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Major impact of hormonal therapy in localized prostate
cancer—death can already be an exception
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Abstract

For about 50 years, androgen blockade in prostate cancer has been limited to monotherapy (surgical castration) or high doses of estrogens in
patients with advanced disease and bone metastases. The discovery of medical castration with LHRH agonists has led to fundamental changes
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in the endocrine therapy of prostate cancer. In 1979, the first prostate cancer patient treated with an LHRH agonist received such
at the Laval University Medical Center. A long series of studies have clearly demonstrated that medical castration with an LHRH
has inhibitory effects on prostate cancer equivalent to those of surgical castration. The much higher acceptability of LHRH agonists
essential to permit a series of studies in localized disease. Based upon the finding that the testicles and adrenals contribute app
equal amounts of androgens in the human prostate, the combination of medical (LHRH agonist) or surgical castration associated w
antiandrogen (flutamide, nilutamide or bicalutamide) has led to the first demonstration of a prolongation of life in prostate cancer, n
10–20% decreased risk of death according to the various metaanalyses of all the studies performed in advanced disease. In analo
other types of advanced cancers, the success of combined androgen blockade in metastatic disease is limited by the development o
to treatment. To avoid the problem of resistance to treatment while taking advantage of the relative ease of diagnosis of prostate ca
“early” stage, the much higher acceptability of LHRH agonists has permitted a series of studies which have demonstrated a major
in deaths from prostate cancer ranging from 31% to 87% at 5 years of follow-up in patients with localized or locally advanced prostate
Most importantly, recent data show that the addition of a pure antiandrogen to an LHRH agonist in order to block the androgens mad
in the prostate leads to a 90% long-term control or probable cure of prostate cancer.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Prostate cancer is the most frequently diagnosed cancer
and the second cause of cancer death in men in North Amer-
ica [1]. In fact, one out of eight men will be diagnosed with
prostate cancer during his lifetime. At such a rate, prostate
cancer will kill more than 3,000,000 men among the male
population presently living in the United States, while more
than 200,000 men die annually worldwide from prostate can-
cer. The medical and social consequences of this disease are
comparable to those of breast cancer in women. Prostate can-
cer is thus a major challenge in urgent need of significant
improvement in diagnosis and treatment.

2. Prostate cancer deaths are decreasing

Death rates from prostate cancer have dropped by 17%
in the United States between 1994 and 2003 (Fig. 1). This
decrease in prostate cancer death coincides with the routine
use of the prostate specific antigen (PSA) test. These num-
bers are those estimated or predicted by the American Cancer
Society. This decrease in prostate cancer death is a major im-
provement since it corresponds to a decrease of 6002 deaths
from prostate cancer in 2003 compared to 1994. This decrease
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adrenals that secrete large amounts of the inactive precursor
steroids dehydroepiandrosterone (DHEA), its sulfate DHEA-
S, and some androstenedione (4-dione), which are converted
into potent androgens in a large series of peripheral tissues,
including the prostate (Fig. 2). In fact, the plasma concen-
tration of DHEA-S secreted by the adrenals in adult men is
100–500 times higher than that of testosterone[2], the main
secretory product of the testicles. Such high circulating lev-
els of DHEA-S (and also DHEA) provide high amounts of
the prehormones or precursors required for conversion into
active androgens in the prostate as well as in other peripheral
intracrine tissues.

The local synthesis of active steroids in peripheral tar-
get tissues has been called intracrinology[3–5]. The active
androgens made locally in the prostate exert their action by
interacting with the androgen receptor in the same cells where
their synthesis takes place without being released in the extra-
cellular environment or the general circulation. Contrary to
the previous belief that the testes are responsible for 90–95%
of total androgen production in men (as suggested by the de-
crease in serum testosterone after castration), it is now well
demonstrated that the prostatic tissue efficiently transforms
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in cancer deaths can only be due to improved diagnosi
better treatment. This certainly indicates that more cas
localized disease have been treated since we know th
cannot have such a positive impact on cancer deaths
vanced metastatic disease.

3. Two equally important sources of androgens in
men

An important advance in our understanding of the b
ogy and endocrinology of prostate cancer and its impa
cancer treatment is the observation that humans and
other primates are unique among animal species in h
ig. 1. Death rates from prostate cancer have dropped by 17% in the
tates since 1994[1].
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Fig. 2. Intracrine activity of the human prostate or biosynthetic steps involved in the formation of the active androgen dihydrostestosterone (DHT)from testicular
testosterone as well as from the adrenal precursors dehydroepiandrosterone (DHEA), DHEA-sulfate (DHEA-S), and androstenedione (�4-dione) in human
prostatic tissue. 17�-HSD = 17�-hydroxysteroid dehydrogenase; 3�-HSD = 3�-hydroxysteroid dehydrogenase/�5–�4-isomerase. The widths of the arrows
indicate the relative importance of the sources of DHT in the human prostate: 60% originating from the testes and 40% from the adrenals in 65-year-old men.
The testis secretes testosterone (T), which is transformed into the more potent androgen DHT by 5�-reductase in the prostate. Instead of secreting T or DHT
directly, the adrenal secretes very large amounts of DHEA, DHEA-S, and�4-dione, which are transported in the blood to the prostate and other peripheral
tissues. These inactive precursors are then transformed locally into the active androgens T and DHT. The enzymatic complexes DHEA sulfatase, 3�-HSD,
17�-HSD, and 5�-reductase are all present in the prostatic cells, thus providing 40% of total DHT in this tissue[107].

the inactive steroid precursors DHEA-S, DHEA, and 4-dione
into the active androgens testosterone and DHT locally in
peripheral tissues without significant release of the active an-
drogen in the circulation. In fact, the prostate makes its own
androgens at a level comparable to the androgens of testicular
origin.

The human steroidogenic pathway is composed of 15 main
steps transforming cholesterol into the five classes of ac-
tive hormonal steroids, namely androgens (testosterone and
DHT), estrogens (estradiol and 5-androstenediol), proges-
terone, glucocorticoids (cortisol or corticosterone) and min-
eralocorticoids (aldosterone), as well as their inactive sulfated
and glucurunosyltated derivatives (Fig. 3). So far, 30 human
genes have been found to encode enzymes of the steroido-
genic pathway. Such a large number of steroidogenic enzyme

isoforms allows tissue-specific expression and thus local con-
trol of steroid formation according to local needs dictated by
intracellular and extracellular signals. These control mecha-
nisms permit local regulation of steroid action independently
from the circulating levels of these steroids.

The formation and inactivation of androgens and estrogens
is under fine control by a series of enzymes which reduce (ac-
tivate) or oxidize (inactivate) the C17 position of C19 (andro-
gens) or C18 (estrogens) steroids. At the present time, eleven
human 17�-hydroxysteroid dehydrogenases (17�-HSDs) are
known and can be divided into two functional groups. Those
of the first group are represented by types 1, 3, 5 and 7
17�-HSDs which prefer NADPH as cofactor and catalyze
the reduction of 17-ketosteroids (inactive form) into 17�-
hydroxysteroids (active form) (seeFig. 3). On the other hand,
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Fig. 3. Human steroidogenic and steroid-metabolizing enzymes in peripheral intracrine tissues.

the members of the second group represented by types 2, 4, 6,
8, 9, 10 and 11 17�-HSDs, function as dehydrogenases or in-
activating enzymes. These enzymes prefer NAD+ as cofactor
and catalyze the oxidation of 17�-hydroxysteroids.

3.1. Steroidogenic enzymes

Type 5 17β-HSD: In analogy with type 3 17�-HSD, this
enzyme catalyzes the transformation of 4-dione into testo,
although its tissue distribution is very different[6]. It is be-
lieved that this enzyme plays a crucial role in the formation
of testo in all tissues in women and in peripheral tissues in
men[7,8]. This enzyme is most likely responsible for the vir-
ilization of young adult males deficient in type 3 17�-HSD
[9] at the time of puberty when the secretion of DHEA by
the adrenals increases.
Type 7 17β-HSD: It is of interest that type 7 17�-HSD[10],
the other enzyme that catalyzes the transformation of E1
into E2, is expressed in all tissues at a somewhat higher
level than type 1 17�-HSD, including the ovary.
Types 9, 10 and 11 17β-HSDs[11–13]: Types 9, 10 and 11
17�-HSDs[11–13]are enzymes which catalyze the oxida-
tion of the 17�-hydroxy 5�-reduced steroids, and can also
transform 5�-androstane-3�,17�-diol into 5�-androstane-
3�-ol-17-one (androsterone). These enzymes could play an

The best known action of5α-reductase(5α-red) is the
transformation of the weak androgen testo into the most po-
tent natural androgen, namely DHT. On the other hand, the
best known activity of3α-HSDs[14,15] is the inactivation
of the potent androgen DHT into 3�-DIOL. It is generally
thought that these enzymes are highly expressed in androgen-
sensitive tissues, the prostate being the best known example
[16].

3.2. Steroid-inactivating enzymes

There is also good evidence that the DHT formed in
peripheral tissues is essentially metabolized locally before
its appearance in the circulation[17,18]. Phase I DHT
catabolites include androstanedione, androsterone (ADT),
epiandrosterone, androstane-3�,17�-diol (3�-DIOL) and
androstane-3�,17�-diol, which are formed by the action
of a series of 3�/�-HSDs and 17�-HSD isoforms (Fig. 3)
[19–22]. However, most if not all of the androgen-target tis-
sues express HSD isoforms that are capable of back convert-
ing the Phase I metabolites into DHT, thus suggesting that
a fine regulation of these enzymes is extremely important
for controlling the concentration of DHT in androgen-target
tissues[22].

The serum levels of the conjugates are increased after oral
o es-
important role in the inactivation of DHT.
 r topical administration of DHEA or 4-dione in the pr
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Fig. 4. Distribution of the steroidogenic and steroid-metabolizing enzymes in the human prostate.

ence of no change or minimal change in the blood levels
of nonconjugated androgen metabolites[23]. These observa-
tions further support the concept that 5�-reduced androgen
glucuronides found in the circulation are produced in situ
in peripheral tissues after conversion of the adrenal and/or
gonadal steroid precursors into DHT first and, subsequently,
into Phase I DHT metabolites without release of these in-
termediate steroid precursors and metabolites into the cir-
culation [4,5,17,18]. Consequently, the glucuronidation of
Phase I metabolites by UDP-glucuronosyltransferase (UGT)
enzymes in androgen-sensitive tissues should be considered
as the end of the androgenic signal. In the circulation, two
major Phase II DHT metabolites, namely 3�-DIOLG and
ADTG, have been identified, but low amounts of DHTG and
3�-DIOLG were also detected[3–5].

3.3. UGT enzymes

Conjugation of compounds, including steroids, by glu-
curonidation is a pathway that has been found in all verte-
brates studied to date. More than 45 different UGT cDNA
clones have been isolated from seven mammalian species,
including 18 human UGT clones[24,25].

3.4. UGT2B enzymes in the human prostate
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1 and 2 5�-reductase is detected in the basal cells, whereas in
the luminal cells, where the androgen receptor is exclusively
observed, mostly 5�-reductase activity is found[7,26]. After
castration, DHT concentrations in the prostate are reduced
by about 60%, thus indicating that testosterone precursors,
such as DHEA, are responsible for an important proportion
of DHT in the prostate[6]. It is reasonable to suggest that
DHT is formed locally in luminal cells from testosterone,
which is provided by the circulation and/or metabolism of
circulating adrenal steroid precursors (DHEA and 4-dione)
in basal cells. Enzymes of the phase I DHT catabolism are
also present in basal cells, but they are not detected in lumi-
nal cells, which occupy the largest proportion of the human
prostate[19,27,28]. This absence of phase I catabolic en-
zymes in luminal cells favors large concentrations of DHT.
Indeed, DHT concentrations in the prostate exceed by almost
10-fold those of testosterone and phase I DHT metabolites
[29,30]. The two-cell mechanism provides the basis for the
specific control of testosterone and DHT levels in the pro-
static tissue.

To support the presence of conjugating activity in this
tissue, large concentrations of 3�-DIOLG and ADTG were
also reported[7]. Finally, the expression of UGT2B15 and
B17 was subsequently established in the prostate[31].
The UGT2B17 protein is detected in basal cells, whereas
U
a ily
c ction
o ls.
T nd
i s of
D ical
In the human prostate, the alveoli are composed of
ell types. The basal cells are small cells lining the perip
f the alveoli, whereas the luminal cells are large colum
ells in contact with the alveolar lumen. The two cell ty
lay distinct roles in androgen formation and action (Fig. 4).
he expression of type 1 3�-HSD, type 5 17�-HSD and type
GT2B15 is only observed in luminal cells[32]. It is prob-
ble that 3�-DIOL and ADT formed in basal cells are eas
onverted to glucuronides by UGT2B17, whereas the a
f UGT2B15 would be limited to DHT in the luminal cel
aking into account the low levels of UGT2B15 protein fou

n the prostate, this situation favors high concentration
HT in this tissue, in agreement with previous biochem
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observations on the intraprostatic levels of DHT. In addition,
because the affinity of DHT for the androgen receptor is ap-
proximately 1000-fold higher than that for UGT2B15, it is
believed that UGT2B15 might conjugate only a fraction of
the accumulated DHT formed in the luminal cells.

3.5. UGT2B15 and prostate cancer

The co-localization of the 5�-reductase enzyme, the an-
drogen receptor and UGT2B15 enables the fine-tuning of
the intracellular DHT concentration and action. Because two
polymorphic forms of UGT2B15 exist with different efficacy
on DHT conjugation, it was reasonable to postulate that the
presence of the low-conjugating allele UGT2B15(D85) has
an effect on DHT concentrations[8]. Two groups have re-
cently conducted epidemiological studies to determine the
potential role of theUGT2B15gene in prostate cancer risk.
The first study was performed with 64 pathologically con-
firmed prostate cancers and 64 controls recruited in the
Arkansas area[33]. Distribution of the UGT2B15 (D85) allele
in prostate cancer was significantly higher (40.6%) compared
with control (18.8%) and the risk of developing cancer in ho-
mozygous patients with the D85 allele was three-fold higher.
However, in the second study conducted with 380 Caucasians
from Austria, including 190 cases with prostate cancer and
1 , no
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of DHEA which is also released into the circulation through
which it reaches the peripheral target intracrine tissues where
it is transformed into testosterone and DHT. However, very
little testosterone or DHT made from DHEA comes back
into the circulation. In fact, these two steroids act locally and
are inactivated locally mainly by glucuronosyl transferases.
These glucuronyl derivatives are the steroids which can be
easily measured in the blood, thus providing a proper esti-
mate of the androgen milieu.

These explanations about the physiology of androgens in
man are extremely important in order to choose the appro-
priate androgen blockade for the most efficient treatment of
prostate cancer. In fact, the understanding of the two sources
of androgens in men and their relative importance is crucial
for the best choice of androgen blockade for the prostate can-
cer patients. We know that prostate cancer is highly androgen-
sensitive. Accordingly, we should choose the best way to take
advantage of this very important characteristic of prostate
cancer. In fact, prostate cancer is the most sensitive of all
cancers to hormonal therapy, even more than breast cancer
which is already highly sensitive to hormonal therapy. The
most scientifically based approach is to use an LHRH ago-
nist, in order to block androgen secretion from the testicles
or remove the testicles surgically. At the same time, however,
the action of the androgens made locally in the prostate must
b
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nd other polymorphisms in prostate cancer developme
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An important point to make is that testosterone and D
re made locally and the amount of testosterone and
hich are found in the circulation is not a reliable par
ter of the true exposure to androgens in target tissue

act, DHT, as well as testosterone, are inactivated loca
he prostate tissue to glucuronyl derivatives of testoste
HT, androstanediol and androsterone, these compoun
ore water-soluble and are thus easily released into th

ulation from which they are then eliminated, mostly by
ile, and then through the intestine. Accordingly, plasma
teroid concentrations have very limited value for estima
hat is going on in the peripheral tissues. The testis m
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HEA which is converted to DHT in the prostate. In orde
lock the DHT made locally in the prostate, we can use
ure antiandrogens flutamide or nilutamide. Bicalutamid
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Contrary to the previous erroneous belief that the te
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s suggested by simple measurement of circulating s
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issue efficiently transforms the inactive steroid precur
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Fig. 2). In fact, the prostate synthesizes its own andro
Fig. 3).

. Medical castration with LHRH agonists

While the experiments performed in the rat were sim
uggestive of an inhibitory effect of LHRH agonists on tes
lar functions, we discovered in 1979 that men are exquis
ensitive to the inhibitory action of an LHRH agonist. We t
tudied the effect of administering the LHRH agonist bus
in to a patient suffering from stage B prostate cancer. T
n the first prostate cancer patient treated with an LHRH
ist, the 500-�g dose of the LHRH agonist administered

ranasally twice daily caused 70% and 85% inhibitions o
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Fig. 5. Effect of twice daily intranasal administration of the LHRH agonist Buserelin on the serum levels of (A) testosterone and (B) DHT in a patient suffering
from stage B prostate cancer[35].

serum levels of testosterone and dihydrotestosterone (DHT),
respectively, as early as 2 weeks after the start of therapy[35]
(Fig. 5). This marked inhibition of the serum concentration
of both testosterone and DHT followed an initial period of
stimulation that lasted approximately 1 week.

The availability of a safe and highly efficient method of
medical castration with LHRH agonists free of the side effects
of estrogens and surgical castration has generated renewed in-
terest in the treatment of prostate cancer and has stimulated an
unprecedented number of clinical studies which rapidly led to
the world-wide commercialization of a series of LHRH ago-
nists having equivalent characteristics, mechanisms of action,
and efficacy.

5. Combined androgen blockade in advanced disease

The first treatment shown to prolong life in prostate cancer
is the combination of an LHRH agonist (blocker of andro-
gen secretion by the testes) with a pure antiandrogen such

as flutamide, nilutamide or bicalutamide (at the proper dose,
namely at least 150 mg daily). When associated with cas-
tration which eliminates the androgens of testicular origin,
these compounds sometimes called nonsteroidal antiandro-
gens block the action of the androgens produced locally in
the prostate[2,36–43].

An interesting observation is that the first demonstration
of the benefits of combined androgen blockade (CAB) on sur-
vival has been achieved in the most difficult group of patients
to treat, namely those suffering from metastatic or advanced
disease. Although the clinical data should be similar for bica-
lutamide, the two antiandrogens flutamide and nilutamide are
the compounds shown in prospective and randomized stud-
ies, to prolong life, to increase the number of complete and
partial responses, to delay progression, and to provide bet-
ter pain control (thus improving quality of life) in metastatic
prostate cancer when added to surgical or medical castration
compared with castration alone[37–49]. In the first large
scale randomized study, patients who were treated with flu-
tamide and the LHRH agonist Lupron lived, on average, 7.3

F ockade al castr
a SAA),
ig. 6. Summary of metaanalyses comparing combined androgen bl
ssociated with a pure antiandrogen or non steroidal antiandrogen (N
(combination of medical or surgical castration) vs. medical or surgication
namely Flutamide or Nilutamide. Adapted from Klotz et al. (2001).
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months longer than those who received Lupron plus placebo
[37].

Analysis of all the studies performed with flutamide and
nilutamide associated with medical or surgical castration
compared with castration plus placebo shows that overall sur-
vival is increased by an average of 3–6 months[37–40,44–48]
(Fig. 6). Since about 50% of patients in that age group die
from causes other than prostate cancer, this 3–6 month dif-
ference in overall survival translates into an average of 6–12
months of life gained when cancer-specific survival is ana-
lyzed. These additional months, or sometimes, years of life
can be obtained by simply adding a pure antiandrogen (flu-
tamide, nilutamide or bicalutamide at a proper dose) to cas-
tration. These data demonstrate the particularly high level of
sensitivity of prostate cancer to androgen deprivation, con-
sidering that such statistically significant benefits on sur-
vival have been obtained, even at the very advanced stage
of metastatic disease.

Bennett at al. (1999) have performed a meta-analysis of all
peer-reviewed published randomized controlled trials com-
paring treatment with flutamide in association with medi-
cal (LHRH agonist) or surgical castration versus castration
alone in advanced prostate cancer. Nine studies with 4128
patients were included in the analysis which demonstrated
a statistically significant 10% improvement in overall sur-
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It is of interest to recall, as recently published by Aprikian
et al. [42] that the cost per month of prolonged survival in
prostate cancer achievable with the simple addition of a non-
steroidal antiandrogen to castration (LHRH agonist or or-
chiectomy) is 50% that of vinorelbine for lung cancer, 10%
of the cost of renotecan for colon cancer and 10% of the cost of
trastuzumab for breast cancer. Moreover, the nonsteroidal an-
tiandrogens have minimal toxicity when added to castration
while vinorelbine and irinotecan are associated with severe
grade 3 and 4 clinical toxicities and trastuzumab has cardiac
side effects when associated with anthracyclines.

In a recent editorial Klotz[43] asked how the 10% reduc-
tion in the risk of overall death at 5 years well illustrated in
the metaanalyses of 27 prospective and randomized studies
[39,48]has been discounted? Could this be related to highly
questionable “opinions” suggesting that the benefits of com-
bined androgen blockade are “of negligible clinical signifi-
cance”[53]. As mentioned by Klotz, such “an opinion cannot
be excused by the acknowledgement that this is an opinion”.
It is very difficult or impossible to agree with some defend-
ers of the status quo who say that a 3–6-month increase in
overall survival in patients with metastatic prostate cancer is
“of questionable clinical significance” (Report of the Blue
Cross-Blue Shield Association Technology Evaluation Cen-
ter). Very few patients would agree with such a statement.
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ival with the combination therapy using flutamide compa
ith castration alone. Similar benefits have been obtain

avor of flutamide plus castration versus castration alon
he Prostate Cancer Trialist’s Collaborative Group (PTCT
000.

In fact, as illustrated inFig. 6, all the metanalyses of a
he data have shown significant (2p< 0.05) or highly signif
cant (2p< 0.01) advantages of combined androgen bl
de versus castration alone in advanced prostate c

39–41,45,48,49]. However, when the studies providing
ost rigorous data are analyzed[45], a 20% advantage

verall survival is observed.
The only negative effect observed following the addi

f an antiandrogen to castration has been found with cy
erone acetate (CPA)[48] The explanation is that CPA do
ot meet the criteria needed to be considered part of
ined androgen blockade since this compound is not a
ntiandrogen and was therefore excluded at the begi

rom the definition of combined androgen blockade[2,36].
n fact, preclinical studies[50,51] have clearly shown th
PA has mixed antiandrogenic-androgenic activities. Fo
mple, Plante et al.[51] found that steroidal compounds (i
hlormadinone acetate, megestrol acetate, cyproteron
tate and medroxyprogesterone acetate) stimulate and
ensitive tumour growth in Shionogi mammary carcino
hile flutamide, a pure antiandrogen, has no such stim

ory effect. It is thus not surprising to find in the clinic
tudies summarized in the PCTCG meta-analysis[48], that
he addition of CPA to castration, not only had no benefit
n the contrary, caused a significant increase in the deat
relative risk = 1.13 (S.D. 0.06), 2p= 0.04)[48,52].
r
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t is somewhat incredible to read that the 7.3 months o
dded by flutamide in the National Cancer Institute (N
tudy “is not viewed as clinically of great importance”[54].
do not believe that many patients would agree with this
rising judgment of Dr. Raghavan[54]. A persistent problem

n the field of prostate cancer is the lack of understan
f the difficulty in achieving a major difference in surviv
as with any type of cancer) when the treatment is sta
t the advanced metastatic stage. In fact, these opinion
imply wrong and do not take into account the fact tha
onths of life saved by the simple addition of a well to
ted antiandrogen to castration permits a statistically sig
ant or highly significant prolongation of life according to
he metaanalyses performed[39–43,45,48,49,55]. Moreover
his negative opinion does not take into account the fac
he benefits observed are in patients with advanced di
here the benefits should be compared with other typ
ancer and most importantly, it does not take into acc
he role of the patient who should be the one who dec
f he wants added months of good quality of life with co
ined androgen blockade. As Klotz said: “We should emb

he modest survival benefit of combined androgen bloc
n advanced prostate cancer and offer it to the approp
atients.”

In addition, as mentioned earlier, all the studies h
hown that the decrease in bone pain is more rapid and
lete and that progression of the cancer occurs later,

mproving quality of life, when combined androgen blo
de is used compared to monotherapy. Moreover, this
nly treatment shown to prolong life in advanced dise
here is no other choice. In addition, there are no treatm
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of similarly advanced cancers that provide 3–6 months of
prolongation of life with such a good quality of life.

To the living population of males in the United States,
where 3 million are expected to die from prostate cancer, 6
additional months of life correspond to the addition of 1.5
million years of life, while 12 additional months correspond
to 3.0 million years of life.

6. Today, prostate cancer can be diagnosed at the
clinically localized stage in more than 95% of cases

Despite the progress achieved in the treatment of ad-
vanced or metastatic prostate cancer using LHRH agonists
[35,56] and especially with combined androgen blockade
[36,37,39,40,45–48], it is well recognized that the only pos-
sibility of a significant reduction in prostate cancer mortality
is the treatment of localized disease[57]. It is reasonable to
suggest that the observed decrease in deaths from prostate
cancer is due to earlier diagnosis with serum PSA[58,59]
and transrectal ultrasound of the prostate[60] coupled with
improved treatment of localized disease by surgery, radio-
therapy, brachytherapy, and endocrine therapy[57,61–64].

Since prostate cancer almost invariably develops insidi-
ously without signs or symptoms until the non curable stage
o ot be
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mitting 99.4% of patients to be diagnosed at a localized stage
[65]. Similarly, in the screening program of the American
Cancer Society National Prostate Cancer Detection Program
(ACS-NPCDP), only one of a total of 51 cancers diagnosed
at follow-up visits was at a clinically advanced (C2) stage
[72]. Hugosson et al.[69] have found that 97% of the cancers
detected by screening were clinically localized. It is thus rea-
sonable to suggest that if one follows the recommendations of
the American Cancer Society[73] and of the American Uro-
logical Association[74], namely annual screening starting at
the age of 50 years for the general population at no special
risk, all subsequent visits should be equivalent to the follow-
up visits of the present study, thus practically eliminating the
diagnosis of metastatic prostate cancer[59].

Two other randomized screening trials for prostate cancer
are ongoing, namely the Prostate, Lung, Colon, and Ovarian
trial (PLCO) and the European Randomized Study of Screen-
ing for Prostate Cancer (ERSPC). Results from those trials
are not expected before year 2005. Moreover, their relatively
late start carries the high risk of a significant contamination
of the control group by screening.

7. Death from prostate cancer is reduced by
two-thirds by screening and early treatment
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f bone metastases is reached, early treatment cann
chieved without efficient screening in asymptomatic m

n the first prospective and randomized study of screenin
rostate cancer, namely the Laval University Prostate Ca
creening Program started in 1988 in Quebec City am
6,486 men aged 45–80 years, it has been found that sc

ng permits to diagnose 99% of prostate cancers at a clini
ocalized or potentially curable stage. Screening practi
liminates the diagnosis of metastatic and non curable di

59,65].
As clearly indicated in our previous reports[59,65], the

ost cost-effective strategy for early diagnosis of pros
ancer is measurement of serum PSA as first line or
rescreening test in order to identify the men who are
igher risk of prostate cancer. The same conclusion o
igh efficacy of PSA has been reached in two other l
cale screening studies[66–68]. A similar conclusion ha
een reached by Hugosson et al.[69] who wrote: “PSA seem

o be excellent as a prescreening test to identify the popul
t risk and which needs further evaluation[70,71]”. Screening
rovides a lead time of at least 6 years and thus permits “E
reatment”. In our screening study, digital rectal examina
as routinely done at first visit but not at follow-up vis
here the PSA test was used alone. Transrectal ultras
as performed if PSA and/or digital rectal examination
bnormal. With this screening approach used at more
0,000 follow-up visits, 99% of cancers were diagnosed

ocalized and therefore potentially curable stage, thus cl
emonstrating an efficacy which appears difficult to impr

In the Quebec Screening study, only 1 out of 159 can
0.6%) diagnosed at follow-up visits was metastatic, thus
-

In analogy with other cancer types, it is believed that
fforts should be concentrated on the diagnosis of pro
ancer at an early stage in order to be able to use cu
herapies. Definitive proof of the benefits of screening
rostate cancer can only be obtained from prospective
andomized studies comparing the incidence of death
rostate cancer in a group of men screened and treated
ersus a group of men receiving standard medical care
ordingly, the Laval University Prostate Cancer Scree
rogram (LUPCSP) was started in November 1988 an
rst analysis was published in 1999[75]. The present resul
re those obtained after three additional years or after a
f 11 years of follow-up[76].

Of the 46,486 eligible men aged between 45 and 80 y
ncluded in the study started in November 1988, 31,133
ere invited by letter to be screened for prostate cancer w
5,353 were allocated to the control group of men no
ited for screening. Ten (10) out of the 7348 screened
f the invited group died from prostate cancer, while 7

he 14,231 men not invited for screening died from the
ase. The exposures in the invited screened and the c
nscreened groups are 50,433 and 141,535 man-yea
pectively. Thus, over the 11-year period, the annual ca
pecific death rate incidences are 19.8 and 52.3 per 10
an-years in the invited screened and the control unscre
roups, respectively (two sidedp-value < 0.002, Fisher’s e
ct test). The prostate cancer death rate incidence is thu

ower in the group of men screened for prostate cancer
ared with the men of the control group who followed s
ard medical practice (Fig. 7).
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Fig. 7. Comparison of the incidence of death from prostate cancer in the
men screened compared to the men unscreened for prostate cancer during
the first 11 years of the study[76].

As strong support for the crucial role of early diagnosis and
treatment, this first prospective and randomized prostate can-
cer screening study shows that early diagnosis combined with
treatment of localized disease decreased death from prostate
cancer by 62%. The present data are also in agreement with
the 42% decrease observed in 1998 in the prostate cancer
death rate in the Tyrol area where PSA screening was made
available since 1993 compared to the rest of Austria where
PSA screening was not offered[77]. Since about two-thirds
of men were screened in Tyrol during that period, the 42%
decreased death rate observed is similar to the 62% value
measured in our study among the men who were all screened
(Fig. 7) [76].

Clearly, the rational use of the presently available diagnos-
tic and therapeutic approaches could decrease prostate can
cer death by at least 50%[59,78]. As an example, between
1991 and 1999, the death rate from prostate cancer had de-
creased by 38% in the whole population of Québec City and
its metropolitan area[79] while the death rate has decreased
by 62% in the group of men who have been screened.

8. Monotherapy with an LHRH agonist decreases
cancer deaths by at least one third in localized or
locally advanced disease
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ease by surgery, radiotherapy, brachytherapy and endocrine
therapy[57,61,62].

As indicated above, our research group at the Laval Uni-
versity Medical Research Center in Quebec City has discov-
ered that medical castration can be easily and very efficiently
achieved in men using the well tolerated luteinizing hormone-
releasing hormone (LHRH) agonists[35,36,80,81]. Medical
castration with an LHRH agonist is equivalent to orchiectomy
for prostate cancer therapy[48]. In fact, in 11 trials where
an LHRH agonist was used and in 17 trials where orchiec-
tomy was used, no difference was seen on the response or
survival rate[48]. Although equally efficient, orchiectomy is
very difficult to accept in the absence of symptoms and signs
of cancer. This novel approach has eliminated the previous
limitations associated with blockade of testicular androgens
by orchiectomy or high doses of estrogens[82]. These limita-
tions are the psychological problems associated with surgical
castration and the serious and even life-threatening side ef-
fects of high doses of estrogens on the cardiovascular system
[83–85]. In fact, the availability of the well tolerated medical
castration achieved with LHRH agonists[35] has opened the
way to a much more acceptable treatment of prostate cancer,
especially for localized disease where well tolerated thera-
pies are particularly important for long term administration.
In fact, only LHRH agonists could permit studies in localized
d
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Despite the recent advance in the treatment of meta
rostate cancer using LHRH agonists[35,56]or surgical cas

ration in association with a pure antiandrogen[36–49], it is
ell recognized that the only means of achieving an im

ant reduction in prostate cancer mortality is treatmen
ocalized disease[57]. In fact, it is reasonable to suggest t
he recently observed decline in prostate cancer morta
ue to earlier diagnosis with serum PSA and transrectal
ound[60], coupled with improved treatment of localized d
-

isease.
The major source of controversy concerning early d

osis and treatment of prostate cancer has been that
ecently, no prospective and randomized trial had shown
istically significant benefits on survival of treatment of
alized prostate cancer[86,87]. Such an absence of stud
as been erroneously interpreted as being equivalent
resence of negative data while, in fact, negative data
ever been obtained concerning the effect of androgen b
de in localized prostate cancer. In the absence of data
re no effects. This has been the problem with the treat
f localized prostate cancer until 1997.

Most importantly, six prospective randomized trials h
ecently demonstrated an important prolongation of
chieved in localized prostate cancer patients treated
ndrogen blockade (Table 1). When considering deaths fro
rostate cancer at 5 years of follow-up, decreases ra

able 1
ffect of androgen blockade on prostate cancer death

tudy Benefits

ORTC[88] 77% decrease in cancer-spec
death (p= 0.01)

TOG[89] 37% decrease for Gleason sc
8–10 (p= 0.03)

uebec Screening Trial[78] 64% decrease in cancer-spec
death (p= 0.0002)

essing et al.[92] 81% decrease (p= 0.001)
ranfors et al.[91] 39% decrease in cancer-spec

death (p= 0.06)
anks et al.[90] 59% decrease for Gleason sc

8–10 (p= 0.007)
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from 37 to 81% were observed in the various studies. In the
European Organization of Research and Treatment of Can-
cer (EORTC) trial performed in stage T3 patients, overall
survival at 5 years was increased from 62% in the group of
patients who received radiation therapy alone to 79% (45%
difference) in the group of patients who received androgen
blockade using an LHRH agonist for 3 years and an antian-
drogen for 1 month in association with radiotherapy[88].
Death from prostate cancer at 5 years was thus decreased
by 77% by androgen blockade (Table 1). On the other hand,
a 37% improvement in cancer-specific survival at 5 years
had been found in RTOG trial 08531 in the subgroup of
high Gleason score patients who received androgen block-
ade (LHRH agonist) indefinitely or until progression in asso-
ciation with radiotherapy versus radiotharepy alone[89]. In
another study, a 54% decrease in cancer-specific death had
been found in patients with an 8–10 Gleason score who had
androgen blockade[90], while [91] have found a 39% de-
crease in cancer-specific death when castration was added to
radiotherapy versus radiotherapy alone.

The results of another recent study are particularly inter-
esting. In that study, of 98 men who had stage T2 prostate
cancer at diagnosis but who were found to have pelvic lymph
node metastases at radical prostatectomy, 47 had immedi-
ate hormonal therapy while 51 were followed until progres-
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analysis of existing clinical trial data attributes part of the
improving outlook to early detection and prompt surgery,
but mostly credits follow-up hormone therapy. “Hormonal
treatment as a whole works ridiculously well”[95], reported
by Arnst[96].

“Prostate cancer is usually treated with surgery or radia-
tion, but a few cancer cells may remain and cause an often-
fatal recurrence. Since the mid-1980s, oncologists have in-
creasingly followed up with either surgical removal of the
testes, or with newer anti-hormone drugs. Peto said that 74%
of men who received hormone therapy were still alive 10
years later, compared with 62% of those who did not”[96].
Thus, in a metaanalysis of several studies (5000 men), hor-
monal treatment given immediately versus waiting until dis-
ease progressed, it was found that the risk of dying from
prostate cancer within 10 years dropped by one-third[95]. It
should be mentioned that the one third decrease in the risk
of dying from prostate cancer is not the comparison between
androgen blockade and placebo but between early versus late
androgen blockade, thus suggesting that androgen blockade
reduced the risk of dying from prostate cancer by more than
one third. These results led R. Peto to the following conclu-
sion: “Hormone treatment as a whole works much better than
previously thought.”
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ion [92]. After a median follow-up of 7.1 years, 16 ha
ied from prostate cancer in the deferred treatment g
ompared with only three in the immediate androgen bl
de group for a 81% decrease in deaths from prostate c
p= 0.001), for men who had immediate hormonal ther
he 62% decrease in the incidence of death from pro
ancer observed during the first 11 years of our random
nd prospective study on prostate cancer screening (Fig. 5)
an only be due to the treatments used. In a study perfo
n 151 patients with T1b–T3 prostate cancer who rece
n LHRH agonist, the overall survival rates at 5 years w
ot different from that of the normal Japanese popula

hus leading Akaza et al.[93] to suggest the usefulness
rimary hormonal therapy for the control of localized a

ocally advanced prostate cancer.
It is not surprising that hormone therapy alone is more

ore recognized as highly efficient in localized or locally
anced prostate cancer[94]. In fact, prostate cancer growi
n the prostate or in the tissue surrounding the prosta
ery different from cancer growing in the bones. Locali
isease is much easier to treat by androgen blockade be

t does not contain androgen-insensitive clones. More
ndrogen insensitivity does not (or very rarely) develo

ocalized prostate cancer while the patients are receivin
rogen blockade, contrary to the situation in metastatic
ase where resistance to treatment almost always deve

It is clear that the lifesaving benefits of androgen block
n prostate cancer have been largely underestimated. In
he results obtained are quite remarkable and are simi
ven better than the benefits observed for Tamoxifen in b
ancer. In agreement with the above-summarized data,
r

e

. The high probability of a cure of localized prostate
ancer by combined androgen blockade

Despite the important advance observed with mono
py (LHRH agonists) in localized prostate cancer, nam
one third to two-thirds reduction in deaths from pros

ancer, can we achieve better results? Based upon th
ervation that 50% of androgens are left in the prostate
astration alone, it is reasonable to suggest that better r
an be achieved with the combination of an LHRH ago
nd a pure antiandrogen.

With long-term treatment of localized prostate cancer
ombined androgen blockade, the evidence obtained ev
icates that long term control or cure of the disease ca
btained in the majority of patients[64]. In fact, while al-
ost all studies performed so far in localized prostate

er have used monotherapy (medical or surgical castra
88–92], there are good reasons to believe that even b
esults can be obtained with combined androgen bloc
2,39,45,48,97,98]. The direct effect of combined androg
lockade on the volume of prostate cancer localized in
rostate is well illustrated inFig. 8which illustrates the resul
f two detailed anatomopathological studies performed in

ients who had radical prostatectomies after 3 and 6 mo
f combined androgen blockade, respectively[99,100]. Since
e already had obtained evidence for the high efficac

ong term and continuous CAB in localized prostate ca
101], it was felt important to examine the long term o
ome of these patients as assessed by biochemical fail
SA rise following cessation of continuous CAB previou
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Fig. 8. Inhibitory effect of 3- and 6-months of treatment with the combi-
nation of an LHRH agonist and flutamide (250 mg, three times a day) on
the volume of the cancer measured on the radical protatectomy specimens
[99,100].

administered for periods up to 11.3 years. The effect of CAB
on long-term control or possible cure of prostate cancer was
thus evaluated by the absence of biochemical failure or the ab-
sence of PSA rise for at least 5 years after cessation of contin-
uous treatment. A total of 57 patients with localized or locally
advanced disease received CAB for periods ranging from 1 to
11 years. With a minimum of 5 years of follow-up after cessa-
tion of long-term CAB, only two PSA rises occurred among
20 patients with Stage T2–T3 cancer who stopped treatment
after continuous CAB for more than 6.5 years, for a nonfail-
ure rate of 90% (Fig. 9). On the other hand, for the 11 patients
who had received CAB for 3.5–6.5 years, the nonfailure rate
was only 36%. The serum PSA increased within 1 year in all
11 patients with Stage B2/T2 treated with CAB for only 1
year, thus indicating that active cancer remained present af-
ter short-term androgen blockade despite undetectable PSA
levels. Most importantly, in all patients who had biochemi-
cal failure after stopping CAB, serum PSA rapidly decreased
again to undetectable levels when CAB was restarted, PSA
remaining at such low levels afterward. Of these patients, only
one patient had died of prostate cancer at last follow-up[64].

These are remarkable results obtained in patients with lo-
calized prostate cancer. Treatment, however, must be con-
tinuous, non interrupted and should last for many years. An
important observation made is that in the patients where PSA
i ent,
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Fig. 9. Effect of duration of treatment of localized prostate cancer with
continuous CAB on the probability of long term control or “cure of the
disease” illustrated by no recurrence of PSA rise for at least 5 years after
cessation of CAB. The point at 4.75 years of treatment (33%) refers to the
three patients treated with CAB for 3.5–5.0 years and followed for at least
5 years, while the point at 5.75 years refers to the eight patients treated
continuously with CAB for 5.0–6.5 years before cessation of treatment. The
point at 8.25 years refers to the eight patients treated continuously for 6.5–9.0
years while the point at 11 years refers to the 13 patients treated for 10–1.7
years with continuous CAB before stopping treatment. All patients were
followed for at least 5 years after cessation of continuous CAB or until PSA
rise. Only one patient has died from prostate cancer while 18 have died from
other causes[64].

timally, cure of the disease can be achieved with hormonal
therapy.

The success of treatment, however, takes a long time be-
fore complete apoptosis or total cell death is achieved. Breast
and prostate cancers have many characteristics in common
and much can be learned from looking at the results obtained
in each of them. In fact, when we examine the biology of
these two diseases, there are many common features, spe-
cially the high level of sensitivity to hormones. Such results
clearly indicate that intermittent androgen blockade should
remain experimental and should not be used outside clinical
trials.

With the knowledge of the above-described data, it seems
reasonable to suggest that the minimal duration of continuous
CAB in localized prostate cancer should be 6 years, thus
providing an approximately 50% probability of long-term or
possible cure of the cancer. With longer duration of CAB, the
probability increases to about 90% at 8–10 years of treatment.
The present data indicate that possible cure of the disease can
be obtained in the majority of patients with localized prostate
cancer treated continuously with CAB for more than 6 years,
thus raising hopes for the successful treatment of patients
who fail after surgery, radiotherapy or brachytherapy where
no or minimally effective alternative therapeutic approach
exists. Such data clearly indicate the interest of a large scale
r B in
t first
ncreases for a second time following cessation of treatm
dministration of combined androgen blockade was suc

ul in all cases in decreasing PSA to undetectable levels a
hus showing that even after a long duration of treatmen
istance to androgen blockade had not developed.

The present results obtained in prostate cancer pa
iagnosed with localized prostate cancer and treated co
ously for many years with combined androgen block
re not too different from the results that we have rece
btained with human breast tumors in nude mice where
lete estrogen blockade led to the disappearance or cure

umors in 61% of cases within a few months[102]. In fact, in
oth breast and prostate cancer, when the estrogens in
ancer and the androgens in prostate cancer are block
t
-
andomized study comparing monotherapy versus CA
he group of patients showing biochemical failure after
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therapy with a curative intent. Care should be taken, however,
to start treatment early after the rise of serum PSA in order
to use androgen blockade at its maximal level of efficacy,
namely when the cancer is still localized to the prostate or
the prostatic area, before metastases reach the bones when
cure becomes an exception.

While its efficacy, especially in localized disease, is well
recognized[64,88–99,101,103], androgen blockade is ac-
companied by hot flushes, loss of libido and sexual potency,
as well as bone loss and potentially osteoporosis[104–106].

10. Conclusion: death from prostate cancer can
already be an exception

While showing the particularly high efficacy of hormonal
therapy in localized prostate cancer, the present data clearly
indicate that long-term treatment somewhat similar to the 5
years of Tamoxifen in breast cancer, is required for optimal
control of prostate cancer. Great caution should be taken,
however, about the interpretation of serum PSA that must be
used as surrogate marker. In fact, serum PSA rapidly and eas-
ily decreases to undetectable levels under androgen blockade
although the cancer remains present for much longer periods

of time, usually for at least years as demonstrated in our recent
study[64]. For this reason, intermittent therapy should not
be recommended outside prospective and randomized clini-
cal trials.

When prostate cancer is diagnosed, it is organ-confined
in about 40 to 50% of cases. The choice of therapy is then
surgery, radiotherapy, brachytherapy or combined androgen
blockade alone or in combination with surgery, radiotherapy
or brachytherapy. It is important to visualize (Fig. 10) that
prostate cancer takes a long time to develop before it can be
detectable by serum PSA, digital rectal examination and/or
transrectal ultrasonography of the prostate. However, there
is a small window of time during which the cancer can be
detected at a stage when it is still curable by the available
approaches. It does not take very long, usually, two, three,
four or at most five years, before the cancer migrates to the
bones and then becomes non curable. If the window of cur-
ability of prostate cancer is missed, one faces major problems
and the cancer becomes practically impossible to cure. At the
advanced stage, the best that can be done is to prolong life
(Fig. 6).

It is very important to remember again that contrary to
what can be found in most textbooks, orchiectomy or treat-
ment with LHRH agonists does not reduce exposure of the

F
t
t
s
p
C
o
M

ig. 10. Schematic representation of the evolution of prostate cancer from a
o a cancer cell. For years, the cancer cells can be seen by histology or gen
hat diagnosis can be made by screening using prostate specific antigen (P
tage of possible diagnosis by screening, approximately 50% of the cancer
rostatectomy can cure the disease when the cancer is organ-confined. Radio
ombined androgen blockade can also cure the disease if treatment is starte
nly combined androgen blockade is active against the disease and can pro
uch remains to be understood about the treatment of localized disease, bu
ppearance of the first genetic change, which, following other mutations,will lead
e markers but it is only when the tumor reaches a relatively large volume (0.3 cc)
SA), digital rectal examination, and transrectal echography of the prostate. At that
s have already migrated outside the prostate and are not organ-confined. Radical
therapy and brachytherapy (seed implants) are believed to have about equal efficacy.
d before the cancer migrates to the bones. At the advanced stage of bone metastasis,
long life compared to monotherapy, although the possibility of a cure is minimal.
t this diagram is drawn according to the best knowledge available today[64].
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tissues to androgens by 90–95%. In fact, removal of testicu-
lar androgens decreases DHT levels in the prostate by only
50–60%, thus leaving an important amount of androgens free
to continue to stimulate prostate cancer. Most importantly, the
presence of a significant concentration of androgens leaves
the cancer exposed to additional mutations and the develop-
ment of resistance to androgens and to hormonal therapy. In
practical terms, and based upon our today’s best knowledge
of the endocrinology of the prostate, the only reasonable hor-
monal treatment for prostate cancer is the combined use of
an LHRH agonist or orchiectomy in association with a pure
antiandrogen, namely flutamide, nilutamide or bicalutamide
(150 mg or more daily).

With the antiandrogens presently available, the potency is
too low in order to be able to use them alone. In fact, the
use of bicalutamide alone (150 mg daily) results in a block-
ade of androgens comparable to orchiectomy, thus leaving
approximately 50% of androgens free to stimulate prostatic
cancer growth. In the future, with the availability of more
potent antiandrogens, it should be possible to use an antian-
drogen alone in the treatment of prostate cancer. In fact, when
comparing with the available antiestrogens, namely Tamox-
ifen or Raloxifene, these compounds are at least 300 times
more potent than the available antiandrogens in terms of affin-
ity for the steroid receptor. There is thus a long way to go
b e an-
d r re-
s rogen
b

It is important to remember that when the cancer is local-
ized to the prostate or in the area close to the prostate, the can-
cer remains highly sensitive to androgen blockade. However,
if we do not act rapidly and the cancer reaches the bones, the
treatment becomes of much reduced efficacy. With the present
knowledge, it is thus clear that all available means should be
taken to diagnose prostate cancer early and to use efficient
therapy immediately in order to prevent prostate cancer from
migrating to the bones where treatment becomes extremely
difficult and cure or even long-term control of the disease is
an exception. The only means of preventing prostate cancer
from migrating to the bones and becoming incurable is effi-
cient treatment at the localized stage of the disease. In fact,
since radical prostatectomy, radiotherapy and brachytherapy
(implantation of radioactive seeds in the prostate) can achieve
cure in about 50% of cases, these approaches are all equally
valid choices as first treatment of localized prostate cancer.
Androgen blockade should also be considered as first line
treatment. The most important, however, is to follow closely
serum PSA after surgery, radiotherapy and brachytherapy and
to start CAB as soon as the first sign of recurrence of the can-
cer appears. It is also clear from the data summarized above
that CAB alone could well be the most efficient therapy of lo-
calized prostate cancer while it has already been recognized
as the best therapy for metastatic disease.

his
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efore antiandrogens alone can be used and block th
rogen receptor sufficiently to expect optimal results o
ults comparable to those achieved by combined and
lockade.
Fig. 11. Landmarks in the development
The first discovery in this area was that of Huggins and
ollaborators in 1941 who observed the benefits of orc
omy or high doses of estrogens in advanced prostate c
nd then concluded to the high sensitivity of prostate ca
of hormonal therapy of prostate cancer.
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to androgens. This treatment has been used continuously un-
til 1980 when we discovered at the Laval University Medical
Center in Qúebec City that LHRH agonists could achieve
medical castration without the side effects of estrogens and
the psychological limitations of orchiectomy (Fig. 11). Two
years later, we found that approximately 50% of androgens
were left in the prostate following medical or surgical cas-
tration, thus leading to the discovery of the important role
of adrenal DHEA as source of the androgens synthesized lo-
cally in the prostate as well as in a long series of peripheral
target tissues.

Based upon this observation, we then developed combined
androgen blockade whereby the androgens of both testicular
and adrenal origins were blocked simultaneously at start of
treatment with the combination of an LHRH agonist and a
pure antiandrogen. This has led to the first treatment shown
to prolong life in prostate cancer (Fig. 10). The first prolon-
gation of life in localized disease, on the other hand, was
achieved in 1997 by Bolla et al., and Pilepich et al. when
the combination of radiotherapy and androgen blockade was
found to be superior to radiotherapy alone. Then, in 2002, we
have made the observation that combined androgen blockade
alone administered continuously for 6.5 years or more leads
to a cure of the disease in 90% of cases, thus suggesting that
androgen blockade could well be the most efficient treatment
o
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