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The report by Huggins and Hodges in 1941’ 
that endocrine manipulation caused a decrease 
in acid phosphatase dramatically changed the 
treatment of metastatic prostatic cancer. Since 
that time, case reports have clearly described 
objective responses to hormonal manipulation 
of this disease.2.3 Nevertheless, although it is 
generally accepted that hormonal therapy pro- 
duces subjective remissions in a large propor- 
tion of patients with symptomatic metastases, 
controversies remain regarding the effect of 
hormonal manipulation on survival and the 
timing of therapy, i.e., should treatment be 
started at the time of the initial diagnosis of 
metastatic disease or at the onset of symptoms.4 

The question of whether or not hormonal 
therapy actually improves survival can be ad- 
dressed from both basic science and clinical per- 
spectives. Animal models have consistently 
demonstrated that endocrine manipulation 
causes growth inhibition of the hormone sensi- 
tive Dunning R-3327-H and R-3327-G rat pros- 
tatic adenocarcinomas.5m7 However, despite the 
beneficial effect of hormonal manipulation in 
this model, continued treatment does not pre- 
vent tumor relapse. Tumor regrowth is asso- 
ciated with an increase in the aneuploid cell 
population approaching the control level.s 

Isaacs and Coffey9 have demonstrated that 
the hormonally sensitive Dunning R-3327-H 
adenocarcinoma contains both androgen de- 
pendent and independent tumor cells. The 
finding that this tumor continues to demon- 
strate hormone responsiveness, without cure, 
despite multiple passages provides evidence that 
the growth rates of the hormone sensitive and 
resistant cells are similar, because, if one cell 
type had a significant growth advantage over 

the other, extended in vivo passage would be as- 
sociated with the elimination of the other cell 
type* 

The differences between androgen sensitivity 
and androgen resistance may be quantitative as 
well as qualitative. Orchiectomy results in irre- 
versible progression to a hormone insensitive 
state in the R-3327-H model of prostatic car- 
cinoma. The situation is different with the R- 
3327-G cell line which is poorly differentiated 
but hormonally sensitive. Pollack and associ- 
ates’O have demonstrated that both orchiectomy 
and hormonal therapy decrease the tumor 
growth rate compared to intact rats. In their 
model, diethylstilbestrol had a greater effect on 
tumor cell growth than orchiectomy, and or- 
chiectomy suppressed but did not eliminate tu- 
mor cells that were hormone responsive. These 
experiments suggest that three cell types can be 
functionally defined: hormone dependent cells 
which require androgen for survival: hormone 
sensitive cells which grow faster in the presence 
of androgen; and hormone independent cells 
which are unresponsive to androgen. The re- 
sponse of prostate cancer to hormonal manipu- 
lation depends on the distribution of these three 
cell types and their growth rates. 

There is relatively little information avail- 
able regarding human prostatic adenocarcino- 
mas except for clinical data. Human prostatic 
tumors are often heterogeneous” and probably 
contain a mixture of both hormonally sensitive 
and insensitive cells. However, most of the hu- 
man prostate cancer cell lines that have been 
established have limited hormone sensitivity. 
An exception is PC82, a hormone responsive 
human prostatic carcinoma that is serially 
transplantable in athymic nude mice.12 PC82 
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FIGURE 2. Hypothetical growth of human pros- 
tatic carcinoma. (Reproduced with permission of 
Burroughs Wellcome Co. from Monographs in Urol- 
ogy 3: 67, 1982.) 

FIGURE 1. Response of lymphatic metastases to 
hormonal therapy. (A) Pelvic CT (12/29/82) demon- 
strating a dilated left ureter (curved white arrow) 
and enlarged left pelvic lymph nodes (straight black 
arrows). Bilateral orchiectomy was performed Janu- 
ary 3, 1983. (B) CT (513183) demonstrating a 
marked decrease in the size of the lymphatic metas- 
tases. (C) CT (10/18/83) showing resolution of hy- 
droureter. 

does not form tumors in female nude mice, and 
castration of tumor-bearing male mice results in 
a decrease in tumor volume. Similar, precise 
documentation of tumor behavior in patients 
with prostatic carcinoma is scarce. However, it 
is now possible to obtain it with newer diagnos- 
tic techniques. Computed tomography can be 
used to demonstrate changes in soft tissue me- 
tastases that are otherwise difficult to quantify 
(Fig. 1). 

Prospective randomized studies of hormonal 
therapy in man by the Veterans Administration 
Cooperative Urological Research Group has not 
clarified the role of hormonal therapy. l3 Several 
problems with these studies make the interpre- 
tation of the data difficult. First, the use of high 
doses of estrogen (diethylstilbestrol) in some 
trials was associated with an excess of car- 
diovascular deaths, and, second, patients in the 
control group in whom progressive disease de- 
veloped were frequently given hormonal 
therapy. As a result of this, the lack of dif- 
ference of survival between the control and es- 
trogen therapy groups may represent similar 
survivals between patients treated with either 
immediate or delayed hormonal treatment 
rather than a failure of hormonal manipulation 
to improve survival. 

Barnes14 has reported on a large nonran- 
domized group of patients with low-stage pros- 
tate cancer who had either immediate or de- 
layed therapy. His data suggest that long-term 
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FIGURE 3. Results of hormone manipulation of 
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prostatic carcinoma. Dashed horizontal line repre- 
sents onset of symptomatic metastases. Curves a, b, 
and c represent 1, 2, and 3 log kills, respectively. 

survival with delayed hormonal therapy is no 
worse and possibly better than that obtained 
with immediate treatment. Because of the long 
natural history of this disease and undefined 
clinical variables, the precise impact of hor- 
monal therapy has not been adequately deter- 
mined. Nevertheless, the fact that up to 90 per 
cent of the patients have either objective remis- 
sion or stabilization of their disease after hor- 
monal manipulation is strong evidence for the 
clinical effectiveness of hormonal therapy.i5.16 
In fact, documented objective remissions 
clearly show that in some cases hormonal 
therapy alters the natural history of the tumor 
and probably prolongs survival. Given the ef- 
fective nature of this treatment, can delayed 
therapy be justified? 

The natural history of prostatic cancer can be 
evaluated by analysis of tumor cell growth. Sta- 
meY l7 has reported a model of prostatic car- 
cinoma which appears to mirror clinical tumor 
behavior (Fig. 2). Although the tumor doubling 
time in vivo is unknown, the model is useful for 
the analysis of hormonal therapy. Two assump- 
tions will be made in this evaluation. First, the 
growth of prostatic cancer as a solid tumor will 
follow Gompertzian kinetics after a tumor vol- 
ume of 1 ml is reached. Second, prostatic neo- 
plasms are composed in varying proportions of 
hormonally sensitive and insensitive cells with 
similar doubling times. 
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3. Effect of early and delayed hormonal ____ _ 
therapy on prostatic cancer growth. Dashed and 
dotted curves represent 1 and 2 log kills, re.spec- 
tively. 

Figure 3 demonstrates what one may reason- 
ably expect after hormonal manipulation of a 
prostatic neoplasm. The top curve represents an 
untreated neoplasm or one in which no hor- 
monally sensitive cells are present. When hor- 
monal manipulation is begun, the degree of re- 
sponse will depend on the proportion of 
hormonally sensitive cells in the population. 
Obviously, if the neoplasm was composed en- 
tirely of hormone dependent cells, hormonal 
manipulation would result in a complete disap- 
pearance of the tumor. Various intermediate 
stages are demonstrated by the lines represent- 
ingl,2, and3logkills(90%,99%,and99.9% 
of the cells killed, respectively). The horizontal 
line represents an arbitrary point at which 
symptomatic metastases are present. The inter- 
val of time between initiation of therapy and 
regrowth of neoplasm to this horizontal line is 
the period of remission. In this model, the dura- 
tion of response to therapy correlates with the 
degree of log kill and with potential survival. 
The obvious conclusion is that the greater the 
proportion of hormonally sensitive cells in an 
individual neoplasm, the greater the log kill 
and, therefore, the longer the duration of re- 
mission and survival. 

Figure 4 demonstrates the effects of early and 
late hormonal therapy. If the doubling times of 
both hormonally sensitive and insensitive cells 
are similar, the proportion of these cells in the 
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FIGURE 5. Effect of delayed hormone manipulation. (A) Patient whose hormone sensitive cells are growing 
faster than hormone insensitive cells. With delayed hormone therapy cell kill is greater because of increased 
numbers of hormone sensitive cells. This is accompanied by longer time to reach 10’” cells. (B) Patient whose 
hormone sensitive cells are growing slower than hormone insensitive cells. Curves a and b represent 1 and 2 
log cell kills, respectively. Delayed therapy (dotted curve) is less effective (0.5 log kill) because of fewer 
numbers of hormonally sensitive cells. Nevertheless, because of growth kinetics, effect oj decreased numbers 
of hormonally sensitive cells on delayed therapeutic efficacy is blunted. 

population will not change with time. The hor- 
izontal line again represents the onset of symp- 
tomatic metastases. If one looks at these curves 
critically, two striking findings emerge. First, 
the duration of remission, i.e., the time to 
emergence/r-e-emergence of symptoms from ini- 
tiation of therapy, is longer for patients with 
earlier therapy. However, this finding must also 
be viewed through the perspective of a patient’s 
lifetime. With delayed therapy, the duration of 
remission is shorter, but the time to reach 1012 
tumor cells is greater. One would expect then, 
that survival (age at death) would be longer 
with later therapy. 

The conclusion that delayed hormonal 
therapy is superior to early hormonal therapy is 
inescapable provided that the proportions of 
hormone sensitive and insensitive cells do not 
change significantly during a patient’s lifetime. 
However, any alteration in this ratio will result 
in significant changes in the results of hormonal 
manipulation at different time periods. Indi- 
viduals whose hormonally sensitive cells are 
growing at a faster rate than hormonally resist- 
ant cells will have an enhanced kill with de- 
layed therapy and should have a much better 
clinical response with this form of management 
(Fig. 5A). Individuals whose nonhormonally 
sensitive cells are growing faster will have just 

the opposite effect. Nevertheless, because of 
Gompertzian kinetics, the proportion of non- 
hormonally sensitive cells must rise significantly 
to produce appreciable alterations in survival 
(Fig. 5B). 

There is some research and clinical evidence 
which does not support the proposed model. 
The Dunning R-3327-H prostatic adenocar- 
cinema model offers good evidence that these 
tumors are heterogeneous and that hormonal 
responsiveness and tumor relapse is a function 
of clonal selection.ls Using this model, IsaacP 
showed that early castration resulted in de- 
creased tumor growth and improved survival. 
This effect, however, was limited to relatively 
early tumors. By the time the animals reached 
200 days and the mean tumor diameter was ap- 
proximately 1.3 cm, improvement in survival 
was not statistically different from that of con- 
trols. Whether this is an appropriate model or 
not is unclear because extremely early treat- 
ment was required for significant impact. With 
relatively small volumes of tumor, the growth 
rate of the tumors is more exponential than 
Gompertzian. Forrest and Howardslg have 
demonstrated that survival after orchiectomy in 
patients with metastatic prostate cancer is re- 
lated to the age at which the orchiectomy was 
performed. Interestingly, however, although 
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FIGURE 6. Survival following orchiectomy and age 
at death us age at time of orchiectomy. Modijied 
from Forrest and Howards. I9 

the survival from the time of therapy (orchiec- 
tomy) continues to fall dramatically with age, 
the absolute survival in years increases with the 
age at orchiectomy (Fig. 6). As the authors ap- 
propriately point out, multiple variables may 
have a role in this phenomenon. Nevertheless, 
this does suggest that the clinical situation 
which physicians encounter is much more com- 
plicated than that associated with the Dunning 
model and that absolute survival is an impor- 
tant consideration. 

The advantage of the proposed model is that 
it is theoretically testable. Although hormonally 
sensitive and insensitive cells cannot be accu- 
rately characterized through conventional his- 
tology, newer methods of defining hormone 
sensitive cells may be able to demonstrate 
whether this hypothesis is correct. Prostatic nu- 
clear androgen receptor content can be 
measured on tissue obtained by needle biopsy 
and correlates with response to hormonal 
therapy.20.21 Androgen binding by histochemi- 
cal assay also correlates with hormone respon- 
siveness.22 Serial biopsies in patients using such 
techniques could be used to assess whether or 
not the model is a correct one. In addition, 
methods which are more sensitive and direct for 
determining hormonally sensitive cells may yet 
be developed. If, for example, monoclonal anti- 

bodies are produced that can differentiate hor- 
mone sensitive from hormone insensitive cells, 
then tumor cells could be quickly and easily 
characterized by the use of flow cytometry. 

Although much remains to be learned about 
the biology of prostatic cancer, both research 
and clinical data offer support for the proposed 
model. Important unknown variables such as 
the growth rate and hormone responsiveness of 
metastatic deposits remain to be defined. Nev- 
ertheless, this relatively simple model provides 
a means to study this challenging neoplasm. If 
the model can be verified or disproved, then the 
timing of hormonal therapy for patients with 
prostatic cancer would be placed on a more ra- 
tional basis. 
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