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ABSTRACT

The cerebrospinal fluid (CSF) and plasma pharmacokinetics of
â€¢V,.\",/V"-trii-thylenethiopliosphoramide(thiotepa), an alkylating agent

used for treatment of carcinomatous meningitis, were determined in
rhesus monkeys in order to assess the relative advantage of intraventric-
ular versus systemic administration of the drug. Following an i.v. thiotepa
dose of 0.9 mg/kg (11 mg/sq m), peak plasma levels of parent drug
reached approximately 1 Mg/ml. Thiotepa was rapidly equilibrated with
lumbar and ventricular CSF. Systemic, lumbar, and ventricular exposure
to the drug, measured as area under the curve (AUC), were similar in all
cases. After a I-ing intra ventricular dose of thiotepa, peak ventricular
levels were greater than 100 Mg/ml. However, peak levels in the lumbar
CSF at l h after intraventricular administration were less than 10 Â¿tg/ml.
The AUC for ventricular CSF was nearly 100-fold greater for the
intraventricular route than for the i.v. route; however, the AUC for
lumbar CSF following intraventricular delivery was only 5% of the AUC
for ventricular CSF. Ar,W,Af"-Triethylenephosphoramide, an active me

tabolite of thiotepa observed in all fluids, appeared to have a much slower
total body clearance than thiotepa. Comparison of the data obtained from
monkey experiments with data from a patient with meningeal disease
supports the use of the monkey as a model for intraventricular pharma
cokinetics. The data presented indicate that there is no relative advantage
to intraventricular administration of thiotepa at the doses currently used
in clinical trials.

INTRODUCTION
Thiotepa2 (NSC 6396) is an alkylating agent known for over

30 years to have clinical antitumor activity (1). Currently, i.v.
thiotepa has a limited role in treating metastatic carcinoma of
the breast (2), it is the most common drug used intravesically
to treat superficial carcinoma of the bladder (3), and it is used
for i.t. treatment of carcinomatous meningitis (4). Only in the
past few years have studies appeared attempting to define the
clinical pharmacokinetics of i.v. thiotepa and one of its active
metabolites, tepa (5). Administration of thiotepa i.t. appears to
be preferred over other routes of administration for treatment
of carcinomatous meningitis with this agent; however, there is
little information concerning the plasma/CSF kinetics of thi
otepa and tepa. Grochow et al. (6) measured the concentrations
of thiotepa achieved in cerebrospinal fluids of patients after
receiving intraventricular thiotepa but this report did not define
the plasma/CSF kinetics of the parent compound or contain
any data on its metabolite, tepa. The present study was per
formed to characterize the CSF pharmacokinetics of intraven
tricular and i.v. thiotepa and to assess the relative advantage of
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intraventricular versus systemic administration of thiotepa for
treatment of neoplastic meningitis.

During the course of these studies, we obtained a reference
standard for tepa. This metabolite of thiotepa has been known
since 1959 when Craig et al. (7) demonstrated that thiotepa is
converted to tepa in the dog. Soon after this observation, Mellet
(8) reported traces of tepa in urine of patients 24 h after i.v.
administration of thiotepa. Since tepa is known to have alkyl
ating properties and antitumor activity (9), tepa as well as
thiotepa levels were quantified in plasma and CSF fluids in
subsequent experiments.

MATERIALS AND METHODS

Chemicals and Drug Formulation. Thiotepa was provided by Lederle
Laboratories (Pearl River, NY). Reference tepa was graciously provided
by Merrill Egorin, Division of Developmental Therapeutics, University
of Maryland Cancer Center (Baltimore, MD). Diphenylamine, used as
an internal standard for the gas-liquid Chromatographie assay, was
obtained from Sigma Chemical Co. (St. Louis, MO). For i.v. injection,
thiotepa (10 mg/ml) was dissolved in saline solution. For intraventric
ular administration, thiotepa (2 mg/ml) was dissolved in Elliott's B

solution.
Animals. Adult male rhesus monkeys (Macaca mulatta) weighing 6-

11 kg were obtained from the NIH primate center. Each animal was
kept in a separate cage and fed Purina monkey chow and water ad
libitum. A silicone Pudenz catheter was surgically placed into the fourth
ventricle and attached to an Ommaya CSF reservoir implanted s.c. as
described previously (10). This system permits repeated sampling of
CSF in the unanesthetized state and has been shown to provide mixing
of administered drugs with ventricular CSF (10). Lumbar CSF samples
were obtained after placement of an indwelling catheter using an 18-
gauge Hoisted needle into the subarachnoid space at the LS-L6 inter-
vertebral space. Polyethylene tubing (PE-50) was then threaded into
the subarachnoid space to permit repeated sampling of lumbar CSF.
Repeated doses in individual animals were never given at intervals
shorter than 2 weeks. For an i.v. study, 0.9 mg/kg (11 mg/sq m) of the
final drug formulation of thiotepa was injected as a bolus. For intraven
tricular administration, a 1-mg thiotepa aliquot of the final dose solu
tion was injected into the Ommaya reservoir followed by 1 ml of
Elliott's B solution. The reservoir was then pumped 4-6 times to ensure

adequate mixing throughout the ventricular system.
Assay and Sampling Times. Plasma and CSF samples were measured

by a modification of the gas-liquid Chromatographie method reported
by Cohen et al. (5). Quantification was performed on a Hewlett-Packard
model 5890 gas Chromatograph equipped with a nitrogen phosphorus
detector (Hewlett-Packard Co., Palo Alto, CA). Separation was
achieved on a 0.25-mm i.d. x 15-m SPB-1 capillary column (Supelco
Inc., Belle-fonte, PA). Helium was used as the carrier gas at a velocity

of 30 cm/sec. A split/splitless injector maintained at a split ratio of
10:1 was used for introduction of the sample. The column was at 230Â°C,
injector at 260Â°C,and detector at 300Â°C.Quantification of thiotepa

and tepa were performed separately. The only difference in the two
methods, however, was the extracting solvent used, i.e., ethylacetate or
chloroform for thiotepa and tepa, respectively. For the analysis, 100-fjl
aliquots of plasma or CSF were added to 1.5-ml plastic Eppendorf
centrifuge tubes and 0.8 ml of extracting solvent containing internal
standard (diphenylamine, 1 fig/ml) were added. After mixing with a
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vortexer the samples were centrifugea and the nonaqueous layer re
moved. One fi\ aliquots were injected into the gas Chromatograph for
analysis. For samples containing thiotepa (less than 100 /ug/ml) and
for the analysis of tepa, the extracted samples were evaporated to near
dryness under a stream of dry N> and then redissolved in 50 n\ of
ethylacetate before injection into the gas Chromatograph. The assay
was linear for both thiotepa and tepa over a range of 10 ng/ml to 10
Mg/ml. The minimum level of detection for both compounds was 1 ng/
ml.

Samples for quantification of thiotepa and tepa in ventricular CSF,
lumbar CSF, and blood were obtained immediately prior to and at IS
min, 30 min, l h, 1.5 h, 2 h, 3 h, 4 h, and 6 h after administration of
thiotepa. Blood samples were immediately centrifugea and the plasma
removed. Both plasma and CSF samples were then placed on ice and
stored at -20Â°C.

In one patient with refractory meningea! leukemia, 2 separate doses
of 10-mg thiotepa were administered via Ommaya reservoir after ob
taining informed consent. Multiple CSF and plasma samples were
obtained at regular intervals over a 24-h period.

Pharmacokinetic Calculations. The AUC was determined by the
logarithmic trapezoidal rule up to the final measured CSF or plasma
concentration (concentration of last-measured sample) and extrapo
lated to infinity by addition of the term concentration of last-measured
sample/terminal slope of disappearance. Thiotepa clearance from ven
tricular CSF following intraventricular administration was calculated
by dividing the dose of thiotepa administered by the ventricular CSF
AUC. Following i.v. administration, the ( 'I., was calculated by dividing

the dose of thiotepa administered by plasma AUC. V^ and MRT were
calculated for i.v. route by the model-independent formula (11):

where

^dâ€ž=dosexMRT/AUC

MRT = AUMC/AUC.

The CSF/plasma ratio was calculated by dividing the AUCcsF by the
AUCpusm.. The initial volume of distribution in CSF following intra
ventricular thiotepa administration was calculated from the extrapo
lated CSF thiotepa concentration at time 0.

RESULTS

Following an i.v. dose of 0.9 mg/kg of thiotepa, peak plasma
levels of parent drug reached approximately 1 /<ÃÃ/ml.At the
initial CSF sampling time (15 min after administration) the
thiotepa levels in ventricular CSF had already equilibrated with
those in the plasma as shown in Fig. 1A for monkey 802-F.
The ventricular CSF and plasma thiotepa levels decreased at
similar rates and concentrations of the drug in both fluids were
approximately 10 ng/ml after 6 h. Fig. IB shows the results
from a similar experiment in the same monkey except lumbar
CSF was sampled instead of ventricular CSF. These two exper

iments revealed that plasma thiotepa levels were rapidly equil
ibrated with CSF in either the lumbar or ventricular regions.
Pertinent pharmacokinetic parameters determined after an i.v.
dose of thiotepa are listed in Table 1. Systemic, lumbar, and
ventricular exposure to the drug (measured as AUCpiasma,
AUCiumbar,and AUCventricuiar)were similar in all cases; averaging
32 /ig/min/ml, 34 /Â¿g/min/ml, and 31 Â¿tg/min/ml, respectively.
The CLT averaged 37 ml/min/kg, the MRT averaged 50 min,
and Fdsswas 1720 ml/kg for the 6 i.v. experiments listed in
Table 1.

In order to evaluate the relative merits of regional adminis
tration of thiotepa for meningeal disease, a 1-mg dose of the
drug was given intraven tricularl y. The plasma and either lumbar
or ventricular CSF were analyzed for thiotepa. The results of
these measurements for monkey 802-F are shown in Fig. 2. A
comparison of the ventricular CSF levels of thiotepa after i.v.
administration of the drug (at 0.9 mg/kg) to the same monkey
are included in Fig. 2 (dashed line). Peak ventricular levels were
greater than 100 Â¿Â¿g/mland were 100 times greater than those
obtained after i.v. administration of the drug. However, as
shown in Fig. 2, peak levels in the lumbar CSF after intraven
tricular administration were less than 10% of those observed in
the ventricular CSF occurring at l h after administration of the
drug. Maximum plasma levels observed for thiotepa were over
three orders of magnitude less than those observed for the
ventricular CSF. The pharmacokinetic parameters determined
after intraventricular doses of thiotepa are summarized in Table
2. The total body clearance of thiotepa after intraventricular
administration averaged 32.3 ml/min and was similar to that
observed after i.v. administration of the drug. The mean thi
otepa clearance from intraventricular CSF was 0.36 ml/min.
The mean ratio of the AUC of thiotepa in lumbar CSF to the
AUC ventricular CSF was 0.052.

The results of the two experiments where monkeys were
given an i.v. bolus of thiotepa (0.9 mg/kg) and both thiotepa
and tepa concentrations were measured in plasma and lumbar
CSF are shown in Fig. 3. Plasma concentrations of tepa were
observed at 5 min following an i.v. bolus of thiotepa and were
approximately 10% of the peak level of 10 /Â¿g/mlobserved for
thiotepa. Lumbar CSF levels of tepa reached a maximum
approximately 1.5 h after administration of thiotepa and par
alleled the tepa levels found in plasma. As can be seen in Fig.
3, tepa appeared to have a much slower elimination from the
body than the parent compound. As a result of tepa's slower

clearance rate, the total exposure was greater for the metabolite
than for the parent drug. The AUCpi^â„¢and AUC|UmbarCsFfor
tepa averaged 50.7 ^g/min/ml and 61.7 jug/min/ml (Table 1),

Fig. 1. I. thiotepa levels in monkey 802F
plasma (O) and ventricular CSF (D) after an
i.v. bolus of thiotepa (0.9 mg/kg). B, thiotepa
levels in monkey 802F plasma (O) and lumbar
CSF (A) after an i.v. bolus of thiotepa (0.9 mg/
kg).
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Table 1 Pharmacokinetic parameters following an i.v. bolus ofthiotepa (0.9 mg/kg) in monkeys

ThiotepaMonkey802F

686P
73QMeanÂ±SE802F

686P
73QMeanÂ±SECIV(ml/min/kg)17.6

25.1
41.928.2

7.221.2

29.1
84.344.9

25.9MRT(min)53.3

46.6
45.448.4

2.572.4

45.1
38.952.1

10.3F*.(ml/kg)910

1140
19991350

3311580

1350
33702100

679AUCpGig/min/ml)51.035.8

21.536.1

8.542.5

30.9
10.728.0

9.3AUCOig/min/ml)47.2

(V)
38.6 (V)
17.3(V)34.3

(V)
8.9(V)52.0

(L)
25.2 (L)
14.6(L)30.6

(L)
ll.l(L)AUC/AUCp0.93

(V)
1.08(V)
0.80(V)0.93

(V)
0.08(V)1.22(L)

0.82 (L)
1.36(L)1.13

(L)
0.16(L)AUCp(Â¿ig/min/ml)65.3

45.4
41.350.77.4TepaAUC(/ig/min/ml)75.6

(L)
78.6 (L)
31.0(L)61.7(L)

15.4(L)AUC/AUCp1.16(L)

1.73 (L)
0.75(L)1.21

(L)
0.28 (L)

/T, total body clearance; MRT, mean residence times; AUCP, V, ventricular CSF; L, lumbar CSF.
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Fig. 2. Thiotepa levels in monkey 802F ventricular CSF (D), lumbar CSF (A),
and plasma (O) following intraventricular dose of 1 mg thiotepa. For comparison,
dashed line shows thiotepa levels in ventricular CSF observed following an i.v.
dose of 0.9 mg/kg in the same monkey (see Fig. 1A).

Table 2 Pharmacokinetic parameters following a ventricular dose of thiotepa
(1-mg total) in monkeys

Monkey802F

686P
73QMean

Â±SE802F

73QCLr"

(ml/min)47.4

32.3
18.632.8

8.314.4

78.8CLv(ml/min)0.332

0.449
0.3110.364

0.043AUCpOig/min/ml)2.03

3.687.774.451.726.44

1.84AUC3010(V)

2230 (V)
3222(V)2820

(V)
299(V)183

(L)
112 (L)

Mean 46.6 4.14 148 (L)
Â°CLr, total body clearance; CLV, ventricular CSF clearance; AUCP, AUC,

V, ventricular CSF; L, lumbar CSF.

respectively, even though the maximum levels observed for tepa
in these two fluids were much less than the thiotepa levels found
in the same experiment.

The results of the study in a patient with meningea! leukemia
are shown in Fig. 4. Maximum thiotepa levels in ventricular
CSF in both courses were approximately 100 ng/m\ and maxi
mum plasma levels of the drug were 1000 times less. The mean
total body clearance observed for the drug was 518 ml/min and
the clearance from ventricular CSF averaged 1.8 ml/min. The
mean AUCvemncuiarcspandAUCpus,,,.were 5470 /ug/min/ml and
20 Mg/min/ml, respectively.

DISCUSSION

Following i.v. delivery, the rapid equilibration of thiotepa
concentrations in plasma, lumbar CSF, and ventricular CSF
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Fig. 3. Tepa and thiotepa levels in monkey 802F plasma (â€¢,O) and lumbar
CSF (A, A) following an i.v. thiotepa dose of 0.9 mg/kg. Solid symbols, tepa;
open symbols, thiotepa; , plasma levels; CSF levels.
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Fig. 4. Comparison of thiotepa levels in humans and monkeys after an
intraventricular dose of 10 and 1 mg thiotepa, respectively. Ventricular CSF
levels of thiotepa in humans (X) and monkey (D); plasma thiotepa levels in
humans (O) and monkeys (O).

was most striking. Exposure to thiotepa, as measured by AUC
values, was essentially equal for all 3 fluids. The pharmacoki-
netic properties of thiotepa suggest that this drug is readily
distributed throughout the body (Fdss, 1720 ml/kg), persistence
in the body is rather short (MRT, 50 min), and elimination
from the body is moderately fast (CLr, 37 ml/min/kg).

Thiotepa is rapidly removed from CSF following intraven
tricular administration. The clearance of thiotepa from CSF
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(0.36 ml/min) exceeds the rate of bulk CSF outflow (12) by
approximately 9-fold, indicating that the clearance of thiotepa

is dominated by transcapillary passage of the drug. Although
the intraventricular dose was about 10-fold less than the i.v.
dose, the AUC for ventricular CSF was nearly 100-fold greater
for the intraventricular route than for the i.v. route.

However, the AUC for lumbar CSF following intraventricular
delivery was only 5% of the AUC for ventricular CSF. This
difference is probably due to the rapid rate of absorption of
thiotepa compared with the transfer rate of the drug from the
ventricles to the lumbar space. This finding suggests that not
all sites of meningea! disease may receive adequate exposure to
thiotepa following intraventricular delivery. Furthermore, the
failure of thiotepa to penetrate deeply into parenchyma! tissue
(13) rules out the use of intraventricular thiotepa for treatment
of most brain masses. On the other hand, the effective penetra
tion of thiotepa into CSF following i.v. delivery and the even
distribution of drug throughout CSF invites increased emphasis
on systemic approaches to the treatment of central nervous
system diseases.

Tepa, a metabolite of thiotepa that is known to be cytotoxic,
was observed in all fluids and appeared to have a much slower
( 1 i than thiotepa in the monkey. Similar observations have
been made after administration of thiotepa to mice (14) and
dogs (8). Recently Cohen et al. (5) also reported high levels of
tepa in patients given i.v. thiotepa. Since in vitro studies indicate
that tepa is a slightly more potent alkylating agent (IS), and
since total exposure to tepa was 2-fold greater than to thiotepa

for i.v. delivery, any consideration of efficacy or toxicity must
evaluate both chemical species. For the comparison of regional
versus systemic delivery, the presence of this active metabolite
further reduces the benefit of regional delivery.

In order to compare different routes of drug delivery to the
brain, it would be preferable to use doses that are equitoxic to
the nervous system. To our knowledge, a formal phase I study
of intraventricular thiotepa has not been reported. However, we
are not aware of any study that administers an intraventricular
dose of thiotepa larger than 10 mg, which is equivalent to 1 mg
for monkeys. On the other hand, 11-12 mg/sq m is a conserv
ative choice for i.v. study, since larger i.v. doses are routinely
given. In addition, doses 100-fold larger can be given with
autologous bone marrow transplant (16, 17). Thus, the com
parisons of thiotepa levels presented in this report are based on
doses that closely approximate the standard human dose for
the intraventricular route and a minimum dose for the i.v.
route.
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