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SYNOPSIS 

There has been a substantial increase in the use of temporary Androgen Suppression 
Treatment (AST) in the management of prostate cancer. Previously, it was employed 
mainly to treat symptomatic patients. In the 1990s there were two major developments 
that have resulted in a substantial change in the way AST is employed for men with 
prostate cancer. First, the introduction of the Prostate Specific Antigen (PSA) blood test 
into routine practice, led to both a marked increase in the diagnosis of the disease and 
substantial downshift in the presentation disease load, resulting in subclinical 
presentations becoming common. Second, adjuvant roles for AST in the management of 
subclinical disease were identified; such as improved time to PSA failure, and longer 
survival. However, these benefits only manifest years later, and then only for a 
proportion of those treated.  

In contrast, there is a distinct lack of data about the longitudinal toxicity that might 
follow on from the use of AST. It has been widely assumed that toxicities arising from 
temporary “adjuvant “ periods of AST will resolve following treatment withdrawal, 
however, there is little data to support or refute this statement. Furthermore, descriptions 
of toxicity employ prevalence data derived from cross sectional acute exposure studies. 
There is a need to characterise longitudinal consequences of treatment morbidity, to 
establish the extent that recovery may occur following treatment cessation, and to 
identify the potentially powerful interaction that some common lifestyle activities might 
have on these changes.  

This thesis tests the general hypothesis ‘That toxicity arising from the temporary use of 
androgen suppression treatment will resolve after treatment withdrawal’. An 
intermittent AST program offers the ideal opportunity to test the hypothesis by 
observing longitudinal changes associated with testosterone suppression and recovery 
on both patient perceived toxicity (quality of life), and physiology. Six observation 
statements based on subsidiary hypotheses were developed, and provide the structure 
for the investigation in this thesis.  

Methods 
Men undertook a standard 9 month period of androgen suppression (iTREAT phase), 
and providing their disease was in remission, treatment was ceased (the POST phase) 
and they were observed until measures of disease activity required a further course of 
AST. The planned period of observation and testing was 3 years.  

A comprehensive battery of physiological, psychological and quality of life tests were 
undertaken in a group of 250 men undergoing intermittent AST; 9 month course of 
Leuprolide and Flutamide therapy, following which, providing PSA < 4ng/ml, treatment 
ceased, recommencing only when PSA exceeded 20ng/ml (or pre-treatment level if 
lower). Endpoint assessment occurred 3 monthly for 3 years. Quality of life was 
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assessed with European Organisation for the Treatment of Cancer (EORTC) QLQC-30 
and prostate module. Additional sub studies explored bone physiology, cognition and 
mood, and the impact of a confounding lifestyle activity (resistance exercise), 
undertaken during the AST phase. To ensure international comparability, and to 
establish efficacy of the treatment program, our data was benchmarked against an 
International Meta-analysis of intermittent AST.  

Results.  
• Study 1 confirmed that our treatment program was consistent with international 

practice, and efficacy compared favourably.  
 
• Study 2 confirmed AST was associated with a significant reduction in global HQOL 

and deterioration in most function and symptom scales. The greatest decline 
occurred over the first 3 months. Once treatment ceased (POST phase) there was a 
trend of progressive improvement in HQOL that paralleled testosterone recovery, 
but which was slower than the rate of deterioration during the treatment phase. 
Maximum recovery of HQOL occurred most frequently by months 9-12. Failure of 
testosterone recovery, more common in older men, was associated with poorer 
HQOL recovery. 

 
• Study 3, investigating mood and cognition, identified trends for worsening anxiety 

and deteriorating mood, but the levels were barely clinically important.  Cognition 
assessments were confounded by significant ceiling effects, and delays in 
testosterone recovery obviated examination of this association. 

 
 
• Study 4. Bone mineral density (BMD) was significantly impaired by AST (total 

body -2.4% ± 0.4, p < 0.001) and was greater in the upper limbs (-1.3% ± 0.3, p < 
0.001) compared with the lower limbs ( -0.6% ± 0.4, NS). BMD declined over the 
treatment phase by -1.9% and -3.3% at hip and spine, respectively (p<0.0001). 
During the subsequent two years, spine showed a gain of +1.0 at year 1 and +0.2% 
at year 2(NS), whilst hip BMD continued to decline at reduced rates -0.6%(NS) at 
year 1 and -0.8%(p<0.0143) at year 2. Osteoporosis prevalence increased from 7% 
at baseline to 10% at 3 years. BMD loss in the post treatment phase was inversely 
related to testosterone recovery. Median time after treatment to testosterone 
recovery was 9 months and 26% failed to recover after 2 years. The likelihood of 
recovery reduced with age.   

 
• Study 5 Fat mass accretion and lean mass decline during AST occurred at all sites, 

but was greater in the limbs (p<0.001), and most marked in the upper limb. 
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• Study 6 High intensity progressive training was associated with substantial 
improvements in Muscle strength (chest press, 40.5%; seated row, 41.9%; leg press, 
96.3%; p < 0.001) and muscle endurance (chest press, 114.9%; leg press, 167.1%; p 
< 0.001) significantly increased following training. Significant improvement (p < 
0.05) occurred in the 6-m usual walk (14.1%), 6-m backwards walk (22.3%), chair 
rise (26.8%), stair climbing (10.4%), 400-m walk (7.4%) and balance (7.8%). 
Muscle thickness increased (p < 0.05) by 15.7% at the quadriceps site. Whole body 
lean mass was preserved with no change in fat mass. There were no significant 
changes in PSA, testosterone, GH, cortisol, or haemoglobin.  

 

Conclusion.  
In conclusion, the findings from these studies support the statement “that morbidity 
arising from temporary androgen suppression treatment does improve with cessation of 
treatment”. By reducing the potential risk for adverse complications, intermittent 
therapy may become an important consideration when the therapeutic ratio is narrow. 
Two findings from this thesis, suggest that changes to the thesis statement are warranted 
to improve its precision. First, our analyses infer that post therapy improvement is 
mediated via the testosterone recovery that follows treatment cessation, and not simply 
cessation of the AST. Testosterone failed to recover to Eugonadal levels in one quarter 
of our cohort, hence the general assumption that cessation of AST will be sufficient for 
treatment related morbidity to recover, would appear to be incorrect.  The second 
finding, that a lifestyle activity, exercise, has a powerful beneficial effect that 
ameliorates certain soft tissue morbidities in the androgen suppressed state, needs 
validation, and if confirmed, possible inclusion into the statement as a lifestyle 
covariate. Lifestyle choices that ameliorate treatment toxicity introduce an interesting 
covariate to the process of informed decisions making. When the benefits of AST 
intervention are future based and small, in addition to the risks of morbidity, the patient 
will need consider their commitment to undertaking lifestyle strategies that ameliorate 
those toxicities. 
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CHAPTER 1.  HYPOTHESES, STUDY AIMS AND 
OBJECTIVES OF THE THESIS 

1.1 GENERAL HYPOTHESIS 

‘That toxicity arising from the temporary use of androgen suppression treatment will 
resolve after treatment withdrawal’. 

The significance of this general hypothesis is that there has been a very substantial 
increase in the use of temporary androgen suppression treatment in the management of 
prostate cancer. Previously, it was employed mainly to treat symptomatic patients. In 
the 1990s two major developments directed this change. First, the introduction of the 
Prostate Specific Antigen (PSA) blood test into routine practice, led to both a marked 
increase in the diagnosis of the disease and substantial reduction in the presentation 
disease load, resulting in subclinical presentations becoming common. Second, adjuvant 
roles for Androgen Suppression Therapy (AST) in the management of subclinical 
disease were identified. Benefits included improved time to PSA failure, and longer 
survival, but these benefits only manifest years later, and then only for a proportion of 
those treated.  

In contrast, there is a distinct lack of data about the longitudinal toxicity that might 
follow on from the use of AST. It has been widely assumed that toxicities arising from 
temporary “adjuvant “ periods of AST will resolve following treatment withdrawal, 
however, there is little data to support or refute this statement. Furthermore, descriptions 
of toxicity employ prevalence data derived from cross sectional acute exposure studies. 
There is a need to characterise longitudinal consequences of treatment morbidity, to 
establish the extent that recovery may occur following treatment cessation, and identify 
the potentially powerful interaction that some common lifestyle activities might have on 
these changes.  

To test the general hypothesis, six individual hypotheses were tested. Each individual 
study hypothesis, observation statement, aims and specific objectives are outlined in this 
chapter. The testing of the general hypothesis in this thesis, allows a furthering of the 
body of knowledge that has already been developed on the role of androgen suppression 
on longer term toxicity 

The experimental methodology employed in this thesis is described in chapter 2. 
Briefly, men undertook a standard nine month period of androgen suppression (referred 
to subsequently as the iTREAT phase), and providing their disease was in remission, 
treatment was ceased (the POST phase). They were observed until measures of disease 
activity require a further course of AST. The planned period of observation and testing 
was 3 years.  

. 
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1.1.1 Study 1. To establish that our treatment program design and 
efficacy is consistent with International practice. 

Hypothesis,  
That the Genito-Urinary Oncology Group Intermittent Androgen Blockade (GUOG 
IAB) regimen is comparable in design and efficacy to International practice 

Observation Statement 
That our treatment program design and efficacy is consistent with International practice 

Aim 
To test the observation statement, our program design and efficacy was compared with 
International practice by participating in a properly conducted meta-analysis of 
contemporary IAB practice.  

Specific Objectives 
By comparison with International practice that 

•  our treatment program design is consistent with international practice 

•  our patient demographics were similar 

• measures of treatment efficacy show our program to compare favourably.  

•  our program data is acceptable to be employed in the meta-analysis. 

 

1.1.2 Study 2. That Measures of Quality of Life will decline during 
androgen suppression therapy (AST), and recover following treatment cessation 

1.1.3  

Hypothesis 
That Health related Quality of Life (HQOL) scores derived from measurement of 
quality of life will deteriorate during androgen suppression therapy (AST) and recover 
following treatment cessation. 

Observation Statement. 
Measures of HQOL will decline during AST, and recover following treatment cessation 

Aim 
To test the observation statement ‘Measures of HQOL will decline during AST, and 
recover following treatment cessation’, the longitudinal pattern of change to HQOL 
observed during the iTREAT period and subsequent POST period were compared.  

Specific objectives 
• Establish comparability of our baseline HQOL data with EORTC normative data, 

and explain any variance. 
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• Summarise change in HQOL scores across function and symptom scales over the 
treatment ( iTREAT) phase, and subsequent POST period in those men remaining 
OFF treatment  

• Establish the role of covariates recognised to affect HQOL during the iTREAT 
phase and POST phase. 

• Identify a connection between testosterone recovery and improvement in HQOL 

 

1.1.4 Study 3. That Measures of Mood and Cognition will deteriorate 
during androgen suppression therapy (AST) and recover following treatment 
cessation 

Hypothesis 
That Mood and cognition will be adversely affected by Androgen Suppression Therapy 
(AST), but will improve following treatment cessation. 

Observation Statement. 
That measures of mood and cognition will deteriorate during AST and recover 
following treatment cessation 

Aim 
To test the observation statement, markers of mood and cognition were assessed 
longitudinally during the iTREAT phase of AST, and following treatment completion 
during the POST phase  

Specific objectives 
• Characterise the prevalence of significant anxiety, depression and cognitive levels at 

baseline. 
• Establish the effect of AST and cessation of treatment on 

o Mood 
o Anxiety 
o Cognitive functions  

• Investigate the effect of AST on serum Beta Amyloid, a key component of the 
pahthophysiology pathway that leads to the development of Alzheimers Disease.  

 

Study 4. That measures of bone mineral density and metabolism will demonstrate a 
pattern of increased bone loss during androgen suppression treatment, but this pattern 
will reverse once treatment ceases. Hypothesis 
That bone metabolism will be affected adversely by androgen suppression therapy 
(AST), but will recover with treatment cessation. 

Observation Statement. 
That measures of Bone Mineral Density and metabolism will demonstrate a pattern of 
increased bone loss during Androgen Suppression Treatment, but this pattern will 
reverse once treatment ceases. 
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Aim 
To test the observation statement, BMD and metabolic bone markers were assessed 
longitudinally over the 3 year IAB study, comparing the changes during the iTREAT 
period with the POST period.  

Specific objectives 
Establish the effect of IAB on 

• bone density change over the iTREAT phase, and variation according to anatomical 
site. 

• prevalence of osteoporosis after 3 years of IAB overall 
• bone density change following treatment cessation, and influence of covariates. 
• pattern of change to metabolic bone markers, and potential prognostic role for later 

BMD change. 
• the role of testosterone recovery on subsequent bone density. 

 

1.1.5 Study 5. Effect of Intermittent androgen suppression therapy 
(AST) on Lean and Fat mass 

Hypothesis 
That Lean and Fat mass will be affected adversely by androgen suppression therapy 
(AST), but will recover with treatment cessation. 

Observation Statement. 
Measures of lean and fat mass will demonstrate a pattern of lean loss and fat gain during 
the AST, but this pattern will reverse once treatment ceases. 

Aim 
To test the observation statement, measures of lean and fat mass were assessed 
longitudinally over the 3 year IAB study, comparing the changes during the iTREAT 
period with the POST period.  

Specific objectives 
Establish the effect of IAB  

• Lean and fat mass change over the iTREAT phase, and investigate for variation 
according to anatomical site. 

• Change to lean and fat mass over the POST period 
• Establish the role of testosterone recovery on lean and fat change. 
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1.1.6 Study 6. Effect of a lifestyle activity, ‘Resistance exercise’ on lean 
and fat physiology, whilst androgen suppressed. 

Hypothesis 
That a period of intense resistance exercise whilst fully androgen suppressed during the 
iTREAT phase, will increase lean mass, and strength and coordination and 
simultaneously reduce fat mass.  

Observation Statement. 
During a period of androgen suppression, measures of muscle strength and mass, and 
coordination will improve, and fat mass decline, following a program of intense 
resistance exercise  

Aim 
To test the observation statement, measures of muscle function, and fat mass, were 
tested before and after a resistance program in men who were fully androgen suppressed 

Specific objectives 
Establish the effect of an intense resistance exercise; whilst fully androgen suppressed, 

• on muscle strength, endurance and bulk 
• on functional performance 
• on fat mass 
• on Bone Mineral Density 
• on testosterone  
• on markers of disease control (PSA) 
• on growth hormone and inflammatory markers. 
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CHAPTER 2.  INTRODUCTION AND LITERATURE 
REVIEW 

2.1 Prostate cancer- current prevalence, use of 
hormones, statement of problem 

Prostate cancer is now the most common cancer diagnosed after skin cancer in western 
males (1;2). Over the last 20 years, the introduction of the widely available Prostate 
Specific Antigen (PSA)  test has lead to a huge increase in the diagnosis of the disease, 
and a substantial shift in the presentation stage towards early disease (3;4). Furthermore, 
there has also been a substantial increase in the use of Androgen Suppression Treatment 
(AST) (4), initiated almost entirely for the  “future based” benefits of delayed time to 
relapse,  and possible survival advantage, which contrasts with  the traditional 
“immediate/ short term” benefits of symptomatic improvement or slowing of overt 
disease progression. In the period 1989/1990 to 1999 /2000, neoadjuvant AST use in US 
practice increased from 3% to 8% of patients undergoing prostatectomy, and from 10% 
to 75% of those receiving external beam radiotherapy, and 7% to 25% of those 
receiving brachytherapy.  Similarly, the use of AST as monotherapy showed a similar 
sharp increase, 5% to 14% for low risk, 9% to 20% for intermediate risk, and 33% to 
48% for high risk localised tumours(5).  Notably, it has been the results from 
randomised clinical controlled trials (RCT) that has lead to the change in prescribing 
practice (6-12). However, rather than assisting the process of informed decision making, 
the RCT has inadvertently undermined it. There is no longer equipoise in the quality of 
the information that the clinician is able to present about the benefits and about the 
drawbacks. This quality difference potentially distorts the balance in favour of 
intervention, particularly when the benefit levels are small.  

Prior to the mid 1980s, before the Prostate Specific Antigen assay became widely 
available, prostate cancer was usually diagnosed only when the disease load was 
sufficiently large to cause symptoms. Hormonal therapy for metastatic disease resulted 
in median survivals of 2-3 years(13-15). The long-term morbidity of indefinite 
testosterone suppression was not considered important given the immediate 
symptomatic benefits of treatment and relatively short survival of most of these patients.  
In this context, informed decision making is based on a presentation of a list of possible 
benefits, such as symptom improvements and or arrest of disease progression the 
patient, and adverse implications of treatment as a list of possible short term side 
effects. This presentation could be viewed as an example of equipoise in the quality of 
information presented to the patient, from which they can make an informed decision. 
The descriptions of benefits and toxicity are equally meaningful.  

However, this is not the case when describing future based benefits in the setting of 
survival expectations of 5-10-15 years. The “randomised clinical trial” has given us 
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high quality data, to predict potential benefits of treatment. Succinct and easy to 
understand summary measures have been developed to meaningfully convey the nature 
of these future oriented benefits such as cancer specific survival, overall survival, 
relapse free survival etc. These summary measures are robust and readily 
comprehendible. On the other hand, longitudinal toxicity data is uncommon; data about 
toxicity accumulation over time, or recovery, or interaction are similarly poorly 
described. Furthermore, the methods employed to summarise this data do not convey in 
a meaningful or succinct way, the nature of future based longitudinal toxicity risk. Most 
commonly, the counterpoint to survival benefit is to present toxicity as a list of possible 
side effects. 

Whilst most of the contemporary use of AST involves programs lasting months rather 
than years(4),   it is widely assumed that following treatment cessation testosterone will 
recover and longer term side effects will resolve. However, there is virtually no data to 
substantiate this statement. More recently, reports have appeared suggesting that 
lifestyle activities might interact with some of the adverse consequences of AST, and 
confound toxicity prediction 

There is an urgent need to characterise the pattern of toxicity arising from AST over 
time, and to investigate how key lifestyle issues might influence these changes. 

2.2 NATURE OF TOXICITY ATTRIBUTED TO AST 

2.2.1 Impact on patient perceived quality of life 

Studies have repeatedly shown that clinicians perceptions of their patients’ quality of 
life are inaccurate (15-18). Health related quality of life (HQOL) describes a 
measurement system that investigates the emotional, social, psychological, and physical 
functioning of the patient. The former three areas are rarely explored during the clinical 
interview. Valid and easy to utilise instruments for objective HQOL measurement are 
available. Prior to the study commencement,  objective assessments of the impact of 
androgen deprivation on HQOL had been reported (19). The HQOL of patients who 
elected to receive hormonal therapy for newly diagnosed asymptomatic metastatic 
prostate were compared with that of a comparable group of patients who chose to defer 
immediate intervention. The no treatment group had fewer sexual problems, more 
physical energy and showed a reduction in psychological distress at 6 months. 
Interestingly, the psychological distress was found to have increased at 6 months in the 
active therapy group. Initial pilot reports of Intermittent AST prior to this study, 
commented that potency returned and quality of life improved during the off treatment 
period, but objective assessments were not undertaken(20-21).  

2.2.2 Impact on mood and memory 

Testosterone seems to influence certain aspects of mood and cognition. Low 
testosterone levels are associated with docile conduct, whereas high levels correlate 
with impulsive and aggressive behaviour (22;23). A large survey of 5236 Vietnam 



 

37 

  

 
 
 

veterans found a weak but significant inverse association between testosterone levels 
and the presence of depression as assessed by the Diagnostic Interview Schedule (24). 
Schwieger(25) reported further evidence supporting the existence of a relationship 
between testosterone and depression—they found that their 15 male patients with major 
depression had significantly lower 24 hour testosterone secretion than 24 healthy 
controls. Hormone replacement has also been shown to decrease depressive scores 
among hypogonadal HIV-positive men randomised to treatment with either testosterone 
(up to 400 mg every other week) or placebo(26), and preliminary evidence suggests that 
the response of hypogonadal men to antidepressant treatment may be significantly 
improved by the introduction of testosterone replacement (27). 

Recent papers have also indicated the existence of an association between testosterone 
levels and cognitive function. One of the earliest clinical studies randomised 56 older 
men to treatment with testosterone (n = 27) or placebo (n = 29 )(28). Testosterone use 
was associated with enhanced spatial abilities, as measured by the block design test, but 
had no obvious effect on delayed recall or visual reproduction abilities at the end of 3 
months. Subsequent studies confirmed that testosterone supplementation improves 
certain aspects of cognitive function in both young and older adults (29-32), but it is 
unclear whether the cognitive effects of testosterone only become apparent once normal 
to high plasma levels are achieved. 

2.2.3 Impact on physiology 

The androgen-depleted state also leads to a number of important physiological changes 
that impact adversely on the patients’ clinical state.  They include reduced physical 
strength, osteoporosis, increased adiposity, reduced erythropoiesis (reduced Hb and 
haematocrit), which in combination are likely to compound patient fatigue(33;34).  A 
variety of poorly understood psychosocial and emotional changes manifesting with 
depression and mood swings have been also been reported (33;34).  

More recently a number of cross sectional and short-term prospective studies of men 
undergoing AST have reported increases in the following risk factors for cardiovascular 
and metabolic complication; increased arterial stiffness, abdominal obesity, 
hyperglycemia, insulin resistance, altered lipoprotein profile, as well as an increased 
incidence of metabolic syndrome (33;35-40). Such unfavourable metabolic alterations 
from testosterone suppression may explain the higher frequency of cardiovascular 
events reported by some groups, amongst prostate cancer patients undergoing this form 
of treatment(33;41-44). The extent to which these adverse effects might be reversible 
with return of testosterone and the rate of such recovery are unknown. 

 

2.2.4 Impact on function 

There is considerable variation in the extent to which musculoskeletal function 
deteriorates in response to androgen suppression. Adverse outcomes can lead to 
increases of ~7-10% in fat mass and decreases of ~ 2-4% in lean mass after one year of 
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AST(37;45-47) leading to reduced muscle strength function(48). Additionally, 
substantial decreases in trabecular and cortical bone mass have been observed following 
administration of AST with a concomitant increased risk for fracture at multiple skeletal 
sites (49;50). Importantly, these side effects increase risk of developing other chronic 
conditions(40;49;51). As a result, strategies to preserve body composition and improve 
physical function may reduce falls risk, fracture, and subsequent complications. These 
adverse effects include reduction of muscle strength, lean and bone mass, increased fat 
mass and risk of fracture, unfavourable lipid profile and depression (37;45;47;49;52).  

2.3 RATIONALE AND JUSTIFICATION FOR STUDY 
MODEL 

Hormone therapy of advanced prostate cancer remains in a state of flux. Surgical 
castration, drug monotherapy, maximal androgen blockade therapy and intermittent 
hormonal therapy are all currently offered as acceptable and appropriate treatment 
options. Intermittent androgen blockade therapy remains the newest approach. At the 
time of the study initiation, the available information suggested that satisfactory 
palliation of advanced prostate cancer could be achieved in selected patients using this 
approach. Patients undergoing this treatment approach would be ideal candidates to 
study the dynamic changes to quality of life and androgen dependant physiology, as 
there will be periods of both suppressed and normalised testosterone. At the time of this 
study initiation, although quite widely adopted in clinical practice, level II data 
confirming the efficacy of Intermittent androgen suppression (IAST) against continuous 
therapy was lacking. Nonetheless, in patients keen to have time off therapy, there was a 
good circumstantial case to justify its use. The following summarise the background to 
its use in Australian practice at the end of the 1990s. 

By the mid 1990s, prolonged therapy-free intervals of several months were reported to 
be achievable without apparent adverse effect on survival and the quality of life of these 
patients was said to be improved(53;54;54).  

Apoptotic regression of an androgen-dependent tumour can be induced by any 
procedure that reduces intracellular concentration of dihydrotestosterone by 80% or 
more(13;55). Despite an initial response rate of about 80% to AST, a predictable and 
irreversible resistance to AST occurs.  The temporary nature of this response is 
commonly attributed to the inexorable progression of inherent androgen independent 
clones of cells that developed with the initiation of the cancer. An alternate hypothesis 
proposes that progression to androgen-independence is instead an adaptive process of 
initially androgen dependant cells that develops in response to the androgen depleted 
state(55). 

In studying mechanisms of progression, Bruchovsky and his colleagues(56) found that 
the time to androgen independence could be increased three fold by cycling alternating 
periods of androgen exposure and withdrawal in an animal tumour system. They found 
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that the apoptotic potential could be reinduced in a tumour cell population several times 
by replacement and withdrawal of exogenous testosterone. The ratio of stem cells to 
differentiated tumour cells was observed to be fairly constant during the androgen 
regression period at 1 stem cell per 4000 differentiated cells in cycles 1, 2 and 3. 
However, at the point of androgen independence in cycle 4, the ratio reduced 
substantially to 1 in 310, a ratio associated with recurrent androgen independent 
tumours after one time castration. These findings supported the hypothesis that 
androgen independence was an adaptive process occurring in response to prolonged 
androgen withdrawal, rather than a fixed process dependent on the presence of an 
primarily androgen independent clone of cells (56).  

Other experimental data identified an association between the development of androgen 
independence and increased expression of certain previously androgen-repressed genes. 
The resulting autocrine / paracrine growth factors appeared to substitute for androgens 
in maintaining the viability of tumourigenic stem cells(56;57).  Not all models appeared 
to support the hypothesis. One report suggested that intermittent therapy using the 
Dunning rat model was inferior to early castration in preventing tumour growth(58). 
However, the Dunning tumour system was an androgen-sensitive but not androgen-
dependent tumour-model. Androgen sensitivity describes a measurable response to 
androgen withdrawal but not apoptotic death(55). There was a reasonable experimental 
data set to support the hypothesis that the development of androgen independence may 
be delayed by intermittent application of androgen deprivation, and this remains so 
today. 

The timing of therapy interruption was considered to be important for the success of 
Intermittent Androgen blockade ( IAST). It was proposed that the best time might be 
when the tumour becomes first maximally suppressed, as reflected by the PSA nadir 
(53).  Utilising PSA fall as the endpoint, achievement of nadir status in patients with 
metastatic disease appears to take a median of 5 to 6 months (range 3-8) following 
hormonal therapy. Approximately 70% of patients will achieve PSA nadir’s of 4 ng/mL 
or less(7;10;59), and these patients have a prolonged progression-free survival when 
compared to those whose nadir PSA levels remain elevated at this time, 42 months vs. 
10 months, respectively(7;10). Based on the earlier data, eligibility for IAS was defined 
as the achievement of a nadir below 4 by 6-8 months, and this remains consistent with 
data from more recent reports. 

Dose intensity was and remains a key concept underpinning the cyclical chemotherapy 
practice..By applying the highest tolerated dose in the shortest period, maximal tumour 
cell kill is achieved whilst minimising the opportunity for tumour adaptation and 
resistance. In settings where cure does not eventuate, time to relapse is increased 
substantially(21;60;61). By analogy, schedules that achieve the greatest androgen 
reduction and do so most quickly might be most effective. At the time of the study 
development, Phase III studies comparing Maximum Androgen Blockage (MAB) with a 
LHRH analogue monotherapy reported more substantial early effects for the MAB 
therapy with higher proportions normalising acid phosphatase levels. The EORTC 
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30853 (62)reported a 70% v 57% normalisation and the NCI study found more rapid 
rates of fall, 33% v 15% at 12 weeks(13). Hence MAB was considered an appropriate 
choice for this intermittent therapy study. 

2.4 RATIONAL FOR THE RESISTANCE EXERCISE 
SUBSTUDIES 

Advancing age increases the vulnerability for osteoporosis and sarcopenia(63), which 
can compromise physical function and independent living, increase  falls and risk of 
fracture, and increase risk of premature death. AST exacerbates these risks as described 
above in sections 2.2.3 and 2.2.4. However, the management of AST side effects is 
largely pharmaceutical, which is expensive, and does not preserve body composition 
nor improve physical functional capacity.   

Exercise, a lifestyle activity appears to have a range of potential beneficial effects for 
cancer patients (64;65). Most experimental studies of exercise during cancer treatments 
have examined breast cancer patients and aerobic exercise rather than resistance 
exercise(64;65). Nevertheless, an extensive scientific literature suggests that resistance 
training is the most effective exercise mode for improving muscle strength, physical 
function and for counteracting sarcopenia in older adults, which is of particular 
relevance to patients undergoing AST(66-68). By promoting a sufficiently anabolic 
environment, exercise could have a significant role in overcoming the catabolic effects 
of AST resulting in positive musculoskeletal benefits and enhanced physical function. 
However, given the perceived importance of testosterone in the male, for body 
composition, it was unclear whether men with castrate levels of testosterone, could 
achieve the beneficial adaptive physiological responses seen in the eugonadal patient.  

Participation in exercise activity in the community is highly variable, but if beneficial in 
the AST patient, could confound some of the outcomes being assessed in the IAST 
study. More importantly, understanding how this lifestyle activity might impact on 
treatment morbidity could lead to lifestyle interventions that reduce some of the adverse 
side effects of AST. However, first, it is necessary to establish whether exercise affects 
muscle mass and fat mass whilst in the androgen suppressed state. An opportunity arose 
to undertake such an investigation with the patient group in the GUOG IAB study. 

This thesis will bring together observations of the effect of AST and testosterone 
recovery on a range of parameters known to be affected by this therapy, and will 
examine them in a longitudinal manner, and include the impact of the lifestyle activity, 
exercise. 
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CHAPTER 3.  METHODS  

3.1.1 Summary 

STUDY A: Protocol for an Interstate Phase II Study to assess the effects of 
Intermittent Androgen Suppression 
The main study is a multicentre study over 3 years examining 250 men undertaking and 
intermittent androgen suppression program. 

STUDY B: To benchmark the Australian GUOG treatment regimen against the 
programs of an international Meta-analysis group 
Our data was benchmarked against and included with an international meta-analysis 
group to establish efficacy and consistency with International practice. 

STUDY C: Sub-study to comprehensively examine the effect of androgen change on 
mood and cognition.  
This sub-study examined mood neuropsychological changes during the androgen 
suppressed phase and initial off treatment period.  

STUDY D: Sub-study examining the confounding influence of exercise on changes to 
musculoskeletal function and other physiological endpoints during androgen 
suppression.  
This sub-study examined the impact of an exercise program during the androgen 
suppressed phase of treatment. 

 

3.1.2 Ethical and regulatory considerations 

Each investigator was required to submit the protocol for approval by the appropriate 
institutional review board/ethics committee.  Conduct of the study conformed to Good 
Clinical Practice guidelines and the Declaration of Helsinki 1964, as modified by the 
41st World Medical Assembly, Hong Kong, 1989, and the 48th General Assembly, 
Somerset West, Republic of South Africa, 1996. Signed consent was a requirement of 
registration.  

 

3.1.3 Clinical trial registry  

A Phase II Study to Assess the Effect of Intermittent Androgen Blockade in the 
Treatment of Advanced Prostate Cancer;  

ACTRN12608000170325;  

http://www.ANZCTR.org.au/ACTRN12608000170325.aspx
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3.2 STUDY A: PROTOCOL FOR AN INTERSTATE PHASE 
II STUDY TO ASSESS THE EFFECTS OF INTERMITTENT 
ANDROGEN SUPPRESSION 
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Figure 3-1 Flow chart of GUOG IAB study  
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3.2.1 Eligibility Criteria  

Inclusion criteria 
a) All patients were required to have a histological or cytological diagnosis of 
adenocarcinoma of the prostate.   
b) Baseline liver function tests, including ALT and AST were required to be ≤ 2x 
laboratory upper limit of normal and bilirubin ≤ institutional upper limit of normal,.  
Tests were to be performed within 14 days prior to registration. 
c) ECOG performance status <3 (Appendix 1).  
d)  Concomitant radiation therapy was allowed for the palliation of problematic pain.  
e) Prior neoadjuvant hormonal therapy was allowed providing it was given for no more 
than 6 months, was more than 2 years ago and the serum testosterone returned to normal 
afterwards. 

Exclusion Criteria 
a)  Prior treatment with hormonal therapy, chemotherapy or biologic response modifiers 
(other than neoadjuvant hormonal therapy that meets the criteria of ‘e’ above). 
b)  Patients presenting with acute or impending cord compression. 
c)  Patients with extensive involvement manifest by a bone scan report of ‘superscan’ 
type uptake pattern. 
d)  History of prior malignancy except for adequately treated basal cell (or squamous 
cell) skin cancer, or other cancer for which the patient has been disease-free for at least 
5 years. 
e)  Patients with known history of hypersensitivity reaction to either study medication or 
drugs with a similar structure. 
 

3.2.2 Disease Extent Classification  

Recurrent Local Disease 
Following radical prostatectomy, or radical radiotherapy and manifest by a rising PSA 
measured on 3 consecutive occasions, at intervals of at least one month or more apart.  
PSA level at least ≥ 2 ng / mL 

Or Advanced Disease  
Where PSA > 10ng/mL and also bone metastases demonstrated on bone scan. (NB: 
presence of extensive bone involvement manifest by a report of ‘superscan’ type uptake 
pattern made patient ineligible) OR Soft tissue disease and bone scan negative  

OR locally advanced disease  
Not suitable for radical treatment and where bone scan was negative 
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3.2.3 Treatment plan  

Patients were reviewed 3 monthly throughout the study period. 

TREAT phase.  
Treatment was Maximum Androgen Blocakade (MAB) therapy (LHRH analogue, 
leuprolide and anti-androgen, flutamide) as per flow diagram Figure 3-1. 

Treatment Schedule for 9 month period.  

Leuprolide (Lucrin®) 22.5 mg IM 3 
monthly 

Agent Dose Route Schedule 

Flutamide (Eulexin®) 250 mg PO TID 

All patients began  MAB using one week of Flutamide (Eulexin®) 250mg tid to prevent 
flare before initiation of the LHRH agonist (Lucrin®).  

The initial treatment phase was called ‘ iTREAT’ phase. 

End of TREAT phase Response Assessment.  
Providing PSA<4ng/mL, the patient could come off therapy and commence the POST 
period or OFF PERIOD  

NB If the PSA was not suppressed to ≤ 4 ng/mL, after the 9 months TREAT phase the 
patients were WITHDRAW and cause identified as failure to achieve PSA , ≤ 4 ng/mL.   

OFF PERIOD 
Patients were reviewed at 3 monthly periods during the POST period, and disease 
activity monitored for the following indications for recommencement of TREAT phase.  

• PSA elevation ≥20 ng/mL,  
• OR  pre-treatment PSA if this was lower than 20ng/mL 
• OR Clinical progression. 

SUBSEQUENT ‘ReTREAT’ PERIODs 
Patients were assessed in the same way as during the iTREAT phase, ie months 3, 6 and 
9, and response to MAB were assessed at month 9.  

Providing PSA<4ng/mL, the patient again stopped therapy, and recommenced the 
POST phase. 

3.2.4 Study closure 

It was intended to close the study 3 years after the entry of the final patient 

3.2.5 Study withdrawal criteria: 

Any of the following criteria lead to withdrawal. 
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1. Failure to achieve nadir of <4 ng/mL after 9 months of MAB 
2. Development of androgen independence status, manifest as a rising PSA measured 

on 3 consecutive occasions, at intervals of at least one month apart. (In presence of 
castrate levels of testosterone) whilst ON MAB therapy; or objective evidence of 
disease progression regardless of PSA value whilst ON MAB therapy 

3. Major intercurrent illness, which in the judgement of the investigator, affected 
assessments of clinical status to a significant degree. 

4. While on study, receiving any other systemic treatment for prostate cancer. 
5. Unacceptable toxicity from either medications after appropriate dose modifications 

(refer Section 10).  However, patients who did not tolerate Flutamide (Eulexin®) 
therapy after dose modifications, were permitted to continue on androgen blockade 
therapy with LHRH agonist (Lucrin®) therapy alone 

6. The patient may withdraw from the study at any time if that is his wish.  
7. Loss to follow up 
8. Major protocol violation. 

3.2.6 Data collection and data management: 

At Study entry 
Patient demographic data and precise extent of disease were recorded at entry and all 
other investigations as per the study schema outline Figure 3-2 

Follow-up visits and investigations 
Patient follow-up visits and investigations as per the study schema outline Figure 3-2. 

3.2.7 Physiological Parameter Measurements   

The following investigations of long term physiological changes associated with 
androgen loss were undertaken: 

Haematopoietic  
Hb, Haematocrit and Red Cell number 

Androgen Status 
Serum Testosterone and Free Androgen Index 

Lipid  
Fasting serum lipids, (total, HDL and LDL cholesterol, triglycerides). Patients were 
instructed to avoid eating after midnight and undertake the blood test at the earliest 
opportunity the following morning before breakfast.  

Central adiposity assessed by waist hip ratio (WHR) anthropomorphic 
assessment(69). These measures were performed on the standing patient. Waist 
measurement was taken at the level of the narrowest point between the lower costal (rib) 
border and the iliac crest. When there was no obvious narrowing, the measurement was 
taken at the midpoint. The assessing clinician stood in front of the subject to correctly 
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locate the narrowing of the waist, and measurements taken at the end of normal 
expiration with the arms relaxed at the sides. Hips (Gluteal) measurement was taken at 
the level of the greatest posterior protuberance of the buttocks, which usually 
corresponded anteriorly to about the level of the symphysis pubis. For this measure, the 
Clinician stood at the side of subject to ensure the tape was held in a horizontal plane, 
and the subject stood with feet together without tensing the gluteal muscles. 

Muscle Quadriceps strength measurement. 
The time taken to complete 10 full stands from a sitting position (or 20 if possible) was 
recorded to the nearest 1/10th of a second using the study stopwatch. The patient 
performed one stand for practice and to learn the task.  Use of the arms to assist was 
NOT allowed. The same chair (eg waiting room chair) was required to be used 
throughout the period of testing. The subject was to be encouraged to perform the task 
as quickly as possible (70;71).  When 20 stands were achieved, a note was made of the 
time taken for 10th stand also. 

Bone physiology (patients without bone metastases) sub study WA patients 
only. 
Patients were instructed to fast from midnight. On waking, they were instructed to 
empty the bladder then proceed to the local laboratory to provide a fasting urine and 
blood specimen for the metabolic bone screen assay,.  The pathology laboratory 
processed and dispatched the samples to the central laboratory (Path Centre, Locked 
Bag 2009, Nedlands WA 6009). 
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Figure 3-2 STUDY SCHEMA: 

 
 
 
 

BASELINE* INITIAL Treat 
Phase 

 OFF TREATMENT PHASE  Retreatment Phase 

Appt. time in months 0 3 6  9  1½ 3  3 Monthly  0 3 6  9 
Weight and Performance Status x x x x  x x T 

H 
E 
N 
 

x  xϕ x x x 
Quadriceps muscle strength, 
timed standing index 

x x x x  x x x  xϕ x x x 

Waist / hip circumference x x x x  x x x  xϕ x x x 
EORTC QLQ C30 ♦ x x x x  x x x  xϕ x x x 

LABORATORY               

PSA x x  x  x x  x  xϕ x  x 

FBC / Differential x x   x  x Until returns to baseline  xϕ x  x 
LFTS   x x x x  x Until returns to baseline  xϕ x x x 

Testosterone  x x    x Until returns to baseline  xϕ x   
Fasting Serum Lipids          x   x  x Until returns to baseline  xϕ   x 
Fasting Metabolic Bone series  x  x  x  x x THEN:mts  6, 9 and 12  x x  x 
Bone Densitometry (lean mass) x   x  Annually x 2      
Bone  Scan x     As clinically indicated       

 

*  Pre-study examination and laboratory investigations may take place up to 2 weeks prior to enrolment (historical prostate biopsy report will suffice) 
 NB Product information recommends that LFTs are monitored additionally at months 1 and 4 as a routine. 
♦ Self-administered HQOL questionnaire to be completed by patient in waiting room just prior to medical consultation 

ϕ Assessment performed in previous 4 weeks will suffice 



 

51 

  

 
 
 

3.2.8 Quality of Life Evaluation 

The EORTC QLQ-C30 and site specific prostate module PROS 26 was employed. 
Physical, emotional, social role and cognitive functional domains and specific items 
related to prostatic carcinoma are included (72)  Patients are asked to relate their 
answers to their experience during the previous week. 

To avoid bias, the HQOL assessment was completed by the patient prior to seeing the 
Clinician, and during the consultation the clinician checked that all questions had been 
answered. Details regarding the administration of the Quality of Life questionnaires are 
outlined in Appendix 2. 

Aims of assessment points were 

• BASELINE: baseline or “normal” state 

• ON PERIOD assessments Months 3 and 6 (and 9): These were to identify the extent 
and rate of change of HQOL parameters during androgen deprivation. 

• OFF PERIOD assessments: To describe HQOL recovery and whether change in 
HQOL might predict rise of PSA 

3.2.9 End-point definitions 

Prostate Carcinoma Related Definitions 

PSA Androgen independence  
-occurs whilst on MAB therapy and in the presence of castrate androgen levels and is 
manifest by either: 

• Rising PSA, measured on 3 consecutive occasions, at intervals of at least one month 
apart (usually 3 monthly intervals).  

• Progression of objective measures of disease such as bone scan or soft tissue scans 

Time to PSA Androgen independence: 
Is the interval from date of registration to the date of the first PSA rise associated with 
the diagnosis of androgen independence or radiological progression during the TREAT 
phase of therapy. 

Initial Response Rate 
Patients achieving initial OFF PERIOD criteria 

Time to Death 
From date of registration to date of death due to any cause. 

Study completion 
On Study Phase: Patients were considered as on study until withdrawn;  
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Study Withdrawn Phase: No further data was to be collected other than date of death. 

3.2.10 Adverse events reporting requirements 

Period of Observation. 
Events were considered related to the study if they occurred during or within 30 days of 
withdrawal from the study.  

Documentation and Reporting of Adverse Events by the Investigator  
Standard documentation and procedures were described in the protocol. Given that the 
study agents were well established in the management of prostate cancer, only serious 
adverse events that met the Therapeutic Goods Administration (TGA) Australia   
criteria required notification, and these included:  

• Death. 

• Was life threatening. 

• Required prolonged in-patient hospitalisation. 

• Resulted in persistent or significant disability or incapacity.  

• Given that quality of life was a major endpoint, an additional item was included; 
Resulted in important medical events, which as judged by the clinician, was 
perceived to seriously jeopardise the patient or require significant action to prevent 
the development of a life threatening serious incapacity (toxicity scales appendix 4). 

3.2.11 Statistical considerations 

The trial planning computations were based on quality of life as the primary trial 
endpoint.  The principle objective was to demonstrate improved quality of life scores 
for patients during the POST period, compared with their experience during the 
iTREAT phase of therapy.  Patients qualifying for intermittent therapy cycling between 
POST and retreatment were planned to act as their own controls.  

The statistical power calculations included statistical power of at least 0.8 at a statistical 
significance level of 0.05.  The smallest within-subject change between ON and OFF 
AST states has been determined as 10% of the expected remission mean (60 points,(72) 
and corresponds to a six point difference with standard deviation of differences 
expected to be 25 points.  This estimate of differences was thought likely to be 
conservative since it assumes that the variance of changes is the same as the variance of 
individual measurements. 

Under the conditions specified above, 140 evaluable subjects were thought sufficient to 
provide statistical power slightly more than 0.8.  An additional 15 subjects on the IAST 
study would then be required to provide allowance for a dropout rate of up to 10%, 
leading to a sample size of 155 subjects for statistical power of 0.8.  In addition, 
allowing for a 70% rate of patients qualifying for IAST therapy (ie with nadir PSA at 9 
months < 4ng/mL), a total recruitment of 220 patients was considered necessary. 
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Additional funding was sought to increase the number of patients undertaking the 
additional bone sub study in WA, and an additional 30 patients were recruited, total 
250.  

Additionally, it was planned to conduct a secondary comparison between patients 
remaining off therapy during the POST phase and those requiring retreat. Secondary 
end-points were to include time to objective and PSA androgen independence, and 
overall survival. 

Statistical analysis of the primary endpoint, QLQ-C30, was based on paired within 
subject comparisons of measurements taken during the iTREAT and POST states.  
These were the paired t-test, if distributional assumptions were met, or the Wilcoxon 
Signed Rank test.  Similarly, paired comparisons of response rates, frequency and 
severity (>2 vs ≤ 2) of toxicities were compared across groups using conditional logistic 
regression.  Survival analysis was assessed using a descriptive, rather than hypothesis 
testing perspective.  Contributions to survival experience were examined using the time-
dependent covariate form of the Cox proportional hazards model.   
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3.3 STUDY B: SUB-STUDY TO EXAMINE THE EFFECT OF 
ANDROGEN CHANGE ON MOOD AND COGNITION.  

3.3.1 Subjects and methods 

Participants accrued to the GUOG IAB study were approached prior to commencement 
of  their first course of AST, to consider participation in this sub study, if they met the 
following criteria;  

1. Lived within the Perth metropolitan area,  
2. Were well enough to cope with the testing procedure/schedule,  
3. Were from English speaking background,  
4. Had a Cambridge Cognitive Examination for the Elderly (CAMCOG) score >70 (to 

exclude subjects with dementia(73),  
5. Had not yet commenced the treatment program, 
6. Were without moderate to severe visual/auditory impairment or aphasia.  

Participants were recruited from the Department of Radiation Oncology at Sir Charles 
Gairdner Hospital in Perth, Western Australia. This sub study was approved by the Sir 
Charles Gairdner Hospital Ethics Committee. 

3.3.2 Data Collection and Data Management 

Eligible subjects were assessed one week prior to the introduction of treatment (pre-
baseline) and again on the day they started flutamide (baseline). The pre-baseline 
assessment was introduced with the aim of familiarizing patients with the study’s 
procedures and reducing practice effects associated with repetitive cognitive testing 
(i.e., baseline scores took the learning effect into account)(74). Follow-up assessments 
took place 4, 12, 24 and 36 weeks after baseline. At 36 weeks, treatment was 
discontinued and patients were re-assessed at 42, 48 and 54 weeks after baseline.  

3.3.3 Biochemical Assessment Procedures  

Subjects were asked to fast for 10 hours prior to each assessment. Blood was drawn 
every visit (except pre-baseline) between 8:30–10:00 am to monitor oestradiol, 
testosterone and β-amyloid1–40 (Aβ) plasma level. Estradiol levels were estimated 
using IMMULITE 2000 (Immulite 2000 Estradiol L2KE2, Diagnostic Products Corp., 
Los Angeles, CA; (71)). Estradiol is a solid phase, chemiluminescent competitive 
enzyme immunoassay. The solid phase, a polystyrene bead coated with a polyclonal 
rabbit anti-oestradiol antibody, is introduced into an Immulite test unit. Subjects’ 
samples and alkaline-phosphatase-conjugated-E2 are simultaneously added to the test 
unit, and incubated for 60 minutes at 37 °C with intermittent agitation. During this time, 
E2 in the sample competes with the enzyme-labelled-E2 for a limited number of 
antibody binding sites on the bead. Unbound enzyme conjugate is removed by washing. 
Substrate is then added, and the test unit is incubated for a further 5 minutes as it is 
transported to the photomultiplier. The chemiluminescent substrate undergoes 
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hydrolysis in the presence of alkaline phosphatase to yield an unstable intermediate, 
resulting in the sustained emission of light. The signal produced is inversely 
proportional to the concentration of E2 in the sample. Testosterone levels were 
determined using a one-step chemiluminometric competitive immunoassay. Sample, 
mouse monoclonal anti-testosterone antibody coated paramagnetic microparticles, 
testosterone acridinium-labelled conjugate and assay diluent were combined to create 
the reaction mixture. Testosterone present in the sample competes with the testosterone 
acridinium-labelled conjugate for binding with the anti-testosterone antibody coated 
paramagnetic microparticles, to form an antigen-antibody complex. Blocking reagent is 
included in the mixture, which binds to endogenous sex hormone binding globulin 
present in the sample, freeing all the testosterone for the competitive reaction above. 
After washing, trigger solutions, consisting of acidification with nitric acid (pH 2.1) and 
oxidation with hydrogen peroxide, followed by alkalinisation with sodium hydroxide 
and Triton X-100 are added to produce the light signal. An inverse relationship exists 
between the testosterone in the sample and the relative light units (RLUs) detected by 
the Architect (Abbott Architect-TES; Abbott Park, Illinois, USA;(75). The analysis of 
plasma Aβ1–40 (Aβ) followed the procedures previously described by Mayeux and 
colleagues (1999)—plasma was stored at −70 °C immediately after collection. Aβ levels 
were determined using a combination of monoclonal antibody 6EI0 (specific to an 
epitope present on 1–16-amino acid residues of Aβ) and R162 (vs Ab1-40) antisera in a 
double-antibody sandwich enzyme-linked immunosorbent assay. The coefficient of 
variance for this assay in our laboratory was lower than 5%. 

 

3.3.4 Psychological Parameter Measurements   

After breakfast, subjects underwent a comprehensive clinical and neuropsychological 
assessment that included the use of the following instruments 

• Beck Depression Inventory (BDI)(76)). The BDI is a valid and reliable self-rating 
scale that was designed to evaluate the severity of depression in clinical and research 
settings. It includes 21 questions with possible ratings ranging from 0 to 3. The scale is 
particularly useful in the assessment of negative thoughts associated with depression. 
The BDI has high internal consistency (0.86 or greater) and is sensitive to change in the 
severity of depression (high scores are associated with increasing severity of 
depression).  

• Beck Anxiety Inventory (BAI(77). This self-rating scale includes 21 items describing 
common symptoms of anxiety that can be rated according to their intensity from 0 to 3. 
Internal consistency (alpha = 0.92) and test-retest reliability ratings (r = 0.75) are high, 
and so are different measures of validity.  

• Cambridge Examination for Mental Disorders of the Elderly—Cognitive Battery 
Revised (CAMCOG)(78). The CAMCOG is an instrument of general cognitive 
assessment divided into several subsections measuring various aspects of cognitive 
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functioning: orientation, language, memory, attention and concentration, praxis, 
perception, calculation, and executive functions. The total score can range from zero to 
105, and is highly correlated with the MMSE total score (which can also be computed 
from the CAMCOG). Reported test-retest reliability scores are greater than 0.8.  

• Word Lists (WL) (WMS-III; (79). WL I measures immediate and delayed memory for 
verbal material. Subjects are presented with a list of 12 semantically unrelated words, 
and then asked to recall as many words as possible. This procedure is repeated for three 
additional trials for a total of four learning trials (range 0 to 48). The examiner reads a 
new word list and asks the subject to recall the words on this list and, subsequently, on 
the first list. In WL II, the examinee is asked to recall the first list or words (delayed 
recall). Then, the examiner reads a list of 24 words and asks the examinee to identify 
each word as either one he was asked to remember or a new word (recognition) (range 0 
to 24). For the purposes of this study, we computed and analyzed the ‘recall total score’ 
(sum of trials 1 to 4), ‘recognition total score’ and ‘percent retention’ [(delayed 
recall/word list recall for trial 4) × 100].  

• Verbal Paired Associates (VPA) (WMS-III;(80). The VPA uses the same test 
procedures described for WL and produces measures of immediate and delayed cued 
recall for semantically unrelated pairs of words; i.e., during the recall phase of the test, 
the examiner reads aloud one word of the pair and the examinee is asked to recall the 
word that was associated with the former. As previously described for Word Lists, the 
performance of subjects on this test was summarised by the recall total score (range 0 to 
32), recognition total score (range 0 to 24) and percent retention.  

• Visual Reproduction (VR)(WMS-III;(80). This is a test of visual memory that also 
involves constructional abilities. Subjects are asked toreproduce, from memory, a 
complex figure immediately after presentation or after a delay of 25–35 minutes. 
Performance on this test can be evaluated by the recall total score (sum of scores for 
designs A-E) (range 0 to 104) and percent retention [(delayed recall total score/recall 
total score) × 100].  

• Block Design (BD)(WAIS-III;(80). This is a constructional test in which the subject is 
presented with four or nine colored blocks and instructed to use the blocks to construct 
replicas of 10 designs printed in a booklet. This is a sensitive test of visuospatial 
organisation, with the total possible score ranging from 0 to 68 points. 

3.3.5 Statistical considerations 

Data were analyzed using the statistical package ‘Stata 7.0’(81) . The data was initially 
explored and summarized with descriptive statistics. Multivariate analysis of variance 
for repeated measures was used to investigate the progression of scores over time, the 
number of degrees of freedom being equivalent to the number of repeated measures 
minus 1. The strength of the association between variables was assessed with the 
Pearson correlation coefficient (r) or Spearman’s rho for ranked data. 



 

57 

  

 
 
 

3.4 STUDY C: SUB-STUDY TO INVESTIGATE THE 
EFFECT OF IAST ON ADDITIONAL MEASURES OF BONE AND 
SOFT TISSUE PHYSIOLOGY 

3.4.1 Subjects and methods 

Participants accrued to the GUOG IAB study were approached prior to commencement 
of their first course of AST, to consider participation in this sub study, if they met the 
following criteria;  

1. lived within the Perth metropolitan area,  
2. were well enough to cope with the testing procedure/schedule,  
3. had not yet commenced the treatment program, 
4.  did not have bony metastatic disease. 

Participants were recruited from the Department of Radiation Oncology at Sir Charles 
Gairdner Hospital in Perth, Western Australia. This sub study was approved by the Sir 
Charles Gairdner Hospital Ethics Committee. 

 

3.4.2 Data Collection and Data Management 

Patients undertook additional metabolic bone study blood and urine assessments as per 
Figure 3-2.  DXA scans were arranged at baseline, at end of 9months iTREAT phase, 
and then one year and two years later (months 21 and 33, respectively). 

 

3.4.3 Bone mineral density and body composition procedures  

DEXA scanning was selected for the serial measurement of BMD and body 
composition in this sub-study. A drawback of DEXA is that its accuracy of 
measurement of spine BMD can be affected by the presence of cortical bone deposition 
associated with arthritis and spondylosis at this site, features that increase with age (82). 
An alternative to DEXA that can overcome this problem is quantitative computerised 
tomography (QCT), which can separately analyse cortical and trabecular bone, so that it 
is less influenced by the changes caused by degenerative disease. However, QCT is 
more expensive than DEXA, and QCT exposes patients to a marked increase in 
radiation exposure. QCT exposes patients to a radiation dose of 25-360 muSv per scan, 
whereas the exposure associated with DEXA is lower at < 60 muSv, a difference that 
cannot be justified in patients undergoing repeated scan assessments(83). Additionally, 
the use of QCT as a screening tool for osteoporosis has not yet been extensively 
researched, nor has it been validated in relation to t –scores that predict fracture 
risk(83).  Finally, the intention of the study is to assesses change over time to regional 
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BMD, using a within subject assessment which will minimise the potential confounding 
associated with cross sectional analysis approaches.    

Bone mineral density (BMD, g/cm2) and content (BMC, g) of the total hip, spine and 
whole body was assessed by DXA (Hologic Discovery W, Waltham, MA). In addition, 
whole body bone mineral-free lean mass (LM) and fat mass (FM), upper limb lean mass 
and fat mass (ULLM, ULFM), lower limb lean mass and fat mass (LLLM, LLFM), 
trunk lean mass and fat mass (TrLM, TrFM) and percent body fat were derived from the 
whole body scan. Regional analysis was derived by manipulating segmental lines 
according to specific anatomic landmarks(84;85). A vertical line extended between the 
head of the humerus and the glenoid fossa separated the upper limbs from the trunk, 
while an oblique line through the femoral neck separated the lower limbs from the 
pelvis. Upper limb and lower limb lean tissue mass represent the sum of left and right 
extremities. ULLM and LLLM were then combined to derive appendicular skeletal 
muscle (ASM)(86;87).      

 

3.4.4 Bone markers 

Serum markers of bone formation, alkaline phosphatase and osteocalcin, were measured 
by RIA and by enzyme immunoassay with a BTI Intact Osteocalcin EIA kit 
(Biomedical Technologies, Inc., MA, USA), respectively. Urine calcium, urine calcium 
excretion and urine calcium/ creatinine ratio were assessed using a chemistry analyser.      

 

3.4.5 Other endpoint measures 

 Height and weight were determined by a stadiometer and electronic scale 
respectively, and body mass index (BMI, kg/m2) was calculated from weight divided by 
the square of height. 
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3.5 STUDY D SUBSTUDY EXAMINING THE IMPACT OF 
EXCERCISE DURING ANDROGEN SUPPRESSION 

3.5.1  Subjects and methods 

Participants from the GUOG IAB study undergoing androgen suppression and other 
patients undertaking androgen suppression were approached to consider participation in 
this sub study, if they met the following criteria;  

1. Without evidence of bony metastatic disease,  
2. Have been androgen suppressed for at least the previous 2 months, and scheduled to 

remain on AST for the subsequent 6 months,  
3. Lived within the Perth metropolitan area,  
4. Were well enough to cope with the testing procedure/schedule,  

Exclusion criteria  
• any musculoskeletal, cardiovascular, or neurological disorder that could inhibit them 

from exercising, inability to walk 400 m or undertake upper and lower limb 
exercise,  

• resistance training in the previous 12 months,  
•  unwillingness to undertake 20 weeks of resistance training.  

 

3.5.2 Training Program Intervention 

 Subjects were required to undertake 20 weeks of high-intensity progressive 
resistance training twice a week for 20 weeks.  

The initial 10 week program was to provide an introductory resistance exercise phase. It 
employed hydraulic resistance training machines (Isotronic, Fitness Technology, 
Australia) that are simple and time efficient to use, and provide exclusively concentric 
muscle contractions likely to facilitate training initiation in this clinical group of men. 
The exercises included the chest press, seated row, shoulder press, lat pull down, triceps 
extension, biceps curl, leg press, squat, leg extension, leg curl, abdominal crunch and 
back extension exercises. In the subsequent 10 weeks, the training program was altered 
to isotonic resistance, which provided concentric and eccentric muscle contractions 
using similar exercises on different apparatus (Cybex, Strength Equipment, USA). 
During this latter period, the lat pull down and shoulder press exercises were alternated 
with the biceps curl and triceps extension exercises every other session to maintain an 
exercise session length of 1 hour. In every session, general flexibility exercises and one 
set for the first upper and lower body exercise at a lower training intensity were 
undertaken to ensure adequate warm-up before the training program.  
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Both training phases were designed to progress from 12 to 6-repetition maximum (RM) 
for 2 to 4 sets per exercise: weeks 1-2 (2 sets of 12-RM), weeks 3-4 (3 sets of 10-RM), 
weeks 5-7 (3 sets of 8-RM) and weeks 8-10 (4 sets of 6-RM) and based on the 
American College of Sports Medicine position stand on progression models in 
resistance training for healthy adults(88).   

All sessions were conducted in small groups of 1-4 participants under direct supervision 
to ensure safety, proper intensity and appropriate exercise technique. Additionally, all 
participants recorded their training weights, number of repetitions and sets performed in 
an individual exercise log to ensure adequate progression.  

 

3.5.3 Muscle Function Evaluation Procedures 

 Measures of muscle function included dynamic isotonic muscle strength and 
endurance assessed at baseline, week 10 and week 20. 

Dynamic Isotonic Muscle Strength 
 Participants underwent two familiarisation sessions that included instruction 
regarding correct exercise technique and practice performing 2 sets of 12 repetitions on 
all hydraulic resistance machines and also the chest press, seated row and leg press 
isotonic resistance machines before muscle strength is determined. Dynamic isotonic 
muscle strength for the chest press, seated row and leg press was measured using 1-RM, 
as described previously(89). The 1-RM is the maximal weight an individual can move 
through a full range of motion by maintaining proper exercise technique and not 
changing body position other than that of the specific exercise motion. The coefficient 
of variation in our laboratory for repeated 1-RM measures performed approximately 1 
week apart is 2.2% to 7.5%. 

Dynamic Isotonic Muscle Endurance 
            Muscle endurance was measured using the maximal number of repetitions 
performed at 70% of 1-RM for the chest press and leg press exercises(90). For week 10 
and week 20 assessments, the baseline and either the week 10 or final 1-RM value, 
respectively, was used to determine the resistance. The coefficients of variation 
performed approximately 1 week apart for the chest press and leg press muscle 
endurance are 6.3% and 6.8%, respectively.    

 Muscle Thickness 
 Muscle thickness was assessed using B-mode ultrasound (Aloka, SSD-500, 
Tokyo, Japan) at four anatomical sites [anterior (biceps brachii) and posterior (triceps 
brachii) upper arm at 60% distal between the lateral epicondyle of the humerus and the 
acromial process of the scapula; anterior (vastus lateralis and rectus femoris) and 
posterior (biceps femoris) thigh at 70% thigh length between the greater trochanter and 
lateral condyle of the femur] similar to the methods described previously by Abe et 
al(91). A 5-MHz scanning probe coated with a water soluble gel was placed on the skin 
perpendicular to the tissue interface. The subject was seated during the upper limb 
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measurement with the elbow extended and relaxed and in a standing position during the 
lower limb measurement with the knee extended and relaxed. The muscle thickness 
measurement was extracted from the ultrasonic image, with the distance between the 
subcutaneous adipose tissue muscle-interface to the muscle-bone interface (1). Two 
muscle thickness measurements were obtained at each of the four sites and averaged to 
attain the final value, and printed images of the baseline setup were referred to at 
subsequent assessment time at weeks 10 and 20 to ensure reproducibility. The 
coefficient of variation for muscle thickness using repeated ultrasound images in our 
laboratory is less than 3.5%. 

    

3.5.4 Physical Performance Evaluation Procedures 

 The following battery of tests was used to assess functional performance at 
baseline, week 10 and week 20. Tests were performed in triplicate (except for the 400-m 
walk) with sufficient recovery time between trials(90). The fastest time recorded was 
used in the analyses. 

Chair Rise to Standing 
 Subjects were seated in a hard-backed chair, with a seat height of 43 cm from 
the floor, with their arms folded across their chest. They were instructed to rise as fast as 
possible to a full standing position then return to a full sitting position 5 times(89;90). 
The coefficient of variation in our laboratory for the repeated chair rise is 5.6%.  

6-Meter Walk 
 Two measures of gait speed were to be undertaken: usual pace, in which 
subjects are instructed to walk at a pace similar to which they may use during common 
daily events; and a fast pace(92). Time taken was determined using 2 timing gates 
(Swift Performance Equipment, NSW, Australia). The coefficients of variation in our 
laboratory for usual and fast walk are 5.6% and 6.7%, respectively.  

6-Meter Backwards Walk 
 As a measure of dynamic balance, subjects walked backwards 6 meters placing 
one foot directly behind the heel of the other with the shoes touching(89;92). Time 
taken was assessed using timing gates. Subjects were spotted by an investigator and if 
they deviated from the line (lost their balance), they were instructed to move back to the 
line and continue the test, which increased the assessed time. The coefficient of 
variation in our laboratory for the backward walk is 9.4%.  

Stair Climb 
 Subjects were instructed to climb a flight of stairs (13 stairs per flight, 17 cm 
rise per stair) as rapidly as they could safely manage without use of the handrails(90). 
Two subjects required use of the handrails to perform this test. The coefficient of 
variation in our laboratory for the stair climbing is 4.8%.  
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400-Meter Walk 
 Subjects walk for 400 meters, which consists of 10 laps out and back over a 20-
meter course. The pace was to be as fast as they can and one that they could maintain 
over the distance(93;94). The coefficient of variation in our laboratory for the 400 
meters walk is 2.5%.  

Sensory Organization Test  
 The Sensory Organization Test (SOT) was measured using the Neurocom Smart 
Balance Master (Neurocom International Inc., USA). SOT consists of averaging three 
equilibrium scores for six trial conditions. Subjects stood on the Neurocom force plate 
without socks or any footwear and with a security belt attached (in case of a fall). 
According to the manufacturer’s protocol and previous studies (29) subjects undertook 
three 20-second trials for each of the following conditions: 1) Eyes open, fixed support 
surface and surround (visual, vestibular, and somatosensory input); 2) Eyes closed, 
fixed support surface and surround (absent of visual input); 3) Eyes open, fixed support 
surface and sway-referenced surround (visual input imprecise); 4) Eyes open, fixed 
surround and sway referenced support surface (somatosensory inputs imprecise); 5) 
Eyes closed, fixed surround and sway referenced support surface (somatosensory inputs 
imprecise and absent of visual input); and 6) Eyes open, sway-referenced support 
surface and surround (imprecise somatosensory and visual inputs). The Equilibrium 
score was reported as a value between 0 and 100, with 0 indicating a large sway and 
loss of balance, and 100 indicating perfect stability. The coefficient of variation for the 
SOT is 1.5%.  

 

3.5.5 Body Composition and Bone Mineral Density 

 Bone mineral density (BMD, g/cm2) of the hip (femoral neck, trochanter and 
Ward’s triangle) and total body bone mineral content (BMC, g) was assessed by dual 
energy X-ray absorptiometry (DXA, Norland XR-36, Wisconsin, USA). In addition, 
bone mineral-free lean mass (LM), fat mass (FM), and percent fat were derived from the 
whole body scan. The whole body scan was performed at baseline, week 10 and week 
20, and hip scan at baseline and week 20. Coefficients of variation in our laboratory 
(duplicate scans with repositioning) for body composition components are less than 
1.0%. 

 

3.5.6 Biochemical Evaluation Procedures 

              To minimise assessment variation, all blood tests were batch tested by a single 
laboratory. Venous blood samples were drawn from a forearm vein at a fixed time (8:30 
AM -10:00 AM) at baseline, week 10, and week 20 into sterile vacutainers containing 
K2-EDTA and serum separation tubes (Becton Dickinson, Franklin Lakes, NJ, USA). 
The blood corrected by K2-EDTA tube was used for the measurement of haemoglobin 
concentration by an automatic full blood counts analyser (Sysmex XE-AlphaN, Sysmex 
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Corporation, Kobe, Japan).  The serum separation tubes was left at room temperature 
for the blood to clot, and centrifuged for 10 min at 3000 rpm at 4oC. The serum samples 
were stored in 0.7mL aliquots at –80oC until the day of analysis for prostate specific 
antigen (PSA), free testosterone, growth hormone, and cortisol concentrations.   

Analysis of PSA, Serum Hormones and Haemoglobin 
             PSA was measured by an Immurise analyser (Beckman Coulter Inc., Fullerton, 
CA. USA) using a test kit (Diagnostic Products Corporation, Los Angeles, CA, USA).   
Serum concentrations of the hormones were determined by RIA using a test kit (free 
testosterone: DPC free testosterone kit, Diagnostic Products Corporation, Los Angeles, 
CA, USA; growth hormone: GH Kit, SRL Co., Tokyo, Japan; cortisol: Cortisol Kit, 
Immunotech, Beckman Coulter Inc., Praque, Czeck Republic) and 
dehydroepiandrosterone (DHEA) (DPC DHEA kit, Diagnostic Products Corporation , 
Los Angels, CA). Dehydroepiandrosterone sulfate (DHEAS) was measured by an 
Immmurise Analyzer (Beckman Coulter Inc., CA) using a commercial kit (Diagnostic 
Products Corporation, Los Angels, CA). IGF-1 was measured with an ELISA kit 
(Diagnostic Systems Laboratories, Inc., Webster, TX). 

Bone Markers  
The serum markers of bone formation, alkaline phosphatase (ALP) and osteocalcin, 
were measured by a JEOL Clinical Analyzer BM12 (JEOL Ltd., Tokyo, Japan ) using an 
L-Type ALP kit (Wako Pure Chemical Industries  Ltd., Osaka, Japan) and by enzyme 
immunoassay with a BTI Intact Osteocalcin EIA kit (Biomedical Technologies, Inc., 
MA).  Tartrate-resistance acid phosphatase isoform 5b (TRACP5b), a marker of bone 
resorption, was measured by ELISA (Suomen Bioanalytiikka Oy, SBA Sciences, Turku, 
Finland). 

Inflammatory Markers 
Serum C-reactive protein (CRP) was analyzed by ELISA (Max Human C-Reactive 
Protein ELISA Kit: EC1001-1, Winfield, MO). Serum concentration of IL-6, IL-1 
receptor antagonist (IL-1ra), and TNF-α were measured using Quantikine® High 
Sensitivity ELISA kits (R&D Systems, Minneapolis, MN), and IL-8 concentration was 
measured using OptEIA kits (Becton Dickinson, San Diego, CA). 

Other Measures 
Serum creatine kinase (CK) activity was measured by a UV method (CPK-L, Nittohboh 
Medical Co., Tokyo, Japan).  
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CHAPTER 4.  STUDY 1: TO ESTABLISH THAT OUR 
TREATMENT PROGRAM DESIGN AND EFFICACY IS 

CONSISTENT WITH INTERNATIONAL PRACTICE: 
INTERNATIONAL META-ANALYSIS. 

4.1 HYPOTHESIS, AIMS AND OBJECTIVES  

Hypothesis,  
The GUOG IAB regimen is comparable in design and efficacy to International practice 

Observation Statement 
Our treatment program design and efficacy is consistent with International practice 

Aim 
To test the observation statement, our program design and efficacy was compared with 
International practice by participating in a properly conducted meta-analysis of 
contemporary IAST practice.  

Specific Objectives 
By comparison with International practice that; 

• our treatment program design is consistent with international practice 

• our patient demographics were similar 

• measures of treatment efficacy show our program to compare favourably.  

• our program data is acceptable to be employed in the meta-analysis. 

4.2 CONTRIBUTOR’S ROLES 

I approached the International Study into the use of intermittent hormone therapy in the 
treatment of Cancer of the Prostate (ISICAP) meta-analysis group to become involved 
shortly after its inception. During the data collection phase, I recommended changes to 
the nature of the data collection, to better enable later analysis. I was involved in 
manuscript writing from early drafting, and made changes to text content, offered 
alternative analyses, and changed the presentation formats of summary data. During this 
process, I also attended and gave presentations about the GUOG data, at each of the 2 
meetings and was invited to chair a session at the second meeting. 
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4.3 PART 1. TO ESTABLISH THE INTERNATIONAL 
ACCEPTABILITY OF THE TREATMENT PROGRAM.  

4.3.1 Methods 

To ensure relevant studies were not overlooked for the meta-analysis, the International 
study into the use of intermittent hormone therapy in the treatment of prostate cancer 
(ISICAP) group undertook a Pubmed search with keywords intermittent 
hormone/androgen ablation to identify publications. Each instance was checked and the 
authors were consulted to assist with the identification of possible sources of 
unpublished data.  

Requirements for inclusion of group data in the analysis was  
1. Group size>50 
2. Individual patient data with prospective follow up.  

Disease extent was categorised as follows: 
Group 1) Localized disease (N0M0) treated primarily with IAST alone. 

Group 2) Failed previous curative attempts at therapy with radiotherapy, 
prostatectomy or both.   

Group 3) Metastatic disease treated primarily with IAST.    

The treatment programs varied, but were categorised as mono-therapy with LHRH 
agonist, or antiandrogen, or maximal androgen blockade if combination of the above 
were employed.  

Efficacy was measured according to three outcomes: 
1. Time a patient spent in clinical remission and off treatment after the initial 

period of treatment with androgen deprivation (off Rx). 
2. Time from start of treatment to Androgen Independent Prostate Cancer (AIPC ) 

which is defined as two successively rising PSA measurements or clinical 
progression , whilst testosterone levels are  castrate. 

3. Time from start of treatment to death (overall survival=OS)  

4.3.2 Results 

Comparability of prognostic characteristics at baseline, (95) 
Eleven groups were identified (20;95-103). Table 1 uses unpublished data (with the 
permission of the primary author). Data was tabulated according to presentation 
characteristics and outcomes, by study group shows the origin and basic characteristics 
of the patients in each study and the IAST protocol characteristics. One group, Tucker et 
al, only treated early stage untreated cancer, and employed a protracted regimen 
involving a year course of MAB with concurrent and then ongoing Finasteride@ 
(5Alpha reductase inhibitor) maintenance therapy. The risk characteristics of their 
patient cohort were substantially different from all other groups (lower), hence they 
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were not included in the meta-analysis. The individual patient data from the remaining 
10 authors was collated into a single database of 1498 patients. Of these, 1446 had 
adequate data for inclusion in the analysis Table 4.1. 

Our Australian patient group (GUOG) was older than the group overall (mean 72.21 
years versus 70.13 years) and this was reflected by the higher proportion of untreated 
locally advanced tumours, 26% compared to 19.55 % overall (Table 4.2). The 
proportions with metastatic disease were similar, 28.8% compared with 29.74%, 
overall, whilst those with PSA only relapse after radical treatment was less frequent.  
The mean presenting PSA was 64.62ng/ml for our group compared with 80.48ng/ml 
overall.  

Comparability of Treatment program 
Our GUOG program employed a maximal androgen blockade regimen, using a LHRH 
agonist and an antiandrogen. This was also the commonest approach employed across 
the groups being employed in 77.95% (Table 4.2). Other approaches were monotherapy 
with LHRH agonist  (10.32%) and  antiandrogen monotherapy (10.79%). 

The length of treatment program was quite variable between groups. Our program 
length was 9 months ( 91% compliance). However, 53.68% of the meta-analysis group 
received treatment for less than 8 months, whilst 14.30% exceeded a year.  

Follow up data 
Median follow up for all patients was 38 months, maximum was 197 months. 172 
patients developed AIPC. 208 patients died.  

Measures of treatment efficacy 
The median PSA nadir achieved by our group was 0.1ng/ml compared with 0.18ng/ml 
overall, however, our mean PSA nadir was 10.98ng/ml compared with 3.2ng/ml, 
suggesting a modest skewing of our nadir distribution with some high values. Inspection 
of our data directly confirms this.  

Median time off treatment prior to retreatment was greater in our group, 14.5months 
compared with 12 months for the whole group.   

4.3.3 Discussion 

The prognostic characteristics of our patient cohort were not significantly different from 
the overall meta-analysis group. Our treatment program type was commonly employed 
by others, although more than half of the other groups employed treatment periods 
shorter than ours. Treatment efficacy appeared comparable too, with similar 
achievements of PSA nadir and similar median time off treatment.  
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Table 4-1. Patient characteristics by Group 
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Table 4-2 Percentage distribution by GROUP 
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4.4 PART 2: CONFIRMATION THAT OUR DATA WAS 
ACCEPTABLE FOR INCLUSION IN AN INTERNATIONAL META-
ANALYSIS 

4.5 REFERENCE 

This section of the chapter has been peer reviewed and published. What follows is a 
word document version of the manuscript, together with scanned copies of the 
manuscript tables and figures.  

Greg L. Shaw, Peter Wilson, Jack Cuzick, David M. Prowse, S. Larry Goldenberg, 
Nigel A. Spry, Tim Oliver (2007) International study into the use of intermittent 
hormone therapy in the treatment of carcinoma of the prostate: a meta-analysis of 1446 
patients.  
BJU International 99 (5) , 1056–1065 doi:10.1111/j.1464-410X.2007.06770.x 
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4.5.1 International Study into the use of Intermittent Hormone Therapy 
in the treatment of Cancer of the prostate: A Meta-Analysis of 1446 patients 

4.5.2 Abstract 

 

OBJECTIVE 
To review pooled phase II data to identify features of different regimens of intermittent 
Androgen Suppression treatment (IAST), developed to reduce the morbidity of treating 
metastatic prostate cancer, and which carries a theoretical advantage of delaying the 
onset of androgen- independent prostate cancer, (AIPC) that are associated with 
success, highlighting features that require exploration with prospective trials to establish 
the best strategies for using this treatment. 

METHODS 
Individual data were collated on 1446 patients with adequate information, from 10 
phase II studies with >50 cases, identified through Pubmed. 

RESULTS 
Univariate and multivariate Cox proportional hazard models were developed to predict 
treatment success with a high degree of statistical success. The prostate-specific antigen 
(PSA) nadir, the PSA threshold to restart treatment, and medication type and duration, 
were important predictors of outcome. 

CONCLUSIONS 
The duration of biochemical remission after a period of androgen suppressive therapy 
(AST) is a durable early indicator of how rapidly AIPC and death will occur, and will 
make a useful endpoint in future trials to investigate the best ways to use IAST based on 
the important treatment cycling variables described above. Patients spent a mean of 
39% of the time off treatment. The initial PSA level and PSA nadir allow the 
identification of patients with prostate cancer in whom it might be possible to avoid 
radical therapy. 
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4.5.3 Introduction 

It is now nearly 20 years since the first attempts were made to diminish the side- effects 
of continuous AST for prostate cancer by using pulsed endocrine treatments for long 
enough to stabilise disease activity. The side-effects of AST are well described and 
include anaemia, osteoporosis, impotence, cognitive functional effects, gynaecomastia, 
muscle atrophy, depression, dyslipidaemia and generalized lethargy (17;102;104). The 
first series published by Klotz et al.(54) described the use of pulses of stilboestrol 
therapy for advanced prostate cancer with an improved side-effect profile has prompted 
further clinical and laboratory work to further investigate this type of treatment. 

Work by Bruchovsky et al. (56)on Shionogi tumours in mice and Sato et al. (105)with 
LNCaP tumours in nude mice showed that by rendering the host mice castrate and then 
allowing the testosterone levels to return to pre-castrate levels for periods, androgen 
independence (AI) and death were delayed. 

Stopping AST has the theoretical advantage of removing the selection pressure that in a 
Darwinian fashion, selects the clones that have developed adequate molecular 
adaptations to allow them to have AI growth (106). If there is a population of androgen- 
dependent clones then these will proliferate and repopulate the gland, and androgen 
dependence will resume. 

During the past decade this preclinical evidence has prompted several phase II clinical 
studies of intermittent androgen suppression treatment (IAST), although there has been 
considerable variation in approach. The consistent features of IAST are that AST is 
started, the PSA level is monitored and treatment is stopped when an adequate PSA 
nadir is reached. The PSA level is allowed to rise until it reaches a predetermined level, 
when AST is restarted or until clinical progression is evident. The patient has repeated 
cycles on and off treatment. The criteria for stopping and restarting treatment and 
medication types vary among groups; some treat for a set duration rather than according 
to the PSA level. The ongoing randomized controlled trials have generated evidence 
that the use of IAST in patients with advanced or locally advanced disease is at least as 
safe as continuous AST (107;108).  

The aims of the present meta-analysis are: (i) to develop models predicting the success 
in IAST and thereby identify features of  IAST protocols to be the focus of future 
prospective trials; and (ii) to evaluate the use of time off treatment as a surrogate 
predictor of survival for use in future IAST trials. 

 

4.5.4 Methods 

Pubmed was searched using the keywords ‘intermittent hormone/androgen ablation’, 
and the references from the papers found were checked and authors consulted as to 
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other sources of data. Ten groups with data pertaining to the use of IAST (with >50 
patients) were identified(20;95-103). 

Table 4-3 show the origin and basic characteristics of the patients in each study, and the 
characteristics of the IAST protocol. Individual patient data were collected from the 
authors and collated into a database of 1498 patients. Of these, 1446 had adequate data 
for inclusion in the present analysis. All patients were hormone-naive before starting 
IAST. 

Patient data were grouped into: group 1, localized disease treated primarily with IAST 
(N0/M0); group 2, PSA recurrence after failed curative attempts with radiotherapy, 
prostatectomy or both (N0/M0); group 3, metastatic disease treated with IAST (N+or 
M+). 

Data were analysed using univariate and multivariate Cox proportional hazard models, 
developed for each of the three groups. The variables studied were initial PSA level, 
type and duration of medication, PSA nadir, age, T stage, Gleason grade, previous 
treatment, the PSA threshold for restarting AST, and metastatic status; all durations are 
the length of time after starting AST. The variables were dichotomized for analysis of 
clinically relevant thresholds. A forward stepwise procedure was used to develop the 
multivariate models, and the Kaplan–Meier method was used for survival analysis. 

The success of treatment was measured according to three factors: (i) the time spent in 
clinical remission and off treatment after the initial period of androgen deprivation; (ii) 
the time to AI prostate cancer (AIPC, defined as three successively increasing PSA 
levels or clinical progression, despite AST); (iii) overall survival (OS). 

 

4.5.5 Results 

Data were collected on 1446 patients (median age 71 years); 366 patients had confirmed 
nodal or metastatic disease at the time of starting IAST. Of the remaining 1080 with no 
evidence of metastasis, for 517 IAST was the primary treatment. The remaining 563 
were treated for recurrent disease after failed radical prostatectomy (R P), radiotherapy 
or both. The median number of cycles was 2, the median time off treatment for all 
patients was 15.4 months, and the median follow-up for all patients was 39 months. 
Overall, patients spent a mean of 39% of time off treatment. The maximum follow-up 
was 197 months, during which 181 patients developed AIPC whilst 218 died. 

Overall, 29% of patients with localized disease were off treatment 2 years after the 
initial period of hormone ablation was complete, 90% were alive at 5 years and 10% 
had become AI (Table 4-4). This compares to 33%, 86% and 17% in those with 
biochemical recurrence (group 2) and 16%, 68% and 41% in group 3. 

Table 4-3 shows a summary of the univariate analysis (see Appendix4-1 and 4-2 for 
details). The results of the multivariate modelling are illustrated in Figure 4-1. 
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Table 4-5 shows the results of the univariate analysis for the range of risk factors 
studied as predictors of outcome. The tables in Appendix 4-1and Appendix 4-2 show 
the details of the univariate analysis. The hazard ratios and P values are given for a 
particular risk factor when compared with the reference (Ref) value. Fig 4-1a shows the 
Kaplan–Meier survival analysis of patient groups as a predictor of OS. Figure 4-1b 
shows the power of PSA level before starting treatment as a predictor of the duration of 
remission. Of those with localized disease being treated primarily with AST, those with 
a PSA level of <10 ng/mL at the start of treatment have a considerably longer duration 
of remission on average. Of the subset of patients with a PSA level of <10 ng/mL, about 
half can expect to be off treatment for ≥2 years. 

Figure 4-1c shows the effect on OS of the threshold to which the PSA level is allowed 
to rise before restarting treatment. Of the entire patient cohort those in whom treatment 
is restarted when the PSA level reaches 15 ng/ mL survive longer than those in whom it 
is allowed to rise higher. This effect is highly statistically significant (P= 0.003). Figure 
4-1d shows the effect of duration of treatment on the duration of remission; there was 
no difference in the duration of remission whether the patients (with localized disease) 
have a long treatment period (>8 months) or a short one (<4 months). 

To assess whether the results from the univariate analysis hold when interaction with 
other variables is considered we used a multivariate analysis. The variables found to be 
predictors in the univariate analysis were entered into the multivariate model for 
analysis as candidate independent predictors of outcome. The resultant multivariate 
models are shown in Figure 4-2 and are predictive of outcome at a highly significant 
level. The changes in the chi-square value for the results of the multivariate analysis 
indicate the proportion of variability in outcome explained by the variable. A large 
change in the chi-square value indicates that a variable is important in predicting the 
particular outcome. The absence of a variable from a model indicates that it is not an 
important predictor of outcome for that group. The initial PSA level, PSA nadir 
achieved and type of medication are consistently important in predicting the outcome. 
The duration of treatment is only predictive in the patients with evidence of metastasis. 

To assess the restart threshold as a predictor of subsequent duration of remission, Table 
4-6  shows a comparison in the rates of development of AIPC and OS for those patients 
in whom the PSA threshold for restarting treatment was <15 ng/mL, and those in who it 
was allowed to rise to >1 5 ng/mL, by univariate Cox modelling. Figure 4-1 Kaplan-
Meier survival analysis of risk factorsc shows the Kaplan–Meier survival analysis by 
restart threshold for the entire cohort. There was a statistically significant difference in 
OS between those whose PSA was not allowed to rise to >15 ng/ml and those whose 
PSA was allowed to rise above this level before recommencing treat. The multivariate 
models shown in Figure 4-2 show that this statistical difference is limited to group 3. 

Table 4-7 shows the association between the duration of remission and the other 
outcome measures, showing (the first category) that those patients with a period of 
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remission of <2 years have a much greater risk of developing AIPC (hazard ratio 12.1) 
and dying (2.24), the ratio being highly statistically significant (P < 0.001). 

One criticism of this analysis is that a bias would be introduced by including those who 
have been off treatment for <2 years, or those who have not yet restarted treatment. The 
second two categories in Table 4-7 shows the results of two further analyses where the 
patients who had not been off treatment for the required period or who had not yet 
restarted treatment were excluded. The analyses shown compare the hazard ratios for 
developing AIPC and dying in those (selected patients) who have had remission periods 
of<2 years and 3 years. The relationship that a shorter duration of remission is 
associated with greater risk of developing AIPC and death is robust throughout these 
three analyses. 

 

4.5.6 Discussion 

In the present dataset, patients spent a mean of 39% of time off treatment. Multivariate 
models show the power of the initial PSA level and PSA nadir, and type of treatment 
and the PSA threshold for restarting treatment, in predicting outcome. Prospective trials 
to explore aspects of IAST that might be altered to improve outcome should focus on 
these variables. The duration of treatment was not an independent predictor of outcome 
in patients with no evidence of metastases. In those patients who rapidly achieve a good 
PSA nadir, it is safe to curtail treatment to <4 months. In the presence of evidence of 
metastasis, treatment must be protracted to ≥8 months. Restarting treatment when the 
PSA level approaches 15 ng/mL is associated with improved survival in patients with 
metastases, indicating the need for a more aggressive treatment strategy in these 
patients. Maximum androgen blockade (MAB) or LHRH analogue should be the 
standard for patients treated with IAST. 

From the time of the original observation on the use of hormonal manipulation as a 
treatment for prostate cancer (109) and the development of methods of medical 
castration, there has been controversy over when and for how long medical treatment 
should be administered. At present continuous AST is the standard of care only in 
patients with metastatic and poor-risk locally advanced disease, although there is 
increasing opinion that primary HT for selected patients with localized disease might be 
appropriate (110). 

The results that have emerged from the ongoing phase three clinical trials (107;111) 
generated the impetus to conduct this meta- analysis. One of these trials, by the 
Southern European Uro-Oncology group (SEUG), which used an LHRH analogue and 
the antiandrogen cyproterone acetate to treat patients with metastatic and locally 
advanced disease, is the largest that has recruited to date. With 626 patients they showed 
equivalence between continuous and IAST for disease progression and prostate cancer-
specific deaths with 8 years of follow-up. They used only 3 months of therapy before 
stopping treatment in the IAST arm (108). Another smaller trial (107) of only 68 
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patients showed a statistically significant (P= 0.005) decrease in the rate of disease 
progression (7% vs 38.9%) in patients with advanced prostate cancer treated with IAST 
vs continuous AST, despite a short follow-up of only 30.8 months 

One long-standing criticism of IAST is that the time off treatment is entirely a result of 
the slowness of recovery of circulating testosterone. However, some studies show 90% 
of patients who have been treated with3 months of LHRH recover a normal testosterone 
level within 18 weeks (111). In the SEUG trial, most sexually active men in the IAST 
arm recovered potency. These factors suggest that persistent low testosterone levels are 
not the explanation for the prolonged remission period. 

The results of the present univariate and multivariate modelling are in agreement with 
the findings of the SEUG trial and confirm that stopping treatment in patients who have 
a good PSA response at 3 months is not deleterious to survival. We found that in those 
with radiographic evidence of metastasis, a treatment period of <8 months was 
associated with shorter survival. That monotherapy with antiandrogen alone was 
significantly less effective than MAB or LHRH alone in groups 1 and 3 suggests that 
for the time being MAB or LHRH alone should be the standard for IAST trials. 

Using the present dataset, multivariate models were generated that predicted very 
significantly, the time off treatment in all patient groups. From these models, we can 
conclude that the type of medication, initial PSA level and PSA nadir are consistent 
independent predictors of the duration of remission. Shorter periods of treatment are 
possible in those with no evidence of metastasis. These factors require assessment with 
prospective trials. 

The level to which the PSA level is allowed to rise before treatment is restarted also 
predicted survival and the development of AIPC in all patients. Examination of the 
multivariate models shows that this effect is only important in patients with metastatic 
disease (group 3). This and the association between a short duration of treatment and 
poor outcome suggests that in these patients treatment needs to be more aggressive. The 
treatment period must be longer and medication restarted at a lower threshold than in 
patients who have no evidence of metastases. 

A model to predict the development of AIPC and OS could only be generated for group 
3 (those with metastatic disease) as the development of AIPC and death were too rare in 
the other groups. This indicates the long follow-up needed to show differences in 
AIPC/death in this patient group, and obviates the need for an early indicator of 
treatment success in these patients. 

Table 4-7 shows the association between the time off treatment in the first cycle and 
time to develop AIPC (p< 0.001) and with time to death (not disease-specific. p<0.001). 
Those with off periods of >2 or 3 years, or in the first cycle, survive longer and develop 
AIPC later than those with a shorter duration of off- treatment. This can be used as an 
early indicator of treatment success in trials, to show the effectiveness of different 
treatment protocols (with more or fewer patients staying off treatment for ≥2 or 3 years, 
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depending on treatment efficacy before showing a difference in the rate of AI or death, 
for which the duration of follow-up would be extensive. 

The use of agents such as 5á-reductase inhibitors, which lower serum testosterone levels 
(112), and thereby lower PSA levels, to prolong the off-treatment period would 
necessitate the use of more traditional endpoints, AIPC and death. 

A recent editorial described how prostate cancer is over-treated at present (113). With 
the detection of prostate cancer more frequently of lower grade and at an earlier stage, 
the available treatment options must shift to reflect this. A short course of AST might 
identify those patients who achieve a good PSA response and can benefit from this type 
of treatment alone. In those with localized disease and who show a partial or poor 
response, radical treatment can then be used. 

As the evidence showing the safety of IAST increases, so do the number of trials and 
variety of approaches. The duration of treatment, the type of medication used, and the 
PSA thresholds for stopping and restarting treatment are largely based on personal 
experience and opinion. Only when treatment is optimized based on the results of these 
trials might there be the kind of effect observed in mice by Bruchovsky et al. (56), with 
a delayed onset of AI rather than merely equivalence to continuous treatment. The 
collated dataset lends itself to an analysis to evaluate which features of an IAST 
protocol render it most successful (within the bounds of those protocols already in use). 
The results will be useful in designing clinical trials examining the optimum use of 
IAST. 

The limitations of the analysis are that the medication type was grouped, despite 
acknowledging differences in different individual drugs and doses used. Testosterone 
levels were not available for enough patients for analysis. 

In conclusion, the increasing evidence from randomized trials that IAST is safe is 
supported by the present meta-analysis. The results do not oppose the findings of Calais 
Da Silva et al. (108) that it might be possible to curtail the treatment duration to 3 
months in all patients except those with metastatic disease. In patients with evidence of 
metastasis a more aggressive approach should be adopted, with a longer treatment 
period and earlier restart. In the prospective trials that are needed to investigate how 
best to treat with IAST, factors identified as having a major impact on the outcome are 
the initial PSA level, PSA nadir, and type and duration of medication. The type and 
duration of treatment, the PSA nadir sought and the PSA level prompting treatment 
restart are factors that can be defined in the treatment protocol. Our data suggest that the 
duration of remission is a useful early indicator of treatment success and could be used 
as an endpoint in these trials. Clearly using an endpoint such as duration of remission, 
which is determined by the PSA level, will only be possible when serum testosterone 
levels are known and controlled. Assessing quality of life and treatment side-effects are 
important endpoints for future studies (95). 
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Table 4-3  The contributing studies and IAST protocols 

L, Localised disease treated primarily with IAST;R, recurrent disease with no evidence of metastasis;A, advanced disease N+/M+; mono, monotherapy withLHGH/andiadrogen; RxT, radiotherapy 

Reference author Origin N Stage of disease Type of 
treatment 

PSA nadir for 
adequate response 

Restart PSA % off at 2 
years 

Strum (102) California, 
USA 

53 L & A MAB  <0.05 >5 13 

Youssef (103) Michigan, 
USA 

104 L, R & A MAB / mono <4 >10 39 

Crook (97) Ottawa, 
Canada 

86 L, R & A MAB / mono <4 >10 20 

Grossfeld (99) San Francisco, 
USA 

53 L & R MAB / mono <4 no previous 
treatment  
<0.1 post RT/RP  

>10  
Or >50% 
baseline  

36 

De La Taille (98) Paris, France 160 L, R & A MAB / mono <1 no previous 
treatment 
<0.05 post RP 
<4 post RT 

>10  
>4 post RP  

11 

Goldenberg (20) Vancouver, 
Canada 

101 L, R & A MAB / mono <2 >10  
>4 post RP 

17 

Spry (114) Perth, 
Australia 

239 L, R & A MAB Variable- all 9 
months treatment 

>20 31 

Lane (95) London U.K. 125 L, R & A MAB / mono <4 >20  30 

Prapotnich (101) Paris, France 411 L, R & A MAB <4 >20 40 

Albrecht (96) Europe 114 A  MAB <20 or  
<20% initial 

>20 or  
>1.5x nadir 

6  
(at 1 year) 
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Table 4-4 Overall survival, time off treatment and time to developing AIPC for all patients by group 

 

Group 1  

Localized disease  

(N0/M0) (n=517) 

Group 2 

Biochemical 
recurrence  

(N0/M0) (n=563) 

Group 3 

Metastatic disease 
(N+ or M+) (n=366) 

Overall survival at 5 
years 

90% 86% 68% 

Patients off treatment at 
2 years 

29% 33% 16% 

Patients with AIPC at 5 
years 

10% 17% 41% 
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Table 4-5 
Summary of 
risk factors 
as 
predictors 
of outcome 
in 
univariate 
analysis by 
group 

 

 Time off treatment Androgen resistance Overall survival 
Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 

T stage 1/2 - - - - - - - - - 
3/4 - 1.48 *** - - - - 1.85 ** - - 

Initial PSA <10 - - - - - - - - - 
10-75 1.47 ** 1.44 *** 1.77 ** 6.42 *** 1.62 * 5.52 ** 2.7 ** - - 
>75 1.41** - 1.66 *** 2.65 ** - 3.26 ** - - 2.33 *** 

Grade 2-7 - - - - - - - - - 
8-10 - 1.36  ** - - - - - - - 

PSA Nadir <1 - - - - - - - - - 
1-2 1.68 *** - - - - 2.12 ** - - 2.12 ** 
>2 - 1.77 *** 1.43 *** - - - - - - 

Type of 
medication 

MAB - - - - - - - - - 
a/a 2.14 * 2.59 * - 3.78** - - - - - 
LHRH - - - 4.41 ** - - - - - 

Duration on 
treatment 

≤ 4 months - - - - - - - - 1.86 * 
4-8 months - - - 4.44 * - - - - 2.83 *** 
≥ 8 months - - - 6.05 ** - - - - - 

Age <65 - 1.55 *** - - - - - - - 
≥65 - - - - - - - - - 

PSA restart 
threshold 

≤ 15 - - - - - - - - - 
>15 - - - - - 1.33 * - - 1.65 ** 

Previous 
treatment 

None - - - - - - - - - 
RT &/or RP - - 2.2 *** - - - - - - 
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Table 4-6 The PSA threshold as a predictor of treatment success 

 

PSA threshold for restart 
(ng/ml) <15 ≥15 P value 

Off treatment at 1 year in 
subsequent treatment 

cycle (%) 
29 27 0.83 

Androgen independent at 
5 years (%) 16 28 0.018 

OS at 5 years (%) 87 79 0.0025 
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Table 4-7 Time off treatment as an early indicator of treatment success 

 
Off treatment 
at 2 years 

Androgen Independence Overall Survival 

HR HR 95%c.i.  

No 12.12 5.93 – 24.74 2.24 1.56-3.23 

Yes ref ref 

 Chi squared = 97.77 

P <0.0001 

Chi squared = 21.49 

P < 0.0001 

*Off 
treatment at 
2 years 

Androgen Independence Overall Survival 

HR 95%c.i. HR 95%c.i. 

No 9.5 4.6 – 19.5 2.2 1.45 – 3.2 

Yes ref ref 

 Chi squared = 68.33 

P <0.0001 

Chi squared =  15.76 

P <0.0001 

*Off 
treatment at 
3 years 

Androgen Independence Overall Survival 

HR 95%c.i. HR 95%c.i. 

No 6.82 2.96-15.72 2.93 1.68 – 5.11 

Yes ref ref 

 Chi squared = 34.18 

P <0.0001 

Chi squared =  17.73 

P <0.0001 
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Figure 4-1 Kaplan-Meier survival analysis of risk factors 

a, OS by group; b, duration of remission in patients with localised disease treated 
primarily with HT(group1) by initial PSA level (ng/ml); c, OS by PSA threshold to 
restart treatment; d, the duration of remission in patients with localised disease treated 
primarily with HT (group1) by duration of HT. 
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Figure 4-2  Plots showing the relative contributions of individual factors in multivariate 
models predicting treatment outcomes 
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CHAPTER 5.  STUDY 2: QUALITY OF LIFE CHANGES 
DURING ANDROGEN SUPPRESSION TREATMENT AND 

TREATMENT CESSATION 

5.1 HYPOTHESIS, AIMS AND OBJECTIVES  

Hypothesis 
That HQOL scores derived from measurement of quality of life will deteriorate during 
AST, and recover following treatment cessation. 

Observation Statement. 
Measures of HQOL will decline during AST, and recover following treatment cessation 

Aim 
To test the observation statement ‘Measures of HQOL will decline during AST, and 
recover following treatment cessation’, the longitudinal pattern of change to HQOL 
observed during the iTREAT period and subsequent POST period were compared.  

Specific objectives 
• Establish comparability of our baseline HQOL data with EORTC normative data, 

and explain any variance. 
• Summarise change in HQOLscores across function and symptom scales over the 

treatment ( iTREAT) phase, and subsequent POST period in those men remaining 
OFF treatment  

• Establish the role of covariates recognised to affect HQOL during the iTREAT 
phase and POST phase. 

5.2 CONTRIBUTORS ROLES 

My contribution was as follows: I wrote the protocol. I arranged the financial 
sponsorship for the study, designed all documentation and procedures for the study, 
arranged staffing, and through national and personal approach, achieved wide ranging 
and multidisciplinary collaboration involving Urologists, Medical Oncologist, and 
Radiation Oncologist, targeting both public hospital environments, and private rooms 
environments. This study is the first national multidisciplinary Urological Cancer study 
collaboration in Australia.  

I contributed about 10% of the patients to the study. The analysis for this paper was 
undertaken with the statistical guidance of Mr Kieran McCaul, statistician. I wrote the 
manuscript. I. The other co-authors were members of the trial management team, data 
managers and lead accruer to the study. They all approved the manuscript prior to 
submission.  
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5.4 ABSTRACT 

OBJECTIVE 
Health related quality of life (HQOL) research is a means of broadening the assessment 
of treatment effects. This longitudinal study investigated the dynamic change to quality 
of life (HQOL) and testosterone dependant physiology in men commencing an 
intermittent maximal androgen blockade program (IMAB).  

PATIENTS AND METHODS 
Two hundred fifty men were accrued to the multi-centre study of IMAB (Eulexin® 
250mg TDS, Lucrin® 22.5mg depot) ceasing treatment after 9 months if PSA <4ng/ml, 
and restarting when PSA > 20ng/ml. HQOL was assessed every 3 months for 30 months 
using the EORTC QLQ-C30 and EORTC QLQ-PR25 module. 

RESULTS 
Data completion for the whole study was 90%. At baseline, our cohort was less 
symptomatic and had better function than the EORTC reference cohort, which may be 
related to a shift in clinical practice with time. Testosterone suppression (AS) lead to a 
significant reduction in global HQOL and deterioration in most function and symptom 
scales. During the off period, there was a trend of progressive improvement in HQOL 
that paralleled testosterone recovery but was slower than the rate of deterioration during 
the treatment phase. Maximum recovery of HQOL occurred most frequently by months 
9-12. Testosterone recovery was slower and less complete in older men, and lead to 
concomitant poorer HOQL recovery. 

CONCLUSION 
Whilst the magnitude of mean change to scale scores was small, there was a consistent 
and simultaneous deterioration during maximal androgen blockade (MAB) and 
improvement during androgen recovery. Older men are more likely to show an impaired 
testosterone recovery, and this was paralleled by a slower HQOL recovery. Newer 
methods of analysis to describe results in a way that has meaning to the individual 
patient are warranted. 

 

5.5 INTRODUCTION 

The introduction of the prostate specific antigen (PSA) blood test into routine clinical 
practice in Australia and the USA in the 1990s has led to earlier diagnosis of prostate 
cancer(115;116). Men are often minimally symptomatic or completely asymptomatic 
and can be expected to survive substantially longer than their historical counterparts 
(116;117). More than 2000 men in Australia (118) and more than 80,000 in the USA 
(116) commence on-going AS each year. Characterization of treatment toxicity and 
initiatives to reduce it are now seen to be an important priority for research 
(117;119;120). Intermittent androgen deprivation is a treatment initiative that aims to 
improve quality of life, reduce treatment cost and achieve equivalent or better overall 
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survival than continuous AS(117;121).  However, until the results of ongoing phase III 
studies are available intermittent therapy should remain an experimental approach 

Health related quality of life (HQOL) research emerged in the late 1980s as a means of   
broadening the assessment of treatment effects beyond identifying the absence of 
disease. HQOL is generally operationalised to five core functions: mental health, 
physical health, social functioning, role functioning, and global perception of well being 
(122).  A variety of symptom measures can be included to extend the coverage of the 
instrument.   

In 1998, we initiated a study to examine the dynamic changes to quality of life and 
testosterone dependant physiology in men commencing an intermittent program of 
maximum androgen blockade (MAB). This was an Australian multi-centre longitudinal 
study (GUOG 98.01) that employed a single regimen intermittent maximal androgen 
blockade (IMAB) program.  Our aims in this paper are to establish the reliability and 
validity of the EORTC QLQ-C30 and QLQ-PR25 prostate module in our Australian 
population; compare the pre-treatment HQOL profile of contemporary Australian 
patients with the normative EORTC reference data for men with prostate cancer; 
describe the longitudinal changes to HQOL associated with the period of MAB for 
prostate cancer and testosterone recovery (during the off treatment period) and 
characterise changes in HQOL associated with disease relapse identified during the 
study period. 

 

5.6 PATIENTS AND METHODS 

The study committee encouraged accrual from a wide range of clinical practices in 
Australia, (ranging from teaching hospitals to private offices), to reflect contemporary 
Australian medicine.  

5.6.1 Eligibility and Treatment Program 

For inclusion in the study, all men were required to have a histological or cytological 
diagnosis of adenocarcinoma of the prostate and to have an ECOG performance status 
of 0, 1 or 2 at baseline. All participating clinicians obtained Institutional Ethics 
Committee approval and written consent from each participant. Androgen suppression 
(AS) was achieved by a maximal androgen deprivation program employing Flutamide 
(Eulexin) 250mg tid and Leuprolide (Lucrin) 22.5mg three monthly depot. The 
duration of the first course of testosterone suppressive treatment was scheduled for nine 
months, at which point patients would cease therapy providing their PSA level was 
below 4ng/mL. Assessments were undertaken at three monthly intervals throughout the 
study period. AS was recommenced when the PSA exceeded 20ng/mL, or exceeded the 
presenting PSA if this were less than 20ng/mL, or for clinical activity of disease. 

Disease extent was prospectively categorized as: Locally advanced disease without 
evidence of metastatic disease but not considered suitable for or declining radical 
treatment; Metastatic disease where metastatic disease had been confirmed and 
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PSA>10ng/mL; Recurrent local disease following radical prostatectomy, or radical 
radiotherapy and associated with a rising PSA ≥ 2ng/mL, measured on three 
consecutive occasions, at intervals of at least one month or more apart and without 
evidence of metastatic disease. 

5.6.2 QOL Assessment  

After reviewing existing quality of life (QOL) questionnaires for appropriate item 
content and adequate psychometric properties, we selected the European Organization 
for Research and Treatment of Cancer EORTC QLQ-C30 version 2.0 core questionnaire 
and prostate specific module QLQ-PR25 version 3.0 combination. (The QLQ-PR25 has 
been developed within the EORTC module development group, and is widely employed 
but the international validation study has not yet been reported (123)). The QLQ-C30 
core questionnaire incorporates nine multi-item scales: five functional scales (physical, 
role, cognitive, emotional, and social); three symptom scales (fatigue, pain, and nausea 
and vomiting); and a global health and quality of life scale. Several single item 
symptom measures were also included (see Table 5-1). All scales are scored from 0 to 
100. High scores for a functional scale represented high or healthy levels of functioning, 
and similarly for global health or quality of life. High scores for a symptom scale or 
item represented high levels of symptomatology or problem. Previous evaluations of the 
core instrument reported good internal consistency and reliability coefficients (124).  
The prostate module QLQ-PR25 is proposed to contain three additional symptom scales 
(urinary, bowel, sexual) and five treatment related items. All participating clinicians and 
their staff received detailed verbal and written guidelines for the administration of the 
QOL questionnaires, which were to be self-administered prior to seeing the doctor at 
baseline and every third month for a 3-year period. 

5.6.3 Instrument reliability  

A factor analysis was performed at baseline, and following 3 months of MAB, to 
confirm the relationships amongst the 25 items of the QLQ-PR25 in both the pre-
treatment and on-treatment condition. The number of factors retained was determined 
by scree plot and parallel analysis and then orthogonal varimax rotation to make the 
identified factors conceptually meaningful. The three proposed sub-scales, urinary, 
sexual and bowel were confirmed (Table 5-1). 

Reliability of the instruments in our Australian population was determined by 
examining their internal consistency using our own data at baseline. Subscales with 
internal consistency estimates of less than 0.70 were examined with specific attention to 
inter-item correlations and item-to-subscale total correlations. Items not consistent with 
others in the scale were reported as single item scales. 

 

Internal consistency estimates for the QLQ-C30 subscales ranged from 0.32 to 0.92. 
The physical function scale achieved 0.53 and 0.60 and the removal of items did not 
improve concordance. Five items were employed, each scored dichotomously and we 
suggest these estimates are acceptable (QLQ-C30 Version 3.0 employs a four point 
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Likert scale). The cognitive scale achieved 0.54 and 0.58, but it employed only two 
items, and so these values are considered acceptable 

Internal consistency of the QLQ-PR25 subscales exceeded 0.7 at both time points for 
the urinary and sexual subscales.  Factor analysis did not find association of the urinary 
discomfort question with the urinary subscale. The optional sexual response questions 
will be presented in a subsequent report. Internal consistency scores for the bowel scales 
at baseline and 3 months were 0.42 and 0.63. 

5.6.4 Scoring and comparative analysis techniques 

To establish comparability with the EORTC reference data, our baseline QLQ-C30 
mean scores were compared with the normative EORTC reference data using 
independent samples ANOVA. Because of multiple scale testing, statistical significance 
was set at p<0.01. Score change over time was calculated for each scale to investigate 
the effect of androgen deprivation. Clinical importance was defined as change in mean 
score greater than 10 percentage points for an individual scale (125). The influence of 
other covariates was examined using linear regression analysis. Comparisons were 
conducted with ANOVA or chi-square according to the nature of the data. All statistical 
assessments were conducted using Stata v.8 statistical software (81). 

 

5.7 RESULTS 

Recruitment began in July 1999, 250 men were registered, and follow up closed for this 
analysis in July 2004. Baseline demographic data is shown in Table5-2. 

5.7.1 Missing Data 

Questionnaire return was 90% for the duration of this study analysis. Reasons for 
missing data are displayed in Figure 5-1. Censuring due to re-treatment increased as 
anticipated. Median time to re-treatment from end of treatment was 14.5 months. 
Neither these events, nor death (2.5%), major intercurrent illness (3.2%) and follow up 
assessment not yet reached (7.6%) were considered as lost data, but all other causes 
were. Withdrawal due to protocol violation (6%) or patient request (4%) was 
uncommon. 

5.7.2 Baseline HQOL 

The mean scale scores for the QLQ-C30 and prostate specific module are listed in Table 
5.3.  Functional domains scored well (82.15-88.8), although overall HQOL was less at 
73.23. Of the symptom subscales, fatigue (18.4), sleep problems (17.8), pain (14.3) and 
dyspnoea (13.5) scored highest. The prostate module identified substantial impairment 
of sexual function at baseline. Mean values for interest in sex were low at 32.36, and 
only 45.7% reported any activity.  
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5.7.3 Comparison with EORTC Reference data set 

Compared with the overall EORTC reference data set, our Australian cohort reported 
better function and were less symptomatic, Figure 5-2(a). Clinically relevant differences 
were confined to role and physical functions and fatigue, dyspnoea and pain symptoms, 
Table 5-1. The influence of disease extent was investigated by comparing our locally 
advanced and metastatic disease subgroups with their respective EORTC reference data 
sets (126). (Currently, reference data is not available for the prostate module). Better 
scores were again observed for our cohort, but the biggest differences were seen in men 
with metastatic disease Figure 5-2(b), with nine scales showing clinically relevant 
differences, compared with only one cohort with locally advanced disease Figure 5-2(c). 

5.7.4 Characteristics of the Locally Recurrent Group 

EORTC do not currently have reference data for this group. Data were collected on a 
subgroup of 110 men presenting with PSA-only failure attributed to local failure 
following previous radical surgery or radiotherapy treatment to their prostate. 
Comparing those with locally recurrent to those with metastatic or locally advanced 
disease reveals a similar pattern of core function across the three groups, Figure 5-2(d). 
Better function scores were observed for those with locally recurrent disease but only 
physical function attained statistical significance. Symptom scores were more variable, 
but those with locally recurrent disease tended to report lower symptom scores, 
although the differences were not statistically significant. 

5.7.5 Changes during MAB (baseline to 9 months) -Testosterone and 
PSA 

At three months 98% of patients achieved biochemical equivalent castrate testosterone 
levels <2nmol/L (range 0.2 – 4.2). Castrate testosterone levels were maintained 
throughout the AS phase. After 3 months of AS, all patients demonstrated a fall in PSA 
of at least 45%, with 92.4% achieving a PSA of 5ng/mL or less. 

5.7.6 Changes during MAB (baseline to 9 months) - HQOL 

After 9 months, androgen suppression lead to a progressive deterioration in scores for 
22 of 23 scales, with most of this occurring in the first 3 months. Changes in 12 of these 
scales were significant. Only one scale, pain, showed an improvement (0.5 points NS). 
Figure 5-3 displays score change over time for scales showing significant change by 9 
months. 

The degree of change on each scale is shown in Table 5-4.  Significant deterioration was 
observed for physical and role core functions, but none achieved clinical relevance. In 
contrast, deterioration in sexual function was clinically relevant. Complete loss of 
interest in sex increased from 37.2% prior to treatment to 72.2%, and complete sexual 
inactivity rose from 54.3% to 86.9%.  Deterioration in 9 of 17 symptom scales was also 
significant, but clinically relevant deteriorations were observed for only three of them, 
hot flushes, sleep disturbance and loss of maleness. 

Recognised bowel and hepatic toxicity associated with Flutamide treatment led to 
dosage adjustment in 25.2% of patients, (20.1% ceasing completely) at the 3-month 
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assessment. Subsequently, diarrhoea score returned to baseline levels for the rest of the 
study period. Flutamide dose adjustment predicted for change in diarrhoea score at three 
months, (score 21.7 v 10 points) but did not significantly influence any other scale 
change.  Compliance problems where treatment was prematurely ceased or continued 
beyond the 9-month schedule were classified as major protocol violations, and the 
affected patient data was censured from that point (2.1% men). 

The influence of baseline factors on score change was investigated. PSA was not 
significant. Higher baseline testosterone was associated with greater weight gain score 
by 9 months, but no other scales were influenced.  Disease extent at presentation 
influenced change only to the urine disturbance domain; the locally advanced and 
metastatic patients reported little change contrasting with a worsening of 6 points for the 
locally recurrent group. However, this difference did not achieve clinical importance. 

5.7.7 Testosterone and PSA changes during Testosterone recovery, 
months 0-21 off therapy 

Following treatment cessation, testosterone recovery was progressive and median time 
to eugonadal levels (10ng/mL) was 9.3 months, after which a gradual decline in mean 
testosterone level became apparent. PSA rose progressively during this period and was 
the sole trigger for re-treatment (median interval to retreatment 14.5 months). 

5.7.8 HQOL changes during Testosterone Recovery Period (Months 0-21 
off therapy) 

Score changes during testosterone recovery mostly showed a biphasic pattern. They 
initially improved to peak after 9-12 months before declining thereafter (Fig 5-3). 
During the improvement phase, the rate of score improvement was slower than the prior 
rate of deterioration during MAB. Improvements from end of MAB to peak recovery 
were significant for emotional function, sexual function, fatigue, sleep and hot flushes, 
and achieved clinical relevance only for hot flushes. In general, HQOL scores returned 
to the baseline levels during the testosterone recovery phase. Disease extent at baseline 
was not a factor for recovery.  Following peak recovery, there was a general trend of 
gradual score worsening for those remaining off therapy. We investigated possible 
explanations for this observation. 

5.7.9 Factors influencing the biphasic pattern of HQOL recovery 

The number of men remaining off therapy reduced with time so that, by 12 months off 
therapy only 111 men remained off therapy. HQOL scores for those being retreated, at 
the time of re-treatment, were as good as or better than the peak recovery scores of the 
whole off-treatment group. Further, 60.6% had achieved eugonadal testosterone of 
10ng/mL or greater, 59.1% recommenced treatment with PSA<20, and only 6.5% with 
PSA>40. Hence the unexpected HQOL decline seen after 12 months could be due to 
selective withdrawal of men with good HQOL scores rather than real deterioration.  
Accordingly, we dichotomised the off treatment group into those re-commencing 
treatment at twelve months or earlier from the end of MAB (Early re-treatment group), 
and those remaining off treatment at that time (Late re-treatment group). We selected 
this time point to correspond with the time of peak score recovery for the whole group. 
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Testosterone recovery was more prompt and substantial in the early re-treatment group. 
At 6 months into the recovery period, mean testosterone for the Early re-treatment 
group was 11.4 compared to 6.9 for the Late re-treatment group. The Early re-treatment 
group exceeded eugonadal levels by 6 months, whereas this was not achieved by 12 
months in the Late re-treatment group. Comparison of their baseline characteristics 
revealed that the Early re-treatment group was significantly younger (73.4yrs v 77.1yrs 
p<0.001) and presented with higher PSA (56.2 v 23.3 p<0.01). However, there were no 
differences in their presentation serum testosterone or HQOL scores at baseline, nor 
following 9 months of MAB. Finally, examination of the longitudinal score profiles of 
the individual late re-treatment group scales confirmed a slower and less complete 
recovery following the completion of MAB, rather than a later decline (data not shown). 
These results imply that whilst HQOL score recovery is dependent on testosterone 
recovery, so is disease relapse, and rapid testosterone recovery leads to earlier re-
treatment, leading to significant selection bias in the group remaining off treatment 
longest. 

 

5.8 DISCUSSION 

Three compelling findings arise from our observations of QOL change during the 
androgen suppression and recovery periods. The 9-month period of androgen 
suppression was associated with a simultaneous and progressive deterioration in a broad 
range of QOL scores. While androgen recovery was associated with improvement in the 
affected scores, improvements occurred more gradually, were of smaller magnitude than 
during the suppression phase, but generally achieved baseline levels. HQOL scores at 
the time of re-treatment were good and approaching baseline levels, suggesting that 
clinicians are not delaying the initiation of treatment to the time that patients are 
symptomatic. 

At baseline, our Australian cohort reported significantly better HQOL function and 
lesser symptom scores than their European counterparts. Increasing age is associated 
with poorer function. The European overall cohort was slightly older, (EORTC mean 
age 74.4 years v ours 72.2 years (p<0.01) (127), however, age differences were not 
significant in the metastatic (mean 72.2 years EORTC v ours 70.1 years NS, p=0.036) 
nor locally advanced subgroup comparisons (EORTC mean 75.2 years v ours 76.8 years 
NS p>0.05). The influence of disease extent was examined in Figure 5-1 

, and better Australian performance appeared to be strongly influenced by the much 
better baseline performance of our metastatic subgroup. The largest score difference 
was observed in the pain scale – 23 points, and was associated with a pattern of worse 
symptom scores in the reference group that would be consistent with substantial 
analgesic use; constipation, nausea, loss of appetite, fatigue, disturbed sleeping, and 
worse physical, role and social core functions. PSA screening is widespread in 
contemporary Australia and other Western countries, and is a practice that is recognised 
to lead to the earlier ‘presymptomatic’ diagnosis of metastatic disease (115;117).  In 
contrast, this practice was uncommon in Europe at the time of EORTC reference data 
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collection (128). Men with metastatic disease were more likely to have presented later, 
when disease had become sufficiently advanced to be symptomatic.  We suggest that 
many men will now commence treatment without symptoms and hence changes to their 
QOL will arise as side effects of the MAB therapy. 

Men with PSA relapse following local treatment are now a common presentation for 
systemic treatment  (44% in our study) but there is no EORTC reference data for this 
group. Although our cohort was younger, and comprised men who presented with ‘PSA 
only’ failure, their presentation HQOL profile differed only marginally from our 
metastatic and locally advanced cohorts, with a clinically important better physical 
function score being the only notable difference. This finding is not surprising, as they 
had been deemed fit enough previously to have undertaken radical treatment. Disease 
extent did not predict changes in HQOL score following AS apart from a ‘clinically 
unimportant’ worsening of scores for the urinary disturbance scale for the locally 
recurrent group. The value of categorizing disease extent as a factor for predicting 
quality of life appears to have lessened in the PSA era.  

The changes to HQOL scores we observed following AS are consistent with the 
literature; marked loss of potency, significant increase in hot flushes and small 
magnitude changes to function scales that accompany the initiation of 
treatment(72;124;124;129-133). However, the literature is inconsistent when describing 
the direction of function change. Some reports describe a general improvement of 
physical, emotional and overall functions along with pain score(72;124;129;130), whilst 
later reports describe worsening(124;131-133). The latter are in line with our own 
experience.  We suggest that this apparent disparity could be explained by a reducing 
proportion of men with symptoms of advanced disease in more contemporary reports, 
including our own. Improvements in function or symptom scores attributable to 
therapeutic reduction of symptoms would be expected to contribute a much smaller 
effect, and could be overwhelmed by toxicity effects. 

During the period of MAB, the number of scales that showed simultaneous score 
deterioration was striking. The greatest change occurred during the first 3 months with 
role function and 8 symptom scale changes being significant. By 9 months, deterioration 
had become significant for weight gain also. In contrast, only the pain scale showed 
numerical but not significant improvement. Clinically relevant changes were confined 
to hot flushes and loss of sexual function. Some symptom changes warrant closer 
review. Pain, a typical manifestation of symptomatic disease, was not prevalent at 
baseline and scored modestly. Causes of pain other than cancer could be expected to 
contribute in this age group diluting any possible treatment effect, but it is interesting 
that improvement only became significant over the longer treatment period, not at 3 
months. 

The contribution of drug toxicity to the effects of AS appears modest in our group in 
comparison with others (130). Diarrhoea is a recognized side effect of Flutamide. In our 
study this lead to 25.2% patients adjusting dosage, with complete resolution of this side 
effect for the rest of the study period. Dose adjustment was not a factor influencing 
score change for any of the other scales. In contrast, changes observed following 
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cessation of AS medications were only minimally apparent at six weeks and 3 months. 
Subsequent changes paralleled the recovery of testosterone. Major compliance problems 
affected only 2.1% of our patients. Our experience suggests that few contemporary 
patients will feel better as a result of commencing AS therapy, and common treatment 
toxicity can be effectively addressed. 

As anticipated, there was a trend of HQOL recovery following the discontinuation of 
AS that was consistent with others (117;134). The rate of improvement was more 
gradual than during the prior MAB phase, taking 9-12 months to achieve the best 
scores. This coincided with the median time to eugonadal recovery, reinforcing their 
close connection. The subsequent decline in scores (Figure 5-3) appeared due to 
selection bias arising from the earlier withdrawal, because of re-treatment, of a group of 
men who had good HQOL scores. The Late re-treatment group had slower and 
incomplete recovery of testosterone and poorer HQOL score recovery. However, HQOL 
scores for these 2 groups were indistinguishable at baseline and also at the completion 
of MAB, so the differences became apparent only in the testosterone recovery period. 
The Late re-treatment group were significantly older and it is recognised that increasing 
age impairs the functional capacity of the hypothalamic-testis axis (135). Finally, 
despite the implication that the higher PSA levels in the early re-treatment group 
indicated more active cancer, their good HQOL scores at relapse suggest that clinicians 
did not delay the recommencement of treatment inappropriately. 

Our results have to be reviewed with caution. Our patients were a multi-centre sample 
who gave consent to be in the study, therefore some element of selection bias will be 
present. However, it was our intention to reflect the range of clinical practice in 
Australia, and avoid the generalisation problems of studies where sampling is drawn 
from only one practice type - commonly academic units. Our patient age profiles match 
the Australian prostate cancer profiles closely (data not shown)(118). We employed a 
within person comparison design because of its greater sensitivity to change over the 
cross sectional between-patient design or comparison with controls. Missing data was 
not significant in our study. 

Contemporary Australian men with prostate cancer have better function and less 
symptom problems than the EORTC reference group explainable in part by the changes 
in clinical practice that have occurred between the EORTC and our sampling periods. 
There was a consistent and simultaneous deterioration in multiple QOL scales during 
MAB maximal in the first 3 months of treatment, but which recovered following 
treatment cessation. However, the rate of improvement followed the androgen recovery, 
and in older men, this could be significantly delayed. Newer methods of analysis are 
needed that can summarise the multiple QOL changes in a way that is clinically 
meaningful to the individual 
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Table 5-1 
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Table5-2
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Table 5-3 



   

103 

  

Figure 5-1 . Allocation of questionnaire return status at each time point for first 9 months of treatment and subsequent 21 months off treatment  
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Figure 5-2 Comparison of scale scores at baseline, (confidence intervals included 
for Australian data)  

(a)  Whole cohort scores, Australian versus EORTC   (b)  Subgroup- locally advanced 
disease, Australian versus EORTC  (c)  Subgroup- metastatic disease, Australian versus 
EORTC (d) Comparison of Australian locally recurrent subgroup with locally advanced 
versus metastatic disease subgroups. 
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Figure 5-3. Mean score for scales during 30-month period of treatment and androgen recovery. (Scales reporting non-significant changes 
during androgen suppression not included).  
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Table 5-4.  Prostate Cancer Specific Module QLQ-PR25 (questions ordered according to subscale) 

No Item Subscale Chronbach Alpha 
internal 

consistency 
estimate Month 0 

Chronbach Alpha 
internal 

consistency 
estimate Month 3 

     
31 Have you had to urinate frequently during 

the day? 

Urine 

function 
0.78 0.80 

32 Have you had to urinate frequently at night 

33 When you felt the urge to pass urine, did 
you have to hurry to get to the toilet? 

34 Was it difficult for you to get enough sleep, 
because you needed to get up frequently at 
night to urinate? 

36 Have you had any unintentional release 
(leakage) of urine? 

39 Have your daily activities been limited by 
your urinary problems? 

     
35 Have you had difficulty going out of the 

house because you needed to be close to 
a toilet? 

Bowel 

function 
0.43 0.63 

40 Have your daily activities been limited by 
your bowel problems? 

41 Have you had any unintentional release 
(leakage) of stools? 

42 Have you had blood in your stools? 

     
50 To what extent were you interested in sex? 

Sexual 

function 
0.78 0.76 

51 To what extent were you sexually active 
(with or without intercourse)? 

     
37 Did you have pain when you urinated?    

38 Answer this question only if you wear an 
incontinence aid. Has wearing an 
incontinence aid been a problem for you? 

   

43 Did you have a bloated feeling in your 
abdomen? 

   

44 Did you have hot flushes?    

45 Have you had sore or enlarged nipples or 
breasts? 
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46 Have you had swelling in your legs or 
ankles? 

   

47 Has weight loss been a problem for you?    

48 Has weight gain been a problem for you?    

49 Have you felt less masculine as a result of 
your illness or treatment? 

   

     
52 To what extent was sex enjoyable for you?    

53 Did you have difficulty getting or 
maintaining an erection? 

   

54 Did you have ejaculation problems (e.g. dry 
ejaculation)? 

   

55 Have you felt uncomfortable about being 
sexually intimate? 
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CHAPTER 6  STUDY 3: MOOD AND COGNITION 
CHANGES DURING AND AFTER ANDROGEN 

SUPPRESSION TREATMENT  

6.1 HYPOTHESIS, AIMS AND OBJECTIVES  

Hypothesis 
Mood and cognition will be adversely affected by AST, but will improve following 
treatment cessation. 

Observation Statement. 
Measures of mood and cognition will deteriorate during AST and recover following 
treatment cessation. 

Aim 
To test the observation statement, markers of mood and cognition were assessed 
longitudinally during the iTREAT phase of AST, and following treatment completion 
during the POST phase.  

Specific objectives 
• Characterise the prevalence of significant anxiety and depression and measure 

cognitive function at baseline. 
• Establish the effect of AST and cessation of treatment on 

o Depression 
o Anxiety 
o Cognitive functions  

• Investigate the effect of AST on serum Beta Amyloid, a key component of the 
pathophysiology pathway that leads to the development of Alzheimers Disease.  

 

6.2 CONTRIBUTORS ROLES 

My contribution was to co-write the protocol with Professor Almeida, which by 
drawing on my considerable experience observing men undertaking androgen 
suppression, lead to rationalising and extending the choice of assessment tools, deciding 
the timing of assessment points, and accruing most of the patients. As part of the study 
management team, we met regularly to review the study progress, and address study 
problems. I contributed to the analysis and co-wrote the manuscript.  
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6.3 REFERENCE 

This chapter has been peer reviewed and published. What follows is a word document 
version of the manuscript, together with scanned copies of the manuscript tables and 
figures.  

One year follow-up study of the association between chemical castration, sex hormones, 
beta-amyloid, memory and depression in men  
Almeida OP, Waterreus A, SPRY NA, Flicker L, Martins R 
Psychoneuroendocrinology 29 (8) 1071-1081 2004 
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6.4 ABSTRACT 

The results of several recent studies suggest that estrogen and testosterone play an 
important role in the modulation of mood and cognitive function in women, and 
preliminary evidence indicates that these hormones may also modulate the levels of 
beta-amyloid (Aβ), a 4 Kilo Dalton peptide that is likely to be involved in the 
pathogenesis of Alzheimer’s disease. However, the physiological and clinical effects of 
reversible castration remain unclear and no systematic data is currently available for 
men. We designed the present study to investigate the effects of reversible chemical 
castration on the mood and cognitive performance of men treated for prostate cancer 
and its impact on the levels of plasma Aβ. Forty men with prostate cancer were 
clinically treated with androgen blockade therapy (flutamide and leuprolide) for 36 
weeks and subsequently followed up for another 18 weeks after treatment was 
discontinued. All subjects received a comprehensive clinical, neuropsychological and 
biochemical evaluation that included the use of the Beck Depression (BDI) and Anxiety 
Inventories (BAI), several subtests of the Wechsler Memory and Intelligence Scales 
(Word Lists-WL, Verbal Paired Associates-VPA, Visual Reproduction-VR and Block 
Design-BD), and biochemical monitoring of changes in estrogen, testosterone and Aβ 
levels. Chemical castration was associated with a rapid and marked decline in the levels 
of testosterone and estradiol, and significant increase in plasma Aβ levels. Treatment 
was associated with increased BDI (p = 0.004) and BAI scores (p < 0.001), although 
such changes were of questionable clinical significance (i.e., few subjects had scores ≥ 
13). CAMCOG (p = 0.046) and WL recall total scores (p < 0.001) improved 
significantly after androgen blockade treatment was discontinued, but visuospatial 
abilities, as assessed by BD, was not influenced by the introduction or discontinuation 
of treatment. There was a significant negative correlation between changes in Aβ levels 
and subjects’ WL total score change between weeks 36 and 54 (r = −0.452, p = 0.012). 
The results of this naturalistic study indicate that chemical castration is associated with 
a significant rise in the plasma levels of Aβ and, clinically, with increased depression 
and anxiety scores.  

The discontinuation of treatment is associated with better cognitive performance, most 
noticeably of verbal memory. The performance of subjects on the WL test was 
negatively correlated with plasma levels of Aβ, but the clinical significance of this 
finding remains to be determined. 

6.5 SUBJECTS AND METHODS 

Patient eligibility and study methods are described in Subjects and methods3.3.1. 
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6.6 RESULTS 

Fifty-seven patients were approached to join the study—7 did not meet the inclusion 
criteria, 2 failed to provide informed consent, and 4 were not available for testing. The 
follow-up data for one other subject had to be discarded because of missing baseline 
information, two withdrew consent, and one man died during the active treatment phase. 
Hence, 40 men with prostate cancer commenced treatment and were available for 
follow-up during the active treatment phase of 36 weeks (Figure 6-1). Subjects’ age 
ranged from 44 to 83 years (mean = 72.4, SD = 7.5). Thirty-two men were married. 
Their formal education ranged from 12 to 20 years (mean = 14.9, SD = 1.4) and all 
came from English-speaking background. Their PSA level at baseline ranged from 5.9 
to 556 ng/mL (mean = 51.6, SD = 106.7). 

Figure 6-2, illustrates changes in testosterone and oestradiol levels during the follow-up 
period associated with chemical castration (weeks 0 to 36) and after the discontinuation 
of treatment (weeks 36 to 54) (3 subjects excluded for weeks 42, 48 and 54 because of 
illness relapse or non-availability for assessment). Analysis of variance for repeated 
measures showed that testosterone level varied significantly between baseline and week 
36 (effect of time—F = 215.8 (df = 4), p < 0.001), and from week 36 to week 54 (effect 
of time—F = 30.6 (df = 3), p < 0.001). A similar pattern was observed for plasma 
estradiol (F = 83.7 (df = 4), p < 0.001 and F = 22.5 (df = 3), p < 0.001, respectively). 
Data on plasma Aβ was available at all points for 30/37 of the men who completed the 
54 weeks of follow-up. Nine of the thirty-seven cases could not be utilized because of 
technical problems associated with the collection and storage of some of the blood 
samples, which resulted in missing data for some of the time-points. Figure 6-2 shows 
the changes in plasma Aβ over time. Aβ levels increased significantly between baseline 
and week 36 (F = 2.7, DF = 4, p = 0.036), but there was no obvious change between 
week 36 and 54 (F = 1.0, DF = 3, p = 0.385). 

Table 6-1, summarizes the results of mood and cognitive assessments from baseline to 
week 54. The complete follow-up data set was not available for 8 subjects for the 
following reasons: one subject had to recommence treatment between week 48 and 54 
due to relapse of illness, three subjects were unavailable for one assessment, two were 
too unwell to reliably complete all the tasks, one subject did not discontinue treatment 
after week 36, and one subject refused to complete all the assessment battery on several 
visits. Analysis of variance for repeated measures showed that the total CAMCOG score 
improved significantly between week 36 and 54 (p = 0.046), although such a change 
lacked any obvious clinical meaning. Similarly, we observed that the Word List total 
recall score, and the Verbal Paired Associates total recall score, improved significantly 
once androgen deprivation therapy was discontinued (p < 0.001 and p = 0.002, 
respectively) (Table 6-1). Again, the improved cognitive performance could not be 
explained by changes in the BDI (r = 0.123, p = 0.454; r = 0.137, p = 0.406, 
respectively) and BAI scores (r = 0.104, p = 0.529; r = −0.241, p = 0.139 , respectively). 
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Contrary to our prediction, subjects’ performance on the Visual Reproduction and 
Block Design tests was not influenced by the introduction or discontinuation of 
hormonal treatment, although percent retention of material on the Visual Reproduction 
test seems to have increased progressively throughout the trial (Table 6-1). 

There was no obvious association between changes in testosterone levels and the 
performance of subjects on the CAMCOG (r = −0.07, p = 0.665), WL total score (r = 
−0.05, p = 0.773), and VPA total score (r = −0.124, p = 0.472). A similar association 
pattern was found for estradiol levels (r = −0.06, p = 0.713; r = 0.172, p = 0.315; r = 
−0.135, p = 0.432, respectively). 

Aβ levels were available for 30 study participants at week 36 and 54. There was a 
significant negative correlation between changes in Aβ levels and subjects’ WL total 
score change between weeks 36 and 54 (r = −0.452, p = 0.012; p = 0.036 after 
Bonferroni correction for multiple comparisons). However, this association was not 
noticeable for VPA (r = 0.09, p = 0.641) or CAMCOG total score (r = −0.02, p = 
0.934). Likewise, the association between change in Aβ level and VR percent retention 
between week 36 and 54 was not significant (r = 0.125, p = 0.509). The correlation 
between change in Aβ and estradiol (r = −0.03, p = 0.858) and testosterone levels (r = 
0.19, p = 0.319) between weeks 36 and 54 was not significant. 

Changes of cognitive scores for the CAMCOG, WL, VPA and VR tests between weeks 
36 and 54 were not significantly associated with changes in the BDI (r = −0.01, p = 
0.940; r = 0.12, p = 0.454; r = 0.14, p = 0.406 and r = 0.23, p = 0.151, respectively) or 
BAI scores (r = 0.06, p = 0.702; r = 0.10, p = 0.529; r = −0.24, p = 0.139 and r = 0.15, p 
= 0.376, respectively). 

BDI scores increased significantly during the initial 36 weeks of active treatment (F = 
4.1, DF = 4, p = 0.004) and declined somewhat thereafter (F = 1.8, DF = 3, p = 0.149, 
table 6.1). Three participants had BDI scores greater than 12 at baseline, which is 
suggestive of clinically significant depression. This number increased to 7/40 at week 
24 and declined to 4/40 at the end of follow-up. A similar pattern was observed for BAI 
scores: they rose from a mean level of 4.3 at baseline to 8.3 at week 36 (F = 8.5, DF = 4, 
p < 0.001), but subsequently failed to return to baseline (F = 1.4, DF = 3, p = 0.238), 
Table 6-1. Only 2/40 subjects had BAI scores greater than 12, suggestive of clinically 
significant anxiety, but this rate went up to 10/40 at week 24 and did not change 
substantially until the end of follow-up. The Pearson correlation between change in BDI 
and BAI scores from baseline to week 36 was 0.45 (p = 0.003). The correlation between 
change in BDI and BAI scores from week 36 to week 54 was 0.30 (p = 0.068). There 
was no association between changes in BDI or BAI scores between baseline and week 
36 with changes in Aβ levels (p ≥ 0.1). 
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6.7 DISCUSSION 

The results of the present study indicate that hormonal suppression and testosterone 
receptor blockade are associated with a significant rise in Aβ plasma level. Whilst, we 
were unable to demonstrate a significant inverse correlation between changes in 
amyloid and hormone levels over time, there was a clear temporal relationship between 
hormonal castration and the rise in Aβ levels (Figure 4-2), and the lack of statistical 
association between these variables can be explained by marked floor effect of hormone 
levels associated with treatment. There was not sufficient change in testosterone and 
estradiol levels over time to produce a statistical correlation with Aβ. Clinically, these 
changes were related to an increase in depression and anxiety scores. In addition, we 
found that discontinuation of treatment was linked to an improvement on a general 
measure of cognitive function (CAMCOG), and on recall total scores for the Words List 
and the Verbal Paired Associates tests. The percentage retention for the Visual 
Reproduction test also increased after treatment discontinuation, but treatment use or 
withdrawal had no obvious effect on the scores of the Block Design test. Taken 
together, these results suggest that marked decline in estradiol and testosterone levels 
are associated with significant changes in mood and memory, but not visuospatial 
abilities. We should also consider the possibility that the cognitive and mood changes 
observed in the present study might be due to the direct effect of leuprolide. However, 
this seems an unlikely explanation for our findings, as previous studies have clearly 
shown that the mental effects of leuprolide treatment are completely reversed by 
estrogen supplementation(136;137). 

An obvious and expected effect of chemical castration is the rapid decline in the plasma 
levels of estradiol and testosterone. We observed a marked fall in the levels of sex 
hormones during the initial four weeks of therapy, which was only partly reversed 
during the follow-up period of four months after treatment was discontinued Figure 
4-2). The cognitive effects of such dramatic hormonal changes were inconsistent, with 
the scores for some of the tests improving, but remaining the same for others. Two 
opposing forces may have influenced the cognitive performance of our subjects 
throughout the study: decline in hormonal levels and repetitive testing. We had 
hypothesized that chemical castration would be associated with a significant 
deterioration of visuospatial abilities (as measured by the Block Design test) and visual 
memory (as measured by the Visual Reproduction test), and that treatment cessation 
would reverse such changes. Our results indicate that neither the introduction nor the 
cessation of treatment influenced visuospatial scores, suggesting that hormone levels 
and learning had no obvious impact on performance after baseline. Other studies have 
reported that testosterone supplementation improves the total score(28) and the mean 
time required to complete the Block Design task(29), but such effects were equivocal 
and only became apparent once supra-physiological levels of testosterone were achieved 
in those experiments. Moreover, we are unable to dismiss the possibility that Block 
Design scores would have improved once testosterone levels had returned to baseline 
(most subjects remained hypogonadal at the end of the follow-up). In contrast, the 
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performance of participants on the Visual Reproduction Test suggests that the study 
procedures were not associated with total immediate recall scores, but had a significant 
impact on delayed recall (as measured by the percentage retention). Learning is likely to 
have played an important role in this regard, particularly during the ‘on treatment’ 
period. The correlation between sex hormone levels and subjects’ cognitive 
performance was not obvious, although this may be partly explained by marked floor 
effect of hormonal levels (i.e., levels could not get any lower after 4 weeks and recovery 
was protracted and incomplete after treatment was discontinued). We also acknowledge 
that the performance of our men in some of the cognitive subscores investigated (e.g., 
recognition for Words) may have been subject to ceiling effect and, for this reason, no 
obvious change could be observed at follow-up. 

A similar rationale could be used to explain the steady improvement in subjects’ 
performance on the Verbal Paired Associates task, but this would not be sufficient to 
account for the results observed for the Word List test. There is no evidence that 
subjects’ total scores were being influenced by learning during the ‘on treatment’ phase 
or, if they were, they were being counterbalanced by deteriorating performance due to 
other factors (i.e., the learning effect associated with repetitive testing in our study may 
have been of the same magnitude as the negative cognitive consequences associated 
with lack of sex hormones). The significant increase in recall total scores during the ‘off 
phase’ suggests that one or more treatment factors were contributing to improve 
performance. For example, the changes in cognitive function observed after 36 weeks 
may have become apparent partly because the learning effect became dissipated and 
enabled the cognitive effects of sex hormones to come to the forefront. Changes in the 
WL total score were not significantly correlated with changes in hormone levels, or BDI 
and BAI scores. Interestingly, however, we found that such cognitive changes were 
significantly associated with changes in the plasma levels of Aβ. 

There is currently substantial evidence indicating that Aβ is a key-component of the 
pathophysiological pathway that leads to the development of AD. Several studies have 
shown that high concentrations of Aβ are neurotoxic and that the presence of both 
estradiol and testosterone reduce its production and attenuates its toxicity in vitro and in 
vivo (138-140). We had previously shown, in a case-series of 6 subjects, that chemical 
castration was associated with increased plasma Aβ levels (141), and that this form of 
treatment might be associated with rapid cognitive decline in patients with AD (142). 
Furthermore, a recently published randomized, placebo-controlled clinical trial of 
estradiol therapy for women with Alzheimer’s disease showed that active treatment was 
associated with a significant reduction of plasma Aβ40 at the end of 8 weeks, although 
this effect was only apparent for women who had never used hormone replacement 
therapy before (143). These results are consistent with our own findings and suggest 
that estradiol and testosterone are directly or indirectly involved in the metabolic 
pathway of Aβ in humans. 

In a longitudinal study, higher plasma levels of Aβ at entry predicted subsequent 
development of AD after multivariate analysis allowing for age, education, APOE 
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genotype and ethnic group (144). In addition Mehta et al.(145)found that patients with 
AD have higher plasma levels of Aβ than controls, but were unable to show an 
association between Aβ plasma level and cognitive performance as measured by the 
MMSE. Our results confirm that there is no association between changes in Aβ plasma 
level and performance on the CAMCOG (which is a measure of general cognitive 
function like the MMSE), but indicate the presence of a significant inverse correlation 
between changes in the concentration of plasma Aβ and verbal memory scores. 
Preliminary evidence from animal studies shows that the infusion of Aβ into the 
cerebral ventricle decreases the activity of soluble protein kinase C in the hippocampus 
and produces memory deficits(146). At present, however, there is no direct evidence 
that the concentration of Aβ in the plasma is associated with the concentration of Aβ in 
the brain. Furthermore, the lack of a clear association between improved memory 
performance after the discontinuation of androgen blockade therapy and plasma Aβ 
would suggest that, in humans, plasma levels of Aβ do not directly drive cognitive 
performance. The long-term clinical implications of such a change of plasma Aβ are 
less clear and will require further research (for example, would the menopause lead to a 
sustained increase in plasma Aβ and risk of AD?). 

The results of the Women’s Health Initiative Study (WHIS), however, have shown that 
the risks associated with hormone replacement therapy (estrogen plus progestin) 
outweigh its potential benefits(147). In addition, the cognitive performance of 
postmenopausal women aged 65 years or older treated with HRT does not improve 
when compared to women treated with placebo for 4.2 years. In fact, significant 
cognitive decline (deterioration of 8–10 points on the Modified Mini-Mental State 
Examination score) was more likely to occur in women treated with estrogen plus 
progestin than placebo(148). The results of the arm of the WHIS that used estrogen 
replacement only (as opposed to estrogen plus progestin) are not as yet available and we 
are not aware of any large trials designed to investigate the cognitive effects of 
testosterone replacement in humans. As a consequence, it remains unclear whether 
estrogen and testosterone replacement treatment will ever be considered a practical 
preventative strategy to reduce the burden of cognitive impairment in later life. 

We have also found that BDI scores increased significantly during the ‘on treatment’ 
period and tended to decline after the chemical castration was discontinued. However, 
the number of people with clinically significant depressive symptoms did not change 
significantly throughout the study. A similar pattern was observed for anxiety scores. A 
large survey of 5236 Vietnam veterans found a weak but significant association between 
testosterone levels and depression, as assessed by the Diagnostic Interview Schedule 
(DIS)(24). There is also preliminary evidence that testosterone secretion is lower in 
depressed than non-depressed men(25) and that testosterone supplementation increases 
response to antidepressant therapy in patients with treatment-resistant 
depression(27;149). Animal studies indicate that estrogen increases the uptake and 
synthesis of serotonin (5-HT), upregulates 5-HT1 and downregulates 5-HT2 receptors. 
The hormone also increases the turnover of noradrenaline, decreases noradrenaline 
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uptake from the synaptic cleft, inhibits monoamino oxidase activity and enhances beta-
adrenoreceptor binding. Taken together, these findings suggest that, like most 
antidepressant medications, estrogen acts as a serotonergic and noradrenergic agonist 
(see Almeida & Barclay, 2001(150) for review). Clinical evidence for the mood-
regulating effect of estrogen is relatively robust for women(151;152), but is less well 
established for men. Our study may have lacked the necessary power to detect clinically 
significant changes in mood associated with chemical castration, but its results are 
consistent with the hypothesis that sex hormones modulate certain aspects of mood. 

In summary, the results of this naturalistic study indicate that chemical castration is 
associated with a significant rise in the plasma levels of Aβ and, clinically, with 
increased depression and anxiety scores. The discontinuation of treatment is associated 
with changes in cognitive performance, most noticeably of verbal memory, but the 
clinical implications of such preliminary findings remain to be determined. 

http://www.sciencedirect.com.ezproxy.library.uwa.edu.au/science?_ob=ArticleURL&_udi=B6TBX-4BG3J4P-1&_user=554529&_coverDate=09%2F30%2F2004&_rdoc=1&_fmt=&_orig=search&_sort=d&view=c&_acct=C000028118&_version=1&_urlVersion=0&_userid=554529&md5=5b83709f74cc2c36e0b512b6961a64bb#bib1#bib1�
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Figure 6-1 Flow diagram of subjects’ progress through the phases of the study. 
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Figure 6-2. Plasma testosterone (top), estradiol (middle) and β-amyloid1–40 (Abeta) 
(bottom) levels of men receiving hormonal deprivation therapy. The blue lines indicate 
mean plasma levels during the period of chemical castration (baseline to week 36), red 
lines indicate the mean plasma levels during the ‘off treatment’ period (weeks 36 to 54). 
The vertical bars represent the standard deviation. 
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Table 6-1. Depression, anxiety and cognitive scores associated with the ‘on’ (italicized area) and ‘off’ phase of androgen deprivation therapy for the treatment of prostate 
cancer (information reported only for subjects who completed all relevant assessments) 

 

 

p-value refers to the probability, in an analysis of variance for repeated measures, that the observed scores changed by chance over the specified period 
of time. 

B = p-value after Bonferroni correction for multiple comparisons. BDI = Beck Depression Inventory, BAI = Beck Anxiety Inventory, CAMCOG = 
Cambridge Cognitive Examination for Mental Disorders of the Elderly, WL = Word List Test of the Wechsler Memory Scale III, VPA = Verbal Paired 
Associates Test of the Wechsler Memory Scale III, VR = Visual Reproduction Test of the Wechsler Memory Scale III, BD = Block Design Test of the 
Wechsler Adult Intelligence Scale III.  
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CHAPTER 7.  STUDY 4/5: EFFECT ON BONE, FAT AND 
MUSCLE METABOLISM: PART (A) DURING ANDROGEN 

SUPPRESSION TREATMENT 

7.1 HYPOTHESIS, AIMS AND OBJECTIVES  

Hypothesis (Study 4)   
Bone metabolism will be affected adversely by AST, but will recover with treatment 
cessation. 

Observation Statement. 
Measures of Bone Mineral Density and metabolism will demonstrate a pattern of 
increased bone loss during Androgen Suppression Treatment, but this pattern will 
reverse once treatment ceases. 

Aim 
To test the observation statement, BMD and metabolic bone markers were assessed 
longitudinally over the 3 year IAST study, comparing the changes during the iTREAT 
period with the POST period.  

Specific objectives 
Establish the effect of IAST on 

• Bone density change over the iTREAT phase, and variation according to anatomical 
site. 

• Prevalence of osteoporosis after 3 years of IAST overall 
• Bone density change following treatment cessation, and influence of covariates. 
• Pattern of change to metabolic bone markers, and potential prognostic role for later 

BMD change. 
• Establishing the role of testosterone recovery on subsequent bone density. 

Hypothesis (Study 5) 
That Lean and Fat mass will be affected adversely by androgen suppression therapy 
(AST) , but will recover with treatment cessation. 

Observation Statement. 
Measures of lean and fat mass will demonstrate a pattern of lean loss and fat gain during 
the AST, but this pattern will reverse once treatment ceases. 

Aim 
To test the observation statement, measures of lean and fat mass were assessed 
longitudinally over the 3 year IAST study, comparing the changes during the iTREAT 
period with the POST period. .  

Specific objectives 
Establish the effect of IAST  
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• lean and fat mass to change over the iTREAT phase, and investigate for variation 
according to anatomical site. 

• change to lean and fat mass over the POST period 
• Establish the role of testosterone recovery on lean and fat change. 

7.2 CONTRIBUTORS ROLES 

My contribution was as follows. I wrote the protocol. I arranged the financial 
sponsorship for the study, designed all documentation and procedures for the study, 
arranged staffing, and through national and regional meeting presentations, and personal 
approach, achieved wide ranging support by West Australian Urologists and Radiation 
Oncologist.   

The analysis for this paper was undertaken with Dr Daniel Galvao and Dr Dennis 
Taaffe. The manuscript was written in a collaborative manner, but with a focus on 
outcomes with an implication for exercise intervention. The attached is the final 
analysis and published manuscript. The other authors were major contributors of 
patients, or expert advisors. All reviewed and approved the final manuscript.  

7.3 REFERENCE 

This chapter has been peer reviewed and published. What follows is a word document 
version of the manuscript, together with scanned copies of the manuscript tables and 
figures.  

Daniel A. Galvão, Nigel A. Spry, Dennis R. Taaffe, Robert U. Newton, John Stanley, 
Tom Shannon, Chris Rowling, Richard Prince (2008) Changes in muscle, fat and bone 
mass after 36 weeks of maximal androgen blockade for prostate cancer  
BJU International 102 (1) , 44–47 doi:10.1111/j.1464-410X.2008.07539.x 
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7.4 ABSTRACT 

Objective 
To assess the effects of androgen deprivation therapy (AST) on whole body and 
regional muscle, fat and bone mass in men with prostate cancer without metastatic bone 
disease.  

Patients And Methods 
Seventy-two men aged 44 to 88 years underwent spine, hip and whole body dual-energy 
X-ray absorptiometry (DXA) scans at baseline and following 36 weeks of AST. Change 
in whole body and regional lean mass (LM), fat mass (FM), and bone mineral content 
(BMC) and density (BMD) were determined.  In addition, PSA, serum testosterone, 
haemoglobin, level of physical activity and fatigue by the EORTC QLQ C-30 were 
assessed. 

Results 
Upper limb, lower limb, trunk, and whole body LM decreased by 5.6 ± 0.6%, 3.7 ± 
0.5%, 1.4 ± 0.5% and 2.4 ± 0.4%, respectively (P < 0.01),  while FM increased by 20.7 
± 3.3%, 18.7 ± 2.7%, 12.0 ± 2.5%, and 13.8 ± 2.3% (P < 0.001). Hip and spine BMD 
decreased by 1.5 ± 0.5% and 3.9 ± 0.4% (P < 0.001) as did whole body (2.4 ± 0.3%) 
and upper limb (1.3 ± 0.3%) BMD, but not lower limb BMD. Serum testosterone, PSA 
and haemoglobin decreased by 93.3% ± 0.4, 98.2% ± 0.5%, and 8.8 ± 0.9, respectively 
(P < 0.001). In addition, physical activity levels decreased and levels of fatigue 
increased. 

Conclusion 
Thirty-six weeks of AST resulted in a significant decrease in whole body and regional 
lean mass and bone mass, while whole body and regional fat mass increased in older 
men with prostate cancer. Strategies to counteract changes in soft tissue and bone mass 
during AST should be formulated to minimize risk of sarcopenia, osteoporosis, and 
obesity. 

Keywords: lean mass, fat mass, bone mass, androgen deprivation therapy 
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7.5 INTRODUCTION 

 Androgen deprivation therapy (AST) is being increasingly used in the 
management of prostate cancer, in particular, in the adjuvant treatment and for early 
PSA relapse disease. These patients can be expected to live many years. However, AST 
is accompanied by a number of adverse side effects that include reduced bone mass and 
increased risk for fracture at multiple sites, reduced lean mass and muscle strength, and 
increased fat mass(50;153-155). Given that prostate cancer affects older men, it can be 
expected that these treatment side effects would exacerbate the age-related loss of 
muscle mass, termed sarcopenia, further compromising muscle strength, physical 
function and independent living (156).  

 Only scant information on alterations to bone mass and soft-tissue following 
AST exist(37;45;47), and there is no information on changes in the regional distribution 
of bone, lean and fat mass (i.e. trunk, upper, and lower limb) during therapy. Abdominal 
fat has been related to an increased risk for the development of cardiovascular 
complication thus if AST induces trunk fat accumulation, alternative or adjuvant 
therapies to counteract this should be devised. Similarly, a reduction in muscle and bone 
mass, especially at weight-bearing sites, increases the risk for falls and fracture, and 
subsequent morbidity and mortality.  

In order to devise effective strategies to counter the physiological side effects of 
androgen deprivation, it is necessary to first document the resulting patterns of change 
to bone mass and body composition. The purpose of the present study was to examine 
the alterations in whole body and regional bone, lean and fat mass in men that occurs 
after receiving AST for prostate cancer.  

 

7.6 PATIENTS AND METHODS 

7.6.1 Patients 

 Seventy-two prostate cancer patients aged 44 to 88 years participating in the 
main study, undertook these additional investigations. The eligibility and program are 
described in the methods section.  

7.6.2 Statistical analyses 

 Data were analyzed using the SPSS (Version 11.0, SPSS Inc., Chicago, IL, 
USA) statistical software package. Analyses included standard descriptive statistics and 
paired two-tailed Student’s t-tests. To adjust for multiple comparisons, an alpha level of 
0.01 was set as the criterion for statistical significance. Results are given as the mean ± 
SE.   
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7.7 RESULTS  

Subject characteristics are shown in Table 7-1. The mean age of the participants was 
73.5 ± 8.3 year with a BMI of 27.1 ± 3.8 kg/m2, which are typical of patients 
undertaking this treatment. Patients with nodal metastatic disease were included (8.3% 
of the sample), none with disease affecting bone. Levels of serum testosterone, PSA and 
haemoglobin decreased (P < 0.001) by 93.3% ± 0.4, 98.2% ± 0.5%, and 8.8 ± 0.9, 
respectively, and markers of bone formation and resorption increased following 
treatment (Table 7-2).  Additionally, during treatment, EORTC QLQ-C30 assessed 
physical activity levels significantly decreased from 89.5 ± 2.3 to 83.5 ± 2.3 units (P = 
0.008) and fatigue increased from 16.2 ± 2.0 to 26.8 ± 2.5 units (P < 0.001).  

Baseline and week 36 values and percent change for whole body and regional lean, fat 
and bone mass are shown in Table 7-3. Following treatment, whole body LM (1.4 ± 0.2 
kg) and bone mass (61.5 ± 10.3 g) significantly (P < 0.001) decreased and FM increased 
(2.2 ± 0.3 kg). There were significant (P < 0.01) declines at all regional sites for LM, 
with the percent decline in LLLM and ULLM greater than that for TrLM (P = 0.004). 
Conversely, fat mass increased (P < 0.001) at all regional sites with the change in the 
limbs greater than the trunk (P < 0.001). There was a significant (P < 0.001) reduction 
in hip and spine BMD of 1.5 % and 3.9 %,  respectively, and a decline in upper limb 
BMD of 1.3% (P < 0.001) with no significant change for the lower limb. The decrease 
in bone density at the spine was greater than that at the hip site (P = 0.032).    

 

7.8 DISCUSSION 

 The results from the present study demonstrate that 36 weeks of AST in men 
with prostate cancer has a deleterious effect on whole body and regional tissue 
composition by decreasing muscle and bone mass and increasing fat mass. The change 
in soft tissue was greater for the limbs than the trunk, and for the older patients may 
contribute to a decline in their functional performance and loss of independence.      

 Our findings confirm the changes in whole body composition previously 
reported by Smith and associates (37) where body weight and fat mass increased  by 
2.4% and 9.4%, respectively, and lean mass decreased by 2.7% following 48 weeks of 
AST. This same group(45) also reported an increase of 11% in fat mass and a decrease 
of approximately 4% in lean mass after one year of AST.  The present study extends 
these findings and indicates that the decline in lean mass from the upper and lower 
limbs is greater than changes occurring in the trunk. This preferential loss from the 
limbs would be expected given that the trunk includes a large mass of non-contractile 
lean tissues. As reduced muscle mass and function are directly associated with 
impairments and compromised function in older adults (157;158), our findings would 
suggest that countermeasures need to be implemented to maintain or even reverse the 
rate of muscle loss in the most affected areas following AST. Resistance training has 
been reliably shown to be a safe and effective strategy to improve muscle mass and 
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function in older adults (66), including the very old (67) and may play an important role 
in attenuating or reversing this muscle loss in AST treated men(65). For example, we 
have recently reported preservation of body composition following a resistance training 
intervention and improvements in physical and functional performance, neuromuscular 
strength and balance in a group of men undergoing AST for prostate cancer (93).    

 In the current study, we also observed an increase in fat accumulation at all 
regional sites with greater changes for the limbs compared to the trunk. The increase in 
whole body fat is consistent with previous studies (37;45;47), however, we note 
regional differences in fat distribution with AST.  Increased abdominal fat mass has 
been associated with a greater risk for developing coronary artery disease, type 2 
diabetes, hyperlipidemia and premature death than accretion of fat mass in the 
extremities(159). Consequently, although the accumulation of fat was relatively less for 
the trunk, strategies aimed at minimizing fat accretion during AST should be explored. 
In addition, the decline in lean mass would negatively impact basal metabolic rate and 
hence energy requirement and this would contribute to the increase in fat mass 
associated with AST. Therefore, strategies aimed at preserving lean mass will also assist 
in attenuating the increase in fat mass. Recently, a large observational study indicated 
the relationship between increased incidence of diabetes, coronary heart disease, 
myocardial infarction and sudden cardiac death with AST(41). Moreover, a recent 
report has also suggested that prostate cancer patients with higher BMI have an 
increased risk of dying from the disease reinforcing the importance of maintaining body 
composition during treatment(160).   

In the present study, we also noted a significant decrease in lumbar spine, hip and whole 
body BMD following therapy. A number of studies have reported decreases of bone 
mass following AST (154;161-163) and recent reviews (155;164) have highlighted the 
importance of addressing bone loss and osteoporosis in this group of patients. In 
addition, the long-term effects of AST on bone loss have also been reported with 
continuous loss of BMD following 12 months of therapy (47). It is interesting that our 
analyses showed that although BMD decreased in the upper limbs, these changes were 
not observed in the lower limbs. The loading that the lower extremities are subject to 
during ambulation and other activities that produce high force transmission through the 
skeleton may have contributed to the preservation of bone density compared to the non-
weightbearing upper extremities. Additionally, we also noted that BMD for the spine 
showed greater reductions than at the hip. This may be attributed to the greater 
trabecular bone composition of the spine compared to the proximal femur, where earlier 
bone turnover and therefore loss of BMD in the axial skeleton may occur(165). 
Maillefert and colleagues(162) have also reported greater losses in BMD at the lumbar 
spine than femoral neck in a small group of patients following 18 months of AST. We 
observed in addition to the changes in BMD, a marked increase in markers of bone 
resorption and formation indicating increased bone turnover.  

Some limitations of this study are worthy of comment. A stronger experimental design 
would have been the use of a randomized controlled trial. However, the present study 
was designed to reflect the range of clinical practice in Australia (multi-centre trial) 



   

 130 

(114) and data presented are the results from a single hospital site collected during a 
national study. It may be argued that observed changes in body composition and BMD 
could be a result of the normal ageing process and not androgen suppression. However, 
the alterations in body composition and BMD observed are well beyond those expected 
with normal ageing and likely reflect toxicity from the therapy.  

 In summary, we found that a relatively short-term period of 36 weeks of AST 
has a negative impact on whole body and regional tissue composition in men with non-
metastatic prostate cancer. These changes were marked with reductions in lean mass 
and increases in fat mass occurring at all regional sites (upper limbs, lower limbs and 
trunk). Additionally, decreases in lumbar spine and hip BMD and whole body and upper 
limb BMD were observed. We propose that strategies to counteract such changes in soft 
tissue and bone during AST in older men should be implemented to minimize the risk of 
sarcopenia, osteoporosis, and obesity, and subsequent disability.  
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Table 7-1 Distribution of patients according to performance status, disease extent and descriptive 
variables (n = 72). 

 

Measure Descriptive Statistics 

Disease Status  Locally Advanced  25 (34.7%) 

 Locally Recurrent 41 (57.0%) 

 Metastatic  6 (8.3%) 

Performance Status Score = 0 52 (72%) 

 Score = 1 19 (17%) 

 Score = 2 1 (1%) 

Age (years) Mean  73.5  

 Std Dev 8.3  

 Min /Max 44.4 - 88.4 

BMI (kg/m2) Mean  27.1  

 Std Dev 3.8  

 Min/Max 18 - 38  
 

BMI = body mass index
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Table 7-2. Testosterone, PSA, haemoglobin and bone markers changes following 36 weeks of androgen deprivation therapy  

(Mean ± SE). PSA = prostate specific antigen, * n = 63, † n = 62. 

 

 
 Baseline (n = 68) 36 weeks (n = 68) Percent change (%) P value 

Testosterone (pg.mL-1) 15.1 ± 0.6 0.80 ± 0.03 - 93.3 ± 0.3 < 0.001 

PSA (ng.mL-1) 22.6 ± 3.1 0.23 ± 0.05 -98.2  ± 0.5 < 0.001 

Haemoglobin (g.L-1) 145.2 ± 1.5 131.9 ± 1.5 -8.8 ± 0.9 < 0.001 

Bone Markers     

    Serum Osteocalcin* (ng.mL-1) 4.7 ± 0.05 7.4 ± 0.7 341.0 ± 111.2 0.002 

    Alkaline Phosphatase† (IUL-1) 89.0 ± 6.1 99.5 ± 7.1 13.5 ± 3.0 0.001 

    Urine Calcium/Creatinine 
Ratio† 

240.4 ± 24.6 415.3 ± 39.11 101.5 ± 12.2 < 0.001 

    Urine Calcium Excretion (mg)† 21.2 ± 2.4 35.3 ± 3.6 94.0 ± 12.0 < 0.001 



   

 133 

 

Table 7-3. Body composition and bone mass changes following 36 weeks of androgen deprivation therapy (Mean ± SE). 

 

 

 

LM = bone mineral-free lean 

mass, ASM = appendicular 

skeletal muscle, TrLM = trunk 

lean mass, ULLM = upper limb 

lean mass, LLLM = lower limb 

lean mass, FM = fat mass, 

TrFM = trunk fat mass, ULFM 

= upper limb fat mass, LLFM = 

lower limb fat mass, TBBMD = 

total body bone mineral 

density, ULBMD = upper limb 

bone mineral density, LLBMD 

= lower limb bone mineral 

density, BMD = bone mineral 

density, * n = 69 

 

 Baseline (n = 68) 36 weeks (n = 68) Percent change (%) P value 
Lean tissue mass     
   LM (kg)  55.8 ± 0.8 54.4 ± 0.8 -2.4  ± 0.4 < 0.001 
   ULLM (kg)  6.3 ± 0.1 5.9 ± 0.1 -5.6  ± 0.6 < 0.001 
   LLLM (kg)  17.1 ± 0.2 16.4 ± 0.2 -3.7  ± 0.5 < 0.001 
   TrLM (kg)  28.8 ± 0.4 28.3 ± 0.4 -1.4  ± 0.5 0.009 
   ASM (kg)  23.4 ± 0.3  22.4 ± 0.3 -4.2  ± 0.5 < 0.001 
Fat mass      
   FM (kg)  20.8 ± 0.7 23.1 ± 0.7 13.8 ± 2.3 < 0.001 
   ULFM (kg)  2.1 ± 0.1 2.5± 0.1  20.7± 3.3 < 0.001 
   LLFM (kg)  5.5 ± 0.2 6.4 ± 0.2 18.7 ± 2.7 < 0.001 
   TrFM (kg)  12.13 ± 0.4 13.1 ± 0.4 12.0 ± 2.5 < 0.001 
   Body fat (%)  25.8 ± 0.6 28.5 ± 0.7 2.6 ± 0.3 < 0.001 
Bone mass     
   TBBMD (g/cm2)  1.164 ± 0.014 1.145 ± 0.014  -2.4 ± 0.3 < 0.001 
   ULBMD (g/cm2)   1.732 ± 0.015 1.708 ± 0.015  -1.3 ± 0.3 < 0.001 
   LLBMD (g/cm2)  2.576 ± 0.038 2.559 ± 0.041   -0.6 ± 0.4    0.173 
   Total hip BMD (g/cm2)* 1.021 ± 0.018 1.001 ± 0.018 -1.5  ± 0.5 < 0.001 
   Spine BMD (g/cm2)* 1.123 ± 0.024 1.086 ± 0.023 -3.9 ± 0.4 < 0.001 
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CHAPTER 8 . STUDY 4: EFFECT ON BONE 
METABOLISM: PART (B) FOLLOWING TREATMENT 

CESSATION 

8.1 HYPOTHESIS, AIMS AND OBJECTIVES 

Hypothesis 
Bone metabolism will be affected adversely by AST, but will recover with treatment 
cessation. 

Observation Statement. 
Measures of Bone Mineral Density and metabolism will demonstrate a pattern of 
increased bone loss during Androgen Suppression Treatment, but this pattern will 
reverse once treatment ceases. 

Aim 
To test the observation statement, BMD and metabolic bone markers were assessed 
longitudinally over the 3 year IAST study, comparing the changes during the iTREAT 
period with the POST period.  

Specific objectives 
Establish the effect of IAST on 

• Bone density change over the iTREAT phase, and variation according to anatomical 
site. 

• Prevalence of osteoporosis after 3 years of IAST overall 
• Bone density change following treatment cessation, and influence of covariates. 
• Pattern of change to metabolic bone markers, and potential prognostic role for later 

BMD change. 
• Establishing the role of testosterone recovery on subsequent bone density. 

 

8.2 CONTRIBUTORS ROLES 

My contribution was as follows: I wrote the protocol. I arranged the financial 
sponsorship for the study, designed all documentation and procedures for the study, 
arranged staffing, and through personal approach in Western Australia, achieved wide 
ranging and multidisciplinary collaboration involving Urologists and Radiation 
Oncologists, targeting both disciplines in public hospital environments, and private 
rooms environments.  

The analysis for this paper was undertaken with the statistical guidance of Dr Andrew 
Davidson. I wrote the manuscript. The other co-authors were members of the trial 
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management team, data managers and lead patient contributors to the study. They all 
approved the manuscript prior to submission.  
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document version of the manuscript, together with scanned copies of the manuscript 
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Long-term effects of intermittent androgen suppression on testosterone recovery and 
bone mineral density: results of a 33-month observational study 
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8.4 ABSTRACT  

Background 
Continuous androgen suppression therapy (AST) causes osteoporosis. 

Objective: 
To investigate changes to bone mineral density (BMD) and osteoporosis, over three 
years of intermittent AST.  

Design, participants:  
Phase II individual cohort study of 72 prostate cancer patients without metastatic bone 
disease, enrolled 1999-2002.   

Intervention:  
Nine months Flutamide 250 mg tid and Leuprolide 22.5mg (three monthly depot) after 
which, patients ceased therapy providing PSA <4ng/mL.  AST recommenced when PSA 
exceeded pre-treatment level or >20ng/mL.  

Measurements:  
BMD for hip and spine was primary endpoint and was assessed at baseline; completion 
of treatment phase; 1 and 2 years following initial treatment (POST phase).  

Result and limitations:  
Osteoporosis increased from 7% at baseline to 10% at 3 years. BMD decline following 
9 month treatment was; -1.9% and -3.3% at hip and spine, respectively, (p<0.0001). 
Subsequent BMD decline in POST phase was attenuated; at 1 year and 2 years later, hip 
-0.6% (NS), and -0.8% (p<0.0143), and spine +1.0 and +0.2% (NS). BMD change in 
those remaining off therapy for 2 years (n=20) was strongly associated with the level of 
testosterone recovery; peak <5ng/ml associated with> normal physiological loss. 
Testosterone recovery was less likely in older men.  

Conclusions:  
The attenuation of spine and hip BMD decline following 3-year intermittent AST 
compared with those reported for continuous AST was due to testosterone driven BMD 
recovery in the POST phase. Failure of testosterone recovery was associated with worse 
final BMD. By reducing the potential risk for adverse bone complications, intermittent 
therapy may become an important consideration when the therapeutic ratio is narrow.   

8.5 INTRODUCTION  

Men commencing androgen suppression therapy (AST) for non-curative aims are often 
completely asymptomatic and can be expected to survive substantially longer than their 
historical counterparts(116). Further, substantial periods of AST are now routinely 
applied in the adjuvant setting to radical radiation and surgical therapies to improve 
outcomes at 5, 10 and 15 years (6;9;10). More than 2,000 men in Australia(115) and 
more than 80,000 in the USA(116) commence on-going AST for prostate cancer each 
year. However, prolonged AST leads to significant treatment-related toxicity, including 



   

 139 

deterioration of the musculoskeletal system (e.g. reduction of bone mass) that can 
exacerbate the risk of osteoporosis and increase the risk of skeletal 
fractures(154;166;167). 

Men undergoing AST experience a 5-10 fold higher rate of bone loss in the first year of 
therapy (47) and ongoing androgen suppression is associated with levels of  
osteoporosis as high as 49% at 4 years and 81% at 10 years (166). Osteoporosis is a 
significant risk factor for skeletal fractures and the associated morbidity and mortality. 
Further, a significant dose-response relation exists between fracture risk and the number 
of LHRHa doses administrated indicating a cumulative effect of treatment-related 
toxicity following longer periods on AST(154).  

Intermittent AST(IAST) programs have been shown to improve quality of life during 
off-treatment phases(20;114;134). In 1998, (GUOG 98.01) an Australia wide study that 
employed a single regimen IAST program was commenced. The effect on quality of life 
and impact on disease control of this program have been reported elsewhere(168;169). 

Only limited information exists regarding the potential for IAST regimens that could 
similarly attenuate bone mineral density (BMD) decline(155;170). We have previously 
described changes to the initial 9-month AST on hip, lumbar spine, and whole body 
BMD(171). In the present report we extend those findings, by examining the long-term 
changes to BMD occurring over the subsequent two years of the intermittent program.  

8.6 PATIENTS AND METHODS 

8.6.1 Subjects  

Seventy-two prostate cancer patients participating in a multi-centre trial (total of 
250)(114), were accrued at one site for a sub-study  to investigate BMD changes over 
the 3-year period. Eligibility criteria have been described elsewhere(171) The 
hypothesis to be tested was that BMD would recover following cessation of AST. 

Disease extent was categorized into three categories,  locally advanced disease without 
evidence of metastatic disease but not considered suitable for or declining radical 
treatment, secondly metastatic soft tissue disease and PSA >10 ng/mL without evidence 
of bone metastasis on nuclear medicine bone scan and thirdly local disease following 
radical prostatectomy, or radical radiotherapy associated with a rising PSA ≥2 ng/mL, 
measured on three consecutive occasions at intervals of at least one month or more apart 
and without evidence of metastatic disease.  

8.6.2 Treatment and Follow up Program 

Assessment was 3 monthly intervals for 3 years. Initial treatment phase (iTREAT) 
consisted of Flutamide (Eulexin) 250 mg tid daily for 9 months and Leuprolide 
(Lucrin) 22.5 mg depot at baseline 3 and 6 months. At completion of iTREAT, 
treatment was ceased providing PSA <4ng/mL (POST period). Retreatment with AST 
was initiated when PSA>20ng/mL, or exceeded the presenting PSA if <20ng/mL, or for 
clinical activity of disease. Patients were not prescribed calcium or vitamin D 
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supplementation during the study nor asked to change customary activity and dietary 
patterns. 

8.6.3 Bone Mineral Density  

Bone mineral density (g/cm2) of the total hip, spine was assessed by DXA (Hologic 
Discovery W, Waltham, MA), at baseline, at the completion of the initial 9-month 
iTREAT, and then 1 and 2 years later (months 21 and 33). BMD was categorized 
according to the recommendations of the World Health Organization (WHO) as 
follows: Osteoporosis,: T-score decrease in BMD greater than 2.5 standard deviations at 
either the hip  or the spine sites relative to young adult men and Osteopenia : T-score 
between –1 and –2.4 standard deviations (172). BMD change over time was calculated 
as the mean of the difference of paired data. 

8.6.4 PSA, Testosterone, Serum and Urinary Markers of Bone 
Formation  

 Details of testing procedures have been described previously(171). During the post 
treatment period, once eugonadal levels of testosterone were reached (≥10 nmol/ml), 
further testosterone collection was not required.  

8.6.5 Statistical Analyses 

Data were analysed using the STATA statistical software package. Analyses included 
standard descriptive statistics and linear regression. All multivariate mixed models 
included baseline measures and repeat measures.  Results are given as the mean ± SE.  
Initial univariate, chosen multivariate analysis and stepwise multivariate analysis was 
undertaken; all employed two tailed testing of paired data. Those relationships with 
significant statistical significance are reported.  

8.7 RESULTS  

Baseline characteristics for 72 patients accrued from May 1999 to October 2002 are 
shown in Table 8-1. No patients had bone metastases at presentation, but 8.3% patients 
had metastatic disease confined to soft tissue. Osteopaenia at any site was present in 
36%, and osteoporosis in 7% of patients. No fractures were reported during the study 
period. Reasons for missing data and flow of patients through the study are displayed in 
Table 8-2.    

8.7.1 Effects of treatment on testosterone 

As previously reported(171), IAST resulted in castrate testosterone levels. In the POST 
period, the median time for serum testosterone to recover to eugonadal level of 10 ng/ml 
was 9 months (Figure 8-1). However 26% failed to recover 2 years after completion of 
the treatment phase. The odds of regaining eugonadal levels of testosterone were 
reduced by 56% if over 70 years, and further reduced if over 75 years (OR 0.44, 
p<0.05). The median time to re-treatment was 17 months and by 33 months 75% had 
commenced a further course of AST (Figure 8-1).  Re-commencing AST during the 
post therapy period caused the testosterone to fall to castrate levels again. 
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8.7.2 Effects of treatment on Bone Markers 

The patterns of change in parathyroid hormone and bone marker activity over the study 
period are shown in Figure 8-2b-d.  As expected the rapid reduction in testosterone 
induced a doubling in urine deoxypyridinoline cross link assay (DPD), a measure of 
bone resorption resulting in a similar rise in calcium loss in the urine. This resulted in a 
30% reduction in parathyroid hormone presumably due to a small rise in plasma 
calcium. Again as expected serum osteocalcin and alkaline phosphatase, both bone 
formation markers, rose after the bone resorption markers in consequence of the 
increased bone remodelling.  

8.7.3  Effects of treatment on BMD 

The biggest change in BMD occurred during the treatment phase, with declines at both 
the hip and spine Figure 8-3. Changes during the POST period were quite different.  
Decline continued for the hip, but at a reduced rate of 0.8% (p<0.014) by year two. In 
contrast, the spine showed no further bone loss with evidence for some recovery at year 
one and two which did not achieve statistical significance.  The cumulative risk of 
developing osteoporosis during the study period is shown in Figure 8-4. By 33 months, 
the prevalence of osteoporosis at any site was 10%, compared with 7% at baseline and 
for osteopaenia, 41% at 33 months compared with 36% at baseline. Osteoporosis 
developed at month 33 only in men already osteopaenic at baseline.  

To understand the relative importance of each phase in determining the final BMD 
change 0-33 months, change from each phase was regressed against overall change 0-33 
months for each patient and compared. Whilst both regressions were significant, a 
stronger association was seen for the POST period for each bone region (Spine: 
iTREAT R2=0.19, p<0.01; POST R2=0.73, p<0.0001; Hip: iTREAT R2=0.23,p<0.001; 
POST R2=0.51, p<0.001), suggesting that final change was more dependent on the 
extent of recovery, rather than magnitude of initial loss.  

The impact of retreatment during the POST period is shown in Figure 8-5 and 
differences at 33m were not significant.  To investigate the influence of testosterone 
recovery on BMD the relationship between peak testosterone and change in BMD over 
the 2 year POST period was investigated in the 20 patients not requiring repeat IAST 
Figure 8-6 .  A clear relationship between the peak testosterone attained and the BMD 
change for both hip and spine sites was observed with a higher testosterone associated 
with BMD gain (R2=0.40,p<0.010 hip, R2=0.53 p<0.002 spine). Testosterone levels 
above 10ng/ml were associated with preservation of bone.  

The potential for bone markers, weight and age to predict the BMD change 0-33 month 
was investigated by univariate and multivariate regression at baseline, 3 months, 9 
months, and against the initial 3 month change of each factor during the iTREAT phase. 
None were significant for hip or spine. Similarly, various times and intervals were 
investigated during the POST phase, and none were significant for 0-33 month BMD 
change or 9-33 month BMD change.   
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8.8 DISCUSSION 

Four compelling findings arise from our observations of overall change to BMD across 
the 3-year period of our IAST program: (1) The magnitude of deterioration was 
substantially less than that described for continuous AST by others, (2) Three-year 
change was determined more by the magnitude of BMD recovery during the POST 
phase, rather than the size of the initial iTREAT loss, (3) Overall change was 
determined by the magnitude of testosterone return, and (4) Risk factors for adverse 
BMD at 3 years were osteopaenia at presentation, and poor testosterone recovery during 
the POST phase, but bone markers were not additionally informative. 

Although this observational study did not directly compare continuous versus 
intermittent AST the prevalence of osteoporosis of 10% at 33 months in our cohort was 
substantially less than reported by the largest prospective study of continuous long-term 
AST where at the prevalence of osteoporosis at 2, 4, and 10 years was 43%, 49%, and 
81% respectively(166). However, baseline osteoporosis was much less common in our 
cohort 7% v 35.4%, hence the actual net deteriorations were 6% versus 13%.   Whilst 
our data reports BMD change over a 3 year period, we believe that substantial changes 
are unlikely to occur in following years as unplanned additional data available at 4 years 
for 18 patients showed no further WHO category deterioration. 

Bone health at baseline is additionally important because in our cohort, osteoporosis 
only developed in men already osteopaenic at presentation and not when their BMD 
was normal. The prevalence of osteoporosis at baseline varies widely according to other 
reports, 8% to 45%(166;173;174) and the prevalence of osteopaenia is likely to show a 
similar pattern. Age is not an explanatory factor for the better bone health of our cohort 
whose mean age was 73.5 years compared with the other groups 68.9 – 75 
years(166;173;174). Hence we believe that the better bone health at baseline in our 
group is likely to be lifestyle related, and could possibly reflect the traditionally more 
active lifestyle and plentiful sunshine associated with Western Australia. Other factors 
to consider would include Vitamin D levels, dietary calcium, alcohol intake and 
smoking history, but these were not collected prospectively in this study.   

The iTREAT and POST phases of the IAST program affected BMD changes in very 
different ways as shown in Figure 8-3. BMD loss during the 9-month iTREAT for both 
hip (-1.9%) and spine (-3.3%) sites was consistent with the magnitude of change 
reported by others (47;175). However, BMD change in the POST period was different, 
loss at the hip site was attenuated at year 2, and a non-significant trend of improvement 
was observed for the spine site. These  results extend the preliminary report by Higano 
et al.(170)where hip BMD loss was attenuated (-0.01%) and spine BMD improved 
(+1.5%) in 17 patients following a shorter median off treatment period of 7.9 months.  

Our analysis showed that the total BMD change across the 3 year study period was 
determined more by the extent of the testosterone driven recovery during the POST 
period rather than the magnitude of loss during the iTREAT period. Testosterone 
recovery was an important explanatory variable for BMD change during the POST 
phase (Figure 8-6). Notably, men whose testosterone remained below 6ng/ml over the 2 
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year period, a scenario equivalent to the continuous AST state, showed ongoing BMD 
declines greater than physiological (0.5-1%/year), whereas recovery to eugonadal 
levels, was associated with meaningful increases in BMD.  

BMD was not significantly different in those undergoing further treatment episodes. 
This anomalous finding can be explained by two confounding influences, in those 
remaining off treatment, a proportion fail to recover testosterone, and some 
recommencing AST showed rapid testosterone recovery profiles. Our data shows that 
IAST does lead to meaningful preservation of BMD at 3 years, and its effect is 
dependent on adequate testosterone recovery. 

Although the median time for testosterone recovery (eugonadal testosterone level 
≥10ng/ml) following iTREAT phase was only 9 months, recovery appeared to plateau 
after 2years, and 26% remained hypogonadal. Age was a significant factor for 
testosterone recovery, especially if older than 75 years. This finding is especially 
important for men undergoing adjuvant or neoadjuvant AST, because it is assumed that 
testosterone will recover and they are anticipated to live for many years. Failure to 
recover could adversely affect BMD. We therefore recommend that testosterone be 
monitored to ensure adequate recovery in all patients following AST withdrawal. 

We have shown that when testosterone recovers, BMD decline is reversed. Although no 
patients presenting with osteoporosis actually improved during the iTREAT phase, 3 
men whose WHO category deteriorated, improved by month 33. Perhaps for those 
presenting with borderline osteopaenia, it might be possible to observe, and  avoid the 
potential toxicities and cost of elective bisphosphonate interventions(176). Currently, 
bisphosphonates are the only established treatment to reverse low BMD. We have 
shown that exercise, particularly resistance exercise(93) can have significant anabolic 
effects, however, long term exercise studies using specifically weight-bearing and high-
impact activities are needed to determine the longitudinal effects of such programs on 
BMD during AST(177).   

Whilst the patterns of bone physiology markers changed over the course of the study in 
predictable fashion (Figure 8-2), with the expected increase in markers of catabolism 
rising during the catabolic iTREAT phase (urinary deoxypyridinoline, calcium 
excretion), and subsequent decline and simultaneous rise in level of the osteocalcin and 
alkaline phosphatase during the anabolic POST phase, we were unable to find any 
meaningful relationships for prediction of final BMD change with any assessment 
undertaken during the 9 months iTREAT period, nor during the 2-year POST period. 
However, their changes over time mirrored changes in serum testosterone suggesting 
that their relationship with long term bone change is driven by testosterone. 
Measurement of bone marker activity had no practical application in our patient group.  

Current ASCO guidelines recommend that reversible endocrinological conditions, such 
as hyperparathyroidism, hyperthyroidism, and lifestyle habits such as excessive 
smoking and drinking should be excluded in men presenting with osteopaenia or 
osteoporosis at baseline(178). Further, if identified, osteoporosis can be effectively 
treated with bisphosphonates, however the pharmacological management of osteopaenic 
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men remains controversial. Whilst daily calcium and vitamin D supplementation can 
reduce the BMD loss, supplements alone have not been shown to prevent or treat bone 
loss in men undergoing AST(175). We did not employ any of these interventions in our 
cohort. Clearly it is beneficial to screen all men embarking on androgen deprivation to 
identify those at risk.  

Our results have to be reviewed with caution. Our patients were a convenience sample 
who gave consent to be in the study, therefore some element of selection bias will be 
present. Nonetheless, as previously reported, they appear typical of Australian men 
presenting for Androgen deprivation treatment(114). We employed a within person 
comparison design because of its greater sensitivity to change over the cross sectional 
between-patient design or comparison with controls. BMD decline during iTREAT 
period was consistent with others(47;175). Withdrawals because of patient preference or 
for major protocol violation were of modest level, and occurred later in the study period 
(Table 8-2). Our data attrition compares  favourably with others reporting longitudinal 
data, where missing data ranged from 74.4% missing at 4 years(173), 50% at 18 
months(162). 

8.9 CONCLUSION 

IAST has been proposed to reduce treatment related-toxicity, but insufficient data other 
than for quality of life(20;114;134) exist to support the use of IAST outside clinical 
trials(178).  We have shown that BMD loss from AST can be reversed by subsequent 
testosterone recovery. This observation substantiates our finding that IAST preserves 
BMD at 3 years when compared with continuous AST programs. This is an important 
clinical advantage for IAST particularly in settings where the expected therapeutic ratio 
is low, and reduction of risk of adverse bone complications is seen as worthwhile. All 
men commencing AST should undertake bone density screening at baseline, and if 
abnormal be referred for endocrinological assessment. Failure of testosterone to recover 
is a major determinant for ongoing BMD loss, indicating the need to confirm 
testosterone recovery after any period of AST, including neoadjuvant and adjuvant 
programs, and more likely with increasing age.  
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Table 8-1
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Table 8-2 
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Figure 8-1. Actuarial time to testosterone recovery (=/>10ng/ml) and time to recommencement of 
treatment following the completion of the iTREAT phase (n=71). 
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Figure 8-2. Mean testosterone and bone marker activity over the 33 months in patients remaining off therapy at time of assessment (a) testosterone, (b) PTH=serum 
parathyroid hormone, (c) ALKP=serum alkaline phosphatase, CAEX=fasting early morning urine calcium excretion,(d)  UDP= urinary deoxypyrodinoline cross link 
assay, OSTC=serum osteocalcin. 

  



   

 149 

 

Figure 8-3. Change in BMD over the 33 month study period (a) mean change 
from baseline scores, n= 72  (b) mean change from end of iTREAT phase 
score,  n=71. 
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Figure 8-4. Actuarial risk of any worsening of WHO BMD category (n=72) for 
hip, spine or either site. 
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Figure 8-5. Change in BMD over the POST period by retreatment, or not  

(a)Hip (b)Spine 
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Figure 8-6 Scattergram of peak testosterone level during POST period against BMD 
change over the POST phase (9-33 months) for hip and spine, for those patients 
remaining off treatment by 33 months (n=20 assessable patients). 
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CHAPTER 9.  STUDY 6. ‘RESISTANCE EXERCISE’ 
WHILST ANDROGEN SUPPRESSED: PART (A) 
EFFECTS ON LEAN AND FAT PHYSIOLOGY. 

9.1 HYPOTHESIS, AIMS  AND OBJECTIVES 

Hypothesis 
Aperiod of intense resistance exercise, whilst fully androgen suppressed during the 
iTREAT phase, will increase lean mass and strength and coordination and 
simultaneously reduce fat mass.  

Observation Statement. 
During a period of androgen suppression, measures of muscle strength and mass, and 
coordination will improve, and fat mass decline, following a program of intense 
resistance exercise  

Aim 
To test the observation statement, measures of muscle function, and fat mass, were 
tested before and after a resistance program in men who were fully androgen suppressed 

Specific objectives 
Establish the effect of an intense resistance exercise, whilst fully androgen suppressed 
on 

• Muscle strength, endurance and bulk 
• Functional performance 
• Fat mass 
• Bone Mineral Density 
• Testosterone  
• Markers of disease control (PSA) 
• Growth hormone and inflammatory markers.  

9.2 CONTRIBUTORS ROLES 

My contribution was as follows: I co-wrote the protocol, defining the clinical 
parameters for medical fitness, endocrine stability and disease status. From my clinical 
and research experience, I also determined the timing and focus of endpoint measures.  I 
directed accrual processes, and accrued most of the patients. I assisted with the analysis 
for this paper and collaborated with Dr Daniel Galvao and Dr Dennis Taaffe, 
specifically exploring the implications for exercise interventions, and similarly assisted 
with the manuscript writing.  
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9.3  ABSTRACT 

Purpose: To examine the effect of progressive resistance training on muscle function, 
functional performance, balance, body composition and muscle thickness in men 
receiving androgen deprivation for prostate cancer.  

Methods: Ten men aged (59-82 years) on androgen deprivation for localised prostate 
cancer undertook progressive resistance training for 20 weeks at 6-12 repetition 
maximum for 12 upper and lower body exercises in a University exercise rehabilitation 
clinic. Outcome measures included muscle strength and muscle endurance for the upper 
and lower body, functional performance (repeated chair rise, usual and fast 6-m walk, 6-
m backwards walk, stair climb, and 400-m walk time) and balance by sensory 
organization test. Body composition was measured by dual energy X-ray 
absorptiometry and muscle thickness at four anatomical sites by B-Mode ultrasound.  
Blood samples were assessed for prostate specific antigen (PSA), testosterone, growth 
hormone (GH), cortisol, and haemoglobin.   

Results: Muscle strength (chest press, 40.5%; seated row, 41.9%; leg press, 96.3%; p < 
0.001) and muscle endurance (chest press, 114.9%; leg press, 167.1%; p < 0.001) 
significantly increased following training. Significant improvement (p < 0.05) occurred 
in the 6-m usual walk (14.1%), 6-m backwards walk (22.3%), chair rise (26.8%), stair 
climbing (10.4%), 400-m walk (7.4%) and balance (7.8%). Muscle thickness increased 
(p < 0.05) by 15.7% at the quadriceps site. Whole body lean mass was preserved with 
no change in fat mass. There were no significant changes in PSA, testosterone, GH, 
cortisol, or haemoglobin. 

Conclusions: Progressive resistance exercise has beneficial effects on muscle strength, 
functional performance and balance in older men receiving androgen deprivation for 
prostate cancer and should be considered to preserve body composition and reduce 
treatment side effects.   

 

9.4 METHODS  
9.4.1 Subjects 

Men with histologically documented prostate cancer without evidence of bony 
metastatic disease who have been androgen suppressed for at least the previous 2 
months, and scheduled to remain on AST for the subsequent 6 months, and willing to 
undertake 20 weeks of resistance training. Eligibility criteria are described in Methods 
section 3.5.1.  
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9.4.2 Training Program  

 Subjects were required to undertake 20 weeks of high-intensity progressive 
resistance training twice a week for 20 weeks. The initial 10 week program was to 
provide an introductory resistance exercise phase. It employed hydraulic resistance 
training machines (Isotronic, Fitness Technology, Australia) that are simple and time 
efficient to use, and provide exclusively concentric muscle contractions likely to 
facilitate training initiation in this clinical group of men. The exercises included the 
chest press, seated row, shoulder press, lat pull down, triceps extension, biceps curl, leg 
press, squat, leg extension, leg curl, abdominal crunch and back extension exercises. In 
the subsequent 10 weeks, the training program was altered to isotonic resistance that 
provided concentric and eccentric muscle contractions using similar exercises on 
different apparatus (Cybex, Strength Equipment, USA). During this latter period, the lat 
pull down and shoulder press exercises were alternated with the biceps curl and triceps 
extension exercises every other session to maintain an exercise session length of 1 hour. 
In every session, general flexibility exercises and one set for the first upper and lower 
body exercise at a lower training intensity were undertaken to ensure adequate warm-up 
before the training program. Both training phases were designed to progress from 12 to 
6-repetition maximum (RM) for 2 to 4 sets per exercise: weeks 1-2 (2 sets of 12-RM), 
weeks 3-4 (3 sets of 10-RM), weeks 5-7 (3 sets of 8-RM) and weeks 8-10 (4 sets of 6-
RM) and based on the American College of Sports Medicine position stand on 
progression models in resistance training for healthy adults (179).  All sessions were 
conducted in small groups of 1-4 participants under direct supervision to ensure safety, 
proper intensity and appropriate exercise technique. Additionally, all participants 
recorded their training weights, number of repetitions and sets performed in an 
individual exercise log to ensure adequate progression.  

9.4.3 Statistical Analyses 

 Data were analysed using the SPSS (Version 11.0, SPSS Inc, Chicago, IL) 
statistical software package and included standard descriptive statistics, analysis of 
variance (ANOVA) and covariance (ANCOVA). Repeated measures ANOVA was used 
to compare subjects over the three time-points, and ANCOVA was used to compare 
responses at week 20, adjusted for the baseline value, between acute (< 12 months) and 
chronic (> 12 months) users of AST. Where appropriate, the Fisher Protected LSD test 
was employed to locate the source of significant differences.  An alpha level of 0.05 
was required for significance and results are given as the mean ± SD. The statistical 
power to detect change in the primary study outcomes (physical and functional 
performance) over the 20-week intervention ranged from 0.75 to 1.0. 
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9.5 RESULTS 

 The study was approved by the university Human Research Ethics Committee 
and all subjects provided written informed consent.  

Ninety-one prostate cancer patients, referred by oncologists and urologists or who 
responded to advertisements via local newspaper and radio in the city of Perth, Western 
Australia from February through July 2005, were initially screened for participation in 
the study (Figure 9-1).  Eleven men were eligible and invited for familiarization 
sessions. One subject withdrew from the study at week seven because of an acute 
respiratory infection that resulted in several weeks of hospitalization. Activity levels of 
the subjects prior entering the intervention were as follows; seven men were not 
undertaking any form of structured exercise, one was a regular walker, one a regular 
walker and jogger, and lastly, one was a recreational bowling player.  

Subject characteristics are shown in Table 9-1. All men were receiving AST before entry 
to the study with a mean duration of 1135 ± 1360 days. Six men were on GnRH 
agonists, four men were on maximal blockage therapy (GnRH agonists + 
antiandrogens), and one was on antiandrogens. Five men were on acute (initiating AST 
within the last 12 months, mean 156 ± 97days) and the remaining six were on chronic 
(receiving AST for 12 months or longer, mean 1951 ± 1391 days) AST. All subjects 
were treated with AST during the entire course of the study (including pre-, mid- and 
post-test measures and for all 40 training sessions) over a 6-month period.   

9.5.1 Dynamic Muscle Strength and Muscle Endurance 

 Baseline, week 10, week 20 and percentage change in muscle strength and 
endurance values are reported in Table 9-2. There was a significant increase in strength 
for all three exercises with a continuous improvement for both upper and lower body 
strength from baseline to week 10 and week 20 (p<0.001). Similarly, upper and lower 
body muscle endurance (number of repetitions performed) increased (p<0.001) when 
70% of the1-RM baseline load was used during retesting. Muscle endurance assessed 
using 70% of the1-RM post-test load also increased (p =0.024) for the leg press exercise 
and approached significance (p=0.085) for the chest press. 

9.5.2 Physical Performance and Sensory Organization Test 

  After the 20-week training period, there was a significant improvement 
(p<0.05) in the chair rise, 6-m usual walk speed, backward walk speed, 400-m corridor 
walk, and stair climbing test (Table 9-3). Additionally, the change in the chair rise, stair 
climbing, 6-m usual walk and 400-m walk time was significantly different between 
baseline and week 10. There was also a significant increase in the SOT equilibrium 
score (p=0.042).  
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9.5.3 Body Composition and Bone Mineral Density 

  There was no change for LM, FM, percent body fat, whole body BMC, or hip 
BMD (Table 9-4), however, quadriceps muscle thickness increased by 15.7 ± 12.1 % 
(p=0.050). There were no significant differences between acute (< 12 months) and 
chronic users of AST for the outcome variables (data not shown). 

9.5.4 PSA, Serum Hormones and Haemoglobin 

 After the 10- and 20-week training period, there were no changes for PSA, free 
testosterone, GH, cortisol, and haemoglobin (Table 9-5). One subject (Table 9-1) initiated 
the study with a relatively high PSA level and experienced a subsequent drop in this 
marker during the intervention. Excluding this subject from the analyses resulted in 
PSA values of 0.94 ± 1.4 ng/ml, 0.92 ± 1.2 ng/ml, and 0.86 ± 1.2 ng/ml (p = 0.945) at 
baseline, week 10, and week 20, respectively.   

 

9.6 DISCUSSION 

  This is the first study to comprehensively examine the effects of high intensity 
progressive resistance training on muscle function, functional performance, balance, 
body composition and muscle thickness in men receiving AST for prostate cancer. 
Substantial improvements in muscle strength and endurance and muscle thickness 
resulted while body composition and bone mass were preserved during the 20-week 
intervention. Importantly, these changes were accompanied by enhancement in several 
measures of functional performance and balance, with no change in PSA. These results 
suggest that high intensity resistance exercise can be safely tolerated in this group of 
men receiving AST and enhanced muscle and physical function ensues, despite a 
compromised hormonal profile. These findings extend those reported by Segal et 
al.(180) who found an increased quality of life and decreased fatigue in men on AST 
following 12 weeks resistance training, and provides a rationale for why these benefits 
were observed.   

 In the present study, we found significant increases in muscle strength of 40 to 96%, 
which are comparable to the effects of this exercise mode in healthy older adults not on 
AST(90). These observed changes are likely to be mediated by nonhypertrophy–related 
factors such as neural adaptations to resistance training as previously described(181). 
We also assessed the effects of training on muscle endurance, an important 
neuromuscular parameter that has received only modest attention in exercise 
studies(90), and observed considerable improvement for both the upper and lower body, 
especially when the baseline load was used during retesting. Similar enhancement of 
muscle endurance using a comparable exercise intervention in community-dwelling 
healthy older adults not on AST has been previously reported (90) and indicates that 
older adults, including those on AST, may accomplish daily tasks more easily and with 
less fatigue following training . The combined results of increased muscle strength and 
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endurance in the present study could partially explain the reduced levels of fatigue 
observed in the study by Segal et al(180) 

 Changes in several functional performance measures were also observed in our 
cohort of men, and these changes are comparable to previous studies in healthy older 
adults undertaking resistance training(89;90). Our results are particularly important as it 
implies a greater reserve capacity, and also that daily activities can be more easily 
performed by using a lower percentage of maximal strength and endurance, thereby 
promoting enhanced independence. In addition, balance was improved following 
training. The SOT equilibrium score has previously been used to discern fallers from 
non-fallers in healthy older adults(182). Skeletal fracture risk is now recognized as a 
major side effect from GnRH agonist treatment(50;183) and a relationship between the 
number of GnRH doses received during the initial twelve months after diagnosis and 
subsequent risk for fracture has been reported(183). Our findings of improved 
functional performance and balance following an exercise program could markedly 
contribute to a reduction in falls and hence a reduced fracture risk during GnRH 
administration. 

 A large reduction in lean and bone mass and an increase in body fat are well 
established side effects from AST (46;47;50;51;155;183). Importantly, it has been 
suggested that these negative changes in soft tissue are more severe in the first twelve 
months of AST (47). In the present study, whole body lean mass, fat mass and BMC, in 
addition to hip BMD, were preserved irrespective of acute or chronic AST exposure. 
This is an important outcome as these well-known detrimental changes in the muscular 
and skeletal system are closely related to other chronic conditions(50;51;154) that can 
compromise independence, possibly affecting mortality. In addition to whole body soft 
tissue, we also examined local changes in skeletal muscle (targeted by the exercises) 
assessed by ultrasound. Interestingly, quadriceps thickness increased by 15%, despite a 
severely reduced anabolic hormone environment. 

 Serum free testosterone and PSA did not change during the study indicating that 
this exercise mode can safely be undertaken in prostate cancer patients on AST without 
compromising the therapy purpose of reduced androgen levels. The lack of change in 
testosterone and PSA is consistent with the only other published study in resistance 
exercise and prostate cancer(180). Further, GH, which could mediate resistance training 
induced adaptations, did not change because of the intervention. Additionally, we found 
that haemoglobin was also unaltered in our cohort, which may also provide a basis for 
Segal et al.(180) findings on reduced levels of fatigue following training. Anaemia has 
been reported as one AST-related side effect with reductions in haemoglobin ranging 
from ~7-30% following therapy(37;184). The maintenance of haemoglobin levels in our 
group of men following 20 weeks of exercise and the enhancement in muscle strength 
and endurance, provides a likely mechanism for the prevention of fatigue in resistance 
trained men on AST.  
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 Several limitations of the trial are worthy of comment. Although all subjects 
were undertaking AST during the course of the study, duration of use varied. However, 
we found similar responses in training adaptations irrespective of acute or chronic AST 
exposure, possibly due to the low number of subjects in the sub-analysis. In addition, a 
randomized controlled trial would have been a stronger experimental design. However, 
it is likely that a control group after six months on AST would have decreased in the 
study parameters and, as such, differences in the exercise group would appear even 
more substantial. It is important to point out that during the recruitment phase, all men 
reported that they would not have complied with a 20-week control period if allocated 
to a control group suggesting that future exercise trials should attempt to use alternative 
control exercise groups (e.g. cardiovascular, flexibility training) as a strategy to enhance 
long-term exercise study designs. Nevertheless, our study employed a comprehensive 
battery of measures to assess muscle and physical function, as well as balance, and 
DXA and compound ultrasound to study change in soft tissue. Lastly, our subjects were 
well-functioning individuals mostly motivated to undertake the training program and 
may not be representative of all older men undertaking AST for prostate cancer.  

In summary, the present study indicates that resistance exercise has beneficial effects on 
muscle strength, functional performance and balance in older men receiving AST for 
prostate cancer and should be considered for preserving body composition and reducing 
musculoskeletal side effects. Randomized controlled trials are warranted to confirm 
these findings, and future studies should also include larger study groups, longer 
exercise periods (>5 months) and training during intermittent regimens of AST. 
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Figure 9-1Consort Flow diagram of patients progress through the study 
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Table 9-1. Subject Baseline Characteristics 

 

 

BMI = body mass index, LHRHa = 
luteinizing hormone-realizing 
hormone agonist,  

A = antiandrogen, * = acute AST, † = 
chronic AST 

 

 

 

 

 

 

 

Subject  
Age 

 (years) 

Diagnosis 

(days) 

 AST 

(days) 

Free Testosterone 

(pg/ml) 

PSA 

(ng/ml) 

Weight 

(kg) 

BMI 

(kg/m2) 
Type of AST 

1 79 336 65* 0.79 20.30 66.9 24.3 LHRHa+A 

2 65 92 88* 0.26 0.83 73.0 26.8 LHRHa 

3 72 184 120* 7.99 1.20 96.7 31.9 LHRHa 

4 66 363 210* 0.35 0.04 97.3 32.1 LHRHa 

5 59 365 300* 0.15 0.03 68.1 21.2 LHRHa+A 

6 72 732 420† 0.87 0.05 75.8 26.2 LHRHa 

7 62 2520 720† 9.96 0.04 88.6 29.9 A 

8 82 1821 1622† 0.65 2.70 69.9 24.2 LHRHa 

9 63 3605 3240† 0.37 3.60 85.6 28.5 LHRHa+A 

10 73 3960 3955† 0.35 11.80 76.8 28.0 LHRHa+A 

         

Min 59  92 65 0.15 0.04 66.9  21.2  - 

Max 82 3960 3955 9.96 20.30 97.3 32.1 - 

Mean 70.3 1397.8 1135.6 2.13 3.09 80.2 27.4 - 

SD 8.3 1481.8 1360.4 3.64 6.58 10.9 3.3 - 
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Table 9-2 Muscle Strength and Endurance at Baseline and Following 10 and 20 Weeks Resistance Training (Mean ± SD).  

 

Significant difference, p < 0.05, 
abaseline to week 10, bbaseline to week 
20, cweek 10 to week 20. 

1-RM = one repetition maximal, end. = 
muscle endurance at baseline test 70% 
of 1-RM, end. † = muscle endurance at 
post test 70% of 1-RM, rep = number of 
repetitions performed 

 

 

 

 

 

 

 

Variable Baseline Week 10 Week 20 Percentage change p value 

Chest press 1-RM (kg) 30.9 ± 13.2 39.5 ± 15.4a 43.0 ± 16.4b,c 40.5 ± 18.5 <0.001 

Seated Row 1-RM (kg) 36.4 ± 7.3 44.6 ± 7.3a  50.7 ± 7.6b,c 41.9 ± 21.4 <0.001 

Leg press 1-RM (kg) 81.3 ± 34.2 109.0 ± 37.0a  158.0 ± 63.1b,c 96.3 ± 25.7 <0.001 

Chest press end. (rep)  9.0 ± 2.5 13.8 ± 2.2a 20.2 ± 5.5b,c 114.9 ± 42.6 <0.001 

Chest press end.†(rep) 9.0 ± 2.5 7.3 ± 2.2 9.4 ± 2.0  3.2 ± 31.7 0.085 

Leg press end. (rep) 20.3 ± 7.9 35.8 ± 10.8a 47.2 ± 10.5b 167.1 ± 143.6 <0.001 

Leg press end.†(rep) 20.3 ± 7.9 25.0 ± 8.4 27.2  ± 8.6b 56.3 ± 94.5 0.024 
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Table 9-3 Table 3. Functional Performance Measures and Sensory Organization Test (SOT) at Baseline and Following 10 and 20 Weeks Resistance Training (Mean 
± SD).     

(Significant difference, p < 0.05, abaseline to week 10, bbaseline to week 20, cweek 10 to week 20). 

 

 

Variable Baseline Week 10 Week 20 
Percentage 

change 
p value  

Chair rise (s) 15.4 ± 4.9 11.3 ± 3.5a 10.5 ± 2.7b -26.8 ± 7.1 <0.001 

6-m backwards walk (s) 23.5 ± 9.3 18.7 ± 10.1 17.7 ± 10.1b -22.3 ± 21.9 0.017 

6-m usual walk (s) 5.0 ± 1.0 4.5 ± 0.8a 4.3 ± 0.7b -14.1 ± 10.2 0.002 

6-m fast walk (s) 3.7 ± 0.7 3.5 ± 0.7 3.5 ± 0.7 -5.5 ± 10.4 0.227 

400-m walk (s) 283.1 ± 60.0 255.6 ± 40.8a 252.1 ± 46.5b,c        -7.4 ± 5.9 0.003 

Stair climb (s) 7.0 ± 3.6 6.5 ± 3.9a 6.3 ± 2.9b -10.4 ± 9.8 0.014 

SOT (0-100) 68.7 ± 8.3 72.7 ± 6.1 75.7 ± 6.9b 7.8 ± 6.9 0.042 
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Table 9-4. Body Composition, Whole Body Bone Mass, Hip BMD and Muscle Thickness at Baseline and Following 10 and 20 Weeks Resistance Training (Mean ± 
SD).          b Baseline to week 20, p < 0.05. 

Variable Baseline Week 10 Week 20 Percentage change p value  

Bone mineral-free lean mass (kg) 52.2 ± 5.6 52.2 ± 5.8 52.0 ± 5.7 -0.4 ± 2.2 0.844 

Fat mass (kg) 25.7 ± 8.5  25.0 ± 8.5  24.9  ± 8.4 -0.0 ± 6.1 0.823 

Percentage body fat 30.7 ± 7.2 30.5 ± 6.7 30.6 ± 6.7 0.3 ± 5.3 0.852 

Total BMC (g) 3055.5 ± 396.4 3073.1 ± 430.7 3063.2 ± 410.2 0.2 ± 2.5 0.763 

Fem neck BMD (g/cm2) 0.868 ± 0.123  - 0.880 ± 0.115 1.6 ± 5.3 0.422 

Trochanter BMD (g/cm2) 0.817 ± 0.110  - 0.820 ± 0.124 0.3 ± 4.7 0.806 

Wards triangle BMD (g/cm2) 0.590 ± 0.124  - 0.596 ± 0.145 0.8 ± 7.0 0.751 

Biceps thickness (cm) 2.69 ± 0.54 2.83 ± 0.43 2.91 ± 0.57 3.5 ± 6.9 0.621 

Triceps thickness (cm) 1.94 ± 0.26 2.22 ± 0.51 2.33 ± 0.49 5.5 ± 17.0 0.875 

Quadriceps thickness (cm) 2.15 ± 0.30 2.24 ± 0.42 2.46 ± 0.41b 15.7 ± 12.1 0.050 

Hamstrings thickness (cm) 4.52 ± 0.74 4.31 ± 0.99 4.53 ± 0.89 0.2 ± 10.0 0.483 
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Table 9-5. Prostate Specific Antigen (PSA), Free Testosterone, Growth Hormone (GH), Cortisol, and Haemoglobin at Baseline and Following 10 and 20 Weeks of 
Resistance Training (Mean ± SD). 

* ANOVA (baseline, week 10 and 20) 

 

 

 

 Baseline Week 10  Week 20 * p value 

PSA (ng/ml) 3.09 ± 6.58 1.28 ± 1.58 0.90 ± 1.13 0.374 

Free Testosterone (pg/ml) 2.13 ± 3.64 2.15 ± 3.61 1.56 ± 3.68 0.532 

GH (ng/ml) 0.72 ± 0.75 0.83 ± 0.78 0.48 ± 0.37 0.239 

Cortisol (ng/ml) 10.63 ± 3.54 10.35 ± 3.32 10.42 ± 2.67 0.979 

Haemoglobin (g/L) 141.3 ± 13.1 142.3 ± 14.4 141.2 ± 13.5 0.913 
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CHAPTER 10 . STUDY 6. ‘RESISTANCE EXERCISE’ 
WHILST ANDROGEN SUPPRESSED: PART (B) 
EFFECTS ON ENDOCRINE AND IMMUNE RESPONSE 

10.1 HYPOTHESIS,  AIMS  AND OBJECTIVES 

Hypothesis 
A period of intense resistance exercise whilst fully androgen suppressed during the 
iTREAT phase, will increase lean mass, and strength and coordination and 
simultaneously reduce fat mass.  

Observation Statement. 
During a period of androgen suppression, measures of muscle strength and mass, and 
coordination will improve, and fat mass decline, following a program of intense 
resistance exercise  

Aim 
To test the observation statement, measures of muscle function, and fat mass, were 
tested before and after a resistance program in men who were fully androgen suppressed 

Specific objectives 
Establish the effect of an intense resistance exercise whilst fully androgen suppressed on 

• Muscle strength, endurance and bulk 
• Functional performance 
• Fat mass 
• Bone Mineral Density 
• Testosterone  
• Markers of disease control (PSA) 
• Growth hormone and inflammatory markers.  

 

10.2 CONTRIBUTORS ROLES 

My contribution was as follows: I co-wrote the protocol, defining the clinical 
parameters for medical fitness, endocrine stability and disease status. From my clinical 
and research experience, I also determined the timing and focus of endpoint measures.  I 
directed accrual processes, and accrued most of the patients. I assisted with the analysis 
for this paper and collaborated with Dr Daniel Galvao and Dr Dennis Taaffe, 
specifically exploring the implications for exercise interventions, and similarly assisted 
with the manuscript writing.  
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10.4 ABSTRACT 

Purpose: This study examined the effect of 20 weeks resistance training on a range of 
serum hormones and inflammatory markers at rest, and following acute bouts of 
exercise, in prostate cancer patients undergoing androgen deprivation.  

Methods: Ten patients exercised twice weekly at high intensity for several upper and 
lower body muscle groups.  

Results: Neither testosterone nor prostate-specific antigen changed at rest or following 
an acute bout of exercise. However, serum growth hormone (GH), 
dehydroepiandrosterone (DHEA), interleukin-6, tumor necrosis factor-α, and 
differential blood leukocyte counts increased (P < 0.05) following acute exercise. 
Conclusions: Resistance exercise does not appear to compromise testosterone 
suppression and acute elevations in serum GH and DHEA may partly underlie 
improvements observed in physical function. 

 

10.5 INTRODUCTION 

We and others have recently reported beneficial effects of resistance training on 
physical function and quality of life in patients on AST following 12 weeks of 
moderately intense training(180) and 20 weeks of heavy training(93).  We noted that 
muscle strength improved and lean mass was preserved without any harmful effect on 
prostate cancer disease control, as assessed by the resting level of prostate specific 
antigen (PSA)(93), or on the therapeutic castrate resting level of testosterone. The latter 
finding contrasts with the situation in the non-androgen-suppressed individual, where 
resistance training can lead to acute testosterone release (changes occurring immediately 
after an exercise session), which could adversely affect AST disease control. However, 
the acute effect of resistance training on testosterone release in prostate cancer patients 
undergoing AST is unknown and remains to be determined. Moreover, resistance 
training may lead to other hormonal changes, such as in circulating levels of growth 
hormone (GH) and intramuscular insulin-like growth factor-1 (IGF-1) that are well 
described among healthy older adults(186;187).  In prostate cancer patients, no data are 
currently available on the acute effects of resistance training on these growth factors and 
increased circulating levels of GH and IGF-1 in prostate cancer patients may help to 
improve physical function and quality of life, and to preserve body composition.  

Prostate cancer is also associated with a chronic low grade inflammation type state, as 
indicated by elevated circulating levels of the cytokines interleukin (IL)-6, tumor 
necrosis factor-α (TNF-α) and IL-8(188).  Although elevated levels of IL-6 have been 
associated with the age-related decline in muscle mass(189),  IL-6 may not actually 
contribute to muscle loss. Instead, IL-6 may be elevated in response to ongoing 
production of TNF-α(189;190).  Exercise induces IL-6 production in skeletal muscle, 
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and it has been proposed that IL-6 may underlie some of the beneficial effects of 
exercise by inhibiting the synthesis of TNF-α and stimulating the production of other 
anti-inflammatory cytokines(189;190).  Data from cross-sectional studies currently exist 
to support a relationship between physical inactivity and chronic low grade 
inflammation(191-193). However, few longitudinal intervention studies have 
investigated changes in markers of inflammation in response to exercise training, 
particularly in patients with prostate cancer. 

We initiated a longitudinal study of high intensity resistance training in men undergoing 
AST for prostate cancer with the following aims: (A) to determine if resting 
concentrations of serum hormones, markers of disease, inflammation, and bone turnover 
are altered following 10 and 20 weeks of high intensity resistance training, and (B) to 
determine acute changes in these blood variables following a single bout of heavy 
resistance exercise. 

 

10.6 METHODS 

10.6.1 Subjects  

The eligibility criteria and characteristics of the participants have been described in 
Chapter 9.5.1 

10.6.2 Training program 

Details of the testing procedure are described in Chapter 3.5.2. Briefly, participants 
trained twice per week for 20 weeks, in small groups and under direct supervision. The 
first 10 weeks of the program involved an introductory period of whole body resistance 
exercise during which the subjects used hydraulic resistance training machines. These 
machines are simple and time efficient to use, and are restricted to concentric muscle 
contractions. In the following 10 weeks, the training program was restricted to the use 
of isotonic resistance equipment, providing concentric and eccentric muscle 
contractions for whole body exercises similar to those used in the initial 10-week 
period. Both training phases were designed as weeks 1-2 (two sets of 12-repetition 
maximum (RM)), weeks 3-4 (three sets of 10-RM), weeks 5-7 (three sets of 8-RM) and 
weeks 8-10 (four sets of 6-RM). The program was based on the American College of 
Sports Medicine position stand on progression models in resistance training for healthy 
adults(179).  

  

10.6.3 Statistical Analyses 

Data were analysed using the SPSS statistical software package (Version 11.0, SPSS 
Inc, Chicago, IL). One-way repeated measures ANOVA was used to compare changes 
over the three time-points (baseline, week 10, and week 20). Where appropriate, the 
Fisher Protected LSD test was employed to locate the source of significant differences. 
When comparing before and after responses to the acute bouts of exercise, paired t-tests 
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were used. An alpha level of 0.05 was required for significance, and results are 
presented as the mean ± SE.  

10.7 RESULTS 

10.7.1 Measures of Disease Activity: PSA  

PSA was not affected by training (Table 10-1). 

10.7.2 Hormonal Measures: Free Testosterone, GH, IGF-1, Cortisol, 
DHEA and DHEAS 

The resting concentrations of serum free testosterone, GH, cortisol, IGF-1, DHEA, or 
DHEAS did not change significantly over the intervention period (Table 10-1). 
Following the acute bout of exercise free testosterone and cortisol did not change. GH 
tended to increase (P = 0.088) following the hydraulic exercise bout at week 10, and 
increased significantly in response to the acute bout of isotonic exercise at week 20 (P = 
0.009). IGF-1 also tended to increase following both the hydraulic (P = 0.088) and 
isotonic exercise bouts (P = 0.059). DHEA increased significantly following both acute 
exercise bouts, whereas there were no changes in DHEAS. 

10.7.3 Chronic Inflammatory Markers: IL-6, IL-8, IL-1ra, TNF-α, and 
CRP 

Serum IL-8 concentration increased at rest from week 10 to 20 (P = 0.048), and there 
was a trend toward an increase between baseline and week 20 (P = 0.065)Table 10-2 ). 
The resting serum concentrations of IL-6, IL-1ra, TNF-α or CRP did not change during 
the 20 weeks of training. The acute bout of hydraulic exercise at week 10 had no 
significant effect on any inflammatory markers, except IL-8 that tended to increase (P = 
0.081), whereas the acute bout of isotonic exercise at week 20 resulted in an increase in 
both IL-6 (P = 0.001) and TNF-α (P = 0.050).  

10.7.4 Hematological variables: Haemoglobin, White Cells, Monocytes, 
Neutrophils and Lymphocytes 

Resting haemoglobin concentration, blood neutrophil and monocyte counts did not 
change significantly over the 20-week training period (Table 10-2). Blood lymphocyte 
counts increased over time from baseline to week 10 (P = 0.006), whereas total 
leukocyte counts decreased from week 10 to 20 (P = 0.038). Following the acute 
hydraulic exercise bout at week 10, total leukocyte (P = 0.035) and neutrophil counts 
increased significantly (P = 0.029), whereas haemoglobin, monocytes, and lymphocytes 
remained unchanged. The acute isotonic exercise bout at week 20 increased 
haemoglobin and all leukocyte counts (P < 0.05). 

10.7.5 Bone Turnover Markers: TRACP5b, ALP and Osteocalcin  

The resting serum concentrations of TRACP5b and ALP increased significantly over 
time from baseline to week 20 (P < 0.05) (Table 10-2), whereas no changes occurred for 
osteocalcin.  
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10.7.6 Creatine kinase  

Resting levels of CK did not change over time but increased following both acute 
exercise bouts (P < 0.05) (Table 10-2). 

 

10.8 DISCUSSION    

This is the first study to evaluate the acute and chronic effects of resistance training on 
serum hormones, markers of disease and inflammation, and chronic effects on bone 
turnover following high intensity resistance training in prostate cancer patients on AST. 
There were three important findings: (1) neither endogenous testosterone production nor 
disease activity were affected  by resistance exercise, (2) significant changes occurred in 
GH and DHEA concentrations following an acute bout of heavy resistance exercise, and 
(3) the immune response to exercise was similar to healthy individuals. 

Resistance training may play an important role in the therapeutic management of 
prostate cancer patients by countering the adverse consequences of AST on physical 
functioning and the musculoskeletal system. However, before such a role for resistance 
training can be endorsed and recommended for this patient population, clinicians need 
to be assured that the goals of androgen deprivation treatment are not compromised. We 
observed no significant effects of training on resting levels of serum hormones and 
growth factors (free testosterone, GH, IGF-1, cortisol, DHEA and DHEAS) following 
20 weeks training. These findings are consistent with responses observed in healthy 
older adults not undergoing AST(186;194) and suggest that men undergoing AST can 
safely participate in resistance training without adversely increasing their testosterone 
levels. This is an important outcome, because AST is aimed at suppressing testosterone 
synthesis and release. Markers of prostate cancer (PSA) also did not change 
significantly following the training program, suggesting no detrimental effects on 
disease progression. These findings support and extend those previously reported by 
Segal and colleagues(180) where no changes were observed for testosterone and PSA 
following 12 weeks training performed at lower intensity and volume.   

The acute resistance exercise bout performed at week 10 resulted in an increase in 
DHEA with no significant changes in PSA or any other serum hormones, while the 
acute exercise bout performed at week 20 (concentric and eccentric muscle 
contractions) lead to a significant increase in GH, DHEA and an elevation in IGF-1 with 
no changes occurring in PSA. Importantly, free testosterone remained suppressed 
following both acute heavy exercise bouts performed at week 10 and 20. This finding 
indicates that heavy bouts of exercise are unlikely to raise serum testosterone 
concentration as previously shown in non-AST treated older adults(186). The acute 
increases in GH and DHEA following both resistance exercise protocols could partially 
contribute to the  physical and physiological benefits derived from the intervention (e.g. 
strength gains, maintenance of lean mass) (195). Others have reported no relationship 
between prostate cancer markers (e.g. PSA) and growth factors(196;197), which 
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suggests that the transient increase in GH and IGF-1 may not compromise disease state 
and progression.  

The present study also examined the effects of chronic and acute resistance training on 
markers of inflammation. We found no significant effect of 20 weeks of resistance 
training on the systemic concentrations IL-6, IL-1ra and TNF-α at rest. It is difficult to 
compare absolute concentrations for these cytokines between studies, because different 
methods have been used to measure cytokine concentrations. Nevertheless, the lack of 
any significant change in the resting concentration of these cytokines could be because 
the cytokine concentrations were not as high as those reported in other older 
populations(198;199). 

It was interesting to note that IL-6 and TNF-α did not change after the acute bout of 
resistance exercise at week 10, whereas these cytokines increased after the acute bout at 
week 20. It is likely that the inclusion of eccentric muscle contractions during the 
second bout of exercise caused more muscle damage, resulting in greater synthesis of 
IL-6 and TNF-α. CK, which is a common marker of exercise induced muscle 
damage(200), increased following both acute training protocols. The acute changes in 
IL-6 and TNF-α contrast with other findings following resistance exercise in young 
healthy individuals. Nieman et al.(201) found an increase in plasma IL-6 concentration 
after 2 h intense resistance training, whereas Brenner et al.(202) reported no change in 
plasma IL-6 or TNF-α concentration following intense circuit training. These 
differences could be due to variation in exercise protocols and subject characteristics. 

Resting serum IL-8 concentration increased from week 10 to week 20. Because IL-8 is 
generally considered to be a pro-inflammatory cytokine, this result was somewhat 
surprising − particularly without changes in IL-6, IL-1ra and TNF-α. The clinical 
significance of this increase is unclear. IL-8 plays an important role in the proliferation 
of prostatic epithelial cells in vitro (203). The increase in resting serum IL-8 
concentration could possibly be  related to changes in disease status.  In contrast to 
other studies(201), serum IL-8 concentration did not change after either bout of acute 
exercise. Perhaps IL-8 synthesis is impaired following exercise in older compared to 
younger  individuals(204). 

The increase in resting blood lymphocyte counts from baseline to week 10 may 
represent improved immune surveillance(205). The decrease in total leukocyte counts 
from week 10 to 20 is consistent with the findings from cross-sectional studies 
indicating that regular physical activity reduces total leukocyte counts(191-193).  The 
effect of acute exercise on leukocyte, neutrophil, lymphocyte and monocyte counts is 
consistent with other studies involving resistance exercise(201;206) and indicates a 
normal immune response to resistance exercise in these patients. 

Osteoporosis and the risk of skeletal fractures is increased following AST(154).  A high 
rate of bone turnover is an indicator of a greater reduction in bone mass(207). In our 
previous report on these patients, whole body and total hip bone mineral density (BMD) 
assessed by DXA were maintained following 20 weeks of training(93).  However, 20 
weeks is a relatively short period to detect changes in BMD from training or treatment. 
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Consequently, it is of interest that we observed that TRACP5b, a biomarker of bone 
resorption(208) and a predictor of trabecular bone fracture(209) and ALP increased 
following training. This could be an indicator of increased bone turnover due to either 
the exercise intervention or AST. In addition, with an  intervention duration of only 20 
weeks it cannot be determined if this increased activity is leading to bone accrual or 
depletion. Longer duration studies of at least 12 months and inclusion of an inactive 
control group are required to elucidate the influence of high intensity resistance training 
on bone metabolism in men undertaking AST.     

The strength of this study includes the broad range of biomarkers that were measured, 
providing data on endocrine function, disease status, inflammation and bone turnover. A 
stronger experimental design would have been to use a randomized controlled trial, and 
we recognise this as a limitation to our study. However, it should be recognized that all 
men recruited for the screening and selection process indicated that they would not have 
complied with a 20-week control period if they had been allocated to a control group. In 
addition, a large number of prostate cancer patients (91 subjects) were initially screened 
for participation, whereas only 11 men met the study inclusion criteria. Consequently, it 
was not possible to randomly assign some of them to a control group without 
compromising the power of the study. 

In summary, we found that resistance exercise can be safely incorporated as adjuvant 
therapy for prostate cancer patients on AST without compromising the purpose of the 
therapy, which is to suppress testosterone. The present findings, combined with our 
previously reported findings(93) support resistance exercise as an effective means of 
reducing treatment-related side effects. Acute increases in GH and DHEA may partly 
underlie improvements observed in this patient group undergoing resistance training. 
Further, the immune responses to this exercise mode may improve immunosurveillance 
in these patients. 
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Table 10-1 
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Table 10-2  
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CHAPTER 11.  SUMMARY AND FUTURE DIRECTIONS 

This chapter summarises the findings and potential implications arising from this thesis 
examination of the principle hypothesis, That Toxicity Arising From Temporary 
Androgen Suppression Treatment Will Resolve Following Cessation Of Treatment. 
It concludes by describing proposals for future work and potential directions for 
investigation. 

11.1 CONCEPTUAL FRAMEWORK 

To test the principle hypothesis, 6 subsidiary hypotheses, with accompanying 
observation statements, aims and objectives were developed in Chapter 1. The rationale 
for the study and justification for choice of endpoints and clinical setting were described 
in Chapter 2. The experimental design selected for the testing was a longitudinal 
repeated measures observation study design in men undertaking a standardised program 
of intermittent androgen deprivation, and this was described in Chapter 3.  
Standard statistical methods were employed to test individual null hypotheses arising 
from the data analysis. Conclusions drawn within this thesis are derived by inductive 
reasoning and established based on probability.  
 

11.2 FINDINGS AND IMPLICATIONS STUDY 1. 

11.1.1 To test the observation statement, “That our treatment program 
design and efficacy is consistent with International practice” our program design 
and efficacy was compared with International practice by participating in a 
properly conducted meta-analysis of contemporary IAST practice.  

The results were presented in Chapter 4.  

Principle Findings 
Participation in the ISICAP meta-analysis project established that  

• Our treatment regimen was compatible with International practice,  
• That our patient selection for IAST was consistent with International practice,  
• That the results of treatment showed the program performed comparably well in 

measures of treatment efficacy,  
• that our program data was acceptable to be employed in the International meta-

analysis.  

Implication:  
Our treatment program has International standing for compatibility and efficacy. Our 
patient demographics are not significantly different, hence findings from our work can 
more confidently be considered compatible with International practice.  
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11.3 FINDINGS AND CONCLUSIONS STUDY 2. 

11.3.1 To test the observation statement ‘Measures of HQOL will decline 
during AST, and recover following treatment cessation’, the longitudinal pattern 
of change to HQOL observed during the iTREAT period and subsequent POST 
period were compared.  

This was described in Chapter 5. 

Principle Findings 
• Our Australian cohort was noted to perform better at baseline than the EORTC 

reference group. The increasing availability of PSA in the community has led to a 
significant stage shift towards earlier disease load at presentation. Much of the 
difference can be explained by the fact that EORTC data was collected from groups 
prior to widespread PSA screening in contrast to our contemporary patient group.  

• AST was associated with a significant reduction in global HQOL and deterioration 
in most function and symptom scales. The greatest decline occurred over the first 3 
months.  

• AST has a very broad effect on HQOL scores, with most deteriorating during 
iTREAT (only pain improved). Clinically relevant changes for whole group scores 
were confined to hot flushes and loss of sexual function. 

• Once treatment ceased (POST) phase there was a trend of progressive improvement 
in HQOL that paralleled testosterone recovery, and which was slower than the rate 
of deterioration during the treatment phase. Maximum recovery of HQOL occurred 
most frequently by months 9-12.  

• Disease extent did not predict changes in HQOL score following AS apart from a 
‘clinically unimportant’ worsening of scores for the urinary disturbance scale for the 
locally recurrent group.  

• Failure of testosterone recovery was associated with poorer HQOL recovery 
• Older men were less likely to recover to eugonadal testosterone levels. 

Implication:  
• The increasing availability of PSA in the community has led to a significant stage 

shift towards earlier disease load at presentation. The EORTC data was collected 
prior to widespread PSA screening(127), in contrast to our contemporary patient 
group.  Better performance of our patients may in part be attributable to this stage 
shift, particularly in the earlier presentation now of men with metastatic disease. The 
EORTC are currently updating their reference data.  

• HQOL does recover after treatment cessation, indicating a benefit of IAST over 
continuous therapy. 

• Whilst treatment cessation leads to improvement in HQOL, the extent of recovery, 
appears determined by the extent of testosterone recovery, and not treatment 
cessation per sae, and this is an important consideration in older men who are less 
likely to recover testosterone.  
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• The value of categorizing disease extent as a factor for predicting quality of life 
appears to have lessened in the PSA era. 

 
 

11.4    FINDINGS AND CONCLUSIONS STUDY 3. 

11.4.1 To test the observation statement “ That Measures of Mood and 
Cognition Will Deteriorate During AST and Recover Following Treatment 
Cessation”. 

This was described in Chapter 6. 

Principle Findings: 

• AST was associated with a non-clinically important increase in mean (BDI) 
depression score from 5.4 at baseline to 7.1 at end of AST (p<0.004), that showed a 
non-significant trend to lessen by 3 months post treatment cessation. Three 
participants had BDI scores greater than 12 at baseline, which is suggestive of 
clinically significant depression. This number increased to 7/40 at week 24 and 
declined to 4/40 at the 3 months following treatment cessation.  

• AST was also associated with a non-clinically important increase in anxiety score 
(BAI) from a mean level of 4.7 at baseline to 8.5 at end of AST (p < 0.001), but 
subsequently failed to return to baseline (NS). At baseline, 2/40 subjects had BAI 
scores greater than 12, suggestive of clinically significant anxiety, but this rate went 
up to 10/40 at week 24 and did not change substantially until the end of follow-up. 

• Measures of cognition showed ceiling effects throughout the assessment period. 
• At 3 months following treatment cessation, most men had not recovered testosterone 

to eugonadal levels. 
• There was a clear temporal inverse relationship between Beta-Amyloid and 

testosterone.   
• Once treatment ceased (POST) phase, cognitive performance improved, most 

noticeably in verbal memory.  

Implications 
• The lack of observed change in the cognitive testing was influenced by the ceiling 

effect of the scores, and likely confounded by the learning effect associated with 
repetitive testing. However, it can be inferred that the negative cognitive 
consequences associated with lack of sex hormones in our study were not of greater 
magnitude than the learning effect associated with repetitive testing.  Future studies 
will need to employ testing that is not influenced by learning, nor ceiling or floor 
effects in this population. 

• Our study may have lacked the necessary power to detect clinically significant 
changes in mood associated with chemical castration, but its results are consistent 
with the hypothesis that sex hormones modulate certain aspects of mood. 
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• The finding that clinically relevant levels of anxiety and depression become more 
common during AST should alert clinicians that complex communications might be 
less well understood.  

• The strong temporal inverse association of testosterone decline with Beta-Amyloid 
elevation suggests this relationship warrants further exploration. 

• The lack of variance in testosterone levels in the time course selected in this sub 
study prevented investigation of relationships with testosterone. During AST, there 
was a marked floor effect, and the post treatment interval was too short for sufficient 
testosterone recovery to take place.  

 
 

11.5 FINDINGS AND CONCLUSIONS STUDY 4. 

11.5.1 To test the observational statement “That Measures Of Bone 
Mineral Density And Metabolism Will Demonstrate A Pattern Of Increased Bone 
Loss During Androgen Suppression Treatment, But This Pattern Will Reverse 
Once Treatment Ceases”,  

This was described in Chapters 7 & 8. 

Principle Findings. 
• AST resulted in a significant decrease in BMD (total body -2.4% ± 0.4, p < 0.001),  
• The pattern and magnitude of loss observed during AST, was consistent with that 

reported by others.  
• BMD for the spine showed greater reductions than at the hip. This may be attributed 

to the greater trabecular bone composition of the spine compared to the proximal 
femur, where earlier bone turnover and therefore loss of BMD in the axial skeleton 
may occur. 

• BMD loss during AST was greater in the upper limbs (-1.3% ± 0.3, p < 0.001) 
compared with the lower limbs ( -0.6% ± 0.4, NS). 

• After 3 years in the IAST program, the prevalence of Osteoporosis increased from 
7% at baseline to 10%. 

• Osteoporosis only developed in men already osteopaenic at presentation (36%) and 
not when their BMD was normal. 

• The nature of BMD change was significantly modified following treatment 
cessation, with reduced loss at the hip (-0.6% at year 1 and -0.8% at year 2, NS), 
and marginal gain in the spine (+1.0% at year 1 and a further +0.2% at year 2) 
across the 2 years POST period. 

• Overall BMD change at 33 months was determined by the contribution of 
testosterone driven recovery during the POST period rather than the magnitude of 
loss during the iTREAT period. 

• BMD was impaired if men underwent further episodes of AST during the 
subsequent 2 year POST period.  
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• BMD recovery was strongly associated with the extent of testosterone recovery 
• There appeared to be an apparent testosterone threshold below which BMD 

recovery was not observed (5ng/ml). 
• Although the median time for testosterone recovery (eugonadal testosterone level 

≥10ng/ml) following iTREAT phase was only 9 months, recovery appeared to 
plateau after 2 years, and 26% remained hypogonadal. 

• Age was a significant factor for testosterone recovery, the odds of recovery reducing 
by 50% if older than 70 years, and an additional 50% if older than 75 years. 

• The patterns of bone physiology markers changed over the course of the study in 
predictable fashion, with the expected increase in markers of catabolism rising 
during the catabolic iTREAT phase (urinary deoxypyridinoline, calcium excretion), 
and subsequent decline and simultaneous rise in level of the osteocalcin and alkaline 
phosphatase during the anabolic POST phase. 
 

Implications 
• The 10% prevalence of Osteoporosis after 3 years IAST in our was much less than 

that reported for men undergoing continuous therapy ( 42.9%, 49.2%, and 80.6% at 
2, 4, and 10 or more years, respectively), suggesting a major benefit for  IAST over 
continuous therapy. 

• Testosterone recovery, not treatment cessation appears to determine subsequent 
bone density in the POST period.  

• The relationship between BMD change and testosterone recovery appeared linear, 
with an apparent testosterone threshold (5ng/ml) below which BMD recovery was 
not observed. 

• The finding that Testosterone recovery plateaued after 2 years in 26% is especially 
important for men undergoing adjuvant or neoadjuvant AST, as it is commonly 
assumed that testosterone will recover. These men are anticipated to live for many 
years, and failure for recovery could have adverse effect on BMD. Testosterone 
should be monitored to ensure adequate recovery in all patients following AST 
withdrawal. 

• During AST, BMD decreased in the upper limbs but not in the lower limbs. The 
loading that the lower extremities are subject to during ambulation and other 
activities, which produce high force transmission through the skeleton, may have 
contributed to the preservation of bone density compared to the non-weight bearing 
upper extremities.  

• Given the potential for BMD recovery following treatment cessation  it might be 
possible to observe, and  avoid the potential toxicities and cost of elective 
bisphosphonate interventions for men presenting with, or developing borderline 
osteoporosis after temporary AST, providing BMD is monitored,  and testosterone 
recovers, 

• We were unable to find any meaningful relationships for prediction of final BMD 
change with any assessment undertaken during the 9 months iTREAT period, nor 
during the 2-year POST period. However, their changes over time mirrored changes 
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in serum testosterone suggesting that their relationship with long term bone change 
is driven by testosterone. Measurement of bone marker activity had no practical 
application in our patient group.  

 

11.6 FINDINGS AND CONCLUSIONS STUDY 5 

11.6.1 To test the observation statement, ‘Measures of lean and fat mass 
will demonstrate a pattern of lean loss and fat gain during the AST, but this 
pattern will reverse once treatment ceases’, measures of lean and fat mass were 
assessed longitudinally over the 3 year IAST study, comparing the changes during 
the iTREAT period with the POST period.  

This was described in Chapter 7. 

Principle Findings 
• AST was associated with significant increase in whole body Fat mass (+2.3 Kg±0.7,  

+13.8% ± 2.3, p < 0.001). 

• Fat mass accretion during AST occurred at all sites, but was greater in the 
limbs(p<0.001) 

• AST was associated with significant reductions in whole body Lean mass (-1.4Kg 
±0.8,  -2.4% ± 0.4, p < 0.001). 

• Loss of Lean mass during AST occurred at all sites, but was greater in the limbs 
(p<0.001). Loss was greater in the upper limb, -5.6% than the lower limb, -3.7%. 

Implications 
 
• Changes to fat metabolism in men undertaking AST may be associated with 

significant cardiovascular and metabolic complications, which could also affect 
patients’ quality of life and overall survival. Four studies published within the last 
two years provide strikingly similar findings of these increased cardiovascular and 
metabolic risks associated with AST, and highlight the need for strategies to counter 
treatment-induced morbidity and mortality(41-44).  

• In a large population-based cohort of men with localized prostate cancer ≥66 years, 
Keating et al. (41) examined whether AST in the form of a GnRH agonist or 
bilateral orchidectomy was associated with an increased incidence of cardiovascular 
disease and diabetes. Using Surveillance, Epidemiology and End Results (SEER) 
Medicare data, 73,196 men were observed for up to 10years. In Cox proportional 
hazards models adjusted for a number of potential confounders, GnRH agonist 
administration was associated with an increased risk of coronary heart disease 
(CHD; 16%), myocardial infarction (MI; 11%), sudden cardiac death (16%), and 
diabetes (44%). Moreover, the increased risk of incident CHD and diabetes was 
apparent with as little as 1–4months of treatment. These findings have been 
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supported by Saigal et al. (43) who also examined the risk of cardiovascular 
morbidity using the SEER Medicare data, and found that patients who received AST 
had a 20% increased risk of cardiovascular morbidity, and this increased risk was 
observed within the initial 12 months of AST. 

• In the study by D’Amico et al., (44) the authors pooled results from three 
randomized trials that included cohorts from Australia and New Zealand, Canada, 
and the US. The time to fatal MI following 3–8months of AST, in men who were 
also receiving external beam radiotherapy, was examined: the study showed that 
6months of AST led to a shorter time to fatal MI in men ≥65years compared with 
men aged <65years, or men who did not receive AST. Furthermore, in those men 
aged ≥65years, a similar time to fatal MI was observed between 3 and 6–8months of 
AST, again indicating an increased risk of cardiovascular-related toxicity even after 
short-term AST. Lastly, Tsai et al.,(42).  using data from the Cancer of the Prostate 
Strategic Urologic Research Endeavour registry, retrospectively examined whether 
AST use was associated with death from cardiovascular-related causes in 4,892 men 
who underwent radical prostatectomy, external beam radiotherapy, brachytherapy or 
cryotherapy. After a median AST duration of 4.1months and a follow-up time of 
3.8years, patients aged ≥65years who underwent both radical prostatectomy and 
AST had a 5-year cumulative incidence of cardiovascular death of 5.5% compared 
with 2% for those who underwent radical prostatectomy alone.  

 
• These four large studies clearly indicate novel cardiovascular and metabolic 

toxicities associated with AST that are beyond the well-known and established 
adverse effects related to the musculoskeletal system. (41-44).  This finding is of 
considerable concern to patients and clinicians, as survival of the co-morbidities 
associated with AST can become more difficult than surviving the prostate cancer. 
Consequently, patients might decline to use AST when it might be effective, and 
clinicians can be more hesitant to prescribe AST. Before AST is initiated, 
identifying patients at greatest risk of these adverse effects, by assessing body 
composition, serum lipoproteins, fasting insulin, and arterial stiffness, might be 
useful. Keating et al. (41) suggest that the risk of developing cardiovascular and 
metabolic disease from receiving AST must outweigh the risk posed to health by 
prostate cancer. 

•  

These views have been presented in a published viewpoint article: “Can exercise 
ameliorate the increased risk of cardiovascular disease and diabetes associated 
with AST?  
Galvao, D.A.; Newton, R.U.; Taaffe, D.R.; SPRY, N.A (210) 
Nature clinical Practice Oncology 306-7,5,(6)2008” 
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11.7 FINDINGS AND CONCLUSIONS STUDY 6 

11.7.1 To test the observation statement, “During a period of androgen 
suppression, measures of muscle strength and mass, and coordination will 
improve, and fat mass decline, following a program of intense resistance exercise”, 
measures of muscle function, and fat mass, were tested before and after a 
resistance program in men who were fully androgen suppressed 

This was described in Chapters 9 & 10. 

Principle Findings 
• High intensity progressive training was associated with substantial improvements in 

o Muscle strength (chest press, +40.5%; seated row, +41.9%; leg press, 
+96.3%, p<0.001)  

o Muscle endurance,  (chest press, 114.9%; leg press, 167.1%) 
o Muscle thickness at the quadriceps site (+15.7 ± 12.1 % , p=0.050). 

• These changes were accompanied by enhancement in several measures of functional 
performance and balance, including the 6-m usual walk, 6-m backwards walk, chair 
rise, stair climbing, 400-m walk and balance ranging from 7 to 27%. 

• DEXA measures of lean mass, fat mass and BMD, showed no significant decline 
across the 20-week intervention.  

• There were no significant effects of training on resting levels of serum hormones 
and growth factors (free testosterone, GH, IGF-1, cortisol, DHEA and DHEAS) 
cofactors that could mediate resistance training induced adaptations.  

• No significant effect of 20 weeks of resistance training on the systemic 
concentrations IL-6, IL-1ra and TNF-α at rest. 

• PSA was not affected during the assessment period. 

Implications 
• The improvements in muscle strength and endurance and functional 

performance measures, including balance, following training in our group of 
‘medically castrated’ men are similar to comparable exercise intervention in 
community-dwelling healthy older adults not on AST(89;90). By increasing 
functional reserve, daily activities could be more easily performed by using a 
lower percentage of maximal strength and endurance, thereby promoting 
enhanced independence. Importantly, reduction of lean mass following AST 
could reduce musculoskeletal fitness, compromising muscle strength, physical 
function and physical reserve capacity (65). Such changes have implications in 
terms of reducing the age at which the individual falls below the functional 
capacity threshold, requiring a shift away from independent living and a reduced 
quality of life. 

• Improvements in function and balance SOT equilibrium scores found with our 
cohort following training, have previously been used to discern fallers from non-
fallers in healthy older adults(182), which is of additional importance given that 
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skeletal fracture risk is now recognized as a major side effect from GnRH 
agonist treatment(50;183). 

• That the expected Fat mass accretion during AST, was not observed during the 
20 week training period, suggests a possible protective effect of exercise. In the 
non-prostate cancer male, exercise is recognised to reduce fat mass, reduce the 
risks for type II diabetes (211), cardiovascular disease(212), and premature 
death(213).  

• Markers of prostate cancer (PSA) also did not change significantly following the 
training program, suggesting no detrimental effects on disease progression.  

• Serum free testosterone and PSA did not change during the study indicating that 
this exercise mode can safely be undertaken in prostate cancer patients on AST 
without compromising the therapy purpose of reduced androgen levels. Our 
finding is consistent with others(180) and important given that several studies in 
Eugonadal men have demonstrated that an acute bout of resistance training can 
elevate testosterone in older men (186;214).  

• It was interesting to note that IL-6 and TNF-α did not change after the acute 
bout of resistance exercise at week 10, whereas these cytokines increased after 
the acute bout at week 20. It is likely that the inclusion of eccentric muscle 
contractions during the second bout of exercise caused more muscle damage, 
resulting in greater synthesis of IL-6 and TNF-α. CK, which is a common 
marker of exercise induced muscle damage(200), increased followed both acute 
training protocols. 

• The acute increases in GH and DHEA following both resistance exercise 
protocols could partially contribute to the  physical and physiological benefits 
derived from the intervention (e.g. strength gains, maintenance of lean mass) 
(195). These findings collectively suggest that non-androgen mediated 
mechanisms, such as neurological adaptations to training, and possible acute 
exercise induced elevations in other muscle growth mediators such as hGH and 
IGF-1 are likely responsible for the observed changes in muscle function and 
hence physical performance following resistance training 

• These results suggest that high intensity resistance exercise can be safely 
tolerated in this group of men receiving AST and enhanced muscle and physical 
function ensues, despite a compromised hormonal profile.   

• Further, exercise has a potential to ameliorate a number of toxicities associated 
with androgen suppression, and these have been discussed in the following 
review article.  

Exercise can prevent and even reverse adverse effects of androgen suppression 
treatment in men with prostate cancer.  
Galvão DA, Taaffe DR, SPRY N, Newton RU. (177) 
Prostate Cancer Prostatic Dis. 2007 May 8; [Epub ahead of print]  



   

 192 

11.8  STUDY LIMITATIONS 

The results have to be reviewed with caution for the following reasons; 

Our patients were a convenience sample who gave consent to be in the study, therefore 
some element of selection bias will be present. However, it was our intention to reflect 
the range of clinical practice in Australia, and avoid the generalisation problems of 
studies where sampling is drawn from only one practice type - commonly academic 
units. Our patient age profiles were shown to match the Australian prostate cancer 
profiles closely.  

We employed a within person comparison design because of its greater sensitivity to 
change over the cross sectional between-patient design or comparison with controls.  

Missing data, which increases the potential for selection bias, was not a significant 
problem in our study. Clearly disease progression, major intercurrent illness, and 
androgen progression are expected reasons for withdrawal. We considered missing data 
to be withdrawal from study for any of the follow reasons; patient choice; protocol 
violation and lost to follow up, and this affected 5.2% at 9 month, accumulating to 
10.8% by end of the first year post treatment cessation, and by the end of the study the 
prevalence of missing data at 36 months was 24.8%. Inspection of the time and reason 
for withdrawal in the consort flow diagram of patients through the study Figure 11-1 
showed no unexpected pattern for this patient group. Withdrawals because of patient 
preference or for major protocol violation were of modest level, and occurred later in 
the study period. Our data attrition compares very favourably with others reporting 
longitudinal data, where missing data ranged from 74.4% missing at 4 years(173), 50% 
at 18 months(162). 

Choice of instrument to measure change to cognitive functioning was a clear problem 
with study 3, where serious ceiling effects were observed, which prevented any useful 
analysis of this data. Additionally, testosterone recovery took much longer than the 3 
month post treatment assessment period, mistakenly believed to be appropriate by the 
authors during the initial study design. Consequently, it was not possible to investigate 
the effect of increasing levels of testosterone.  Several additional limitations of study 6 
also warrant comment. Our subjects were well-functioning individuals mostly 
motivated to undertake the training program and may not be representative of all older 
men undertaking AST for prostate cancer. Although all subjects were undertaking AST 
during the study, duration of prior use varied. However, we found similar responses in 
training adaptations irrespective of acute or chronic AST exposure, possibly due to the 
low number of subjects in the sub-analysis. In addition, a randomized controlled trial 
would have been a stronger experimental design. However, it is likely that a control 
group after six months on AST would have decreased in the study parameters and, as 
such, differences in the exercise group would appear even more substantial. Despite 
these limitations, the finding that clinically relevant levels of anxiety and depression 
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become more common during AST, should alert clinicians that complex 
communications during this period might be less well understood. 

 

 

Figure 11-1Consort Flow chart of patient Flow through the study 
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11.9 FUTURE DIRECTIONS 

11.9.1 Ongoing Analysis of this data set. 

1. Quality of life. There is a need to develop methods that can summarise the varying 
changes that occur to the multiple scales of HQOL instruments in ways that are 
clinically meaningful. We are currently investigating a method of categorising the 
collective change to all of the function domains, so in effect it will be possible to 
identify who  gets ‘better’, or ‘worse’ and who remains much the same.  

2. Potency. The EORTC prostate module includes 7 questions relating to issues 
relating to sexuality.  Knowledge about the likelihood of potency and libido return, 
and factors that might predict these outcomes has clinical value. Preliminary 
analysis is underway.  

3. Haematological changes. We have undertaken some preliminary analysis (not 
shown) that identifies that haemoglobin is highly responsive to androgen level. Full 
characterisation and identification of covariates that might predict for significant 
falls in haemoglobin is underway.  

4. Lean and Fat physiology. A manuscript is in the final stages of development, 
examining the response of regional lean and fat mass to cessation of treatment, and 
testosterone recovery. In the interests of space, it has not been included in this 
thesis.   

5. Frozen serum and urine bank A large bank of frozen serum and urine from the 
WA men undertaking the bone physiology sub study has been collected, to allow for 
elective later retrospective biochemical analysis. There are no immediate 
investigation plans. 

6. Metabolic Syndrome characterisation Planned investigation of the metabolic 
syndrome was confounded by the lack of reliable data about antihypertensive or 
cholesterol lowering medication use during the study. However, some of this data is 
available for the WA subgroup, and a later analysis is planned.  

7. Identification of variation in testosterone sensitivity and reactivity across 
physiological systems. Modelling of the role taken by testosterone in driving the 
change to various physiological endpoints during the testosterone recovery phase is 
being pursued It is likely that other covariates will have lesser or greater roles in this 
process, depending on the physiological system, and that response rates and 
thresholds are likely to vary between systems.   

8. Connection between HQOL and physiology. Once full characterisation of the 
changes to the physiological and HQOL data has been completed, it is intended to 
explore  the relationship between objective physiological changes and patient 
perceived changes or quality of life measures.  

 

11.9.2 Other directions for investigation 

1. Summary measures for longitudinal toxicity There is a real need to develop 
practical and meaningful ways to summarise longitudinal morbidity in medicine 
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generally, given that the many contemporary treatment interventions today are 
initiated for small and future based benefits. A longitudinal benefit toxicity index 
would be hugely useful. Given the potential benefit of the lifestyle intervention 
exercise to ameliorate treatment toxicity, perhaps the role that lifestyle interventions 
might play in mitigating toxicity would need also to be integrated into such an 
index. 

2. Randomised Exercise interventions appear to be a very exciting intervention for 
the amelioration of many problematic treatment toxicities. However, randomized 
controlled trials are required to confirm the findings in this thesis. Future studies 
will need to include larger study groups, longer exercise periods (>5 months) and 
training during intermittent regimens of AST. A randomised study of immediate 
versus delayed exercise in the androgen depleted state, to confirm the findings in 
this thesis has just completed accrual. The next study, investigating the comparative 
effects of metabolic versus resistance exercise type is about to commence. 

3. Role of Testosterone replacement therapy in men failing to recover 
testosterone, Adjuvant AST programs are widely employed, in the belief that 
testosterone will recovery spontaneously to normal after treatment cessation. 
However,  one quarter of our men did not recover to eugonadal testosterone levels 
after ceasing therapy. Given the potential for cumulative morbidity associated with 
continued androgen suppression, there is a need to establish that testosterone 
recovery has occurred in practice. Further, for those in whom it is inadequate, there 
is also a need to investigate the safety and efficacy of other options such as elective 
androgen supplementation against other methods of long term hypogonadal 
morbidity amelioration. 

11.10 CONCLUSION 

In conclusion, the findings from the studies presented in this thesis support the 
statement “that morbidity arising from temporary androgen suppression treatment does 
improve with cessation of treatment”. However, two findings suggest the statement be 
modified to improve its precision. First, our analyses infer that post therapy 
improvement is mediated via the testosterone recovery that follows treatment cessation, 
and not simply cessation of the AST. Testosterone failed to recover to Eugonadal levels 
in one quarter of our cohort, hence the general assumption that cessation of AST will be 
sufficient for treatment related morbidity to recover, would appear incorrect.  The 
second finding, that a lifestyle activity, exercise, has a powerful beneficial effect that 
ameliorates certain soft tissue morbidities in the androgen suppressed state, needs 
validation, and if confirmed, possible inclusion into the statement as a lifestyle 
covariate. Lifestyle choices that ameliorate treatment toxicity introduce an interesting 
covariate to the process of informed decisions making. When the benefits of AST 
intervention are future based and small, in addition to the risks of morbidity, the patient 
will need to their consider their commitment to undertaking lifestyle strategies that 
ameliorate those toxicities. 
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CHAPTER 12.  APPENDICES 

Appendix 12-1 Patient Performance Status: 

5-Grade Scale (ECOG) 

 

Grade 

 

Status 

0 Able to carry out all normal activity without restriction. 

 

1 Restricted in physically strenuous activity but ambulatory and able to do 
light work. 

 

2 Ambulatory and capable of all self-care but unable to carry out any work.  
Up and about more than 50% of waking hours. 

 

3 Capable of only limited self-care, confined to bed or chair more than 50% 
of waking hours. 

 

4 Completely disabled.  Cannot carry on any self-care.  Totally confined to 
bed or chair. 
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Appendix 12-2: EORTC QLQ C-30 Quality Of Life Questionnaire QLQ-C30 
(Version 2.0) 
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Appendix 12-3 Guidelines for The Administration Of The Quality Of Life 
Questionnaire. 

Introduction 
 

Guidelines for administering the Health-Related Quality of Life Questionnaire (HQOL) 
for the study “A phase II study to assess the effect of intermittent androgen blockade in 
the treatment of advanced prostate cancer” are presented in this document.  The 
patients will complete the questionnaire at the scheduled visits. 

These guidelines assume that an appropriate person or persons has been designated to 
facilitate self-administration of the questionnaires and enter the data with each 
investigator’s office, and that a procedure has been established for recording the 
patient’s initials and identification number, visit date, and site code on the 
questionnaire. 

 
Foreign Speaking Patients, Visual Problems 
 

Patients must be able to read the language of their country in order to complete the 
HQOL.  If a patient is not able to speak the language of their country, check if the 
patient is able to read the language of their country, and if so, give the patient the 
questionnaire. 

The HQOL was prepared under the assumption that patients may have problems reading 
a questionnaire that has normal-size type.  If the patient is physically unable to read the 
HQOL then the appropriate person who has been designated to administer the HQOL 
can administer the questionnaire by interview. 

 

When Should the Questionnaire be administered? 
 

The HQOL should be administered before

 

 the patient sees the physician, so that the 
interaction between the patient and physician will not influence the patient’s answers to 
the questionnaire.  Ideally, the questionnaire also should be administered before the 
patient is asked about adverse experiences and concurrent illnesses, again so that any 
discussions of health problems do not influence the patient’s answers to the 
questionnaire.   

How Should the Questionnaire Be Introduced? 
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A sample script for introducing the questionnaire is given below.  This is one possible 

Your doctor would like to better understand how you and other patients in this study 
feel, how well you are able to do your usual activities, and how you rate your health.  
To help us understand these things about you and other patients better, please complete 
this questionnaire about your health. 

script that could be used.  Staff members at each study site can reword this script so that 
it sounds more like their natural style of speech and fits the setting of the clinical site. 

The questionnaire is easy to fill out.  The instructions are on the front cover [point to 
them].  You should read each question and then circle the appropriate number that 
matches your answer.  Remember, this is not a test and there are no right or wrong 
answers.  Choose the answer that best describes the way you feel.  I will quickly review 
your questionnaire when you are done to make sure that all the questions have been 
answered. 

You should answer these questions by yourself.  Spouses or other family members 
should not

 

 help you when you answer the questionnaire.  I will be nearby in case you 
want to ask me any questions.  Please return the questionnaire to me when you are done. 

What To do if the Patient Asks for Clarification of Survey Items 
 

Some patients may ask what specific questions mean.  If this happens, the staff member 
can assist the patient by rereading the question for them verbatim.  If the patient asks 
what something means, do not try to explain what the question means, but tactfully 
suggest that the patient use their own interpretation of the question.  All patients should 
answer the questions based on what they

 

 think the questions mean, or the study results 
may be biased. 

Questionnaire Completion 
 

When the patient returns the questionnaire, check that all the questions have been 
answered. If the questionnaire is not complete, tell the patient that some of the questions 
weren’t answered. If the patient does not quickly volunteer to answer these items, ask 
the patient whether he had any difficulty completing the questionnaire. 

If the patient says that he had trouble understanding a question, ask the patient why he 
had difficulty with that item.  Reread the question for him  verbatim, but do not attempt 
to explain or reword the question, as explained before.  If the patient is still unable to 
complete the question, accept the questionnaire as incomplete. 

Some patients may be confused by the response choices.  They may want to respond 
with “I don’t know” or some other response choice that is not on the questionnaire.  If 
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that happens, try to tactfully help the patient choose one of the response categories by 
saying something like:  “I know it may be hard for you to pick an answer, but which of 
these answers do you think comes closest to the way that you are thinking or feeling?”  
If the patient still can’t select an answer, accept the questionnaire as incomplete. 

Occasionally, patients may not report having difficulty with a question or with the 
response choices, but still may hesitate or refuse to answer an item or items.  If this 
happens, accept the questionnaire as incomplete. 

 

Please review the specific DO’s and DON’Ts of Questionnaire Administration in Table 
1.  If a patient asks for interpretation of their responses or asks for their score on the 
questionnaire, tell respondents that you are not trained in how to score or interpret the 
questionnaire.  Emphasize that their answers are to be kept confidential. 

 

Completed Questionnaires 
 

In general, when questionnaires like the HQOL are administered in clinical settings, the 
patient is thanked once he has completed the questionnaire and the staff member has 
checked it for completeness.  A draft script for thanking the patient is provided below.  
Again, the staff member should reword this to sound like their natural speech. 

Thank you for taking the time to complete this survey.  We will be asking you to 
complete this survey again during this study. 

Depending on the visit week, the second sentence can be modified to say the number of 
additional times the survey will be administered, or to say that this is the last time that 
the survey will be administered.  Because the patient is providing other information 
during his or her visit, a specific thank you for completing the HQOL may not be 
appropriate in this study. 

 

Physician/Staff Review of Questionnaires 
 

The physician should not be allowed to review the questionnaire.  Physicians may be 
interested in knowing the results for their patients, especially if they know that quality 
of life questionnaires are currently being used in some physician’s practices.  However, 
allowing the physician to review the survey introduces a potential bias into the study, 
since a physician might discuss the results with patients or somehow influence patient’s 
answers on subsequent administrations of the survey.  Even if a physician does not 
mean to do this, the potential for inadvertently doing so exists. 
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Staff members who administer the questionnaire and enter the data also should not 
discuss the results with patients.  If the patient asks about their results, the staff member 
should say that the results are being analysed as part of the study and that staff members 
at the individual sites cannot interpret the results.  The patient also could be reminded 
that the HQOL is not a test and that there are no right or wrong answers. 

 

Data Entry 
 

Responses to the questionnaire should be data-entered as they appear in the form.  In 
most cases, this means that the precoded number that is circled by the respondent should 
be entered.  There may be cases where it is not clear what number should be entered.  
Some suggested rules for common coding problems include the following: 

 

(1) If a respondent circles two responses and the responses are adjacent to each 
other,  

 code the lower number. 

 

(2)  If a respondent circles two responses for an item and they are not adjacent to 
each  

 other, code that item “missing”. 

 

(3) If a respondent circles three or more responses for an item, code that item 
“missing”. 

 

(4) If a respondent answered the “yes/no” items by writing in “yes” or  “no”, code 
the  

 answer as though “yes” or “no” had been circled. 

 

(5)  If a respondent places a tick or a mark between two responses, code the lower  

 number. 

 

It is important that the data be verified to check that it has been entered correctly.  
Ideally, 100 percent of the data should be verified. 
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 TABLE 1 QUESTIONNAIRE ADMINISTRATION DOs AND DON’Ts 

 

DOs  DONT’s 

 

Do have the respondents fill out the 
questionnaire before they fill out any 
other health data forms and before 
they see their physicians 

  

Do not discuss respondents’ health, 
health data, or emotions with them 
before they fill out the questionnaire 

Do be warm, friendly, and helpful  Do not force or command 
respondents to fill out the 
questionnaire 

Do request and encourage 
respondents to fill out the 
questionnaire 

 Do not accept an incomplete 
questionnaire without first 
encouraging the respondent to fill 
out unanswered questions 

Do read and repeat a question 
verbatim for the respondent 

 Do not interpret or explain a 
question 

Do tell respondents to answer a 
question based on what they think 
the question means 

 Do not force or command 
respondents to fill out a particular 
question 

Do have respondents fill out the 
questionnaire by themselves 

 Do not allow spouses or family 
members to help the respondent fill 
out the questionnaire 

Do encourage respondents to fill out 
all questions. 

 Do not minimize the importance of 
the questionnaire 

Do thank respondents for filling out 
the questionnaire 

  

Do inform respondents if they will 
be asked to fill out the same 
questionnaire again at other clinic 
visits 

  

 

Acknowledgment:  This document was adapted for this study and was originally prepared by the International 

Resource Centre for Health Care Assessment at The Health Institute, New England Medical Centre Hospitals, 

Boston, Massachusetts in April 1992.  It is based on questionnaire administration guidelines developed by the 

Department of Quality Assessment, New England Medical Centre Hospitals.  
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Appendix 12-4: Flutamide Toxicities to be Monitored and Dosage Modifications 

Haematological Toxicity 
There are no dosage adjustments for haematological toxicity. 

Dosage adjustments for Non-haematological Toxicity: 

Diarrhoea Toxicity: 
The major toxic effect of flutamide is modest diarrhoea, which is very rarely severe 
(exclusion of other causes of diarrhoea should be considered in severe cases).  The dose 
modifications for this will be as follows: 

Grade 2 diarrhoea, treat symptomatically with anti-diarrhoea drugs. 

Grade 2 diarrhoea unresponsive to symptomatic treatment and/or appropriate dose 
modifications, or Grade 3/4 diarrhoea  discontinues flutamide until complete

In case of any toxicity ≥Grade 2, exclude other causes of diarrhoea: 

 recovery. 

WBC in stools, stool cultures, difficile titres 

If indicated, sigmoidoscopy & if indicated biopsy of the intestinal mucosa. 

If the adverse event is, in the opinion of the investigator related to flutamide, temporary 
reduction to 250mg bd is permissible.  If possible the normal dose should be reinstituted 
as soon as symptoms disappear.  If toxicity reappears on 250mg tid, the patient may 
continue on 250mg bid.  If toxicity recurs on 250mg bid, the patient should cease 
flutamide therapy. 

 

Liver Toxicity: 
 

ABNORMAL LIVER FUNCTION TESTS (ALT, AST, BILIRUBIN) 

Grade 2 or greater toxicity (ie. 2.6-5.0 x ULN)- Stop flutamide; wait until LFT’s are 
normal (Grade 0).  Hepatitis screening (A,B,C) should be done in all cases of abnormal 
LFT’s, which could be consistent with infectious hepatitis. 

Restart treatment when LFT’s return to normal.  If toxicity (Grade 2 or worse) occurs 
again, discontinue protocol treatment. 

Patients may complain of flatulence, bloating and mild “gas pains” which should not

Patients who develop life-threatening adverse events, must have both drugs, LHRH-A 
and antiandrogen discontinued permanently.  Serious adverse event considered related 
to either study drugs may also result in discontinuation at the discretion of the 
investigator. 

 
result in changes in treatment.  Symptomatic treatment should be employed with 
antacids 
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Appendix 12-5 
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Appendix 12-6 Examples of Study forms, tailored to support level of clinician (with or without 
clinic nurse 
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