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Pharmacokinetics of
cyclophosphamide in man
J. L. COHEN, J. Y. JAO AND W. J. JUSKO

Oncology Division, Department of Medicine,
Lemuel Shattuck Hospital, Tufts University
School of Medicine, and the Section of
Clinical Pharmacology, Veteran's
Administration Hospital and Department
of Pharmacology, Boston University
School of Medicine, Boston, Mass. USA

1. The pharmacokinetics of cyclophos-
phamide were investigated in cancer patients.
The data can be characterized by a two-
compartment open model. The half life of
the elimination phase of the drug ranged
between 3 and 11 hours.

2. Extensive tubular reabsorption of the
drug resulted in the excretion of only a small
percentage of the administered dose. The
mean renal clearance was 10-7 ml/minute.

3. The calculated fraction of the dose of
drug which was metabolized averaged 880%6.

Since its introduction to clinical medicine
more than a decade ago, cyclophosphamide
has become a well established agent in the
management of neoplastic disease. In addi-
tion, the drug is gaining increased use for
other therapeutic problems such as auto-
immunological and immunological dis-
orders (Cooperating Clinics Committee of
the American Rheumatism Association,
1970; White, Cameron & Trounce, 1966).
In view of the toxicological problems
encountered in the use of an alkylating
agent and the present and potential use
of cyclophosphamide in a wide spectrum of
diseases, it is of considerable importance
to further elucidate the pharmacokinetics
of this compound. An evaluation of the
pharmacokinetics of cyclophosphamide was
thus undertaken in man to provide a basis
for more rational therapeutic use of this
agent.

Methods.-The pharmacokinetics of
cyclophosphamide were investigated in
seven male patients with various types of
neoplastic disease. At the time of the
studies, each patient had normal hepatic
and renal function as shown by standard
clinical tests. Six of the seven patients
were not receiving any other drugs at the

time of the study. The seventh patient
(No. 7), had been taking quinalbarbitone
(100 mg) daily, and pentazocine (300 mg)
daily, for several months before the in-
vestigation. The regimen was maintained
during the period of this study.

Cyclophosphamide-'4C, labelled at the
side chain, was obtained from New Eng-
land Nuclear Corporation. Its radiopurity
was confirmed by thin-layer chromato-
graphy in a system of n-butanol: acetic
acid: water (4: 1: 1) followed by radio-
autography. Five microcuries of cyclo-
phosphamide-'4C mixed with 200-1,000 mg
of unlabelled cyclophosphamide were ad-
ministered to the patients by intravenous
injection over 2 minutes.
An indwelling catheter in the antecubital

vein was filled with heparin saline
(0-1 ml approx) containing 1,000 U.S.P.
units/ml. Because of the small volume
of the anticoagulant solution and the large
volume of the sample collected, it was not
considered necessary to remove the anti-
coagulant. Sample dilution was kept con-
stant by flushing the cannula with the
heparin solution after the withdrawal of
each sample. Blood samples (10 ml) were
usually withdrawn at 5, 10, 20, 30, 60, 120,
180, 240, 300 and 360 min after drug ad-
ministration. Urine samples were collected
hourly during the initial 6-8 hours. There-
after, samples were collected at approxi-
mately 6 h intervals when possible, for up
to an additional 40 hours.
The method of analysis of cyclophos-

phamide and cyclophosphamide meta-
bolites in plasma and urine is based on the
differential extraction of cyclophosphamide
with methylene chloride (Graul, Schaum-
loffel, Hundeshogen, Wilmans & Simon,
1967).

Results.-The time course of unchanged
cyclophosphamide concentration in plasma
after intravenous injection shows a bi-
exponential decline with an initial rapid
distribution phase followed by a slower
elimination phase with a half life of 3-11
hours. The plasma concentration (Cp)
versus time (t) data were analysed by
digital computer using the non-linear least-
square regression programme NLIN of
Marquardt (Marquardt, 1966). The con-
centration (A,B) and rate (a,,8) parameters
of the equation:

- at -1ft
Cp=Ae +Be ki)
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along with the doses given to the patient-
volunteers are summarized in the table.
Based on these data, the volume of distri-
bution (central compartment volume) of
cyclophosphamide was calculated from:

Vc = Dose/A + B (2)

and was found to average about 22 1. or
32% body weight for the seven patients.
The distribution, metabolism, and excre-

tion pattern of unchanged cyclophos-
phamide are represented by a two-com-
partment open model. Bio-transformation
is assumed to take place within the central
compartment since the relatively large
volume of distribution is likely to encom-
pass the liver where oxidation of cyclo-
phosphamide occurs. The distribution
rate constants, k12 and k2n, and overall
elimination rate constant, k,1, of cyclo-
phosphamide can be generated (Gibaldi,
1969; Rescigno & Serge, 1966) from the
parameters of equation 1 using the follow-
ing relationships:

k A+ Ba (3)2 A B

kei = ao/k21 (4

and

k12 = a+P-k2I-ke, (5)

The distribution and elimination constants
thus obtained for the seven subjects based
on the least-square parameters are listed in
the table.
Only a small fraction of the adminis-

tered dose appears in the urine as un-
changed cyclophosphamide. The mean for
the group was 14-2% (S.D.+ 5-2) of the
total dose. Although the urinary excre-
tion rates of unchanged cyclophosphamide
tended to be somewhat variable, it was
possible to estimate the renal clearances
(ClI) of the drug. Based on actual or inter-
polated plasma concentrations at the mid-
points of the urinary excretion intervals,
six-eight clearance values were obtained
with each set of data. Average clearance
values of about 11 ml/min were found as
shown in the table. Since cyclophospha-
mide is apparently not bound to plasma
proteins (Israels and Linford, 1963) these
data suggest that the observed low renal
clearance of cyclophosphamide is the result
of extensive renal tubular reabsorption.

Using the values obtained for the renal
clearance and volume of the central com-
partment, it is possible to estimate (Jusko
& Levy, 1970) the renal excretion rate con-
stant (kc) for cyclophosphamide from:

ke = CIc/Vc (6)
Since we are unable to find measurable

amounts of unmetabolized cyclophospha-
mide in the stool (unpublished observa-
tions in two additional patients), it appears
that the only significant excretion route is
renal. This allows an estimate of the rate
constant for metabolism (kin) of cyclo-
phosphamide by:

km = kel-ke (7)

and the fraction of the dose of drug meta-
bolized is then obtained from the ratio of
kin: kei. Calculations based on the results
of this study indicate that 70-95% (aver-
age 88%) of the usual 200-1,000 mg doses
of cyclophosphamide is biotransformed.
These data, as well as the respective elimi-
nation rate constants suggest that there is
little, if any, dose-dependency in the bio-
transformation of cyclophosphamide in the
dose range investigated. The distribution
parameters also show no inter-or-intra-
subject dependence on dose. The data,
though limited, indicate that prior treat-
ment with cyclophosphamide does not
appear to effect the kinetics of the drug
when studied in subsequent weeks.

Discusioue-The pharmacokinetics of
cyclophosphamide were investigated in
seven male patients with neoplastic dis-
ease, and plasma concentration and urin-
ary excretion data were evaluated using a
two-compartment open model. Several
aspects of the distribution and elimination
of cyclophosphamide could then be con-
sidered in relation to this model. The
central compartment volume which was
obtained for the drug is approximately the
volume of the 'easily diffusible' extra-
cellular water space of the body. This
factor primarily reflects the lipid solubility
and lack of plasma protein binding of the
drug which permit rapid diffusion out of
the plasma.

The mechanism of elimination of cyclo-
phosphamide involved renal excretion as a
minor route. The renal clearance esti-
mates for cyclophosphamide yielded
extremely low values which, consistent

678



4 ONs0%o -N I 00oo o6~o 1-1g, t-N Nccs 000
*.* . . I-* .

v -1 >o_qV- 14r o,o ^ oso,6o,6

00 F^>

00

00
r~~~ ,~~~re~Ae1
4At66o C} N° l

00

00~~~~0
ei

00

00 0o00
0% N00f4 O0

00 qtir- C

e;) Of40 OO

- e i en
en

- - - -

"
00 000'4N%

00
en_N

ri00 C_40%N l_0

0 co e^oe
_ - -^o

ir '( 00

~bo

_ ur a

%O*

00 4

It% 00

- 0o

~-

'v f -
o

N 00

oO

0 t
- 00 00

cN q
t- _.: _..

_ 0 00

~* 0*

p 00% t
0% - N ff

00 000

N- 0n O

*~i 00
.

N

00 000

- 'd* 0 - N

e- 0- CO

m 00ooo

(v2 - 00

0 . . .0

00 en % '

o. - t o

N 000 0%

e^ ff 00 00

000000~~

~* 0. .

00 _ m0 0%
e > 09 00

Om O O 0

CU -
02 >

_U CU .0 -
OO O O CJ

CU

t_ 00 ff
CU, J 00 00

,z>0

Short Communications 679

C)

4)

CZ

4)

4)

C
cu

4)

C)

cU

C.-

0s
cU

0

CU

I-
'c

CU
._

I-
c)
N

C._
0e
C.



680 Short Communications

with the non-ionized nature of the drug,
were indicative of extensive renal tubular
reabsorption. This appears to result in
biotransformation of most of the drug.
The biotransformation of cyclophos-

phamide is of prime interest since one
or more of the products function as alky-
lating agents and are therefore responsible
for its pharmacological properties (Brock,
1967; Foley, Friedman & Drolet, 1961). The
liver is the principal site of biotransforma-
tion of cyclophosphamide as shown by
Brock & Hohorst (1963) in studies with
animal systems. Recently, Cohen & Jao
(1970) have further demonstrated that the
activation of cyclophosphamide is medi-
ated by the NADPH-dependent mixed
function oxidase system of hepatic micro-
somes.

Barbiturates enhance the activity of
certain microsomal drug metabolizing
enzymes in man as well as animals.
Cohen & Jao (1970) have recently demon-
strated an induction of cyclophosphamide-
activating enzyme by phenobarbitone in
rats. In an extension of the investigation
described here, we have found a similar
effect in man which appears to account for
the results found with subject 7. Since
patients with neoplastic disease and other
disorders which might require cyclophos-
phamide therapy are likely to receive a
variety of other drugs concomitantly, con-
cern about enhancement of alkylating
activity and toxicity of cyclophosphamide
is warranted.

This work was supported by a Grant from
the American Cancer Society, Inc., Massa-
chusetts Division, USPHS Grant CA 10709-
03, and by Training and Research Grant No.
142 of the Veteran's Administration.
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