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Abstract

Purpose: We examined the serum levels of testosterone (T) (total 
and bioavailable) dehydroepiandrosterone (DHEA), follicle-stim-
ulating hormone (FSH), luteinizing hormone (LH), and prostate-
specific antigen (PSA) in men receiving treatment with luteinizing 
hormone releasing-hormone (LHRH) agonists for metastatic pros-
tate cancer. In doing this, we want to determine the efficacy of 
these agents in lowering T levels and whether a possible relation-
ship exists between PSA values, as a surrogate measure of tumour 
activity, and hormone levels. 
Methods: This was a single centre prospective study of patients on 
LHRH agonists. Of all the 100 eligible patients, 31 did not qualify 
(10 were receiving their first injection, 13 were on intermittent 
hormonal therapy, 7 refused to enter the trial and 1 patient’s blood 
sample was lost). Therefore in total, 69 patients were included 
in the final analysis. Each patient had their blood sample drawn 
immediately before the administration of a LHRH agonist. The new 
proposed criteria of <20 ng/dL (0.69 nmol/L) of total testosterone 
was used to define optimal levels of the hormone in this population.
Results: Of the 69 patients, 41 were on goserelin injections, 21 on 
leuprolide, and 7 on buserelin. There was no statistical difference 
in hormone levels between any of the medications. Overall, 21% 
of patients failed to reach optimal levels of total testosterone. PSA 
levels were higher in this group. There was a statistically signifi-
cant correlation between PSA and testosterone levels, as well as 
between PSA and FSH. Serum levels of PSA, however, did not 
correlate with those of bioavailable testosterone.
Conclusions: Failure to reach optimal levels of testosterone occurs 
in patients on LHRH agonist therapy. Higher PSA values are more 
commonly found in patients with suboptimal levels of testosterone 
receiving LHRH analogs, but the clinical importance of this finding 
has not been established. There is no significant difference with 
respect to hormonal levels reached among patients on a variety of 
LHRH agonists. Total testosterone determinations should be con-
sidered in patients on LHRH agonist therapy, particularly when 
the PSA values begin to rise since it may lead to further beneficial 
hormonal manipulation.

Introduction 

The therapeutic equivalence between bilateral orchidectomy 
and luteinizing hormone releasing hormone (LHRH) analogs 
has been accepted for over 2 decades.1 Despite the accepted 
similarity in efficacy, the administration of LHRH analogs 
is, by and large, the preferred choice for the treatment of 
carcinoma of the prostate. The concept of similar efficacy 
between the two methods of androgen suppression has been 
challenged on the basis that an escape phenomenon occurs 
in some men treated with gonadotropin agonists and this 
results in an elevation of serum testosterone above castrate 
levels, potentially leading to unsatisfactory tumor control.2,3 

We report on a prospective study aimed at appraising the 
hypophysis-pituitary-adrenal-gonadal axis by measuring the 
serum levels of various hormones in patients treated with 
LHRH agonists for metastatic cancer of the prostate and the 
significance of the findings in relation to PSA as surrogate 
gauge of tumour activity.

Methods 

The study was approved by the Institutional Review Board 
of Queen’s University. 

Patients 

Over a 12-month period all men with metastatic prostate 
cancer attending the urology therapy clinic for adminis-
tration of LHRH analogs were invited to participate in the 
study. Participants in the study underwent a standard set 
of blood tests taken immediately before their injection of 
LHRH agonist. All patients had been on therapy for at least 
3 months before entering the study and all complied with 
the schedule for treatment. 
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Biochemistry 

Serum aliquots were used for determination of the following 
hormones: total testosterone (T), bioavailable testosterone 
(BAT), dihydroepiandrosterone (DHEA), estradiol, follicle-
stimulating hormone (FSH), luteinizing hormone (LH) and 
prolactin. T was determined by an automated immunoas-
say capable of detection to a level of 0.4 nmol/L. BAT was 
calculated using the using the values of T, albumin sex hor-
mone binding globulin.4 The same serum aliquot was used 
to determine PSA. The PSA and all other hormone assays 
were carried out in an automated system. The Elecsys system 
(Roche Diagnostics) was used for the hormone and PSA tests. 
We tallied the normal values for the different assays (Table 
1). An optimal total testosterone level was defined as less 
than 20 ng/dL (0.69 nmol/L).

In comparing the LHRH agonists, analysis was done 
including all patients (Table 2) and also excluding patients 
on maximal androgen blockade (MAB) (Table 3). All other 
statistical analyses were carried out only on the 47 patients 
receiving LHRH agonists alone.

Analysis 

The data was not normal in distribution; therefore, non-para-
metric statistical analyses were performed. The Spearman 
correlation coefficients were applied to compare the hor-
mone levels to one another. Patients were divided into 
optimal (T levels ≤20 ng/dL) and non-optimal groups (all 
others) and analyzed with the Wilcoxon two-sample exact 
test. Simple mean, medians and standard deviations were 
also calculated. SAS software was used to analyze the data 
(SAS Institute, Cary, NC).

Results 

Of the 100 patients available for study, 31 were excluded. Of 
these 31, 10 had insufficient duration of treatment, 13 were 
on intermittent hormonal therapy, 7 refused to participate, 

and 1 sample was lost due to a booking error. The range of 
duration of anti-androgen treatment was 3 to 84 months. 
The mean duration of treatment was 2.1 years. In total, 69 
patients were included in our study. Of these, 22 were on 
MAB and 47 patients were on LHRH agonists alone.

We tallied the T levels of the total 69 patients (Table 2); 
we further detailed the T levels based on the type of LHRH 
agonist, excluding MAB (Table 3). T levels >20 ng/dL were 
found in 17% (7/41), 19% (4/21) and 28% (2/7) of patients 
on goserelin, leuprolide and buserelin, respectively. There 
was no statistical difference among the 3 different LHRH 
agonists used during the study with respect to the proportion 
of patients not achieving optimal levels of T.

Using the early criteria of 50 ng/dL (1.75 nmol/L), we 
found that only 1 patient would be deemed as having failed 
to reach a castrate serum level of total testosterone. A differ-
ent picture emerges when the new criteria for optimal levels 
(<20 ng/dL or 0.69 nmol/L) is applied. In the 47 patients 
on LHRH agonists alone, 21% (10/47) were found to have 
suboptimal levels of T. PSA minimum, maximum, median 
and mean were all higher for the cohort of patients with 
levels of T >20 ng/dL (Table 4). 

PSA correlated with total T (correlation 0.42; p = 0.003) 
and FSH (0.40; p = 0.005). PSA inversely correlated to pro-
lactin (-0.33, p = 0.03) (Table 5).

The values of calculated BAT ranged from 0.01 to 0.16 
with a median of 0.05. The calculated BAT did not correlate 
with PSA (0.04, p = 0.80)

Discussion 

At our institution, only 15 surgical castrations have been 
done over the last 5 years for treatment of metastatic prostate 
cancer prior to the onset of this study. This disparity in treat-
ment selection is likely due to previous studies proving the 
efficacy of LHRH agonists,5,6 the system of drug coverage in 
the Canadian health system and an unambiguous preference 
by patients to avoid what they perceive as a “mutilating” 
and esthetically undesirable procedure.

A decade ago, a strong and valid argument was put for-
ward by Oefelein and colleagues to redefine the “castrate 
levels” of serum T from <50 ng/dL to a new value of <20 ng/
dL (0. 69 nmol/L).7 The question is whether the surgically 

Table 1. Tests performed in the study and their normal 
values

Test Normal values
Dihydroepiandosterone sulphate 2.2–15.0 umol/L

Estradiol <220 pmol/L

FSH <7 U/L

LH <9 U/L

Prolactin 4–18 ug/L

Prostate-specific antigen <4 ug/L

Testosterone 10–28 nmol/L

Bioavailable testosterone 2.0–8.6 nmol/L
FSH: follicle stimulating hormone; LH: luteinizing hormone.

Table 2. Castrate versus non-castrate T levels divided by 
LHRH agonist (no exclusions)

Gosserelin Leuprolide Buserelin Total (%)
Number 41 21 7 69 (100)

Castrate T levels 34 17 5 56 (82)

Non-castrate T 
levels

7 4 2 13 (18)

T: testosterone; LHRH: luteinizing hormone releasing-hormone.
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castrated group has lower T compared to the group on LHRH 
agonists. Oefelein and colleagues found that only 3 of 35 
patients (8.57%) who had been surgically castrated had total 
T levels above 20 ng/dL.7 Our findings on patients treated 
with LHRH agonists alone show that 21% of patients (10/47) 
had non-castrate levels of T. Within this more stringent bio-
chemical framework, Oefelein and colleagues have reported 
non-castrate levels of testosterone in 13% (5/38) patients 
on LHRH agonists.2 Morote and colleagues found it to be 
over 12.5%8 and McLeod and colleagues reported 18%.9 It 
might be inappropriate to compare results across studies, 
but there appears to be a remarkable consistency among 
different groups of investigators. 

Currently, optimal levels of T in the treatment of pros-
tate cancer have not been clearly defined, but <20 ng/dL 
(0.69 nmol/L) are expected for surgical orchidectomy, while 
<50 ng/dL (1.735 nmol/L) are most common for medical 
therapy.10 If the purpose of androgen ablation is to reach the 
lowest possible T levels, it appears justified to consider using 
≤20 ng/dL as the cut-off for optimal T levels since less than 
10% of patients with bilateral orchiectomies have T values 
higher than 20 ng/dL (0.69 nmol/L).8 In the two papers by 
Oefelein and colleagues,2,7 as well as in our study, such 
serum levels of testosterone appear to be a significant cut-off 
as the PSA mean, median, minimum and maximum were all 
higher for the group with the T greater than 20 ng/dL. Under 
the old definition of castrate (50 ng/dL or 1.735 nmol/L), 
only 1 patient would have had a non-castrate testosterone 
level and perhaps many patients with T levels between 20 
and 50 ng/dL (0.69 and 1.735 nmol/L) would not have a 
change in therapy that may help them. 

Contrary to these reports, in a recent study, van der Sluis 
and colleagues11 reported lower levels of serum T in patients 
treated with LHRH agonists than those castrated. The study 
found that all patients had T of <50 ng/dL and 97% had 
optimal levels. The study was retrospective and a third in the 
surgically castrated group had the operation as part of gender 
re-assignment and not for prostate cancer. In this study, the T 
was measured by isotope-dilution gas chromatography-mass 
spectrometry (ID/GC-MS/MS), as such the authors, citing a 
position statement from the Endocrine Society,  argue that 
their results may be more reliable.12 The problem with the 
argument is that the high laboratory standards quoted, as 
endorsed by the Endocrine Society, refer to the diagnosis of 

hypogonadism and not for monitoring prostate cancer, as 
indicated in the more recent Endocrine Society guideline.13 
Currently, the measurement of serum T by ID/GC-MS/MS, 
although increasingly popular, is more expensive and far 
from universal.

In terms of the three medications used for medical sup-
pression of androgen production (buserelin, luprolide and 
goserelin), there was no statistically significant difference in 
levels of testosterone immediately prior to the next sched-
uled injection. 

PSA is often the proxy early warning sign of clinical 
relapse of prostate cancer, although a rise in PSA occurs 
about 6 months before clinical recurrence.14 Testosterone 
should be checked with PSA in patients on LHRH agonists 
because there is a significant likelihood of higher PSA level 
with suboptimal levels of serum testosterone. Hintz and 
colleagues15 have rightly noted that a rising PSA does not 
necessarily indicate a refractory tumour situation; to the con-
trary, many cases are amenable and responsive to additional 
hormonal manipulation.

Although others have noted that DHEA administration 
may accelerate prostate cancer growth,16 we did not find 
a correlation of this steroid with PSA when LHRH analog 
therapy is used. We found that DHEA-sulfate correlated with 
calculated BAT, perhaps reflecting that adrenal androgens 
and peripheral conversion to BAT may cause an elevation 
of BAT itself. This is, of course, speculation and requires 
further research. It is surprising, however, to see the lack of 
correlation between BAT and PSA. 

The inverse correlation between PSA and prolactin is 
interesting but its significance unclear. Dagvadorj and col-
leagues17 reported the intriguing finding that prolactin pro-
motes cell viability of human hormone resistant prostate 

Table 3. Castrate versus non-castrate T levels cohorts 
discriminated by the type of LHRH agonist (MAB patients 
excluded)

Gosserelin Leuprolide Buserelin Total (%)
Number 26 15 6 47 (100)

Castrate T levels 22 11 4 37 (79)

Non-castrate T 
levels

4 4 2 10 (21)

Table 4. Patients stratified into optimal or non-optimal 
testosterone levels and compared to PSA statistics

Non-optimal Optimal

Group

LHRH 
agonist 
alone

PSA

No. 
patients

10 37

Minimum 0.82 0.09

Q1 1.23 0.10

Median 2.59 0.35

Q3 17.95 1.93

Maximum 88.60 62.61

MAB 
patients

PSA

No. 
patients

4 18

Minimum 16.20 0.10

Q1 65.10 0.27

Median 114.00 13.28

Q3 138.00 88.34

Maximum 162.00 1049.00
PSA: prostate-specific antigen; LHRH: luteinizing hormone releasing-hormone; Q1: first 
quartile; Q3: third quartile; MAB: maximal androgen blockade.
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cancer and that autocrine prolactin is expressed in over 
half of those cancer deposits and in over 60% of metastatic 
prostate cancer deposits.

In cell culture with immunohistochemical tests, Ben-Josef 
and colleagues described FSH receptors on prostate cancer 
cells that are already hormone refractory.18 Our clinical find-
ing that FSH was elevated in parallel with higher levels of 
PSA supports the concept of this molecular mechanism in 
vivo. This observation suggests that FSH antagonists need to 
be studied to assess their efficacy in treating the hormone-
resistant prostate cancer patient. Similarly, other peptides, 
such as growth hormone and growth hormone releasing-
hormone analogs, represent intriguing possibilities for further 
endocrinological management of these patients.

A consensus meeting and a variety of other studies cited 
by Gomella10 concurred that the benchmark for T levels 
should be ≤20 ng/dL (0.69 nmol/L) for medical castration, 
similar to surgical orchiectomy.19 The most recent guidelines 
from the European Association of Urology20 indicate (with-
out firmly committing) that due to the improvements in the 
sensitivity of T assays, this value appears appropriate. The 
National Comprehensive Cancer Network has agreed that 
levels ≤20 ng/dL were desirable,21 but in the most recent ver-
sion the Network simply recommend maintaining “castrate 

serum levels of testosterone.”22 These views do not address 
additional drawbacks associated with all of the LHRH ago-
nists: the initial surge (clinical flare)23 and the intermittent 
mini-surges occurring during treatment after a T nadir has 
been reached24 – both believed to affect survival.25 More 
recently, a large study by Pickles and colleagues26 confirmed 
the occurrence of T breakthroughs during LHRH therapy and 
documented that once they happen, there is an increased 
tendency for their recurrence. In this study, a breakthrough 
was defined as ≥1.7 nmol/L (50 ng/dL).

Our study, similar to the two studies by Oefelein and 
colleagues,2,7 are cross-sectional and do not provide infor-
mation on the efficacy of LHRH agonists in achieving the 
new optimal standard of testosterone nadir. These studies 
also do not provide information regarding time spans at 
which the levels of testosterone begin to raise. Only longi-
tudinal evaluations with repeated measurements are capable 
of elucidating this very important aspect of medical treat-
ment for prostate cancer. It is noteworthy, however, that in 
the study of Morote and colleagues4 there were significant 
differences in survival-free PSA progression between the 
group with T levels >50 ng/dL and the one with <20 ng/dL. 
Whether surgical orchidectomy27 or LHRH antagonists28 are 
more beneficial than the agonists remains to be seen. We 

Table 5. Test correlations and p values

PSA BAT DHEAs Estradiol FSH LH Prolactin Total T
Length of 
treatment

PSA correlation
p value 
Number of px

1.00000

48

0.03821
0.7965

48

0.20644
0.1592

48

0.05801
0.6953

48

0.40202
0.0046

48

0.14818
0.3148

48

-0.32708
0.0248

47

0.41892
0.0034

47

0.08808
0.5651

45

BAT correlation
p value 
Number of px

0.03821
0.7965

48

1.00000

48

0.26249
0.0715

48

-0.03321
0.8227

48

-0.00862
0.9536

48

0.00283
0.9848

48

-0.00842
0.9552

47

0.14650
0.3258

47

0.26630
0.0770

45

DHEA correlation
p value 
Number of px

0.20644
0.1592

48

0.26249
0.0715

48

1.00000

48

0.05036
0.7339

48

0.14353
0.3304

48

-0.15363
0.2972

48

-0.25469
0.0840

47

0.19928
0.1793

47

0.17650
0.2461

45

Estradiol correlation
p value
Number of px

0.05801
0.6953

48

-0.03321
0.8227

48

0.05036
0.7339

48

1.00000

48

0.02445
0.8690

48

0.34385
0.0167

48

0.15564
0.2962

47

0.02302
0.8779

47

-0.05656
0.7121

45

FSH correlation
p value
Number of px

0.40202
0.0046

48

-0.00862
0.9536

48

0.14353
0.3304

48

0.02445
0.8690

48

1.00000

48

-0.05425
0.7142

48

0.00532
0.9717

47

0.13789
0.3553

47

-0.02166
0.8877

45

LH correlation
p value 
Number of px

0.14818
0.3148

48

0.00283
0.9848

48

-0.15363
0.2972

48

0.34385
0.0167

48

-0.05425
0.7142

48

1.00000

48

0.05787
0.6992

47

-0.01443
0.9233

47

0.30143
0.0442

45

Prolactin correlation
p value
Number of px

-0.32708
0.0248

47

-0.00842
0.9552

47

-0.25469
0.0840

47

0.15564
0.2962

47

0.00532
0.9717

47

0.05787
0.6992

47

1.00000

47

-0.19369
0.1971

46

-0.08343
0.5903

44

T correlation
p value
Number of px

0.41892
0.0034

47

0.14650
0.3258

47

0.19928
0.1793

47

0.02302
0.8779

47

0.13789
0.3553

47

-0.01443
0.9233

47

-0.19369
0.1971

46

1.00000

47

0.06099
0.6941

44

Days correlation
p value
Number of px

0.08808
0.5651

45

0.26630
0.0770

45

0.17650
0.2461

45

-0.05656
0.7121

45

-0.02166
0.8877

45

0.30143
0.0442

45

-0.08343
0.5903

44

0.06099
0.6941

44

1.00000

45
PSA: prostate-specific antigen; BAT: bioavailable testosterone; DHEAs: dihydroepiandrosterone; FSH: follicle-stimulating hormone; LH: luteinizing hormone; T: testosterone.  
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concur with Pickles and colleagues’26 recommendation that 
patients on LHRH agonist should have T evaluations as part 
of their monitoring.

Conclusions 

Values of total T ≤20 ng/dL (0.69 nmol/L), although not yet 
fully acknowledged, appear to be a clinically useful and 
significant definition of the optimal range of T in men under-
going treatment for metastatic prostate cancer. Between 13% 
and 21% of patients fail to achieve or maintain optimal 
T levels on LHRH therapy with this standard. The clini-
cal relevance of this difference has not been conclusively 
established but, suboptimal T levels (>20 ng/dL) correlate 
with higher PSA values. Currently commercially available 
LHRH agonists exhibit equivalent efficacy.  
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