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ABSTRACT

The synergistic interaction of etoposide with cisplatin in certain tumors
prompted an evaluation of its potential role in the i.p. treatment of ovarian
cancer and other intraabdominal malignancies. \Ve conducted a Phase I
evaluation of etoposide as a single agent to determine the maximum
tolerated dose i.p., to describe dose-limiting and other toxic effects, and
to examine the pharmacokinetics of etoposide in this setting. Etoposide
was diluted in 2 liters of normal saline, and instilled i.p. over 10 to 25
min following maximal drainage of ascites. The dwelling time was 4 h,
followed by peritoneal drainage. Twenty-two patients received 56 courses
at doses which ranged from 100 to 800 mg/nr. The median age was 49,
the median performance status was 1, and 18 patients had received prior
chemotherapy, with or without radiation. The principal acute toxicity
was abdominal pain in 10 patients; this was usually accompanied by signs
of peritoneal irritation and was always responsive to nonsteroidal antiin-
flammatory medications. The major toxicity was dose-related neutro-
penia; Grade 3 or 4 toxicity affected five of six patients at 800 mg/nr.
Thrombocytopenia, nausea and vomiting, and alopecia were also ob
served. The recommended dose for further study is 700 mg/m2. The

pharmacokinetics of etoposide in plasma and peritoneal fluid was meas
ured in 19 patients. Peritoneal levels over the 4-h dwelling time declined
monoexponentially with a harmonic mean half-life of 3.5 h (range, 1.9 to
7.8). Plasma levels rose to a peak at 2.9 Â±1.7 (SD) h and then declined
exponentially with a harmonic mean terminal half-life of 7.7 h (range,
4.2 to 15.6). The plasma area under the concentration-time curve in
creased linearly with respect to dose. The relative pharmacological
advantage (ratio of peritoneal to plasma area under concentration-time
curve) for i.p. administration was measured as 2.8 and was independent
of dose. Based on the high plasma protein binding of etoposide (94%)
and the minimal protein binding in the fluid instilled i.p., the ratio of the
areas under the concentration-time curves of free drug is estimated to be
47. These results illustrate that tumor confined to the peritoneal cavity
would be exposed to substantially higher free (diffusible) drug concentra
tions following i.p. than following i.v. administration and support the
further evaluation of etoposide by this route.

INTRODUCTION

Etoposide, a semisynthetic derivative of podophyllotoxin, has
significant activity in the treatment of testicular and lung can
cer, lymphoma, and leukemia (1). An inhibitor of topoisomer-
ase II (2), etoposide exhibits supraadditive activity in combi
nation with cisplatin in several human neoplasms (3-5). In
plasma, etoposide is highly protein bound (94%) (6). For this
reason, despite a relatively low total body clearance, i.p. chemo
therapy with etoposide in protein-free media may afford a
significant advantage in regional over systemic drug exposure.

Cisplatin-containing chemotherapy regimens produce com
plete remissions in some 30% of optimally debulked patients
with Stage III ovarian cancer; one-half of these will enjoy long-
term disease-free survival and are probably cured (7-9). The
rest, including the 50% of patients who respond to chemother-
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apy but have residual disease following its completion, will
experience regrowth of the tumor. A recent approach to over
coming this relative resistance has been the development of i.p.
chemotherapy, with the goal of regional dose intensification
(10). This strategy has been most widely used for the adminis
tration of cisplatin, the single most active cytotoxic drug in this
disease. Doses of cisplatin up to 270 mg/m2 have been admin

istered i.p. with thiosulfate (11). The efficacy of i.p. cisplatin
has been demonstrated in a Phase I study in which 30% of
patients entered pathologically documented complete remission
(12). The role of administering standard doses (100 mg/m2) of

cisplatin i.p. to newly diagnosed patients with ovarian cancer is
currently being evaluated in a large randomized trial.

In ovarian cancer as in many other neoplasms, cisplatin is
more effective when administered in combination than as a
single agent. A number of drugs appear to be especially syner
gistic with cisplatin; among these is etoposide. The combination
of cisplatin and etoposide shows high response rates in testis
and lung cancers (both small cell and non-small cell) (3, 4).
Thus, while etoposide is reported to have low activity given
systemically as a single agent to patients with previously treated
ovarian cancer (50 patients, 6% response rate) (1), it is of
interest to investigate its activity in combination with cisplatin.
Before embarking on a combination chemotherapy trial, we
sought to evaluate the clinical and pharmacological character
istics of etoposide when it is used as a single agent i.p., with a
view to future combination studies. Preliminary clinical data
suggesting high response rates for the systemic use of cisplatin/
etoposide supported this strategy (5).

We report the clinical results of a Phase I study of i.p.
etoposide, suggest a suitable dose for Phase II evaluation, and
describe the peritoneal and plasma pharmacokinetics of eto
poside following i.p. administration. Some of these data have
been presented in a preliminary fashion (13).

MATERIALS AND METHODS

Patient Characteristics

Patients were accrued to this Phase I study at Fox Chase Cancer
Center between December 1985 and August 1987. All patients accepted
into the study fulfilled the following requirements: histolÃ³gica! diag
nosis of cancer predominantly confined to the abdominal cavity; failure
or lack of standard treatment for their disease; performance status
(Eastern Cooperative Oncology Group) of 0, 1, or 2; normal renal
(serum creatininc. <1.5 mg/dl). hepatic (serum bilirubin. Â£2mg/dl),
and bone marrow (WBC, >3.000/mm', and platelets, >100.000/mm')

function; age, >18; absence of infection: and ability to give informed
consent in accordance with institutional and federal guidelines.

Treatment

Chemotherapy treatment was administered i.p. through either a
percutaneous Tenckhoff dialysis catheter or a Port-A-Cath device im
planted s.c. and attached to a catheter. Before drug administration, the
peritoneum was drained of ascitic fluid as completely as possible. The
etoposide dose was diluted in 2 liters of 0.9cc sodium chloride U.S.P.
and instilled over 10-25 min. The dialysate was allowed to remain in
the peritoneal cavity for 4 h. from the end of i.p. infusion, following
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which the peritoneum was drained to gravity. Prophylactic antiemetics
were not used, hut prochlorperazine or metoclopramide were adminis
tered freely in the event of nausea or vomiting. Doses were administered
every 3 weeks, blood counts permitting. For certain patients, persistent
myelosuppression led to a delay in treatment until recovery to the
Â¡mulinimivalues for retreatment (see above). Subsequent doses were
modified as needed based on nadir WBC counts. All patients bad
weekly blood counts, semimonthly biochemical screens, and disease
assessment (tumor measurement) on every other course at a minimum.

Dose Escalation

Dose escalation was performed if a minimum of three patients were
fully Ã©valuablefor toxicity (4 weeks following drug administration) and
if severe or life-threatening toxicity had not occurred. The starting dose
was 100 mg/nr, a usual i.v. dose of etoposide. It was initially planned
to observe a modified Fibonacci schema of dose escalation; however,
clinical data from other centers concerning the tolerability of i.p.
etoposide prompted larger dose increments. The maximally tolerated
dose was defined as the dose level at which a majority of patients
experienced Grade 3 or 4 toxicity, as defined by the Common Toxicity
Criteria (Division of Cancer Treatment. National Cancer Institute.
Bethesda. MD, 1988).

Pharmacokinetic Methodology

Chemicals. Etoposide and teniposide standards, used for quantitative
analysis, were kindly provided by Dr. Ray Farmen and the Brisol-Myers
Company (Syracuse, NY). All the solvents used in the determination
of etoposide were HPLC' grade and were purchased from Burdick and

Jackson Laboratories (Muskegon. MI).
Patient Sampling. Plasma, urine, and peritoneal fluid etoposide con

centrations were determined at various times following instillation of
drug into the peritoneal cavity, usually on the first course of therapy.
The procedure of obtaining peritoneal fluid consisted of initial removal
of a 10-15-ml sample, which was discarded, followed by collection of
5 ml for drug analysis. Peritoneal samples were obtained before drug
instillation and at hourly intervals for the duration of the 4-h peritoneal
dwell. Blood samples were collected into ice-cold hcparinized Vacu-
tainer tubes and were obtained before and at 5. 10, 15, 30, 45. and 60
min and 2. 4. 8. 16. 24, 36. and 48 h after the end of infusion. Samples
were centrifuged within 15 min. and the plasma layer was removed for
drug analysis. Urine samples were obtained at 4-h intervals for 24 h;
samples were kept on ice during the collection period. Aliquots of the
collected fluids were stored in sealed glass tubes at -20Â°Cuntil analysis.

Drug Analysis. The analytical method used for the determination of
etoposide was essentially that described by Stife et al. (14). In brief, 5
Â¿igof teniposide (internal standard) were added to 1-ml samples of
plasma, urine, or peritoneal fluid. These samples were subsequently
extracted using 5 ml of chloroform. The organic phase was removed
and evaporated to dryness under a stream of nitrogen. The residue was
redissolved in 0.5 ml of mobile phase, and O.I ml was injected onto the
HPLC column.

The HPLC analysis of etoposide was performed on an HP1090A
liquid Chromatograph (Hewlett-Packard. Palo Alto, CA) equipped with
a diode array detector and an autosampler. The mobile phase was
isocratic and consisted of methanohwater (60:40) pumped at a flow
rate of 1 ml/min through a Spherisorb ODS-2 (250 x 4.6 mm, 5-^m
particle si/e) analytical column protected by a Brownlee RP-18 guard
column (15 x 3.2 mm, 7-ftm particle size). Detection was by UV
absorption at 239 nm. and quantitalion was performed by comparing
the peak height ratio in the unknown sample to a standard curve
ranging from 0.3 to 30 /jg/ml etoposide extracted simultaneously with
the patient samples.

Pharmacokinetic Analysis. Pharmacokinetic parameters were calcu
lated using model-independent methods. AlICs in both peritoneal fluid
and plasma were calculated according to the linear trapezoidal rule
(15). In peritoneal fluid AUC was calculated from the beginning of

infusion until the end of the 4-h peritoneal dwell. In plasma, the area
under the curve after the last concentration time point was calculated
from

( laM

17
where Cia,Tis the final concentration and ke is the first-order constant
obtained from the slope of the terminal linear portion of the concentra
tion versus time curve. The relative pharmacological advantage was
calculated as

I.p.

The half-life in both peritoneal fluid and plasma was calculated from

0.693

Peritoneal clearance (defined as the permeability-area product) was
calculated from

and Vj was calculated from

dose~c7

where d is the r-intercept of the peritoneal drug disappearance curve.
Renal clearance was calculated from

2Ã•/0-24

AUCplaima0-24

where -Ã•/is the amount of etoposide excreted in the urine over 24 h.
Pharmacodynamic Analysis. The relationship between the percentage

decrease in WBC versus plasma etoposide AUC was investigated by
using three models. The first model was a linear relationship. The
second model was an exponential equation of the form

% change in WBC = 100 (I - <r**Al!f)

where A:is the fitted parameter. The third model is a modification of
the Hill equation (16) similar to that used by Egorin el a!. (17)

c<change in WBC =
(Maximum effect)(AUC)*

(AUC50)*+ (AUC)*

'The abbreviations used are: HPLC'. high-performance liquid chronialogra-
phy: Al'C. arca under the concentration versus time curves.

where AUCâ„¢is the fitted plasma AUC that produces a half-maximal
effect, h is the Hill constant, and the maximum effect is 100.

Pharmacodynamic data analysis was performed with the NONLIN84
computer program. Akaike's Information Criterion was used to deter

mine which model was superior (18).

RESULTS

Twenty-two patients received 56 courses of treatment. The
demographic characteristics of treated patients are summarized
in Table 1. In general, patients were of good performance status
and had not received extensive prior treatment. The most
common primary diagnosis was ovarian cancer (9 patients); as
a group these patients were not heavily pretreated.

Toxicity. Doses of etoposide were escalated from 100 to 800
mg/nr. The major toxic effect was dose-related leukopenia,
particularly neutropenia (Table 2). Nadir counts were usually
observed on day 14, and recovery had taken place by day 21.
Grade 3 or 4 toxicity was observed in 4 of 6 patients at 800
mg/nr. Thrombocytopenia was less severe, although one pa-
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TableI PalitiÂ»characteristics
No. of patients

No. of courses

2
3
4
6

Age (yr)

Sex

22

9
5
3
1
4

49 (37-63)Â°

16 female/6 male

Performance status
0
1

2Prior

therapy
No prior treatment
Chemotherapy alone
Radiation +chemotherapyPathological

diagnosis
Ovarian
Colorectal
Other3

13
64

12
6967

1Numbers in parentheses, range.

Table 2 Neutropcnia following i.p. etoposide

Dose(mg/m2)100200400600700800No.ofpatients33334603213111000010Grade200100130100014001023Range
(mean)7.1-7.9(7.6)1.4-5.4(3.8)2.5-3.6

(3.0)3.6-6.9
(4.8)0.7-5.7
(3.4)0.4-3.5(1.6)

Table 3 Thrombocytopenia following i.p. etoposide

Dose
(mg/m2)100

200
400
600
700
800No.

of
patients3

3
3
34

6Grade03

2
33

2410

0
0
0
0
020

0
0
0
1
030

1
0
0
0140

0
0
0
1
1Range

(mean)228-339

(297)
68-350 (245)

258-370 (329)
202-465 (354)

12-411 (155)
24-321 (150)

tient at the highest dose required platelet transfusions (Table
3). Based on the neutropenia it was concluded that an appro
priate Phase II dose is 700 mg/m2.

Nonmyelosuppressive toxicity was mild and well tolerated.
Nausea and vomiting occurred in approximately one-half of the
patients (12 of 22), was not dose related, and was easily man
aged with prochlorperazine. Alopecia of variable degree oc
curred in a majority of patients. A syndrome of abdominal pain,
occasionally with fever, occurred in ten of the patients. This
consisted of mild to moderate, constant, diffuse abdominal pain
beginning about 2 h after drug administration, accompanied by
clinical signs of peritoneal irritation. Treatment with nonste-
roidal antiinflammatory drugs (usually indomethacin, 25 mg
P.O., three times a day) abolished the pain. Symptoms did not
persist beyond 24 h. No cumulative or late toxicity was
observed.

One patient on this study had a clinical remission of her
ovarian cancer. This was a 38-year-old woman who had received

four prior chemotherapy regimens and had a persistent right
adnexal mass. After two treatments there remained only some

thickening of pelvic tissues; the remission lasted for 3 months,
four additional patients had stable disease for 2 to 4 months.

Pharmacokinetic Data. Pharmacokinetic studies were per
formed on 19 patients and are summarized in Table 4. Concen
trations of etoposide in plasma rose rapidly to reach a peak at
2.9 Â±1.7 (Â±SD) h and then declined exponentially with a
harmonic mean terminal half-life of 7.7 h (range, 4.2-15.6). A
typical concentration-time curve is shown in Fig. 1. Because
the dose actually absorbed into the central compartment could
not be reliably estimated, the total body clearance could not be
determined. Renal clearance was determined to be 5.6 Â±3.5
ml/min/m2. The AUC in plasma was linearly related to dose (r
= 0.744, P < 0.001; Fig. 2). Since the plasma concentration is
determined by both absorption from the peritoneum and hepatic
first-pass extraction, the linear relationship between plasma
AUC and dose implies that neither of these processes is capacity
limited over the range of doses administered in this study.

Peritoneal etoposide concentrations declined monoexponen-
tially with a harmonic mean half-life of 3.5 h (range, 1.9-7.8).
The permeability-area product was estimated from peritoneal
drug levels during the 4-h dwell and found to be 7.0 Â±3.2 ml/
min/nr. The ratio of the AUC in peritoneal fluid to that in
plasma (commonly used as an expression of the relative phar
macological advantage) was 2.8 in this study. The area ratio
was independent of dose (Fig. 3), but this ratio does not take
into account the high plasma protein binding of etoposide
(94%). Since the drug is instilled i.p. in 2 liters of protein-free
fluid following peritoneal drainage, one may assume that i.p.
drug has minimal protein binding. We have measured protein
binding of etoposide in peritoneal fluid in a subsequent study
and found it to be insignificant during the first 4 h of peritoneal
dwell.4 Relating AUCs of free drug therefore would be expected

to yield area ratios of the order of 2.8/0.06 or 47. This phar
macological advantage illustrates the higher concentration gra
dient of diffusible drug present in the peritoneal cavity versus
plasma.

Pharmacodynarnic Analysis. Visual inspection of a plot of
plasma etoposide AUC versus percentage change in leukocytes
suggested a relationship between these two parameters (Fig. 4).
Analysis of this relationship using the pharmacodynamic
models described earlier revealed that the Hill equation was
superior to both the exponential and linear equations. The
relationship described by the Hill equation was

change in WBC =
100 x (AUC)07"'

(162)07" + (AUC)07

where 162 is the AUC required to produce a 50% decrease in
leukocyte counts. However, the relatively low correlation coef
ficient for this relationship (r - 0.605) suggests that additional
patient-related factors should be included for this relationship
to have predictive value in an individual patient.

In light of the linear relationship between dose and plasma
AUC, the relationship between dose and percentage of decrease
in leukocytes was also investigated. The relationship between
these indices was statistically significant and was best described
by a linear equation (Fig. 5).

DISCUSSION

This Phase I study of i.p. etoposide showed that the drug was
well tolerated by this route and that the dose-limiting toxicity

4 Unpublished results.
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Tahle 4 Pharmacokinetic parameters oj'etoposide following i.p. administration at various doses (mg/m2)

PeritemelinAUC(/ig-h/ml)Permeabilit\-area

product(ml/min/m2)Harmonic

mean half-life(h)(range)PlasmanAUC^g-h/ml)Harmonic

mean half-life(h)(range)Time

to peak(h)Pharmacological

aihanlÃ¤genAUCWAUCptaÂ«Â»1001153.13.507.78150.98.622.012.93200i323.6

Â±70.7Â°6.0

Â±3.313.8(2.5-7.6)3105.2

Â±9.810.3(7.4-18.1)4.033.32

Â±1.024002456.4*(438.1-474.6).

8.7(5.3-12.1)2.9(1.9-5.9)3433.5

Â±103.110.0(7.8-15.6)3.7

Â±1.421.40(1.34-1.45)60031401.

9 Â±659.95.5

Â±0.33.8(3.0-4.8).1391.7

Â±21.86.7(5.9-7.7)3.0

Â±1.033.26

Â±1.2570031031.9

Â±136.17.2

Â±3.73.6(2.4-6.2)3346.0

Â±22.99.3(9.1-9.5)3Â±

1.533.20

Â±0.3580061260.1

Â±372.68.2

Â±3.53.2(2.0-5.1)6557.0

Â±76.56.0(4.2-7.6)2.0

Â±0.562.42

Â±0.54

Urine1CI

(ml/min/m2)â€¢

Mean Â±SEM.*
Mean (range).1

3 331.7
6AÂ± 1.7 3.9 Â±1.4 7.0 Â±3.635.5 Â±1.666.2 Â±1.4

100-

0 1
20 30

Time (hours)

400 600

Etoposide Dose

800 1000

Fig. I. Peritoneal (D) and plasma (A) etoposide concentrations versus time in
a patient receiving an i.p. dose of 200 mg/nr.

was myelosuppression. This toxicity was similar in duration
and severity to that seen with i.v. etoposide. Since the peritoneal
drug concentration decreases by approximately one-half during
the 4-h peritoneal dwell (/.>,= 4.2 h), we estimated that at least
one-half of the dose is absorbed during this time. This is a
minimal estimate of drug absorption since it does not take into
account uptake of peritoneal fluid, which would reflect an even
higher fractional drug absorption. Therefore the systemic ef
fects at the higher doses are comparable to those produced by
standard i.v. doses, which total 300-450 mg/nr ( 1).

The only local side effect was peritoneal irritation, which
developed over several h. The discomfort was short-lived and
easily managed with the use of nonsteroidal antiinflammatory
drugs. It is of interest that these have been used to prevent
adhesion formation from i.p. cytotoxic therapy. In this study,
multiple courses could be administered with reproducible tox
icity, suggesting that drug diffusion through the peritoneal
cavity was not changed with repeated exposures.

Fig. 2. Linear relationship of plasma AUC versus dose of etoposide. Points,
means at each dose level (n = 19, r = 0.744; P < 0.001 ); hors. SD.

The majority of patients had indwelling Port-A-Cath devices
attached to Silastic peritoneal catheters in a fully implantable
semiclosed system. There were no infections and no instances
of catheter failure for drug administration. Drainage of the
peritoneum following therapy, however, posed a problem. Pe
riods ranging from 1 to 8 h were required to complete the
peritoneal fluid removal, and in several cases little fluid was
recovered. The brief (4 h) dwell time was a convention that
derived from earlier studies in this area. Based on the kinetics
we present here, peritoneal drainage may not be required to
maintain a relative pharmacological advantage; assuming linear
kinetics, the peritoneal AUC will be the same for a high dose,
one-half of which is absorbed, as it will for one-half that dose,
all of which is absorbed (19). On the other hand, failure to
drain the peritoneum after 4 h exposes the patient to the
etoposide that remains unabsorbed at that time. Since approx
imately one-half of the dose (based on peritoneal levels) is
absorbed over 4 h, incomplete peritoneal drainage may effec
tively double the amount of etoposide absorbed systemically.

2044

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/51/8/2041/2446771/cr0510082041.pdf by guest on 19 M

ay 2023



INTRAPERITONEAL ETOPOSIDI

6 1
100-1

1000

Etoposide Dose (mg/rrr)

Fig. 3. Relative pharmacological advantage (ratio of ALIC in peritoneal fluid
versus AUC" in plasma) as a function of ctoposidc dose. Regression analysis

revealed that the pharmacological advantage was not dose dependent (n = 18.
r = -0.0870. P = 0.7433). Points, means: bars. SD.

60-

0)
Q_ 20- y = 0.065X t 23.8

200 400 600

Etoposide Dose (

800 1000

Fig. 5. Percentage of change in leukocytes versus dose of etoposide. , fitted
curve using a linear relationship. Points, means (n = 21. r = 0.698. P < 0.001):
bars. SD.

(162)0 793+(AUC)0.793

100 300 400 500

VP16 Plasma AUC

700 800

Fig. 4. Percentage of change in leukocytes versus plasma etoposide AUC.
. fitted curve using the Hill equation. Inset equation, computer-fitted values

of the AUC50(162) and the Hill constant (h = 0.793). The correlation coefficient
for this plot was r = 0.605 (n = 19). VPI6, ctoposide.

Therefore, for future studies we propose to use a lower dose
and not drain the peritoneum following drug administration.

The inability to rapidly drain the peritoneal cavity at the end
of the 4-h dwell time resulted in a significant obstacle to the
development of an acceptable pharmacokinetic model. For this
reason we have not presented traditional pharmacokinetic con
stants or volumes of distribution. Others have encountered
similar problems in the past. It is interesting to note that Canal
et al. (20) applied a three-compartment open model to describe
the kinetics of i.p. teniposide. In their study a 4-h peritoneal
dwell time was used, but no mention of any difficulties in
peritoneal drainage was reported. Piccart et al. (21) found
obstruction to catheter drainage in 50% of their patients.

From the peritoneal, plasma, and urine data, a number of
conclusions can be drawn: (a) the log-linear peritoneal disap
pearance curve probably represents drug diffusion into the

portal circulation and surrounding peritoneal tissues, since the
i.p. concentrations are always much higher than those seen in
the plasma; (b) after reaching a peak about 3 h following
administration, plasma etoposide concentrations declined ex
ponentially, with a half-life of 7.7 h. This half-life value is in
the range of those reported following i.v. administration, sug
gesting that peritoneal drainage is adequate to remove the
majority of the remaining fluid (and drug) that could potentially
act as a "third space" and alter the terminal elimination kinetics

(22, 23); (c) the appearance of drug in the venous blood is the
result of absorption from the peritoneal cavity into hepatic
portal circulation less first-pass hepatic extraction. The liver is
an important site of etoposide elimination, as recently described
by Hande et al. (24). The data in this study cannot, however,
be used to determine the hepatic extraction ratio. The linear
relationship between etoposide dose and plasma area under the
curve suggests that neither hepatic extraction nor peritoneal
clearance (absorption) mechanisms are saturable over the dose
range studied. This is consistent with the data of Newman et
al. (25) that the plasma pharmacokinetics of i.v. etoposide is
linear over the dose range 100 to 3000 mg/nr.

In this study, the dose of etoposide administered i.p. was
closely related to the AUC (r = 0.744, P< 0.001). In addition
the permeability-area product, which is a measure of peritoneal
absorption, did not vary over the dose range studied, and the
relative pharmacological advantage remained constant over an
8-fold dose range. These data indicate that this relatively lipo-
philic drug is well absorbed and that absorption kinetics are
linear over this dose range, despite considerable interpatient
variability in disease state.

In turn, the AUC was predictive of marrow toxicity as as
sessed by percentage decrease in leukocytes. The mathematical
model that best describes this relationship is the Hill equation.
However, the correlation coefficient describing the data fit
(0.605) demonstrates that the pharmacokinetic profile alone is
insufficient to account for interpatient variability. Ratain et al.
(26) described a similar pattern in patients treated with i.v.
etoposide; consideration of serum albumin, performance status,
and history of prior blood transfusion was required to enhance
the performance of the model.
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The importance of protein binding (and consequently serum
albumin) for the pharmacodynamics of etoposide has recently
been confirmed by Stewart et al.; the AUC of free (unbound)
etoposide was a more powerful predictor of drug toxicity than
the AUC of total plasma etoposide (27). This indicates that
free (unbound) etoposide concentrations should be used in
determining the relative pharmacological advantage of this drug
when used i.p. These data also explain in part the relatively
poor predictive value of the AUC of total etoposide.

In fact, the dose of etoposide administered, which was linearly
related to the percentage of decrease in leukocytes, was at least
as good a predictor of clinical toxicity (r = 0.698, P < 0.001).
These findings emphasize the need to incorporate several phys
iological and pharmacological indices in describing a practical
and reliable predictive model for etoposide.

The calculated relative pharmacological advantage (ratio of
AUC in peritoneal cavity divided by AUC in systemic circula
tion) was 2.8. As discussed, when one considers that etoposide
is instilled in protein-free dialysate, while it is 94% bound to
protein in the systemic circulation, it will be seen that the area
ratios of free drug must be considerably higher. Zimm et al.
(28) have recently published a study of etoposide in combination
with cisplatin in which the relative pharmacological advantage
for etoposide was 65, when ultrafilterable drug levels were
measured. Since free drug levels are a better predictor of tox
icity, and likewise antitumor activity, their results are consistent
with the single agent data presented here and support a sub
stantial pharmacological advantage favoring the i.p. route of
etoposide administration. As is the case with other agents
administered i.p., the relative contribution of direct peritoneal
exposure versus systemic recirculation is unknown, but the
pharmacological advantage will clearly be more fully realized
in patients with small-volume intraperitoneal disease.

In conclusion, etoposide is a promising candidate drug for
i.p. use. A combination to be pursued in future studies is that
of etoposide and cisplatin, to take advantage of the significant
synergy between the two agents. Development of novel i.p.
scheduling regimens may also enhance the therapeutic activity
of etoposide, as suggested by recent results from schedules of
protracted administration (29).
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