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Abstract Purpose: This study was conducted to deter-
mine whether there was any relationship between the
adverse toxicity of combination chemotherapy and
clinical values including age, sex, creatinine clearance
(Ccr), body surface area and relative body weight.
Methods: Cisplatin at a dose of 80 mg/m2 on day 1 and
etoposide at a dose of 100 mg/m2 on days 1, 2 and 3
were given to 42 consecutive patients with solid tumors.
All patients had normal major organ function and re-
ceived uniform hydration therapy. Results: Body Mass
Index as a measure of relative body weight was inversely
correlated with the percentage decrease in white blood
cells (P � 0.0681) and platelet count (P � 0.0115).
Body surface area was also inversely correlated with
leukopenia (P � 0.0171) and thrombocytopenia
(P � 0.0058). In contrast, age, sex and Ccr had no
signi®cant relationship with adverse toxicity. Conclu-
sions: It is concluded that dose adjustment of combina-
tion chemotherapy with cisplatin and etoposide ac-
cording to age or ideal body weight is not appropriate
and that a conventional dose modi®cation method based
solely on body surface area is probably not su�cient to
reduce interpatient variability of cancer chemotherapy.
A pharmacokinetic and pharmacodynamic study of
combination chemotherapy is warranted to establish the
ideal dose modi®cation method.
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Introduction

Since the success of an anticancer drug requires control
of plasma concentrations within a narrow therapeutic
range, close adjustment of doses and meticulous moni-
toring of adverse e�ects are essential [9]. Doses of che-
motherapeutic agents have been conventionally adjusted
according to the body surface area (BSA) [6, 11].
However, this may be of limited value in producing a
consistent clinical outcome [13, 22, 24]. Although it is
known that several factors such as renal, cardiac and
hepatic function a�ect elimination of a drug, only a few
studies have actually dealt with the relationship between
physiological function and pharmacokinetics of anti-
cancer drugs [4, 8, 29]. The dose modi®cation method,
based on an individual characteristic, remains empirical.
It is reported that obesity and age in¯uence the distri-
bution and clearance of some drugs, resulting in inter-
patient variation in pharmacological behavior [7, 25, 27].
Little information is available concerning the in¯uence
of these factors on combination chemotherapy.

The combination chemotherapy of cisplatin and
etoposide (PE) is one of the most e�ective and widely
employed cytotoxic treatments of solid tumors including
lung cancer. The aim of the current analysis was to de-
termine the relationship between clinical values, includ-
ing relative body weight, BSA and age, and the adverse
toxicity of PE therapy and to assess the conventional
dose adjustment method of cancer chemotherapy.

Patients and methods

Patient selection

All of our chemotherapy-naive patients treated by PE therapy from
January 1995 through June 1996 were included in the current
analysis. Patients eligible for this study had to ful®ll the following
criteria: age 18 to 78 years, histological or cytological proof of
malignant disease, a performance status (PS) of 0±2 on the Eastern
Cooperative Oncology Group (ECOG) scale [20], a life expectancy
of more than 8 weeks, adequate bone marrow function including
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white blood cell count (WBC) >4000/ll, platelet count (Plt)
>120 000/ll and hemoglobin (Hb) >9 g/dl, renal function (serum
creatinine <1.5 mg/dl, creatinine clearance, Ccr >70 ml/min),
hepatic function (total protein >6.0 g/dl, serum albumin >3.0 g/
dl, GOT and GPT levels less than twice normal range) and cardiac
function (normal ECG, no history of congestive heart failure or
infarction), and normal levels of serum sodium. Ccr was deter-
mined by the 24-h method. Patients who had standard or e�ective
treatment other than PE therapy were excluded from this therapy.
Written informed consent was obtained from all patients.

Drug administration schedule

Patients were treated with PE therapy. Cisplatin was injected in-
travenously at 80 mg/m2 over 1 h on day 1, and etoposide was
given at 100 mg/m2 over 90 min on days 1, 2 and 3. The chemo-
therapy dose was based on the BSA calculated from actual body
weight and height [6, 11]. All patients received uniform hydration
and diuretic treatment. Prehydration involved the infusion of 1 l
normal saline. Posthydration involved the infusion of 2.5 l 5%
glucose in normal saline with 300 ml 20% mannitol over 6 h. On
each of the following 7 days, 2 l 5% glucose in normal saline was
administered. Each patient received 16 mg dexamethasone on day
1 and 3 mg granisetron hydrochloride on days 1 and 2 as anti-
emetic therapy, each drug dissolved in 100 ml normal saline in-
jected intravenously over 30 min. Administration of recombinant
human granulocyte colony-stimulating factor (rhG-CSF) was not
allowed until grade 4 leukopenia appeared, so the nadir value of
WBC obtained was little a�ected by the use of rhG-CSF.

Toxicity analysis

The adverse drug e�ects during the ®rst course of PE therapy were
analyzed to determine whether a quantitative relationship existed
between hematological toxicities and clinical values. Blood samples
were collected at least twice a week to monitor for hematological
and other toxicities. Percentage decreases in WBC (%DWBC), Hb
(%DHb) and Plt (%DPlt) nadirs as compared to the values before
treatment were used to evaluate the degree of adverse toxicity. We
used the Body Mass Index (BMI) as the measure of relative weight
which is calculated from the equation: BMI � weight (kg)/[height
(m)]2 [31]. A BMI of 20 to 24 kg/m2 is de®ned as the normal range
for Japanese individuals. A BMI of >24 and <20 kg/m2 are de-
®ned as obesity and emaciation, respectively. Nonhematological
toxicities according to the ECOG toxicity criteria [20] were also
determined.

Statistical analysis

Statistical analysis was performed using the computer program
STATVIEW II (Brainpower, Calabasas. Calif.) on a Macintosh
personal computer (7100/80AV). Simple linear regression models
were calculated by the method of least squares. Multivariate
analysis for myelosuppression was carried out using a logistic re-
gression model. The explanatory variables were selected by using a
stepwise forward procedure with the entry limit ®xed as a signi®-
cant probability of 95%. P < 0.05 was considered statistically
signi®cant.

Results

Included in the study were 42 consecutive patients
treated with PE therapy. Of the 42 patients, 23 with
non-small-cell lung carcinoma and 12 with esophageal
carcinoma received PE therapy as neoadjuvant chemo-
therapy. Seven patients with small-cell lung cancer were
treated using standard procedures. Ten patients were

considered obese and 12 patients were emaciated ac-
cording to the BMI classi®cation (Table 1).

The mean WBC, Plt and Hb levels before treatment
were 7869 � 2357/ll, 29.6 � 12.1 ´ 104/ll and
12.8 � 1.7 g/dl, respectively. The mean WBC, Plt and
Hb nadirs were 2187 � 1057/ll, 11.5 � 6.5 ´ 104/ll
and 10.2 � 1.7 g/dl, respectively. The relationships be-
tween the clinical baseline features and hematological
toxicity of PE therapy analyzed by the simple regression
model are summarized in Table 2. Of eight variables
evaluated, the degree of thrombocytopenia was signi®-
cantly correlated with a smaller BSA (P � 0.0058),
BMI (P � 0.0115) and a poorer PS (P � 0.0207). The
BSA was also correlated inversely with the degree of
leukocytopenia (P � 0.017). There was a tendency for
BMI to be inversely correlated with the leukocytopenia
(P � 0.068).

The relationships between BMI and BSA and he-
matological toxicity are shown in Figs. 1 and 2. After
PE therapy was performed, Ccr moderately decreased to
84.5 from 102.1 ml/min but a correlation between
nephrotoxicity and clinical values, BMI and BSA was

Table 1 Patient characteristics (ECOG Eastern Cooperative On-
cology Group, NSCLC non-small-cell lung cancer, SCLC small-
cell lung cancer)

No. of patients 42
Sex (M/F) 36/6
Age (years)
Median 61.5
Range 43±77

ECOG performance status
0/1/2 27/9/6

Disease type
Lung (NCSLC) 23
Lung (SCLC) 7
Esophagus 12

Body Mass Index
<20 (emaciated) 12
20±24 (normal) 20
>24 (obese) 10

WBC (/ll) 7869 � 2357
Plt (´ 104/ll) 29.6 � 12.1
Hb (g/dl) 12.8 � 1.7
Ccr (ml/min) 102.1 � 27.4
Albumin (g/dl) 3.4 � 0.4
GOT (IU/l) 24.6 � 10.1

Table 2 Univariate analysis for myelotoxicity. %DWBC = (WBC
before treatment)WBC nadir)/WBC before treatment ´ 100;
%DPlt and %DHb were calculated in the same manner

Factor %DWBC %DPlt %DHb

r P-value r P-value r P-value

Age 0.087 0.5821 0.312 0.0442 0.067 0.6743
Sex 0.129 0.4139 0.013 0.9362 0.080 0.6126
PS 0.113 0.4754 0.356 0.0207 0.073 0.6473
BSA )0.366 0.0170 )0.419 0.0058 )0.111 0.4854
BMI )0.284 0.0681 )0.386 0.0115 )0.288 0.0643
Ccr )0.123 0.4359 )0.045 0.7753 )0.129 0.4160
Albumin )0.087 0.5852 )0.155 0.3275 )0.123 0.4384
GOT 0.200 0.2039 0.113 0.4762 0.071 0.6555
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not found. No other signi®cant correlation was found
between hematological toxicity and clinical features in-
cluding age, sex, GOT and albumin concentration.

Multivariate regression analysis was carried out to
clarify the relationship between myelotoxicity and a
number of demographic parameters (Table 3). The only
signi®cant independent predictor of leukocytopenia ob-
tained by the step regression method was BSA. The best
®tting model with signi®cant independent predictors for
thrombocytopenia included BMI and PS (R2 � 0.298)

Nonhematological toxicities such as nausea, diarrhea
and stomatitis were also examined for a correlation with
clinical values but no signi®cant relationship was ob-
served among these factors (data not shown).

Discussion

Scienti®c and reasonable approaches to establish the
optimum method of administering an anticancer drug
should be based on information from clinical pharma-
cology. It has been reported that the pharmacokinetics
of cisplatin and etoposide have signi®cant interpatient
variability and that this variability is correlated with
toxicity [2, 16, 23]. Only a few studies have actually
demonstrated the dose modi®cation method established
by pharmacological approaches according to individual
major organ function [4, 8, 28]. The in¯uence of other
minor factors such as age, gender and fat volume remains
unclear. It is tempting to assume that these factors may
have a signi®cant in¯uence on pharmacokinetics of che-
motherapy resulting in the interpatient variability of
toxicity because there is a wide interpatient variability of
pharmacokinetics even in patients with normal organ
function [19, 32].

It has been proposed that toxicity of chemotherapy
tends to be severe in obese patients because a lipid-in-
soluble drug is distributed poorly in adipose tissue with

Fig. 1a,b Relationships between
BMI (a) and BSA (b) and le-
ukocytopenia of PE therapy as
indicated by changes in WBC
count. BMI tended to be corre-
lated inversely with the degree of
leukocytopenia (P � 0.068), and
BSA was signi®cantly correlated
inversely with the degree of le-
ukocytopenia (P � 0.017)

Table 3 Stepwise and logistic regression of myelotoxicity

Factor Coe�cient SE P-value

%DWBC BSA )0.366 0.133 0.017
The overall R2 value for the model was 0.134

%DPlt BMI )0.0218 0.008 0.0041
PS 0.0840 0.003 0.0144
The overall R2 value for the model was 0.289

Fig. 2a,b Relationships between
BMI (a) and BSA (b) and
thrombocytopenia of PE thera-
py as indicated by changes in
platelet count. Both BMI and
BSA were signi®cantly correlat-
ed inversely with the degree of
the thrombocytopenia
(P � 0.0115 and 0.0058, res-
pectively)
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the result that obese patients theoretically receive a rel-
ative overdose if the dose is based on actual body weight
[5]. However, little clinical data exist to support this
proposal. It has been reported that the elimination half-
lives of some anticancer drugs including doxorubicin
[25], cyclophosphamide [21] and ifosfamide [17] are
prolonged in obese patients depending on body weight.
The authors hypothesized that the reduced clearance is
due to the relatively decreased activity of cytochrome p-
450 enzymes in obese patients [21, 25]. However, in-
creased toxicity associated with increased body weight
has not been reported. In contrast, Fleming et al. [10]
have suggested that obese patients may require a larger
dose of methotrexate to achieve serum concentrations
similar to those in lean patients because of the increased
glomerular ®ltration rate in obese individuals. The im-
portant practical question raised by these studies is
whether the pharmacological ®ndings on obesity are
clinically signi®cant. Georgiadis et al. [12] analyzed the
chemotherapeutic results in patients with small-cell lung
cancer and found no association between obesity and
increased toxicity.

In recent phase I studies using similar administration
schedules, the recommended dose of paclitaxel has been
found to be 350 mg/m2 in children [14] and 250 mg/m2

in adults [30]. The traditional interpretation of this
phenomenon is that children have better tolerance of
chemotherapy and therefore can stand a higher dose
[13]. However, children could be relatively underdosed if
BSA is used in the calculation of the dose. This is in
good agreement with the present ®ndings that BMI and
BSA are inversely correlated with toxicity of PE therapy.
It has been shown that ideal body weight instead of
actual body weight should be used for dose adjustments
to obtain consistent serum concentrations of some drugs
[1]. We think this management is not appropriate in PE
therapy because the lower dose of drugs would have
been administered to obese patients who experienced
less toxicity in the present study if the adjustment had
been based on ideal body weight. These results imply
that the dose modi®cation method calculated from ac-
tual or ideal body weight is not su�cient and needs to be
reassessed.

The in¯uence of age on the pharmacokinetics of
cancer chemotherapy has been reported [19, 32]. We
have found that the area under the concentration curve
(AUC) of CPT-11 is related to patient age but that age is
not a signi®cant variable for adverse toxicity [26]. The
intensity of taxol for ovarian cancer has also been re-
ported not to be a�ected by age [3]. It is reasonable to
consider that age-related physiologic changes such as
decreases in renal function as well as hepatic enzyme
activity and hepatic blood ¯ow may account for the
reduced elimination of certain drugs in the elderly pop-
ulation. In the present study, all patients had normal
organ function regardless of age and no evident corre-
lation was observed between age and toxicity of PE
therapy. Because patients who ful®lled the criteria of age
under 78 years were evaluated in this study, we could

not draw any conclusion concerning the in¯uence of
greater age (patients aged over 80 years) on drug tox-
icity.

Gurney has reviewed the method of dose calculation
of anticancer drugs and has found no relationship be-
tween BSA and pharmacokinetic parameters [13]. He
has proposed a non-BSA-based dose calculation method
that involves three mandatory steps: prime dose, modi-
®ed dose and toxicity-adjusted dose (PMT dosing).
Another attractive approach for modeling interpatient
pharmacological variability is the adaptive control
method [15, 18, 22]. Ratain et al. have developed
adaptive control dosing of etoposide and have demon-
strated individualized dosing based on a pharmacoki-
netic-pharmacodynamic model allowing higher dose
intensity without increasing the risk of life-threatening
toxicity [22]. However, one of the obstacles to intro-
ducing therapeutic drug monitoring into routine clinical
practice is the ®nancial cost and inconvenience. In addi-
tion, current clinical standards of anticancer treatment,
which demand combination chemotherapy, confound
such approaches. The in¯uence of obesity on the outcome
of combination chemotherapy should be investigated.

Reece et al. have reported that Ccr is a poor predictor
of cisplatin disposition and that the peak plasma level
and the AUC are signi®cantly correlated with the decline
in Ccr after four courses of cisplatin therapy [23]. In the
present analysis, most of the patients received only two
courses of chemotherapy in a neoadjuvant setting. There
was a mild decrease in Ccr after chemotherapy and no
signi®cant correlation was found between nephrotoxi-
city and BSA, BMI or various physiologic parameters.

In conclusion, although the in¯uence of fat volume
on pharmacological behavior of cancer chemotherapy is
minimal, the trend was evident. The impact of obesity or
emaciation on chemotherapy should be taken into con-
sideration and the conventional dose modi®cation
method based solely on BSA is probably not su�cient to
reduce interpatient variability. Dose adjustments of PE
therapy based on age and ideal body weight are also not
supported by the results of this study. Pharmacokinetic
and pharmacodynamic study, not only for single agents
but also for combination chemotherapy including the
investigation of drug-drug interaction, is warranted to
establish the ideal dose modi®cation method.
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