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Clinical report

Pharmacokinetic interaction between etoposide and
tamoxifen in patients with hepatocellular carcinoma
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The effect of tamoxifen (TAM) on the pharmacokinetics of
oral administration of etoposide (VP-16) in patients with non-
operable hepatocellular carcinoma was investigated. The
pharmacokinetics of VP-16 was studied by using a validated
limited sampling strategy. The pharmacokinetic parameters
of VP-16, such as area under curve (AUC), free AUC and
protein binding, were determined from drug plasma concen-
trations at 1 and 4 h after VP-16 administration on the first
day (day —1) and at the end of the chemotherapy cycle (day
—21) for VP-16 alone and VP-16+TAM, respectively. When
VP-16 was administered in association with TAM, the median
total systemic exposure was not significantly (p=NS) differ-
ent from that observed when VP-16 was administered alone
[33.74 (range 11.19-56.58) versus 32.97 (range 20.23-119.28)
mg//h]. Moreover, TAM did not affect significantly (p=NS) the
levels of protein binding of VP-16 [median 94.6 (range 87.7—
98.2) versus median 94.9 (range 91.6-98.0) % for VP-16+TAM
and VP-16 alone, respectively] and the systemic exposure of
the free drug (free AUC) [1.86 (range 0.21-4.57) versus
median 1.78 (range 0.59-3.73) mg//h for VP-16+TAM and
VP=16 alone, respectively]. These results indicate a lack of
pharmacokinetic interaction between VP-16 and TAM, and
suggest that the increased hematological toxicity observed
when TAM is given in combination with VP-16 could be
related to pharmacodynamic interactions. [« 1999 Lippincott
Williams & Wilkins.]
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Introduction

Tamoxifen (TAM) is a multifunction antiestrogenic
triphenylethylene widely used in the treatment and
prevention of breast cancer.' It is also used in the
treatment of other cancers including brain, liver and
ovary cancers’ or in combination with other anti-
blastic drugs in adjuvant therapy.* Among its multi-
function activities,S TAM is able to reverse the
multidrug-resistance (MDR) phenotype, induced by
the P-glycoprotein (Pgp) in several carinoma cell
lines.® This characteristic of TAM has been extensively
investigated in different clinical settings where TAM
was used in combination with drugs belonging to the
MDR phenotype.”® Although the efficacy of such
combinations on tumor response in conventional
clinical protocols is still controversial, promising
results have been reported for low doses of oral
etoposide (VP-16) plus TAM chronically administered
in patients with non-operable hepatocellular carcino-
ma.® However, in our previous trial, the efficacy of this
combination was not evaluable because of a remark-
able increase in hematological toxicity as compared to
that observed in patients with similar characteristics
and the same pathology treated with prolonged oral
VP-16 as a single agent. Although the observation of
the increase in hematological toxicity for VP-16+TAM
combination suffers from the limitations of the
comparison between a phase II study and a historical
control, it has been previously reported that the
clinical use of different MDR modulating agents may
increase hematologic toxicity of antiblastic drugs as a
consequence of their pharmacokinetic interaction,
which leads to an increase of systemic drug expo-
sure.'*!! So far, little is known about the pharmaco-
kinetic interaction of TAM with antineoplastic drugs.

In an attempt to better clarify this issue, in the
present study we investigated the effect of prolonged
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administration of TAM on the pharmacokinetics of oral
VP-16 in patients with hepatocellular carcinoma
receiving the VP-16+TAM oral drug combination.

Materials and methods
Patients

Patients with progressive, histologically documented,
multifocal unresectable or metastatic hepatocellular
carcinoma were eligible for this study. Entry criteria
were those established by the Eastern Cooperative
Oncology Group: a Karnofsky performance status
>60, life expectancy >12 weeks, adequate renal
function (serum creatinine < 2.0 mg/dl) and normal
bone marrow function (WBC count >3400/mm3,
neutrophil count >2000/mm® and platelet count
> 100 000/mm?>). There was no exclusion of patients
or dose modifications on the basis of abnormal liver
functions.

Design of the study

Enrolled patients (study group) received 100 mg of
oral VP-16 daily for 21 consecutive days as a single
dose, according to the protocol by Cheng et al.’ with a
few modifications. An oral dose of 40 mg/day of TAM
was concomitantly given with VP-16 from day 2 until
day 21 of the chemotherapy cycle. At that time, oral
VP-16 administration was discontinued for 1 week
before starting a new cycle. During this week, patients
maintained the daily dose of TAM. Toxicity was
evaluated using the WHO criteria and then compared
with the toxicity observed in an Institutional retro-
spective group of patients (control group) with similar
characteristics and the same pathology treated with
prolonged oral VP-16 as a single agent.

Pharmacokinetic analysis

The pharmacokinetics of VP-16 alone was determined
on day 1 of chemotherapy when TAM was excluded,
whereas the pharmacokinetics of VP-16 in association
with TAM was evaluated on day 21, at the end of the
first cycle of VP-16+TAM chemotherapy. To determine
the VP-16 area under the curve (AUC) using a small
number of blood samples, a validated limited sampling
strategy was used. On the basis of this limited sampling
model, only two blood samples, drawn at 1 and 4 h
after the oral administration of VP-16, were needed to
estimate the total plasma AUC with good accuracy.
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The level of etoposide protein binding and the
exposure to the free drug (free AUC) were also
determined, as previously reported.'?

Statistical analysis

Statistical significance was assessed by the non-
parametric Mann-Whitney test when two groups of
unpaired samples were compared and by the non-
parametric Wilcoxon test in the case of two groups of
paired samples. p <0.05 was considered significant.

Results
Patients and toxicity

Table 1 summarizes the characteristics of the patients
receiving the oral combination of V-16+TAM and those
of the control group receiving the same oral dose of
VP-16 as a single agent. Both groups of patients had
homogeneous clinico-pathological characteristics and
pretreatment. Chronic low-dose administration of VP-
16 alone was generally well tolerated in the patients
used as controls. However, in patients receiving the
same oral dose of VP-16 in conjunction with TAM, a
great increase in the hematological toxicity was
reported during the first cycle of chemotherapy.
Compared to the control group, the patients receiving
VP-16+TAM showed an increase in G3 and G4
hematological toxicity (43 versus 26% for the study
and control group, respectively) and a significantly

=0.014) higher percentage of decrease in WBC at
nadir [median 69 (range 16.0-95.45) versus median 38
(range 13.13-95.30) % for the study and control group,
respectively] (Figure 1). Moreover, the VP-16+TAM
treatment was discontinued in three patients on days
14 and 15 because of severe leukopenia and, in two
cases, neutropenic fever resulted in toxic death (14%).

Pharmacokinetics

The total drug exposure (AUC) was estimated using a
limited sampling model represented by the following
equation: AUC=—1.649+1.082 x (VP-16 plasma con-
centration at 1 h)+11.952 x (VP-16 plasma concentra-
tion at 4 h) obtained by a mutiple linear regression
analysis of historical pharmacokinetic data (extensive
sampling), according to the procedure reported by
Gentili et al.'> The validation of the model was
performed using a different set of consistent pharmaco-
kinetic data obtained from 30 patients with different



cancer diseases previously treated in our Institute with
the same dose of oral VP-16. The AUC observed and the
AUC estimated on the basis of the model were highly
correlated (R=0.91 p <0.0000001) and the precision,
evaluated by calculating the root mean square prediction
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Figure 1. Comparison of decrease in WBC count between
patients receiving oral VP-16+TAM (study group) and
patients receiving VP-16 as a single agent (control group).
Data are expressed as the percentage of decrease in WBC
between baseline count and nadir value. Data+ SD.
*Significance, p<0.05 by the Mann—Whitney test.

Effect of tamoxifen on etoposide pbarmacokinetics

relative error (% RMSE), was 12.5%.

The overall systemic exposure to VP-16, expressed
as the median value of the estimated AUC when the
drug was administered alone and in association with
TAM, in both the study and control groups is shown in
Table 2. In the study group, the median AUC of VP-16
on the first day of chemotherapy, when TAM was
omitted, was 3297 (range 20.23-119.28) mg/l/h
(n=14) and the median drug protein binding and free
AUC were 94.9 (range 91.6-98.0) % (n=14) and 1.78
(range 0.59-3.73) mg/l/h (n=14), respectively. The
systemic total and free AUCs were not significantly
different (p=NS) (by the Mann-Whitney test) from that
observed in the group of patients used as control and
receiving the same dose of VP-16 as a single agent
[31.87 (range 10.20-51.73) mg/l/h (n=17) and 2.07
(range 0.44-4.87) mg/l/h (n=17) for total AUC and
free AUC, respectively]l. The concurrent chronic
administration of 40 mg/day of TAM did not affect
substantially the pharmacokinetic parameters of VP-16
evaluated at the end of the chemotherapy cycle of VP-
16+TAM. The median total and free AUCs of VP-16
were 33.74 (range 11.19-56.58) mg/l/h (n=11) and
1.86 (range 0.21-4.57) mg/l/h (n=11), respectively,
whereas the median level of VP-16 protein binding
was 94.6 (range 87.7-98.2) % (n=11) (Table 2). These

Table 1. Clinical and pathological characteristics of the patients

Study group (VP-16+TAM)

Control group (VP-16)

No. % No. %

No. of patients 14 — 17 —
Male/female 11/3 78/22 16/1 94/6
No. of pretreated patients? 7 50.0 12 70.6
Kamofsky PS 90 90
Hepatocellular classification

child A 12 85.7 9 52.9

child B 2 143 6 35.3

child C — — 2 11.8

extrahepatic metastasis 3 214 — —

cimhosis 14 100.0 17 100.0

HCV 4 28.6 5 294
Clinical characteristics Median Range Median Range
Age (years) 65.0 52.0-73.0 65.0 52.0-83.0
Total protein (g/dl) 75 6.3-8.4 74 6.1-92
Albumin (g/dI) 38 29-47 36 3.3-48
GOT (Un) 97.0 3.5-322.0 77.0 24.0-700.0
Total bilirubin (mg/dl) 1.2 05-3.2 1.2 0.5-5.0
Creatinine (mg/dl) 1.1 08-15 1.0 0.7-25
Creatinine clearance (ml/min) 718 13.0-78.0 81.7 30.1-1430
MEGX (ng/ml) 37.0 52.0-73.0 35.0 145-87.0
Alpha-fetoprotein (ng/ml) 853.0 4.5— 145000 447.0 20.0-312000
WBC (cell count x 10%mm?®) 8.4 35-15.0 5.7 2.8-10.1

“The patients were previously treated with TACE, PEI, RT and chemotherapy including VP-16, idarubicin and 5-fluorouracil.
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values were not significantly different (9=NS) (by the
Wilcoxon test) from those observed in the same
patients when receiving VP-16 alone.

p
NSP
NS
NS

17
17
17

Discussion

No.

In this study, we assessed the effect of TAM on the
pharmacokinetics of VP-16 by comparing total sys-
temic exposure of VP-16 when administered alone and
in association with TAM. We observed that, in the
presence of TAM, AUC of VP-16 was not significantly
different from that observed when VP-16 was adminis-
tered alone on the first day of chemotherapy. These
results indicate that TAM at the dose of 40 mg/day was
unable to increase VP-16 exposure by reducing drug
body excretion through the inhibition of liver and
kidney P-gp activity or by interfering with the drug
liver metabolism mediated by the cytochrome P450, as
suggested for other MDR modulating agents.'*'>
Moreover, TAM did not displace VP-16 from the
plasma protein binding site and consequently did not
increase the systemic exposure to free VP-16, which
has been reported to be a better indicator of
hematological toxicity.'®'” Even if these findings
derive from a limited pharmacokinetic analysis, they
clearly indicate a lack of pharmacokinetic interaction
between TAM and VP-16. Since no significant differ-
ences were observed in the systemic total and free
drug exposure between the study and control group
(Table 2), it can be suggested that the greater
hematological toxicity observed in patients treated
with VP-16+TAM may be related to pharmacodynamic
interactions. However, it is worth considering that the
differences in hematological toxicity observed be-
tween the two groups of patients could also be related
to differences in patients’ characteristics. This may
represent an important factor. However, even if we
cannot completely exclude this factor, the two groups
of patients showed homogenous basal clinical char-
acteristics, site of disease and type of pretreatment,
suggesting a similar chemotherapy outcome.

The observation that TAM may enhance the
myelotoxicity of VP-16 without altering the systemic
exposure of the drug could be a consequence of the
relatively high TAM concentration achievable in the
bone marrow. Despite the low dose of TAM used in
this study, it has been previously reported that TAM
and its metabolites can accumulate in the tissues at
concentrations substantially higher (about 10-fold)
than in the plasma,'® and are likely to modulate P-gp
function and to increase the cytotoxic effect of
etoposide in stem cells which normally express high
levels of P-gp. Moreover, TAM may have other

Range
10.20-51.73
0.44-487
84.4-98.1

Control group (VP-16)
VP-16

31.87
207
93.2

p Median
NS
NS
NS

11
11

No.
11

VP-16+TAM
Range
11.19-56.58
0.21-4.57

87.7-98.2
-16 data between the study and control group.

16+TAM and VP-16 data observed in the study group.

Median
33.74
1.86
94.6

14
14
14

Study group (VP-16+TAM)
No.

VP-16
Range
20.23-119.28

0.59-3.73
91.6-98.0

Median
32.97
178
949

ignificance was assessed by the Wilcoxon test by comparing VP-
gnificance was assessed by the Mann—Whitney test by comparing VP

AGtatistical si
PStatistical si

Table 2. Etoposide pharmacokinetics

AUC (mghh)
Free AUC (mg//h)
Protein binding (%)
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functions relevant in enhancing the cytotoxic efficacy
of antiblastic drugs, independent of the MDR, such as
altering the transmembrane cellular signaling and
growth factor networks.'”%°

In conclusion, our results indicate that the increase
of the side effects observed when TAM was given in
conjunction with prolonged oral VP-16 cannot be
related to the effect of TAM on the pharmacokinetics
of VP-16. Further cross-over studies, however, are
needed to better define the pharmacodynamic inter-
action between TAM and VP-16.

Acknowledgments

We thank Mrs G Biscontin for excellent technical
assistance and Dr P Tonel for help with the manu-
script.

References

1. Chlebowski RT, Butler J, Nelson A, Lillington L. Breast
cancer chemoprevention. Tamoxifen: current issues and
future prospective. Cancer 1993; 72: 1032-7.

2. Higginson J, Gelmann EP. Scientific review of tamoxifen.
Semin Oncol 1997; 24 (suppl 1): 1-4.

3. Gelmann EP. Tamoxifen for the treatment of malignancies
other than breast and endometrial carcinoma. Semin
Oncol 1997; 24 (suppl 1): 65-70.

4. Intemational Breast Cancer Study Group. Effectiveness of
adjuvant chemotherapy in combination with tamoxifen
for node-positive postmenopausal breast cancer patients.
J Clin Oncol 1997; 15: 1385-94.

5. Wiseman H. Tamoxifen: new membrane-mediated me-
chanisms of action and therapeutic advances. Trends
Pharmacol Sci 1994; 15: 83-9.

6. Berman E, Adams M, Duigou Osterndorf R, Godfrey L,
Clarkson B, Andreeff M. Effect of tamoxifen on cell lines
displaying the multidrugresistant phenotype. Blood
1991; 77: 818-25.

7. Trump DL, Smith DC, Ellis PG, et al. High-dose oral
tamoxifen, a potential multidrug-resistance-reversal agent:
phase I trial in combination with vinblastine. J Natl
Cancer Inst 1992; 84: 1811-6.

8. Millward MJ, Lien EA, Robinson A, Cantwell BM. High-
dose (480 mg/day) tamoxifen with etoposide: a study of a
potential multidrug resistance modulator. Oncology
1994; 51: 79-83.

Effect of tamoxifen on etoposide phbarmacokinetics

9. Cheng AL, Chen YC, Yeh KH, Chuang SE, Chen BR, Chen
DS. Chronic oral etoposide and tamoxifen in the
treatment of faradvanced hepatocellular carcinoma.
Cancer 1996; 77: 872-7.

10. Lum BL, Fisher GA, Brophy NA, et al. Clinical trials of
modulation of multidrug resistance. Pharmacokinetic and
pharmacodynamic considerations. Cancer 1993; 72:
3502-14.

11. Toffoli G, Sorio R, Gigante M, Corona G, Galligioni E,
Boiocchi M. Cyclosporin A as a multidrug-resistant
modulator in patients with renal cell carcinoma treated
with teniposide. Br J Cancer 1997, 75: 715-21.

12. Aita P, Robieux I, Sorio R, et al. Pharmacokinetics of oral
etoposide in patients with hepatocelular carcinoma.
Cancer Chemotber Pbharmacol 1999; 43: 287-94.

13. Nerenstone SR, Thde DC, Friedman MA. Clinical trials in
primary hepatocellular carcinoma: current status and
future Cancer Treat Rev 1988; 15: 1-31.

14. Lum BL, Kaubisch S, Yahanda AM, et al. Alteration of
etoposide pharmacokinetics and pharmacodynamics by
cyclosporine in a phase I trial to modulate multidrug
resistance. J Clin Oncol 1992; 10: 1635-42.

15. Bisogno G, Cowie F, Boddy A, Thomas HD, Dick G,
Pinkerton CR. High dose cyclosporin with etoposide—
toxicity and pharmacokinetic interaction in children with
solid tumours. Br J Cancer 1998; 77: 2304-9.

16. Stewart CF, Arbuck SG, Fleming RA, Evans WE. Relation
of systemic exposure to unbound etoposide and hema-
tologic toxicity. Clin Pharmacol Ther 1991; 50: 385-93.

17. Joel S. The clinical pharmacology of etoposide: an update.
Cancer Treat Rev 1996; 22: 179-221.

18. Lien EA, Solheim E, Ueland PM. Distribution of tamoxifen
and its metabolites in rat and human tissues during steady-
state treatment. Cancer Res 1991; 51: 4837-44.

19. Bignon E, Pons M, Dore JC, et al. Influence of di- and tri-
phenylethylene estrogen/antiestrogen structure on the
mechanisms of protein kinase C inhibition and activation
as revealed by a multivariate analysis. Biochem Pbarma-
col 1991; 42: 1373-83.

20. Butta A, MacLennan K, Flanders KC, et al. Induction of
transforming growth factor beta 1 in human breast cancer
in vivo following tamoxifen treatment. Cancer Res 1992;
52: 4261-4.

(Received 18 May 1999; revised form accepted 12
August 1999)

Anti-Cancer Drugs - Vol 10- 1999 819



