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Short report

Phenobarbital administration does not affect
high-dose ifosfamide pharmacokinetics in

humans

Frangois Lokiec,' Joélle Santoni,’ Sophie Weill' and Michéle Tubiana-Hulin?
Departments of 'Pharmacology and *Medicine, Centre René Huguenin, 35 rue Dailly, 92210 Saint-Cloud,

France. Tel: (+33) 147 11 16 15; Fax: (+33) 1 47 11 16 17.

Ten patients (three males and seven females) were treated
for sarcoma with high-dose ifosfamide (IFO) according to a
4 g/m? 1 h i.v. infusion schedule every day for 3 days. The
courses were repeated every 4 weeks. Phenobarbital (PB)
treatment was only started at the second course and was
continued for the following courses at a p.o. dose of 60 mg/
day on the 3 days of IFO i.v. infusion. IFO pharmacokinetic
studies were performed on the first and third day of each
course. The results of the pharmacokinetic analysis
showed a statistical difference of the IFO parameters
between the first and third day of each course with or
without PB co-administration. When we compared all the
first days and all the third days, the statistical analysis
showed no difference for all the pharmacokinetic para-
meters. The meaning of these results was that IFO kinetics
was not stationary with an area under the curve decreasing
from the first to the third day of each course and that
concomitant PB administration, in our administration sche-
dule, did not influence IFO pharmacokinetics.

Key words: High dose, ifosfamide, pharmacokinetics,
phenobarbital.

Introduction

Ifostamide  (IFO)  [3-(2-chloroethyl)-2-(2-chlorocethyl-
amino)tetrahydro-2H-1,2,3 oxazaphorphorine oxide]
is a structural isomer of the oxazaphosphorine cyclo-
phosphamide (CPM). IFO like CPM is a prodrug that
requires  biotransformation to become active. The
metabolic  transformation  occurs mainly in  the
liver'” with an hydroxylation at the carbon atom in
position 4 of the ring system. Spontancous opening
of the ring produces aldo-IFO, a tautomer of -i-
hydroxy-IFO, and then cleavage of the ring leads to
the active metabolites, 1FO mustard and acrolein.
IFO like CPM produces toxic side effects such as
hematotoxicity, urotoxicity, nephrotoxicity and en-
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cephadopathy. This last side cffect occurs more often
with IFO than with CPM. Lcthargy is the most
common nunifestation, and can progress (o somno-
lence and coma. Further possible manifestations
arc weakness, forgetfulness,  confusion,  hallucina-
tions and cerebellar sympl()ms.ﬁ‘(’ The mechanisms
responsible for encephalopathy are not yet estab-
lished. The plasma phamacokinetic (PK) profiles of
cither unmetabolized ifosfamide or its  alkylating
mctabolites  are
ccph:ll()p:uhy.— The concomitant administration of
the uroprotector mesna does not seem to influence
the occurence of cnccphzll()p:uhy.”“) Phenobarbital
(PB) is widely used in order to prevent encephalo-
pathy. This report describes the ceffects of PB
pretreatment on the PK of IFO in cancer patients.

similar  with or without ¢n-

Patients and methods
Patients and drug administration

Ten patients were included in this study. There were
three males and seven females, whose mean age was
40.8 £ 15.3 vears (range 18 64 years). They all
received high-dose TFO for osteosarcoma (two - pa-
tients) and soft tissue sarcoma (cight patients). At
cach course, the patients received i g/m? IFO as a
I h iv infusion every day for 3 days. The courses
were repeated every 4 weeks. PBotreatment was
only started at the second course and was continued
for subsequent courses at a p.o. dose of 60 mg/day
for the 3 days of IFO iv. infusion. PB was taken
orally by the patients only once a day at 8 a.m. The
urothelial protective agent mesna was administered
every day of IFO injection. The mesna schedule used
was 1.5 g/m? four times a day (time 0, 4, 8 and 12 h
after the start of IFQ infusion). The hepatic and renal
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biological status of the patients remained unchanged
during the duration of this study.

Blood sampling

Serial blood sumples were collected before the start
of the infusion, 5 min before the end of the infusion,
15, 30 min, 1, 2, 3,5, 7, 18 and 23 h after the end of
the infusion.

IFO PK studies were performed on the first and
third day of cach course during three consecutive
courses, Blood samples were centrifuged  immedi-
ately, the plasma was separated off and stored at
—30°C until analysis,

Analytical method

The plasma samples were analyzed according to the
HPLC technique described by Burton and James."
The samples were processed using a solid phase
(cyclohexyl) extraction step. The extracts were
chromatographed on a Cy reversed-phase column
with a mobile phase consisting of accetonitrile
0.025 M phosphate buffer pH 1.0 (25:735) with UV
200 nm. The limit using
250 ul of plasma was | ug/ml for IFO. This detection

detection  at detection
limit was sufficient for all the PK studies reported in
this trial.

PK and statistical analysis

IFO PK paramcters were calculated using the Micro-
pharm program (French National Biomedical Re-
search Institute, Créteil, France).!' The statistical
analysis was performed with Student's f-test for the
main IFO PK parameters studied: area under the

Table 1. IFO PK parameters

curve extrapolited to infinity (AUC). total body
clearance (Clt) expressed as dose/AUC, terminal half-
life (¢4 5) and the maximum concentration (G, ).

Results

The decline in plasma TFO level after ive infusion is
always  bi-exponential. The  1FO - pharmacokinetic
parameters are sumnyarized in Table 1. When com-
paring the values of the pharmacokinetic parameters
obtainced during the first course of 1FO, without PB,
on the first and third days of treatment, Student's
paired f-test showed significant statistical differences
for three parameters studied (Table 1), When we
comparcd the PK parameters (first and third days)
during the subsequent courses with PB, we found
the same statistical differences as without PB (Table
). When we analyzed the first day PK parameters
obtained with PB versus without PB with Student's
t-test, we found no difference (Table 2). For the third
days we also found no difference (Table 2). For this
reason, in order to increase the amount of data, we
summed the results obtained for all the first days
(with and without PB) and for all the third days
(with and without PB), and the comparison of the
PK paramcter values, using Student’'s paired r-test,
showed significant statistical diftferences for three of
the parameters studied. The p values for AUC, Clt,
t; 5 and Gy, were 0.0021, 0.0098, 0.047 and .35,
respectively.

Discussion

The results presented indicate that fractionation of
[FO dosages leads to a non-stationary PK of the drug.
with decrease of the area under the curve, increase
of the total body clearance and shortening of the

Course 1 Course 2 Course 3
Day 1 3 1 3 1 3
AUC (n«g/mlih) 1072 + 232 512 1 205 1074 + 1162 294 | 176 908 387 327 1 167
p 0.000049 p - 0.0085 p — 0.00016
Clt (I/h/m?) 3.74 + 0.83 9.01 t 456 7.23 +.7.92 13.30 + 9.05 432t 1.62 1252 t 5.78
p 0.0056 p 0.0067 p - 0.00021
t - (h) 5.50 + 0.95 252 1075 572 +1.10 1.88 t+ 0.37 4.01 1 0.21 2.90 1 0.79
p - 0.000024 p - 0.000012 p - 0.00098
Crax (1tg/ml) 1223 +426 126.1 + 462 151.9+44.0 150.2 t 49.9 135.1 : 42.3 836 t 19.3
p -0.78 p- 0.92 p 0.20
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Table 2. IFO combined PK parameters

Phenobarbital and bigh-dose ifosfamide

C1D1 versus C2D1 + C3D1

C1D3 versus C2D3 + C3D3

AUC (u1g/mih) 1072 + 232 1033 + 996 512 + 205 319 + 307
p=0.79 p=013

Clt (I/h/m?) 3.74 + 0.83 6.49 + 6.10 9.01 + 4.56 13.11 + 7.96
p=0.15 p =020

ty 5 (h) 5.50 + 0.95 513 + 1.67 2.52 +0.75 2.33 + 0.61
p=0.75 p =091

Crmax (reg/ml) 122.3 £+ 42.6 1471+ 41.0 126.1 + 46.2 131.1 + 52.7
p=0.73 p—0.92

C1D1 = day 1 of course 1, C2D1
C3D3 — day 3 of course 3.

terminal half-life. Similar tindings have been obtained
with fractionating CPM administration.'*!% Our data
show that, if modifications of IFO PK during the
multiple i.v. injections in cach course occur, patients
recover following the 4 weeks of rest between
courses and the new first day PK profile is the same
for all the courses.

In our study, PB was used to prevent encephalo-
pathy, a distressing side cffect of IFO. The 1FO
central nervous system toxicity is usually, but not
always, fully reversible.'! The kinetic aspects of 1FO
distribution, mctabolism and e¢xcretion in man have
already been explored in detail'> '™ but the effects
of PB administration have only been studied on CPM
pharmacokinetics and have shown that the rate of
biotransformation of the inactive precursor to its
active metabolites is increased 2- to 3-fold by PB.'™
In the present study we focused on the influence of
PB and IFO co-administration on IFQ PK. No
difference with PB or without PB administration was
noticed for the IFO PK parameters with our sche-
dule of PB administration. Nevertheless, CPM and
IFO are both activated by human cytochrome P450
enzymes and both produce auto-induction via the
same  oxidative chain.’ However, the enzymes
involved in hydroxylation leading to the activation of
the two anticancer drugs, scem to belong to differ-
ent isoforms of the cyvtochrome P450 family, CPM is
mainly hydroxylated by the isoform 2B6, and IFO by
the isoforms 3A3 and 3A4.2° PB is also metabolized
through the oxidative cytochrome P450 chain and
induces activation of the enzymes responsible for its
own mectabolism; the isoform involved in PB metiabo-
lism is 3A. the same as the one for IFO.2N A logical
consequence would have been a PK o interaction
between 1IFO and PB, an interaction not seen in our
study. A possible explanation for this phenomenon
is that on the first day of the course PB is given too
late to interact with IFO metabolism, and that in the

day 1 of course 2, C3D1 = day 1 of course 3, C1D3 - day 3 of course 1, C2D3 day 3 of course 2,

days after IFO auto-induction through the cyto-
chrome P450 chain a maximum of available enzymes
are used and PB co-administration cannot further
cnhance IFO metabolism.
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