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Abstract

Introduction: The prostate secretes enzymes and nutrients to pro-
mote sperm motility. Recent reports suggest that the prostate may 
also secrete testosterone, which is believed to be a fuel for prostate 
tumour growth. The aim of this study was to determine if a differ-
ence in serum testosterone levels exists between men on luteinizing 
hormone releasing-hormone (LHRH) agonists who have undergone 
radical prostatectomy, radiation or hormone therapy as primary 
prostate cancer treatment. 
Methods: Serum testosterone levels were evaluated in 165 consecu-
tive prostate cancer patients using LHRH analogues for >3 months. 
We excluded patients receiving either radiation or chemotherapy at 
time of time of testosterone measurement. Patients were classified 
based on primary treatment: (1) radical prostatectomy; (2) radia-
tion; or (3) primary hormone therapy. We used one-way ANOVA 
to compare testosterone levels. Pearson correlation was used to 
correlate testosterone with prostate-specific antigen (PSA) and time 
on LHRH agonists. Multivariable linear regression was used to 
predict serum testosterone levels.
Results: The median (interquartile range) serum testosterone levels 
were 1.4 (1-1.9), 1.3 (1-1.625) and 1.25 (0.9-1.525) nmol/L for 
radical prostatectomy, radiation and primary hormone therapy 
groups, respectively. There was no statistically significant difference 
in testosterone levels between the groups (p = 0.3). No correlation 
was found between testosterone and PSA levels or time on LHRH 
(r = 0.02 and r = 0.01), respectively. Multivariable linear regres-
sion showed that none of the clinical variables were predictors of 
serum testosterone levels.
Conclusion: Our study suggests that primary treatment does not 
affect serum testosterone levels among men using LHRH analogues.

Introduction 

Prostate cancer is the most common cancer among Canadian 
men with 25 500 cases diagnosed in 2011.1 In the 1940s, 

Huggins and Hodge were the first to report the androgen 
dependence of prostate cancer.2 The most frequent treat-
ment for advanced prostate cancer or recurrence following 
localized treatment is androgen deprivation therapy (ADT),3,4

most commonly with a luteinizing hormone releasing-hor-
mone (LHRH) analogue.5

LHRH agonist injections act by suppressing the hypo-
thalamic-pituitary-gonadal axis via negative feedback. They 
exert a nonpulsatile, constant stimulation to the anterior 
pituitary gland, which in turn decreases LH and testoster-
one production.6 Though LHRH agonists have been cited 
to reduce the levels of circulating serum testosterone to the 
point of castration, there are still considerable levels of this 
hormone in the serum following hormone therapy.7 There is 
also speculation as to the cut-off that constitutes as a castrate 
level of serum testosterone achieved during LHRH interven-
tion, since hormone therapy may not produce an acceptable 
end value of testosterone in some patients.6 Although still 
debatable, a serum testosterone level of 20 ng/dL is used to 
describe chemical castration with LHRH agonists.6-9

Androgens, such as testosterone and dihydrotestoster-
one (DHT), are present in significant levels in prostate tis-
sue despite the castrate serum androgen levels in circula-
tion.10-12 The realization that hormone refractory prostate 
cancer cells continue to be affected by androgen signalling 
has prompted a change in terminology; this state is now 
referred to as castrate-resistant prostate cancer (CRPC).13-15

The fact that prostate cancer is still affected by androgen 
signalling even in the CRPC phase also contributed to a 
rapidly growing treatment regimen for patients with CRPC 
such as arbiretarone (a CYP-17 inhibitor),14 MDV3100 (a 
potent androgen receptor antagonist) and others.15

The prostate tissue itself may act as an endocrine organ 
and secrete testosterone.11 As testosterone is important even 
in CRPC, we assessed whether serum testosterone levels 
differ among patients on LHRH agonists who have under-
gone radical prostatectomy, radiation or hormone therapy 
as their primary treatment. We also assessed whether there 
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is a difference in testosterone levels between patients who 
use different LHRH analogues. 

Methods 

This study was approved by the Research Ethics Boards at 
University Health Network (Princess Margaret Hospital divi-
sion) and the Ontario Cancer Registry in Toronto, Ontario, 
Canada. We examined the records of patients treated for 
prostate cancer in the surgical, medical and radiation oncol-
ogy departments of the Princess Margaret Hospital. A total of 
165 consecutive prostate cancer patients (age: 56-90 years) 
were identified as having obtained LHRH injections at time 
of data collection. Patients were excluded if they: (a) were 
receiving adjuvant therapies at the time of testosterone mea-
surement and (b) had received LHRH agonists for less than 
three months. 

The following clinical variables were collected: age, time 
on LHRH, primary therapy type, disease status (biochemical 
recurrence, locally advanced, metastatic or CRPC, serum 
testosterone and prostate specific antigen [PSA] values. 
Testosterone measurements were performed at the same 
laboratory (Toronto General Hospital) using the ADVIA 
Centaur (Siemens Healthcare Diagnostics Inc., Tarrytown, 
NY) testosterone assay (competitive immunoassay using dir-
ect chemiluminescent technology). Time on LHRH therapy 
was calculated in months from LHRH start date to the point 
of study enrolment. In addition, the brand of LHRH agonist 
(Lupron [Abbott Laboratories, Saint Laurent,QC], Zoladex 
[AstraZeneca Canada, Mississauga, ON], Suprefact [sanofi-
aventis, Laval, QC], Eligard [sanofi-aventis, Laval, QC], 
Trelstar [Watson Pharma Inc., Parsippany, NJ] was recorded. 

For statistical analysis, the cohort was classified into 
three groups based on primary treatment: (1) radical pros-
tatectomy; (2) radiation; and (3) primary hormone therapy. 
Pearson correlation was used to correlate testosterone lev-
els with serum PSA and time on LHRH agonists. Serum 
testosterone levels were compared between patients using 
the five different brands of LHRH agonists using one-way 
ANOVA. Testosterone levels were compared between the 
three groups (radical prostatectomy, radiation, primary hor-
mone therapy) using one-way ANOVA. Multivariable linear 
regression analysis was used to measure the ability of the 
clinical variables as predictors of serum testosterone levels. 
Statistical analysis was performed using SPSS version 19 
(SAS Institute, Cary, NC), and a two-sided p value of <0.05 
was considered statistically significant.

Results 

We tallied the summary characteristics and descriptive sta-
tistics of the study cohort (Table 1). Of the 165 patients in 
our study, 61 (37%) underwent a radical prostatectomy, 

52 (31.5%) had radiation and 52 (31.5%) were on primary 
hormone therapy. The median (interquartile range [IQR]) 
of PSA values were 0.21 (0-3.49), 0.82 (0-7.38) and 1.55 
(0-9.87) ug/L for radical prostatectomy, radiation and pri-
mary hormone therapy, respectively. The median (IQR) of 
serum testosterone levels were 1.4 (1-1.9), 1.3 (1-1.625) and 
1.25 (0.9-1.525) nmol/L for radical prostatectomy, radia-
tion and primary hormone therapy, respectively. One-way 
ANOVA did not reveal a statistically significant difference 
in serum testosterone between the three groups (p = 0.3) 
(Fig. 1).

No association was found between PSA and time on 
LHRH versus testosterone levels (r = 0.02 and r = 0.01, 
respectively). Multivariable linear regression indicated that 
none of the clinical variables (PSA, age, time on LHRH, 
primary therapy type, disease status) were predictors of tes-
tosterone levels.

Brand of LHRH agonist was recorded for each individ-
ual (Table 2). Among the cohort, Zoladex was the most 
extensively used LHRH agonist (72/165) and Trelstar the 
least prescribed (5/165), no patient was prescribed a LHRH 
antagonist (Table 2).

The median (IQR) of serum testosterone levels were 1.2 
(0.95-1.55), 1.3 (1-1.8), 1.5 (1.05-1.6), 1.1 (0.7-1.2) and 
1.3 (0.8-1.8) nmol/L for Eligard, Lupron, Suprefact, Trelstar 
and Zoladex groups, correspondingly (Table 2). The medi-

Table 1. Summary and descriptive statistics of prostate 
cancer patients on LHRH agonists in Ontario (n=165)

Clinical variables
Radical 

prostatectomy 
(n=61)

Radiation 
(n=52)

Primary 
hormone 

therapy (n=52)

Age
Median 72 77 78.6

IQR 66-79 73-81 70-85

PSA (ug/L) at time of testosterone
Median 0.21 0.82 1.55

IQR 0-3.49 0-7.38 0-9.87

Serum testosterone (nmol/L)
Median 1.4 1.3 1.25

IQR 1-1.9 1-1.625 0.9-1.525

Time on LHRH (months)
Median 60 60 66

IQR 36-108 25.75-108 24-108

Disease status*
1. Biochemical 
recurrence

42.623 30.7692 1.9231

2. Metastases 27.8689 25 44.2308

3. CRPC 4.918 9.6154 5.7692

4. Locally advanced 16.3934 32.6923 40.3846

5. Not known 8.1967 1.9231 7.6923
PSA: prostate-specific antigen; IQR: interquartile range; LHRH: luteinizing hormone 
releasing-hormone; CRPC: castrate-resistant prostate cancer. 
*Values are percentages of total in each group.
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an (IQR) of PSA values were 0.03 (0-1.9625), 2.695 (0.51-
10.01), 0.25 (0-3.2), 0 (0-0.06) and 0.35 (0-15.79) ug/L for 
Eligard, Lupron, Suprefact, Trelstar and Zoladex groups, 
respectively (Table 2). There was no statistically significant 
difference in serum testosterone levels (p = 0.3) between all 
five brands of LHRH agonists. In addition, Eligard, Suprefact 
and Trelstar were administered to a larger proportion of 
the cohort who had biochemical recurrence with percent-
ages in each group of 44, 36.8 and 44, respectively (Table 
2). Lupron and Zoladex were largely prescribed for cohort 
patients with metastatic prostate cancer (Table 2).  

Discussion 

The role of the prostate in androgen production has been 
recently demonstrated.11 Our study is the first to explore 
whether the primary treatment for prostate cancer (surgery, 
radiation or primary ADT) affects circulating levels of tes-
tosterone among men subsequently treated with ADT. We 
found that no difference exists in serum testosterone levels; 
furthermore, serum testosterone levels were not associated 
with duration of ADT, ADT formulation or disease status 
(i.e., PSA recurrence, metastasis or CRPC).

There is evidence that even hormone refractory pros-
tate cancer cells continue to be affected by androgen 
signalling.12,13,16,17 Potential mechanisms accounting for 
this include intratumoral amplification of the androgen 
receptor (AR), mutations of the AR, changes in levels of 
AR co-factors, increased expression of enzymes involved 
in androgen synthesis, enhanced intracellular conversion 
of adrenal androgens to testosterone and DHT within the 
tumour micro-environment, and ligand-independent acti-
vation of the AR.14,18 Because of these processes, there is a 

gradual shift during prostate cancer progression from endo-
crine sources of androgens (i.e., from the testes and adrenal 
glands) to paracrine, autocrine and intracrine sources within 
the tumour micro-environment. Our study further demon-
strates that circulating testosterone among patients treated 
with ADT is not dependent on primary treatment. However, 

Table 2. Descriptive statistics of prostate cancer patients according to type of LHRH agonist (n=65)

Brand of LHRH 
(median and IQR)

Age
PSA (ug/L) at time 

of testosterone
Serum testosterone 

(nmol/L)
Duration of LHRH 

use (months)
Disease status*

Eligard (n=18)
72.5 (68.25-

80)
0.03 (0-1.9625) 1.2 (0.95-1.55) 48 (24.25-81)

†1: 44.44%

2: 16.66%

3: 0%

4: 33.33%

5: 5.55%

Lupron (n=50) 78 (71.25-83) 2.695 (0.51-10.01 1.3 (1-1.8)

1: 26%, 2 (34%), 3 (6%), 4 (30%), 5 (4%)

2: 

3: 

4:

5:

Suprefact (n=19) 76 (71-83) 0.25 (0-3.2) 1.5 (1.05-1.6) 108 (78-132)
1 (36.84%), 2 (26.315%), 3 (0%),  

4 (26.315%), 5 (10.526%)

Trelstar (n=19) 67 (66-76) 0 (0-0.06) 1.1 (0.7-1.2) 12 (12-24) 1 (40%), 2 (20%), 3 (0%), 4 (20%) 5 (20%)

Zoladex (n=73) 74 (67-80) 0.3 (0-15.79) 1.3 (0-1.8) 48 (24-108)
1 (18.6%), 2 (34.3%), 3 (11.4%), 4 (30%), 

5 (5.7%)
†1: Biochemical recurrence; 2: metastases; 3: castrate-resistant prostate cancer; 4: locally advanced; 5: not known. 
IQR: interquartile range; HRH: luteinizing hormone releasing-hormone; PSA: prostate-specific antigen. *Values are percentages of total in each group.
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Fig. 1. Box plot displaying serum testosterone levels by primary therapy 
(radical prostatectomy, radiation, luteinizing hormone releasing-hormone).  
The median (interquartile range) serum testosterone levels were 1.4 (1-1.9), 1.3 
(1-1.625) and 1.25 (0.9-1.525) nmol/L for radical prostatectomy, radiation primary 
hormone therapy groups, respectively. There was no statistically significant 
difference in serum testosterone between the groups (p = 0.3). 
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measurement of testosterone levels within the tumour micro-
environment may produce different results.19

The primary limitations of the study include the retro-
spective nature of the data and a modest population size. 
PSA and serum testosterone testing were performed in the 
same laboratory, thus eliminating measurement bias for 
these laboratory values. However, the serum testosterone 
measurements were obtained only once, and at different 
times during of ADT. Furthermore, we do not have details 
regarding the reasons for obtaining the serum testosterone 
measurement. However, variations in the duration of andro-
gen suppression were not correlated to testosterone levels 
and were controlled for in the multivariable analysis. Finally, 
information on the exact mode of delivery of radiation treat-
ment, as well as radiation dose, was unavailable and we 
were not able to correlate these variables to circulating tes-
tosterone levels. 

Conclusion 

Our study highlights several important concepts. The first 
is that despite increased testosterone production by pros-
tate tissue in the castrate-resistant patient, it appears that 
the prostate may not be a significant source of circulating 
testosterone. From the preliminary evidence collected, we 
suggest that surgical removal of the prostate (radical pros-
tatectomy) does not confer an added advantage in reducing 
serum testosterone levels. The second observation is that 
serum testosterone levels were not correlated with time on 
ADT, PSA level or specific ADT formulations. 

We are the first to report that circulating levels of tes-
tosterone are independent of primary treatment among 
patient treated with ADT. Our study is single centre and 
retrospective; therefore, further studies exploring circulat-
ing and intratumoural levels of testosterone are needed to 
determine if primary treatment can affect the testosterone 
tumour micro-environment.
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