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Cyproterone Acetate-Mechanism of 
Action and Clinical Effectiveness in 
Prostate Cancer Treatment 
F. H. Schroder, M.D. 

Endocrine treatment of prostate cancer is palliative in 
nature. Only very rare instances of complete disappear- 
ance of prostate cancer due to endocrine management 
have been reported; even evidence for prolongation of 
life because of endocrine management is scarce. There 
is no randomized trial available in the literature that 
gives a conclusive answer to this question. The best evi- 
dence for the effectiveness of endocrine management is 
indirect and is derived from differences in time to pro- 
gression, survival corrected for cancer death, and over- 
all survival between treatment arms of some of the 
trials reported in the literat~re.'-~ As with any other 
type of palliative management of human disease, the 
issue of side effects is particularly sensitive if a cure is 
not an option. The effectiveness of cyproterone acetate 
(CPA) is well established in monotherapy in compari- 
son to standard forms of treatment.'f4 The available in- 
forma tion has been summarized recently by Golden- 
berg et al.' The side effects of CPA have been studied 
carefully within prospective randomized and phase I1 
studies and have been found to be infrequent and ac- 
ceptable to patien ts. 'A 

The usefulness of CPA in the management of pros- 
tate cancer, especially in total androgen blockade regi- 
mens, recently has been challenged by findings in ex- 
perimental systems that suggest that CPA is andro- 
genic.',* Because of its proven effectiveness in 
monotherapy and because of its favorable side effect 
profile, CPA is used widely in many countries for the 
management of metastatic or locally extensive prostate 
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cancer. The purpose of this paper to discuss the role of 
CPA in prostate cancer management and to analyze the 
possible arguments against its use. 

Mechanism of Action of Cyproterone Acetate 

Antiandrogens are substances that counteract exoge- 
nous androgens in castrated animals. CPA meets the 
criteria of this definition with regard to all standard 
models. Neumann and Kramer' originally described the 
antiandrogenic properties of CPA. In a comparative 
study of the male rat accessory sexual organs, Neri et 
a1.l' compared CPA to flutamide and confirmed the 
antiandrogenic properties of both substances. They also 
found that, in equal dosages, flutamide was about twice 
as potent as CPA in inhibiting the exogenous andro- 
genic stimulation of castrated rats. 

Cyproterone acetate is a steroidal antiandrogen 
that is related closely in structure to progestogens. Con- 
trary to the so-called pure antiandrogens, CPA also has 
been shown to exert gestagenic and glucocorticoid ef- 
fects. Because it inhibits the negative diencephalic pitu- 
itary testicular feedback system, it lowers luteinizing 
hormone (LH) and testosterone production and plasma 
levels. Several investigators, including Knuth et al.," 
who studied the effect of CPA and flutamide in 20 nor- 
mal young men over a 2-week period, have shown that 
plasma testosterone levels after 2 weeks of CPA treat- 
ment are decreased to about 25% of the original values. 
Plasma estradiol, dihydrotestosterone, LH, and follicle 
stimulating hormone levels also were decreased signifi- 
cantly after 8 and 14 days of treatment. This study 
shows quite clearly the short-term differential effects of 
CPA and flutamide on plasma hormones. Although 
CPA was found to cause a decrease of androgens and 
estrogens as well as both gonadotropins, flutamide led 
to a significant increase of steroid hormone and LH lev- 
els. In men with intact testosterone production, this 
finding indicates that CPA has to block at the target cell 
level, smaller amounts of androgens than pure antian- 
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Table 1. Biological Effects of Pure (FLU) and 
Steroidal (CPA) Antiandrogens in Intact 
Males and Intact Male Rats 

FLU CPA 

Plasma 
T 
DHT 
E, 
LH 

Rat, accessory organs 
Leydig cells 
Size human prostate cancer 
Size human BPH 
Gynecomastia 
Libido 
Potency 

Increase 
Increase 
Increase 
Increase 
Decrease 
Hypertrophy 
Decrease: 

+ 
+ 
+ 
+ 

Decrease 
Decrease 
Decrease 
Decrease 
Decrease 
Atrophy 
Decrease 

- 

Decreased 
Decreased 

T: testosterone; FLU: flutamide; C P A  cyproterone acetate; DHT: dihydrotes- 
tosterone; E,: estradiol; LH: luteinizing hormone. 
* No long-term observations available. 

drogens have to block in a monotherapy situation, 
which leads to an elevation of plasma androgen levels. 
The different biologic effects of pure and steroidal an- 
tiandrogens of the flutamide and CPA types in intact 
men and intact male rats are summarized in Table 1. 

The mechanism of action of CPA at the molecular 
level has never been described conclusively. Brinkman 
et a1.I' and Huang et found that, in rat ventral 
prostate nuclei, CPA interferes with androgen binding 
to the androgen receptor. It is possible that CPA inter- 
feres with the translocation of the androgen receptor 
from the cytoplasm to the nuclear compartment." CPA 
given to rats or humans leads to a decrease in the con- 
centrations of androgen receptors in the nucleus of an- 
drogen-sensitive cells (e.g., epithelial cells of the ventral 
rat prostate). At the transcription level, the effects of 
CPA also include a reduction of androgen-dependent 
cellular functions, such as a reduction of acid phospha- 
tase, prostate specific androgen, and androgen-depen- 
dent enzymes such as 5-a-reductase. 

CPA in rats and humans leads to prostatic atrophy, 
reflected in prostatic weight loss. In humans, this effect 
has been proven beyond doubt, at least in pathologic 
conditions such as benign prostatic hyperplasia and 
prostate cancer. Histologically, in regard to the prostatic 
volume reduction, the effect of CPA is similar to that of 
castration in the human patient. The study by Scott and 
WadeI4 showed also that a significant reduction in epi- 
thelial height is achieved with CPA treatment. 

In addition to its antiandrogenic and antigonado- 
tropic activity, CPA also exerts a mild glucocorticoid 
action. This is most evident in the resultant reduction in 

adrenal weight, which can be counteracted by adreno- 
corticotrophic 

Dosage of Cyproterone Acetate 

The determination of the proper dosage of antihor- 
mones is difficult. The only direct and proper parameter 
is the target-cell response, which is often difficult to 
study. Several principles have been used to find proper 
doses for humans. The proper dosage has been calcu- 
lated according to standard technology by using con- 
version factors based on the body surfaces of animals 
and humans. In the case of CPA, the rat model was 
used. It was found that 25 mg of CPA per kg body 
weight results in complete prostatic regression in intact 
animals. The conversion factor from rat to human, 
based on body surface, is 6; therefore, the proper hu- 
man dose of CPA calculated on this basis is 4 mg/kg. 

Other techniques for defining the proper dosage of 
CPA have been applied and have confirmed the valid- 
ity of the extrapolation from the rat model. A compari- 
son of tissue levels in target organs of the hormones to 
be counteracted (testosterone and dihydrotestosterone) 
to CPA levels has been used. In this comparison, the 
relative binding affinities of androgens and antiandro- 
gens for the androgen receptor are relevant. Wakeling 
et aI.l5 determined the relative binding affinities of an- 
drogens and antiandrogens for the rat prostate andro- 
gen receptor. The synthetic antiandrogen R 1881 was 
used as a reference; its affinity was considered to be 
100%. On a relative scale, after 5 hours, the affinities of 
testosterone, dihydrotestosterone, and CPA were 
found to be 20%, 68.970, and 3.27%, respectively. This 
finding indicates that a 20-30-fold excess of CPA 
should neutralize cellular androgen levels. Several 
gro~ps'~*'~,' ' have studied the effects of androgens and 
CPA in human and rat prostates and in cellular as well 
as subcellular fractions (e.g., stroma, epithelium, cyto- 
plasm, and nuclei). There are considerable variations in 
the results, which probably are caused by the methodo- 
logic difficulties encountered in the various studies. 
Most authors, for example, recovered more CPA when 
they added up the amounts of CPA in the various frac- 
tions and in the wash fraction. All of these studies, how- 
ever, found that the level of CPA was at least 30 times 
that of dihydrotestosterone. The findings by de Jong et 
al." are outlined in Table 2. These values are related to 
homogenized whole human tissue. 

Another option to determine the proper dosage in 
humans obviously is to study the biologic response of 
the target tissue. Scott and WadeI4 used only 50 mg of 
diethylstilbestrol per day in the management of 13 pa- 
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Table 2. Prostatic Tissue Levels of CPA, T, and DHT 
After 3 Weeks of Treatment With 200 mg CPA/day 
(pmol/g Wet Weight) Versus Control 

CPA (n = 7) Control (n = 10) 

DHT 5.4 k 0.6* 
T 3.25 f 0.54 
CPA 151 k 22 

20.4 t 3.0 
4.94 f 2.21 
- 

DHT: dihydrotestosterone; T testosterone; CPA cyproterone acetate. 
Data from de long et al. (1992). 
* Sianificantlv different from control. 

tients suffering from benign prostatic hypertrophy and 
found that this dosage reduced plasma testosterone val- 
ues to about 70% of the pretreatment levels. In addi- 
tion, the authors evaluated prostatic atrophy by per- 
forming prostatic biopsies before and after various pe- 
riods of treatment. The histologic picture of atrophy 
was identical to that achieved after castration for be- 
nign prostatic hypertrophy. Obviously, the proper dos- 
age needs to be assessed in clinical comparison to stan- 
dard treatment. The European Organization for Re- 
search and Treatment of Cancer Genitourinary Group’ 
compared a 250 mg dose of CPA to a 3 mg dose of 
diethylstilbestrol and found them to be equally effec- 
tive. Bosch et al.’* compared the effect of the LHRH 
analogue buserelin to dosage of 200 mg of CPA per 
day. Castration values of plasma testosterone were 
reached in five of the six patients in the buserelin- 
treated group; the remaining patient was excluded from 
the evaluation. Prostatic volume reduction achieved 
with both regimens was very similar. 

This information, together with a favorable profile 
of side effects, has established the routine use of CPA as 
monotherapy in many countries around the world. 

Does Cyproterone Acetate Act as an Androgen? 

CPA does not exert any androgenic effects in any of the 
available standard biologic models at dosages that sup- 
press androgen-dependent functions. There is no viril- 
ization of female fetuses of mice, rats, sheep, pigs, and 
dogs, as reported by Neumann and Steinbeck.” The 
reduction in the weight of rat accessory organs, i.e., the 
ventral prostate and the seminal vesicles, caused by 
CPA treatment is not different from that which results 
from Graf et a1.” have shown that in fetal 
development, the male differentiation of Wolffian duct 
structures is counteracted by CPA treatment, except in 
those animals that show a paradoxical response to es- 
trogen (e.g., rabbits and guinea pigs). 

In a number of biologic situations, CPA seems to 
exert a mild androgenic effect. All these biologic situa- 
tions are exceptional. They are summarized in Table 3 
and will be analyzed subsequently. 

In pregnant guinea pigs and rabbits, CPA causes 
complete feminization of the male offspring: all internal 
and external male rat structures, those derived from the 
Wolffian duct system and also those derived from the 
urogenital sinus, are feminized. It is remarkable that in 
the same situation the same Wolffian and urogenital 
sinus-derived structures that are feminized in the male 
offspring are masculinized in the female. This effect is 
not dose related, and it occurs to a less pronounced 
degree in the rabbit than in the guinea-pig. 

In rats and mice, one sees neither an inhibition of 
the fetal Wolffian ducts in the male nor a stimulation of 
the Wolffian duct structures in the female. The same 
male fetuses will show complete feminization of the 
urogenital sinus-derived male structures. If estradiol is 
given to pregnant rats or mice, masculinization of the 
Wolffian structures in the female fetuses is observed. 
This effect is accentuated by CPA.’l This so-called par- 
adoxical effect of estrogens in female fetuses is unex- 
plained; once again, a similar effect is not seen in other 
species.” In addition, flutamide exerts the same syner- 
gistic effect with estradiol in rats and mice as does fluta- 
mide alone.” 

Considering the facts cited above, it does not make 
sense to consider the biologic phenomena described 
above as being related to androgenic activity of CPA. 
The crucial point is that the mechanisms of regression 
of the Wolffian duct structures in female fetuses are still 
poorly understood. In addition, it is not understood 
why Wolffian duct regression is stimulated by CPA 
alone in some species (e.g., guinea pigs and rabbits), 
stimulated in synergism with estrogens in other species 
(e.g., rats and mice), and inhibited in most other studied 
species ( e g ,  pigs, dogs, and sheep). Furthermore, the 
fact that CPA treatment causes the same systems in 

Table 3. Possible Androgenic Effects of CPA 

Guinea pig and rabbit: virilization of female fetuses2’,‘’ 
Rat and mouse: no inhibition of the fetal Wolffian ducts (male), 

Stimulation of beta-glucuronidase in mouse  kidney^*^,^^ 
Stimulation of the rat ventral prostate (VP) at very high dosages” 
Weak inhibition of the rat VP involution after castration and 

abolition this effect by FLUs,** 
Stimulation of clonal o ulations of the Shionogi mouse mammary 

tumor line in vitro7, 
FLU: flutamide; E,: estradiol. 

stimulation Wolffian ducts in female fetuses in synergy with E,23 

P -P 



Cyproterone Acetate in Prostate Cancer/Schr&jer 3813 

adult male guinea pigs and rabbits to undergo atrophy 
also is unexplained. If masculinization of Wolffian duct 
structures in the female rat is induced by testosterone, 
this effect is antagonized completely by CPA.'* This 
phenomenon, together with the fact that in all other 
species internal and external genitalia of male off spring 
are feminized by CPA, indicates that masculinization 
caused by CPA in female fetuses cannot be interpreted 
as an androgenic effect and certainly has no relevance 
to the adult prostate. 

Mouse Renal B-Glucuronidase 

Beta-glucuronidase in the kidney of castrated mice can 
be stimulated by test~sterone.'~ Although the results of 
other authors have been ambivalent, Fischer26 showed 
that CPA causes a clear stimulation of renal P-glucuroni- 
dase in castrated male mice. A similar effect is not seen 
with flutamide. Because, in such animals, the classical 
androgen target organs show complete regression, and 
classical gestagens, such as megestrol acetate and me- 
droxyprogesterone acetate, reveal a potent intrinsic 
stimulative effect on renal P-glucuronidase, it is likely 
that the stimulation seen in the castrated animal is 
caused by the gestagenic effect of CPA. 

Stimulation of the Rat Ventral Prostate 

At very high dosages, 100 mg/100 g of body weight 
(which is 100 times higher than the maximally sup- 
pressing dose in the same situation), a slight stimulation 
of seminal vesicles and of the ventral prostate in cas- 
trated rats was seen." It never was investigated 
whether flutamide can this counteract this effect. In any 
case, high dosages comparable to those used in the de- 
scribed experiments," would never be applied to hu- 
mans. Using the formula indicated for finding dosages 
for humans, noted above, the human dosage calculated 
on the basis of 100 mg/100 g rat body weight would 
amount to 160 mg/kg, or 12 g instead of 300 mg, in a 
man with a body weight of 75 kg. 

Inhibition of Ventral Prostate Involution 

Poyet and Labrie' have shown that CPA inhibits the 
complete involution of the ventral prostate after castra- 
tion of adult male rats. They treated the animals with 
CPA for 3 weeks starting 24 hours after castration. In 
this situation, CPA, unlike flutamide, inhibited pros- 
tatic involution in a statistically significant fashion; 
however, this effect could be counteracted by fluta- 
mide. Habenicht et al.9 repeated these experiments and 

could not reproduce the inhibitory effect of CPA on 
prostatic involution by flutamide. In addition, they 
showed that if treatment was started 7 days after cas- 
tration, the stimulative effect disappeared. In any case, 
with flutamide, CPA, or CPA plus flutamide, a volume 
reduction to less than 10% of the original volume oc- 
curred in the experiments of Poyet and Labrie' and Ha- 
benicht et al.27 Several authors, including Isaacs et al.,29 
have shown that the involution process of the prostate 
after castration is an active process that is not governed 
onIy by androgens. It is effected by glucocorticoids, cal- 
cium antagonists, and protein-synthesis inhibitors. This 
model probably is irrelevant to the study of the effect of 
antiandrogens. Obviously, CPA does not satisfy the 
classical definition of an antiandrogen which states that 
an antiandrogen should increase or restore to normal 
the weight of the ventral prostate after castration. 

Stimulation of the Shionogi Mouse Mammary Tumor 

Noguchi et al.30 have studied the effect of CPA alone 
and in combination with estradiol in the androgen and 
estrogen-dependent Shionogi mouse mammary tumor 
in vivo. Their experiments were designed to ascertain 
whether the estrogenic effect on growth stimulation 
seen in this line was not mediated by the androgen 
receptor. Although CPA completely neutralized the ef- 
fect of androgenic stimulation, it did not decrease or 
abolish the stimulation effect on this line caused by es- 
tradiol. As in the observations of Neri," the authors 
found a stimulation of the line by very high dosages of 
CPA (0.4-2.0 mg per mouse per day). This pharmaco- 
logic effect was seen with the same dosages that would 
neutralize the action of exogenous androgen on the 
Shionogi tumor completely. Jung-Testas31 confirmed 
that CPA completely abolishes the effect of androgens 
on Shionogi cells in vitro by using morphological crite- 
ria, growth, and specific protein synthesis as parame- 
ters. In 1987, Omukai et al.32 revealed that growth and 
function of the Shionogi tumor line is also dependent 
on glucocorticoids. The stimulative effect of dexameth- 
azone, however, was significantly less pronounced 
than that of testosterone. Dexamethazone was used at 
pharmacologic dosages. Luthy et al.7 confirmed in vitro 
that CPA causes a slight but statistically significant stim- 
ulation of the growth of the Shionogi line. This stimula- 
tion was concentration-dependent and was shown to 
be counteracted by flutamide-hydroxide. Considering 
the very high dosages used in in vivo experiments that 
show an androgenic effect of CPA, and considering the 
artificial character of the in vitro situation together with 
the effect of CPA in standard models for the study of 
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antiandrogens, it appears highly unlikely that CPA, 
used therapeutically in humans, exerts an androgenic 
effect. In vitro studies must be assessed with great cau- 
tion. This is demonstrated very well by the fact that in 
another system, the human prostate cancer line 
LNCaP, the stimulative effect of CPA and estradioP3 
could be explained by a mutation of the androgen re- 
~ e p t o r . ~ ~  The role of similar changes have not been ex- 
cluded as explanation for changes in the Shionogi line. 
The stimulative effect of CPA also can be explained by 
its well described glucocorticoid  effect^.','^ 

Clinical Effectiveness 

It already has been mentioned that the effectiveness of 
CPA as monotherapy has been established in compari- 
son to diethylstilbestrol by two randomized compara- 
tive studies. These studies revealed no differences in 
time to progression or survival between the two drugs 
and indicated that the side effects of CPA were signifi- 
cantly less pronounced than those of diethylstilbes- 

In total androgen blockade regimens, treatment 
with CPA in combination with castration or an LHRH 
analogue has failed to produce significant differences in 
rates of progression, cancer death, or survival in com- 
parison with castration and LHRH agonist monother- 
apy.35*36 Total androgen suppression regimens, on the 
other hand, have shown the effectiveness of CPA in 
eliminating biologic and biochemical flare, the signs of 
exacerbation that occur as a result of the initial rise of 
plasma testosterone caused by LHRH.37,38 Although it is 
not certain whether a beneficial effect of total androgen 
blockade using pure antiandrogens will ever be 
proven3’ (see ”Overview of Phase I11 Trials on Com- 
bined Androgen Treatment in Patients with Metastatic 
Cancer” by Denis et al., on page 3888 of this issue of 
Cancer), it also is possible that the patients with favor- 
able prognostic factors who have benefited from this 
treatment in some studies are not present in the two 
negative protocols using CPA.2,40 

Conclusions 

tro1. ln4 

CPA has a dual mechanism of action: it is a strong an- 
tiandrogen and also exerts gestagenic and glucocorti- 
coid effects. This substance has been shown in humans 
in monotherapy to be equally effective as standard 
treatment and is associated with significantly fewer side 
effects than are estrogens. The recommended dosage of 
200-300 mg/day is adequate according to all available 
parameters. Evidence from studies of patients with be- 
nign prostatic hypertrophy treated with CPA shows 

that even 50 mg causes atrophy, an effect comparable 
to to that caused by castration. Because the amount of 
antiandrogens in circulation and in prostatic tissue is 
reduced markedly after castration, a lower dosage 
would seem to be equally potent in total androgen 
blockade regimens. Androgenic effects of CPA are not 
seen in classical models recommended and used for the 
study of antiandrogens, except in exceedingly high dos- 
ages (40-100-fold). Apparent androgenic effects seen 
in very specific embryonal situations and with the re- 
tardation of prostatic involution in rats after castration 
can be explained by other causes. The same is true for 
the apparent stimulation of the Shionogi mouse mam- 
mary tumor line observed in vitro. Clinical evidence for 
stimulation of androgen-dependent functions in hu- 
mans with recommended and commonly used dosages 
are not known. With the use of CPA, no differences in 
time to progression, the rate of cancer death, or survival 
rates were reported in two published randomized pro- 
spective studies. The use of CPA in total androgen 
blockade regimens is subject to further investigation. 
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