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Abstract
AIM: To investigate the time course of testosterone 
(T) recovery after cessation of androgen deprivation 
therapy (ADT) in patients treated with brachytherapy. 

METHODS: One-hundred and seventy-four patients 
treated between June 1999 and February 2009 were 
studied. Patients were divided into a short-term usage 
group (≤ 12 mo, n  = 91) and a long-term usage 
group (≥ 36 mo, n  = 83) according to the duration 
of gonadotropin-releasing hormone agonist therapy. 
Median follow-up was 29 mo in the short-term group 
and was 60 mo in the long-term group.

RESULTS: Cumulative incidence rates of T recovery to 
normal and supracastrate levels at 24 mo after cessation 
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were 28.8% and 74.6%, respectively, in the long-term 
usage group, whereas these values were 96.4% and 
98.8% in the short-term usage group. T recovery to 
normal and supracastrate levels occurred significantly 
more rapidly in the short-term than in the long-term 
usage group (P  < 0.001 and P < 0.001, respectively). 
Five years after cessation, 22.6% of patients maintained 
a castrate T level in the long-term usage group. On 
multivariate analysis, lower T levels (< 10 ng/dL) at 
cessation of ADT was significantly associated with 
prolonged T recovery to supracastrate levels in the long-
term usage group (P  = 0.002). 

CONCLUSION: Lower T levels at cessation of ADT 
were associated with prolonged T recovery in the long-
term usage group. Five years after cessation of long-
term ADT, approximately one-fifth of patients still had 
castrate T levels. When determining the therapeutic 
effect, especially biochemical control, we should 
consider this delay in T recovery.

Key words: Androgen deprivation; Gonadotropin-
releasing hormone agonist; Prostate brachytherapy; 
Prostate cancer; Testosterone
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Core tip: We evaluated the time course of testosterone 
recovery and the prognostic factors associated with 
prolonged testosterone recovery after the cessation of 
long-term (≥ 36 mo) androgen deprivation therapy in 
patients treated with brachytherapy. Five years after 
cessation, 22.6% of patients maintained a castrate 
testosterone level. We should consider this delay when 
determining therapeutic effects. Lower testosterone 
levels at cessation were significantly associated with 
prolonged testosterone recovery.
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INTRODUCTION
Gonadotropin-releasing hormone (GnRH) agonists 
are widely used in various radiotherapies for the 
management of prostate cancer. The intended purpose 
and duration of hormonal therapy vary depending 
on the local extent of the cancer and the type of 
radiotherapy[1-3]. According to several randomized 
controlled studies, the use of 6 to 36 mo of hormonal 
therapy with external beam radiotherapy (EBRT) 

contributed to overall survival or cancer-specific survival 
in men with locally advanced or localized unfavorable-
risk prostate cancer compared with radiotherapy 
alone[4-7]. After the cessation of androgen deprivation 
therapy (ADT), serum testosterone (T) levels usually 
recover from castrate levels to normal levels. However, 
some patients maintain the castrate T levels for several 
years after cessation, especially if hormonal manipu
lation is used for prolonged periods. In these cases, 
clinicians cannot assess whether radiotherapy controls 
prostate-specific antigen (PSA) levels because there is a 
possibility that prolonged effects of ADT simply control 
the disease. Thus, clinicians should assess the recovery 
of T levels after cessation of ADT when they interpret 
PSA relapse-free survival rates. Although some studies 
have documented the time course of recovery of T 
levels after cessation of long-term ADT, these studies 
were intended for patients who had received less than 
36 mo of continuous GnRH agonist therapy or who were 
observed for shorter follow-up periods[8,9]. 

In this retrospective study, we estimated the time 
course of recovery of T levels after cessation of long-term 
use (≥ 36 mo) of ADT and short-term use (≤ 12 mo) 
of ADT in patients treated with prostate brachytherapy. 
In addition, the factors associated with T recovery were 
analyzed to determine which patients have the potential 
for prolonged time until recovery to supracastrate and/or 
normal T levels after cessation of ADT.

MATERIALS AND METHODS
Patients
There were 216 candidates for this study who received 
either 192Ir high-dose rate (HDR) brachytherapy or 125I 
permanent low-dose rate (LDR) brachytherapy for 
prostate cancer with neoadjuvant hormonal therapy 
(NHT) or adjuvant hormonal therapy (AHT) using GnRH 
agonists between June 1999 and February 2009 at 
our institution. Patients were divided into two groups 
according to the duration of GnRH agonist therapy: 
short-term (neoadjuvant) usage group (duration 3 to 12 
mo) and long-term (neoadjuvant and adjuvant) usage 
group (≥ 36 mo). A normal level of T and a castrate T 
level were defined as ≥ 207 ng/dL and ≤ 50 ng/dL, 
respectively. A T level of > 50 ng/dL was defined as 
a supracastrate level. Both supracastrate and normal 
levels were used for the definition of T recovery. 

The T level of each patient was measured 1 mo 
before the cessation of GnRH agonist therapy (baseline 
levels) and until it recovered to a normal level. A 
follow-up examination after the cessation of ADT was 
scheduled every 3 mo for the first year, and then every 
6 mo thereafter. Patients were removed from the 
study if PSA failure was observed during AHT because 
they needed to continue the administration of GnRH 
agonist therapy to maintain the castrate T level. All 
patients underwent a complete history and physical 
examination at the time of brachytherapy, including 
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body mass index and the presence or absence of 
diabetes and hypertension. ADT consisted of GnRH 
agonist as a 1-mo or 3-mo formulation with or without 
an oral anti-androgen. Either flutamide (375 mg/d) or 
bicalutamide (80 mg) was used as the nonsteroidal 
anti-androgen agent. Either goserelin (3.6 or 10.8 mg) 
or leuprorelin (3.75 or 11.25 mg) was administrated as 
the GnRH agonist. Serum T levels were measured by 
immunoradiometric assay. Approval was granted by the 
ethics committee of our institution. Median follow-up 
times from cessation were 29 and 60 mo for the short-
term and long-term groups, respectively.

LDR brachytherapy and hormonal therapy
Patients with low-risk or intermediate-risk prostate 
cancer were candidates for LDR brachytherapy. The 
prescribed dose to the periphery of the prostate was 
145 Gy using a prostate implant technique that was 
described previously[10,11]. Patients who had large glands 
or who were at intermediate risk were treated with 
combined androgen blockade for 3 to 12 mo as NHT. 
Neither EBRT nor AHT was administered. 

HDR brachytherapy and hormonal therapy
We previously mentioned about our protocol and 
procedure for HDR brachytherapy and hormonal 
therapy in high-risk prostate cancer[12,13]. Briefly, the 
mean dose to 90% of the planning target volume was 
6.3 Gy/fraction of 192Ir HDR brachytherapy. After five 
fractions of HDR treatment, EBRT with 10 fractions of 
3 Gy was administered. Patients received EBRT using 
a dynamic-arc conformal technique, administered with 
high-energy photons comprising 10-MV X-rays. The 
radiation field was limited to the prostate gland with 

or without proximal seminal vesicles with a 7-mm leaf 
margin using multileaf collimators. Testicular dose was 
not computed. All patients initially underwent 6 mo or 
more of neoadjuvant ADT. In patients who had high-
risk cancer, adjuvant ADT was continued for 36 mo 
after EBRT. Low-risk or intermediate-risk patients were 
treated without adjuvant ADT D’Amico criteria were 
used for risk group stratification[14].

Statistical analysis
The Kaplan-Meier method was used to estimate the 
cumulative incidence of T recovery. A Log-Rank test was 
performed to compare these estimates. Multivariate Cox 
regression models were created based on the covariates 
that were significant in univariate analysis. Differences 
were regarded as statistically significant at P < 0.05. 
Analyses were performed using SPSS version 11.0 
for Windows (SPSS, Inc., Chicago, IL, United States), 
GraphPad Prism, version 5 (GraphPad Software, Inc., 
CA, United States), and Microsoft Excel (Microsoft, 
Redmond, WA, United States).

RESULTS
Patient characteristics
Figure 1 provides the characteristics of the 216 patients 
who were candidates for the present study. Data for 
the 174 who were eligible for inclusion in the efficacy 
analysis were analyzed, and 42 patients (19.4%) were 
removed for reasons detailed in Figure 1: PSA failure 
during AHT (n = 13), severe disease (n = 1), missing 
data (n = 17), and ADT duration deviation from study 
protocol (n = 11). All patients reached castrate T 
levels at cessation of ADT. Table 1 shows the patient 
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Brachytherapy with GnRHa
216 patients

HDR + EBRT + 36 mo AHT
with NHT

114 patients

HDR + EBRT + NHT
9 patients

LDR + NHT
93 patients

11 patients were treated with GnRHa
for 13 to 24 mo

Withdrawal from the study
  PSA failure during AHT (n  = 13)
  Suffering from serious 
  disease (n  = 1)
  Missing data (n  = 17)

Long-term usage group
(36 mo or greater)

83 patients

Short-term usage group
(3 to 12 mo)
91 patients

Figure 1  Characteristics of the 216 candidates considered for the study. GnRHa: Gonadotropin-releasing hormone agonist therapy; HDR: High-dose rate 
brachytherapy; EBRT: External beam radiotherapy; AHT: Adjuvant hormonal therapy; NHT: Neoadjuvant hormonal therapy; LDR: Low-dose rate brachytherapy; PSA: 
Prostate-specific antigen.
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long-term usage group.  

Factors associated with T recovery 
Table 2 provides the univariate and multivariate results 
of factors that may influence T recovery to supracastrate 
levels in the long-term usage group. Age 73 years or 
older at cessation (n = 47; 57%) was significantly 
associated with slower recovery to supracastrate levels 
in the long-term usage group (multivariate analysis, P 
= 0.009). T level < 10 ng/dL at baseline (n = 39; 47%) 

background data for the short-term and long-term 
usage groups (n = 91 and n = 83, respectively). 

Cumulative incidence of T recovery
We compared the cumulative incidence of T recovery 
to normal levels (Figure 2A) and to supracastrate levels 
(Figure 2B) between the short-term and long-term 
usage groups. A Log-Rank test showed that T recovery 
to normal levels occurred significantly more rapidly in 
the short-term than in the long-term usage group (HR 
= 9.180; 95%CI: 5.883-14.32; P < 0.001). T recovery 
to supracastrate levels also occurred significantly more 
rapidly in the short-term than in the long-term usage 
group (HR = 5.051; 95%CI: 3.346-7.624; P < 0.001).
Cumulative incidences of T recovery to normal and 
supracastrate levels at 24 mo after cessation were 
28.8% and 74.6%, respectively, in the long-term usage 
group, whereas these values were 96.4% and 98.8% in 
the short-term usage group. Five years after cessation, 
22.6% of patients maintained a castrate T level in the 
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Figure 2  Cumulative incidence of testosterone recovery to normal levels (A) and supracastrate levels (B) according to duration of gonadotropin-releasing 
hormone agonist therapy. Significance (P < 0.05) was determined according to a Log-Rank test.

Short-term usage 
group (n  = 91)

Long-term usage 
Group (n  = 83)

Median Range Median Range
  Age at 
  cessation (yr)

69 54-78 73 53-90

  Body mass 
  index 

  24.1 18.6-32.5    24.3 17.1-32.5

  Duration of 
  GnRHa (mo)

6 3-12 47  36-66

  Follow-up 
  duration 
  from 
  cessation of 
  GnRHa (mo)

29 3-52 60 3-94

n % n %
  Diabetes, yes 10 10.9   8   9.6
  Hypertension, 
  yes

36 39.5 33 39.7

Table 1  Patient background data

GnRHa: Gonadotropin-releasing hormone agonist therapy.

  Factor Univariate analysis Multivariate analysis

HR 95%CI P  value HR 95%CI P  value
  At brachytherapy
     Body mass index
        < 25 1.249 0.733-2.130 0.413 - - -
        ≥ 25 1.000 (reference) - - -
     Diabetes 
        No 1.262 0.505-3.156 0.687 - - -
        Yes 1.000 (reference) - - -
     Hypertension 
        No 0.959 0.572-1.608 0.873 - - -
        Yes 1.000 (reference) - - -
  At cessation
     Age
        < 73 yr 1.98 1.182-3.317 0.009 2.020 1.190-3.429 0.009
        ≥ 73 yr 1.000 (reference) 1.000 (reference)
     T level at baseline1  
        < 10 ng/dL 1.000 (reference) 1.000 (reference)
        ≥ 10 ng/dL 2.261 1.316-3.883 0.003 2.327 1.354-4.000 0.002
  Drug formulation
     Duration of activity
        1 mo 1.000 (reference) - - -
        3 mo 1.419 0.821-2.454 0.209 - - -
     Material
        Goserelin 0.973 0.579-1.635 0.917 - - -
        Leuprorelin 1.000 (reference) - - -

Table 2  Univariate and multivariate analyses of factors 
associated with testosterone recovery to supracastrate levels 
in the long-term usage group

1Testosterone level at baseline was measured 1 mo before the cessation of 
androgen deprivation therapy. Statistical significance was assessed at P < 
0.05. T: Testosterone.
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was also significantly associated with slower recovery to 
supracastrate levels in this group (multivariate analysis, 
P = 0.002). Both age 73 years or older at cessation and 
T level < 10 ng/dL at baseline were also significantly 
associated with slower recovery to normal levels in 
the long-term usage group on multivariate analysis (P 
= 0.005 and P = 0.001, respectively). There were no 
significant factors associated with slower T recovery in 
the short-term usage group (data not shown).

Influence of different GnRH agonist agents on T 
recovery
To examine the influence of different GnRH agonist 
agents on T recovery in the long-term usage group, 
patients were divided into two groups according to 
drug material: Goserelin (n = 34; 41%) and leuprorelin 
(n = 49; 59%). Patients were also divided into two 
groups according to the duration of drug activity: 1-mo 
formulation (n = 34; 41%) and 3-mo formulation (n 
= 35; 42%). Fourteen patients (17%) were switched 
from the 1-mo formulation to the 3-mo formulation for 
various reasons and were removed from this analysis. 
There was no significant difference regarding the time 
course of T recovery to supracastrate levels between 
goserelin and leuprorelin (univariate analysis, P = 0.917). 
The 1-mo formulation was not significantly associated 
with more rapid recovery to supracastrate levels, nor was 
the 3-mo formulation (univariate analysis, P = 0.209). 

DISCUSSION
In the present study, we estimated the time course of 
recovery of T levels after cessation of long-term use 
(≥ 36 mo) of ADT in high-risk prostate cancer patients 
treated with brachytherapy. More than half the patients 
who received long-term ADT did not experience reco
very to normal T levels at 5 years after cessation. In 
addition, approximately one-fifth of the patients who 
received long-term ADT still had castration levels at 5 
years after cessation. In these cases, we have difficulty 
judging whether cure is attributable to radiotherapy, to 
sustained castration, or to both.

Several studies showed that the longer the ADT 
treatment, the more time that was required for T 
recovery[8,15-17]; some studies reported prolonged sus
tainment of castrate T levels after cessation of long-
term ADT. Giberti et al[18] performed testicular biopsies 
in seven patients who received long-term ADT. This 
revealed impaired Leydig cell masses with tubular 
derangement and fibrosis. The findings suggested that 
long-term ADT induces not only functional inhibition of 
testicular androgenesis but also anatomical testicular 
damage that is likely irreversible. We previously inves
tigated the changes in serum T and luteinzing hormone 
(LH) levels after withdrawal of long-term ADT in patents 
with intermittent endocrine therapy. Patients who 
maintained castrate T levels after long-term follow-
up had above-normal LH levels[16]. This indicated that 
the feedback system of the hypothalamo-pituitary 

responded normally to the low levels of T after cessation. 
Thus, the prolonged sustainment of castrate T levels 
after cessation of long-term ADT may be attributable to 
the testicular damage, which is likely irreversible.

Shahidi et al[19] reported serum T levels were 
restored to normal levels in the majority of patients 
(88%) after short-term (3 to 6 mo) GnRH agonist 
administration and radiotherapy. Murthy et al[20] found 
that T was maintained at normal levels 5 years after 
the combination of a short course of GnRH agonist 
therapy (median, 97 d; range, 28-167 d) and EBRT. Our 
findings also suggest that the suppression of T levels 
after short-term ADT is reversible, because the majority 
of men who underwent prostate brachytherapy had T 
that recovered to normal levels. Although prolonged 
sustainment of castrate T levels after cessation of ADT 
is of little concern for the short-term usage group (≤ 12 
mo), this sustainment occurred in approximately 20% of 
patients in the long-term usage group (≥ 36 mo) in the 
present study. Yoon et al[9] reported that approximately 
10% of patients maintained castrate T levels after 
cessation of long-term use (2 years) of ADT. The rates 
of prolonged sustainment have a tendency to increase 
with the duration of the use of ADT. The longer the ADT 
treatment, the more patients were unlikely to recover 
from castrate T levels. The use of more than 2 years of 
ADT is likely to increase the incidence of this prolonged 
sustainment of castrate T levels.

The prolonged sustainment of castrate T levels not 
only could affect the biochemical control rates in patients 
treated with prostate radiotherapy but also could 
maintain the adverse long-term effects in patients. This 
could put some men at risk for cardiovascular events, 
diabetes, and osteoporotic fracture[21-23]. Fracture rates 
increased with increasing cumulative GnRH dose. The 
osteoporotic fracture caused by long-term ADT could 
affect the prognosis in prostate cancer patients, and the 
mortality rate doubled for men experiencing a fracture 
after their diagnosis compared with that for men who 
did not experience a fracture[24]. Thus, the management 
of bone health and T recovery is important in those 
patients[21,25]. 

In accordance with our findings, previous studies 
reported that older age was a significant factor 
associated with slower T recovery when GnRH agonist 
therapy was used for at least 24 mo[9,17,26]. The produ
ction of T decreases with age[27,28]. This decline might 
also be related to later T recovery in older men treated 
with long-term ADT[9].

The present study has certain shortcomings. 
Previous studies suggested the impact of scatter 
radiation on T levels and Leydig cell function in men 
treated with EBRT[29,30]. It is still unclear how HDR 
or LDR brachytherapy influences T levels. Thus, the 
cumulative incidence of T recovery might be incom
mensurable among men undergoing different kinds of 
radiotherapy. Unlike previous studies[9,17], we could not 
evaluate the impact of pre-ADT T levels on T recovery 
because some patients had already received ADT when 
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they began treatment at our institution. In addition, 
we did not investigate how the prolonged sustainment 
of castrate T levels had an impact on patient quality of 
life. However, the present study is the first to find that 
a lower T level at cessation of ADT (≤ 10 ng/dL) is one 
significant factor that affected the slower T recovery to 
supracastrate levels in patients treated with long-term 
GnRH agonist therapy. 

In men treated with long-term ADT, 22.6% of the 
patients maintained castrate T levels at 5 years after 
cessation. When determining the therapeutic effects, 
especially biochemical control, we should consider this 
delay in time to T recovery. Older age (73 years or 
older) and lower T levels (< 10 ng/dL) at ADT cessation 
were significantly associated with slower T recovery to 
supracastrate levels in men treated with long-term ADT.

COMMENTS
Background
Some patients maintain the castrate testosterone (T) levels for several years 
after cessation of androgen deprivation therapy (ADT), especially if hormonal 
manipulation is used for prolonged periods. In these cases, clinicians cannot 
assess whether radiotherapy controls prostate-specific antigen (PSA) levels 
because there is a possibility that prolonged effects of ADT simply control the 
disease. Thus, clinicians should assess the recovery of T levels after cessation 
of ADT when they interpret PSA relapse-free survival rates. 

Research frontiers
Some studies have documented the time course of recovery of T levels after 
cessation of long-term ADT. These studies were intended for patients who had 
received less than 36 mo of continuous gonadotropin-releasing hormone (GnRH) 
agonist therapy. The present study is the first to evaluate the time course of 
recovery of T levels after cessation of ≥ 36 mo use of ADT.

Innovations and breakthroughs
Previous studies reported that older age was a significant factor associated 
with slower T recovery when GnRH agonist therapy was used for at least 24 
mo. The present study is the first to find that a lower T level at cessation of ADT 
(≤ 10 ng/dL) is one significant factor that affected the slower T recovery to 
supracastrate levels in patients treated with long-term GnRH agonist therapy. 

Applications
Five years after cessation of long-term ADT (≥ 36 mo), approximately one-fifth 
of patients still had castrate T levels. When determining the therapeutic effect of 
radiotherapy, especially biochemical control, researchers should consider this 
delay in T recovery.

Terminology
ADT: Prostate cancer usually requires androgen hormones such as T. GnRH 
agonists are widely used as ADT for the management of prostate cancer. GnRH 
agonists reduce the levels of serum T.

Peer-review
Very well written paper and the authors provided the important and clear 
message that GnRHa hormone therapy might cause long lasting androgen 
suppression. 
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