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Summary. Nine patients with ovarian carcinoma and malig- 
nant ascites treated with I V  teniposide chemotherapy 
(30 mg/m2/30 min) entered this study. Plasma and perito- 
neal fluid levels were measured by an HPLC method with 
electrochemical detection. Plasma decay kinetics followed a 
triexponential function. A high variability o f  drug diffusion 
in ascites was noticed. Peak concentrations in ascites ranged 
from 1.6% to 20.5% of  serum peak concentration. The con- 
centration in peritoneal fluid reached a maximum level 6 h 
after the infusion ended. Teniposide was less slowly eliminat- 
ed from ascites than from serum. The exposure of  the inflam- 
matory peritoneal fluid to the drug expressed by area under 
the concentration-time curve (A UC) was also subject to signi- 
ficant interindividual variation, ranging from 223 to 
2332 #g /ml  x min. However, theperitoneal A UC was corre- 
lated with serum A UC and with the systemic clearance of  the 
drug. A significant relationship between gamma glutamyl- 
transpeptidase and both systemic clearance and either the 
serum or the peritoneal A UC was found, suggesting that liv- 
er plays a role in drug disposition. 

Introduction 

In the last decade, the semisynthetic derivative of epipodo- 
phyllotoxin, teniposide (VM26), has gained in importance 
because of its effectiveness against a variety of experimen- 
tal and human tumors [3, 4, 1 l, 14], especially ovarian car- 
cinoma [12, 19]. This is the fourth leading cause of cancer 
death in women [17]. One of the poor prognosis factors is 
its propensity to develop intra-abdominal dissemination 
and malignant ascites constitutes a common clinical prob- 
lem of this solid tumor. The data available on the disposi- 
tion of teniposide in malignant peritoneal effusion after IV 
administration of the drug are limited [2, 16]. This study 
was undertaken to analyze the diffusion of VM26 in as- 
cites of ovarian carcinoma and to compare the pharmaco- 
kinetics in plasma and ascites. 

Materials and methods 

Patients. Nine patients with serous ovarian epithelioma 
(mean age 65.1 years) with microscopically proved malig- 
nant ascites entered the study. Inclusion criteria were se- 
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rum creatinine level less than 130 ~tmol/l, blood urea ni- 
trogen less than 7 mmol/1, leukocyte and platelet counts 
greater than 3000/mm 3 and 100 000/mm 3, respectively, 
and a normal bilirubin serum level. All patients had previ- 
ously received different chemotherapy regimens. No pa- 
tient had received irradiation to the peritoneal cavity. 

Drug treatment. Teniposide was administered IV infusion 
over 30 rain (30 m g / m  2 in 125 ml 0.9% NaC1 solution). 

Sample collection. For each patient, blood and ascites sam- 
ples were collected in dry tubes. Samples were taken be- 
fore VM26 administration, at the end of the infusion, and 
at 5, 10, 15, and 30 min and 1, 2, 4, 6, 12, 24, 36, and 48 h 
after the infusion ended. The repeated peritoneal punc- 
tures were performed through a single path. Serum and as- 
cites aliquots were frozen at - 2 0  °C until analyzed. 

Drug assay. The concentration of VM26 in serum and peri- 
toneal samples was assayed in duplicate by a high-per- 
formance liquid chromatography method with electro- 
chemical detection. A volume of 10111 etoposide 
(VP16-213) was added as internal standard to 1 ml plasma 
or ascites. After extraction with 5 ml chloroform, the or- 
ganic phase was dried under vacuum and then redissolved 
in 200 Ixl of the mobile phase. Then 20 ~tl of this solution 
was injected onto a Waters Model 6000 A high-perfor- 
mance liquid chromatograph. Separation was achieved 
with an isocratic solvent system of water (45%), methanol 
(54%), acetic acid (1%), and 250 mmol ammonium acetate 
at a flow rate of 1.5 ml/min using a 30-cm-long tx 
Bondapack C 18 (10 Ixm) column. The electrochemical de- 
tection apparatus used comprised a Faraday cage enclos- 
ing a TL-5 glassy carbon electrode and an LC-4 controller, 
both purchased from Bioanalytical Systems (West Lafay- 
ette, Ind, USA). The electrochemical potential was set at 
+900 mV against an Ag/Ag C1 reference electrode. The 
detection limit of VM26 in this system was 20 ng/ml. The 
assay's percentage coefficient of variation, on a day-to-day 
basis, was 6.3%. 

Pharmacokinetic calculations. The following formulae were 
used for pharmacokinetic evaluation. 

AUC --- area under the plasma or ascites concentration- 
VS-time curve (0~oo) extrapolated to infinity 
(trapezoidal method) expressed in micrograms 
per milliliter per minute 
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Vdss 

Y 

Clp 

= apparen t  volume of  dis tr ibut ion 1/m 2 = 
Dose ixg/m 2 

A U C  x y 
= apparen t  f irst-order rate constant  for e l iminat ion 

o f  drug from the body  
Dose R,g/m 2 

= systemic clearance = 
A U C  ( 0 ~  oo) 

Statistical analysis. Simple l inear  regression analysis  was 
per formed  to identify significant (P<0.05)  relat ionships 
between various pharmacokinet ics  parameters  (AUC, Clp, 
Vd~s ) and pat ient  b iochemical  variables. When  necessary, 
appropr ia t e  log t ransformat ions  were carried out to nor-  
malize distr ibut ions and to stabilize variances.  

Results 

Fol lowing the infusion per iod  VM26 d i sappeared  from 
p lasma  following a t r iphasic  pattern.  Table 1 summarizes  
the b lood  pharmacokine t ic  parameters  of  the patients.  The 

mean  sequential  concentrat ions of  VM26 vs t ime are 
shown in Fig. 1. Ini t ial  VM26 p lasma levels ranged from 
2.7 to 9.3 lxg/ml and decl ined with mean (4-SD)  half-lives 
of  56 4- 23 rain, 4.45 4- 1.47 h, and 20.3 4- 4.94 h. 

The systemic clearance and the steady-state volume of  
dis tr ibut ion were, respectively,  1 6 . 8 0 + 5 . 3 5 m l / m i n / m  2 
and 29.75 _ 9.63 1/m 2. 

A high var iabi l i ty  in per i toneal  levels was noted 
(Fig. 2), with peak  values ranging from 110 n g / m l  up to 
1693 ng/ml .  However ,  this max imum concentra t ion was 
reached between 6 and 12 h after the infusion ended 
(Table 2). Serum and ascites levels were equal after 24 h 
for  seven of  our nine patients. In the two remaining  cases, 
the asc i tes /serum ratio concentrat ion remained  be low'  
0.25. 

In seven cases, per i toneal  levels;decl ined more slowly 
than serum levels. As shown in Table 2, the half-life of  the 
terminal  e l iminat ion phase in ascites ranged from 36.1 to 
65.0 h, while serum T% var ied  between 17.l and 27.4 h. 
For  the two other patients,  who had the highest drug diffu- 
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Fig. 1. Semilogarithmic plot of mean serum concentration ( _  SD) 
of VM26 vs time following IV administration of 30 mg/m 2 in nine 
patients suffering from ovarian carcinoma with malignant ascites 
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Fig. 2. Semilogarithmic plot of ascites concentration of VM26 vs 
time following IV administration in nine patients suffering from 
disseminated ovarian carcinoma 

Table 1. Pharmacokinetic parameters of VM26 after IV administration to patients suffering from ovarian carcinoma 

A tx T~'2 ct B I~ T½ [3 C y T½ y AUC Clp Vd 
(~tg/ml) (min-I) (min) (p~g/ml) (h-l) (h) (I.tg/ml) (h-I) (h) (p,g/mlxmin) (ml/min/m 2) (1/m 2) 

G 6.501 0.0127 54 2.24 0.0964 7.18 0 . 7 9 7 8  0.0288 24.1 1887 15.66 33.12 
V 2.69 0.0072 96 1.33 0.904 3.72 0.96 0.0347 17.3 1489 20.14 34.83 
T 8.536 0.0187 37 2.49 0.1802 3.84 0.317 0.0405 17.1 1950 15.38 22.78 
M 6.38 0.0173 40 1.02 0.115 6.01 0.397 0.0385 18.1 1160 26.08 40.65 
D 6.871 0.0169 41 2.29 0.211 3.28 0.511 0.0328 21.1 1258 23.85 43.60 
J 7.840 0.0144 48 2.22 0.1211 5.72 0.8384 0 .0253 27.4 2319 12.97 30.75 
R 9.370 0.0079 87 4.45 0.1957 3.54 0.292 0.0306 22.6 2170 13.83 27.11 
H 7.441 0.0095 72 4.18 0.182 3.80 0.471 0.0288 24 2883 10.41 21.68 
E 7.961 0.0213 32 4.11 0.235 2.95 2.07 0.0587 11 2320 12.94 13.23 
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Table 2. Comparison of serum and ascites pharmacokinetic parameters of VM26 after IV administration in patients with disseminated 
ovarian carcinoma 

Patient Peritoneal Peak concentration Half life of terminal AUC (0 ~ co) Clearance 
fluid (ng/ml) elimination phase (h) (Ixg/ml x m i n )  (ml/rnin/m 2) 
protein (g/l) Serum A s c i t e s  S e r u m  A s c i t e s  S e r u m  Asc i t e s  Peritoneal Systemic 

G 18 6800 110 24.1 36.5 1887 223 201 15.89 
V 40 2820 113 17.3 36.1 1489 283 158.7 20.14 
T 49 8100 164 17.1 60.2 1950 510 88.1 15.83 
M 38 5940 255 18.1 53.7 1160 536 84.03 26.08 
D 42 6935 313 21.1 65.4 1258 755 59.64 23.85 
J 54 8200 678 27.4 60 2319 1432 31.41 12.97 
R 31 9300 422 2Z6 57.8 2170 1442 31.22 13.83 
H 48 7400 1030 24 24 2883 2332 19.30 10.41 
E 53 8260 1693 11 11 2320 2104 21.40 12.94 

sion in the peritoneum, levels declined in parallel with 
those in serum. The high variability in drug diffusion 
across peritoneum is emphasized by pharmacokinetic eval- 
uation of ascites AUC: levels differed by a factor of 10 and 
the ascites/serum AUC ratio, between 0.12 and 0.91. 

Figure 3 summarizes a study of simple linear regres- 
sion analysis between pharmacokinetic parameters and 
biochemical variables. Log (GGT) is correlated both with 
serum (Fig. 3 a) and peritoneal AUC, and also with system- 
ic clearance. A significant relationship is observed between 
serum pharmacokinetic parameters (AUC, Clp., Vdss) and 
peritoneal AUC (Fig. 3b). On the other hand, the volume 
of distribution at steady-state is correlated with log (albu- 
min) (r= 0.749, P < 0.02) (Fig. 3 c). A significant correlation 
is also found between logarithm of peritoneal fluid protein 
and both peritoneal clearance (r=0.710, P<0.05) 
(Fig. 3 d), and the peritoneal clearance/systemic clearance 
ratio (r= 0.747, P<  0.02). 

E 

~3000 
% 

~2500 

g 

(a) 

4 C  

r = 0.782 .~ 20 
p<0.01 

10 

2 tog (GGT)3 

(c) 

r= 0.749 . . ' ~ .  p < 0 02 

-. . . .  
1.4 1.5 1.6 

Log (Alb) 

~3oo0. 

g 

< 

~ 700 

(b) 

p.,=O.Ol ~ i~ 

Ped~neol AU.C (l~/mt,~) 

(d) 

. r= 0.710 

lct'j (Peritoneel fLud pr', ~ 

Fig. 3 a-c. Significant relationships identified by simple linear re- 
gression analysis of serum AUC. (a, b), Vds~ (e) and peritoneal 
clearance (d) in patients with disseminated ovarian carcinoma 

Discussion 

While teniposide is widely used in systemic chemotherapy 
of ovarian carcinoma, few authors have studied VM26 
pharmacokinetics in cases of malignant ascites [2, 16]. 

In our report, as in the studies of Allen and Creaven [1] 
and Creaven [5], VM26 plasma decay kinetics follow a 
triexponential function, which differs from previous data 
recorded in adults [6] and children [4, 7], where biexponen- 
tial decay is described. 

As in many other reports [1, 18] a high interindividual 
variability in pharmacokinetic parameters is observed, 
which leads us to wonder whether the administration of a 
drug in doses related to body weight or body surface area 
really does ensure that each patient is effectively exposed 
to comparable amounts [8]. 

The strong correlation between elevated GGT and di- 
minished systemic clearance or increased serum AUC un- 
derlines, as reported by Sinkule et al [18], the suspected 
role of the liver in drug distribution. From this point of 
view, previous pharmacokinetic studies [15] have shown 
VM26 to be conjugated by the liver as glucuronide or sul- 
fate derivatives, and to be predominantly excreted via bile. 
A diminished systemic clearance may be related to hepatic 
cellular damage or hepatic obstruction by tumor, as 
reflected in elevated serum GGT. 

In addition, we note a relationship between Vdss and 
serum albumin, which suggests that VM26 bioavailability 
is influenced by protein binding. In vitro analysis of pro- 
tein binding to human serum albumin has emphasized that 
the physiological magnitude of the binding of VM26 is suf- 
ficient (>  104 M -1) to influence the distribution and elimi- 
nation of this drug in vivo [9]. 

Our study demonstrates that although the diffusion of 
teniposide across the peritoneal membrane can vary from 
patient to patient by a factor of 10, it is significantly relat- 
ed to serum pharmacokinetic parameters (AUC, Clp, 
Vdss). 

The interindividual variabilities in peritoneal drug dif- 
fusion already underlined by Sessa et al. [16] can be ex- 
plained to some extent by the fact that patients have vary- 
ing volumes of ascites with different protein concentra- 
tion. According to the molecular weight and lipid solubili- 
ty of the drug, direct instillation of teniposide into the per- 
itoneal cavity in patients with ovarian cancer (phase I tri- 
al) should let us know whether a higher drug concentration 
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could be achieved with acceptable local toxicity. The re- 
cently reported phase I trials of IP cisplatin [13] and  mel- 
phalan  [10] have already shown a pharmacologic advan- 
tage for IP administration.  Epipodophyllotoxin deriva- 
tives given IP might be expected to have a lower dose-li- 
miting toxicity from systemic drug effects. 
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References 

1. Allen LM, Creaven PJ (1975) Comparison of the human phar- 
macokinetics of VM26 and VP16, two antineoplastic epipodo- 
phyllotoxin glucopyranoside derivatives. Eur J Cancer 11: 
697 

2. Allen LM, Tejada F, Okonmah AD, Nordqvist S (1982) Com- 
bination chemotherapy of the epipodophyllotoxin derivatives, 
teniposide and etoposide. A pharmacodynamic rationale? 
Cancer Chemother Pharmacol 7: 151 

3. Broggini M, Colombo T, D'Incalci M (1983) Activity and 
pharmacokinetics of teniposide in Lewis lung carcinoma- 
bearing mice. Cancer Treat Rep 67:555 

4. Creaven PJ (1982) The clinical pharmacology of VM26 and 
VP16-213. A brief overview. Cancer Chemother Pharmacol 7: 
133 

5. Creaven PJ, Allen LM (1975) PTG, a new antineoplastic 
epipodophyllotoxin. Clin Pharmacol Ther 18:227 

6. D'Incalci M, Garattini S (1983) Podophyllotoxin derivatives: 
VPI6 and VM26. In: Pinedo HM, Chabner BA (eds) Cancer 
chemotherapy. Elsevier, Amsterdam New York Oxford, p 100 

7. Evans WE, Sinkule JA, Crom WR, Dow L, Look AT, Rivera 
G (1982) Pharmacokinetics of teniposide (VM26) and etopo- 
side (VP16-213) in children with cancer. Cancer Chemother 
Pharmacol 7:147 

8. Garattini S (1983) Is it necessary to measure plasma levels of 
anticancer drugs? Biomed Pharmacother 37:209 

9. Gilette JR (1973) Overview of drug protein binding. Ann NY 
Acad Sci 236:6 

10. Howell SB, Pfeifle CE, Olshen RA (1984) Intraperitoneal 
chemotherapy with melphalan, Ann Intern. Med 101 : 14 

11 Issel BF (1982) The podophyllotoxin derivatives VP 16-213 
and VM26. Cancer Chemother Pharmacol 7:73 

12. Jankowski RP, Vahrsson H (1977) The toxicity of massive 
doses of VM26 (4-demethyl-epipodophyllotoxin ~-D- 
thenylidene glucoside). A contribution to the therapy of adv- 
anced ovarian cancer. Med Klin 72:2122 

13. Pretorius RG, Hacker NF, Berek JS, Ford LC, Hoeschele JD, 
Butler TA, Lagasse LD (1983) Pharrnacokinetics of IP cis- 
platin in refractory ovarian carcinoma. Cancer Treat Rep. 67 : 
1085 

14. Rozencweig M, Van Hoff DD, Henney JE (1977) VM26 and 
VP16-213. A comparative analysis. Cancer 40" 334 

15. Sandoz Pharmaceuticals (1967) VM26. Research Department, 
Hanover NJ (Preclinical brochure) 

16. Sessa C, D'Incalci M, Farina P, Rossi C, Cavalli F, Mangioni 
C, Garattini S (1982) Pharmacokinetics of VM26 after 60 mi- 
nutes or 24 h continuous infusion. Proc Am Assoc Cancer Res 
23 : 128 

17, Silverberg E, Holleb AI (1974) Cancer statistics. Cancer 21: 
13 

18. Sinkule JA, Stewart CF, Crom WR, Melton ET, Dahl GV, 
Evans WE (1984) Teniposide (VM26) disposition in children 
with leukemia. Cancer Res 44:1235 

19. Spremulli E, Schulz JJ, Speckhart VJ, Wampler GL (1980) 
Phase II study of VM26 in adult malignancies. Cancer Treat 
Rep 64: 147 

Received October 8, 1984/Accepted January 22, 1985 


