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Summary. Development of androgen-independent prostatic 
cancer cells from androgen-responsive cells can occur by a 
variety of mechanisms (e.g., environmental adaptation, 
multifocal origin, or genetic instability). Regardless of the 
mechanism of development, however, once androgen- 
independent cancer cells become present within prostatic 
cancer, the tumor is no longer homogeneous but is now 
heterogeneous. Once a prostatic cancer is heterogeneously 
composed of both androgen-dependent and -independent 
cancer cells, androgen withdrawal therapy, no matter how 
complete, cannot be curative. In order to produce cures of 
such heterogeneous prostatic cancers, hormonal therapy 
must be combined simultaneously with chemotherapy 
early in the course of the disease so that all the cancer 
populations (i.e., androgen-dependent and -independent) 
can be simultaneously affected within an individual pa- 
tient. 

Key words: Androgen independent tumor cells, Prostatic 
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Introduction 

Nearly all men with metastatic prostatic cancer treated by 
androgen ablation do respond, indicating that at least a por- 
tion of their cancer cells are androgen responsive. Unfortu- 
nately, however, essentially all of these patients eventually 
relapse to a state unresponsive to further antiandrogen ther- 
apy, no matter how aggressive their secondary treatment 
[23, 31, 32]. Because of this nearly universal relapse pheno- 
menon, the annual death rate from prostatic cancer has not 
decreased at all over the subsequent 40 years since andro- 

Part of this paper was presented at the 5th Congress of the Euro- 
pean Society for Urological Oneology and Endocrinology, 18-20 
August, 1986, Edinburgh, UK 

gen withdrawal has become standard therapy [2]. Over the 
last 40 years, the superficially benign nature of androgen 
withdrawal therapy has tended to disguise the fact that 
metastatic prostatic cancer is still a fatal disease for which 
no therapy is available which effectively increases survival 
[21]. 

What is the mechanism for this relapse phenomenon 
wherein an initially androgen-responsive prostatic cancer 
progresses following androgen ablation to an androgen- 
resistant state? The answer to this question is fundamental 
since, depending on the mechanism, it may or may not be 
possible to prevent the development of such androgen resis- 
tance. The significance of such a possibility is that once 
resistance to androgen withdrawal therapy has occurred, 
any possibility of curing the patient solely with hormonal 
therapy is lost [30]. 

One way in which the relapse to androgen withdrawal 
can occur is that prostatic cancers initially could be com- 
posed of tumor cells that are homogeneous, at least in regard 
to their dependence on androgenic stimulation for their 
maintenance and continuous growth (i.e., androgen-depen- 
dent cancer cells). Following castration, most of these 
dependent cells stop proliferating and die, thus producing 
an initial positive response to withdrawal therapy. Some of 
these androgen-dependent cells, however, under environ- 
mental pressure, randomly adapt to become androgen- 
independent. These androgen-independent cells, once 
formed, proliferate without the requirement for androgenic 
stimulation, and thus repopulate the tumor producing a re- 
lapse after castration. In such an explanation, the changing 
host environmental conditions following castration are as- 
sumed to be critically involved in inducing the adaptive 
transformation of an initially androgen-dependent to an 
androgen-independent tumor cell. This process is therefore 
called the environmental adaptation model. In contrast to 
this environmental adaptation model where the changing 
androgen environment following castration is assumed to 
play a direct inductive role, an alternative explanation is 
possible in which the role by the changing androgen environ- 
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ment following castration is only indirect. It is possible that 
initially prostatic cancers are heterogeneous,being composed 
of preexisting clones of androgen-dependent and -indepen- 
dent tumor cells. The androgen-independent cancer cells 
can be of two types: cells which are neither dependent on 
nor sensitive to androgenic stimulation for their growth 
(i.e., androgen-independent insensitive cells) or cells which 
grow faster in the presence of adequate androgen levels but 
which can still grow continuously even when no androgen 
is present (i.e., androgen-independent sensitive cancer cells; 
for example, of both of these types of androgen-indepen- 
dent cells see ref. [7]). Regardless of what type of androgen- 
independent cells (i.e., insensitive or sensitive) are present, 
castration, in such a context, would result in the death of 
only the androgen-dependent cells without stopping the 
continuous growth of the androgen-independent ones. While 
this would produce an initial positive response, these inde- 
pendent cells would continue to proliferate following cas- 
tration. Even if these androgen-independent cells initially 
represented only a small fraction of the starting tumor, 
their continuous growth would eventually not only replace 
completely any tumor loss due to the death of the androgen- 
dependent cells, but progressively re-expand the tumor 
producing a relapse. 

Regardless of whether environmental adaptation or selec- 
tion is the mechanism for relapse to androgen withdrawal 
therapy, eventually clones of androgen-independent pros- 
tatic cancer cells grow to kill the patient. Therefore,of what 
clinical importance is the resolution as to which of the two 
possible mechanisms is actually responsible for relapse? The 
importance of resolving whether adaptation v e r s u s  clonal 
selection is the mechanism responsible for relapse is that 
the optimal therapy for prostatic cancer is very different 
depending upon the answer. 

The Environmental Adaptation Model - The ease for 
a More Complete Androgen Withdrawal 

If the environmental adaptation model is the mechanism for 
the relapse to standard androgen ablation therapy, then it is 
possible that the presently utilized forms of androgen abla- 
tion may not be ideal for the treatment of prostatic cancer. 
This is because while the standard forms of surgical or 
chemically induced castration do lower the serum testos- 
terone level by over 90%, they do not completely eliminate 
all potential serum androgens. Since low levels of non- 
gonadal (e.g., adrenal) androgens are left following castra- 
tion, this treatment induces a partial, not a complete, andro- 
gen withdrawal. This has led some investigators to suggest 
that a more complete form of androgen withdrawal in which 
the very low levels of non-testicular serum androgen remain- 
ing following castration are neutralized by simultaneous 
treatment with a direct acting antiandrogen might be more 
effective than simply castration alone [5, 16]. In particular, 
Labrie et al. [16] have used a combination of a luteinizing 
hormone-releasing hormone (LHRH) analog plus an anti- 

androgen to produce what they term "a complete andro- 
gen withdrawal". The rationale for such a combination ap- 
proach is based upon Dr. Labrie's premise that "all or near- 
ly all tumoral prostatic cells are androgen dependent at the 
beginning of the disease and that loss of androgen depen- 
dence occurs by genetic loss of this property during cell 
divisions ... it appears logical to propose the initiation of 
this (complete androgen withdrawal treatment) as early as 
possible after diagnosis to minimize the appearance of 
androgen-insensitive cancer cell clones" [16]. In addition, 
Labrie asserts that "99% of prostatic tumors, even at the 
stage of metastases are still androgen-sensitive. Instead of 
being present at the beginning of treatment, most androgen- 
insensitive cells develop when tumor cells are exposed to 
the low androgen milieu provided by the adrenal androgens" 
[17]. Since once these androgen-independent prostatic 
cancer cells develop, the patients become incurable by any 
type of hormonal therapy, Labile has postulated that by 
combining antiandrogen with castration (either surgical 
or chemical), it might be possible to kill all of the androgen- 
dependent prostatic cancer cells, before they can progress 
to become androgen-independent cancer cells. 

Labfie's group termed such a combination of surgical or 
medical orchiectomy with the additional administration of 
the antiandrogen flutamide "complete androgen blockade", 
and have reported preliminary studies using this form of 
hormonal therapy [19, 20, 21]. While these investigators 
interpret their preliminary data as suggesting improvement 
in response and survival, the short follow-up time for their 
study and their patient selection and evaluation criteria 
appear to influence their conclusions. Although the number 
of patients has continued to increase since their initial re- 
ports, the average follow-up time (i.e., 1.4 years) has re- 
mained constant in their later studies. Nevertheless, the pro- 
jected response and survival rate have decreased continuously 
over the last years. For example, the projected 2-year re- 
sponse rate decreased from 81 percent in their 1985 report 
(calculated on 87 patients) [20] to 60 percent in their 1986 
report (calculated on 119 patients) [21]. Therefore the 
question remains as to how much further the response and 
survival rates will decrease when the patients in the study of 
Labile et al. have been followed for a longer period of time, 
so that actual rates are obtained than projected. 

In addition, there are other major limitations to the 
Labile study. First, the study is a non-randomized clinical 
trial; no partial androgen withdrawal group was randomized 
and followed prespecfively in parallel over the same time 
interval with the complete androgen withdrawal group. 
Second, the trial was not a double blind study (i.e., the eval- 
uating physician knew the treatment the patient received). 
These last two points are critical since in other clinical trials, 
more complete androgen withdrawal therapy has not been 
shown to be any more effective than castration alone. For 
example, Beland et al. [1] performed a randomized double 
blind clinical trial comparing the effectiveness of surgical 
castration with or without simultaneous treatment with the 
antiandrogen, Anadron, on previously untreated men with 
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metastatic prostatic cancer. In this study, the evaluating 
physician did not know which patients were or were not 
receiving the antiandrogen or placebo. This randomized 
double blind study could not demonstrate any statistically 
significant increase in survival between castrated patients 
treated with or without antiandrogen. 

Likewise, Schroeder et al. [31 ], in a randomized clinical 
trial of previously untreated D2 prostatic cancer patients, 
demonstrated that androgen withdrawal consisting of daily 
LHRH analog plus cyproterone acetate was no more effec- 
tive in preventing progression of the cancer than was LHRH 
analog alone (i.e., 39% of patients progressed within 12 
months on the combinational treatment group vs. 38% pro- 
gression in the LHRH alone group). In addition, similar 
negative results have been reported by Zadra et al. [40] using 
the non-steroidal antiandrogen, Anandron. In this clinical 
trial, previously untreated D2 prostatic cancer patients were 
randomized to receive either: 1) castration alone, 2) castra- 
tion plus simultaneous Anandron, or 3) LHRH plus simul- 
taneous Anandron. All patients were followed for 14-19 
months. The progression rate for the castration alone group 
was 30%; for the castration + Anandron group, it was 50%; 
for the LHRH + Anandron group, it was 36%. In addition 
to these negative clinical trials in humans, animal studies, 
using well characterized serially transplantable rat prostatic 
cancers, also have failed to demonstrate any additional ef- 
fect of combining an antiandrogen, be it either cyproterone 
acetate or flutamide, with surgical or medical castration 

[5, 301. 

The Environment Selection Model - 
The Case for Combining Androgen Withdrawal 
and Chemotherapy and/or Radiation 

There are several major clinical observations which do sup- 
port the critical assumption upon which the complete 
androgen withdrawal theory is based. First, while the adre- 
nals do supply steroids to the blood which theoretically 
could act as androgen, no one has actually demonstrated 
that in humans these adrenal androgen precursors in fact 
have major effects upon prostatic cell growth. Indeed, a re- 
cent study by Oestefling et al. [28] demonstrates that the 
adrenal glands do not have a significant stimulatory effect 
on the human prostate and are not capable by themselves 
of supporting prostatic growth. This conclusion is based 
upon the following findings. In patients with panhypo- 
pituitarism, in whom there is no testicular nor adrenal 
function, the prostates are completely atrophic by both 
histological and morphological criteria, thus demonstrating 
a complete lack of androgenic stimulation. When these atro- 
phic prostates were compared to those of patients with 
normal adrenal function but no testicular function (hypo- 
gonadotropic hypogonadism or prepubertal castration), no 
difference was found in their degree of atrophic morphology 
or histology demonstrating that adrenal function alone does 

not have a stimulatory effect on the human prostate and 
is not capable of supporting prostatic growth. 

Second, prostatic cancers, when they become clinically 
manifest, are rarely phenotypically homogeneous with re- 
gard to the clones of cancer cells comprising individual 
tumors. For example, Kastendieck [15] demonstrated 
that of 180 clinically manifest prostatic cancers removed 
surgically from previously hormonally untreated patients, 
60% of these cancers were already histologically hetero- 
geneous being composed of a mixture of several different 
cancer cell types of widely varying differentiation (admix- 
ture of glandular, cribiform, and anaplastic morphology 
within the same cancer). These results clearly demonstrate 
that prostatic cancer cell heterogeneity can occur early in 
the clinical course of the disease and there is no require- 
ment for any reduction in serum androgen levels (i.e., no 
requirement for hormonal therapy) in order to induce this 
morphological heterogeneity. This last point is also demon- 
strated by the study of Viola et al. [38] in which immuno- 
peroxidase staining methods were used to examine the cel- 
lular distribution of prostate-specific antigen, carcino- 
embryonic antigen and p21 Harvey-ras oncogene protein 
within individual prostatic cancers from patients with metas- 
tatic disease and who had received no prior hormonal ther- 
apy. This study again demonstrates that each of these 
phenotypic parameters was heterogeneously distributed 
with multiple foci of both nonreactive and reactive cancer 
cells present within individual prostatic cancers. Similar 
cellular heterogeneity within individual prostatic cancers, 
even before hormonal therapy was initiated, was also 
demonstrated by Mostofi et al. [26] using immunocyto- 
chemical localization of prostatic specific acid phosphatase 
as a phenotypic marker. 

Based upon these morphological and immunocytochem- 
ical studies, it is clear that individual prostatic cancers are 
heterogeneously composed of clones of phenotypically 
distinct prostatic cancer cells even before hormonal therapy 
is begun. This has led a series of investigators [7, 29, 35, 36] 
to suggest that the major reason androgen withdrawal ther- 
apy is not curative, is not due to an inadequate decrease in 
the systemic level of androgen following therapy, but is 
instead due to the fact that prostatic cancers are hetero- 
geneously composed of clones of both androgen-dependent 
and -independent cancer cells even before hormonal ther- 
apy is begun. If this is correct, then treatment of such a 
heterogeneous prostatic cancer with androgen withdrawal 
alone would kill only the androgen<lependent clones of 
cancer cells present without stopping the continuous 
clonal growth of the preexisting androgen-independent 
prostatic cancer cells, no matter how complete this andro- 
gen withdrawal therapy might be. 

Animal models have clearly demonstrated not only the 
fact that prostatic cancer can be heterogeneously composed 
of androgen-dependent and -independent prostatic cancer 
cells before hormonal therapy is begun [7, 36], but also the 
fact that an increase in survival above that produced by cas- 
tration alone cannot be produced no matter how complete 
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the androgen withdrawal therapy utilized [5]. Using these 
animal models, it can be shown that an increase in survival, 
above that produced by castration alone, can only be pro- 
duced, if nonhormonal chemotherapy is given simultaneous- 
ly in combination with castration and as early as possible in 
the course of the disease [ 10]. For example, in studies using 
Cytoxan as a model chemotherapeutic agent, it has been 
found that if rats bearing androgen responsive prostatic 
cancers are given Cytoxan starting simultaneously at the 
time of castration early in the course of the disease, i. e., 
tumor smaller than 1 cm a, that it is possible to increase sur- 
vival by over 200% in these combinationally treated animals 
as opposed to tumor beating animals simply castrated. Such 
early combinational treatment has resulted in >50% of these 
tumor beating animals being cured. In order to cure animals, 
Cytoxan has to be given simultaneously with, not sequential 
to, androgen ablation and it has to be given for at least four 
cycles [12]. These studies demonstrate that if an effective 
chemotherapy is available to eliminate the androgen-inde. 
pendent prostatic cancer cells, cures can be obtained if 
such effective chemotherapy is simultaneously combined 
with androgen ablation early in the course of the disease. 

Mechanism for the Development of Cellular Heterogeneity 
Within Individual Prostatic Cancers 

Once a prostatic cancer is heterogeneously composed of 
clones of both androgen~tependent and -independent 
cancer cells, androgen withdrawal therapy, no matter how 
complete, cannot be curative. Therefore, it is critically im- 
portant to resolve whether it is possible to prevent the de- 
velopment of such heterogeneity. To answer this question, 
some ideas as to the mechanism(s) for such tumor cell 
heterogeneity must be known. 

1. Multifocal Origin of  Prostatic Cancer 

One way in which individual prostatic cancers could be 
heterogeneous with regard to their androgen responsiveness 
is that instead of a monoclonal origin for the original pros- 
tatic cancers, the tumor could initially arise as a polyclonal 
mixture of androgen-dependent and -independent cancer 
cells. This suggestion is strengthened by the observation that 
when Byar and Mostofi [2] performed careful histological 
examination of serial step~ection on a series of 208 con- 
secutive human prostates removed by radical prostatectomy 
for early prostatic cancer (i.e., B disease), 85% of prostates 
had anatomically distinct multifocal cancer areas. If some 
of these distinct cancer areas are androgen<tependent and 
others independent, then a heterogeneously responsive 
tumor would exist even before hormonal therapy is begun. 
Such a heterogeneous situation could occur rather simply 
since the normal prostate is heterogeneously composed of 
both androgen-dependent and -independent prostatic cells 
even before malignant transformation occurs [13]. The fact 

that within any individual malignant prostate these multiple 
cancer foci can have different phenotypic characteristics 
has been demonstrated by Kirchheim et al. [16]. These au- 
thors demonstrate, for example, using histochemical stain- 
ing techniques, that within the same prostate there can be 
both cancer foci which were positive and negative for the 
presence of the enzyme leucine-/3-aminopeptidase. 

2. Genetic Instability of Prostatic Cancer Cells 

Another possibility for the development of heterogeneity 
in androgen responsiveness within an individual prostatic 
cancer is that while a prostatic cancer may initially develop 
monoclonally from a single androgen~lependent malignant 
cell, as this parental cell continues to proliferate, eventually 
an occasional progeny cell becomes genetically unstable. 
The concept of genetic instability in cancer cells has been 
discussed in detail by Nowell [27] and therefore the general 
thesis will not be developed except to say that genetic in- 
stability can eventually lead to changes in the genome of an 
occasional cancer cell such that a genetically altered clone 
of cells which is no langer androgen-responsive but is now 
androgen-independent, can be added to the original homo- 
geneous tumor. When such an addition occurs, the tumor is 
no longer homogeneous, but is instead now heterogeneous. 
Is there any evidence to support the concept of genetic in- 
stability as a mechanism for the development of hetero- 
geneity in androgen responsiveness in prostatic cancer? Using 
the serial transplantable Dunning R3327 system of rat pros- 
tatic cancers, it has been possible consistently to demon- 
strate that androgen-dependent prostatic cancer cells can 
randomly give rise to completely androgen-independent 
cancer cells even when the original androgen-dependent 
prostatic cancer cells are grown in an intact (i.e., noncas- 
trated) male host [9]. This progression to the androgen- 
independent state has been documented to involve genetic 
instability since definitive changes in the genetic make-up 
of the prostatic cancer cells have been demonstrated [39]. 
In addition, Thompson et al. [37] have demonstrated that 
when an androgen<lependent subline of Dunning 3327 
series is grown in culture, rapid heterogeneity develops such 
that multiple clones of phenotypically distinct prostatic 
cancer cells can be isolated. These clonal variations do have 
in common, however, that they are all androgen-indepen- 
dent even though the original parental cancer cells from 
which each was derived are initially androgen-dependent. 
Similar loss of androgen dependency of cancer cells during 
in vitro culture has also been confirmed by Labrie and 
Veilleux [22]. Using the Shionogi mouse mammary cancer 
as a model, this group has confirmed that a wide range of 
androgen sensitivity develops when clonal variations of the 
original androgen~lependent Shionogi mammary cancer are 
grown continuously in culture. Such a heterogeneous distri- 
bution of androgen sensitivity develops even if the clonal 
ceils are grown in the continuous presence of physiological 
levels of androgen. This again confirms that genetic insta- 



bility of  androgen-dependent cancer cells leads to the de- 
velopment of  androgenqndependent cancer cells and that 
such development does not  require any decrease in the an- 
drogenic stimulation to these cells. Such genetic instability 
thus results in the production of  a heterogeneous prostatic 
cancer even if the tumor is growing in the presence o f  nor- 
mal non-ablated levels o f  androgen. Once a prostatic cancer 
is heterogeneously composed of  clones of  both androgen- 
dependent and -independent cancer ceils, the ability to cure 

the patient with androgen ablation alone is lost. This is be- 
cause even if the clones o f  androgen-independent prostatic 
cancer cells are of  the androgen-independent sensitive type 
and are "hypersensitive" to the low levels o f  adrenal andro- 
gen as proposed by Labrie and Veilleux [22], these clones 
would not  be eliminated even if total androgen ablation is 
given since their growth rate is only sensitive, not  absolute- 
ly dependent upon, androgenic stimulation. 

Conclusions 

Androgen-dependent cells within an individual prostatic 
cancer can be effectively eliminated by any of  a series of  
presently available forms of  androgen ablation (e.g., castra- 
tion, DES, LHRH analogs/antagonists plus/minus antiandro- 
gen). A substantial number of  prostatic cancer patients pre- 
fer a medical, as opposed to a surgical form of  castration. 
Since DES produces cardiovascular toxicity, the use of  
LHRH analogs as a means o f  medical castration, will un- 
doubtedly increase in the future. Due to the flare reaction, 
an antiandrogen will probably be begun simultaneously 
with the LHRH analog, and thus the androgen withdrawal 
therapy combining the two agents likely become a standard 
form of  therapy for prostatic cancer. This combinational 
hormonal therapy will probably be as effective as surgical 
increase in survival compared to simple surgical castration 
alone. In order to increase survival, what is desperately 
needed is a modality which can effectively eliminate the 
clones o f  androgen-independent cancer cells already in the 
prostatic cancer even before therapy is begun. By combin- 
ing such an effective modality with any of  the various types 
of  androgen ablation presently available, it should be pos- 
sible to affect all of  the populations of  tumor cells within 
individual heterogeneous prostatic cancers and thus optimize 
the possibility for cure. Indeed, this theroretical possibility 
has been experimentally demonstrated. For example, Cyto- 
xan has sufficient effectiveness upon the androgen-indepen- 
dent cancer ceils in rat prostatic cancers that if Cytoxan is 
simultaneously combined with androgen ablation therapy 
when the tumor is small, cures can be produced [12]. Un- 
fortunately, Cytoxan may not have sufficient effectiveness 
against the androgen-independent cells within human pros- 
tatic cancers to allow cures, even if simultaneously com- 
bined with androgen ablation [4]. While combining Cyto- 
xan with androgen ablation has not  produced any substan- 
tial increase in cures, these previous attempts have usually 
been begun late in the course of  the disease when tumor 
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burden is large and rately has Cytoxan been begun simul- 
taneously with androgen ablation. In most studies, Cytoxan 
has been given to patients relapsing to androgen ablation [4]. 
Servadio et al. [34] has reported, however, on a small group 
of  non-randomized stage D patients that such combinational 
treatment increases survival above that obtained with andro- 
gen ablation alone. Thus, while there is hope that Cytoxan 
might be helpful when combined with androgen ablation, 
especially if given earlier in the disease, there are substan- 
tial reasons to believe that Cytoxan may not be the optimal 
agent to control the growth of  androgen-independent hu- 
man prostatic cancer cells [11]. Thus the search for effec- 
tive agents targeted at the androgen-independent human 
prostatic cancer ceils must continue. New approaches to 
such development have recently been summarized [11]. 
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