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Abstract 

Introduction: Testosterone suppression, or androgen-deprivation 
therapy (ADT), is an established treatment for recurrent and meta-
static prostate cancer (PCa). Based on the accuracy and sensitivity 
of early assays (c. 1960–1970), the castrate testosterone level was 
set at ≤1.7 nmol/l. Improved sensitivity of testosterone assays shows 
that both surgical and medical castration can achieve levels <0.7 
nmol/l. However, the clinical implications and importance of maxi-
mum testosterone suppression remains a subject of controversy. 
This evidence-based review assesses prospective and retrospective 
clinical data, linking maximum suppression of testosterone with 
improved outcomes from ADT. 
Methods: PubMed and conference proceedings were searched for 
studies assessing the impact of low testosterone on clinical out-
comes from ADT. The key search terms included combinations of 
prostate cancer and testosterone, predictive/prognostic, and andro-
gen deprivation. Results were limited to studies investigating the 
relationship between testosterone levels and clinical outcomes.
Results:  Both prospective and retrospective data support a relation-
ship between testosterone levels below the historical standard of 
1.7 nmol/l and improved outcomes. Eight studies showed signifi-
cant improvements in survival-related outcomes, with the majority 
of data supporting a testosterone level cutoff of ≤0.7 nmol/l. 
Conclusions: Tracking both testosterone and prostate-specific anti-
gen (PSA) levels has significant clinical benefits, and the serum 
testosterone threshold of ≤0.7 nmol/l is a practical goal. The relative 
levels of testosterone and PSA may indicate continued hormone 
responsiveness or progression toward castration-resistant prostate 
cancer (CRPC) and should, therefore, inform treatment strategy. 
Standardization of assay methods and clinical coordination to 
facilitate widespread access to state-of the art laboratory equip-
ment is necessary to ensure accurate decision-making.

Introduction 

The extent of prostate cancer (PCa) is often underestimat-
ed at the time of diagnosis. The U.S.-based Surveillance, 
Epidemiology, and End Results (SEER) database indicates 
that for U.S. men diagnosed with PCa between 1999 and 
2006, 12% had regional/locally advanced disease and 4% 
had distant metastases.1 However, even among men with 
clinically localized disease treated with radical prostatec-
tomy, approximately 15–40% will develop prostate-specific 
antigen (PSA) relapse,2-5 suggesting that a proportion of these 
men had metastases at the time of diagnosis. 

The androgen receptor (AR) plays a leading role in the 
pathogenesis and progression of PCa.6 The AR is bound by 
testosterone and dihydrotestosterone (DHT), resulting in nucle-
ar localization and activation of target gene transcription.7

Testosterone suppression as PCa treatment was proposed by 
Huggins and Hodges in 1941. They observed that orchiectomy 
or estrogen therapy was an effective treatment for symptom-
atic metastatic PCa.8 Luteinizing hormone-releasing hormone 
(LHRH) agonists and antagonists provide medical testosterone 
suppression, can be reversed, and avoid the negative physi-
cal and psychological effects of orchiectomy.9-12 Androgen-
deprivation therapy (ADT) by medical or surgical means is 
the primary first-line treatment for advanced/metastatic PCa9

and most patients respond to this treatment.13,14 

Early serum testosterone assays, developed in the late 
1960s and early 1970s, used double-isotope-derivative dilu-
tion with a thin-layer chromatography modification.15 This 
approach was limited in both accuracy and sensitivity.16,17

The consequence was that target testosterone suppression 
levels were defined within the limitations of measurement, 
as <1.7 nmol/l.16,18 More recent technological advancements 
include improved radioimmunoassay, as well as chemilu-
minescent and mass spectrometry methods,19,20 which show 
that both surgical and medical castration can achieve levels 
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<0.7 nmol/l.16,18 Despite these advances in detection accu-
racy, the clinical relevance of lower testosterone levels 
remains controversial. This evidence-based review assesses 
the clinical importance of prospective and retrospective data 
characterizing the association between testosterone levels 
during ADT and outcomes in patients with hormone-sensi-
tive, recurrent, and/or metastatic PCa.

Methods

PubMed (all time to June 16, 2016) and the proceedings of 
American Society of Clinical Oncology (ASCO; 2014–2016) 
meetings, the Annual Congress of the European Society for 
Medical Oncology/European Cancer Congress (ESMO 2014, 
ESMO/ECCO18, 2015) were searched for studies assessing 
the impact of low testosterone on clinical outcomes from 
ADT (Fig. 1). The search string comprised the following key 
search terms (or respective aliases): prostate cancer AND 
testosterone AND predictive/prognostic AND androgen 
deprivation. Results were limited to studies reporting data 
on the relationship between testosterone levels and clinical 
outcomes. The literature search was supplemented with a 
bibliographic review of recently published review articles 
to confirm inclusion of all relevant studies.

Findings

Eleven studies, five prospective (Table 1) and six retrospec-
tive (Table 2; available at www.cuaj.ca), assessing ADT 
outcomes relative to level of testosterone achieved on ther-
apy21-31 met our eligibility criteria.

Prospective data

Five prospective, single-cohort studies, with populations rang-
ing in size from 32–626 patients, demonstrated prolonged 
time to castration-resistant prostate cancer (CRPC) or overall 
survival (OS), or improved PSA outcomes for PCa patients with 
serum testosterone levels ≤0.7, ≤0.9, ≤1.0, or ≤1.1 nmol/l, 
compared with those who had serum testosterone levels 
greater than each value, respectively (Table 1).21-23,27,29

The largest prospective analysis included data from 626 
patients, with localized or locally advanced PCa, either under-
going orchiectomy or receiving LHRH agonist (LHRHA) ther-
apy plus a non-steroidal antiandrogen for a minimum of four 
weeks.27 Serum testosterone levels were assayed every two 
months and a relationship between testosterone level and time 
to CRPC was observed. At one year, time to CRPC was signifi-
cantly improved for patients with nadir testosterone levels ≤0.7 
nmol/l compared with those with levels between >0.7 nmol/l 
and <1.7 nmol/l or ≥1.7 nmol/l (p=0.015). Median times to 
CRPC were 10.0, 7.21, and 3.62 years, respectively. Median 
testosterone level >0.7 nmol/l was associated with a higher risk 
of developing CRPC compared with lower levels (p=0.02).27

In the next largest trial, 206 patients with metastatic PCa 
received either monthly LHRHA or a three-month depot 
along with an AR antagonist (bicalutamide or flutamide 
following bicalutamide withdrawal).29 Patients with testos-
terone levels ≤0.9 nmol/l one month after initiating ADT 
experienced a longer time to CRPC (mean 19.1 months) 
compared with those with testosterone levels >0.9 nmol/l 
(mean 14.6 months; p=0.0004). Patients with testosterone 
levels ≤0.7 nmol/l six months after initiating ADT also had a 
longer time to CRPC (adjusted hazard ratio [HR] 1.99; 95% 

Fig. 1. Preferred reporting items for systematic 
reviews and meta-analyses diagram for clinical 
studies of the impact of testosterone levels during 
ADT on clinical outcomes of hormone-sensitive 
recurrent and/or metastatic prostate cancer patients. 
aJCO database; bECCO18/ESMO2015: EJC database, 
ESMO2014: Annals of Oncology database; cor 
respective aliases; dprimary reports of eligible studies 
that were not identified through database search – 
primary reports were defined as the most detailed and 
current report of the analysis of interest (predictive 
value of testosterone during ADT); erechecked at full 
text when abstract was not sufficiently clear. aCRPC: 
advanced castration-resistant prostate cancer; ADT: 
androgen-deprivation therapy; ASCO: American 
Society of Clinical Oncology; ECCO: European Cancer 
Congress; ESMO: European Society of Medical 
Oncology; EJC: European Journal of Cancer.
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Table 1. Prospective studies of androgen-deprivation therapy outcomes by testosterone level

Study type
N
Setting

ADT regimen(s) T Level

Time to CRPC
(months) 

HR  
(95% CI)

PFS
(months)

HR
(95% CI)

OS
(months)

HR 
(95% CI) or 

(range)

Other results

Klotz 
201527 RCT, 
Multicentre 
626
L & LA 

Orchiectomy or LHRH 
agonist plus
nonsteroidal 

antiandrogen for 
minimum of 4 wks

≤0.7 nmol/l 
(NT year 1; 

n=489)

10.0a (yrs)
(p=0.015)b

NR

Not reacheda

(CSS; p=0.02)b

• Median T >0.7 nmol/l was 
associated with higher risk of 
developing CRPC (p=0.02).

• Maximum T ≥1.7 nmol/l was 
associated with a significantly 
higher rate of progression to 
CRPC (p=0.03).

• Maximum T≥1.7 nmol/l 
predicted a higher risk of 
dying as a result of disease 
(p=0.024).

>0.7 to <1.7 
nmol/l (NT 

year 1; n=129)

7.21a (yrs) 
1.62 (1.20–

2.18)

10.07a (yrs) (CSS)
2.08 (1.28–3.38)

≥1.7 nmol/l 
(NT year 1; 

n=8)

3.62a (yrs)
1.90 (0.98–

4.70)

Not reacheda 
(CSS)

2.93 (0.70–12.30)

Wang 
201629 
Single-
centre
206
Met

LHRHA every mo or 
long-acting LHRHA 

every 3 mos 
Bicalutamide 50 mg/

day 

Secondary HT of 
LHRHA and flutamide 
250 mg 3 times a day 

after bicalutamide 
withdrawal for 6 wks

≤0.9 nmol/l 
(n=98)

19.1c

(p=0.0004)

NR NR

• T levels <1.7 nmol/l were not 
associated with the effective 
time of ADT. 

• T levels of ≤0.9 nmol/l after 
the first mo of ADT predicted 
longer time to CRPC (adjusted 
HR 1.46; 95% CI 1.08–1.96; 
p=0.013). 

• T levels ≤0.7 nmol/l after 6 mos 
were significantly associated 
with a longer time to CRPC 
(adjusted HR 1.99; 95% CI 
1.44–2.74; p=0.001).

>0.9 nmol/l 
(n=108)

14.6c

Bertaglia 
201321 
Single-
centre
153
L, LA & 
Met

LHRHAs (long-acting 
formulation) every 

3 mos

Bicalutamide 50 mg 
daily during the first 

4 wks

<0.7 nmol/l 
(n=25) vs. ≥0.7 
nmol/l (n=128)

NR

NR
0.58 (0.30–1.15)
(TTP; p=0.12)

NR
0.19 (0.04–0.76)

(p=0.020)d
• The 56 (36.6%) patients who 

attained ST level of 1 nmol/l 
or less after 6 mos of LHRHA 
therapy had better survival 
than the 97 patients (63.4%) 
who did not (HR 0.45; 95% CI 
0.22–0.94; p=0.034).

≤1.0 nmol/l 
(n=56) vs. >1.0 
nmol/l (n=97)

NR
0.76 (0.46–1.26)
(TTP; p=0.30)

NR
0.45 (0.22–0.94)

(p=0.034)

<1.7 nmol/l 
(n=94) vs. ≥1.7 
nmol/l (n=59)

NR
0.84 (0.52–1.37)
(TTP; p=0.51)

NR
0.74 (0.42–1.33)

(p=0.32)

Kawakami 
201323 
Single-
centre
69
Met

LHRH agonist 
(goserelin, leuprolide 

or buserelin)

≤0.7 nmol/l 
(n=56)

NR

Other results:
• PSA minimum, maximum, median, and mean were all higher for 

the cohort of patients with levels of T >0.7 nmol/l.
• PSA correlated with total T (correlation 0.42; p=0.003).
• T levels >0.7 nmol/l were found in 17% (7/41), 19% (4/21), and 28% 

(2/7) of patients on goserelin, leuprolide, and buserelin, respectively.
• No statistical difference among the 3 LHRH agonists in proportion 

of patients not achieving optimal levels of T. 

>0.7 nmol/l 
(n=13)

Dason 
201322 
Cohort 
series
32
L, LA & 
Met

LHRH agonist 
(goserelin, leuprolide 

or triptorelin), 
3-mo depots and 
a 1-mo course of 

bicalutamide on ADT 
initiation  

OR
LHRH antagonist 
(degarelix), 1-mo 

depots 

<1.1 nmol/lc

(1 yr; n=28)
33.1a

(p=0.05)

Other results:
• Patients with a 9-mo absolute T measurement <1.1 nmol/l had 

increased time to CRPC (p=0.001, median: 33.1 mos [<1.1 nmol/l] vs. 
12.5 mos [>1.1 nmol/l]). 

• Patients with a 6-mo absolute T <1.1 nmol/l had an increased time 
to CRPC, which was not statistically significant (p=0.085, median: 
33.1 months [<1.1 nmol/l] vs. 14.6 mos [>1.1 nmol/l]). 

• Mean T level <0.7 nmol/l compared to 0.7–1.7 nmol/l at 6, 9, or 12 
mos did not significantly predict time to CRPC. 1.1–1.7 nmol/lc

(1 yr; n=4)
12.5a

aMedian; badjusted for multiple test based on the Hochberg method (Hochberg et al. Biometrics 1988;75:800-2); cmean; dserum T level <0.7 nmol/l is significantly associated with lower risk of 
death. ADT: androgen-deprivation therapy; CI: confidence interval; CRPC: castration-resistant prostate cancer; CSS: cause (cancer)-specific survival; HR: hazard ratio; HT: hormonal therapy; 
L: localized; LA: locally advanced; LHRH(A):  luteinizing hormone-releasing hormone (agonist); Met: metastatic; mo(s): month(s); N or n: number of patients; NR: not reported; NT: nadir 
testosterone; OS: overall survival; PFS: progression-free survival; PSA: prostate-specific antigen; RCT: randomized controlled trial; T: testosterone; TTP: time to progression; wk(s): week(s); yr(s): 
year(s).
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confidence interval [CI] 1.44–2.74; p=0.001) compared with 
those with testosterone levels of >0.7 nmol/l.29

Another trial enrolled 153 patients with localized, locally 
advanced, or metastatic PCa.21 Treatment included LHRHA 
every three months plus daily bicalutamide during the first 
four weeks, with testosterone levels assessed between six 
and seven months. A relationship was observed between 
lower testosterone levels and OS, but not time to progres-
sion (TTP). Patients with serum testosterone levels of <0.7 
nmol/l and ≤1.0 nmol/l demonstrated improved OS com-
pared to those with testosterone ≥0.7 nmol/l (HR 0.19; 95% 
CI 0.04–0.76; p=0.020) and testosterone >1.0 nmol /l (HR 
0.45; 95% CI 0.22–0.94; p=0.034), respectively. When 
comparing data from patients achieving testosterone levels 
<1.7 nmol/l to those with testosterone ≥1.7 nmol/l, no sig-
nificant difference in OS was observed (HR 0.74; 95% CI 
0.42–1.33; p=0.32).21 Together, these data suggest that a 
lower testosterone suppression level cutoff, at or below 1.0 
nmol/l, may predict greater OS benefit from ADT, while no 
predictive capacity is apparent with the higher cutoff of <1.7 
nmol/l. TTP was not significantly different between patients 
with serum testosterone levels of <0.7 nmol/l, ≤1.0 nmol/l, 
or <1.7 nmol/l compared with those with testosterone ≥0.7 
nmol/l (HR 0.58; 95% CI 0.30–1.15; p=0.12), >1 nmol/l (HR 
0.76; 95% CI 0.46–1.26; p=0.30), or ≥1.7 nmol/l (HR 0.84; 
95% CI 0.52–1.37; p=0.51), respectively.

Improved PSA outcomes and time to CRPC were associated 
with low testosterone levels in two additional studies. The first 
trial enrolled 69 patients with metastatic PCa to receive an 
LHRHA.23 At ≥3 months, higher PSA levels were observed in 
patients with serum testosterone levels of >0.7 nmol/l com-
pared to those with levels  ≤0.7 nmol/l.23 The smallest prospec-
tive trial enrolled 32 patients with localized, locally advanced, 
or metastatic PCa treated with either an LHRHA (three-month 
depot) plus bicalutamide (one-month course upon ADT initia-
tion) or one-month depot of the LHRH antagonist degarelix.22

Patients with testosterone levels of <1.1 nmol/l at one year 
demonstrated longer time to CRPC compared to those with 
testosterone levels between 1.1 and 1.7 nmol/l (median 33.1 
vs. 12.5 months, respectively; p=0.05).22

Retrospective data

Four of six retrospective studies of localized, locally advanced, 
or metastatic PCa ranging in size from 73–2196 patients also 
demonstrated improved outcomes (lower rates of testosterone 
breakthrough, time to CRPC, progression-free survival [PFS], 
cause specific survival [CSS], or OS) for patients achieving sup-
pression ≤0.7 nmol/l or ≤1.1 nmol/l, compared to those with 
serum testosterone level >0.7 nmol/l or >1.1 nmol/l, respec-
tively (Table 2; available at www.cuaj.ca).26,28,30,31

The largest study (n=2196) analyzed testosterone break-
through data for patients receiving adjuvant LHRHA therapy 

following curative radiotherapy.31 Lower rates of testosterone 
breakthrough (increase in serum testosterone >0.7 nmol/l 
during ADT) were associated with improved PSA kinetics, an 
indicator of disease control. Data showed breakthrough rates 
with testosterone level increase to >1.1 nmol/l of 6.6% per 
patient-course and 5.4% per LHRHA injection, while break-
through rates with testosterone level increase to >1.7 nmol/l 
of 3.4% per patient-course and 2.2% per LHRHA injection. 
Younger men were more likely to experience testosterone 
breakthrough (p<0.001) and 16% of patients experienced 
repeated breakthroughs. PSA kinetics and post-treatment 
PSA nadir were lower for those without breakthrough (0.02 
ng/ml) compared with those with testosterone breakthrough 
(0.04 ng/ml; p=0.008 and p=0.003 for testosterone break-
through level >1.1 nmol/l or >1.7 nmol/l, respectively).31

A multicentre study analyzed data from 225 patients 
receiving complete androgen blockade with an LHRH ago-
nist or antagonist, or surgical castration plus antiandrogens 
for localized, locally advanced, or metastatic PCa.26 The data 
demonstrated improved outcomes for patients with testos-
terone levels <0.7 nmol/l compared with those with testos-
terone ≥0.7 nmol/l. Median PFS was 16.3 vs. 11.0 months 
(p=0.1163), while median OS was 68.3 vs. 28.3 months 
(p<0.0014), respectively.26 Additional univariate analyses 
showed that significantly improved OS outcomes were lim-
ited to low testosterone levels of <0.6 nmol/l (p=0.0190), 
<0.7 nmol/l (p=0.0020), and <1.1 nmol/l (p=0.0146), but 
not associated with very low testosterone levels <0.3 nmol/l 
and <0.4 nmol/l.

The largest single-centre study analyzed data from 129 
metastatic PCa patients treated with goserelin and measured 
serum testosterone levels every three months.28 The study 
showed that higher six-month testosterone levels were asso-
ciated with an increased risk of death (HR 1.333; 95% CI 
1.053–1.687; p<0.05).28

An additional single-centre analysis included data from 
96 locally advanced or metastatic PCa patients treated with 
surgical castration or ADT via LHRHA therapy and/or an 
antiandrogen, and reported an association between low 
testosterone level and improved OS and prognosis, but not 
PFS.24 The study compared outcomes among patients with 
testosterone level of 0.1 nmol/l with those showing levels 
between 0.1 and 2.6 nmol/l and demonstrated no difference 
in PFS (p=0.70), while OS was improved for patients with 
lower testosterone levels (p=0.014).24 Analysis of survival 
rate from the point of progression also showed improved 
prognosis for the group with testosterone levels of 0.1 nmol/l 
compared with those with testosterone levels  between 0.1 
and 2.6 nmol/l (p=0.0044).

A single-centre analysis of testosterone breakthrough, 
defined as an increase in serum testosterone >0.7 nmol/l  
during ADT, included data from 73 localized or locally 
advanced PCa patients treated with LHRHA as a three-month 
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depot with or without daily bicalutamide.30 A relationship 
between low testosterone level and improved PFS was 
observed. Testosterone levels were assayed three times over 
six months and PFS outcomes, relative to testosterone level 
increases during treatment, were compared. Patients with all 
three testosterone measurements <0.7 nmol/l had the lon-
gest mean survival free of androgen-independent progression 
(mean 106 months) compared to those with any testosterone 
level increase between 0.7 and1.7 nmol/l (mean 90 months) 
or >1.7 nmol/l (mean 72 months). Additional analyses indi-
cated that the lowest serum testosterone threshold with clini-
cal impact was 1.1 nmol/l (p=0.0258), as patients with all 
three testosterone assays <1.1 nmol/l had a mean survival 
free of androgen-independent progression of 137 months vs. 
88 months for those with any breakthrough increase >1.1 
nmol/l  (p<0.03).30 When considering ADT modality, a benefit 
of combined androgen blockade (LHRH plus bicalutamide) 
compared to LHRH alone was observed among men with 
poorly suppressed testosterone and those with breakthrough 
increases >1.7 nmol/l (p=0.0249), but in not those with break-
through increases >1.1 nmol/l (p=0.3350) or those with no 
increases above the 1.1 nmol/l threshold (p=0.2801).30

Finally, an analysis of data from 69 metastatic PCa patients 
treated with LHRHA plus bicalutamide, with testosterone 
levels assayed every 3–6 months, demonstrated no relation-
ship between testosterone level and PSA outcomes, TTP, 
CSS, or OS.25 No difference between time to PSA progression 
(p=0.66), OS (p=0.17), or CSS (p=0.29) was found when 
comparing testosterone levels <0.7 nmol/l with those ≥0.7 
nmol/l.25 Results also indicated that no median testosterone 
level threshold assessed (0. 5, 0.7, or 1.1 nmol/l) showed a 
significant association with survival-related outcomes.

Discussion 

Are testosterone levels below the historical standard for castrate level 
associated with improved outcomes?

Both prospective and retrospective data support a relationship 
between testosterone levels below 1.7 nmol/l — the historical 
standard for castrate level — and improved outcomes. Five 
prospective trials demonstrated that patients achieving serum 
testosterone levels ≤0.7, ≤0.9, ≤1.0,  or ≤1.1 nmol/l, were asso-
ciated with longer time to CRPC and/or death compared with 
those having higher testosterone levels, respectively.21-23,27,29

Four of six retrospective studies of localized, locally advanced, 
or metastatic PCa also demonstrated improved outcomes (lower 
rates of testosterone breakthrough, PFS, CSS, or OS) for patients 
achieving testosterone suppression ≤0.7 nmol/l  or  ≤1.1 nmol/l 
compared to those with serum testosterone levels >0.7 nmol/l  
or >1.1 nmol/l, respectively.26,28,30,31 A similar trend was seen in 
a recent post-hoc analysis of the ICELAND study, which dem-
onstrated an association between lower nadir testosterone level 
and a trend toward longer time to PSA (CRPC) progression (≤0.7 
nmol/l vs. >0.7 nmol/l to ≤1.7 nmol/l; HR 5.06; 95% CI 1.3–
16.1; p=0.062; at the time of publication, the ICELAND study 
report was only available in abstract form).32 Overall, these data 
provide compelling support for a relationship between low tes-
tosterone levels and improved outcomes. There are, however, 
significant limitations, including variations in methodology 
across studies (testosterone assay timing, specific assays used, 
and associated detection limits). While available analyses indi-
cate an association between testosterone level and outcome, 
there are limited data that predict whether adjusting therapy 

Fig. 2. Management strategies using testosterone 
suppression data for recurrent and/or metastatic 
prostate cancer. aNon-metastatic CRPC; bfollow 
CUA-CUOG guidelines for management of CRPC 
(Saad F, et al. Can Urol Assoc J 2015;9:90-6). ADT: 
androgen-deprivation therapy; CRPC: castration-
resistant prostate cancer; PSA, prostate-specific 
antigen.
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to achieve a lower level of testosterone will result in 
improved outcomes. Additional prospective studies are 
necessary to confirm and further clarify findings.

What testosterone threshold should be used clinically to guide 
treatment?

Among the 11 trials reviewed, nine reported sur-
vival-related outcomes for patients with testos-
terone levels ranging from ≤0.1 nmol/l to <1.1 
nmol/l,21,22,24,26-30 eight of which showed significant 
improvements in these outcomes. A single retro-
spective study observed a significant improvement 
in OS with testosterone levels of ≤0.1 nmol/l com-
pared with levels >0.1 nmol/l; p=0.014)24 and two 
studies, one prospective22 and one retrospective,30

showed significant improvements in PFS-related 
outcomes (time to CRPC, p=0.05 and survival free 
of androgen-independent progression, p<0.03, 
respectively) at testosterone levels <1.1 nmol/l 
compared with >1.1 nmol/l. However, the major-
ity of studies assessing survival-related outcomes used a 
testosterone level cutoff of ≤0.7 nmol/l.21,25-27,30 Four trials 
assessed OS and/or CSS-related outcomes associated with 
testosterone levels ≤0.7 nmol/l,21,25-27 with three demonstrat-
ing significantly improved outcomes compared to those 
associated with higher testosterone levels (OS, p=0.020 and 
p=0.0014, respectively and CSS; p=0.02).21,26,27 An addi-
tional trial demonstrated a significantly lower risk of death 
with mean six-month testosterone level of 1.4 nmol/l  vs. 
higher levels (p<0.05),28 while two prospective trials each 
demonstrated improvements in time to CRPC with testos-
terone levels ≤0.9 and ≤0.7 nmol/l compared with higher 
levels (p=0.0004 and p=0.015, respectively).27,29 Finally, a 
retrospective analysis showed no OS or CSS benefits for 
testosterone level <0.7 nmol/l compared with ≥0.7 nmol/l 
(p=0.17 and p=0.29, respectively).25 Although prospective 
studies are necessary to assess whether adjusting therapy to 
achieve a lower level of testosterone will result in improved 
outcomes, observational studies suggest that lowering the 
target threshold of testosterone to ≤0.7 nmol/l was most 
closely associated with improved survival-related outcomes 
and a prudent goal for therapy (Fig. 2). While awaiting 
prospective validation of these findings and standardization 
of laboratory procedures for assessment of lower testos-
terone levels, clinicians should take advantage of clinical 
networks, coordination of care, and central clinical labora-
tories to ensure the capacity for testosterone measurement 
at or below the 0.7 nmol/l threshold. 

What impact do changing testosterone and PSA levels have on disease 
management?

Patients undergoing ADT should be monitored regularly for 
testosterone (every 3–6 months) and PSA levels as clinically 
appropriate throughout the first year of treatment (Fig. 2).27 A 
baseline testosterone level assay followed by assessments 
immediately before each LHRHA dose is appropriate timing 
to ensure testosterone suppression is achieved and sustained 
throughout the dosing interval. A testosterone level above the 
target threshold of 0.7 nmol/l for any measurement taken dur-
ing continuous ADT or the on-therapy intervals of intermittent 
ADT within the first year may indicate treatment failure and 
should prompt consideration of an alternate medical or surgi-
cal therapy (e.g., switch from LHRHA to a different agonist or 
an LHRA antagonist or vice versa; add an antiandrogen; or 
consider bilateral orchiectomy; Fig. 2).27 Rising PSA with 
adequate testosterone suppression indicates progression 
towards CRPC and warrants treatment in line with the Canadian 
Urological Association-Canadian Urological Oncology Group  
(CUA-CUOG) guidelines for the management of CRPC.33

The efficacy of LHRH agonist to antagonist switch as a 
treatment option for patients with rising testosterone levels 
was assessed in a recent prospective study that enrolled eight 
patients with CRPC and testosterone level ≥0.7 nmol/l during 
prior ADT.34 The response rate was 25.0%, and the propor-
tion of cases with PSA decline was 62.5%. One patient had 
a complete response, with PSA level of 0.02 ng/ml, which 
was maintained for 12 months. In five out of eight cases 
(62.5%), serum testosterone levels dropped to <0.7 nmol/l. 
Overall, findings suggested that switching from LHRH ago-
nist to antagonist may be a suitable treatment option for 
patients with testosterone levels ≥0.7 nmol/l.34

Fig. 3. Three-cell-type model demonstrating importance of low testosterone in intermittent 
androgen-deprivation therapy. Adapted from Klotz L, Toren P. Androgen deprivation 
therapy in advanced prostate cancer: Is intermittent therapy the new standard of care? 
Curr Oncol 2012;19:S13-21. Copyright 2012 by Multimed Inc. Adapted with permission.
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Intermittent ADT, with its associated benefits in quality 
of life, has become a common treatment option. Tracking 
testosterone and PSA levels both on and off therapy provides 
important data to guide ongoing treatment. Rising PSA levels 
after testosterone recovery during the off-treatment interval 
occurs normally, and should result in re-initiating therapy, 
usually when the PSA reaches a level of 10–20 ng/ml. Rising 
PSA with adequately suppressed testosterone may indicate 
progression toward CRPC, even if the patient is not receiving 
LHRH agonist/antagonist treatment.

A conundrum in this field is the non-inferiority of inter-
mittent therapy, where the testosterone rises during the off-
treatment interval, in light of the importance of achieving 
low testosterone during ADT. In fact, these observations can 
be reconciled. The concept is that aggressive therapy, which 
lowers testosterone below 0.7 nmol/l, results in more com-
plete cell kill during the treatment period, repopulation with 
clones of androgen-sensitive cells during the off-treatment 
interval (Fig. 3), and response to the next cycle of ADT.35

The fact that low levels of testosterone are beneficial during 
ADT treatment does not imply that these low levels must be 
continuously sustained to achieve the benefit.

Conclusions and future directions

Prospective and retrospective data provide compelling sup-
port for an association between testosterone levels of ≤0.7 
and greater benefit from ADT compared to outcomes associ-
ated with higher levels. This testosterone threshold reflects 
advances in assay technology and is well below the his-
torical castrate testosterone level of 1.7 nmol/l established 
decades ago. Tracking both testosterone and PSA levels has 
significant clinical implication throughout continuous ADT, 
as well as both on and off therapy during intermittent ADT. 
The relative levels of testosterone and PSA may indicate 
continued hormone responsiveness or progression toward 
CRPC, and should inform treatment accordingly.

Further prospective validation of a lower testosterone 
threshold and associated ADT benefit is needed to con-
firm and clarify findings, as well as determine the threshold 
associated with the greatest clinically significant therapeutic 
benefit. In the meantime, the serum testosterone threshold of 
≤0.7 nmol/l is a practical goal, as this level has been associ-
ated with improved ADT outcomes in both prospective and 
retrospective analyses and is consistently detectable via new 
technology. Finally, standardization of assay methods and 
clinical coordination to ensure widespread access to state-
of-the-art laboratory equipment will be necessary to ensure 
clinical applicability.
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