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Summary. Oral MPA 1.5 g/day leads to plasma 
concentrations between 1 and 12 ktg/ml, with a broad 
intra- and interindividual variance. The plateau state is 
reached in between 4 and 16 days. Plasma concen- 
trations in the plateau state are very sensitive to dose 
modifications. After cessation of administration, the 
decline in plasma levels seems to proceed in two 
phases, with half-times of about 20 h and 4 days. 
Extraction procedures reveal no benefit in discrimi- 
nating between MPA and its metabolites. 

Introduction 

The first trial with cont inuous high-dose M P A  
administrat ion I M  in advanced breast  cancer  was 
repor ted  in 1974 [24]. Fur ther  studies conf i rmed the 
remarkable  clinical results [5, 10, 20, 22, 23, 26, 27]. 
La ter  on,  the oral  route  of  administrat ion was also 
used,  with a comparab le  therapeut ic  effect [2, 
25]. 

Some clinical and labora tory  observat ions con- 
cerning pharmacodynamics  were repor ted  [23 -26 ,  
30] but  no pharmacokine t ic  data  are now available. 
The  aim of  the present  communica t ion  is to give some 
insight into the pharmacokinet ics  of  M P A  in high 
dosages. 

Patients, Materials, and Methods 

Patients. Within the German association of medical oncology 
(AIO) a phase II study in advanced breast cancer was performed 
with the following therapy schedule: 
1. Mitomycin C 4 mg/m 2 IV for 3 h on days 1-5 and 15-19; 
further cycles after intervals of 3-5 weeks. 
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2. Medroxyprogesterone acetate (Provera, the Upjohn Company; 
trade name in Germany, Clinovir) 1.5 g/day, PO, in three doses of 
500 rag, 100 mg/tablet, continuous administration. 

Further details of the study are published elsewhere [2]. 

Materials and Methods. For the determination of MPA plasma 
concentrations an RIA was established as previously described [9, 
16] with the aid of an anti-MPA goat antibody kindly provided by 
Dr. K. T. Kirton (Upjohn Co., Kalamazoo). The lyophilized 
antibody (goat, no. 16, reference 9980-JCC-112) was dissolved in 
water and diluted in Tris-HCl 0.05 M, pH 8, 1 : 10,000. 

3H-MPA (New England Nuclear), specific activity 40.5 
Ci/mMol, was evaporated, dissolved in ethanol, and diluted in 
Tris-HC1 0.05 M, pH 8, to 5,000 cpm/~tl. 

Assay tubes contained Tris-HC1 0.05 M, pH 8, 100 ~1, 
patients' plasma 100 ~tl, antibody 100 ~tl, 3H-MPA 100 ~1. The 
assay was incubated overnight at 4 ° C, after which 800 ~tl 
Dextran-eoated charcoal was added [16] and the 3,000 g super- 
natant was counted in 10 ml Instagel (Packard). 

In extraction experiments 100 ~tl plasma was extracted with 
2ml diethylether, petroleumether, or benzene/isooctane 2 :1  
(v/v), evaporated to dryness, dissolved in Tris-HC1 0.05 M, pH 8, 
100 ~tl, and assayed as described above. 

For the estimation of extraction efficiency 50 ~13H-MPA was 
added to 200 ~tl free plasma. Of this solution, 50 ~1 was counted. 
The remaining 200 ~tl was extracted with 2 ml organic solvents 
mentioned above and after extraction 50 lxl plasma and 500 ~tl 
solvent were counted as described. 

Results 

Afte r  oral  administrat ion of  M P A  1.5 g/day a rapid 
increase in plasma concentra t ions  is observed  reach- 
ing a steady level in order  of  concent ra t ion  level 
(~tg/ml) (Fig. 1). In  terms of  kinetics, two groups of  
patients can be described in the initial phase,  differing 
in the t ime needed  to reach the pla teau state: in the 
first group,  the final s teady plasma level is reached  
within the first 5 days, as shown by the range and the 
median given on the r ight-hand side of  the panel  
(Fig. 1A). The  shape of  the curve is character ized by 
a peak  for plasma levels in the first phase.  In  the 
second group of  patients there  seems to be a delayed 
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Fig. IA  and B. Initial phase, ranges, and medians of MPA plasma 
concentrations in a 'fast' (A) and a 'slow' (B) group of patients. 
The number of determinations in the plateau state is given on the 
top of the ranges 
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Fig. 3. Ranges and medians of MPA plasma concentrations in 16 
patients. Determinations were carried out in the plateau state 
throughout 
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Fig. 2. Time-course of MPA plasma concentrations in the slow 
group (see also Fig. 1B) 
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Fig. 4. MPA plasma concentrations in the plateau state, monitored 
hourly 

increase in MPA plasma levels (Fig. 1B). After 5 days 
of treatment the lower borderline of the range may be 
reached but the median under steady-state conditions 
is markedly higher (Fig. 1B). From the shape of the 
curves it may be concluded that the plateau state is 
reached after about 2 weeks of treatment (Fig. 2). It 
is not clear whether these different kinetic charac- 
teristics represent two distinct groups of patients or 
just the extremes of a continuous variation. Four 
other patients - initially not monitored as well - 
could be attached retrospectively to one of these 
kinetic characteristics. 

Figure 3 shows a remarkable intra- and interin- 
dividual variation of MPA plasma levels in 16 patients 
under steady-state conditions. These variations are 
apparently dependent neither on the frequency of 
MPA determinations nor on the duration of obser- 
vation. The differences between the individual ranges 
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Fig. 5. Dose reduction from 1,500 to 1,000 mg/day 
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Fig. 6. Elimination kinetics after cessation of MPA administration. 
Day 0 is the last day of application 

Table 1, Extraction efficiency for MPA with various organic 
solvents in the absence of MPA metabolites. The values reflect 
3H-MPA in cpm 

Organic solvent 

Diethyl- Petroleum- Benzene : isooctane 
ether ether 2 : 1 (v/v) 

Plasma before 5,300 5,300 5,250 
extraction 

Plasma after 3,100 4,200 3,300 
extraction 

Extraction 2,400 900 1,950 
phase 

and medians are larger than could be expected to 
result from random variations. 

Figure 4 shows the influence of ingestion of MPA 
500 mg on the actual plasma concentrations under 
steady-state conditions. The slope of MPA concen- 
trations in patient RM seems to reflect the oral 
medication, whereas in patients G H  and BA no 
correlation can be seen. It should be emphasized that 
the periodic administration of mitomycin C had no 
influence on MPA plasma concentrations at any 
time. 

For patient BA the dose was reduced from 1,500 
to 1,000mg due to a change in the therapeutic 
regimen. Figure 5 shows the immediate reduction in 
the level of MPA plasma concentrations. 

Three patients were monitored after the cessation 
of MPA therapy (Fig. 6). Regardless of the level of 
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Fig, 7. MPA concentrations in plasma and after extraction with 
diethylether. The line was inserted by hand 

the foregoing range and median there is a dramatic 
decrease of MPA plasma concentrations at day 1. In 
terms of kinetics, the half-time of MPA in this phase 
is about 20 h. The elimination kinetics seems then to 
switch to a second phase, where half-time seems to be 
3 - 4  days. 

The methodological approach to the determina- 
tion of MPA plasma concentrations by RIA has been 
different [9, 16-18,  28, 31]. Some extraction methods 
were claimed to discriminate between MPA and its 
metabolites [21, 34]. Table i shows that the ether 
extraction is the most effective of the methods tested 
but the efficiency, at least in our hands, was about 
40% in the absence of metabolites. Patients' plasmas 
were also extracted, and Fig. 7 shows an excellent 
linear correlation between determinations in plasma 
and ether extracts over a wide range of concentra- 
tions. The relation is not exactly 6 : 4 ,  so MPA 
metabolites may play a perhaps marginal role in the 
determination of MPA plasma concentrations. 

D i s c u s s i o n  

The continuous oral administration of MPA 1.5 g/day 
leads to an accumulation of the drug in plasma (Figs. 
1 -3 ) .  The different time courses before the plateau 
state is reached may be explained by differences in 
absorption, distribution, and metabolism. It is inter- 
esting to note that the two time-courses in the initial 
phase have some relation with the two half-times 
observed in elimination kinetics (Figs. 1 and 6). 
Underlying a one-compartment model,  the plateau 
state should be reached after four half-times, i.e.,  in 
this case after 4 or 16 days. This is exactly what was 
found in the initial phase. As MPA is highly lipophilic 
a multi-compartment model must be discussed, but 
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the kinetic data described here are at least compatible 
with a one-compartment model. 

In good agreement with previous studies [16], a 
broad intra- and interindividual variation of plasma 
concentrations is observed in the plateau state 
(Fig. 3). These variations appear not only with oral 
but also with IM administration [9, 19, 21, 33]. The 
basis for this phenomenon is not clear. Again 
different influences of the individual patients on drug 
absorption, distribution, and metabolism should be 
discussed. Recently the elevation of plasma estrogens 
during ampicillin therapy was reported [1]. In this 
context the modification of MPA plasma concentra- 
tions by other drugs should be considered. Mitomy- 
cin C, which was part of the therapy schedule in this 
study, had no influence either on the actual plasma 
concentrations or on the plateau state. It is important 
to note that oral administration was followed by much 
higher MPA plasma levels than was IM administra- 
tion [9, 19, 31, 32], with a clear relation between 
dosage and plasma level [31]. 

Plasma levels monitored hourly were relatively 
stable within a day (Fig. 4). Methodological problems 
depending on laboratory techniques could thus be 
excluded. Interindividual differences were also 
observed in the reaction to the daily oral adminis- 
trations. In one patient the plasma concentrations 
reflected the oral doses, whereas in other patients the 
reaction of plasma levels on oral medication was poor 
to say the least (Fig. 4). 

The plateau concentrations were revealed to be 
very sensitive to dose reduction (Fig. 5). Apparently 
there is not a buffered system in which plasma 
concentrations can be kept constant for a while by 
redistribution from a drug reservoir. This sensitivity 
of the plateau state is more pronounced after the 
cessation of therapy (Fig. 6). The rapid decline in 
MPA plasma concentrations is clinically very impor- 
tant. The dose-related 'adequate' MPA plasma levels 
are not known, but for maintenance of the individual 
plateau concentrations continuous oral administra- 
tion is crucial. 

Previous investigations revealed some problems 
in the determination of the 'absolute' levels of MPA 
plasma concentrations [16, 18, 19, 21, 28, 31, 34]. It 
was shown by gas liquid chromatography that in RIA 
determinations plasma concentrations were overesti- 
mated five to ten times [18], and interference from 
MPA metabolites was discussed. The metabolism of 
MPA is not completely clear [1]. The major pathway 
seems to be the modification of the side chains at C17 
and Cel [3, 7, 8, 11-15, 28, 29, 35]. These types of 
metabolites are not recognized by the antibody used 
here [9, 34]. Minor metabolites were found to be 
modified at C3 and C6 [3, 29]. Metabolites of this type 

might be readily bound by the antibody [9, 34], 
leading to overestimation of MPA plasma concen- 
trations. Some extraction procedures were suggested 
to overcome this problem of the RIA technique [16, 
34]. As not all MPA metabolites have yet been 
identified [1] and consequently their solubility in 
organic solvents is unknown, the results of these 
experiments are difficult to interpret. 

When diethylether was used for extraction exper- 
iments only a marginal difference in the extraction 
effectivity could be observed in the presence and 
absence of metabolites (Table 1 and Fig. 7). Theo- 
retically the different relation of MPA and its 
metabolites in the initial phase and after cessation of 
administration could be expected to give rise to some 
kind of hysteresis when plasma levels with and 
without extraction are compared. The absolute linear 
relation of RIA determinations with and without 
ether extraction seems to reflect only the methodo- 
logical difference between the two procedures (Fig. 7 
and Table 1). It may therefore be justified to use the 
direct plasma RIA without extraction, as described 
elsewhere [9, 17]. 

Keeping in mind that gas liquid chromatography 
reveals lower values, MPA plasma concentrations 
found in this study were nevertheless extraordinarily 
high. This may reflect a good bioavailability of the 
drug. 

Clinically, high-dose MPA treatment was remark- 
ably well tolerated as already observed in previous 
studies [23-25]. In terms of pharmacodynamics the 
intrinsic glucocorticoid activity of MPA has a pre- 
dominant significance [6]. 

The complete suppression of ACTH and the 
gonadotropins in the sense of a partial 'pharmaco- 
logical hypophysectomy' may be one of the main 
mechanisms of tumor regression achieved with MPA 
[2, 6]. The selective binding of MPA to the gestagen 
and androgen receptors suggests another more cyto- 
static mechanism of action [4, 5]. The function of 
MPA metabolites in this context is not clear. The 
plasma level related therapeutic efficiency is now 
under investigation. The pharmacokinetics of high- 
dose MPA administration will be only the beginning 
of the evaluation of the significance of gestagens in 
the therapy of advanced breast cancer. 

References 

1. Adlercreutz H, Martin F, J/irvenpaa P, Fotsis T (1979) Steroid 
absorption and enterohepatic recycling. Contraception 
2 : 201- 223 

2. Bartsch H-H, Bastert G, Blossey HC, Douwes FR, Firusian N, 
Hauswaldt C, Illiger HJ, Johanning U, Kleeberg UR, Nagel 
GA, Schierle U, Schreml W, Wander HE (to be published) 



H. C. Blossey et al.: Pharmacokinetics of High-dose MPA in Advanced Breast Cancer 81 

AIO-Studie M 1/79: Mitomycin C and high dose medroxy- 
progesteronacetate in the treatment of advanced breast 
cancer. Verhandlungen der deutschen Krebsgesellschaft 

3. Besch PK, Vorys H, Ullery JC, Barry RD, Couri D (1966) In 
vivo metabolism of H3-medroxyprogesterone acetate in preg- 
nant and nonpregnant women and in the fetus. Am J Obstet 
Gynecol 95 : 228-238 

4. Blossey HC, Bartsch HH, K6bberling J (I980) Binding 
characteristics of medroxyprogesterone acetate to steroid 
receptors in human mamma carcinoma. J Clin Chem Clin 
Biochem 18 : 729-730 

5. Blossey HC, Bartsch HH, K6bberling J (1981) Die m6gliche 
klinische Bedeutung des Androgenrezeptors in Mammacarci- 
nomen. In: Maas H, Jonat W (eds) Steroidhormonrezeptoren 
im Carcinomgewebe. F. Enke Verlag 

6. Blossey HC, Bartsch HH, K6bberling J Nagel GA (to be 
published) High-dose medroxyprogesterone acetate treat- 
ment: plasma levels and endocrine related effects. Verhand- 
lungen der deutschen KrebsgeseUschaft 

7. Castegnaro E, Sala G (1962) Isolation and identification of 
6,17,21-trihydroxy-6-methyl-4-pregnene-3,20-dione (21-ace- 
tate) from the urine of human subjects treated with 6-meth- 
yl-17-acetoxyprogesterone. J Endoerinol 24:445-452 

8. Castegnaro E, Sala G (1971) Pharmacokinetics and metabo- 
lism of medroxyprogesterone acetate. Influence of the route of 
administration and of its physical state. Steroidologia 
2 : 13-26 

9. Cornette JC, Kirton KT, Duncan GW (1971) Measurement of 
medroxyprogesterone acetate (Provera) by radioimmunoas- 
say. J Clin Endocrinol 33:459-466 

10. De Lena M, Brambilla C, Valagussa P, Bonadonna G (1979) 
High-dose medroxyprogesterone acetate in breast cancer 
resistant to endocrine and cytotoxic therapy. Cancer Che- 
mother Pharmacol 2:175-180 

11. Duax WL, Cody V, Griffin J, Hazel J, Weeks CM (1978) 
Steroid structure and function. II. Conformational transmis- 
sion and receptor binding of medroxyprogesterone acetate. J 
Steroid Biochem 9:901-907 

12. Fnkushima DK, Levin J, Liang JS et al. (1979) Isolation and 
partial synthesis of a new metabolite of medroxyprogesterone 
acetate. Steroids 34:57-72 

13. Glenn EM, Richardson SL, Bowman BJ (1959) Biologic 
activity of 6-alpha-methyl compounds corresponding to pro- 
gesterone, 17-alpha-hydroxyprogesterone acetate and com- 
pound S. Metabolism 8 : 265-285 

14. Helmreich ML, Huseby RA (1962) Identification of a 
6,21-dihydroxylated metabolite of medroxyprogesterone ace- 
tate in human urine. J Clin Endocrinol Metab 
22:1018-1032 

15. Helmreich ML, Huseby RA (1965) Factors influencing the 
absorption of medroxyprogesterone acetate. Steroids [Supp] 
II : 79-  95 

16. Hiroi M, Stanczyk FZ, Goebelsmann U, Brenner PF, Lumkin 
ME, Mishel DR Jr (1975) Radioimmunoassay of serum 
medroxyprogesterone acetate (Provera) in women following 
oral and intravaginal administration. Steroids 26:373-386 

17. Jeppsson S, Johansson EDB (1976) Medroxyprogesterone 
acetate, estradiol, FSH and LH in peripheral blood after 
intramuscular administration of depo-Provera to women. 
Contraception 14 : 461-469 

18. Kaiser DG, Carlson RG, Kirton KT (1974) DLC determina- 
tion of medroxyprogesterone acetate in plasma. J Pharm Sci 
63 : 420-424 

19. Laatikainen T, Nieminen U, Adlercreutz H (1979) Plasma 
medroxyprogesterone acetate levels following intramuscular 
or oral administration in patients with endometrial adenocar- 
cinoma. Acta Obstet Gynecol Scand 58:95-99 

20. Mattsson W (1978) High-dose medroxyprogesterone-acetate 
treatment in advanced mammary carcinoma. A phase II 
investigation. Acta Radiol Oncol 17:387-406 

21. Ortiz A, Hiroi M, Stanczyk FZ, Goebelsmann U, Mishell DR 
Jr (1977) Serum medroxyprogesterone acetate (MPA) con- 
centrations and ovarian function following intramuscular 
injection of Depo-MPA. J Clin Endocrinol Metab 
44:32-38 

22. Pannuti F (1977) Moderne prospettive nel trattamento del 
cancero della mammella e delle sue metastasi. Minerva Chir 
32:1-10 

23. Pannuti F (1979) Die hochdosierte Gestagenbehandlung in der 
Therapie des fortgeschrittenen Mammakarzinoms. Onkologie 
2 :54-60 

24, Paunuti F, Martoni A, Pollutri E, Camera P, Lenaz GR (1974) 
Medroxyprogesterone acetate (MAP): Effects of massive 
doses in advanced breast cancer. IRCS 2:1605 

25, Pannuti F, Fruet F, Cricca A (1977a) Pilot trial of the use of 
massive doses of medroxyprogesterone acetate (MAP) orally 
in oncology. IRCS Med Sci 5:433 

26, Paunuti F, Martoni A, Piana E (1977b) Higher doses of 
medroxyprogesterone acetate in the treatment of advanced 
breast cancer. IRCS Med Sci 5:54 

27. Robustelli Della Cuna G, Calciati A, Strada MRB, Bumma C, 
Campio L (1978) High-dose medroxyprogesterone acetate 
(MPA) treatment in metastatic carcinoma of the breast: A 
dose-response evaluation. Tumori 64: 143-149 

28. Royer ME, Ko A, Campbell JA, Murray HC, Evans JS, 
Kaitter DG (1974) RIA for MPA (Provera) using the 
lla-hydroxysuccinate conjugates. Steroids 23:713-730 

29. Sala G, Castegnaro E (1964) Biotransformation of 21-methyl 
into 21-methoxyl steroids. In: Pasqualini JR, Jayle MF (eds) 
Structure and metabolism of corticosteroids. Academic Press, 
London New York, pp 95-102 

30. Sala G, Castegnaro E, Lenaz GR, Martoni A, Piana E, 
Pannuti F (1978) Hormone interference in metastatic breast 
cancer patients treated with medroxyprogesterone acetate at 
massive doses: Preliminary results. IRCS Med Sci 6:129 

31. Salimtschik M, Monridsen HT, Loeber J, Johansson E (1980) 
Comparative pharmacokinetics of medroxyprogesterone ace- 
tate administered by oral and intramuscular routes. Cancer 
Chemother Pharmacol 4:267-269 

32. Sall S, Disaia P, Morrow CP, Mortel R, Prem K, Thigpen T, 
Greasman W (1979) A comparison of medroxyprogesterone 
serum concentrations by the oral or intramuscular route in 
patients with persistent or recurrent endometrial carcinoma. 
Am J Obstet Gynecol 135:647-650 

33. Schwallie PC (1974) Experience with Depo-Provera as in 
injectable contraceptive. J Reprod Med 13:113-117 

34. Shrimanker K, Saxena BN, Fotherby K (1978) A radioim- 
munoassay for serum medroxyprogesterone acetate. J Steroid 
Biochem 9:359-363 

35. Slaunwhite WR, Sandberg AA (1964) Disposition of radio- 
active 17a-hydroxyprogesterone, 6a-methyl-17a-acetony-pro- 
gesterone and 6a-methylprednisolone in human subjects. J 
Clin Endoerinol Metab 21:753-764 

Received June 1/Accepted September 29, 1981 


