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ABSTRACT

Ktoposide (\ l'Idi pharmacokinetics was investigated in three groups

of cancer patients: a control group of 18 patients with renal and hepatic
function tests in the normal range; a group of 8 patients with renal
insufficiency; and a group of 15 patients with abnormal hepatic function.
In the control group plasma clearance (Clf), volume of distribution ( )â€ž).
and elimination half-life (/.,,<) of VP16 were, respectively, 22.8 Â±1.0
(SE) ml min nr. 11.4 Â±0.8 liters nr, and 5.6 Â±0.4 h.

In patients with renal insufficiency Clr was 12.8 Â±1.1 ml/min/m2, Vd
was 20.8 Â±4.9 liters/m2, and r., ,>'was 19.2 Â±4.7 h. A statistically
significant correlation (/' = 0.0000001) was found between VP16 Clr and

creatinine clearance.
In 12 of 15 patients with abnormal liver tests Clâ€ž\'j. and />,ÃŸwere,

respectively, 27.9 Â±2.7 ml/min/m2, 12.4 Â±1.5 liters/m2, and 5.4 Â±0.6 h

and are thus similar to those of the control group. In the other three
cases with abnormal liver function VP16 plasma levels were very low. In
these cases VP16 r.. /)' values were similar (5.1, 4.4, and 5.1 h) whereas
Cl, values (320, 87, and 96 ml/min/m2) and Â»'â€žvalues (142, 33, and 42

liters/in2) were much larger than in controls.

These results suggest that VP16 doses should be reduced in patients
with renal function impairment but not necessarily in patients with liver
impairment. The high VP16 Â»_.and CI, values found in a subset of
patients with liver impairment require further elucidation.

INTRODUCTION

VP163 is a semisynthetic epipodophyllotoxin derivative

widely used in cancer chemotherapy. It is very effective in the
therapy of various forms of human malignant tumors including
testicular and small cell lung cancer, lymphoma, leukemia,
central nervous system tumors, and Kaposi's sarcoma associ

ated with the acquired immunodeficiency syndrome (2). Using
specific high performance liquid chromatography (3-7), several
pharmacokinetic studies have been made in recent years both
in animals (8, 9) and in cancer patients (6, 10-14), but no
information was available on whether VP 16 doses should be
reduced and to what extent in patients with renal or hepatic
insufficiency.

This question is clinically relevant since cancer patients com
monly suffer from renal or hepatic insufficiency due either to
the neoplastic disease itself or nephrotoxic or hepatotoxic treat
ments or to other concomitant diseases.

In this study we compared VP16 pharmacokinetics in pa
tients with abnormal renal or hepatic function and in a control
group of patients with normal kidney and liver function.
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MATERIALS AND METHODS

Three groups of patients entered this study; their main characteristics
and details of previous chemotherapy are set out in Tables 1 to 3.

The first group was composed of 18 cancer patients with normal
renal (serum creatinine, 0.6-1.2 mg/100 ml; creatinine clearance, >60
ml/min) and hepatic function (alkaline phosphatase, 60-170 units/
liter; serum glutamic-oxaloacetic transaminase, <15 units/liter; 7-glu-
tamyltransferase, 0-28 units/liter; serum glutamic-pyruvic transami
nase. <17 units/liter; serum lÃ¡clate dehydrogenase, 100-225 units/
liter, and total bilirubin, <1.2 mg/100 ml).

A second group contained 8 cancer patients with normal hepatic
function but renal insufficiency (as defined by a serum creatinine value
of >1.5 mg/100 ml and creatinine clearance of <60 ml/min). Patients
19, 20, 21, 24, and 26 had renal insufficiently due to previous treatment
with DDP.

A third group contained 15 cancer patients with normal renal func
tion but abnormal hepatic tests (total bilirubin, >1.2 mg/100 ml; 7-
glutamyltransferase >28 units/liter, and alkaline phosphatase, >170
units/liter).

Many of these patients were receiving concomitant therapy: actino-
mycin D plus methotrexate (patients 3, 5,6, and 7); continuous infusion
(days 1-5) of bleomycin and s.c. injection (days 4-5) of 1-fi-D-arabino-
furanosylcytosine (patients 11 to 14); patient 17 received DDP and
patient 18 received DDP plus mitomycin C. None of the patients
investigated had ascites.

Drug Treatment. VP16 for clinical use was supplied by Bristol Myers,
New York, NY, as ampuls containing 100 mg in 5 ml for i.v. infusion.
The VP16 dose was diluted in normal saline solution, 250 ml/100 mg
drug, and administered as a Mi-min infusion.

VP 16 was given to patients with renal or hepatic dysfunction at daily
doses ranging from 70 to 150 mg/m2 as a 1-day (patients 24, 25, 26,
28, 30, 32, 33, 34, 36, 37, 38, and 40) or a 3-day course (patients 19,
20, 21, 22, 23, 27, 29. 31, 35. 39, and 41 ). Control group patients were
given daily doses of 80-150 mg/m2 for 1 day (13 patients) or 5

consecutive days (5 patients) according to the different schedules used.
Intervals of 24 h were scheduled between the end of one infusion and
the start of the next.

Sample Collection. At various times during and after the first VP 16
infusion 5 nil blood samples were taken via an indwelling cannula from
the arm not receiving the i.v. infusion, immediately put into heparinized
tubes, and spun down at 2000 rpm. In general, samples were taken just
before, 15 and 30 min from the start of infusion, at the end of the
infusion, and 15, 30, 60, 120, 150, 180, 240, 360, 480, 720, 1080, and
1440 min postinfusion. Aliquots of the 24 li urines were stored at
â€”20Â°Cuntil analyzed.

After the last infusion and when the drug was administered as a 1
day course, 5-ml blood samples were also taken 36, 48, 60, and 72 h
from the end of the infusion. Urine fractions were collected every' 24 h

up to 72 h from the end of the last infusion.
Drug Assay. The method described in detail elsewhere (6) can be

summarized as follows. Teniposide as internal standard was added to
1 ml of plasma (100 ^1of a 100 ><gml solution). Extraction was carried
out with 8 ml of chloroform. After 20 min shaking at room temperature
samples were centrifuged at 3000 rpm for 20 min. The organic phase
was dried under vacuum and then redissolved with 100 /il of methanol;
10-20 ii\ of this solution were injected into a Waters Model 6000 A
high performance liquid Chromatograph equipped with a 254 nm ab
sorption detector. Separation was achieved using an isocratic solvent
system of water (64%), acetonitrile (35%), and acetic acid (1%) at a
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flow rate of 1 ml/min using a 25-cm-long Â¿iBondapakphenyl column
purchased from Waters Associates, New York, NY. The sensitivity of
this assay was 0.2 fig/ml VP16.

For the VP16 glucuronide determination, 0.5 ml of urine was incu
bated for 24 h at 37Â°Cwith 0.5 ml of 0.1 M acetate buffer (pH 4.5) and
50 p\ (corresponding to 250 milliunits) of fi-glucuronidase (from Es-
cherchia coli Kl2: Boehringer Biochemia Robin, Milan, Italy). After
incubation the urine was extracted in the same way as plasma. The

Table 1 Characteristics of patients with normal renal and hepatic function

Pa
tientI23456789101112131415161718Age(yr)303129283833264011404635646963466958SexFFFFFFFFFFMMMFFMMMDiseaseGestational

chorio-carcinomaGestational

chorio-carcinomaGestational

chorio-carcinomaGestational

chorio-carcinomaGestational

chorio-carcinomaGestational

chorio-carcinomaGestational

chorio-carcinomaGestational

chorio-carcinomaEndoderma!

sinustumorCancer

of thecervixNHLNHLNHLNHLPancreatic

cancerAdenocarcinoma
ofunknown

originSCLCNSCLCPrevious

chemotherapyMTX";
HU + VCR + MTX +CYAMD

+ADMHU

+ VCR + MTX +CYAMD
+ADMAMD
-1-MTX; VCR +CYAMD;

HU + VCR + MTX -I-CY+
AMD +ADMVCR

+ AMD + CY; BLM+MTX
+DDPDDP;

ADM;CYADM
-1-CY + VCR + PDN;HD-MTX;

VP16 + BLM + PCZ+ara-CADM

+ CY + VCR + PDN;HD-MTX;
VP 16 + BLM + PCZ+ara-CADM

+ CY + VCR + PDN;HD-MTX:
VPI6 + BLM + PCZ+ara-CCY

+ VCR + PDN; VP16+BLM
+ PCZ +ara-C5-FU

+ ADM +MMCADM
+MMCADM

+ VP16 + DDP

â€¢MTX. methotrexate: HU. hydroxyurea; VCR. vincristine; CY. cyclophos-
phamide: AMD, actinomycin D; ADM, Adriamycin; BLM, bleomycin: PDN,
prednisolone: HD-MTX. high dose methotrexate; PCZ, procarbazine; ara-C, 1-
.i-n-arabinofuranosylcytosine; 5-FU. 5-fluorouracil; MMC. mitomycin C; NHL,
non-Hodgkin's lymphoma: SCLC. small cell lung carcinoma: NSCLC. non-small

cell lung carcinoma.

Table 2 Characteristics of patients with abnormal renal function

Pa
tient19202i2223242526Age(>r)3367547275454342SexMMMMMMMMDiseaseTesticular

cancerNSCLCNSCLCAMLRenal

cell carci
nomaHead

andneckcarcinomaNHLNSCLCSerum

creatinine
Previous (mg/ 100

chemotherapyml)DDP
+VBLÂ°+

BLMDDP
+VP16+

MMCDDP
+VP16+

MMCVPI6IphosphamideDDP

-I-MTX+
BLMBLM

+ADM+
CY+VCRHN2

+VCR+
PCZ+PDNDDP

+VP16+
MMC1.91.51.62.02.02.28.311.0Creatinine

clearance
(ml/min)434141282725104

â€¢VBL. vinblastine; BLM, bleomycin: MMC, mitomycin C: MTX, methotrex

ate: ADM. Adriamycin: CY. cyclophosphamide: VCR, vincristine: HN2. nitrogen
mustard: PCZ, procarbazine: AML, acute myeloid leukemia: PDN. prednisolone;
NSCLC. non-small cell lung carcinoma; NHL. non-Hodgkin's lymphoma.

amounts of VP 16 were compared with those found in control samples
not treated with d-glucuronidase.

Pharmacokinetic Analysis. Assuming that plasma concentration-time
data for each subject can be described by the following model after i.v.
bolus

where Vcis the volume of the central compartment, Â«and ÃŸare the
complex constants (15), C\, Ci are dimensionless (CÂ¡+ C-Â¡= 1), C(t) is
the plasma concentration, and D is the injected dose, then concentra
tion-time data after a 0 order infusion can be described by (16)

c,=(R/vj, C, e-' + -I)
(A)

where t is time from the beginning of the infusion, R is the infusion
rate, and Ã³is r during infusion or after the end of infusion it is 1 h (i.e..
the duration of infusion). Using Equation A and the superposition
principle (17) the concentration data of the first and the third infusion
were computed numerically and the pharmacokinetic parameters (I',.

a, ÃŸ.Ci) were estimated by a general nonlinear fitting program (18)
with the aid of microcomputer, using weighted (1/C,2) (19) least-squares

criterion. Clf and Vdwere calculated using the formula

a ' ^ 0C, 0

li/., was calculated as indicated by Gibaldi and Perrier (20).
Statistical Analysis. Pharmacokinetic parameters found in the three

groups of patients were compared to assess statistical differences using
Duncan's test with a microcomputer program (21) or by the Kruskal-

Wallis nonparametric test (22, 23).

RESULTS

Fig. 1 gives an example of the plasma kinetics of VP 16 in
five cancer patients with normal renal and hepatic function. No
drug accumulation was observed in patients who received five
consecutive daily doses, and levels after the first and fifth
infusions being similar. Table 4 sets out the pharmacokinetic
parameters of VP 16 in 18 patients with normal hepatic and
renal function. Median values of Clp, Vd, and tv, ÃŸwere 22.0
(range, 17.4-34.6) ml/min/m2, 10.9 (range, 6.4-17.8) liters/
m2, and 5.4 (range, 2.1-9.4) h. F</ssmean value was 8.40 Â±0.47
(SE) liters/m2, median value was 8.2 (range, 5.0-12.3) liters/
m2. Urinary excretion of VP16 averaged 40.8 Â±4.2% of the

dose, and urinary excretion of VP 16 plus VP 16 glucuronide
was 49.2 Â±2.9%.

Fig. IA shows plasma VP 16 kinetics in patients with renal
insufficiency. In the three patients given a single VP 16 dose
VP 16 could be determined at longer times from the end of
infusion (Fig. IB). At 48 h VP16 levels in plasma were 0.59,
0.56, and 0.42 Â¿ig/ml,whereas in patients with normal renal
function VP 16 was never detectable at this interval (i.e., levels
were below 0.2 Â¿ig/ml).

Table 5 sets out the pharmacokinetic parameters and urinary
excretion of VP 16 and VP 16 plus VP 16 glucuronide. Median
values of Cip, V,,,and t>/,ÃŸwere, respectively, 11.6 (range, 9.1-
16.9) ml/min/m2, 15.6 (range, 6.3-48.3) liters/m2, and 14.6
(range, 8.0-45.0) h. Vdsswas 12.6 Â±1.5 liters/m2, median value
was 11.7 (range, 5.6-18.5) liters/m2. Urinary excretion of VP16

ranged between 2.2 and 23% of the dose and the total amount
of VP16 plus VP16 glucuronide ranged between 5.8 and 30.5%
of the dose. The pharmacokinetic parameters in these patients
were significantly different from those in the 18 patients with
normal renal and hepatic function as assessed by both para
metric and nonparametric tests; i.e., Clp was significantly lower
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Table 6 Pharmacokinelic parameters and urinary elimination of VP16 in 15
cancer patients with abnormal hepatic function

Urinary excre
tion (% of the

dose)ofPa

tient27282930313233343S363738Dose(mg/m2)80

xy100100

x38080x31001507080x310080100Cl,

(ml/min/m2)27.644.220.122.828.923.127.549.720.621.926.721.9t;(liters/m2)11.323.114.110.77.89.818.712.27.518.56.89.0iÂ»
ÃŸ(h)4.76.08.15.43.14.97.92.84.29.73.04.9VP1640â€”364742342043â€”40SO4lVP16

+conju

gate57â€”4054â€”413051â€”â€”6449

Mean Â±SE

39
40
4l

27.9 Â±2.7 I2.4Â± 1.5 5.4 Â±0.6

80x3
80

80x3

320.0
87.3
96.0

142.0
33.4
42.4

5.1
4.4
5.1

23 â€”

26 34
* x3. in 3 doses: â€”.not determined.

in agreement with a recent communication by Arbuck et al.
(30) and in line with the report by Cavalli et al. (31) who did
not observe greater bone marrow toxicity in patients suffering
from hepatocarcinoma.

However, in a subset of patients with liver impairment (pa
tients 39, 40, and 41) lower plasma levels and area under curve
values were found. These patients were apparently not different
from the others in terms of their liver dysfunction. As can be
seen in Table 3, these three cases presented hepatic test findings
typical of severe cholestasis. Impaired hepatic excretion was,
however, a common feature in all patients in this group. Since
we did not observe greater urinary excretion of VP 16 by these
three patients, the low plasma drug levels do not appear to be
due to lower plasma protein binding with a consequent higher
fraction of filtrable unbound VP 16. Nor can it be attributed to
less efficient intestinal reabsorption of the drug eliminated in
the bile since VP16 levels were already low at the end of the 1-

h infusion, too soon for enterohepatic recirculation of the drug.
In any event, this is unlikely because VP 16 biliary excretion
appears negligible in humans (30, 32).

Since the tv, ÃŸof VP 16 in these cases was similar to that in
the other 12 patients with abnormal liver function and in the
control patients, we believe that the low plasma drug levels
were not due to faster metabolism. In any case pierÃ²VP 16 or
hydroxy acid VP 16, metabolites reportedly formed in relatively
small amounts in patients who received VP 16 (6), were not
detected in plasma or urines of these 3 cases (i.e., they were less
than 0.2 jig/ml in plasma and excreted as less than 1% of VP16
dose in the urine). Neither VP16 aglycone nor its glucuronide,
a metabolite recently identified by our group in patients receiv
ing teniposide (33), was detectable in plasma or urine of these
patients. It seems more likely that the low plasma VP 16 levels
in these three patients were due to a higher volume of drug
distribution. VP 16 enters the cells by passive diffusion but its
efflux occurs by means of an active transport mechanism (34).
If hepatic function abnormalities lead, in some cases, to an
impairment of this active efflux mechanism VP 16 may accu
mulate in the liver; thus the availability of the drug in plasma
may be reduced. This hypothetical explanation is supported by
experimental findings in both mice and rats (8,9) where increas
ing VP 16 doses result in disproportionate accumulation of the

drug in the liver, possibly because of reduced active efflux of
VP 16 from hepatocytes.

Although the finding of low plasma VP 16 levels in a subset
of patients has still to be elucidated and requires further studies
with reference to its possible clinical implications (e.g., hepa-
totoxicity), considering that VP 16 Clp was not lower than in
patients with normal hepatic function we believe there is no
basis for recommending necessarily a VP 16 dose reduction in
patients with liver impairment. This point is now being checked
further in this laboratory using higher VP 16 doses.
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