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Abstract An obese 53-year-old woman (height 167 cm,
weight 130 kg) with metastatic breast cancer received
high-dose chemotherapy comprising cyclophosphamide,
thiotepa and carboplatin (CTC). The cyclophosphamide
(1 g/m2 per day) and thiotepa (80 mg/m2 per day) doses
were based on body surface area (BSA) calculated using
total body weight (TBW). The daily carboplatin dose
was calculated based on the Calvert formula, using a
target area under the plasma concentration-time curve
(AUC) value of 3.25 mgÆmin/ml and applying the
Cockcroft-Gault equation to estimate the glomerular
filtration rate. The patient received the three agents as
short infusions over four consecutive days. For thera-
peutic drug monitoring (TDM), blood samples were
collected on day 1. Thiotepa and its main metabolite
tepa, ultrafilterable platinum, cyclophosphamide and its
activated metabolite 4-hydroxycyclophosphamide were
determined. Individual pharmacokinetics were assessed
using Bayesian analysis. Exposure to the individual
compounds was determined by calculating the AUC.
Exposures to 4-hydroxycyclophosphamide, the combi-
nation of thiotepa/tepa and carboplatin were 94%,
117% and 71% higher than the median respective ex-
posures in a non-obese population of patients (n=24)
receiving similar doses. Because high AUCs of 4-hy-
droxycyclophosphamide, thiotepa/tepa and carboplatin
correlate with increased toxicity, the treatment risk in
this obese patient was significantly increased. Therefore

doses were adapted on the 3rd day of the course. It is
concluded that cyclophosphamide and thiotepa in obese
patients should not be dosed on the basis of BSA in-
corporating TBW since the patient will be overexposed.
Moreover, applying the Cockcroft-Gault equation to
obese patients leads to an overprediction of creatinine
clearance and, when used in the Calvert equation, con-
sequently to a carboplatin dose that is too high. Obese
patients represent a unique group of patients in which
TDM is extremely valuable in optimizing dosing,
particularly in high-dose chemotherapy.
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Introduction

High-dose chemotherapy in combination with periph-
eral blood progenitor cell transplantation is widely used
in the treatment of haematological malignancies and in
certain solid tumours. Frequently employed regimens in
solid tumours include combinations of cyclophospha-
mide, thiotepa and carboplatin (CTC) [15, 16, 17, 18].
The ‘‘tiny’’ CTC (tCTC) regimen is used in our hospital
in the treatment of patients with stage IV hormone-
refractory breast cancer [16]. It is administered as three
courses given every 4 weeks. One course of tCTC con-
sists of 4 days of chemotherapy with cyclophosphamide
(1000 mg/m2 per day) as a 1-h infusion, followed by
carboplatin (dosed on the basis of the Calvert formula
[4] with 3.25 mgÆmin/ml as daily target area under the
plasma concentration-time curve, AUC) as a 1-h infu-
sion, and thiotepa (80 mg/m2 per day) divided into two
30-min infusions.

High-dose chemotherapy can be complicated by the
occurrence of severe toxicities. A wide interpatient
variability in toxicity of cyclophosphamide, thiotepa and
carboplatin has been described, which can be explained
in part by the interpatient variability in pharmacoki-
netics of the respective compounds [9]. Relationships
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between the pharmacokinetics and toxicity have been
established. Exposure to the prodrug cyclophosphamide
appears to be (inversely) correlated with cardiotoxicity
[1, 12] and exposure to its cytotoxic metabolite 4-hy-
droxycyclophosphamide has been correlated with the

occurrence of veno-occlusive disease [9]. The AUCs of
thiotepa and its metabolite tepa are correlated with
elevation of transaminases [9], occurrence of regimen-
related toxicity [14] and mucositis [10], while cumulative
carboplatin exposure is correlated with the occurrence of
ototoxicity [25].

Because cyclophosphamide, thiotepa and carboplatin
have low therapeutic ratios and steep dose-effect curves,
accurate dosing of these compounds is needed in order
to avoid excessive exposures and consequently severe
toxicity. To reduce interpatient variability in exposures,
anticancer drugs are classically dosed based on body
surface area (BSA) in order to ‘‘normalize’’ the drug
dose. This dosing method is, however, controversial,
especially when applied in obese patients [6, 20]. Simi-
larly, other dosing methods incorporating total body
weight (TBW), overestimate dosages in obese patients
[22]. Accordingly, oncologists tend to reduce the doses
of cytotoxic drugs in obese patients based on the as-
sumption that dosing based on the TBW puts obese
patients at a higher risk for toxicity than non-obese
patients.

In this report, we describe a markedly obese woman
who received tCTC with doses administered calculated
using TBW and who subsequently developed very high
plasma levels of 4-hydroxycyclophosphamide, tepa and
carboplatin. This patient is an example of an obese
patient for whom classical initial dose calculations can
only be applied with some modifications and for
whom therapeutic drug monitoring (TDM) can be
valuable.

Patients and methods

An obese 53-year-old female (body mass index 47) was enrolled
in a clinical study that employed the tCTC high-dose chemo-
therapy regimen with peripheral blood progenitor cell trans-
plantation as described previously [16]. The patient had advanced
breast cancer and, as required for inclusion in the study, normal
cardiac, renal, hepatic, haematopoietic and pulmonary functions.
The patient had a history of hypertension and hypercholestero-
laemia.

The patient’s body measurements were as follows: height
167 cm, TBW 130 kg and consequently a BSA of 2.34 m2, calcu-
lated using the DuBois and DuBois formula [8]:

BSA ¼ 0:007184 � weight0:425 � height0:725

The patient received cyclophosphamide 2340 mg daily
(1000 mg/m2 per day), thiotepa 93 mg twice daily (80 mg/m2 per
day) and carboplatin 680 mg daily. The carboplatin dose was cal-
culated using the Calvert equation [4]:

Dose mgð Þ ¼ Target AUC mg � min=mlð Þ � GFR ml=min þ 25ð Þ½ �

using a target AUC of 3.25 mgÆmin/ml.
The Cockcroft-Gault equation was used to estimate the creat-

inine clearance (Ccr) used as an estimate of the glomerular filtra-
tion rate (GFR) [7]:

Serum creatinine was determined using the (adjusted) Jaffé
method (64 lM), resulting in a Ccr of 185 ml/min.

This procedure for determining the doses of the three drugs was
specified by the study protocol. Doses were adapted on the 3rd day
of the course to prevent severe overexposure. For the pharmac-
okinetic analyses, blood samples were collected via a double-lumen
intravenous catheter inserted in a subclavian vein. Collection took
place on the 1st day of the course, prior to the start of the infusions,
at 30 min after the start of the cyclophosphamide infusion and at
60 (end of cyclophosphamide infusion), 90, 120 (end of carboplatin
infusion), 150 (end of thiotepa infusion), 180, 210, 270, 380 and
660 min. Sampling procedures as well as analytical methods for the
determination of plasma concentrations of cyclophosphamide,
4-hydroxycyclophosphamide, carboplatin (free fraction), thiotepa
and tepa have been reported previously [9].

Population pharmacokinetic models of carboplatin, thiotepa
(and its metabolite tepa) and cyclophosphamide (and its metabolite
4-hydroxycyclophosphamide) were used as described by Huitema
et al. [9]. Based on these population pharmacokinetic models,
which were obtained using the nonlinear mixed effect modelling
program NONMEM (double precision, version V 1.1), AUC val-
ues were calculated for all compounds using Bayesian analysis [2].

The AUC was used as a measure of the exposure to the com-
pounds. Exposure to thiotepa is expressed as the combined AUC of
thiotepa and its metabolite tepa (a result of oxidative desulphura-
tion of thiotepa by hepatocytes), because both compounds have
comparable alkylating activity and can both be involved in the
occurrence of toxicity [24]. Cyclophosphamide is a noncytotoxic
prodrug and needs 4-hydroxylation by hepatic cytochrome P450
for activation. Exposure to 4-hydroxycyclophosphamide has been
reported to be a good marker of the alkylating activity of cyclo-
phosphamide. Exposure to both cyclophosphamide and its me-
tabolite were therefore evaluated [11].

The AUC values of the different compounds in our patient were
compared with the respective median AUC values in a non-obese
population of patients (n=24, median weight 69 kg, range 52–
90 kg). This reference population also received tCTC and was
dosed and sampled as described above. Complete pharmacokinetic
profiles of the population were available for day 1 and day 3 or 4.

The patient was participating in a clinical study, which was
approved by the Committee on the Medical Ethics of the Nether-
lands Cancer Institute.

Results and discussion

Dosing of cyclophosphamide and thiotepa based on
(unadjusted) BSA in this obese patient led to excessive
exposures to 4-hydroxycyclophosphamide and tepa.
Dosing of carboplatin in this same patient based on the
Calvert formula, calculating the GFR using the Cock-
croft-Gault equation (incorporating TBW), also resulted
in higher carboplatin exposures than obtained in the ref-
erence population. Table 1 shows the median cumulative
exposures following one course in both the population
and the obese patient, the latter based on the pharmaco-
kinetics obtained on the 1st day of the 4-day course.
Figure 1 shows how the plasma concentration-time data

Ccrðml=minÞ ¼ ½140 	 ageðyearsÞ� � weightðkgÞ � 1:23

serumcreatinineðlMÞ 
0:85ðfor femaleÞ
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in the obese patient deviated from those of the reference
population. The plots were derived from the concentra-
tion-time data obtained on the 1st day of a course.

Obesity is a factor that may complicate drug dosing,
because it has been reported to alter the disposition of
several drugs [6]. The practice of using dosages based on
pharmacokinetic data obtained in normal-weight
individuals could result in errors in these patients. The
adipose tissue in obese patients has a smaller proportion
of water compared to muscle tissue. Consequently, an
obese patient has a smaller ratio of body water per
kilogram of body mass compared to a patient with ideal
body weight (IBW). Many chemotherapeutic agents are
moderately or weakly lipophilic and distribute poorly in
adipose tissue. Obese patients may therefore receive a
relative overdose of these relatively lipid-insoluble drugs
when dose is based on actual body weight. Obesity is
also associated with alterations in hepatic and renal
functions. Usually, drug clearance is identical or in-
creased in obese patients compared with patients with
normal weight [6].

Comparing pharmacokinetic parameters of cyclo-
phosphamide, thiotepa and carboplatin in our patient
with those in the reference population, it appeared that
the total body clearance of cyclophosphamide and
thiotepa was moderately increased in the obese patient
compared with the population parameters (6.0 vs 5.1 l/h
and 43.2 vs 34.5 l/h, respectively). Increased clearance of
cyclophosphamide and thiotepa could be due to an in-
crease in oxidative metabolism in the liver, which is an
explanation for the high plasma concentrations of the
metabolites 4-hydroxycyclophosphamide and tepa. The
clearance of carboplatin in the obese patient was slightly
decreased (6.41 vs 7.52 l/h).

The apparent volumes of distribution of cyclophos-
phamide, thiotepa and carboplatin, expressed as litres
per kilogram, were lower in the obese patient than in the
population (0.38 vs 0.55 l/kg, 0.51 vs 0.66 l/kg and 0.13
vs 0.20 l/kg, respectively). As mentioned above, this is
normal for drugs with moderate or weak lipophilicity.
The applied population pharmacokinetic models do not
allow assessment of the volumes of distribution of the
metabolites 4-hydroxycyclophosphamide and tepa.
However, another explanation for the extremely high
plasma concentrations of these (more hydrophilic) me-
tabolites in the obese patient (Fig. 1) may be that the
distribution volumes of tepa and 4-hydroxycyclophos-
phamide hardly increase with additional fatty tissue.

In this patient, initial cyclophosphamide and thiotepa
doses were calculated on the basis of BSA. In medical
oncology it is common practice to dose chemothera-
peutic agents on the basis of BSA in order to reduce
interpatient variability in exposure. However, the use of
BSA as a determinant of drug dosing in patients has
been criticized because BSA often does not correlate well
with drug pharmacokinetic parameters [20].

Powis et al. did not find a correlation between ap-
parent volume of distribution of cyclophosphamide and
TBW in a small group of patients including obese pa-
tients [13]. Cyclophosphamide clearance, however,
seemed to be decreased in the obese patients. To our
knowledge, no other studies have been published de-
scribing a correlation between BSA and volume of dis-
tribution or clearance of cyclophosphamide. The
rationale for dosing cyclophosphamide on the basis of
BSA, especially in obese patients, is therefore question-
able.

For thiotepa, the volume of distribution in a group of
patients, including obese patients, has been found to be
correlated with BSA calculated using TBW. However,
the volume of distribution was better correlated with
BSA calculated using IBW or adjusted body weight
(ABW) [14]:

IBWðkgÞ ¼ 0:9 � ½heightðcmÞ 	 152� þ 45:5

for a female, and

ABWðkgÞ ¼ IBW þ 0:4 � ½TBWðkgÞ 	 IBWðkgÞ�

The authors recommend thiotepa dosing in obese pa-
tients on the basis of BSA, using ABW in the calculation
of BSA [14].

Carboplatin is predominantly excreted via the kid-
neys. Its clearance appeared to be highly correlated with
GFR. Because the GFR differs with each patient irre-
spective of BSA, it is common practice to dose car-
boplatin not on the basis of a patient’s BSA but in
proportion to GFR, using the Calvert equation. The
Cockcroft-Gault equation is the most widely used
method for rapidly estimating Ccr in clinical practice.
However, in some specific patient groups, such as the
obese, this equation is biased and inaccurate [22]. Van de
Ree et al. evaluated the influence of extreme obesity on
the Cockcroft-Gault formula. They stated that, in view
of the influence of body weight in the Cockcroft-Gault
formula, it should not be used to estimate the GFR in

Table 1. Overall exposure
(expressed as AUC) to the
different compounds and their
metabolites during the course if
no dose adjustment had been
done

Compound AUC Deviation
(%)

Units Obese
patient

Population

Median 2.5–97.5% range

Thiotepa and tepa lMÆh 560 258 135–384 117
Cyclophosphamide lMÆh 4960 4552 1507–7370 9
4-Hydroxycyclophosphamide lMÆh 209 108 44–174 94
Carboplatin mgÆmin/ml 25.5 14.9 11.1–19.2 71
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patients with extreme obesity [23]. Similar results were
found by Spinler et al. [22]. They concluded that Ccr
estimates based on the Cockcroft-Gault formula in the

obese are inaccurate using TBW (overprediction) or
IBW (underprediction), but may be more accurate using
ABW.

Other methods for estimating the Ccr, based on cre-
atinine and other patient characteristics, were tested by
Spinler et al. [22]. Almost all methods proved to be bi-
ased and imprecise in obese patients [21, 22]. Only the
Salazar-Corcoran equation [19], developed for estimat-
ing Ccr in obese patients, using a corrected serum cre-
atinine concentration, appeared to be unbiased and
precise [19, 21, 22]. Conventional 24-h urine collection is
used as the ‘‘gold standard’’ for the estimation of Ccr.
However, this method is too time-consuming for use in
daily practice, and questionable because it relies heavily
on accurate measurement of urine volume per unit time.
Chatelut et al. [5] developed a method for calculating the
carboplatin clearance directly from creatinine and other
patient characteristics. This method appears also to be
able accurately to predict carboplatin clearance in obese
patients if the Bénézet correction, using the mean value
between IBW and actual body weight instead of TBW, is
applied [3].

At present, there is no information available regard-
ing the influence of obesity on the pharmacokinetics of
cyclophosphamide, thiotepa and carboplatin. The
question remains as to how initial doses of these com-
pounds in obese patients should be calculated. General
guidelines indicate that dosing of drugs with distribution
restricted to lean tissues should be based on the IBW of
patients. For drugs markedly distributed into fat tissue,
the initial dose should be based on TBW [6].

For cyclophosphamide and thiotepa, it appears to be
better to dose obese patients on the basis of IBW or
ABW instead of TBW. In the described patient, dosing
based on IBW (resulting in an adjusted BSA of 1.66 m2

and respective cyclophosphamide and thiotepa doses of
1660 mg/day and 132 mg/day) would probably have
resulted in exposures closest to those in the reference
population. However, Przepiorka et al. recommend
calculating the initial thiotepa dose in obese patients
using ABW [14]. We therefore suggest basing both the
initial cyclophosphamide and thiotepa doses in ex-
tremely obese patients on BSA calculated using ABW.
In our case, the corrected BSA would have been 1.96 m2,
resulting in doses of 1960 mg/day and 156 mg/day, re-
spectively. For carboplatin dosing, we recommend using
the Cockcroft-Gault equation to estimate GFR, apply-
ing ABW in the calculation (also in view of the wide
application of this formula in clinical practice). In this
case, the Ccr would have been estimated as 123 ml/min,
resulting in a carboplatin dose of 482 mg/day.

Because of the lack of a reliable method for chemo-
therapy dosing in obese patients, the use of TDM in this

Fig. 1A–E. Concentration-time curves of cyclophosphamide (A),
4-hydroxycyclophosphamide (B), carboplatin (C), thiotepa (D) and
tepa (E) for the obese patient (circles, the dotted line represents the
individual Bayesian prediction) and the population (squares)
(median and 2.5–97.5% percentiles)

b
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patient group is of particular importance. Individual
dosing may avoid excessively high exposures and may
prevent severe toxicity. TDM in this patient, based on
Bayesian estimates, resulted in downward dose adjust-
ments of cyclophosphamide, thiotepa and carboplatin
(44%, 50% and 42%, respectively) from the 3rd day of
the course onwards, giving exposures comparable to
those in the reference population and consequently
reducing the treatment risk. Fortunately, the patient
presented here did not develop any acute toxicity, nor, as
far as can be judged, any long-term toxicities. This may
be attributed to the intervention during the course.

In conclusion, this case suggests that the dose of
cyclophosphamide, thiotepa and carboplatin in obese
patients should be calculated using ABW instead of
TBW to obtain exposures similar to this in patients with
normal weight. Moreover, it seems clear that monitoring
of plasma drug concentrations can be a useful tool for
optimizing chemotherapy in obese patients.

Acknowledgements This work was supported by a grant from the
Dutch Cancer Society (project NKI 2001-2420).

References

1. Ayash LJ, Wright JE, Tretyakov O, Gonin R, Elias A, Wheeler
C, Eder JP, Rosowsky A, Antman K, Frei E III (1992) Cy-
clophosphamide pharmacokinetics: correlation with cardiac
toxicity and tumor response. J Clin Oncol 10:995

2. Beal SL, Sheiner LB (1998) User’s guides, NONMEM Project
Group. University of California at San Francisco, San Fran-
cisco
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