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Circulating testosterone and prostate cancer. 

A brief review 
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ABSTRACT 

In vitro and in vivo studies show that androgens stimula- 
te prostate cancer. However, evidence from epidemiologi- 
cal studies of an association between circulating levels of 
androgens and prostate cancer risk has been inconsis- 
tent, but most studies have likely been undersized given 
that the association may be relatively weak. 

We review prospective studies on the association of 
serum levels of free and total testosterone, the principal 
androgen in circulation with risk of prostate cancer. 

No significant association between total or free testoste- 
rone and risk of prostate cancer was found in studies that 
together included 1,525 cases of prostate cancer and 
4,349 controls. 

No support was found for the hypothesis that high levels 
of circulating testosterone within a physiological range 
stimulate development and growth of prostate cancer. 
Intraprostatic androgen metabolism may still be of impor- 
tance for prostate cancer development. 

Key words : prostate cancer, androgens, testosterone, epide- 
miology, prospective studies 

I. I N T R O D U C T I O N  

The hypothesis that androgens play a role in the pathoge- 
nesis of prostate cancer in men is mainly based on a large 
body of evidence from studies of tumor models [4]. In vitro, 
androgen response is observed in most well-differentiated 
cancer cell lines of prostatic origin [18, 35], and in vivo, 
androgens consistently stimulate induction and promotion 
of prostate tumors and prostate tumor xenografts in rodent 
models, whereas androgen ablation causes tumor regres- 
sion [19, 3]. In humans, an increased risk of prostate can- 
cer may depend on an increase in testicular production of 
testosterone resulting in high levels of circulating andro- 
gens, and/or to tissue-specific alterations within the pro- 
state increasing androgen stimulation only in the prostate 
[4]. 

At least ten modest-sized prospective studies have inves- 
tigated the former relationship, i.e. the association between 
circulating levels of androgens with prostate cancer risk, 
for recent reviews see [7, 17, 15]. Overall, the results from 
these studies have been inconclusive, some studies have 
shown a mildly increased risk [14, 8, 13, 12] whereas other 
studies have demonstrated a mildly decreased risk [31, 6], 
but none of these studies have shown a statistically signi- 
ficant association between absolute levels of circulating 
testosterone, the principal androgen in the circulation, and 
prostate cancer risk. 

The biologically most active form of testosterone is consi- 
dered to be bioavailable or free testosterone. Bioavailable 
testosterone is the fraction of testosterone that is not 
bound to sex hormone binding globulin (SHBG) - the domi- 
nant binding protein for testosterone in circulation - and 
free testosterone is the fraction not bound to any protein. 
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Given that albumin levels are constant between individuals, 
these two measures will be highly correlated. A few studies 
have investigated the association between serum levels of 
free testosterone and risk of prostate cancer. No significant 
association was observed in any of the three studies in 
which free testosterone was directly measured [12, 6, 25]. 

Circulating levels of testosterone are inversely correlated to 
obesity, which has been inconsistently associated with a 
weak increase in risk of prostate cancer [17, 2, 5]. This 
paper presents a brief review of the two largest studies [7, 
27] on the association between total and free testosterone 
and risk of prostate cancer, also taking obesity into account. 

II. S T U D Y  G R O U P S  A N D  RESULTS 

The paper by Eaton and al. is a meta-analysis of eight pro- 
spective studies published until 1999, and included 817 
cases and 2,107 controls analysed for total testosterone [7]. 
The study by Stattin and co-authors is a pooled analysis 
with 708 cases and 2,242 controls from three Nordic bio- 
banks ; The Janus Serum bank in Oslo, Norway, The 
Helsinki Heart Study in Helsinki, Finland, and the Northern 
Sweden Health and Disease Cohort in Ume~, Sweden [27]. 
The number of cases included from Norway was 537, from 
Finland 84, and from Sweden 87, and from each country 
four controls per case was selected matching for age and 
date of blood collection. 

In the paper by Stattin and co-authors, there were strong, 
direct correlations between total and free testosterone (r = 
0.78) and between total testosterone and SHBG (r = 0.51), 
whereas the correlation between SHBG and free testoste- 
rone was very weak (r = -0.08). In the same paper, BMI was 
inversely correlated to SHBG (r = -0.33) and total testoste- 
rone (r = -0.28), and less strongly to free testosterone (r = - 
0.14) (Figure 1). 

Levels of total and free testosterone and risk of prosta- 
te cancer 

In the meta-analysis by Eaton and al. [7], no significant 
association between levels of total testosterone and prosta- 
te cancer risk was found when analyzing all cases and 
controls combined (Figure 2). Essentially the same pattern 
of risk was found in the pooled Nordic study [27], (Figure 3). 
For free testosterone both the meta-analysis and the pooled 
study basically had the same findings, namely that there 
were no significant association between levels of free tes- 
tosterone and risk, (Figures 4a and 4b ; Figures 5a and 5b). 
The risk estimates remained almost unchanged in the poo- 
led study by Stattin et al. when analysis included adjustment 
for BMI [27]. Similarly, the risk estimates remained essen- 
tially the same when analyses were done in subgroups 
according to age and lag time. 

III. D ISCUSSION 

In these two studies, one meta-analysis [7] and one pooled 
study [27], which together encompasses 1,525 cases of 
prostate cancer, no significant association between total or 

free testosterone and risk of prostate cancer was found. 

With regard to levels of androgen exposure, there was an 
approximately two-fold difference in serum testosterone in 
the highest versus the lowest exposure groups, in both stu- 
dies. An equally large increase in androgen administration 
has produced substantial increases in induction and pro- 
motion of prostate tumors in rodent tumour models [4]. 
However, short-term administration of androgens in rodent 
models may not be equivalent to chronic exposure to mild- 
ly elevated endogenous androgen levels in men. 

Most sex steroids are fairly robust in cryopreserved sam- 
ples even for relatively long periods [28, 23], but some 
degradation cannot be ruled out in these studies in which 
some samples had been cryopreserved for a very long time. 
However, as the cases and controls had been closely mat- 
ched for date of blood collection, degradation would affect 
samples from cases and controls non-differentially and 
would only tend to attenuate an association to risk. Serum 
levels of testosterone are relatively constant over time in an 
individual, with reported correlation coefficients ranging 
from 0.7 to 0.9 between levels in samples taken about three 
years apart [23, 9, 33, 30]. However, if one single blood 
sample is representative for longer time periods is unk- 
nown. 

Concentrations of free testosterone, the biologically most 
active form of testosterone, is most accurately directly mea- 
sured by a dialysis method, which has been used rather 
infrequently in epidemiological studies due to the require- 
ments of large sample volumes and time-consuming metho- 
dology. However, such direct measurements have been 
shown to correlate well with indices of free testosterone cal- 
culated from total testosterone and SHBG levels as used in 
these studies [23, 1, 34]. 

Total testosterone linearly adjusted for SHBG can also be 
used as a calculated index of biologically active testostero- 
ne, and one often-cited paper by G a n n e t  al. in the 
Phycian's Health Study reported a significant increase in 
prostate cancer risk for total testosterone linearly adjusted 
for SHBG [8]. In contrast, in the pooled study by Stattin and 
co-authors [27] a non-significant decrease in risk was found 
for testosterone after adjustment for SHBG as done by 
Gann et al. [8]. A bell-shaped pattern of risk, with weakly 
increased risk for intermediate level and decreased risk for 
the highest level was for an index of free testosterone cal- 
culated from total testosterone and SHBG was seen in the 
same study. 

Indirect support for the hypothesis that high levels of circu- 
lating androgens is a risk factor for prostate cancer have 
included the dramatic regression of tumor symptoms in a 
majority of men with advanced prostate cancer after andro- 
gen ablation, which entails a total cessation of testicular 
production of testosterone [24]. However, the effects of the 
drastic reduction in androgen levels seen at a very late 
stage of cancer development may not be relevant to the 
effect of variations within a physiological range on early 
tumor events that takes place decades earlier. 
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Figure 1 : Means of hormonal levels by quintile levels of  
body mass index (BMI) in the pooled Nordic study [27]. 
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Figure 2 : Meta-analysis of prospective studies on the 
association between total testosterone and risk of pro- 
state cancer [6]. 
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Figure 3 : Odds ratios of prostate cancer by quintile of 
testosterone levels in the pooled Nordic study [27]. 
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Figure 4a : Meta.analysis of prospective studies on the 
association between SHBG levels and risk of prostate 
cancer [6]. 

Non-SHBG bound testosterone 
au l f~ r  Year Calm/controls ratio 95% Cl Ratio end 95% Cl 

Nomura 1996 105/105 1.04 (0.90-1.19) - -  ~ - -  

Guess 1997 1041106 1.01 (0.89-1.14) - -  

Oorgan 1998 116/231 1,03 (0.9,5-1.11) ~. 

NI studies 325/442 1.02 (0.96-1.09) > 

T e s t f ~ r ~ Z ~ = 0 . 1 ; P > 0 . 1 , N S  0.6 0.8 1.0 1.2 1.4 1.6 

Figure 4b : Meta-analysis of prospective studies on the 
association between non-SHBG bound testosterone levels 
and risk of prostate cancer [6]. 

IIo=way 

1 1551432 1 00 referent 
2 144/444 088 0674 t 5  
3 136~50 0.65 0.654 t l  

4 141/448 0.83 0 64-1.09 
5 1291461 0 76 0 67-I 01 

Finland and Sweden 

Finland 

Sweden 

OR 95%Cl 

OtdnWe Ca=e~ OR $6%CI 
Con~ds  

4 1 113/312 1 ~0 referent 
2 113/313 0.9~ 070-1.32 
3 104/323 090 0664 23 
4 108,'318 (]88 065-I 21 

5 98/333 078 0.554,1(] 

t 41/119 1 O0 referent 
2 33t129 (]75 0454 27 
3 30fl 31 066 0 3 8 4 1 2  
4 37/125 0.86 0.51-1 42 
5 30.432 0.62 0.36-1 08 

1 20/54 1.00 referent 
2 13/62 0.59 0 27-! 29 
3 13/52 056 025-1 ~ 
4 20/55 0 93 0 45-1 g2 
5 18f58 0 84 0.384.83 

1 21/54 1 0r referer~ 
2 20f67 0.89 0.44-1 81 
3 17~'9 0.74 036-1.53 

4 17P0 O 73 0 35-1 51 

5 12J75 0.45 0304 01 

I 

Sex hormone binding globulin 
Rmtauthor Year Cam/cor~ls ratio 95% CI 

0 uintlle Cages OR 
Cmlt~ols 

All r ies 

95%CI 

N o r ~  

Finland told Swede=l 

Finland 

Swe(len 

5 12/74 0 74 0 32-1 70 

OR g5%Cl 

/ 
1 134t452 1.00 ref~ent  

IT,- 2 141/446 1,07 0.82-1,41 
3 164/422 130 099-171 

4 148f439 1 12 0 84-1 49 
5 117/470 082 0.60-114 

1 105/320 100 referent 

2 101/326 0.96 0 70-1.32 
3 127/299 125 091-172  

4 110.r3T7 1 02 073-142  

5 91/337 0,77 0,53-1,12 - -  | 

1 30/129 1,00 referent 
2 38/122 1 31 077-2.23 --~ 
3 39/121 1.44 0.83-2 49 = 

4 33/127 1 21 0.67-2 20 
5 30/1 31 1 10 0 58-2 07 

1 12/82 1.00 referent 
2 22~3 2 16 0,.oJ~4 76 

3 16/57 1 65 0 72.3 78 �9 
4 17.,56 1 65 0 70-3.90 �9 

6 15/51 1 40 059-331 �9 

1 15/59 1 00 teferetlt 
2 23/52 1.69 0,61-353 �9 
3 16/59 1.09 0 49-244 

4 20~5 1 47 0 68-3 17 �9 

Pt~r~ 

0 4 4  

0,34 

0 8 5  

080 

041 

05 1 2 4 

Figure 5a : Odds ratios of prostate cancer by quintile of 
SHBG levels in the pooled Nordic study [27]. 

Figure 5b : Odds ratios of prostate cancer by quintile of 
free testosterone levels in the pooled Nordic study [27]. 
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The association between obesity measured by BMI and 
prostate cancer risk have been somewhat inconsistent, but 
most prospective studies have shown a weak direct asso- 
ciation [17, 2, 5]. In the pooled analysis there was a rather 
strong negative correlations between BMI, and SHBG and 
total testosterone, but less strong with free testosterone 
which fits with that an obesity-induced decrease in SHBG 
levels decreases testosterone levels through a feedback 
mechanism of free testosterone on the hypothalamic-pitui- 
tary-gonadal axis [17]. Thus, the fact that obesity is not a 
protective factor for prostate cancer supports the idea that 
circulating testosterone is not a major risk factor for prosta- 
te cancer [17]. 

Circulating androgen levels can be important for prostate 
cancer development only if they accurately reflect intra- 
prostatic androgen signaling and little is known if they do. 
Intraprostatatic androgen signaling may depend more on 
the rate of conversion of testosterone by the 5cc-reductase - 
II enzyme to dihydrotestosterone (DHT), the most potent 
androgen in the prostate, and on the propensity for andro- 
gen receptor activation than on circulating androgen levels 
[4, 20, 16, 10]. Polymorphisms affecting 5c~-reductase acti- 
vity and pharmacological blockade of 5(~-reductase conver- 
sion of testosterone to DHT have been associated with pro- 
state cancer risk in some studies [20, 16, 26]. Importantly, 
one very large randomized study recently demonstrated a 
25% reduction in prevalence of prostate cancer in men trea- 
ted with finasteride compared to men treated with placebo 
[29]. Furthermore, androstanediol glucuronide (A-diol-g), 
the main circulating metabolite of DHT, was the only andro- 
gen that was significantly increased in prostate cancer 
cases in the meta-analysis [7]. However, circulating A-diol- 
g levels only partially reflect intraprostatic DHT levels as A- 
diol-g is also produced by the 5(~-reductase-I enzyme pre- 
sent in the skin. Finally, variations in the length of CAG 
repeats in the androgen receptor affects DNA transcriptio- 
nal activity and may also possibly influence development of 
prostate cancer [10, 21]. 

A clinical implication of our results concerns androgen sup- 
plementation, which has been become easier to administer 
with the advent of transdermal patches and gels [11, 32]. 
Androgen supplementation has been suggested for treat- 
ment of mild hypogonadism, and reports have included 
benefical effects on erectile dysfunction, abdominal obesity, 
osteoporosis, muscle strength, and angina pectoris [32, 22]. 
There has been concern that androgen supplementation in 
the same order of magnitude as endogenous testicular pro- 
duction of testosterone (3-10 mg/24h) may promote prosta- 
te cancer but our results do not support this view. As SHBG 
levels are slightly decreased by androgen administration, 
levels of free testosterone proportionally increase more 
than levels of total testosterone [11]. Thus, whether the 
effect of variations within the physiological range of endo- 
genous testosterone levels can be inferred to the effect of a 
constant exogenous supply of testosterone, by-passing the 
normal co-regulation of testosterone production is unk- 
nown. 

IV. CONCLUSION 

Taken together, data from all published prospective stu- 
dies on circulating levels of total and free testosterone 
do not support the hypothesis that high levels of circu- 
lating androgens are associated with an increased risk 
of prostate cancer [7, 17, 27], 
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