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Abstract
Purpose Primary androgen deprivation therapy (PADT)
is an important treatment modality for men with localized
or locally advanced prostate cancer and without bone
metastasis. There is, however, a lack of data on the bio-
chemical relapse (BR) outcomes in these patients. Here, we
studied the outcome of a contemporary series of men
treated by PADT and investigated predictive risk factors for
BR.
Methods One hundred and Wfty-Wve patients treated by
PADT formed the initial study cohort, and BR outcomes in
this group were reviewed. The outcomes of men with bone
scan negative disease were speciWcally analysed. The pre-
dictive value of a panel of clinical risk factors for BR was
evaluated using univariate and multivariate analysis. The
results were further validated in a separate cohort of
patients without bone metastasis from a second institution
(n = 84).
Results Median follow-up was 70 months. In the Wrst
study cohort, 109/155 men (70%) had bone scan negative
disease. In these patients, only 45% developed BR during

the follow-up period with only 28% relapsing within
5 years of initiating PADT. Key-independent factors pre-
dicting BR were a high PSA nadir (p = 0.001) and a shorter
time to nadir (p < 0.001). A nadir of ·0.1 ng/ml and time to
nadir of >24 months speciWcally identiWed men with a very
good outcome from PADT. In a second-independent
cohort, very similar overall and 5-year BR rates were
observed in men without bone metastasis (39 and 35%,
respectively). PSA nadir thresholds identiWed in the Wrst
cohort were again able to deWne a good prognostic group in
this re-test cohort (p = 0.005 and p = 0.01, respectively).
Conclusion Men treated by PADT and without bone
metastasis can have very durable responses to PADT with
the majority remaining BR free at 5 years. PSA nadir and
time to nadir are key predictors of a good outcome in this
group.
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Introduction

Androgen deprivation therapy is an important treatment
modality for men with prostate cancer (Huggins and
Hodges 1941; Schally 2007; ShariW et al. 2005). Primary
ADT (PADT) is the treatment of choice in metastatic
disease and is recommended in older men with locally
advanced tumours and who are unsuitable for radical ther-
apy (Heidenreich et al. 2008). In recent years, however, the
numbers of men presenting with metastatic disease has
been declining with the widespread use of PSA testing and
the majority now present with more local disease (Cooperberg
et al. 2003a, b; Evans and Moller 2003). In the United
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Kingdom, many of these men will be treated by PADT as
the sole modality of treatment (http://www.nycris.nhs.uk).
Despite its widespread use, however, the biochemical
relapse–free survivals for these men in contemporary clini-
cal practice have not been well reported. Such information
would be a valuable resource in providing accurate infor-
mation to patients as to their likely risk of disease response
and relapse.

PADT will eventually fail for many men, and they will
progress to castration resistant disease which remains a
diYcult condition to treat. There are currently no predictive
models used in routine practice to deWne men at high risk of
biochemical relapse from PADT. It is not also clear if the
same risk factors or risk factor cut-oVs are equally predic-
tive of biochemical relapse in men with and without bone
metastasis at presentation (Wilson et al. 1985; Ishikawa
et al. 1989; Soloway et al. 1989). The identiWcation of risk
factors that can predict good or poor responses to PADT
would clearly be a valuable tool in clinical management.
Risk factors predicting biochemical relapse can help in
early identiWcation of those men who are likely to relapse
quickly. Equally, some men who may have prolonged and
very durable responses to PADT may need less intensive
follow-up.

In this study, we undertook an outcome analysis of the
therapeutic response following PADT in a contemporary
cohort of men from two diVerent institutions. Our goal was
to determine the rates of biochemical relapse in men with
bone scan negative disease and to test for clinical predictive
factors of relapse in this group.

Patients and methods

One hundred and Wfty-Wve patients (median age 76 years)
diagnosed with prostate cancer during 1999–2001 and
treated with PADT in a single centre were included in this
study. Men in this cohort were diagnosed by PSA testing
and biopsy and clinically staged by examination. All men
had data evaluable from isotope bone scans before com-
mencing PADT. Staging CT scans were not performed in
any patient as it is not a routine staging investigation in our
centres. Patients underwent PADT with either luteinizing
hormone releasing hormone agonists (LHRHa) (with anti-
androgen cover) or bilateral subcapsular orchidectomy
(BSO). All patients were followed up in a single clinic with
all PSA biochemistry processed using an identical assay
(Total PSA, Siemens Healthcare Diagnostics). PSA was
measured at 3 monthly intervals for the Wrst year and there-
after 6 monthly if the PSA response was stable. The PSA
was considered to be stable at all other time points if it
remained at the nadir level or if higher, failed to meet the
criteria for BR. Any rise in PSA prompted a return to

3 monthly or sooner repeat assessments. The following
clinical parameters were investigated: Continuous variables
were age, presenting PSA, percentage biopsy involvement,
lowest PSA value achieved (PSA nadir) and time to nadir.
Categorical variables were Gleason sum score, clinical
stage (TNM criteria) and metastasis (presence or absence).
These variables were tested against the primary clinical
outcome of Biochemical Relapse (BR) as deWned by the
EAU (date of the Wrst of three consecutive rising PSA at
least 2 weeks apart resulting in two 50% increases over the
nadir value) (Heidenreich et al. 2008). Patients were further
stratiWed into two sub-groups based on objective radio-iso-
tope evidence of the presence or absence of bone metasta-
sis. To validate the Wndings from the Wrst cohort, the
outcomes from a separate cohort of 84 patients with non-
bone metastatic prostate cancer were reviewed from a sec-
ond urology unit. All men were diagnosed and followed up
over a similar time frame as the initial study group and
were treated with PADT only. Outcomes were assessed
using identical criteria as described above. Statistical analy-
sis for the study was performed using univariate Cox
regression analysis, and signiWcant factors were further
tested in multivariate analysis using a forward selection
procedure. The Log rank test and Kaplan–Meier survival
curves were used to assess the relationship between diVer-
ent threshold values and BR. A level of p < 0.05 was taken
as being statistically signiWcant.

Results

BR outcomes and predictive factors in men without bone 
metastasis at presentation

The clinical characteristics of the initial study cohort of 155
men are shown in Table 1. The mean follow-up was
58 months with a median of 70 months. The overall fre-
quency of BR was 57% (n = 88) in this cohort. 109 (70%)
had no bone metastasis following an isotope bone scan
while 46 (30%) men had positive bone scans. For patients
without bone metastasis 45% (n = 49) developed BR within
the median follow time of 70 months. In these men only 30/
109 (28%) relapsed within 5 years of starting PADT. By
way of comparison, men with bone metastasis had a pre-
dictably much worse outcome with 85% (n = 39) develop-
ing BR within 5 years. In this group the median time to BR
was only 16 months (range 5–72) with 31/46 (67%) relaps-
ing within 2 years of initiating treatment. Clinical variables
were analysed for their value in predicting BR within the
study period. The non-metastatic and metastatic groups
were investigated separately to determine potential predic-
tive factors for the event of BR (Table 2). In non-metastatic
patients the risk factors for BR on univariate analysis
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included a high PSA nadir, shorter time to nadir, younger
age, high clinical stage and high percentage core positivity.
In multivariate analysis a high PSA nadir (p < 0.001),
shorter time to nadir (p < 0.001) and advanced clinical
stage (p = 0.01) were independent predictors of BR. In the
bone metastasis group, adverse factors for BR on univariate
analysis were a high PSA nadir, shorter time to nadir,
younger age and a high presenting PSA. In multivariate
analysis a high PSA nadir (p = 0.002), shorter time to nadir

(p < 0.001) and younger age (p = 0.03) were strong indepen-
dent predictors of BR. These results suggest that while there
is a diVerence in risk factors associated with outcome in non-
metastatic and bone metastatic cohorts, the PSA nadir and
time to nadir are common factors predictive of BR.

Optimal PSA nadir and time to nadir thresholds in men 
without bone metastasis at presentation

In this study, as expected BR rates diVered signiWcantly in
men with and without bone metastasis. We therefore
hypothesized that diVerent PSA nadir and time to nadirs
would be needed to discriminate good or poor responders in
these groups. To identify the optimal thresholds, diVerent
PSA nadirs were tested using Kaplan–Meier survival analy-
sis. In men without bone metastasis, the median PSA nadir
for the group was 0.45 (range 0.01–15.9). We therefore
tested diVerent PSA nadir thresholds around this median to
identify a level which would best identify a good outcome
group. Threshold values of ·0.1, >0.1–0.4, >0.4–1 and
>1 ng/ml were tested and allowed a proportional division of
the cohort. In this analysis, lower PSA nadir thresholds
identiWed men with reduced risks of BR (p = 0.01 for trend)
(Fig. 1a). In particular, men who achieved a PSA threshold
of ·0.1 ng/ml had the lowest risk of BR with only one indi-
vidual relapsing in the follow-up period of 5 years. Further
analysis of lower thresholds was not performed as there
were too few numbers for accurate analysis in this study. In
men with bone metastasis, the median nadir PSA was 3.2;
therefore, higher threshold values of <1, >1–5 and >5 ng/ml
were tested. Again, we observed that lower PSA nadir
thresholds identiWed men with reduced risks of BR
(p < 0.0001 for trend) (Fig. 1b). In this cohort, men with a

Table 1 Characteristics of the study cohort

LHRH Luteinizing hormone releasing hormone analogue therapy, BSO
bilateral subcapsular orchidectomy

* Data not available

Median age (range) 75 (52–91) years

Median presenting PSA (range) 41.3 (3.5–1,438) ng/ml

Bone metastasis 46

No bone metastasis 109

Clinical stage

 T1 5 (3%)

 T2 12 (8%)

 T3 100 (65%)

 T4 27 (17%)

 NA* 11 (7%)

Gleason score

 <6 17 (11%)

 7 66 (43%)

 8–10 72 (46%)

Type of AD

 LHRH 131 (85%)

 BSO 24 (15%)

Table 2 Predictive factors for BR in subgroup analysis of the study cohort

HR hazards ratio, NS not signiWcant

Variables Bone scan negative (n = 109) Bone scan positive (n = 46)

Univariate Variables signiWcant 
in multivariate analysis

Univariate Variables signiWcant 
in multivariate analysis

HR [95%CI] (p value) HR [95%CI] (p value) HR [95%CI] (p value) HR [95%CI] (p value)

Age 0.95 [0.91–0.99] (p = 0.007) 0.96 [0.92–1.0] (p = 0.014) 0.95 [0.91–1.0] 
(p = 0.03)

Lowest PSA achieved 
(PSA nadir)

1.19 [1.07–1.32] (p = 0.001) 1.21 [1.09–1.35]
(p = 0.001)

1.03 [1.02–1.05] (p < 0.001) 1.02 [1.01–1.04] 
(p = 0.002)

Time to lowest PSA
(time to nadir)

0.92 [0.88–0.95] (p = <0.001) 0.92 [0.88–0.95] 
(p < 0.001)

0.82 [0.76–0.89] (p < 0.001) 0.82 [0.75–0.88] 
(p < 0.001)

PSA at presentation 0.94 [0.66–1.34] (p = 0.74) 1.13 [1.04–1.22] (p = 0.005)

Clinical stage 2.48 [1.23–4.99] (p = 0.011) 2.70 [1.25–5.81] 
(p = 0.011)

1.45 [0.88–2.4] (p = 0.15)

% of core positivity 1.01 [1.0–1.03] (p = 0.035) 1.00 [0.98–1.01] (p = 0.61)

Gleason score 1.22 [0.92–1.62] (p = 0.17) 0.99 [0.76–1.28] (p = 0.92)
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PSA threshold of ·1 ng/ml had the best outcome. A similar
analysis was done for the time to PSA nadir. In men with-
out bone metastasis, longer nadir times were associated
with improved BR with an overall median time to nadir of
17 months. We therefore tested diVerent time to nadir
thresholds around this median (<12, 12–24 and
>24 months) to identify an optimal cut-oV. Longer times to
nadir identiWed men with a reduced risk of BR in this anal-
ysis (p = 0.001 for trend) (Fig. 2a). Men with a time to
nadir of >24 months in particular had a low incidence of
BR with only three relapsing in the study period. In men
with bone metastasis, however, the median time to PSA
nadir was only 8 months, and the majority of men had
relapsed within 24 months of PADT. In this group therefore
we tested time to nadir thresholds of <6, 6–12 and
>12 months and identiWed a reduced risk of BR in men with
longer times to nadir (p < 0.0001 for trend) (Fig. 2b). In this
cohort, men with a PSA threshold of >12 months had the
best outcome. These results suggest that the PSA nadir has
diVerent relevant clinical cut-oV values depending on the
presence or absence of concurrent bone metastasis. In men
without metastasis, in this study, achieving a nadir of ·0.1

or time to nadir of >24 months appeared to identify a group
of men with a particularly low risk of BR.

Validation of study results in a re-test cohort

To further investigate the robustness of our Wndings in non-
bone metastatic men, we analysed the outcomes of PADT-
treated men from a second geographically distinct centre.
Eight-four men with bone scan negative disease were
included in this re-test cohort (Table 3). There was no sig-
niWcant diVerence in the median age, presenting PSA, clini-
cal stage or Gleason sum score between the Wrst and second
groups (Table 3). Strikingly, we observed very similar
overall and 5 year BR rates when the two cohorts were
compared (39% versus 45%, p = 0.43 and 35% versus 28%,
p = 0.29, respectively). We next tested if PSA nadir thresh-
olds previously identiWed would be able to predict outcome
in this second cohort. In this re-test, we used the threshold
of ·0.1 ng/ml as this had deWned a group with the lowest
events of BR in our initial cohort. In this analysis, men who
achieved a PSA nadir value of ·0.1 had a signiWcantly
better response to PADT in comparison with men with a

Fig. 1 StratiWcation of BR-free survival by PSA nadir value. a Men
without bone metastasis at presentation. b Men presenting with bone
metastasis
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Fig. 2 StratiWcation of BR-free survival by time to PSA nadir.
a Cohort of men without bone metastasis at presentation. b Cohort of
men presenting with bone metastasis
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PSA nadir of >0.1 (p = 0.005) (Fig. 3a). Similarly, for time
to nadir, we used the threshold of >24 months as this had
deWned a group with the lowest events of BR in our initial
cohort. In this re-test, men who achieved nadir at
>24 months had signiWcantly better outcomes from PADT
compared to men who achieved PSA nadirs at <24 months
(p = 0.01) (Fig. 3b). These results in a re-test cohort support

the Wndings from our initial study cohort and conWrm that
the proposed PSA nadir thresholds are able to identify good
outcome groups in men without evidence of bone metasta-
sis treated by PADT.

Discussion

This study did not seek to compare the BR outcome
between men with and without bone metastasis. Rather, our
aim was to investigate the speciWc outcomes in men with-
out metastasis treated by PADT. In this study, 70% of
informative cases had no evidence of bone metastasis at
presentation. Results from the CaPSURE and SEER dat-
abases suggest that this trend is also evident in the United
States with PADT being widely used as a primary treatment
modality for many men without bone metastatic disease
(Cooperberg et al. 2003a; Shahinian et al. 2005). Published
data from the UK Northern and Yorkshire Cancer Registry
has shown that up to 60% of men aged over 70 and 20% of
men aged 55–69 with non-metastatic disease are treated by
PADT as the sole treatment modality (http://www.
nycris.nhs.uk). Despite this widespread uptake, however,
we could not Wnd any published data on the expected BR
outcomes following PADT among men presenting with
non-metastatic disease in the United Kingdom. In the pres-
ent study, only a third of patients without bone metastasis
had relapsed by 5 years post initiation of PADT and less
than half had relapsed at a median of 70-month follow-up.
These Wndings were very consistent across two independent
cohorts of men from separate hospitals in this study. These
results are very similar to studies reported in the United
States. In one study, men treated by PADT had an overall
BR rate of only 25% over a 5-year follow-up period (JanoV
et al. 2005). Kawakami et al. (2006) further reported that
67.3% of men in their study were relapse free at 5 years
after PADT. Both our results and the data from these stud-
ies suggest very durable responses to PADT in men without
bone metastasis with many patients achieving prolonged
periods of sustained disease control.

Risk stratiWcation tools are not in common use to identify
good and poor responders to ADT. In this report, we were
particularly interested in deWning risk factors for BR in men
without bone metastasis treated by PADT. We also com-
pared risk factors with a cohort of men with evidence of
bone metastasis. In our initial study of the whole group,
multivariate analysis identiWed bone metastasis, high PSA
nadir and a shorter time to nadir as the most signiWcant risk
factors for BR. These Wndings are supported by other studies
of PADT in mixed populations of men (Kwak et al. 2002;
Morote et al. 2004). In a sub-analysis of men without bone
metastasis, PSA nadir and time to nadir retained a strong
independent predictive value for BR. The positive association

Table 3 Comparison of BR outcomes for men without bone metasta-
sis between the initial study and re-test cohorts

BR biochemical relapse

Variable Cohort 1 
(n = 109)

Cohort 2 
(n = 84)

Median age (range) 75 Years 73 Years

Median presenting PSA 34.5 ng/ml 22 ng/ml

Median clinical stage 3 3

Median Gleason score 7 7

Overall BR rate post PADT 45% (49/109) 39% (33/84)

5 Year BR rates post PADT 28% (30/109) 35% (29/84)

Fig. 3 PSA nadir value and time to nadir thresholds in the re-test
cohort. a StratiWcation by a PSA nadir value of ·0.1 ng/ml. b StratiW-
cation by a PSA time to nadir of >24 months

0 25 50 75 100 125
0.00

0.25

0.50

0.75

1.00

≤ 0.1

> 0.1

B
io

ch
em

ic
al

 r
el

ap
se

PSA nadir 
(ng/ml)

0 25 50 75 100 125
0.00

0.25

0.50

0.75

1.00

Months

Months

B
io

ch
em

ic
al

 r
el

ap
se

≤ 24m

> 24m

Time to nadir

(n=19)

(n=65)

(n=53)

(n=31)

A

B

123

http://www.nycris.nhs.uk
http://www.nycris.nhs.uk


240 J Cancer Res Clin Oncol (2011) 137:235–241
between a high PSA nadir and BR has been consistently
reported by many studies (Benaim et al. 2002; Oefelein
et al. 2002; Morote et al., 2005). The relationship between
time to nadir and BR however is more controversial with
diVerent groups reporting contradictory Wndings. Oefelein
et al. (2002) and Cooper (1992) for instance have reported
that a shorter time to nadir predicts a better biochemical-free
survival. Other studies, however, in keeping with our Wnd-
ings have found a better biochemical relapse free and indeed
overall survival with a more prolonged time to PSA nadir
(Morote et al. 2005; Choueiri et al. 2009). In men presenting
with bone scan positive disease, PSA nadir and time to nadir
again emerged as strong predictive risk factors for BR.
These Wndings lead us to conclude that a high PSA nadir and
shorter time to nadir are key common predictive factors of
PADT failure irrespective of metastatic status.

There is currently no consensus on the optimal PSA
nadir and time to nadir predictive of ADT response with
diVerent thresholds reported by individual studies. Individ-
ual studies in the literature have reported very diVerent
optimal thresholds for metastatic disease. Kwak et al.
(2002) reported that a PSA nadir of <1.1 ng/ml was most
sensitive in identifying men with a lower risk of BR.
Morote et al. (2005), in contrast, found that a PSA nadir of
<2 ng/ml was associated with a lower risk of BR. DiVer-
ences in PSA thresholds have also been found in studies
with survival as an end point. In the SWOG 9346 study, a
PSA nadir of <4 ng/ml after 7 months of treatment was a
strong predictor of improved overall survival (Hussain
et al. 2006). In contrast, Choueiri et al. (2009) have recently
reported that a time to nadir of >6 months and PSA nadir
<0.2 ng/ml were optimal in predicting a shorter overall sur-
vival in men with metastatic disease. These studies high-
light the lack of consensus on the optimal PSA nadir and
time to nadir which can discriminate good and poor
responders. In keeping with our Wndings, however, they
conWrm the strong prognostic importance of the PSA
response after PADT. To our knowledge, clinically useful
thresholds have not been previously investigated or deWned
for PADT in men with non-metastatic disease. In this study,
we observed that lower PSA nadir thresholds were associ-
ated with reduced risks of BR. A PSA nadir of ·0.1 ng/ml
optimally identiWed non-metastatic men with the lowest
incidence of BR. As our sample size was relatively small,
we did not test lower thresholds as the number of cases was
low. It is therefore possible that lower thresholds for the
PSA nadir may be better discriminators but this requires
further studies with larger cohort sizes. Crucially, however,
the relevant nadir thresholds levels are very diVerent com-
pared to men with metastasis in which much higher nadirs
were observed. Similarly, we observed that a time to nadir
of >24 months optimally identiWed non-metastatic men
with a very low incidence of BR after PADT.

Our study has some inherent limitations. We only used
radioisotope evidence of bone involvement as the criteria
for metastasis and this is the standard of care in the United
Kingdom (http://guidance.nice.org.uk/CG58/Guidance/pdf/
English). We therefore cannot comment if bone scan nega-
tive men in our series might have had soft tissue or lymph
node metastasis at presentation. Indeed, as far as we are
aware no study has tested how often CT scans may show
soft tissue metastasis when a bone scan is normal in pros-
tate cancer. It is possible that those who had poorer out-
comes in the bone scan negative group did have evidence
occult metastasis and this merits further investigation. At
the current time, however, CT scans are not currently
recommended as investigations for suspected metastatic
disease in either the EAU or UK NICE guidelines
(Heidenreich et al. 2008; http://guidance.nice.org.uk/CG58/
Guidance/pdf/English). The pre-deWned study end point
was BR, and the study follow-up was relatively short. We
are currently evaluating if the same risk factors are associ-
ated with disease-speciWc mortality though we will need
further follow-up to robustly evaluate this. Data from the
United States, for example, has shown that PADT has a
5-year disease-speciWc and overall survival rate of up to 95
and 85%, respectively (Kawakami et al. 2006; DiBlasio
et al. 2009). In the Prostate Cancer Group study from
Japan, the 10-year cause-speciWc survival for men treated
solely by PADT was 78% (Akaza et al. 2006). We are
continuing to monitor both cohort of patients and intend to
report on the validity of our identiWed risk factors over a
longer term in terms of BR and survival in future work.

In summary, in this study, most men who receive PADT
for bone scan negative disease can have very durable
responses with the majority remaining hormone responsive
at 5-year post-treatment. The post-treatment PSA nadir and
time to nadir may be useful predictive factors of treatment
response for PADT. Our Wndings provide a rationale basis
for a multicentre prospective study to further validate the
Wndings and which is currently being planned. Such studies
may aVord the opportunity to identify and test predictive
models of BR which can then be used to reWne follow-up
regimes for patients. The current results may also help in
the counselling of men without bone metastasis treated by
PADT as to their expected response to treatment.
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