosing. This patient
received intralumbar liposomal cytarabine during local radio-
therapy for his CNS PNET to prevent spinal leptomeningeal
seeding.

Table I. Clinical characteristics of patients enrolled in the study

Safety

Intrathecal liposomal cytarabine was generally well toler-
ated with routine administration of concomitant dex-
amethasone. One patient with a relapse of a CNS PNET
experienced grade 2 headache, which resolved after treatment
with paracetamol (acetaminophen). No immediate toxicities
such as infectious complications, pleocytosis, aseptic meningitis
or arachnoiditis occurred in any of the six patients. None of the
patients experienced a seizure or hyponatraemia resulting from
inappropriate secretion of antidiuretic hormone.

Four of the six patients enrolled in the study had white
matter changes noted at baseline. One of the patients showed
slight progression of the leukoencephalopathy during the whole
course of his antitumour therapy, including local radiotherapy
to his CNS PNET. This patient also had persisting connatal
toxoplasmosis. None of the patients required discontinuation
of treatment due to toxicity.

Clinical Response

Since all patients received concurrent systemic chemother-
apy, the efficacy of liposomal cytarabine could not be assessed
independently. However, five of six patients were still alive as of
16 March 2009 (four in complete remission and one in partial
remission) with a mean follow-up of 32 months (range 20-47
months) after initiation of intrathecal liposomal cytarabine
treatment. None of the patients has progressive leptomeningeal
disease as evidenced by CSF cytology and/or MRI. One patient
died of tumour progression at the local site.

Patient no. Age at first application of Diagnosis Metastases Treatment Overall no. of applications No. of treatment periods
liposomal cytarabine (mo) CSF MR route of liposomal cytarabine with pharmacokinetic data
1 35 CNS PNET - - IVT 8 ND
2 11 ATRT + + IVT ND
(recurrence)
13 CNS PNET - - IVT 3 1
26 CNS PNET - + IVT, LP 8 2(IVT), 2 (LP)
(recurrence)
24 ATRT + - IVT 4 2
16 ATRT - - IVT
(recurrence)

ATRT =atypical teratoid/rhabdoid tumour; IVT =intraventricular; LP =lumbar puncture; ND=no pharmacokinetic data; PNET =primitive neuroectodermal

tumour; + indicates present; — indicates absent.
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Table Il. Pharmacokinetic parameters after intraventricular (IVT) or lumbar injection of liposomal cytarabine 25 mg in cerebrospinal fluid®

Parameter IVT (n=7) Lumbar (n=2)

encapsulated cytarabine free cytarabine encapsulated cytarabine free cytarabine
Crnax (Mg/L) 222.7+79.5 21.3£21.9 6.5+5.5 54104
AUC,, (mg » h/L) 1215.5+228.9 363.7+£231.6 103.2+99.7 134.0+112.0
t1, (h) 56.7+34 59.3+23 55.7° 32.7°

a Values are expressed as mean+ SD.

b n=1, because the terminal slope could not be determined for one dataset.

AUC__=area under the concentration-time curve from time zero to infinity; C,ax=maximum concentration; ti, = elimination half-life.

Pharmacokinetics

Overall, seven pharmacokinetic profiles in CSF and in
plasma after IVT application of liposomal cytarabine were
available from four patients, and two pharmacokinetic profiles
were available from one patient after lumbar applications. The
results are summarized in tables II and III and figures 1 and 2.

These nine pharmacokinetic datasets included a total of 48
plasma samples (36 after IVT and 12 after lumbar dosing).
Free cytarabine was undetectable after ventricular or lumbar
dosing in the majority of plasma samples (n=44). Cytarabine
concentrations ranging from 0.052 to 0.075pg/dL, i.e. just
above the detection limit, were found in four samples from
one patient.

Discussion

This study was the first to determine the feasibility, safety
and pharmacokinetics of liposomal cytarabine administered
intrathecally in children aged <3 years.

In adult patients with lymphomatous and solid tumour
neoplastic meningitis, liposomal cytarabine produced a higher
response rate and a better quality of life, and significantly
increased the time to neurological progression compared with

free cytarabine and methotrexate.l'’:'? The efficacy of liposomal
cytarabine could not be assessed independently in the present
study because the patients received concurrent therapies.

In paediatric patients aged between 3 and 21 years, mild
headache and back or neck pain were the most common adverse
effects.l”] Similar toxicities have been observed in adult pa-
tients.[®!1-13] In the present study, liposomal cytarabine was
generally well tolerated in children aged <3 years. Immediate
toxicity (mild headache) occurred in only one patient, and five
patients did not experience any immediate toxicity at all.
Arachnoiditis, as previously observed in two older paediatric
patients,l”l was successfully prevented by a short course of
concomitant dexamethasone. In contrast to the present ex-
perience in children aged <3 years, a previous trial in adults
reported severe neurotoxicity, including seizures, papilloede-
ma, encephalitis and cauda equina syndrome, when liposomal
cytarabine was administered concomitantly with systemic
chemotherapy for acute lymphocytic leukaemia.l'¥! No long-
term sequelae, as evidenced by MRI and neurological evalua-
tion, have been observed in our patients after a mean period of
26 months after treatment. No neurotoxicity was observed in
our patients who received concurrent radiotherapy and/or
chemotherapy (temozolomide, cisplatin, carboplatin, ifosfa-
mide, etoposide).

Table Ill. Concentrations of encapsulated and free cytarabine after intraventricular (IVT) administration (n=7), and ratio of encapsulated: free cytarabine in

cerebrospinal fluid over time

Time after injection Encapsulated cytarabine (mg/L) Free cytarabine (mg/L) Ratio
mean+SD median (range) mean+SD median (range)

1h 222.70+79.53 196.3 (142.1-367.6) 21.34+£21.85 13.5 (5.4-71.8) 16.5+10.4

12h 14.33£6.11 12.0 (7.3-25.3) 3.84+1.56 3.3(1.3-7.0) 41+1.6

24h 4.64+2.71 2.8 (1.3-9.4) 2.87+1.61 2.7 (0.9-5.4) 1.7+0.8

1wk 0.22+0.23 0.2 (0.0-0.7) 0.19£0.10 0.1 (0.1-0.4) 1.3£1.7

2wk 0.10£0.10 0.1 (0.0-0.4) 0.10£0.19 0.0 (0.0-0.6) 0.8+£0.8
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Fig. 1. Individual concentration-time profiles of free (unbound) cytarabine in
ventricular cerebrospinal fluid after intrathecal application of liposomal cy-

tarbine 25mg through an intraventricular (IVT) reservoir or via a lumbar
puncture.

As expected, free and encapsulated cytarabine concentra-
tions showed a peak 1 hour after IVT injection and declined
rapidly within the first day after injection, as distribution oc-
curred throughout the neuroaxis. After 24 hours, the mean
concentration of free cytarabine decreased to 2.87+1.61 mg/L
from 21.34+21.85mg/L at 1 hour. Overall, intra- and inter-
individual variability of drug concentrations in the CSF
was moderate (see standard deviations in table II) and in
accordance with previous studies in other age groups.[”-!1%]

Invitro studies demonstrated that the continuous presence of
2.4mg/L cytarabine in culture medium kills both glial and
neuronal cells after about 6 days of exposure.!'®l In the present
study, about 1-2 days after administration of liposomal cy-
tarabine, the concentrations of free cytarabine approached or
fell below this neurotoxic threshold (see figure 1). This suggests
that the risk of neurotoxicity may be acceptable at the doses of
25mg used in the present study.

In vitro, the minimum concentration of cytarabine able to
exert antineoplastic activity was found to be 0.1 mg/L, as de-
termined by incubation of several cancer cell lines with cytar-
abine for 24 hours.['7!8] In the present study, the free drug
concentrations of cytarabine after IVT dosing were above
this threshold of antineoplastic activity for >1 week in most
(n=6 of 7) measured profiles (figure 1). The mean free cytar-
abine concentration approached the minimal cytotoxic level of
0.1 mg/L 14 days after the initial injection (figure 2). This pro-
longed intrathecal exposure to cytotoxic drug concentrations
suggests good local antineoplastic activity and was achieved
with almost no drug exposure in the systemic circulation.

In children aged <3 years, we found a terminal elimination
half-life of 59.3 hours for free cytarabine and a terminal elim-
ination half-life of 56.7 hours for encapsulated cytarabine.

© 2009 Adis Data Information BV. All rights reserved.

These values are similar to the previously published elimina-
tion half-life of 50-57 hours for free cytarabine in older
children.[”! In contrast, the ventricular concentrations of free
cytarabine in adults showed a longer terminal elimination
half-life of 80 hours after injection of liposomal cytarabine
50 mg into the CSF.[°

In the present study, the free cytarabine concentrations after
12 and 24 hours in ventricular CSF following lumbar applica-
tion were comparable to those after IVT dosing. In agreement
with previous studies,!!>! this demonstrates that cytarabine can
spread throughout the neuroaxis even after intralumbar injec-
tion of liposomal cytarabine in children aged <3 years.

On the other hand, the IVT concentrations of encapsulated
cytarabine were lower after lumbar injection than after IVT
dosing. One and 2 weeks after lumbar injection, the IVT con-
centrations of liposomal cytarabine were near to or below the
detection limit, indicating more rapid elimination of liposomal
cytarabine after lumbar administration. This appears to be in
accordance with data published in adult patients and children
aged >3 years.[%7] Hence, it may be speculated that IVT appli-
cation is more effective than lumbar injection of liposomal
cytarabine and that IVT application should be preferred or
alternated with lumbar application whenever possible.

Liposomal cytarabine substantially reduces the number of
intrathecal drug administrations, thereby decreasing anxiety
associated with injections and hospital visits in this young
age-group of patients. Furthermore, the risk of bacterial in-
fections due to frequent intrathecal applications might be
reduced as well.

O CSF free (IVT application)
B CSF encapsulated (IVT application)
© CSF free (lumbar application)
100 - @ CSF encapsulated (lumbar application)
--- Antineoplastic activity threshold
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Fig. 2. Mean (+SD) drug concentrations of cytarabine in cerebrospinal fluid
(CSF) over time after intrathecal application of liposomal cytarabine 25 mg
through an intraventricular (IVT) reservoir (n=7) or lumbar puncture (n=2).

Clin Pharmacokinet 2009; 48 (4)



PK of Intrathecal Liposomal Cytarabine in Children

271

Conclusion

The results of this study show that administration of lipo-
somal cytarabine 25 mg in children aged <3 years appears to be
safe and well tolerated if combined with concomitant dex-
amethasone. With this dose, the drug exposure in the CSF in
children aged <3 years is comparable to that achieved after
administration of 50 mg in adult patients and 35mg in older
children.

Acknowledgements

This study was supported by the Forschungsgesellschaft fiir cerebrale
Tumore, Vienna, Austria. The authors have no conflicts of interest that are
directly relevant to the content of this study.

References
1. Fleischhack G, Jachde U, Bode U. Pharmacokinetics following in-
traventricular administration of chemotherapy in patients with neoplastic
meningitis. Clin Pharmacokinet 2005 Jan; 44: 1-31

2. Chabner BA. Cytidine analogues. In: Chabner BA, Longo DL, editors. Cancer
chemotherapy and biotherapy: principles and practice. Philadelphia (PA):
Lippincott-Raven, 1996: 213-24

3. Zimm S, Collins JM, Miser J, et al. Cytosine arabinoside cerebrospinal fluid
kinetics. Clin Pharmacol Ther 1984 Jun; 35: 826-30

4. Cutler RW, Page L, Galicich J, et al. Formation and absorption of cerebro-
spinal fluid in man. Brain 1968 Dec; 91: 707-20

5. Kim S, Kim DJ, Geyer MA, et al. Multivesicular liposomes containing 1-beta-
D-arabinofuranosylcytosine for slow-release intrathecal therapy. Cancer Res
1987 Aug; 47: 3935-7

6. Kim S, Chatelut E, Kim JC, et al. Extended CSF cytarabine exposure
following intrathecal administration of DTC 101. J Clin Oncol 1993 Nov; 11:
2186-93

7. Bomgaars L, Geyer JR, Franklin J, et al. Phase I trial of intrathecal liposomal
cytarabine in children with neoplastic meningitis. J Clin Oncol 2004 Oct; 22:
3916-21

© 2009 Adis Data Information BV. All rights reserved.

8. Bleyer WA. Clinical pharmacology of intrathecal methotrexate. II. An im-
proved dosage regimen derived from age-related pharmacokinetics. Cancer
Treat Rep 1977 Nov; 61: 1419-25

9. Courchesne E, Chisum HJ, Townsend J, et al. Normal brain development and
aging: quantitative analysis at in vivo MR imaging in healthy volunteers.
Radiology 2000 Sep; 216: 672-82

10. WHO. WHO handbook for reporting results of cancer treatment. WHO Offset
Publ 1979; 48: 1-41

11. Glantz MJ, Jaeckle KA, Chamberlain MC, et al. A randomized controlled trial
comparing intrathecal sustained-release cytarabine (DepoCyt) to intrathecal
methotrexate in patients with neoplastic meningitis from solid tumors. Clin
Cancer Res 1999 Nov; 5: 3394-402

12. Glantz MJ, LaFollette S, Jaeckle KA, et al. Randomized trial of a slow-release
versus a standard formulation of cytarabine for the intrathecal treatment of
lymphomatous meningitis. J Clin Oncol 1999 Oct; 17: 3110-6

13. Chamberlain MC, Khatibi S, Kim JC, et al. Treatment of leptomeningeal
metastasis with intraventricular administration of depot cytarabine (DTC
101): a phase I study. Arch Neurol 1993 Mar; 50: 261-4

14. Jabbour E, O’Brien S, Kantarjian H, et al. Neurologic complications asso-
ciated with intrathecal liposomal cytarabine given prophylactically in com-
bination with high-dose methotrexate and cytarabine to patients with acute
lymphocytic leukemia. Blood 2007 Apr; 109: 3214-8

15. Phuphanich S, Maria B, Braeckman R, et al. A pharmacokinetic study of intra-
CSF administered encapsulated cytarabine (DepoCyt) for the treatment of
neoplastic meningitis in patients with leukemia, lymphoma, or solid tumors as
part of a phase III study. J Neurooncol 2007 Jan; 81: 201-8

16. Patel AJ, Hunt A, Seaton P. The mechanism of cytosine arabinoside toxicity on
quiescent astrocytes in vitro appears to be analogous to in vivo brain injury.
Brain Res 1988 May; 450: 378-81

17. Graham FL, Whitmore GF. The effect of-beta-D-arabinofuranosylcytosine on
growth, viability, and DNA synthesis of mouse L-cells. Cancer Res 1970 Nov;
30: 2627-35

18. Muus P, Haanen C, Raijmakers R, et al. Influence of dose and duration of
exposure on the cytotoxic effect of cytarabine toward human hematopoietic
clonogenic cells. Semin Oncol 1987 Jun; 14 Suppl. 1: 238-44

Correspondence: Dr Irene Slave, Medical University of Vienna, Department
of Paediatrics, Waehringer Guertel 18-20, 1090 Vienna, Austria.
E-mail: irene.slavc@meduniwien.ac.at

Clin Pharmacokinet 2009; 48 (4)



