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Abstract-Pretreatment hormone levels were determined in 222 patients with 
prostatic cancer and their prognostic value assessed. The patients were grouped 
into yearly survival categories and only those whose cause of death was due to the 
disease were included in the study. Low concentrations of testosterone in plasma at 
the time of diagnosis related to a poor prognosis. Patients who died within 1 yr of 
diagnosis had the lowest mean plasma levels of this steroid. The pretreatment mean 
plasma testosterone concentrations were found to be higher as the suruival period of 
the various groups lengthened. This relationship was observed both when the total 
data were analysed and also when the patients were subgrouped depending on 
clinical evidence of spread of the tumour beyond the prostatic capsule (T3) or on the 
presence of metastases (Ml). High pretreatment plasma concentrations of 
luteinking hormone were also associated with poor survival. Follicle-stimulating 
hormone, prolactin and growth hormone concentrations did not correlate with 
survival time. The indications from this study are that poor testicular function is 
associated with early death from prostatic carcinoma and that the measurement of 
blood levels of testosterone at diagnosis could provide a prognosis of subsequent 
life-span. 

INTRODUCTION 

AN ABNORMAL hormonal status in the aetiology 
of prostatic carcinoma is still being sought. It has 
long been accepted that the disease occurs at a 
time of waning testicular function and yet, in the 
main, is considered androgen-dependent. Con- 
siderable research has been undertaken in an 
attempt to identify any endocrine abnormalities 
that might relate to the onset and promotion of 
prostatic cancer [l-3]. The results have indicated 
that there are no significant differences in 
circulating plasma androgens, oestrogens or 
pituitary hormones in patients with prostatic 
cancer or with benign prostatic hyperplasia, or in 
age-matched asymptomatic control subjects [3-51. 
It has been shown, however, that changes occur in 
plasma hormone concentrations in men with 
prostatic cancer that can be related to the ciinical 
stage of the disease [6], tumour grade [7, 81 and 
primary clinical response [9], indicating a 
hormonal influence on tumour development. 

The life-expectancy of men with prostatic 
cancer is variable, and the prognostic factors 
involved not fully known. This study has been 
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aimed at evaluating the functional activity of the 
pituitary-testicular axis at the time of initial 
diagnosis of the disease in relation to subsequent 
life-span. 

Patients 

MATERIALS 

This study involves 222 patients with prostatic 
cancer, aged between 53 and 85 yr, who had 
presented at one of the clinics associated with the 
British Prostate Group and had been classified 
and assessed according to a standardised protocol 
accepted by the group [6]. All the patients had 
histologically proven carcinoma of the prostate 
and had not previously received any therapy for 
their disease. They were classified according to 
primary tumour stage and metastatic status, using 
the T and M categories recommended by the 
UICC [lo]. The patients all received endocrine 
therapy as the primary treatment, the majority 
receiving diethylstilboestrol (1 mg t.d.s.), others 
being orchidectomized and a few being given 
either ethynyl oestradiol(50 pg t.d.s.) or Honvan 
(100 c(g b.d.). The survival groups were com- 
parable in terms of initial therapy, the proportions 
of given oestrogen as treatment to orchid- 
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ectomized patients being very similar in each 
group. Secondary treatment was more varied but 
the majority of patients remained on their 
primary therapy. Initial treatment was around 
l-2 weeks after diagnosis. Only individuals 
whose cause of death was primarily related to 
prostatic cancer were included in the analysis. 
The total patient population under study is over 
600 individuals, but this communication does not 
include those patients who died from cardio- 
vascular diseases or other diseases, or those 
patients whose cause of death was unknown. 
Neither does it include those patients in which 
treatment was deferred or patients who received 
radiotherapy as their primary treatment. Patients 
who were alive 3 yr or more after initial diagnosis 
were included in the study, whereas those patients 
who are still alive but have only been in the study 
for under 3 yr were excluded. 

Before institution of therapy, blood samples 
were taken, as near as possible to 09.00hr, and after 
the consent of the patient had been obtained. 
Plasma was separated and stored deep-frozen 
until assayed. 

Hormone analysis 
Testosterone, luteinizing hormone (LH), 

follicle-stimulating hormone (FSH), growth 
hormone (GH) and prolactin were each measured 
by radioimmunoassay procedures as previously 
described [6]. A few hormone values were not 
available for analysis due to the small volume of 
plasma received. Statistical analysis of the 
differences between the various survival groups 
were performed by non-parametric statistics 
using the Mann-Whitney U test. 

RESULTS 
Patient grouping 

The hormonal data were analysed after 
grouping the patients according to the number of 
years they survived from the time of diagnosis of 
prostatic cancer (Table 1). Further subdivisions 
were made on the basis of age and also on primary 
tumour stage and on the clinical evidence of 
metastases. 

Testosterone analysis 
The concentrations of testosterone in the 

plasma of patients, subdivided according to their 
survival time, are given in Fig. 1. Those patients 
who died within the first year had significantly 
lower plasma levels of testosterone than all the 
other groups of men who succumbed to the 
disease at later stages (2P = 2 yr, 0.009; 3 yr, 0.017; 
4 yr, 0.001; and 5 yr, 0.024 respectively) and those 
patients who were still alive 3-7 yr after diagnosis 
(2P = 0.001). Furthermore, those patients who 
died within 2 or even 3 yr of diagnosis had 
pretreatment blood levels of testosterone that were 
also significantly lower than those men who 
eventually survived for 3 or more years(2P = 0.006 
and 0.001 respectively). When data from those 
patients classified as having T3 primary tumour 
were analysed (Fig. 2a), individuals who died 
within the first year of diagnosis had lower mean 
pretreatment plasma testosterone than those who 
died 2, 3 or between 4 and 6 yr later (2P = 0.001, 
0.013,O.OOl respectively) and werealsolower than 
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Fig. 1. Pretreatment pkwna concentrations of testosterone 
(mean + S.E.M.) zn men with prostatic carcinoma in relation 

to subsequent length of survival. 

Table 1. Patient survival groups (total population) 

Survival categories No. of patients Mean ages 

Patients who died <1 yr after initial diagnosis 34 71.0 
,, 8, 1-<2yr ,, 1, ., 34 70.3 
7, II 2-a yr ,, ,I ,, 35 70.6 
,, 2, 3-<4 Y’ ,I 1, ., 18 70.1 
,, I, 3-7 yr ,, ,1 0 11 68.5 

Patientsalive 3-7 yr ,, ,, ,, 90 70.7 
I, 3-<4yr >, ?1 I, 32 70.0 
.I 4-<5 yr 1. II ,I 30 69.0 
,, 5-<6yr 9, ,, 1, 23 71.3 
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Fig. 2. Pretreatment plasma concentrations of testosterone Fig. 3. Pretreatment plasma concentratrons of testosterone 
(mean + S.E.M.) in men with prostatic carcinoma (mean + S.E.M.) rn men with prostatic carcinoma 
subgrouped as (a) those with a T3 primary tumour and (b) subgrouped according to age (a) 60-69 yr and (b) 70-79 yr, in 
those with clinical euidence of metastases (Ml), in relation to relation to length of survival from initial diagnosis. 

length of survival. 

n 33 U 35 17 11 83 28 28 23 those patients who were still alive between 3 and 
7 yr after diagnosis (2P = 0.0001). Patients with 
Ml disease also exhibited this same correlation 
between pretreatment plasma testosterone con- 
centrations and length of survival (Fig. 2b). Those 
Ml patients who died within the first year had 
significantly lower pretreatment testosterone 
levels than all the other survival groups 
(2P ~0.068 at 2 yr; 0.050 at 3 yr; 0.001 at 4-6 yr; 
and 0.001 with the group still alive at 3-7 yr). 

Patients were also grouped for analysis 
according to age (60-69 yr and 70-79 yr). Results 
are shown in Fig. 3. Those patients between 60 
and 69 yr of age who died within the first year had 
lower mean plasma testosterone concentrations 
than the other groups (2P <0.002, 2 yr; <0.004, 
3 yr; <0.002,4-6 yr; and <0.002 for patients alive 
3-7 yr later). After this period, however, no 
relationship between survival and hormone 
values was evident (Fig. 3a). In the older patients, 
however, mean pretreatment plasma testosterone 
levels were higher as survival time lengthened 
(2P <0.05 at 4-6 yr; >O.OOl for those patients still 
alive 3-7 yr) (Fig. 3b). 
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Fig. 4. Pretreatment plasma concentrations of lutemizzng 
hormone (mean +S.E.M.) in men with prostatic carcinoma in 

relation to length of survival from initial diagnosis. 

and 4 yr (2P = 0.032,0.001,0.017 respectively) and 
those still alive between 3 and 7 yr after initial 
diagnosis (2P = 0.001). When the patients withT3 
category tumours were considered, only those 
who died within the first year showed a 
significantly higher pretreatment LH concentra- 
tion than those patients still alive 5 or more years 

Luteinizing hormone analysis 
Mean pretreatment plasma LH concentrations 

for the various survival groups are shown in Fig. 
4. The prostatic cancer patients who died within 
1 yr of initial diagnosis had significantly higher 
LH concentrations than those who died after 2,3 
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later (2P = 0.136) (Fig. 5a). Individuals classified 
as Ml showed no relationship between initial LH 
concentrations and survival (Fig. 5b). Data from 
patients subdivided according to age are seen in 
Fig. 6. In the younger group, 60-69 yr of age, 
higher LH concentrations were found in those 
patients who died within 2 yr of diagnosis, 
although they were not significantly different. 
Pretreatment LH concentrations in patients aged 
between 70 and 79 yr bore no relationship to time 
of survival. 

FSH, prolactin and growth hormone analysis 
Mean pretreatment plasma FSH concentrations 

did not correlate with survival, although those 
patients who died within 1 or 2 yr after initial 
diagnosis had the highest mean FSH levels. This 
was observed even when patients were separated 
into groups according to the staging of the 
primary tumour, metastatic status or age. No 
correlation was observed between pretreatment 
levels of prolactin or growth hormone and the 
period of survival from initial diagnosis. 

DISCUSSION 
The results of this study suggest that low 

plasma testosterone concentrations in men with 
prostatic carcinoma at the time of initial 
diagnosis is associated with a poor prognosis. 
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Fig. 5. Pretreatment plasma concentrations of luteinizmg 
hormone (mean + S.E.M.) in men with prostatic carcinoma 
subgrouped as (a) those with a T3 primary tumour; and (6) 
those with clinical evidence of metastases (Ml), in relation to 

length of survival. 
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Although the results were based on concentra- 
tions of hormone in single plasma samples the 
variation due to the circadian rhythm of 
testosterone secretion [1 l-141 was minimized by 
sampling as close to 09.00 hr as was possible. The 
highest levels of plasma testosterone were found 
in those patients who subsequently survived the 
longest, a point that was particularly noticeable 
in the group of 70-79-year-old individuals (Fig. 
3b), in those with a T3 primary tumour and in 
those with metastatic disease. Only those patients 
in the T3 category and with metastases had 
adequate numbers in their groups for such an 
analysis to be performed. It will clearly be 
interesting to look at the other clinically defined 
categories, when larger numbers are available. 

The observation that high LH concentrations 
were found at the time of diagnosis in patients 
who died l-2 yr later would, together with the low 
testosterone levels in this group, indicate that the 
pituitary-testicular axis was no longer function- 
ing normally. One might speculate that those 
patients with higher levels of plasma testosterone 
will have prostatic tissue that is maintained at a 
more differentiated state and will respond to anti- 
androgen therapy. Similarly, where there is a 
reduction in functional activity of the pituitary- 
testicular axis clones of androgen-independent 
prostatic cells may predominate. The grading of 
tumours with regard to endocrine status is a study 
that should be considered following such 
speculation. 
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Fig. 6. Pretreatment plasma concentrations of lutemzzing 
hormone (mean + S.E.M.) zn men with prostatic carcinoma 
subgrouped according to age (a) 60-69 yrand (6) 70-79 yr, in 

relation to length of survival. 
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It is not surprising that Ml and T3 category 
patients form the major proportion of individuals 
who died from prostatic cancer since these clinical 
parameters are themselves indicators of a poorer 
prognosis. But it can be seen that even with the T3 
and Ml groups of patients, differing survival 
times were observed that related to the hormone 
concentrations in plasma. All the patients 
received endocrine therapy as their primary form 
of treatment, but in the light of these findings it 
would obviously be pertinent to study the length 
of survival of individuals who receive other forms 
of therapy. A further factor to be considered is the 
effect of advanced diseases, irrespective of site, on 
testicular activity. Young and Kent [15] found 
lower plasma testosterone levels in 10 patients 
with cancer in sites other than the prostate, and 
also in 10 patients with non-malignant chronic 
diseases, than in the patients with advanced 
prostatic cancer that were studies. Robinson and 
Thomas [16] found that patients with advanced 
metastatic disease had lower testosterone con- 
centrations, but although a group with T3Ml 
disease with a low mean testosterone value was 
encountered here, another group of 14 patients 
staged T3Ml had normal to high testosterone 
values and survived longer. Houghton and Jacobs 
[17] found no relationship between the 6-month 
response to orchidectomy and pretreatment LH 
and testosterone concentrations. Perhaps these 
contrary findings are due to dissimilar criteria, as 
in this communication death from prostatic 
cancer is the end point. 

In this investigation, although the concentra- 
tion of FSH in plasma was higher in patients 
dying within 2 yr of diagnosis, these did not reach 
the level of significance. Neither plasma prolactin 
nor growth hormone concentrations were found 
to relate to survival, although the studies of 
Aldercreutz and his colleagues [9] indicated that 
prolactin concentrations in association with 
testosterone concentrations related to primary 
response to endocrine therapy. 

The British Prostate Study Group investigation 
[6] on plasma hormones in relation to clinical 
stage indicated that growth hormone levels were 
highest in those patients with Ml disease, but 
there appears to be no correlation of the plasma 
concentration of this hormone with survival time 
from this study. 

It is possible that a discriminant function based 
on hormone concentrations and other clinical 
features of known prognostic value could be 
devised which might be beneficial in selecting 
patients for the most appropriate therapy. The 
clinician may well consider employing forms of 
therapy such as irradiation or chemotherapy for 
the group of patients that present at onset with 
low levels of plasma testosterone and elevated LH 
concentrations. 
Acknowledgements-We are grateful to the Tenovus Organ- 
ization for generous financial support, and to G. V. Groom 
and B. G. Joyce for hormone assays. Theclinical section of the 
British Prostate Group that contributed to this study 
comprised N. J. Blacklock, A. C. Buck, G. D. Chisholm, E. P. 
N. O’Donaghue, G. J. Fellows, W. B. Peeling, P. H. Smith, G. 
Williams, M. R. G. Robinson and R. W. M. Rees. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

REFERENCES 
BULBROOK RD, FRANKS LM, GREENWOOD FC. Hormone excretion in prostatic cancer: 
the early and late effects of endocrine treatment on urinary oestrogens, 17-ketosteroids 
and 17-ketogenic steroids. Acta Endocrinol (Copenh) 1959,31, 177-179. 
GEL.LER J, BARON A, KLEINMAN S. Pituitary lutenizing hormone reserve in elderly men 
with prostatic disease. J Endocrinol 1970, 48, 289-290. 

HARPER ME, PEELING WB, C~WLEY T et al. Plasma steroid and protein hormone 
concentrations in patients with prostatic carcinoma before and during oestrogen 
therapy. Acta Endocrinol (Cop&z) 1976, 81, 409-426. 
BARTSCH W, HORST HJ, BECKER H, NEHSE G. Sex hormone binding glubulin capacity, 
testosterone 5adihydrotestosterone, oestradiol and prolactin in plasma of patients with 
prostatic carcinoma under various types of hormonal treatment. Acta Endocrinol 
(Co+xh) 1977, 85, 650-664. 

HAMMOND GL, KON-I-~URI M, MAA~ALA P, PUUKKA ii4, VIHKO R. Serum FSH, LH 
and prolactin in normal males and patients with prostatic disease. Clin Endocrinol 
1977,7, 129-135. 
BRITISH PROSTATE ST~JDY GROUP. Evaluation of plasma hormone concentrations in 
relation to clinical staging in patients with prostatic cancer. BY J Ural 1979,51,382-389. 
BARTSCH W, STEINS F, BECKER H. Hormone blood levels in patients with prostatic 
carcinoma and their relationship to the type of carcinoma growth differentiation. Eur 
Ural 1977, 3, 47-52. 
RANNIKKO S, KAIRENTO A-L, KARONEN S-L, ADLERCRE~JTZ H. Hormonal pattern in 
prostatic cancer I. Correlation with local extent of tumour, presence of metastases and 
grade of differentiation. Acta Endocrinol (Cope&) 1981, 98, 625-633. 



482 M. E. Harper, C. G. Pierrepoint and K. Griffiths 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

ADLERCREUTZ H, RANNIKKO S, KAIRENTO AL, KARONEN SL. Hormonal pattern in 
prostatic cancer II. Correlation with primary response to endocrine treatment. Acta 
Endocrinol (Copenh) 1981, 98, 634-640. 
WALLACE DH, CHISHOLM GD, HENDRY WF. T.N.M. classification for urological 
tumours (U.I.C.C.). Br J Ural 1975, 57, 1-12. 
LACERDA L DE, KOWARSKI A, JOHANSSON AJ, ATHANASIOU R, MIGEON CJ. Integrated 
concentration and circadian variation of plasma testosterone in normal men. J Clin 
Endocrinol Metab 1973, 37, 366-371. 
NIESCHLAC E. Circadian rhythm of plasma testosterone. In: ASCHOFF J, QRESA F, 
HALBERG F, SCHATTAUER FK, eds. Chronobiological Aspects of Endocrinology. Verlag 
Stuttgart, 117. 
RIAD-FAHMY D, READ GF, WALKER RF, GRIFFITHS K. Steroids in saliva for assessing 
endocrine function. Endocr Rev 1983, 3, 367-395. 
CAMPBELL IT, WALKER RF, RIAD-FAHMY D, WILSON DW, GRIFFITHS K. Circadian 
levels of testosterone and cortisol in saliva: effects of activity phase shifts and 
continuous daylight. Chronobiologia 1983,9, 389-396. 
YOUNG HH, KENT JR. Plasma testosterone levels in patients with prostatic carcinoma 
before and after treatment. J Ural 1968, 99, 788-792. 
ROBINSON MRG, THOMAS BS. Effect of hormonal therapy on plasma testosterone levels 
in prostatic cancer. Br Med J 1971, 4, 391-394. 
HOUGHTON AL, JACOBS HS. Advanced cancer of the prostate-does the pretreatment 
heydig cell function determine the response to orchidectomy? Postgrad Med J 1978,34, 
261-264. 


