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Abstract

Background: We seek to determine if testosterone levels below the 
accepted castration threshold (50 ng/dL) have an impact on time to 
progression to castrate-resistant prostate cancer (CRPC).
Methods: This is a prospective cohort series of patients under-
going androgen deprivation therapy (ADT) with luteinizing hor-
mone-releasing hormone agonist or antagonist at a tertiary centre 
from 2006 to 2011. Serum testosterone level was assessed every 
3 months. Patients with any testosterone >50 ng/dL were excluded. 
Patients were stratified into groups based on those achieving mean 
testosterone levels <20 ng/dL and <32 ng/dL. Progression to CRPC 
was assessed with the Kaplan-Meier method and compared with 
the log-rank test.
Results: A total of 32 patients were included in this study. Mean 
patient follow-up was 25.7 months. Patients with a 9-month serum 
testosterone <32 ng/dL had a significantly increased time to CRPC 
compared to patients with testosterone 32 to 50 ng/dL (p = 0.001, 
median progression-free survival (PFS) 33.1 months [<32 ng/dL] 
vs. 12.5 months [>32 ng/dL]). Patients with first year mean testos-
terone <32 ng/dL also had a significantly increased time to CRPC 
compared to 32 to 50 ng/dL (p = 0.05, median PFS 33.1 months 
[<32 ng/dL] vs. 12.5 months [32-50 ng/dL]). A testosterone <20 ng/
dL compared to 20 to 50 ng/dL did not significantly predict with 
time to CRPC. 
Conclusion: This study supports a lower testosterone threshold to 
define optimal medical castration (T <32 ng/dL) than the previ-
ously accepted standard of 50 ng/dL. Testosterone levels during 
ADT serve as an early predictor of disease progression and thus 
should be measured in conjunction with prostate-specific antigen. 

Introduction 

Androgen deprivation therapy (ADT) has been a corner-
stone in the treatment of advanced prostate cancer since its 

establishment by Huggins and Hodges in 1941.1 Prostatic 
adenocarcinoma undergoes a reduction in gland size and an 
increase in interglandular connective tissue during ADT.2,3

Although residual tumour remains3 and there is an inevita-
ble progression to castrate-resistant prostate cancer (CRPC), 
marked symptom reduction is experienced on initiation of 
ADT.4 ADT was classically accomplished surgically by 
bilateral orchiectomy. Several studies have demonstrated 
that testosterone levels are usually 20 ng/dL or lower after 
surgical castration.5,6

The discovery of luteinizing hormone-releasing hormone 
(LHRH) made available a novel approach to medical cas-
tration through suppression of the hypothalamic-pituitary-
gonadal axis without the thromboembolic effects of estro-
gens.7 Medical ADT is often favoured over orchiectomy 
because of the potential for intermittent androgen deprivation, 
lack of procedural complications and possible psychological 
benefits. 

Before 1995, testosterone was measured with double-
isotope-derivative dilution techniques which were not accu-
rate below 50 ng/dL.8 Consequently, <50 ng/dL tradition-
ally defined adequate medical castration.6,9 The advent of a 
chemiluminescent assay in 1995 has significantly improved 
the accuracy of testosterone measurements in the castrate 
range (<50 ng/dL),10 allowing further study of the clinical 
implications of testosterone levels in this range.6,11,12

Despite the widespread use of ADT, a significant propor-
tion of patients undergoing ADT do not achieve testosterone 
levels equivalent to surgical castration. In a recent review, 
up to 12.5% did not achieve levels below 50 ng/dL and up 
to 37.5% did not achieve levels below 20 ng/dL.13 Clinical 
practice guidelines are vague on evaluating and manag-
ing supra-castrate testosterone levels. The latest guidelines 
from the National Comprehensive Cancer Network suggest 
further hormonal manipulation if testosterone levels exceed 
50 ng/dL, but make no recommendations on when or if 
testosterone should be measured.14 While the European 
Association of Urology guidelines provide more guidance 
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as to when testosterone should be measured, no direct evi-
dence supports these recommendations.15 They suggest the 
measurement of serum testosterone 1 month after initiating 
ADT to check the testosterone nadir, as well as at 6 months 
to ensure castrate levels. If appropriate castration levels are 
not achieved, these guidelines recommend switching ADT 
agent or performing orchiectomy. It is also recommended 
that serum testosterone be assessed when progression to 
CRPC is suspected. However, these guidelines make no clear 
recommendation on an appropriate level of testosterone to 
define medical castration.15 

To ascertain the clinical impact of serum testosterone 
levels on progression to CRPC, we present the outcomes 
of our prospective series of patients undergoing ADT by a 
single urologic oncologist. 

Methods 

After institutional review board approval, we prospectively 
included consecutive patients treated with ADT for pros-
tate cancer in this cohort study. Patients were excluded 
if they had non-castrate testosterone levels (>50 ng/dL) at 
any time during follow-up or if testosterone measurements 
were not available at least 6 months after ADT initiation. 
Indications for ADT were recurrence after local therapy, 
locally advanced disease, metastatic disease and for con-
current treatment with primary external beam radiotherapy 
for D’Amico intermediate- or high-risk disease. Patients 
were treated by a single physician (BS) at a tertiary centre 
(McMaster University, Hamilton, Ontario, Canada) from 
2006 to 2011. 

LHRH agonist (goserelin, leuprolide or triptorelin) or 
antagonist (degarelix) were administered at recommend-
ed intervals and doses were based on the product mono-
graphs. For LHRH agonists, 3-month depots were used and 
a 1-month course of bicalutamide was administered on 
ADT initiation for testosterone flare protection. For LHRH 
antagonists, 1-month depots were used with no additional 
anti-androgen. 

After initiation of ADT, serum prostate-specific antigen 
(PSA) and total testosterone were routinely measured every 
3 months for the duration of the study. Serum testosterone 
was measured using at a commercial laboratory with a com-
petitive chemiluminescent immunoassay (ADVIA Centaur 
Testosterone Assay, Siemens Healthcare Diagnostics Inc., 
Tarrytown, NY). Reportable ranges of this assay are from 
10 ng/dL (0.35 nmol/L) to 7500 ng/dL (260.0 nmol/L).16 At 
a testosterone concentration of 48.6 ng/dL (1.7 nmol/L) the 
within-assay coefficient of variance was 11.3%.16 Serial 
testosterone measurements were performed up to a week 
before each ADT agent administration. Patients were con-
sidered to have progressed to CRPC after 2 consecutive rises 
in PSA above nadir, clinical progression, or death from dis-

ease. All CRPC patients were referred for evaluation of their 
eligibility for chemotherapy. 

To analyze the effect of testosterone levels on progres-
sion to CRPC, patients were stratified into risk groups based 
on 6-month and 9-month absolute testosterone levels, as 
well as mean testosterone levels among all measurements 
in the first 12 months following initiation of ADT. At each 
of these time points, patients were stratified into 2 groups: 
(1) those below the specified testosterone threshold and (2) 
those above the specific threshold. Testosterone thresholds 
of 20 ng/dL and 32 ng/dL were used. Time points and the 
castration threshold of 20 ng/dL (surgical castration equiva-
lent) were chosen a priori. Post-hoc analysis was performed 
with a threshold of 32 ng/dL based on recent evidence that 
testosterone levels above this threshold are associated with 
a decreased time to CRPC.12

Baseline characteristics collected at the time of diagnosis 
included age, tumour grade, previous local treatment, PSA, 
tumour stage and presence of metastases. Baseline char-
acteristics were compared between risk groups using the 
Student’s t-test and chi-squared test. Probability of progres-
sion to CRPC was assessed using the Kaplan-Meier method 
and compared using the log-rank test. Two-tailed p-values 
less than 0.05 were considered significant. Statistical analy-
sis was performed with SPSS statistics version 17.0 (IBM 
Software, Armonk, NY). 

Results 

Of the 39 patients receiving ADT prospectively followed, 32 
patients met inclusion criteria for this study. Seven patients 
were excluded because testosterone levels for at least 6 
months were not available or interpretable due to patient 
death, care transfer or ceasing ADT. 

We tallied patients’ baseline characteristics (Table 1). 
Mean PSA at diagnosis was 70.8 ng/mL and 19 patients 
had high-grade cancers (Gleason 8-10) at diagnosis. Thirteen 
patients had undergone radical prostatectomy at some point 
in their care and 8 patients underwent radiotherapy. Only 
3 patients initially presented with locally advanced disease 
(stage T3 or greater) and 14 patients had clinical evidence 
of metastases at diagnoses. Mean patient follow-up was 
25.7 months with 50.0% of all patients free of CRPC at last 
follow-up. Four deaths occurred due to CRPC, of whom 3 
patients received chemotherapy prior to death. 

Of the 32 included patients, 28 (87.5%) achieved a mean 
testosterone below 32 ng/dL in the first 12 months (mean: 
13.73 ng/dL) and 4 did not (33.75 ng/dL, 33.75 ng/dL, 
43.76 ng/dL, 47.76 ng/dL; mean: 39.75 ng/dL). Baseline char-
acteristics did not differ significantly between these groups 
(Table 1). 

Patients with 1-year mean testosterone <32 ng/dL had 
a significantly increased time to CRPC (p = 0.05, median 
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CRPC-free survival 33.1 months [<32 ng/dL] vs. 12.5 months 
(32-50 ng/dL) (Fig. 1). Patients with a 9-month absolute 
testosterone measurement <32 ng/dL had a significantly 
increased time to CRPC (p = 0.001, median CRPC-free sur-
vival 33.1 months [<32 ng/dL] vs. 12.5 months [>32 ng/
dL]) (Fig. 2). Patients with a 6-month absolute testosterone 
<32 ng/dL had an increased time to CRPC, which was not 
statistically significant (p = 0.085, median CRPC-free sur-
vival 33.1 months [<32 ng/dL] vs. 14.6 months [>32 ng/
dL]) (Fig. 3). 

Of the initial 32 patients, 18 (56.3%) achieved a mean 
testosterone below 20 ng/dL (mean: 7.90 ng/dL) in the first 
12 months, while 14 did not (mean: 28.89 ng/dL). Baseline 
characteristics did not differ significantly between these 
groups. A testosterone threshold of 20 ng/dL at 6-months, 
9-months or a 1-year mean did not correlate with time to 
progression to CRPC (p > 0.05). Single breakthrough increas-
es >20 ng/dL or >32 ng/dL in the first year also did not 
significantly affect time to progression to CRPC (p > 0.05). 

Discussion

Testosterone elevated above the castrate range during ADT 
is referred to as testosterone escape.4 There are two types 
of testosterone elevations during ADT: acute-on-chronic 
responses and breakthrough responses. Acute-on-chronic 
responses are testosterone elevations that occur shortly after 
LHRH agonist administration, excluding the initial LHRH 
administration and testosterone flare. These responses arise 
because of direct action of LHRH agonist on the LHRH 
receptor and have an uncertain clinical significance.4

Breakthrough elevations occur when testosterone produc-
tion recommences in the setting of continued LHRH agonist 
administration due to suboptimal drug effect.13 Testosterone 
escape is the subject of the current study. In this study, we 
found that 9-month and 1-year average testosterone lev-
els below 32 ng/dL predicted a longer time to CRPC pro-
gression. These findings suggest that a lower threshold for 
castration might be used to predict time to CRPC in men 
on ADT. Whether manipulating androgens to target lower 
testosterone levels might yield a survival benefit remains to 
be adequately evaluated. 

The apparent significance of a testosterone threshold 
of 32 ng/dL in this study reinforces findings from Morote 
and colleagues.12 These authors studies 73 patients with 
non-metastatic prostate cancer receiving 3-month depots of 
LHRH agonist. Serum testosterone was determined 3 times 
in 6 months and patients were stratified to breakthrough 
groups of 50 ng/dL, 32 ng/dL and 20 ng/dL. After a medi-
an follow-up of 51 months, 41 patients had progressed to 
CRPC. The authors found testosterone breakthroughs above 
50 ng/dL and 32 ng/dL predicted progression to CRPC. These 
data are also interesting because patients with a breakthrough 
testosterone above 50 ng/dL had a significantly improved 
freedom from CRPC if treated with bicalutamide.12 As in our 
study, breakthroughs above 20 ng/dL were not significantly 
associated with time to CRPC. 

Perachino and colleagues have also published an impor-
tant series on this topic.11 Their retrospective series included 
129 previously untreated bone-only metastatic prostate can-
cer patients who received 3-month depots of goserelin. PSA 
and testosterone were determined every 3 months. After a 
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Table 1. Baseline patient characteristics of all patients, stratified by mean 12-month T threshold of 32 ng/dL

Characteristic All with T
T ≤32 ng/dL 

(1-year average)
T = 32-50ng/dL  

(1-year average)*
p value

n 32 28 4

Mean T 17.0 ng/dL 13.7 ng/dL 39.8 ng/dL

Age at diagnosis, years (SD) 72.9 (8.1) 73.1 (8.4) 71.6 (5.6) 0.74

Grade at diagnosis 

Gleason 6, n (%) 4 4 0

0.25
Gleason 7, n (%) 6 4 2

Gleason 8-10, n (%) 19 17 2

Gleason unknown 3 3 0

Prostatectomy, n (%) 13 11 2 0.68

PSA at diagnosis, ng/mL (SD) 70.8 (124.9) 77.4 (132.2) 24.7 (27.3) 0.44

Tumour stage at diagnosis, n 
(%) 

T1, n (%) 12 11 1

0.13

T2, n (%) 15 13 2

T3, n (%) 2 2 0

T4 1 0 1

T stage unknown 2 2 0

Metastases at diagnosis, n (%) 

Bone metastasis 5 5 0 0.36

Distant + nodes 2 2 0
0.84

Nodes 7 6 1
 T: testosterone; SD: standard deviation; PSA: prostate-specific antigen. *Patients with mean 12-month T >50 ng/dL were excluded from analyses.



mean follow-up of 47.5 months, 58 (45%) patients were 
alive. Median testosterone at 6 months was 29 ng/dL (range: 
17.5-50.5). Using multivariate Cox regression analysis, 
cancer-specific mortality was predicted by Gleason score, 
6-month PSA levels and 6-month serum testosterone levels 
(HR 1.32, p < 0.05). 

Limitations in this study are similar to those of previous 
studies.11,12 Firstly, limitations arise from the accuracy of the 
chemiluminescent testosterone assay due to potential cross-
reactivity with other steroid hormones.17 Nonetheless, che-
miluminescent assays have previously been found to have 
a low enough inter-assay variation coefficient to allow for 
the measurement of individual variations of serum testos-
terone in the castrate range (<50 ng/dL).18 An alternative 
assay would involve liquid chromatography and tandem 
mass spectrometry, which would provide excellent sensitiv-
ity, accuracy and specificity.17 Some authors have employed 
these techniques,19 but due to their limited accessibility they 
have not yet been employed in other similar studies.11,12

This study is also limited by its small sample size. While 
this study was designed and the data collected prospec-
tively, the inclusion of a testosterone threshold of 32 ng/dL 
was made post-hoc. Results from Morote and colleagues12

were not available at the time of study commencement, and 
hence this study suffers from inherent limitations of post-hoc 
designs. The lack of standardization of androgen depriva-
tion in this study (i.e., the variable use of LHRH agonists 
and antagonists) represents another limitiation. In spite of 
these limitations, the hypothesis that testosterone levels are 
important in predicting clinical outcomes is supported by 
other authors.11,12

The necessity of routinely measuring testosterone during 
ADT is controversial. In a 2005 survey of 400 urologists, 
29% stated they did not know the testosterone levels of 
their patients and 49% stated that they knew the levels of 

only a few patients.20 Respondents who felt that castrate 
levels should be 50 ng/dL and 20 ng/dL were 31% and 64%, 
respectively.20 Similarly, in a recent survey of 113 Canadian 
practitioners, only 24% indicated that they measured tes-
tosterone routinely and half of respondents (53%) believed 
50 ng/dL was an adequate castrate testosterone level.21

Indirect high-quality evidence also supports the role of 
additional modulation and monitoring of testosterone in 
prostate cancer. Firstly, prostate cancer can be prevented 
by decreasing dihydrotestosterone in the prostate.22,23 The 
impact of serum testosterone levels on prostate cancer is 
further supported by the survival benefit afforded by newer 
CRPC agents. Abiraterone inhibits the cytochrome P450 
c17 enzyme, a critical enzyme in testosterone synthesis.24

This inhibition results in testosterone concentrations of 1 
to 2 ng/dL, much lower than achievable by other castra-
tion methods.24 A survival benefit has been demonstrated 
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Fig. 1. Freedom from castrate-resistant prostate cancer based on 1-year 
average testosterone levels. T: testosterone. 

Fig. 2. Freedom from castrate-resistant prostate cancer based on 9-month 
absolute testosterone levels. T: testosterone. 

Fig. 3. Freedom from castrate-resistant prostate cancer based on 6-month 
absolute testosterone levels. T: testosterone.



in the post-chemotherapy setting.24 Additionally, an interim 
analysis of a trial involving the use of abiraterone in the 
pre-chemotherapy setting demonstrated improvements in 
progression-free survival, overall survival and quality of 
life outcomes.25 Preliminary phase-II studies also suggest 
that abiraterone used in the neoadjuvant setting may induce 
total or near pathological complete responses in patients 
with high-risk prostate cancer.26 MDV3100 is another newer 
CRPC agent that inhibits the action of the androgen recep-
tor27 that has also demonstrated a survival benefit in post-
chemotherapy CRPC.28

Conclusion 

Both direct and indirect evidence make it clear that there is 
a need for larger prospective studies involving the measure-
ment of testosterone levels during ADT. Ideally, these studies 
should incorporate both LHRH agonist/antagonist agents, as 
well as newer modulators of the androgen axis.
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