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ABSTRACT 

 

Quality of life and side effect assessment in South African patients undergoing 

androgen deprivation therapy 

Background:  In South Africa, prostate cancer is the second most commonly diagnosed cancer 

and accounts for 13% of male cancer related deaths.  Androgen deprivation therapy (ADT) is a 

mainstay in the management of metastatic prostate cancer.  Despite broadening indications and 

widespread use of ADT, it is not an innocuous treatment. The aim of this study was to determine 

the impact of ADT on the quality of life (QOL) and common side effects experienced by a subset 

of South African patients with prostate cancer. 

Methods A prospective, contextual, descriptive study was performed.  The European 

Organisation for Research and Treatment of Cancer quality of life questionnaire (EORTC QLQ-

30) was used in conjunction with the  QLQ- PR 25, to assess QOL and disease-specific impact.  

Results:  ADT was most commonly prescribed for patients with metastatic prostate cancer 86 

(56.9%).  Continuous ADT was the favoured regime with a mean duration of 41.5 ± 31.2 months.  

Only 11 (7.2%) of the patients underwent bilateral orchiectomy. New onset 

hypercholesterolaemia occurred in 71 (46.7%) of the population and was associated with a 

continuous ADT regime 60 (87.0%).  Patients had overall good QOL for the five functional 

scales although prostate specific symptoms had relatively high symptom scores.  Only 99 

(66.0%) of the study population reported ongoing sexual activity.  A significant difference was 

found for overall QOL between patients on intermittent ADT and those on continuous ADT (p= 

0.0107). 

Conclusion: Several pertinent issues have been highlighted with regards to the side effect profile 

in this population and the need for ongoing screening and management, including a patient-

centered approach.  
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CHAPTER 1: OVERVIEW OF THE STUDY 

 

1.1 Introduction 

This chapter on the quality of life (QOL) in men with prostate cancer (PCa) on androgen 

deprivation therapy (ADT) will address the background to the study, aims, objectives and the 

problem statement.  Finally, an overview of the study and its significance will be provided. 

 

1.2 Background 

PCa is the most commonly diagnosed cancer in men in the USA, UK (1) and the second most 

common after basal cell carcinoma in South Africa comprising of 18.45% of all new 

histologically diagnosed cancers (2). It is also the second leading cause of cancer death in South 

Africa and accounts for approximately 13% of male cancer deaths (3). Due to improvements in 

diagnosis and treatment, an increasing number of men are living for an extended time with 

prostate cancer (1). This fact highlights the importance of understanding the complications and 

effects on QOL of patients undergoing treatment. 

 

Androgen deprivation therapy (ADT) is a mainstay in the management of metastatic prostate 

cancer.  ADT results in either a reduction in circulating testosterone levels or reduction of 

binding of androgens to the androgen binding receptors. The benefits of ADT were first described 

by Charles Brenton Huggins in 1941 and in 1966 he was awarded the Nobel Prize in Physiology 

or Medicine (4) for pioneering the use of ADT in prostate cancer. Today there are many options 

available to patients who require ADT, namely orchiectomy or a variety of pharmacological 

agents. Orchiectomy (the surgical removal of the testes bilaterally) remains the most 

economically effective form of ADT and some studies have suggested that patients undergoing 

this treatment may have an improved quality of life compared to counterparts on medical ADT 

(5).  

 

Although orchiectomy has been shown to be a simple, safe, and highly effective treatment option 

to achieve castrate levels of testosterone in patients (<50ng/dL), many patients are hesitant to 
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undertake this surgery. Fortunately, some medical monotherapy options available to patients, 

have been shown to have an equivalent survival rate when compared to orchiectomy (6).   

The growing availability of these agents has led, in recent years, to an extension in the use of 

ADT. ADT is still indicated for use in patients with both symptomatic and asymptomatic 

metastatic prostate cancer, however, it is now also indicated as a primary therapy in men with 

localised disease unfit for surgical or radiation therapy (7). Furthermore, it is used as an adjunct 

in patients with intermediate or high risk localised cancer undergoing radiation therapy, where it 

has been shown to have a survival benefit (8) Finally, ADT can also be used in patients after 

biochemical relapse post-surgery or radiation for presumed localised disease. 

   

Despite the broadening indications and widespread use of ADT, it is important to remember that 

this is not an innocuous management option. There is a broad body of literature addressing the 

impact of ADT on the physical, sexual and psychological health of men on these agents.  The 

adverse effects include decreased QOL, impairment of mood and cognitive function, hot flushes, 

impaired sexual function, osteoporosis, anaemia, adverse changes in body composition and 

increase in cardio-metabolic risk. Although many of these side effects can be attributed to the 

reduction of testosterone levels, it is also important to take into account the reduction of 

oestrogen levels that occur as a result of the reduced aromatization of testosterone (9). The 

oestrogen induced side effects include increased fracture risk, hot flashes, gynecomastia, serum 

lipid changes and memory loss. 

 

QOL has been shown to be decreased in patients on ADT especially in the areas of physical 

health, general health and physical function (10). There are a number of validated clinical 

research questionnaires such as the SF-36 (10) and the EORTC QLQ-C30 combined with the 

prostate cancer specific  EORTC QLQ-PR25 (11,12) used to assess QOL of cancer patients. The 

EORTIC questionnaires review several symptoms specifically related to prostate cancer 

including mobility, appetite, urination and bowel movements, depression, anxiety, pain, finances 

and sexual function.  Many of these symptoms can be further aggravated by the use of ADT. 

 

The impact of ADT on cognitive function is not clear, with some studies suggesting that it  

impairs memory, attention and executive functions (13) while other studies fail to show any 
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effect (14). The rate of depressive symptoms has also been found to be higher in the group on 

ADT compared to both cancer free and cancer control patients not on ADT (15). 

 

Hot flushes occur in up to 50% of men receiving ADT and is the result of the abrupt withdrawal 

of sex hormones from the circulation resulting in the lowering of the temperature set point in the 

preoptic area of the anterior hypothalamus. This results in the inappropriate activation of 

peripheral thermoregulatory mechanisms (1). Hot flushes often don’t resolve on their own and 

their occurrence is ascribed as a major contributor to the discontinuation of ADT. 

 

There is a very significant decline in sexual function in men receiving ADT for prostate cancer 

(1,16). There is a reduction in both libido and erection, decrease testosterone levels result in 

decreased penile arterial inflow, venous leakage and impaired nitric oxide response. Despite the 

reduction in libido, some men remain troubled by their erectile dysfunction (ED) and many find 

this to be the single most troubling complication (17). Men who respond to ED treatment have 

been shown to have an increased QOL for both themselves and their partners (18).  Patients may 

also experience a reduction in penile length and testicular size (19,20) which may negatively 

impact on self-perception, confidence as well as masculinity.  

 

Gynaecomastia, the enlargement of breast tissue is a common side effect with the use of non-

steroidal anti androgens. Mastodynia or breast pain, may further complicate gynaecomastia. 

Although the incidence of gynecomastia can be as high as 85%, in men on Bicalutamide 

monotherapy (21), it is more commonly quoted as 13-22% in men receiving combined blockade 

(22). The occurrence of gynaecomastia has been noted to affect body image thus further 

negatively impacting quality of life. This together with other feminizing features has resulted in 

avoidance tactics in social situations (23).  

 

The use of ADT is associated with a decrease in bone mineral density (BMD) that is most marked 

in the first year of treatment but continues to a lesser degree thereafter (1). Moreover, these 

changes show no improvement after cessation of treatment. This combined with an already 

increased incidence of osteoporosis in men with advanced prostate cancer (24) results in an 

increased risk of fracture (25).  
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The metabolic consequences of androgen deprivation therapy have been well documented. The 

most commonly recognised metabolic changes are those of body composition, lipid profile and 

insulin resistance. Body composition changes include a decrease in skeletal muscle with an 

increase in body fat percentage. There appears to be a correlation between duration of therapy 

and the degree to which body composition is affected (26).  

 

We are aware that there is a change in the lipid profile of patients undergoing ADT, however, 

there has been no consensus in the literature as to the exact pattern of change. The literature 

quotes changes to include an increased LDL, total cholesterol and triglycerides to observations 

where only a change in total and HDL cholesterol were seen. 

 

Increased insulin resistance is an association independent of age and body composition, 

furthermore, it is a continuum, where short term therapy leads to reduced insulin sensitivity while 

long term ADT causes hyperglycaemia, increased risk of metabolic syndrome and type 2 diabetes 

mellitus (1). It has been shown that after only12 weeks of combined androgen blockade there is a 

significant decrease in insulin sensitivity resulting in an increase in fasting plasma insulin (27).  

 

As a result of the above mentioned metabolic changes it is not surprising that the incidence of 

metabolic syndrome in men on ADT is increased compared to controls (28). According to the 

Adult Treatment Panel III guidelines the diagnosis of metabolic syndrome requires three of the 

five recognised criteria: (1) serum triglycerides ≥150 mg/dl, (2) high-density lipoprotein (HDL) < 

40 mg/dl, (3) fasting serum glucose >110 mg/dl, (4) waist circumference ≥102cm, and (5) blood 

pressure ≥130/85mmHg (29). However, it has been noted that patients on ADT primarily meet 

these criteria through an increase in insulin resistance, body composition and lipid profile 

changes as previously discussed.  

 

The metabolic risks may increase the risks for cardiovascular changes and events. There is a 

paucity of literature that well defines the specific population of men on ADT who are at greatest 

cardiovascular risk from treatment. It is probably prudent to assume an increased risk of 

cardiovascular disease and thus ongoing surveillance is a key aspect in these patients.  

To try and mitigate the complications associated with ADT an intermittent form of dosing was 

developed. Intermittent ADT (IADT) allows for the discontinuation of ADT once the prostate 
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specific antigen (PSA) level falls below a predetermined threshold. Patients are closely 

monitored, and ADT restarted when the PSA level rises. It is important that patients undergoing 

IADT are highly motivated and compliant with follow-up. Unfortunately, Schulman et al were 

unable to demonstrate any benefit in IADT compered to continuous ADT with regards to QOL. 

They did demonstrate a potential benefit in cost (30).    

 

Sonn et al found a poor correlation between treating physicians perception of symptom and QOL 

and patients self-assessment of health related quality of life (31). In order to overcome this 

significant limitation studies have been carried out in Germany (32) and Japan (33) in order to 

better understand the impact of ADT on specific populations and to improve patient centred 

outcome evaluations. It is thought that ethnicity may impact the risk and degree of complications 

(34). There is currently limited national literature in South Africa addressing this pressing issue in 

our diverse population, thus patients may not be receiving optimal care. This study aims to assess 

this situation and potentially rectify it.   

 

1.3 Problem statement 

Prostate cancer is the fourth most common cancer worldwide and the fifth leading cause of 

cancer death in men.  The use of prostate specific antigen for screening has led to earlier 

detection and institution of appropriate therapy.  Currently, there is a large subset of patients who 

are not eligible for curative treatment.  As a result, some of these patients are started on ADT to 

reduce complications of metastatic PCa and improve QOL.  However, the impact of ADT 

associated adverse effects; including physical, psychological and sexual have to be considered 

when instituting therapy in this subset of patients.  Moreover, the impact may further compound 

pre-existing disease processes found in this aging population. 

Despite ongoing research and the development of new agents with the potential to improve not 

only QOL but overall survival, these agents are unlikely to be available for use in the near future 

as they are either in various stages of testing or due to the high cost when used.  Furthermore, 

there is a paucity of literature regarding the impact on QOL of ADT in patients with PCa living in 

South Africa.  As a result, there is limited information to guide current practice and improve 

patient outcomes.      
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1.4 Aims and objectives 

1.4.1 Aim 

The aim of this study was to determine the impact of ADT on the QOL and common side effects 

experienced by a subset of South African patients with prostate cancer attending the urology 

oncology clinic using the EORTC QLQ-30, EORTC PR-25 and physician questionnaire. 

1.4.2 Objectives 

The primary objectives of this study were: 

• to describe the population of patients currently receiving ADT, the most commonly 

prescribed methods of ADT and common side effects of ADT treatment in our patient 

population 

• to describe the perceived impact of ADT on the physical, psychological and sexual health 

of patients receiving treatment 

 

The secondary objectives of this study were: 

• to compare the stage of prostate cancer at presentation, the preferred modality of ADT 

and ADT side effect profile for different race groups 

• to compare the impact on the QOL between single agent medical management, complete 

medical androgen blockade and surgical orchiectomy  

• to compare the QOL of patients on ADT with hormone-sensitive prostate cancer to those 

with castrate resistant prostate cancer 

 

1.5 Demarcation of study 

The study was conducted at the Urology Oncology clinic held on Thursday at the Charlotte 

Maxeke Johannesburg Academic Hospital in area 456. 
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1.6 Ethical considerations 

Permission to conduct this study was obtained from the relevant authorities.  Informed consent 

was obtained from patients who agreed to participate in the study prior to completing the 

questionnaire.  The study was conducted adhering to good clinical research practice in 

accordance with the South African Good Practice Guidelines (34) and the Helsinki Declaration 

(35). 

 

1.7 Research methods 

See section 3.0 Research methodology regarding study design, site, population, sample and data 

analysis.   

 

1.8 Summary 

In this chapter, an overview of the study has been given. The literature review is presented in the 

following chapter. 
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CHAPTER 2: LITERATURE REVIEW 

 

2.1 Introduction and Epidemiology 

Worldwide, cancer is becoming one of the leading causes of mortality, with great variability in 

the patterns of cancer between regions (35).  According to the GLOBOCAN study which looked 

at the incidence of new cases of cancer in 2012, there was an estimated 1 112 000 new cases of 

prostate cancer globally which accounted for 7.9% of all new cancer cases and 15% of new 

cancer cases diagnosed in men.  As a result, it is currently the fourth most common cause of 

cancer in both sexes and second most common in males being second only to lung cancer 

worldwide.  It is the fifth leading cause of cancer death in males accounting for an estimated 307 

000 male deaths per year, which is 6.6% of the total male cancer related deaths (36).     

It is interesting to note that of the estimated new cases the majority, 759 000 (70%) occurred in 

the developed regions whilst only 353 000 (30%) occurred in the so called developing regions 

(36).  As such, there still remains a 25-fold difference in the incidence of new PCa cases 

worldwide with the incidence in the relatively developed countries such as Australia, New 

Zealand and North America remaining high compared to the developing regions of the 

Caribbean, southern Africa and the Asian populations (36, 37).  However, the data reported in 

such a study relies on data capturing in specific registries and thus is subject to the quality of both 

incidence as well morbidity and mortality reporting in these registries. It has been noted that in 

most of the African and some of the populous Asian countries such registries are subject to either 

poor input or are non-existent requiring inferences to be made based on the data from the 

surrounding regional countries.  Furthermore, the international differences in PCa incidence are 

most likely attributable to the variation in diagnostic practices (37). 

Similarly, there remains a 10-fold variation in the mortality ranging from three per 100 000 to 30 

per 100 000.  The mortality is particularly high in populations of African descent including the 

sub-Saharan African and Caribbean populations and lowest in populations of Asian descent.  

However, the cumulative risk of male death from cancer is 20% higher in more developed 

regions, as such PCa is currently the third most common cause of cancer death in developed 

countries whilst it is only the sixth most common cause in developing countries (36).  Since the 

median age of diagnosis for PCa is 60 years old,   it is estimated that with the continued 
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population growth as well as the increasingly aging population and earlier detection due to 

screening modalities, there will be an increase in both the incidence and mortality of PCa by 2030 

(37).     

In South Africa, PCa is currently the second most commonly diagnosed cancer after  basal cell 

carcinoma and comprises 18.45% of all new histologically diagnosed cancers (2). It is also the 

second leading cause of cancer death in South Africa and accounts for approximately 13% of 

male cancer deaths (3). 

 

2.2 Aetiology 

The relationship between prostatic epithelial atrophy in the face of castration was recognised by 

Hunter as far back as 1840 (38).  The cornerstone for the treatment of metastatic PCa with 

androgen deprivation therapy came when Huggins recognised that there was biochemical analogy 

between benign prostatic epithelium and prostate carcinoma.  As such, the potential of carcinoma 

to respond to both medical and surgical castration with atrophy, similar to benign epithelium, was 

recognised.  Furthermore, the presence of acid phosphatase in the human prostate gland and the 

associated increase in the serum levels in the presence of primary and metastatic prostate disease 

had previously been published.    

In 1941, Huggins et al. (39) published a study looking at the effect of castration or exogenous 

oestrogen administration on serum acid phosphatase as well as the effect of exogenous androgen 

injection.  The findings of the study supported a decline in serum acid phosphatase toward or to 

normal limits in patients following castration or injection of large amounts of oestrogen. There 

was a further decline in serum alkaline phosphatase albeit delayed and more slowly compared 

with the acid phosphatase level.  Conversely, it was found that in patients with prostatic 

carcinoma, the injection of exogenous androgens was associated with a sharp rise in serum acid 

phosphatase which in one patient returned to baseline following cessation (40).     

Although the role of androgens in PCa had been highlighted, the effect of androgen deprivation 

and the associated side effects came to the fore.  Furthermore, the emergence of androgen-

refractory disease particularly evident in hypogonadal males, prompted investigation into the role 

of adrenal androgens in disease progression following castration (39).  Attempts at bilateral 
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adrenalectomies, pituitary irradiation and hypophysectomy were superseded only by a high 

mortality rate and thus the entity of androgen independent disease, synonymous with the lethal 

form of disease, was recognised (41). 

Despite the early work recognising the role of serum androgen concentrations in the development 

and progression of prostate cancer, the recently proposed Saturation Model suggests a limited 

role in androgen-dependent growth of prostate cancer.  It focuses on androgen-receptor kinetics 

and the fact that at or near castration levels of testosterone and 5α-dihydrotestosterone, there is 

saturation of androgen-receptor binding.  As a result, a further increase in androgen 

concentrations above this Saturation point will have no additional effect on prostatic tissue 

growth.  Thus, even at physiological levels, there exists an excess of both testosterone and 5α-

dihydrotestosterone, for optimal prostate growth.  It is only when the serum concentration of 

testosterone is at or below castrate levels, defined as less than 50ng/dl, that a fall in prostate 

specific androgen level and prostate volume is seen.  Any variation of testosterone levels within 

physiological and supraphysiological concentrations have not been shown to have any effect.  

Thus, the advocates of this model propose a limit in the ability of androgens to stimulate growth 

of PCa above castrate or near-castrate levels (42). 

 

2.3  Diagnosis and Staging 

In 1970, Richard Ablin discovered prostate specific androgen (PSA), a glycoprotein produced by 

the prostate gland.  Also known as kallikrein-3, it serves to liquefy semen, promote sperm 

motility and dissolve cervical mucus (43).  The role of PSA in the early detection of PCa was 

recognised in 1991, when Catalona et al. (44) in a cohort of 1653 patients who received both PSA 

screening and digital rectal examination showed the addition of PSA to improve sensitivity when 

concurrently assessed.  Of the 112 men with a PSA of four or greater, biopsy confirmed the 

presence of malignancy in 37 (33%) (44).  However, there are a number of additional states in 

which PSA maybe raised, including prostatitis, benign hypertrophy and prostate manipulation, 

thus limiting the specificity for diagnosing cancer (43,45).  Furthermore, it has been recognised 

that the normal range of PSA may increase with age requiring that it is used in correlation with 

history and clinical findings to prevent unnecessary further biopsy, testing and treatment (43). 
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Despite these limitations, PSA remains a more reliable predictor of PCa compared to either 

digital rectal examination or transrectal ultrasound (46). 

PCa screening remains one of the most controversial topics in urology currently. Screening has 

been shown to allow for early detection and improved oncological outcomes following treatment.  

However, a number of meta-analyses have failed to show any PCa-specific mortality benefit to 

PSA screening in non-selected patient populations.  Indiscriminate PSA screening has been 

associated with unnecessary biopsy in the face of a high false-positive PSA rate, over diagnosis 

of low-risk disease and unjustified morbidity from both biopsy and treatment particularly of low-

risk disease (43,45,47).  In a sub-analysis of the data of the European Randomised Study of 

Screening for Prostate Cancer (ERSPC) it has been suggested that three PSA measurements made 

between 45 and 60 years of age will be effective in reducing harm associated with over diagnosis 

of PCa whilst still effectively stratifying those at risk for appropriate early detection and 

management (48). 

Current recommendations for screening differ between different professional organisations.  As 

there remains no high level evidence or consensus on optimal time for repeat PSA screening it 

may be prudent to follow a more individualised risk-adapted strategy for the well-informed 

population in whom life expectancy is at least ten to fifteen years at time of screening and thus 

would benefit from early detection of disease (49).  In South Africa, this approach may not be 

ideal as it has previously been recognised that particularly in the black South African population 

both the age of presentation and severity of disease are more advanced.  A number of reasons for 

such presentation include delayed diagnosis, particularly secondary to delayed presentation until 

symptomatic, as well as lack of easy access to health care facilities and a specific PCa screening 

programme in more rural locations.  Finally, as has been alluded to, it appears that the black 

population with advanced disease tend to have a more aggressive form of PCa and thus may 

benefit from earlier detection (50,51). 

Biopsy of the prostate is performed based on the PSA in conjunction with a suspicious digital 

rectal examination. It is prudent to take into account the patient’s age, comorbidities, family 

history and potential therapeutic consequences in order to prevent unnecessary biopsy and all its 

inherent risks (52). Biopsy based on a minimal elevation of PSA alone is not currently advocated 

and PSA should be repeated some weeks later to ensure no other cause of slightly elevated PSA 

including ejaculation, urinary tract infections and prostate manipulation is responsible for the 
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isolated elevation (53).  The gold standard for prostate biopsy requires the use of an ultrasound-

guided technique through a transrectal approach (49). 

Confirmed diagnosis of PCa is made on the histology of the prostate biopsy.  Carcinoma positive 

biopsies will report the following elements: “ 

• type of carcinoma; 

• primary and secondary/ worst Gleason grade (per biopsy site); 

• percentage high-grade carcinoma (global); 

• extent of carcinoma (in mm or percentage) (at least per biopsy site); 

• if present: extra-prostatic extension, seminal vesicle invasion, lymphovascular invasion, 

intraductal carcinoma/cribriform pattern, peri-neural invasion; 

• International Society of Urological Pathology (ISUP) 2014 grade.” (49) 

Clinical behaviour and response to treatment is most strongly predicted by the Gleason score. It 

consists of two values providing a score out of ten.  The first value represents the most common 

histopathology seen in the biopsy core, whilst the second is the second most dominant 

histological type.  If only one tissue type exists, the first value is doubled to provide a score out of 

ten. Where more than two patterns of tissue exist, the most common and highest grades are 

combined to provide the Gleason score.  In the face of carcinoma, a score of four or less will 

never be reported.  Based on the Gleason score patients are further categorised into grades 1 to 5 

based on the International Society of Urological Pathology.  The role of the grading is to provide 

standardisation of PCa grading with other carcinomas, ensure that even the most differentiated 

PCa have a Gleason score of at least 6 and to differentiate between the significance of Gleason 

score of 7 namely between one that comprises a score of 3+4 (grade 2) versus 4+3 (grade 3) (54).   

Following histological grading patients are then risk stratified according to the D’Amico 

classification (see Table 2.1), based on their PSA level, Gleason and ISUP grade and clinical 

staging according to the Tumour Node Metastasis classification of Pca.  This allows 

standardisation and streamlining of treatment based on the treatment recommendations 

determined through clinical data of homologous groups.  It further categorises patients based on 

their risk of recurrence following prostatectomy or external beam radiotherapy (49,55).   
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Table 2.1 Risk groups for biochemical recurrence of localised and locally advanced disease 

(49) 

Definition 

Low-risk Intermediate-risk High-risk 

PSA < 10 ng/mL 

 

and 

 

GS < 7 (ISUP 

grade 1) 

 

and 

 

cT1-2a 

PSA 10-20 ng/mL 

 

or 

 

GS 7 (ISUP grade 

2/3) 

 

or 

 

cT2b 

PSA > 20 ng/mL 

 

or 

 

GS > 7 (ISUP 

grade 4/5) 

 

or 

 

cT2c 

any PSA 

any GS cT3-4 

 

or 

 

cN+ 

any ISUP grade 

Localised Locally 

advanced 
1 Table 2.1 Risk groups for biochemical recurrence of localised and locally advanced disease 

2.4  Androgen Deprivation Therapy (ADT) 

There are multiple treatment modalities available for the treatment of Pca depending on whether 

there is low-, intermediate- or high-risk of recurrence, as well as taking into account the patient’s 

comorbidities life expectancy and wishes.  ADT refers to any intervention that results in either 

blockade of the androgen receptor or reduced biosynthesis of androgen receptor agonists such 

that the target cell receptors are no longer activated.  This may be achieved either surgically (see 

2.4.1 Bilateral orchiectomy) via castration or medically (see 2.4.2 Medical Treatment) through 

the use of a number of different pharmacological agents either individually or in combination.  

The resultant hypogonadism is thought to improve survival at different stages of PCa, however, 

the adverse metabolic complications and the potential effect on overall survival has led to a focus 

on both reducing and treating the associated metabolic complications (56).    

Current recommendations for the use of ADT are as follows: 

• In clinically localised and locally advanced disease it is indicated post-operatively in 

those found to have pelvic lymph node involvement (pN+) following radical 

prostatectomy or in combination with external beam radiotherapy where there is clinically 

localised intermediate- or high-risk disease; 

• Use in patients with biochemically recurrent PCa following definitive management; 
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• Patients with metastatic PCa for improvement in quality of life rather than improvement 

of cancer-specific mortality; and 

• Patients with locally advanced PCa without metastases (M0), high risk disease who will 

not or cannot  receive local treatment, ADT monotherapy may be offered (57). 

 

2.4.1 Bilateral Orchiectomy 

Bilateral orchiectomy is a simple outpatient procedure that can be done under local anaesthetic.  

It effectively ablates the androgen source and results in a decrease in circulating serum 

testosterone levels to below 50ng/dl, considered castrate level, and by 90% within 24 hours of the 

procedure. It has been shown to be effective in both the reduction of pain associated with 

metastatic disease, and to improve performance status in those with advanced disease (58,59).  To 

date there is no data suggesting superiority of orchiectomy over medical ADT with regard to 

survival.  However, surgical castration is often not considered an acceptable treatment choice by 

patients due the psychological impact related to the disfigurement and permanence of the 

procedure.  The impact is considerable economic cost as use of medical ADT has been shown to 

far exceed the cost of orchiectomy when use extends beyond three to five months (58). 

 

2.4.2  Medical Treatment 

There are a number of different drugs which act on different facets of the androgen axis to 

achieve blockade.  The mechanisms employed include inhibition of androgen synthesis, 

antiandrogens and inhibition of the luteinizing hormone releasing hormone (LH-RH) and finally 

inhibition of luteinizing hormone (LH) release respectively (58).  These agents are used in 

monotherapy or different combinations depending on the indication for treatment as well as the 

stage of disease (See Table 2.2). 
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Table 2.2 Agents associated with the different mechanisms of androgen axis blockade 

Class of agent (58) Mechanism of action Pharmacology Indications 

Inhibition of androgen 

synthesis  

e.g. Aminoglutethimide 

       Ketoconazole 

       Abiraterone 

 

Inhibition of CYP17 in the 

adrenal gland and by 

tumour reducing androgen 

production from steroids 

(57).  Ketoconazole 

achieves castrate levels of 

testosterone within 4 hours 

of 1st dose administration 

(58). 

Ketaconazole an 

antifungal agent provides 

an immediately 

reversible decrease in 

testosterone.  Requires 

continuous 8hrly dosing 

of 400mg.  Increases in 

testosterone to low-

normal levels may occur 

after 5 months of 

continuous treatment 

(58).  Abiraterone is 

more potent resulting in 

irreversible inhibition of 

CPY17.  Aldosterone 

and cortisol suppression 

with associated 

adrenocorticotrophic 

hormone rise responsible 

for side effects (49,58). 

Second-line therapy in 

advanced PCa.  

Abiraterone is 

specifically indicated 

in men who have 

progressed after prior 

docetaxel 

chemotherapy (57).  

STAMPEDE showed 

statistically significant 

benefit on overall and 

failure free survival 

from adding 

abiraterone at the start 

of ADT (70).  

Antiandrogens 

e.g. 

Steroidal:  

      Cyproterone acetate 

       (CPA) 

 

Non-steroidal:        

        Flutamide 

        Bicalutamide 

        Nilutamide 

        Enzalutamide 

 

Bind directly to androgen 

receptor thereby 

competitively preventing 

binding of testosterone or 

DHT (57).  Non-steroidal 

cause no change/ slight 

increase in testosterone 

levels.  Steroidal agents 

cross the blood brain 

barrier resulting in 

progestational effects via 

central inhibition(49).  

CPA poorer overall 

survival compared to LH-

RH agonists (71). 

Steroidal synthetic 

analogues of 

hydroxyprogesterone.  

CPA t1/2 31-41 hrs but 2-

3x/d dosing to total of 

100mg (49,58).   

Non-steroidal 

antiandrogens preserve 

testosterone level which 

is thought to improve 

libido, BMD and 

physical function (72).  

All agents associated 

with potential hepatic 

toxicity requiring regular 

LFT monitoring.  

Flutamide not registered 

for monotherapy.  

Enzalutamide higher 

affinity for AR than 

bicalutamide.  It blocks 

nuclear transfer thereby 

preventing possible 

agonist effect (49). 

Indicated in 

combination with LH-

RH agonist for 

combined androgen 

blockade in advanced 

PCa. 2nd-line therapy 

after progression on 

LH-RH agonist 

monotherapy (57).  

Symptomatic control 

of LH-RH agonist side 

effects especially hot 

flushes. Used in the 

prevention of flare 

phenomenon 

associated with LH-

RH agonist initiation 

(49,58). 
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Table 2.2 Agents associated with the different mechanisms of androgen axis blockade 

cont. 

LH-RH agonists 

e.g. Diethylstilbestrol      

        Leuprolide acetate 

        Goserelin 

        Triptorelin 

Causes downregulation of 

GnRH receptors in the 

anterior pituitary thereby 

reducing LH and 

testosterone production 

(57).  Produce transient 

flare phenomenon 2-3d 

after administration lasting 

1 week (49).  Castration 

levels of testosterone 2-4 

wks; comparable to 

orchiectomy (6,73). 

Depot preparations 

delivered every  

1-, 2-, 3-, 6-monthly or 

yearly depending on 

agent and preparation 

used.  Agent dependent 

storage temperatures and 

requirement for 

reconstitution. Given s/c 

or IMI (49).   

Clinically localised 

and locally advanced 

disease. 

Biochemically 

recurrent disease.  

Metastatic PCa.  

Combination therapy 

with EBRT.  

Currently 1st-line 

agents used for ADT 

(57). 

LH-RH antagonists 

e.g  Abarelix 

       Degarelix 

 

Directly inhibits GnRH 

receptors in the anterior 

pituitary (57).  Castrate 

levels achieved by 3d. 

Suggested PSA 

progression-free survival 

and death benefit at 1yr 

with degarelix compared to 

leuprolin (74).  Improved 

cardiovascular profile in 

men with pre-existing 

cardiovascular disease. 

 

Only available in 

monthly depot 

preparations.  Degarelix 

dosing- 240mg initially 

followed by 80mg 

monthly (49).  

Significant risk of 

anaphylaxis with 

abarelix throughout 

treatment duration not 

seen with degarelix (58). 

Metastatic PCa. 

CS21A outcomes 

suggest degarelix as a 

comparable alternative 

to LH-RH agonists 

(74).  

2 Table 2.2 Agents associated with the different mechanisms of androgen axis blockade 

Despite evidence as to the benefit of ADT in terms of metastatic disease progression, quality of 

life and improved treatment outcomes when used in combination with EBRT; when compared to 

EBRT alone, there is some debate as to the overall impact on survival and quality of life.  This 

debate is due primarily to the numerous side effects associated with ADT which will be discussed 

in detail in Section 2.6 (60).  The result is a question as to the timing of initiation of ADT for 

reduced disease progression and improved survival versus the impact on survival of the potential 

side effects of the various agents.   

The European Organization for Research and Treatment of Cancer (EORTC) randomized trial 

30891 published final results from a 12 year follow up where they tried to elucidate the 

relationship between different initiation time of ADT, disease progression and survival end 

points.  It was a randomised controlled trial consisting of 492 patients in the immediate treatment 

group and 493 in the deferred treatment group, where treatment was initiated at the time of 

disease progression. They found a statistically significant difference in time to first objective 
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disease progression (p < 0.0001) in favour of immediate ADT.  However, they failed to show any 

significance in time to castrate-resistant disease or PCa specific mortality in al by those with 

aggressive disease.  It was suggested that overall survival was improved in the immediate ADT 

treatment arm compared to the deferred treatment arm (61).   

 

The results of the phase III trial, Timing of ADT in patients with prostate cancer with a rising 

PSA (TOAD), differ slightly to those of the EORTC trial.  In this randomised, multicentre, non-

blinded trial, 293 men with PSA relapse, following failed curative therapy and who were no 

longer suitable for further curative treatment, were randomised to either immediate therapy 

(n=142) or delayed therapy (n=151).  Their findings were that 5-year overall survival was 

significantly improved in the immediate therapy arm (91.2%) compared to the delayed arm 

(86.4%) with a p-value of 0.047.  Furthermore, they found that the rate of treatment related 

adverse events didn’t differ between the two treatment groups.  These findings provided 

important evidence of survival rates when informing patients of their treatment options (62). 

The side effects related to castration levels of testosterone, resulted in investigation and use of the 

oral oestrogen diethylstilboestrol.  Oestrogen is known to be a potent inhibitor of hypothalamic 

GnRH secretion, moreover, oestrodiol is 1000-fold more potent in the suppression of LH and 

follicle stimulating hormone (FSH) secretion from the pituitary when compared to testosterone 

and thus results in the suppression of testosterone production (63).  It was initially thought to be 

beneficial as it has a positive side effect profile in terms of bone mineral density and bone health 

(64).  However, despite trials that looked at the efficacy of diethylstilboestrol at various different 

doses, even at the lowest doses the severe side effects, particularly pertaining to thromboembolic 

phenomena has precluded their use as part of first line ADT regimes (65,66). 

Another topic of debate and ongoing research in ADT and PCa is the efficacy of intermittent 

ADT compared to continuous ADT.  Despite the recognised benefits on disease progression and 

potential survival, the negative impact of both short- and long-term side effects on patient QOL 

has led to the development of an intermittent regime.  The premise behind intermittent therapy is 

that once castration levels of testosterone are achieved and tumour regression induced, ADT is 

discontinued until a rise in PSA.  The proposed benefits of intermittent ADT cessation include: 

• longer time to androgen-independent disease and thus castrate-resistance; 
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• recovery of near normal testosterone levels with a reduction in ADT related side effects 

and thus improved QOL; 

• reduced medication use and side effect management costs associated with continuous 

therapy. (67) 

In 2012 the EUA recognised intermittent ADT as a treatment modality and published guidelines 

for its use.  The guidelines recommend initial treatment with ADT for six to nine months at 

which time provided the PSA level is <4ng/ml in metastatic disease and <0.5ng/ml in relapsing 

disease, ADT can be stopped.  Treatment is reinitiated when PSA levels rise to 10-15ng/ml in 

metastatic disease or 4- 10ng/ ml in the absence of metastases.  Despite these guidelines there still 

exists uncertainty as to the optimal duration of initial treatment as well as the PSA thresholds 

used to guide cessation and re-initiation of therapy (68). 

The Southwest Oncology Group (SWOG) JPR.7 trial in 2011 was a phase III study comparing 

the treatment-related side effects and effect on QOL between those on intermittent versus 

continuous ADT with an 83-month follow-up.  They found no overall survival benefit of one 

regime over the other.  However, analysis of the deaths showed that for those on intermittent 

ADT, there were marginally more cancer-related deaths but that the non-cancer related death rate 

was slightly improved.  In terms of time to progression there was a significant improvement with 

intermittent ADT (p=0.024).  A beneficial side effect profile was demonstrated particularly with 

regards to sexual function and QOL.  QOL domains which showed significant improvement 

included physical function, fatigue, urinary symptoms, hot flushes and erectile function (p≤0.01).  

Despite these benefits, no differences for either cardiovascular or osteoporotic risk were reported 

(69).  

The South European Uroncological Group (SEUG) 9401 had similar findings to SWOG JPR.7 

with regards to comparable overall survival, once again with a slight increase in cancer related 

deaths in the intermittent group.  Similarly, it found continuous ADT to be associated with 

increased death from other causes particularly emphasising an excess in cardiovascular related 

deaths.  Unlike the SWOG group the data did not support a benefit in time to progression 

between the two arms.  Furthermore, significant benefit was only demonstrated for reduction in 

hot flushes (p<0.01) although there was a trend to reduced side effects in the intermittent group.  

They did demonstrate an improvement in sexual activity and function in the intermittent group 

where 28% still reported sexual activity compared to only 10% in the continuous group (44).  
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SEUG 9901 demonstrated improved QOL in terms of headache, gynaecomastia, hot flushes and 

sexual function (45). 

The SWOG 9346 trial published its data in 2013.  The trial included 3040 men but only 1535 

were included in the analysis with 765 men randomised to the continuous ADT arm and 770 to 

the intermittent ADT arm.  The primary outcomes were overall survival and QOL between 

intermittent and continuous ADT.  The outcome at a 9.8 median follow-up was a median survival 

of 5.1 versus 5.8 for intermittent and continuous ADT respectively with a hazard death ratio of 

1.10 (CI 90% 0.99-1.23).  This suggests a 20% greater risk of death for the intermittent group.  

However, due to the lack of adverse events significant inferiority of intermittent ADT could not 

be demonstrated and as such they felt the results were statistically inconclusive.  In terms of QOL 

data, they demonstrated significant benefit for erectile function (p< 0.001) and mental health (p= 

0.003) at three months in the intermittent ADT group.  The demonstrated benefit was lost beyond 

three months.  Thus, the data demonstrating improved QOL for patients receiving intermittent 

ADT remains equivocal (46).    

 

2.5  ADT Side Effects 

The side effects associated with ADT can be divided into two groups due to: 

1. primary testosterone deficiency and; 

2. oestrogen deficiency. 

 

2.5.1  Primary Testosterone Deficiency 

 

Primary testosterone deficiency results in body composition changes, insulin resistance, sexual 

dysfunction and anaemia.  

 

2.5.1.1 Increased fat mass, decreased lean body mass (change in body composition) 

The castrate levels of testosterone associated with ADT are responsible for the development of 

obesity and sarcopenia (75,76).  These changes occur as early as three to six months after the 
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initiation of ADT (77).  Studies to quantify the degrees of change in body composition have 

yielded the following results: after 12 months of ADT LH-RH agonists caused a 7-11% increase 

in body fat with a loss of 2-4% of lean tissue (78).  Furthermore, the distribution of body fat 

accumulation was related more to gain in subcutaneous than intra-abdominal fat (78).   

This is contrast to the findings of Hamilton et al. in 2011 (79) where they showed that increase in 

body fat occurred both subcutaneously and viscerally.  Despite these abdominal changes, it has 

been noted that the changes in composition of the upper and lower limbs exceeds those in the 

trunk (80) with increases of 3.3%, 2.7% and 2.5% respectively.  There is some evidence to 

suggest that a longer duration of treatment is associated with worsening of body composition 

change (25).  However, in a study of 65 men over a 12 month period it was shown that longer 

exposure to ADT prior to partaking in the study was an independent predictor for less fact 

accumulation and loss of lean body mass (26).  It appears that weight gain occurs more 

commonly in the younger patient population (< 65 years of age) and those who have a BMI < 30 

kg/m2 at the onset of treatment.  It is suggested that these findings may be associated with the 

baseline serum gonadal steroid concentrations, body composition and age which may be 

responsible for the differences in fat change and distribution seen with ADT (76). 

The mechanisms for change in fat distribution on ADT are not fully understood.  It is thought that 

the increase in abdominal fat may be the result of visceral adipocyte androgen receptors which 

require testosterone for fatty acid mobilisation (81).  The low testosterone levels have also been 

implicated in reduced lipolysis (77).  Another theory is that androgens play a role in preventing 

stem cells from differentiating into adipocytes, thus in the absence of testosterone this process 

may proceed unhindered (82). 

The current concern regarding sarcopenic obesity is that the reduced muscle mass is associated 

with decrease muscle strength, fatigue, weakness and thus functional mobility (83).  The result is 

an increase in falls in patients who have a potentially higher risk for bone fractures (discussed in 

detail later) (84).  To date, there are no proven strategies for either the prevention or treatment of 

body composition changes.  However, there have been a number of studies looking at the impact 

of exercise on quality of life, exercise behaviour and fatigue in cancer survivors (85).  There were 

some questions as to the applicability of these findings in men as the majority of evidence comes 

from those with breast cancer.  Furthermore, there is little data on long-term effect including 
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adverse events despite what appears to be benefit in the short-term (85) or on the most beneficial 

type of exercise.   

In 2010, Galvao et al (86) published a study comparing the effect of a 12 week combined 

resistance and aerobic training program to usual care in patients receiving ADT.  They found that 

in the intervention group there was an increase in lean body mass, muscle strength and 

endurance.  Furthermore, there appeared to be a beneficial impact on both general health and 

fatigue (86).  Similarly, in a study conducted in Australia by Cormie et al (87), there was 

significant improvements in appendicular lean mass preservation, reduced trunk and whole body 

fat gain as well as muscle strength and fatigue (87).  These findings have been supported in the 

latest study by Wall et al (88).       

 

2.5.1.2 Insulin resistance/ diabetes 

It has been well established that testosterone levels are closely related to insulin sensitivity and as 

such low levels, as in ADT, are associated with insulin resistance and non-insulin dependent 

diabetes mellitus (NIDDM).  These findings have been confirmed by an interventional study of 

23 middle aged hypogonadal obese males whose insulin sensitivity improved with the 

administration of eight months of testosterone (20).  It has been noted that within 12 weeks of 

ADT initiation there is an increase in serum insulin levels by 26-65% (27,89) whilst Smith et al 

(27) demonstrated a 12.8% decrease in insulin sensitivity.  Interestingly both studies noted that 

during the initial three to six months of treatment, although serum insulin levels increased, serum 

glucose levels remained normal. 

The mechanism responsible for such changes are not fully understood, but inherent in the 

development of these two conditions are the changes in body composition whereby increases in 

abdominal fat mass are associated with insulin resistance which is further aggravated by the 

reduction in lean body mass and thus glucose uptake into muscle (90).  There is some 

speculations that the associated increase in the pro-inflammatory cytokines interleukin-6, resistin 

(91) and tissue necrosis factor-α (92) may contribute to the development of insulin resistance. 

The development of hyperglycaemia and NIDDM appears to require treatment for one year or 

more before manifesting.  Three large observational studies including the SEER trial, analysis of 

the Canadian database and Veterans health care administration have shown an increased incident 
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risk in men with PCa receiving ADT of 16-44% (93–95).  Most recently in in study by Tsai et al 

(96), primary ADT was associated with a 1.61-fold increased risk of developing diabetes with a 

number needed to harm of 29.  The risk was more apparent in patients 70 years or younger.  

Thus, they concluded that ADT had a 60% increased risk of diabetes (96). 

To date no evidence-based guidelines have been developed for men currently on ADT with 

regards to management of these risks.  However, it is prudent to treat these patients as a high risk 

population who require screening at baseline as well as yearly follow-up.  Screening is performed 

with the used of plasma fasting glucose and glycosylated haemoglobin (HbA1c) levels.  An 

HbA1c level between 6.0-6.5% or plasma fasting glucose level of 5.5-7.0 should prompt 

counselling of patients on long-term ADT particularly regarding lifestyle modification including 

weight loss and exercise (97). 

Patients known with diabetes who are subsequently started on ADT for treatment for PCa have 

been shown to have significant worsening of glucose control, as compared to baseline HbA1c, at 

one year (p=0.008) and two years (p=0.03) after treatment initiation compared to the controls 

(98).  It was further found that patients with pre-existing diabetes started on ADT were more 

likely to require addition hypoglycaemic agents with a hazard ratio of 1.20 (95% CI=1.09-1.32) 

(98).  As a result, it is recommended that this subpopulation of patients on ADT have more 

frequent follow-up with a low threshold to improve glucose control through modification of their 

hypoglycaemic treatment (97).   Furthermore, there is some evidence that the use of metformin 

may provide some protection in this population group against the development of additional 

metabolic side effects.  Currently, there is insufficient data to suggest its use in nondiabetics (99). 

 

2.5.1.3 Sexual dysfunction (loss of libido/ erectile dysfunction/penis length) 

Sexual dysfunction is a given in patients receiving ADT due to the reduction in serum 

testosterone levels.  It is associated with both loss of libido as well as erectile dysfunction related 

to venous leakage and impaired function of nitiric oxide leading to reduced arterial inflow (100).  

In a retrospective study by Potosky et al (101), it was found that prior to either surgical or 

medical ADT both groups had a similar interest in sexual activity. Following treatment 51% of 

those who were originally interested in sex expressed no interest after treatment.  Furthermore, of 

those who were previously sexually active, 73% reported cessation of sexual activity.  Of those 
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who were impotent before, 69% reported new onset of impotence.  There appeared to be no 

difference between the surgical and medical ADT groups.  However, following initiation of 

treatment those who underwent orchiectomy, had slightly worse perceived sexual functioning 

although it did not reach statistical significance (101). 

A reduction in penile and testicular size is distressing side effect of ADT which is rarely 

discussed.  A pathological study of 24 testes previously treated with buserelin for a year, 

histologically demonstrated interstitial fibrosis and collagenisation (50%) with associated atrophy 

of the Leydig cells in 92% of the specimens with 50% showing seminiferous tubule atrophy, 

prominent degeneration of the Sertoli cells and total tubular hyalinization (20).  Furthermore, in a 

prospective trial of 47 men who received a LH-RH agonist either goserelin or leuprolide acetate 

three monthly for 9 months with subsequent initiation of EBRT at seven months for seven weeks, 

the stretched penile length was assessed before starting treatment and three monthly thereafter.  

The results indicated a gradual shortening of penile length which reached statistical significance 

(mean length 14.2 to 8.6cm; p<0.001) at a mean of 18 months follow up (19).       

It is important to recognise the major morbidity resulting from sexual dysfunction in men 

receiving ADT.  It is not only an issue regarding the patient’s own physiological and emotional 

health but should be considered a couple’s issue that requires specific counselling prior to 

treatment to reduce the associated regret.  Importantly, there exist a number of potential treatment 

options including the use of intermittent ADT, reducing the period on ADT and antiandrogen 

monotherapy instead of an LH-RH agonist (60).  Furthermore, pharmacotherapy in the form of a 

phosphodiesterase-5 inhibitor, intracavernosal injections of vasoactive agents such as alprostadil , 

vacuum constriction devices or penile prosthesis can be considered in those with erectile 

dysfunction (102).   

 Intermittent ADT as already discussed allows recovery of testosterone in the “off-period” to near 

normal lower levels of testosterone.  Intermittent ADT has been shown to be non-inferior for 

overall survival in a non-inferiority trial of 1386-patients receiving either continuous or 

intermittent ADT after primary or salvage therapy without evidence of metastases.  However, 

desire for sexual activity was significantly improved in the intermittent ADT group (p< 0.001) 

(103).  Despite these promising results, one cannot extrapolate this data to men with metastatic 

disease since there appears to be a significant benefit in terms of erectile function (p< 0.001), to 
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date there is still no evidence that cancer specific survival with intermittent ADT is comparable to 

continuous (104). 

The antiandrogen monotherapy to date cannot be advocated for treatment of PCa as there is no 

evidence in which their use is oncologically as effective as the use of a LH-RH agonist (6).  

Despite the lack of evidence there is a suggestion that antiandrogen monotherapy may improve 

sexual function compared to the LH-RH agonists (72). 

 

2.5.1.4 Anaemia 

Anaemia is a common adverse effect associated with PCa.  Whilst the exacerbation of anaemia 

by ADT is a common finding, this occurs in a population who are at substantial risk of additional 

co-morbidities.  Anaemia is a prognostic indicator of poor outcome with an increase RR of death 

of 47% (21-78%) in PCa (105).  Tomasz et al. (106) similarly found that a decline in 

haemoglobin after three months of treatment with ADT independently predicted shorter survival 

(HR=1.10 per 1g/dl decline; p=0.0035).  Furthermore, decline in haemoglobin was also 

associated with a shorter progression free survival (HR-1.08 per 1g/dl decline; p=0.013) (106).  

However, there is currently no evidence that treatment of ADT-related anaemia has an impact on 

mortality in PCa (107).  Due to the stimulatory role of androgens in erythropoiesis, it is not 

surprising that patients undergoing ADT experience anaemia.  Moreover, the severity of anaemia 

is associated with the duration of treatment (107).  There is a suggestion that a decline in 

haemoglobin of >1g/dl following the first month of ADT may in fact be predictive of PSA failure 

(105).      

A clinically significant decline in haemoglobin levels following orchiectomy was shown in a 

study of 64 patients with a mean age of 68 years.  Postoperative follow-up occurred at three 

intervals: 90-180 days, 181 to 360 days and >720 days.  For all of the follow-up intervals a 

significant decline in haemoglobin was noted (p<0.0001.  Finally, of the 64 patients, 37 (58%) 

demonstrated a decline in haemoglobin to levels below normal postoperatively (108). 

In terms of the effect of ADT on haemoglobin level, Timilshina et al. (109) compared to the 

baseline haemoglobin levels in patients with PCa and no ADT (14.1g.dl), PCa on ADT (14.4g/dl) 

and healthy controls (14.9g/dl).  The decline in ADT users was significant ((p<0.001) with a 

decline of 0.89 g/dl compared to 0.056 and 0.203g/dl in PCa controls and healthy controls 
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respectively.  Risk factors associated with significant decline in haemoglobin in PCa participants 

included black race (p<0/001), use of ADT (p<0.001) and lower activity of daily living score 

(p<0.001).  Age did not seem to play a role in anaemia development (109). 

 

2.5.2  Oestrogen Deficiency 

Oestrogen deficiency is associated with osteoporosis, increased cardiovascular disease morbidity, 

hot flushes, gynaecomastia and cognitive impairment.  

 

2.5.2.1 Decreased bone density with associated increase in fracture risk 

There is a well-recognised association between ADT and reduced bone mineral density (BMD).  

A five- to tenfold increase in the rate of bone loss at various skeletal sites (including the spine, 

hip, upper limb and whole body)  has been demonstrated in a number of studies (80,110,111).  

Furthermore, the decrease in BMD, appears to be greatest in the first 12 months following 

initiation of ADT although, continued deterioration has been demonstrated years after initial 

investigation with an average loss of approximately 1.5% per year after the second year of 

treatment being quoted by some (110–113).  Following cessation of ADT, there is no recovery of 

BMD where bone loss has already been established (24). Of note Hussain et al (24), found that of 

174 men with prostate cancer who were treatment naïve, 42% were osteoporotic and 37% 

osteopaenic, compared to only a 27% incidence of osteoporosis in the control group, thus, 

suggesting that PCa in itself is high risk for the development of osteoporosis. 

It is known that in both men on ADT and postmenopausal women, that the rate of bone 

remodelling is substantially increased as a result of the reduction in serum oestrogens.  The 

pathophysiology associated with such bone remodelling includes upregulation of 

osteoclastogenesis and osteoblastogenesis in the marrow secondary to increased cytokines, in 

particular interleukin-6.  Interleukin-6 production is inhibited in the presence of oestrogens and 

androgens. Furthermore, the reduced oestrogen is associated with failure to suppress tissue 

necrosis factor, macrophage- colony stimulating factor and interleukin-1 which play a further role 

in bone loss.  Amplification of one of the above mentioned cytokines may serve to activate the 

cascade and thus compound the problem. Initially there is an increase in osteroblast activity, 

however, it is the osteoclastic bone resorption function which occurs at a faster rate with the 
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result new bone being less dense thus resulting in a net loss of BMD.  The effect is further 

worsened as a reduced serum oestrogen results in delayed osteoclast apoptosis, thus extending the 

life of the osteoclast and further resulting in deep bone cavities (114).  

High risk patients with PCa on ADT who demonstrate a reduction in BMD are at increased risk 

for fractures (25,115).  A 10-15% reduction in BMD results in double the risk of suffering a 

fracture (116).  Shahinian et al (25), analysed the SEER database of 50613 men with prostate 

cancer with primary outcomes of any fracture or a fracture resulting in hospitalisation.  They 

found that of the participants who survived at least five years following diagnosis, 19.4% who 

received ADT had an associated fracture in the preceding years as compared to only 12.6% of 

those who had not received ADT (p<0.001).  Similar findings were made by Smith et al (117), 

where they demonstrated a relative risk of fracture for persons on LH-RH agonists compared to 

those not exposed of 1.21 (95% CI 1.09 to 1.34).  Risks associated with a decreased risk of bone 

fracture include an increased BMI (p=0.024), black race (p=0.009) and whilst increased duration 

of ADT was found to significantly increased risk (p=0.003) (118) as was the number of three 

monthly doses of LH-RH received in both the 12- and 24- month periods subsequent to diagnosis 

(p<0.001) (25).  Fractures have been shown to independently adversely affect not only quality of 

life but also overall survival (119). 

A number of strategies have been investigated to reduce the impact of ADT on bone health.  

Grossmann et al. (84) suggest prior to starting ADT that all men are assessed for their baseline 

fracture risk including laboratory testing, dual energy x-ray  absorptiometry (DEXA) to asses pre-

existing BMD and thoracolumbar vertebral x-rays in patients with osteopaenia to exclude 

clinically silent vertebral fractures.  They further advocate the assessment of clinical risk factors 

for fracture and risk of fall using the FRAX assessment tool.  The limitation of the FRAX 

assessment tool is that it has not been validated for use in patients on ADT and doesn’t take into 

account the impact ADT has on bone health thus potentially underestimating the risk.  The 

DEXA scan should be repeated yearly, with further monitoring on an individual basis (84).   

The use of calcium and vitamin D supplementation remains controversial.  Current 

recommendations include supplementation of 1000 mg/d of calcium in patients less than 70 years 

of age with an increase to 1200 mg/d of calcium over 70 years.  Vitamin D supplementation is 

suggested at 400-800 iu/d and 800-1200 iu/d in those under 50 years of age and those older than 

50 respectively (120).   



27 
 

However,  in a review by Datta et al. (121) from 2012, looking at the benefit of vitamin D and 

calcium supplementation for the prevention of bone loss in men on ADT, there was no trial in 

which supplementation was compared to no intervention.  The review included 12 trials all of 

which used a placebo together with vitamin D and calcium as the control group which was 

compared to the intervention being tested together with vitamin D and calcium.  The ranges of 

calcium and vitamin D doses used were 500-1000 mg/d and 200-500 iu/d respectively.  There 

was a failure to show cessation of bone loss in the placebo group of all 12 trials.  Moreover, there 

is concern regarding excessive vitamin D and calcium supplementation as high levels of both 

have been implicated in the development of PCa.  Furthermore, excess calcium is responsible for 

increased cardiovascular risk in a population already at risk.  Thus, supplementation should not 

exceed current recommended daily allowances (121). 

The use of anti-resorptive treatment has been shown to reduce both bone loss and the risk of 

fracture.  Serpa Neto et al. (122) conducted a systematic review and meta-analysis of 15 trials, 

including 2643 participants, looking at the efficacy of various bisphosphonates in the prevention 

of bone loss in men on ADT.  Bisphosphonates were shown to have significant benefit in 

preventing osteoporosis (p<0.00001) and fractures (p=0.005).  Improvements in bone density in 

the lumbar spine and femoral neck were 5.18±3.38% and 2.35±1.16% compared to the placebo 

group.  In terms of number needed to treat to prevent osteoporosis and fracture, zoledronic acid 

had the greatest effect with a number needed to treat of 2.68 and 149 respectively.  Furthermore, 

in a RCT comparing 4mg of zoledronic acid to placebo over one year, there was a significant 

increase in BMD in the lumbar spine (p=0.012) and femoral neck, trochanter and total hip 

(p<0.001) with a mean increase in BMD of 5.6% in the intervention group(123).  

The benefit on BMD from the use of bisphosphonates was associated with only mild adverse 

effects affecting mainly the cardiovascular and gastrointestinal tract (nausea, diarrhoea, 

constipation and anorexia).  However, it was only the risk of nausea with a RR 1.21 (95% CI, 

0.99–1.49) that reached statistical significance (122).  Zoledronic acid in particular was 

associated with an increased incidence of lower limb oedema compared to the placebo group as 

well as general adverse effects including musculoskeletal pain, fatigue, anaemia and fever (123).   

Denosumab, a human monoclonal antibody, has an effect on osteoclast formation, function and 

survival as a result of its effect on the receptor site for the nuclear factor-κβ activator (124).  In 

2008 a double-blind, multicentre RCT including 734 patients with non-metastatic PCa on ADT, 
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randomised to either placebo or 60mg of denosumab six monthly was published in the New 

England Journal of Medicine.  Denosumab was associated with significant increase in BMD at all 

measured sites after 24 months.  The significance was present even with subgroup analysis of 

older patients and those with a low baseline BMD at commencement of treatment.  In particular, 

there was a significant increase in BMD at one month and throughout the 36-month follow-up, 

with a mean 6.7% increase, at the lumbar spine ((p<0.001).   In terms of new vertebral fractures 

there was reduced incidence at 12, 24 and 36 months with an overall 62% reduced risk compared 

to the placebo group.  there was no difference between the groups in time to first clinical fracture 

at any site (124).  Denosumab is currently licenced for the prevention of bone loss in men 

receiving ADT in more than 30 countries (60). 

The use of Selective Oestrogen Receptor Modulators (SERMs), has been shown to have a 

beneficial effect on BMD in patients receiving ADT.  Toremifene, a second generation SERM, 

when used in patients on ADT has been demonstrated to significantly increase BMD, reduce 

markers of bone turnover, reduce the rate of vertebral and other site fractures and improve lipid 

profile.  Despite these benefits, there is some concern over the increased incidence of venous 

thromboembolic events when using toremifene compared to use of a placebo (125). 

Although evidence exists as to the benefit of antiandrogen monotherapy on bone health compared 

to the use of a LH-RH agonist (6,72), this strategy cannot be advocated for due to the lack of 

evidence of equivalence in terms of survival . 

 

2.5.2.2 Cardiovascular risk (incl. lipid profile, metabolic syndrome) 

The cardiovascular and metabolic consequences of ADT have been well established through a 

number large observational and randomised controlled studies.  There exists little similarity 

between the different trials with regards to population characteristics, length of observation, type 

and duration of ADT, thus making comparison difficult.  To date, the non-cancer causes of death 

exceed those related to the PCa itself, with mortality from cardiovascular disorders alone being 

similar to those attributable to PCa (126).  There is some suggestion that different agents may 

impact the degree to which cardiovascular disease is affected, particularly with regard to some 

benefit of the LH-RH antagonists over the LH-RH agonists in men with pre-existing 

cardiovascular disease (HR: 0.44; 95% confidence interval, 0.26-0.74; p=0.002) (127).    
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Reported effects on lipid profile following treatment with ADT are variable.  The most common 

findings regarding change in lipid profile are an increase in total and low-density lipoprotein 

(LDL) cholesterol (76,128) in addition to an increase in triglycerides and high-density lipoprotein 

cholesterol (76).  However, these findings have not been consistent, with others reporting only a 

significant increase in total and HDL cholesterol (89) or a lack of evidence for change in lipid 

profile following intervention with ADT (77).  Most recently Salvador et al. (129) evaluated the 

effect of single agent ADT and maximal androgen blockade on lipid profile.  They found a 

transient, but significant increase in total LDL cholesterol at six months.  However, these changes 

were no longer apparent at 12 months of treatment.   Furthermore, there was no difference in the 

two treatment groups (129).  Finally, HDL cholesterol is considered protective against 

cardiovascular disease.  However, to date there is no evidence to suggest that the associate 

increase in patients on ADT is protective (76).   

The increases in abdominal circumference, serum glucose and changes in lipid profile, with the 

exception of HDL cholesterol, have resulted in an association between ADT and metabolic 

syndrome.  Furthermore, it is known that reduced testosterone and sex-hormone-binding-globulin 

(SBHG) are independent predictors of metabolic syndrome.   Current data suggests that the 

prevalence of metabolic syndrome in men receiving ADT for at least a year is between 14.7%- 

55% irrespective of concomitant risk factors and PCa stage (128,130).  Slight differences have 

been elicited between the classically described metabolic syndrome and that attributable to ADT, 

namely the approximately 5% increase in HDL and failure to demonstrate a change in blood 

pressure (76,130,131).  The latter was found despite previous evidence to suggest a decreased in 

systemic arterial compliance on ADT (89). 

The above mentioned adverse effects have led to the evaluation for a link between ADT and 

accelerated cardiovascular disease.  Keating et al. assessed the SEER database and found the risk 

of both coronary artery disease and sudden cardiac death to increase by 16% in those on ADT 

(93).  Similar findings for adjusted risk were made from the Veterans Healthcare Administration 

and the population based Swedish studies using the National Prostate Cancer Register (95,132).  

However, the retrospective trial performed in 2009 by Nanda et al. (133) found that excess 

cardiovascular risk was confined to those with a pre-existing history of cardiovascular disease or 

myocardial infarction.  Furthermore, the associated twofold increase in all-cause mortality was 

confined to patients with more than one cardiovascular risk factor (133).   



30 
 

Currently there is limited evidence regarding the association between ADT and stroke (134). A 

meta-analysis by Meng et al. (135) showed a 12% increased incidence of stroke in ADT users, 

however, this finding did not reach statistical significance.  Of note, the use of LH-RH agonists, a 

combination of LH-RH agonist and antiandrogen and orchiectomy were significantly associated 

with stroke (p<0.001).  The use of antiandrogens alone did not seem to significantly impact 

stroke risk (135).  

As a result of the inherent risk for cardiovascular disorder related to ADT, the FDA has issued a 

warning when initiating ADT and a consensus paper from the American Heart, Cancer Society 

and Urological Associations whereby they advocate weighing the benefit of ADT to the possible 

adverse cardiac risk in those with pre-existing disease, patients initiated on ADT be referred to a 

primary physician for periodic follow-up and the use of secondary prevention measures 

according to the AHA and other organisations in those who develop cardiovascular disease (136). 

 

2.5.2.3 Vasomotor symptoms (hot flushes) 

Hot flushes are defined as “an uncomfortable sensation of heat or sweating that can even be 

associated with extreme distress, light-headedness, palpitation or marked sleep disturbances” (1).  

The incidence of hot flushes in men on ADT varies, but is quoted to be between 58-96% 

(72,137,138) with 48 % of men still complaining of symptoms 5 years after the initiation of 

treatment (137).  In a study looking at 43 participants receiving neoadjuvant ADT whilst awaiting 

radical prostatectomy the incidence of hot flushes resolved with cessation of treatment with an 

additional 11% reporting an improvement in symptoms three months later (139).  The incidence 

of hot flushes may impact significantly on the QOL of men on ADT. 

The pathophysiology of hot flushes although not fully understood, is thought to be similar to that 

postulated to cause the same symptoms in post-menopausal females.  Withdrawal of the sex 

hormones, particularly oestrogen, results in a decrease in serum endorphins and catecholamines 

thereby affecting the hypothalamic feedback loop and reducing the thermoregulatory set-point of 

the thermoregulatory nucleus in the medial preoptic area of the anterior hypothalamus. In 

addition, the reduced circulating catecholamines and endorphins cause an inappropriate release of 

noradrenaline and serotonin in response to minor changes in temperature. The intra-hypothalamic 

release of noradrenaline is thought to be responsible for the change in temperature set-point and 
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activation of heat loss mechanisms (140).  Known triggers of hot flushes include stress, anxiety, 

alcohol and an increase in ambient temperature (1). 

Current treatment strategies include the use of selective serotonin reuptake inhibitors (SSRIs), 

Serotonin-noradrenaline reuptake inhibitors (SNRIs), gabapentin, medroxyprogesterone acetate, 

the antiandrogen cyproterone acetate in addition to various alternative therapies including 

acupuncture.  Venlafaxine, a SNRI has been shown to reduce the hot flush score (frequency x 

severity) by more than 50% in patient receiving ADT after four weeks of treatment.  It 

demonstrated a significant decrease in severe and very severe hot flushes (p=0.003) (141).  The 

use of paroxetine, a SSRI, was evaluated in 18 patients on ADT, with an initial dose of 12.5 mg/d 

which was increased 37.5 mg/d during the following four weeks.  The paroxetine was well 

tolerated and reduced both the median frequency and hot flush score (142).  A limitation of both 

of the above studies was the smaller number of participants.  

A more recent randomised controlled trial compared the efficacy of venlafaxine, cyproterone 

acetate and medroxyprogesterone in the management of hot flushes.  311 participants were 

randomised to receive either 75mg of venlafaxine, 20mg of medroxyprogesterone or 100mg of 

cyproterone acetate daily.  Although all three treatment arms were associated with a significant 

reduction in hot flushes from baseline (p<0.0001), venlafaxine was found to be inferior to both 

medroxyprogesterone and cyproterone acetate regardless of the observation interval.  

Furthermore, there appeared to be no significant difference in symptom outcome between the 

medroxyprogesterone and cyproterone acetate groups.  However, there was a slight increase in 

the number of participants who experienced serious adverse effect in the cyproterone acetate 

group (7 vs. 5) although this increase was statistically significant (143). 

The use of gabapentin, a structural analogue of GABA, which acts on α2δ voltage-gated calcium 

channels subunits of sensory nerves, is well described for epilepsy and neuropathic pain.  In a 

double-blind randomised control trial by Loprinzi et al. (144), gabapentin was shown to reduce 

the incidence of hot flashes at three different doses ( 300, 600 or 900mg/d).  however, it failed to 

reach significance when compared to the placebo arm of the study (144).      

Two prospective trials have evaluated the use of acupuncture in the treatment of hot flushes.  The 

first by Harding et al. (145) in 2008 evaluated 60 men on a LH-RH agonist who underwent 

auricular acupuncture for ten weeks.  They found a decrease in hot flush severity from 5.0 to 2.1 
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(p<0.01) (145).  Similarly, Ashamalla et al. (146) assessed the effect of a ten-point bilateral 

acupuncture protocol in 17 men on ADT experiencing hot flashes.  They assessed the efficacy at 

two weeks, six weeks, seven and eight months. There appeared to be an improvement in 

symptomatology at all time points with the greatest improvement in hot flush score at six weeks 

with a reported 89.2% symptom improvement (146).  

 

2.5.2.4 Gynaecomastia 

Gynaecomastia and mastodynia are commonly experienced, the incidence of which is dependent 

on the regime of ADT taken.  In patients receiving non-steroidal antiandrogen monotherapy with 

bicalutamide 150mg daily the incidence of gynaecomastia was found to be as high as 85% (21).  

In contrast the quoted incidence for those on complete ADT is much lower between 13-22% (22).  

The development of gynaecomastia and mastodynia are associated with potentially negative 

psychological and emotional effects not to mention physical discomfort which may result in 

decreased physical activity (147).       

The development of gynaecomastia is related to the decrease in serum testosterone levels, 

secondary to removal of the primary source or blockade of the LH-RH receptors, leading to an 

increase in the oestrogen-to-testosterone ratio.  Both steroidal and non-steroidal antiandrogens 

block androgenic receptors in the breast allowing unopposed oestrogen stimulation.  Steroidal 

antiandrogens further block the negative feedback of androgens at the hypothalamus and pituitary 

thus further promoting the effect of oestrogen.  Although the different agents promote 

gynaecomastia via differing mechanisms, when used in combination with a LH-RH agonist the 

reduction in circulating testosterone available for conversion into oestrogen is proposed to be 

responsible for the reduced incidence compared to antiandrogen monotherapy (22). 

Current treatment options include prophylactic radiotherapy, prophylactic tamoxifene or 

liposuction.  A randomized Scandinavian trial (SPCG-7/SFUO-3) compared the use of 

neoadjuvant ADT and radiotherapy with neoadjuvant ADT alone, with a one-year follow-up in 

253 participants.  The use of single fraction (12 to 15 Gy) electrons was shown to reduce the 

incidence of gynaecomastia from 71% to 28% compared to those who did not receive treatment 

at one year.  Subjectively, patients who received radiotherapy and those who did not reported a 

perceived increase in breast size of 44% and 78% respectively.  There was a significant reduction 
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in reported breast pain at one year in the radiotherapy group (p<0.001) (148).  Tyrell et al. (21) 

had similar findings with a single dose of radiotherapy (10 Gy) in the reduction of bicalutamide 

associated gynaecomastia.  Although there was a reduction in the radiotherapy group in 

mastodynia it was not significant.  However, the reduction in pain severity was significantly 

improved in the radiotherapy group (p=0.0429) (21). 

The use of tamoxifen for the reduction of gynaecomastia was demonstrated by Boccardo et al. 

(149) in a RCT where tamoxifen was found to significantly reduce the incidence of 

gynaecomastia and mastodynia to 10% (p<0.001) and 6% (p=0.004) respectively.  Use of 

tamoxifen was compared to that of radiotherapy in the prevention of gynaecomastia and 

mastodynia.  Although there was no difference in the QOL between either group (150), and they 

were both superior to the placebo group, it appeared that tamoxifen was superior to radiotherapy 

particularly once gynaecomastia was established (150,151). 

 

2.5.2 5 Cognition, mood and memory 

In 2002 Moffat et al. (152) looked at the effect of the physiological age-associated decline in 

serum testosterone (both total and free) on neuropsychological performance in men aged 50-91 

years.  The study included 407 participants with a mean follow up period of ten years. They 

found that mean testosterone levels only significantly correlated with a poor 

attention/concentration index.  Conversely, it was the free testosterone index (FTI) which had a 

high predictive value, with a high baseline FTI associated with improved outcomes in visual and 

verbal memory, visuomotor scanning and visuospatial rotation.  Furthermore, men considered to 

be hypogonadal had lower cognitive functioning in terms of visual memory, immediate and 

delayed verbal memory, visuomotor scanning and visuospatial rotation (152). 

Despite the above evidence, the exact impact of ADT on cognition and mood remains an area for 

ongoing research.  Sub-analysis of the SEER database assessed the risk of physician diagnosis of 

cognitive impairment, depression and constitutional symptoms in men surviving at least five 

years after diagnosis.  Initial analysis suggested that those receiving ADT were more likely to 

develop at least one of the above three diagnosis (31.3%) compared to those without PCa (23.7% 

(p<0.001)).  However, following correction for age, stage of disease and comorbidities, the risk 

of associated symptoms were either abolished or no longer significant (153). 
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The largest prospective study to date was conducted by Alhibai et al. (154) who looked at three 

age and education matched groups: 77 with PCa starting continuous ADT, 82 both in the group 

not with PCa not receiving ADT and healthy controls.  They conducted 14 neuropsychological 

tests at baseline, six and twelve months.  They found no association between ADT and a decline 

in 8 of the domains.  However, there was a significant decline in a single test in immediate 

memory (p=0.029), working memory (p=0.031) and visuospatial ability (p=0.034) at twelve 

months.  Despite these finding they concluded that there was no consistent decline in cognitive 

function in elderly men with PCa receiving ADT as they could not confirm the above findings 

with other analytical approaches in the same domains (154).      

In a study comparing the effect of intermittent ADT on healthy controls, cognitive function and 

mood tests were administered at baseline, after three and nine months of ADT and then three 

months after cessation of treatment.  The ADT group exhibited evidence reduced function in 

terms of spatial reasoning and ability as well as working memory.  There were further significant 

increases in self-reporting of mood components including anxiety, fatigue and depression.  There 

was a suggestion that the effect was greatest at three months after initiation of treatment with a 

return towards baseline at completion of initiation ADT at nine months.  Furthermore, there 

appeared to be a return to baseline functioning in most of the affected domains after ADT 

cessation (155). 

 

2.6  QOL 

The use of ADT has resulted in longer duration of survival with PCa.  However, longer cancer 

specific survival does not equate to a necessarily improved quality of life.  In addition to the 

knowledge of living with cancer, patients’ QOL including physical, psychological and sexual 

functioning, are impacted by the disease itself as well as the adverse effects of ADT.   

The EUA advocates the use of validated tools such as the European Organisation for Research 

and Treatment of Cancer (EORTC) QLQ-30 and prostate specific EORTC QLQ-PR 25 for the 

assessment of patient reported outcome measures (45).  The EORTC QLQ-30 consists of five 

functional scales (physical, role, cognitive, emotional, and social), three symptom scales (fatigue, 

pain, and nausea and vomiting) in addition to a number of single symptom items (dyspnoea, loss 

of appetite, insomnia, constipation and diarrhoea), a global health status/ QOL scale and finally 
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assessment of patient perceived financial impact.  The use of the EORTC QLQ-30 is intended for 

use with a wide population.  The development of the condition-specific EORTC QLQ-PR 25 was 

established to assess health related QOL in PCa sufferers, assessing urinary, bowel and treatment-

related symptoms, as well as sexual activity and sexual function specifically as they relate to PCa 

(11,45). 

Herr et al. (156) conducted a cohort study in 2000 in which 144 men with locally advanced 

disease or biochemical failure after curative therapy were offered either immediate treatment with 

ADT (n=70) or delayed initiation (n=65).  Prior to making a decision patients were fully 

counselled on both the risks and benefits of ADT.  The ADT group were offered orchiectomy, 

single agent LH-HR agonist leuprolide or combined leuprolide and the antiandrogen flutamide.  

Patients general QOL of life was assessed at baseline, six months and a year after enrolment into 

the study using the EORTC, Intrusion subscale of the Impact of Event Scale and Selby’s QL 

Uniscale.  At six months and a year there was no difference in the scores between the groups or 

within the individual groups themselves.  Although they demonstrated a trend towards greater 

psychological distress in those on ADT, this finding was not significant.  When subgroup 

analysis was done the significant differences in terms of worse functioning was found in the 

hormone group for physical function, fatigue and sexual problems.  Moreover, there appeared to 

be a greater trend towards psychological distress in those on ADT.  The above-mentioned 

findings resulted in significantly decreased scores for overall quality of health (p=0.001).  

Interestingly, when comparing combined androgen blockade to either orchiectomy or 

monotherapy, there were worse scores for fatigue, general health, psychological distress and 

worry about cancer (156). 

Similar findings were published from a study conducted in Japan.  They found that patients who 

received ADT for PCa, had significant deteriorations in sexual function at 3 (p<0.05), 6 and 12 

months (p<0.005) although sexual bother scores improved at both 6 and 12 months.  In addition, 

the use of ADT markedly improved urinary function and urinary bother (p<0.05) (33).       

There is evidence to suggest that patients and their partners are not always well informed about 

the negative impact ADT may have on physical health, psychological well-being as well as 

sexual function and health, which is associated with a negative impact on couples’ relationships.  

Walker et al. (157) demonstrated that both patients and partners had poor awareness of the 

common side effects including anaemia, change in memory, loss of body hair, mastodynia and 
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depression.  The partners were more commonly aware of the psychological effects of ADT 

(p=0.01) but it was the patients who were more aware of the potential for decrease in both penile 

length and testicular size (p=0.02) (157).  This discrepancy in patient and partner knowledge 

following initiation of ADT has led to emphasis being placed on accurate counselling and 

provision of knowledge in order to facilitate the patient’s informed consent and an active 

participation in treatment decision making (33,157).  
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CHAPTER 3: RESEARCH METHODOLOGY 

 

3.1 Introduction 

This chapter will describe the research methodology of the study.  It will include research design, 

study population, the sampling process and study methods. 

 

3.2 Ethical Considerations 

Approval to conduct this study was obtained from the Graduate Studies Committee and the 

Human Research Ethics Committee (Medical) of the University of the Witwatersrand (Appendix 

A).   

The study was conducted prospectively, and the identifying information of the patients remained 

anonymous. Patients on ADT attending the urology clinic were invited to take part in the study 

and were given an information letter (Appendix B).  Informed consent (Appendix C) was 

obtained from patients who agreed to take part in the study and complete the questionnaire.  

Questionnaires and data sheets were sealed in an envelope and placed in a secure box. The 

corresponding consent was filed separately.  Participation in the study was voluntary, thus 

respondents could withdraw from the study at any time should they so choose. 

All the questionnaires and data collected were kept confidential as only the researcher and 

supervisors had access to the raw data.  The data will be stored securely for six years after 

completion of the study.  

The study was conducted adhering to good clinical research practice in accordance with the 

South African Good Practice Guidelines (34) and the Helsinki Declaration (35).   

Should the study find significant impact of ADT on the various spheres of health (physical, 

sexual and psychological), the information will be used to better inform both clinicians with 

regards to monitoring for adverse physical effects as well as addressing and counselling patients 

more appropriately. 
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 3.3 Study Design  

The research design used in this study was a prospective, contextual, descriptive design. 

A prospective study is defined as a study in which individuals are selected because of specific 

factors that are to be examined for an outcome. In this study questionnaires were completed by 

patients on ADT and the data sheet completed by the attending physician to determine the impact 

of ADT on QOL. 

The context refers to a body or world and the concerns unique to the individuals arising from this 

world. The study was contextual as it only evaluated the QOL issues relating to patients on ADT 

who were attending the urology oncology clinic at CMJAH in Johannesburg. 

A descriptive study is used to identify phenomena and the associated variables. This study was 

descriptive as it described the perceived impact of ADT on the QOL of patient with PCa. 

 

3.4 Study Population 

The study population included all males attending the urology oncology clinic at CMJAH with 

prostate cancer who were currently on ADT for a duration of at least 3 months.  Consent to 

conduct the study at CMJAH was obtained from the CEO (Appendix D).  The following patients 

categories will be considered: patients with metastatic prostate cancer for palliation, patients with 

intermediate or high risk prostate cancer awaiting external beam intensity modulation 

radiotherapy (ERBT), patients with intermediate or high risk prostate cancer with high likelihood 

of disease progression who are not candidates for surgery or radiotherapy or who refuse other 

treatment or as part of salvage therapy in patients who have undergone treatment with curative 

intent who have biochemical recurrence (rising PSA).   
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3.5 Study Sample 

3.5.1 Sample size 

The sample size was determined in consultation with a biostatistician. The average number of 

patients on ADT attending the urology oncology clinic is 20 per day (measured over 2 months). 

Patients on ADT in general are followed up three monthly. A confidence interval of 0.05 was 

considered adequate and a required sample size of 148 patients was calculated using Slovin’s 

formula.  A sample of between 100 and 200 patients (148) was targeted to ensure an appropriate 

representation of the study population in question.  Due to the required sample size the study was 

conducted over a period of 6 weeks. 

 

3.5.2 Sampling method 

Sampling was done using a convenience sampling method.  This is defined as a non-random 

sampling method resulting in participants being selected because of the ease of volunteering or 

selecting a unit because of ease of accessibility. Men on ADT attending the clinic during the 

study period formed a readily accessible unit for sampling and were eligible to partake in the 

study.  

 

3.6 Inclusion and Exclusion Criteria 

All men with PCa on ADT for at least three months, attending the urology oncology clinic at 

CMJAH were invited to participate in the study. 

The following patients with PCa on ADT were considered for inclusion in the study:  

• patients with metastatic prostate cancer for palliation,  

• patients with intermediate or high-risk prostate cancer awaiting external beam intensity 

modulation radiotherapy (ERBT),  

• patients with intermediate or high-risk prostate cancer with high likelihood of disease 

progression who are not candidates for surgery or radiotherapy, 

• patients with intermediate or high-risk prostate cancer with high likelihood of disease 

progression who refuse other treatment, and 
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• use of ADT as salvage therapy in patients who have undergone treatment with curative 

intent who have biochemical recurrence (rising PSA). 

The following exclusion criteria were applied to the study: 

• patients with castrate resistant prostate cancer on alternative cytotoxic chemotherapeutic 

agents or hormonal agents not administered in the Urology Oncology clinic,  

• patients currently receiving ERBT, and 

• patients who decline to partake in the study. 

 

3.7 Data Collection 

3.7.1 Data collection instrument 

The European Organisation for Research and Treatment of Cancer (EORTC) QLQ-30, a 

questionnaire (Appendix E) consisting of 30 questions, was used to assess the quality of life in 

patients. It is an instrument that has been validated in over 100 languages and used worldwide in 

over 3000 studies assessing QOL in cancer patients.  It is intended for use in a wide population.  

The EORTC QLQ-30 consists of five functional scales (physical, role, cognitive, emotional, and 

social), three symptom scales (fatigue, pain, and nausea and vomiting) in addition to a number of 

single symptom items (dyspnoea, loss of appetite, insomnia, constipation and diarrhoea), a global 

health status/ QOL scale and finally assessment of patient perceived financial impact. The 

development of the disease-specific EORTC QLQ-PR 25 (Appendix F) supplementation is used 

to assess patient outcomes from the same group.  It assesses urinary, bowel and treatment-related 

symptoms, as well as sexual activity and sexual function specifically as they relate to PCa.  The 

questionnaires were available in English, Zulu, Sotho, Afrikaans and Xhosa.  

Additional patient demographics (patient age, employment status, PSA at diagnosis, initial 

Gleason score including perineural or lymphovascular involvement and the percentage of the 

prostate biopsy sample representing cancerous cells, risk stratification according to D’Amico, 

BMI, waist circumference, treatment regimen, duration of treatment, additional investigations) 

and the most recent laboratory results (haemoglobin, mean corpuscular volume, HBA1c, lipid 

profile) were captured by the treating physician on a separate data sheet (Appendix G) during the 

routine clinic visit. No additional laboratory testing was done for the purpose of this study, the 
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above-mentioned tests are performed as part of standard of care treatment. Any missing results 

were marked as not applicable (N/A) on the datasheet.    

 

3.7.2 Data collection method 

During the study period questionnaires were handed out to eligible patients on ADT attending the 

aforementioned clinic.  An information letter regarding participation and the purpose of the study 

was made available to all those invited to participate. Upon agreeing to participate patients 

completed the informed consent form in addition to completing the accompanying questionnaire.  

Questionnaires were allocated a study number which corresponded to the signed consent forms. 

The consent and questionnaires were stored separately. 

Questionnaires and envelopes were allocated a study number to monitor the number of 

questionnaires returned.  To ensure confidentiality, questionnaires were completed anonymously 

and once completed placed in an unmarked envelope.  Patients then proceeded to their 

consultation where the attending physician completed the data sheet provided, including the 

corresponding study number on the envelope.  This completed data sheet was placed in the 

envelope containing the questionnaire, sealed and placed in a sealed data collection box.   

As the questionnaire requests potentially identifying data at the top of the first page, once 

collected this information was separated from the corresponding questionnaire and stored in a 

separate secure file.  These documents are linked by a corresponding study number.  

 

3.7.3 Data analysis 

A Microsoft Excel® spreadsheet was used to capture all survey data.  The data was analysed, 

aided by a statistician using Microsoft Excel® and GraphPad InStatTM.  Descriptive statistics 

were used to analyse the data. For categorical data, frequencies and percentages were used. 

Symmetrically distributed variables were analysed using means and standard deviations.  For data 

with skewed distribution, the median was calculated.  Furthermore, for comparison between 

groups, a t-test was used where appropriate.  A level of significance of 0.05 and 95% confidence 

intervals was used.  Due to the relatively small ideal sample size, where data was missing from 

linear scales, the value was not included in the total sample size used for calculation. Scoring of 
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the QOL responses from the EORTC QLQ-30 and PR-25 were performed according to the 

scoring manual provided (158).  

 

3.8 Validity and Reliability 

Validity and reliability were used to ensure that the study’s conclusions were in keeping with the 

study design and results analysis. The validity is the extent to which a measurement represents a 

true value. Threats to validity can occur throughout the research process and include factors 

external to the study. Reliability ensures the consistency of the result achieved.  

The validity and reliability of this study were ensured by: 

• the use of an appropriate study design and data gathering techniques 

• the use of an internationally validated questionnaire to assess impact on QOL 

• emphasis was placed on anonymity to ensure participants answered in accordance with 

their current practice. 

 

3.9  Summary 

The research methodology was discussed in this chapter.  In the following chapter (Chapter 4) the 

results and discussion are presented. 
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CHAPTER 4: RESULTS AND DISCUSSION 

 

4.1 Introduction 

The sample realisation, results of the study and the discussion are presented in this chapter. 

 

4.2  Sample Realisation 

A total of 154 men with PCa on ADT, currently attending the Urology Oncology clinic at 

CMJAH between May and July 2017, met the inclusion criteria for participating in the study.  

Two of the patients declined to participate in the study as the questionnaire was not available in 

their preferred language.  Thus, 152 questionnaires were included for statistical analysis.  As 

patients attend the clinic on a three monthly cycle, the total population attending the clinic is 231.  

Thus, the sample size comprises approximately 66.7% of the total population of men with PCa on 

ADT attending the clinic. 

Due to the small number of patients in the Caucasian, Indian and Coloured groups, comparisons 

to look for race specific differences in both side effects and QOL could not be performed. 

4.3 Results  

All percentages in the results are reported according to the number of complete answers obtained 

for each question. The percentages, means, standard deviations and medians will be presented to 

one decimal place. The error in the measurement is represented as ± standard deviation (SD) 

 

4.3.1 Population Characteristics 

4.3.1.1 Patient demographics and biometrics 

The mean age at completion of the questionnaire was 69.9 ± 8.2 years.  The African group made 

up the largest proportion of patients attending the clinic with a 76.2% representation (115 of 

total).  The patients had an average BMI of 27.1 ±4.8 and a mean waist circumference of 101.0 

±12.8cm.  See Table 4.1 for Patient characteristics.     
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The results for some of the common side effects of ADT were as follows; in terms of new onset 

(NO) disease after initiation of ADT, only NO hypercholesterolaemia was a significant finding in 

the total population with 71 (46.7%) being newly diagnosed.  For lipid profile the mean total 

cholesterol was 4.5 ± 1.1, triglycerides mean was 1.7 ± 1.1, LDL mean was 2.9 ± 1.0 and the 

HDL mean was 1.2 ± 0.4.  Of the patients diagnosed with hypercholesterolaemia following 

initiation of ADT, only 49 (69.0%) were started appropriately on a statin in the clinic.   

It appeared that NO hypercholesterolaemia was associated most strongly with ADT for metastatic 

disease with 42 of the 69 (60.9%) patients having metastatic disease.  The mean duration of 

treatment with ADT leading to hypercholesterolaemia was 32.8 ± 32.1 months (median 21 

months).  Finally, the development of hypercholesterolaemia appeared to be more common in 

patients taking continuous ADT with 60 of the 69 patients having been on a continuous regime.  

The mean duration of treatment in those on continuous ADT was 34.5 ± 33.9 months compared 

to those on intermittent treatment where the mean was 21 ± 9.0 months. 

The number of patients diagnosed with new onset DM was low.  However, 13 (8.6%) of the 

patients had no HbA1c or any other form of glucose testing documented after ADT initiation.  

The average HbA1c of the study population was 6.3 ± 1.5.  For patients with pre-existing DM 

prior to initiation of ADT, the mean HbA1c was higher with a mean of 7.8 ± 1.8. 

According to the Adult Treatment Panel III guidelines for the diagnosis of metabolic syndrome, 

46 (30.3%) of the patients attending the Urology oncology clinic with PCa on ADT, met the 

criteria.  The most predominant risk factors included waist circumference >102cm and 

hypertension. 
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Table 4.1 Patient characteristics and biometrics 

Patient demographics 

 

Number (percentage) 

n (%) 

Age  

  40-49 1 (0.7) 

  50-59 17 (11.2) 

  60-69 66 (43.4) 

  70-79 52 (34.2) 

  ≥80 

 

16 (10.5) 

Race  

  Caucasian 18 (11.9) 

  African 115 (76.2) 

  Indian 6 (4.0) 

  Coloured 12 (7.9) 

 

New onset disease 

 

  Diabetes mellitus 2 (1.3) 

  Hypercholesterolaemia 71 (46.7) 

  Cardiovascular disease 1 (0.7) 

 

  

Biometrics Mean (SD) 

  BMI 27.1 (4.8) 

  Waist circumference 101.0 (12.8) 
3 Table 4.1 Patient characteristics and biometrics 

Anaemia is a well-documented complication of ADT.  The mean Hb of the study population was 

13.5 ± 1.5 g/dL.  Of the 151 patients with a readily available Hb, 49 patients had anaemia 

according to the WHO definition and classification with 35 (23.2%) having mild anaemia, 13 

(8.6%) moderate anaemia and 1 (0.7%) severe anaemia. 

 

4.3.2 Prostate Cancer Specific Population Data 

The mean PSA on diagnosis and initiation of ADT are high with a large variation in values.  

However, there was no significant difference in PSA at the time of PCa diagnosis and PSA when 

ADT is initiated indicating timely institution of treatment (p=0.882).   

The majority of the population was on a continuous regime of ADT, either medical or surgical, 

with a mean duration of 41.5 ± 31.2 months (median 31.0 months).  Only 21 patients were 

receiving intermittent ADT with a mean duration on treatment of 23.1 ±18.2 months (median 19 
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months).  Furthermore, only one patient had received continuous ADT for less than 9 months 

prior to commencing intermittent dosing.  Of the patients receiving ADT whilst awaiting EBRT, 

the average duration of time on ADT was 12.3± 10.6 months (median 7.6 months).  We excluded 

a 80 year old male reportedly awaiting EBRT from the statistic as he reported having been on 

continuous ADT for 66 months, however, was unlikely a candidate due to his age.  

Of the 33 patients on maximal androgen blockade, 23 (69.7%) have castrate resistant disease.  

The average age of this specific patient population is 69.4 ±8.0 years with an average duration of 

continuous ADT of 54.9 ± 35.4 months. 

A total of 69 patients were reported to be on cyproterone acetate at the time of the study.  10 

(6.6%) of the patients receiving cyproterone acetate were on the agent to prevent the flair 

phenomenon, whilst 26 (17.2%) of the patients were using the agent for symptom control, 

specifically treatment of hot flushes.  Of the 26 patients reported to be on the agent for symptom 

control only 11 of those patients reported their hot flushes to affect them “very much” and “all 

the time” according to the EORTC QLQ-30 survey.  Furthermore, an additional 7 patients not 

reported to be on cyproterone acetate for symptom control specifically, rated their hot flushes as 

affecting them “very much” or “all the time”.  Moreover, 50 (33.6%) of the total patient 

population rated the presence of hot flushes to occur “very much” and “all the time”. 

Out of 120 patients on continuous ADT attending the clinic, 20 patients missed a dose of ADT, 

an average number of 2.2 doses being missed.  The number of patients on continuous ADT who 

delayed a dose was 42, with an average number of 1.8 doses being delayed by more than two 

weeks. Only 12 (7.9%) of the study population reported having had an injection site complication 

during their treatment with ADT. 
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Table 4.2 Prostate cancer and ADT specific data 

Prostate cancer specific data 

 

Mean (SD); Median  

PSA  

  Diagnosis 258.2 (684.1); 39 

  Initiation of ADT 270.1 (678.2); 56.8 

  Current 

 

55.5 (392.5); 1.95 

Gleason score 7.7 (1.1); 7.0 

  

 Number (percentage) 

n (%) 

Extraprostatic spread  

  Lymphovascular involvement 72 (49.7) 

  Perineural involvement  2 (1.4) 

 

Clinical T stage at diagnosis 

 

  T1 45 (32.6) 

  T2 30 (21.8) 

  T3 50 (36.2) 

  T4 13 (9.4) 

 

D’Amico classification 

 

  Low  3 (2.0) 

  Intermediate 14 (9.5) 

  High 130 (88.4) 

  Missing data 6 (3.9) 

  Castrate resistant disease 

 

26 (17.1) 

Indication for ADT  

  Metastatic PCa 86 (56.9) 

  Awaiting ERBT 33 (21.9) 

  Other  16 (10.6) 

 

ADT regime 

 

  Continuous (medical) 120 (78.9) 

  Intermittent 21 (13.8) 

  Orchiectomy 11 (7.2) 

 

ADT agent 

 

  LHRH agonist 125 (82.2) 

  Cyproterone acetate 72 (47.4) 

  Bicalutamide 2 (1.3) 

  Ketaconazole 0 (0.0) 

  Steroids 0 (0.0) 

  Maximal androgen blockade 33 (21.7) 

4 Table 4.2 Prostate cancer and ADT specific data 
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4.3.3 QOL Outcomes 

The QOL outcomes were assessed using the EORTC QLQ-30 survey and PR-25 supplement.  

The mean and medians for the five different functional scales assessed are shown in Figure 4.1.  

Poor function was assessed to be a mean and, or median that fell between 0 to 50 percent, once 

the raw scores had been standardised.  As can be seen from the table below, the mean QOL for 

the five functional scales was greater than 70 percent, with a median of more than 80 percent, 

thus indicating overall good function.  The medians for the functional scales were consistently 

higher than the means suggesting that there are only a small number of patients in the total 

population with low QOL statistics. 

 

Figure 4.1 Functional scales assessed according to the EORTC QLQ-30 

Note: Standardised functional scales fall between 0 and 100 with the higher outcome representing a higher 

the level of functioning.  

 

The symptom scales assess presence and impact of symptoms on QOL.  Thus, a score above 50 

percent was considered to be significant (p<0.05) with regard to the presence of a symptom. For 

further analysis of generalised symptoms known to be associated with the presence of non-benign 

disease see Figure 4.2.  Of the symptoms assessed pain had the highest score with a mean of 31.0 

± 29.6 (median 33.3).  
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Figure 4.2 Symptom scale from EORTC QLQ- 30 

Note: Standardised symptom scales fall between 0 and 100 with the higher outcome representing a higher level of 

functioning.  

 

The PCa specific symptoms assessed included urinary, bowel and treatment related symptoms.  

In terms of urinary symptoms, there was a fairly consistent descending trend in severity of 

daytime urinary frequency reported.  In contrast, there was a fairly evident increase in the number 

of patients reporting night frequency to be present “very much” and “all the time”.   Although the 

need to hurry to the toilet was present, it was not as prevalent as that suggested by either daytime 

or night frequency (Figure 4.3).  

There appeared to be little difference between either the regimen of ADT or the duration on 

continuous ADT or intermittent ADT with regard to the presence of urinary symptoms (Figure 

4.4). 

Hormonal side effects as a result of ADT include hot flushes and mastodynia.  Self-reporting of 

mastodynia was relatively low, whilst the presence of significant hot flushes was more commonly 

reported, it affected less than half of the total study population (See Figure 4.5).  
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Figure 4.3 Urinary symptoms raw data by question  
Note: These graphs show the frequency of answers to the following questions: During the past week, have you had to 

urinate frequently during the day? During the past week, have you had to urinate frequently at night? During 

the past week, when you felt the urge to pass urine, did you have to hurry to get to the toilet?  With 1 

representing “Not at all”, 2 “A little”, 3 “Quite a bit” and 4 “Very much”.  

 

 

Figure 4.4 Comparison between the duration of continuous and intermittent ADT and 

the impact on urinary symptoms  
Note: Standardised urinary symptoms is a summary measure which summarises the overall urinary symptoms of the 

patient. It is measured on a scale of 0 to 100 with the higher the number, the worse the urinary symptoms. 
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Figure 4.5 Frequency of reported hot flushes and mastodynia 
Note: These graphs show the frequency of answers to the following questions: During the past week, did you have 

hot flushes? During the past week, have you had sore or enlarged nipples or breasts?  With 1 representing 

“Not at all”, 2 “A little”, 3 “Quite a bit” and 4 “Very much”.  

 

Finally, sexual activity and function were assessed in patients currently receiving ADT.  A total 

of 149 patients completed the question regarding an interest in sex. Of this number, 62 (41.6%) of 

patients reported that they had no interest in sex at all, whilst 33 (22.1%) reported having only a 

little interest in sexual activity.  Furthermore, of those who completed this section, 54 (36.2%) 

patients reported their interest in sex as either quite a bit or very interested.   

In terms of sexual activity, only 99 (66.0%) of the study population reported they were still 

sexually active.  47.6% of men on ADT for metastatic disease still reported some sexual activity, 

whilst only 38.1% of men awaiting EBRT were still sexually active. Of the patients awaiting 

EBRT 51.5% reported no sexual activity in the preceding three months and only 23.3% still 

reported an interest in sex.    
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Figure 4.6 Raw data of sexual interest, activity and function 

Note: These graphs show the frequency of answers to the following questions: During the last 4 weeks, to what 

extent was sex enjoyable for you? During the last 4 weeks, did you have difficulty getting or maintaining an 

erection? During the last 4 weeks, did you have ejaculation problems (eg. Dry ejaculation)? During the last 4 

weeks, have you felt uncomfortable about being sexually intimate? With 1 representing “Not at all”, 2 “A 

little”, 3 “Quite a bit” and 4 “Very much”.  The final two graphs represent a summary of overall sexual 

functioning. The first shows the raw scores as calculated, with “125” representing incomplete answers for 

those questions included in the summary. The second shows the standardized functional scale excluding those 

with incomplete answers. 

 

Global QOL was found to be low in 54 (33.8%) of the total study population.  There was a 

significant difference in overall QOL between patients on intermittent ADT and those on 

0

10

20

30

40

50

60

1 2 3 4 5

Fr
e

q
u

e
n

cy

Score

Enjoys Sex

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4

Fr
e

q
u

e
n

cy

Score

Erection

0

5

10

15

20

25

30

35

40

45

0 1 2 3 4

Fr
e

q
u

e
n

cy

Score

Sex is intimate

0

10

20

30

40

50

60

1 2 3 4 125

Fr
e

q
u

e
n

cy

Score

Functional Scale for Sex (raw)

0

5

10

15

20

25

30

20 40 60 80 100

Fr
e

q
u

e
n

cy

Score

Functional Scale for Sex 
(standardised)



53 
 

continuous ADT with a p= 0.0107 mean 76.9 ± 25.7 vs mean 60.4 ± 27.9. Of the patients with 

low global QOL, 61 percent were on ADT for metastatic PCa and 20.8 percent were awaiting 

EBRT.  Only 20.4 percent of patients with low QOL had concomitant castrate resistant disease.  

Patients who had undergone orchiectomy, reported a better QOL with 11% scoring less than 50% 

for overall QOL.  In terms of treatment compliance, overall QOL did not appear to be a 

significant determinant for defaulting treatment with only 7 (29.2%) of the 24 defaulters 

reporting a reduced QOL.  Of the patients who delayed a single dose of treatment by two or more 

weeks, only 16 (31.4%) reported having an overall poor QOL (see Figure 4.7).    

 

 

 

Note: These graphs show the Scale from 1-7 with 1 Very poor and 7 Excellent. 

Figure 4.7 Overall health and QOL in the preceding week 
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4.4  Discussion 

The indications for ADT are continuing to expand.  As a result, there is a growing population of 

patients receiving and experiencing side effects from the use of ADT.  It has previously been 

found that approximately half of the patients with PCa will receive ADT at some point in their 

treatment (157).  Similar findings have been demonstrated for the South African population by 

Heyns et al (50).  Due to the impact of ADT on QOL, one can no longer look at survival benefit 

alone, when initiating ADT (33).  Furthermore, it has been shown that there is poor patient 

understanding with regard to the associated adverse effects of ADT (157).   

The PSA at diagnosis in our study is in keeping with the findings from an analysis of men 

attending the Urologic Oncology clinic at Tygerburg Hospital in the Western Cape, South Africa 

(50).  Although the mean PSA at diagnosis was slightly higher than in our population (258.2 vs 

526.3) the median PSA’s were similar (39.0 vs 33.5).  This is in contrast to Le Roux et al (51), 

where the mean PSA was 652 with a median of 154 in patients presenting to Edendale Hospital, 

KwaZulu-Natal, South Africa with PCa.  The discrepancy found may be as a result of poor access 

to health care with delayed presentation and screening for disease particularly in a rural setting.  

Furthermore, it is important to note, that the patient populations in KwaZulu-Natal and the 

Western Cape included men presenting with all stages of prostate cancer, whereas over half our 

study population (56.9%) were receiving ADT for metastatic, high risk disease.   

It is well recognised that orchiectomy is the most cost-effective form of ADT available.  

However, this form of ADT is not readily acceptable to the majority of patients due to the 

psychological and social impact it is perceived to have.  Furthermore, it has been suggested that 

patients are more likely to prefer medical management as the fear of mutilation, loss of 

masculinity are compounded by the irreversibility of surgery (101).  As a result, one of the well 

documented benefits of intermittent ADT is the potential to not only reduce the cost of treating 

the associated sides effects, but by reducing the number of doses, there is inherent cost saving.   

In terms of the metabolic complications associated with ADT prevalence of metabolic syndrome 

was 30.3%.  As previously mentioned the two most common components were hypertension and 

a waist circumference of >102 cm.  It is difficult to determine whether these two components 

existed prior to initiation of ADT.  However, as these patients are considered high risk for 

developing metabolic syndrome, it stands to reason that initiation of treatment may exacerbate 
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them further.  There remains some debate as to whether or not abdominal fat accumulation is 

subcutaneous and visceral or subcutaneous alone.  Therefore, in a patient with pre-existing risk 

for cardiovascular morbidity it is important to reduce burden of disease with appropriate 

monitoring, dietary and exercise advice when commencing treatment with ADT. The benefits of 

exercise on cancer specific QOL are well known and will contribute to improving morbidity (85).  

The finding of NO hypercholesterolaemia in 71 (46.6%) of our population was predominantly 

due to an increase in both total and LDL cholesterol which is in keeping with the findings of 

Braga-Basaria et al (128) and Smith et al (76).  Of concern is the relatively low percentage (69%) 

of newly diagnosed patients who were started on appropriate medical therapy, although it was 

difficult to assess whether appropriate lifestyle counselling had taken place.  There is still weak, 

inconsistent evidence as to the protective role of statins in the development of PCa, but their use 

in the treatment of hypercholesterolaemia is well established.  In addition, the pleiotropic effects 

may be potentially beneficial in a population considered high risk for cardiovascular disease.  It is 

however, important to note that a few experimental studies on the effect of statins with regard to 

PCa have suggested a potential for enhanced carcinogenesis (159).  In the absence of large phase 

III trials, it would be prudent to prescribe these agents in patients with NO 

hypercholesterolaemia.  

In contrast to the NO hypercholesterolaemia, the NO of DM and coronary artery disease was very 

low.  Furthermore, contrary to existing studies, our population with pre-existing DM appeared to 

have good glycaemic control, with a mean HbA1C of 7.8 ± 1.8, despite the use of ADT (98).  It 

would be interesting to do further studies into the antihyperglycaemic agents our diabetic patients 

are currently on, as metformin has been shown to not only protect against the development of 

additional metabolic complications, but may also be protective against the development of PCa 

and disease progression (99,160). 

Despite the relative resource constrained environment in South Africa, only 11 (7.2%) of our 

patient population had undergone orchiectomy and only an additional 21 (13.8%) were on 

intermittent ADT.  Our study indicated that 7 patients previously on intermittent ADT had been 

restarted on a continuous regime due to rising PSA.  It is interesting to note that of the 11 patients 

who had undergone orchiectomy, only one patient reported significant feelings of reduced 

masculinity as a result of the treatment.  Furthermore, there appeared to be a higher percentage of 

patients on continuous ADT who complained about reduced feelings of masculinity.  This finding 
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should be interpreted with caution due to the small number of patients having undergone 

orchiectomy.  Moreover, the use of intermittent ADT in patients with metastatic prostate cancer 

must be considered on a patient-by-patient basis as high volume disease may be a 

contraindication to its use (161). 

The use of adjuvant and neoadjuvant ADT in patients who qualify for EBRT is well-documented.  

Its use in combination therapy with EBRT in intermediate and high risk PCa has been definitively 

proven (8).  The current recommendations are to start ADT when EBRT is initiated or for two to 

three months prior to its use.  In our population 33 (29.2%) are currently on ADT whilst awaiting 

EBRT.  The average duration of ADT treatment in this group was 12.3 ± 10.6 months.  

Furthermore, 25 (75.8%) of the patients were classified with high risk disease and an additional 7 

(21.2%) with intermediate risk disease.   

Currently the literature regarding the use of prolonged neoadjuvant ADT prior to EBRT has 

failed to show any survival benefit (162).  However, there remains concern with the use of 

prolonged ADT in this group as 51.5% reported no sexual activity in the preceding three months 

and they comprised 20.8% of the group who rated their overall QOL as low.  This is particularly 

pertinent as ADT may be discontinued post EBRT provided there is response to treatment.  

Furthermore, there is evidence from studies on intermittent ADT, to suggest that long-term ADT 

use may impair testosterone recovery even with treatment cessation (163).  This subgroup of 

patients are becoming more relevant to the urologist as with increased screening so the 

population who qualify for EBRT will expand.  Thus, it is important to diversify with regards to 

the treatment options available to patients particularly as radical prostatectomy may not be 

acceptable to all patients. 

Although it is known that prostate volume is not the only determinant of voiding symptoms, Choi 

et al (164). demonstrated an improvement in these symptoms in patients on ADT.  They 

attributed these changes to a significant decrease in prostate volume.  The reduced volume was 

associated with an improvement in the International Prostate Symptom Score and maximal 

uroflow.  In contrast, our population reported a high concern with regard to urinary symptoms, 

both daytime frequency and specifically nighttime frequency.  It is important to note that these 

symptoms were assessed from a subjective point of view and thus studies looking at prostate 

volume and uroflow before and after ADT initiation would be a more objective assessment of the 

problem.     
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In addition to concerns about urinary symptoms, there was profound concern regarding sexual 

interest, function and activity.  These findings are in keeping with similar studies performed in 

various population groups (33,165).  An increase in sexual dysfunction should be adequately 

explained to both the patient and their partner as this has been known to increase emotional 

distress and may affect important interpersonal relationships.  In addition, if not fully understood, 

these issues may contribute to poor compliance (157). 

Hormonal side effects were not a significant complaint of our patient cohort.  However, of the 50 

patients complaining of severe hot flushes only 18 were receiving cyproterone acetate for 

symptom control specifically.  This is in keeping with the finding of Sonn et al. (31) who showed 

a discrepancy between doctor and patient perceptions regarding QOL.  This is particularly 

relevant as of the 26 patients receiving cyproterone acetate for symptom control 57.7% had 

comparatively less symptoms.   

Given the significant adverse effects of ADT, compliance could potentially be an issue.  

However, we found that only 35% of the study population on continuous ADT delayed a dose by 

two weeks or more.  Although this was not part of the formal data sheet, on discussion with 

patients, the delay seemed to be the result of scheduling or transport issues. 

Our study showed a significant improvement in overall QOL in patients on intermittent ADT 

compared to those on continuous ADT (p=0.0107).  Although this finding should be interpreted 

with caution due to the small intermittent ADT sample size 21 (13.8%), it should be further 

explored, as previous studies have failed to show a definitive benefit of intermittent ADT.  The 

benefit of improved testosterone levels and potential recovery of sexual interest, function and 

activity as well as an improvement in urinary symptoms, may be particularly beneficial responses 

in those who qualify for intermittent ADT (104,166,167).  Despite symptom and QOL 

improvement, it is necessary to counsel patients as to the potential of a reduced cancer 

progression survival.  

 

 

 

 



58 
 

CHAPTER 5: SUMMARY, LIMITATIONS, RECOMMENDATIONS AND 

CONCLUSION  

 

5.1  Introduction  

In this chapter a summary of the study is presented. It will further address the limitations and 

recommendations from the study. The overall study conclusion will be presented. 

 

5.2 Study Summary 

5.2.1 Aim 

The aim of this study was to determine the impact of ADT on the QOL and common side effects 

experienced by a subset of South African patients with prostate cancer attending the urology 

oncology clinic using the EORTC QLQ-30, EORTC PR-25 and physician questionnaire. 

5.2.2 Objectives 

The primary objectives of this study were: 

• to describe the population of patients currently receiving ADT, the most commonly 

prescribed methods of ADT and common side effects of ADT treatment in our patient 

population 

• to describe the perceived impact of ADT on the physical, psychological and sexual health 

of patients receiving treatment 

 

The secondary objectives of this study were: 

• to compare the stage of prostate cancer at presentation, the preferred modality of ADT 

and ADT side effect profile for different race groups 

• to compare the impact on the QOL between single agent medical management, complete 

medical androgen blockade and surgical orchiectomy  

• to compare the QOL of patients on ADT with hormone-sensitive prostate cancer to those 

with castrate resistant prostate cancer 
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5.2 Summary of the Methodology 

A prospective, contextual, descriptive study was performed to determine the QOL of life in men 

with PCa receiving ADT.  The QOL was assessed using the EORTC QLQ-30 and EORTC QLQ-

PR 25, internationally validated questionnaires to assess patient outcomes in those suffering from 

malignancy with additional disease specific focus. 

All men with PCa on ADT attending the Urology Oncology clinic at CMJAH were invited to 

participate in the study during the study period.  Patients received an information letter, consent 

form and questionnaire in an unmarked envelope.  Those who consented to participate in the 

study completed the questionnaire, then had a data sheet completed by the attending physician.  

Both the questionnaire and data sheet were placed in a sealed envelope and sealed box.  

Questionnaires/ data sheets and consent had corresponding numbers but were stored separately.  

Participation in the study was voluntary, thus, patients could withdraw from the study at any time 

should they choose to. 

Descriptive and inferential statistics were used to analyse the data.   

 

5.3 Summary of the Main Findings 

The mean age at completion of the questionnaire was 69.9 ± 8.2 years.  The African group made 

up the largest proportion of patients attending the clinic 115 (76.2%).  New onset 

hypercholesterolaemia occurred in 71 (46.7%) of the population after ADT initiation and was 

most strongly associated with ADT for metastatic prostate cancer 42 (60.9%) and those on 

continuous ADT 60 (87.0%).   

The average BMI was 27.1 ±4.8 and mean waist circumference was 101.0cm ±12.8cm, with 46 

(30.3%) of patient population meeting the criteria for metabolic syndrome.  Anaemia occurred in 

32.4% of the population and only one patient fulfilled the criteria for severe anaemia (Hb = 7.9). 

Mean PSA at diagnosis and initiation were relatively high, however, there was no significant 

difference in the mean PSA from the time of diagnosis to the initiation of ADT p= 0.882. 

The majority of patients were on ADT for metastatic PCa 86 (56.9%) whilst 33 (21.9%) were 

awaiting EBRT.  Continuous ADT was most commonly used with a mean duration of of 41.5 ± 
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31.2 months (median 31.0 months).  Only 11 (7.2%) of patients had undergone a bilateral 

orchiectomy. 

In terms of QOL, patients had overall good QOL for the five functional scales.  Prostate specific 

symptoms including daytime urinary frequency and night frequency had high symptom scores.  

Men on continuous ADT formed the majority of men who still reported an interest in sex with 27 

(87.1%) of the total having a high score.  In terms of sexual activity, only 99 (66.0%) of the study 

population reported they were still sexually active.   

Finally, global QOL was found to be low in only 54 (33.8%) of the total study population.  There 

appeared to be a significant difference in overall QOL between patients on intermittent ADT and 

those on continuous ADT with a p= 0.0107 (mean 76.9 ± 25.7 vs mean 60.4 ± 27.9). 

 

5.4 Limitations 

The patient population was derived from the public sector only and as such access to some of the 

agents commonly used in ADT was limited and may have biased the side effect profiles seen.  

Currently one of the major drug groups, LHRH antagonists, used in ADT is not available in the 

public sector.  Although not definitively proven, early trials suggest a better cardiovascular side 

effect profile particularly in patients with pre-existing cardiovascular disease in whom ADT is 

being initiated.  Furthermore, the impact of socioeconomic status on the perceived effect of ADT 

on QOL may not have been appreciated.  

The cohort of patients that the study examined were diagnosed and treated by a variety of 

urologist and as a result there may have be inconsistencies in the allocation of the clinical T-stage 

used for risk stratification. The cohort only consisted of patients attending the CMJAH Urology 

Oncology clinic as a result, patients having previously been on ADT with intolerable side effects 

may no longer attend the clinic and thus, were not eligible for inclusion in the study.   

The use of a self-administered questionnaire has a number of limitations including failure to fully 

complete the questionnaire, an inability to obtain additional information or clarification from the 

provider as well as respondents and finally, the desire to provide an answer which is socially 

acceptable rather than answering according to actual experience.   
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5.5 Recommendations 

Racial differences with regard to side effects and QOL issues could not be elucidated due to the 

patient population used. Thus, it is recommended that a larger, multi-institutional study be 

undertaken to further elucidate this.   

This study suggested an improved QOL in the patients on intermittent ADT, this finding has not 

been confirmed in other larger trials, thus a larger South African trial is warranted.  

Finally, a study examining bone health in this population is recommended as this study was 

limited in its ability to review this side effect.  

 

5.6 Conclusion 

This study highlighted the common side effects and QOL issues of a subset of South African 

patients on ADT for a variety of reasons. A number of pertinent issues have arisen particularly 

with regard to the development of hypercholesterolemia in this population and the need for 

screening and appropriate management. Furthermore, the low treatment rate of prominent side 

effects such as hot-flushes has emphasized the need for a patient centered approach to 

management. Due to the concern that patients awaiting EBRT are being exposed to prolonged 

periods of ADT, alternative treatment strategies such as low dose brachytherapy can be 

considered to alleviate the burden. The use of Intermittent ADT or surgical orchiectomy are 

viable options to reduce both the cost of treatment and potentially the side effects associated with 

ADT and warrant larger studies with a control arm.  

 

 

 

 

 



62 
 

CHAPTER 6: REFERENCES 

 

1.  Allan CA, Collins VR, Frydenberg M, McLachlan RI, Matthiesson KL. Androgen 

deprivation therapy complications. Endocr Relat Cancer. 2014 Jul 22;21(4):T119–29.  

2.  SUMMARY STATISTICS OF CANCER DIAGNOSED HISTOLOGICALLY IN 2012 

[Internet]. National Cancer Registry; [cited 2017 Apr 27]. Available from: 

http://www.nioh.ac.za/assets/files/NCR%202012%20results.pdf 

3.  Babb C, Urban M, Kielkowski D, Kellett P. Prostate Cancer in South Africa: Pathology 

Based National Cancer Registry Data (1986–2006) and Mortality Rates (1997–2009). 

Prostate Cancer. 2014;2014:1–9.  

4.  Huggins C, Hodges CV. Studies on prostatic cancer. I. The effect of castration, of 

estrogen and androgen injection on serum phosphatases in metastatic carcinoma of the 

prostate. CA Cancer J Clin. 1972 Aug;22(4):232–40.  

5.  Moinpour CM, Lovato LC, Yee M, Blumenstein BA, Savage MJ, Troxel A, et al. Quality 

of Life in Advanced Prostate Cancer: Results of a Randomized Therapeutic Trial. JNCI J 

Natl Cancer Inst. 1998 Oct 21;90(20):1537–44.  

6.  Seidenfeld J, Samson DJ, Hasselblad V, Aronson N, Albertsen PC, Bennett CL, et al. 

Single-therapy androgen suppression in men with advanced prostate cancer: a systematic 

review and meta-analysis. Ann Intern Med. 2000 Apr 4;132(7):566–77.  

7.  Meng MV, Grossfeld GD, Sadetsky N, Mehta SS, Lubeck DP, Carroll PR. Contemporary 

patterns of androgen deprivation therapy use for newly diagnosed prostate cancer. 

Urology. 2002 Sep;60(3 Suppl 1):7-11; discussion 11-12.  

8.  D’Amico AV, Manola J, Loffredo M, Renshaw AA, DellaCroce A, Kantoff PW. 6-Month 

Androgen Suppression Plus Radiation Therapy vs Radiation Therapy Alone for Patients 

With Clinically Localized Prostate Cancer: A Randomized Controlled Trial. JAMA. 2004 

Aug 18;292(7):821.  

9.  Freedland SJ, Eastham J, Shore N. Androgen deprivation therapy and estrogen deficiency 

induced adverse effects in the treatment of prostate cancer. Prostate Cancer Prostatic Dis. 

2009 Dec;12(4):333–8.  

10.  Dacal K, Sereika SM, Greenspan SL. Quality of Life in Prostate Cancer Patients Taking 

Androgen Deprivation Therapy: QUALITY OF LIFE IN MEN WITH PROSTATE 

CANCER. J Am Geriatr Soc. 2006 Jan;54(1):85–90.  

11.  van Andel G, Bottomley A, Fosså SD, Efficace F, Coens C, Guerif S, et al. An 

international field study of the EORTC QLQ-PR25: A questionnaire for assessing the 



63 
 

health-related quality of life of patients with prostate cancer. Eur J Cancer. 2008 

Nov;44(16):2418–24.  

12.  Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The 

European Organization for Research and Treatment of Cancer QLQ-C30: a quality-of-life 

instrument for use in international clinical trials in oncology. J Natl Cancer Inst. 1993 Mar 

3;85(5):365–76.  

13.  Green HJ, Pakenham KI, Headley BC, Yaxley J, Nicol DL, Mactaggart PN, et al. Altered 

cognitive function in men treated for prostate cancer with luteinizing hormone-releasing 

hormone analogues and cyproterone acetate: a randomized controlled trial. BJU Int. 2002 

Sep;90(4):427–32.  

14.  Joly F, Alibhai SMH, Galica J, Park A, Yi Q-L, Wagner L, et al. Impact of Androgen 

Deprivation Therapy on Physical and Cognitive Function, as Well as Quality of Life of 

Patients With Nonmetastatic Prostate Cancer. J Urol. 2006 Dec;176(6):2443–7.  

15.  Lee M, Jim HS, Fishman M, Zachariah B, Heysek R, Biagioli M, et al. Depressive 

symptomatology in men receiving androgen deprivation therapy for prostate cancer: a 

controlled comparison: Depression and ADT. Psychooncology. 2015 Apr;24(4):472–7.  

16.  Potosky AL, Reeve BB, Clegg LX, Hoffman RM, Stephenson RA, Albertsen PC, et al. 

Quality of life following localized prostate cancer treated initially with androgen 

deprivation therapy or no therapy. J Natl Cancer Inst. 2002 Mar 20;94(6):430–7.  

17.  Casey RG, Corcoran NM, Larry Goldenberg S. Quality of life issues in men undergoing 

androgen deprivation therapy: a review. Asian J Androl. 2012 Mar;14(2):226–31.  

18.  çAyan S, Bozlu M, Canpolat B, Akbay E. The Assessment of Sexual Functions in 

Women with Male Partners Complaining of Erectile Dysfunction: Does Treatment of 

Male Sexual Dysfunction Improve Female Partner’s Sexual Functions? J Sex Marital 

Ther. 2004 Oct;30(5):333–41.  

19.  Haliloglu A, Baltaci S, Yaman O. Penile Length Changes in Men Treated With Androgen 

Suppression Plus Radiation Therapy for Local or Locally Advanced Prostate Cancer. J 

Urol. 2007 Jan;177(1):128–30.  

20.  Hadziselimović F, Senn E, Bandhauer K. Effect of treatment with chronic gonadotropin 

releasing hormone agonist on human testis. J Urol. 1987 Oct;138(4 Pt 2):1048–50.  

21.  Tyrrell CJ, Payne H, Tammela TLJ, Bakke A, Lodding P, Goedhals L, et al. Prophylactic 

breast irradiation with a single dose of electron beam radiotherapy (10 Gy) significantly 

reduces the incidence of bicalutamide-induced gynecomastia. Int J Radiat Oncol. 2004 

Oct;60(2):476–83.  



64 
 

22.  Di Lorenzo G, Autorino R, Perdonà S, De Placido S. Management of gynaecomastia in 

patients with prostate cancer: a systematic review. Lancet Oncol. 2005 Dec;6(12):972–9.  

23.  Navon L, Morag A. Advanced Prostate Cancer Patients’ Ways of Coping with the 

Hormonal Therapy’s Effect on Body, Sexuality, and Spousal Ties. Qual Health Res. 2003 

Dec;13(10):1378–92.  

24.  Hussain SA, Weston R, Stephenson RN, George E, Parr NJ. Immediate dual energy X-ray 

absorptiometry reveals a high incidence of osteoporosis in patients with advanced prostate 

cancer before hormonal manipulation: OSTEOPOROSIS IN PATIENTS WITH 

ADVANCED PROSTATE CANCER. BJU Int. 2003 Oct 27;92(7):690–4.  

25.  Shahinian VB, Kuo Y-F, Freeman JL, Goodwin JS. Risk of Fracture after Androgen 

Deprivation for Prostate Cancer. N Engl J Med. 2005 Jan 13;352(2):154–64.  

26.  Lee H, McGovern K, Finkelstein JS, Smith MR. Changes in bone mineral density and 

body composition during initial and long-term gonadotropin-releasing hormone agonist 

treatment for prostate carcinoma. Cancer. 2005 Oct 15;104(8):1633–7.  

27.  Smith MR, Lee H, Nathan DM. Insulin Sensitivity during Combined Androgen Blockade 

for Prostate Cancer. J Clin Endocrinol Metab. 2006 Apr;91(4):1305–8.  

28.  Braga-Basaria M. Metabolic Syndrome in Men With Prostate Cancer Undergoing Long-

Term Androgen-Deprivation Therapy. J Clin Oncol. 2006 Aug 20;24(24):3979–83.  

29.  Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in 

Adults. Executive Summary of The Third Report of The National Cholesterol Education 

Program (NCEP) Expert Panel on Detection, Evaluation, And Treatment of High Blood 

Cholesterol In Adults (Adult Treatment Panel III). JAMA. 2001 May 16;285(19):2486–

97.  

30.  Schulman C, Cornel E, Matveev V, Tammela TL, Schraml J, Bensadoun H, et al. 

Intermittent Versus Continuous Androgen Deprivation Therapy in Patients with 

Relapsing or Locally Advanced Prostate Cancer: A Phase 3b Randomised Study 

(ICELAND). Eur Urol. 2016 Apr;69(4):720–7.  

31.  Sonn GA, Sadetsky N, Presti JC, Litwin MS. Differing Perceptions of Quality of Life in 

Patients With Prostate Cancer and Their Doctors. J Urol. 2013 Jan;189(1):S59–65.  

32.  TRIPTOSIX-Studiengruppe, Eisenhardt A, Schneider T, Scheithe K, Colling C, 

Heidenreich A. Lebensqualität von Patienten mit Prostatakarzinom unter 

Androgendeprivation mit GnRH-Analoga: Ergebnisse der nicht-interventionellen Studie 

TRIPTOSIX. Urol. 2016 Feb;55(2):176–83.  



65 
 

33.  Kato T, Komiya A, Suzuki H, Imamoto T, Ueda T, Ichikawa T. Effect of androgen 

deprivation therapy on quality of life in Japanese men with prostate cancer: Androgen 

deprivation therapy and HRQOL. Int J Urol. 2007 May;14(5):416–21.  

34.  Basaria S, Lieb J, Tang AM, DeWeese T, Carducci M, Eisenberger M, et al. Long-term 

effects of androgen deprivation therapy in prostate cancer patients. Clin Endocrinol (Oxf). 

2002 Jun;56(6):779–86.  

35.  Ferlay J, Shin H-R, Bray F, Forman D, Mathers C, Parkin DM. Estimates of worldwide 

burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer. 2010 Dec 15;127(12):2893–

917.  

36.  Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer 

incidence and mortality worldwide: sources, methods and major patterns in GLOBOCAN 

2012. Int J Cancer. 2015 Mar 1;136(5):E359-386.  

37.  Center MM, Jemal A, Lortet-Tieulent J, Ward E, Ferlay J, Brawley O, et al. International 

Variation in Prostate Cancer Incidence and Mortality Rates. Eur Urol. 2012 

Jun;61(6):1079–92.  

38.  Hunter J, Owen R. Observations on certain parts of the animal economy : inclusive of 

several papers from the Philosophical transactions, etc. / [Internet]. Philadelphia : 

Haswell, Barrington, and Haswell ; 1840 [cited 2017 Oct 16]. Available from: 

http://www.biodiversitylibrary.org/bibliography/110999 

39.  Huggins C. STUDIES ON PROSTATIC CANCER: II. THE EFFECTS OF 

CASTRATION ON ADVANCED CARCINOMA OF THE PROSTATE GLAND. Arch 

Surg. 1941 Aug 1;43(2):209.  

40.  Huggins C, Hodges CV. Studies on prostatic cancer. I. The effect of castration, of 

estrogen and androgen injection on serum phosphatases in metastatic carcinoma of the 

prostate. CA Cancer J Clin. 1941 Aug;22(4):232–40.  

41.  Huggins C, William Wallace Scott. Bilateral Adrenalectomy in Prostatic Cancer. Clinical 

Features and Urinary Excretion of 17-Ketosteroids and Estrogen. Ann Surg. 1945 

Dec;122(6):1031–41.  

42.  Morgentaler A, Traish AM. Shifting the Paradigm of Testosterone and Prostate Cancer: 

The Saturation Model and the Limits of Androgen-Dependent Growth. Eur Urol. 2009 

Feb;55(2):310–21.  

43.  Pezaro C, Woo HH, Davis ID. Prostate cancer: measuring PSA: Measuring PSA. Intern 

Med J. 2014 May;44(5):433–40.  



66 
 

44.  Catalona WJ, Smith DS, Ratliff TL, Dodds KM, Coplen DE, Yuan JJ, et al. Measurement 

of prostate-specific antigen in serum as a screening test for prostate cancer. N Engl J Med. 

1991 Apr 25;324(17):1156–61.  

45.  N. Mottet (Chair), J. Bellmunt, E. Briers (Patient Representative), M. Bolla, L. Bourke, P. 

Cornford (Vice-chair), M. De Santis, A.M. Henry, S. Joniau, T.B. Lam, M.D. Mason, 

H.G. van der Poel, T.H. van der Kwast, O. Rouvière, T. Wiegel, Guidelines Associates: 

N. Arfi, R.C.N.. van den Bergh, T. van den Broeck, M. Cumberbatch, N. Fossati, T. 

Gross, M. Lardas, M. Liew, P. Moldovan, I.G. Schoots, P.M. Willemse, Mottet N., 

Bellmunt J., Briers E., Bolla M., Bourke L., Cornford P., De Santis M., Henry A., Joniau 

S., Lam T., Mason M.D., Van den Poel H., Van den Kwast T.H., Rouvière O., Wiegel T. 

S-O. Prostate Cancer [Internet]. Uroweb. 2014 [cited 2017 Oct 16]. Available from: 

http://uroweb.org/guideline/prostate-cancer/#8 

46.  Catalona WJ, Richie JP, Ahmann FR, Hudson MA, Scardino PT, Flanigan RC, et al. 

Comparison of digital rectal examination and serum prostate specific antigen in the early 

detection of prostate cancer: results of a multicenter clinical trial of 6,630 men. J Urol. 

1994 May;151(5):1283–90.  

47.  Loeb S. Guideline of Guidelines: Prostate Cancer Screening: Review of Prostate Cancer 

Screening Guidelines. BJU Int. 2014 Jul;n/a-n/a.  

48.  Vickers AJ, Ulmert D, Sjoberg DD, Bennette CJ, Bjork T, Gerdtsson A, et al. Strategy for 

detection of prostate cancer based on relation between prostate specific antigen at age 40-

55 and long term risk of metastasis: case-control study. BMJ. 2013 Apr 16;346(apr15 

5):f2023–f2023.  

49.  Mottet N, Bellmunt J, Bolla M, Briers E, Cumberbatch MG, De Santis M, et al. EAU-

ESTRO-SIOG Guidelines on Prostate Cancer. Part 1: Screening, Diagnosis, and Local 

Treatment with Curative Intent. Eur Urol. 2017 Apr;71(4):618–29.  

50.  Heyns CF, Fisher M, Lecuona A, van der Merwe A. Prostate cancer among different 

racial groups in the Western Cape: presenting features and management. South Afr Med J 

Suid-Afr Tydskr Vir Geneeskd. 2011 Apr;101(4):267–70.  

51.  Le Roux HA, Urry RJ, Sartorius B, Aldous C. Prostate Cancer at a regional hospital in 

South Africa: we are only seeing the tip of the iceberg. South Afr J Surg Suid-Afr Tydskr 

Vir Chir. 2015 Dec;53(3 and 4):57–62.  

52.  Roobol MJ, Steyerberg EW, Kranse R, Wolters T, van den Bergh RCN, Bangma CH, et 

al. A risk-based strategy improves prostate-specific antigen-driven detection of prostate 

cancer. Eur Urol. 2010 Jan;57(1):79–85.  



67 
 

53.  Eastham JA, Riedel E, Scardino PT, Shike M, Fleisher M, Schatzkin A, et al. Variation of 

serum prostate-specific antigen levels: an evaluation of year-to-year fluctuations. JAMA. 

2003 May 28;289(20):2695–700.  

54.  Epstein JI, Egevad L, Amin MB, Delahunt B, Srigley JR, Humphrey PA, et al. The 2014 

International Society of Urological Pathology (ISUP) Consensus Conference on Gleason 

Grading of Prostatic Carcinoma: Definition of Grading Patterns and Proposal for a New 

Grading System. Am J Surg Pathol. 2016 Feb;40(2):244–52.  

55.  Cooperberg MR, Pasta DJ, Elkin EP, Litwin MS, Latini DM, Du Chane J, et al. The 

University of California, San Francisco Cancer of the Prostate Risk Assessment score: a 

straightforward and reliable preoperative predictor of disease recurrence after radical 

prostatectomy. J Urol. 2005 Jun;173(6):1938–42.  

56.  Yu I-C, Lin H-Y, Sparks JD, Yeh S, Chang C. Androgen Receptor Roles in Insulin 

Resistance and Obesity in Males: The Linkage of Androgen-Deprivation Therapy to 

Metabolic Syndrome. Diabetes. 2014 Oct 1;63(10):3180–8.  

57.  Connolly RM, Carducci MA, Antonarakis ES. Use of androgen deprivation therapy in 

prostate cancer: indications and prevalence. Asian J Androl. 2012 Mar;14(2):177–86.  

58.  Wein AJ, Wein AJ. Campbell-Walsh urology [Internet]. 2016 [cited 2017 Oct 16]. 

Available from: 

https://nls.ldls.org.uk/welcome.html?ark:/81055/vdc_100037278710.0x000001 

59.  Byar DP, Corle DK. Hormone therapy for prostate cancer: results of the Veterans 

Administration Cooperative Urological Research Group studies. NCI Monogr Publ Natl 

Cancer Inst. 1988;(7):165–70.  

60.  Nguyen PL, Alibhai SMH, Basaria S, D’Amico AV, Kantoff PW, Keating NL, et al. 

Adverse Effects of Androgen Deprivation Therapy and Strategies to Mitigate Them. Eur 

Urol. 2015 May;67(5):825–36.  

61.  Studer UE, Whelan P, Wimpissinger F, Casselman J, de Reijke TM, Knönagel H, et al. 

Differences in time to disease progression do not predict for cancer-specific survival in 

patients receiving immediate or deferred androgen-deprivation therapy for prostate 

cancer: final results of EORTC randomized trial 30891 with 12 years of follow-up. Eur 

Urol. 2014 Nov;66(5):829–38.  

62.  Duchesne GM, Woo HH, Bassett JK, Bowe SJ, D’Este C, Frydenberg M, et al. Timing of 

androgen-deprivation therapy in patients with prostate cancer with a rising PSA (TROG 

03.06 and VCOG PR 01-03 [TOAD]): a randomised, multicentre, non-blinded, phase 3 

trial. Lancet Oncol. 2016 Jun;17(6):727–37.  



68 
 

63.  Swerdloff RS, Walsh PC. Testosterone and oestradiol suppression of LH and FSH in 

adult male rats: duration of castration, duration of treatment and combined treatment. 

Acta Endocrinol (Copenh). 1973 May;73(1):11–21.  

64.  Scherr DS, Pitts WR. The nonsteroidal effects of diethylstilbestrol: the rationale for 

androgen deprivation therapy without estrogen deprivation in the treatment of prostate 

cancer. J Urol. 2003 Nov;170(5):1703–8.  

65.  Klotz L, McNeill I, Fleshner N. A phase 1-2 trial of diethylstilbestrol plus low dose 

warfarin in advanced prostate carcinoma. J Urol. 1999 Jan;161(1):169–72.  

66.  Farrugia D, Ansell W, Singh M, Philp T, Chinegwundoh F, Oliver RT. Stilboestrol plus 

adrenal suppression as salvage treatment for patients failing treatment with luteinizing 

hormone-releasing hormone analogues and orchidectomy. BJU Int. 2000 Jun;85(9):1069–

73.  

67.  Schulman C, Irani J, Aapro M. Improving the management of patients with prostate 

cancer receiving long-term androgen deprivation therapy. BJU Int. 2012 Jun;109 Suppl 

6:13–21.  

68.  Heidenreich A, Bastian PJ, Bellmunt J, Bolla M, Joniau S, van der Kwast T, et al. EAU 

Guidelines on Prostate Cancer. Part II: Treatment of Advanced, Relapsing, and 

Castration-Resistant Prostate Cancer. Eur Urol. 2014 Feb;65(2):467–79.  

69.  Klotz L, O’Callaghan CJ, Ding K, Dearnaley DP, Higano CS, Horwitz EM, et al. A phase 

III randomized trial comparing intermittent versus continuous androgen suppression for 

patients with PSA progression after radical therapy: NCIC CTG PR.7/SWOG 

JPR.7/CTSU JPR.7/UK Intercontinental Trial CRUKE/01/013. J Clin Oncol. 2011 

Mar;29(7_suppl):3–3.  

70.  James ND, de Bono JS, Spears MR, Clarke NW, Mason MD, Dearnaley DP, et al. 

Abiraterone for Prostate Cancer Not Previously Treated with Hormone Therapy. N Engl J 

Med. 2017 Jul 27;377(4):338–51.  

71.  Moffat LE. Comparison of Zoladex, diethylstilbestrol and cyproterone acetate treatment 

in advanced prostate cancer. Eur Urol. 1990;18 Suppl 3:26–7.  

72.  Smith MR, Goode M, Zietman AL, McGovern FJ, Lee H, Finkelstein JS. Bicalutamide 

monotherapy versus leuprolide monotherapy for prostate cancer: effects on bone mineral 

density and body composition. J Clin Oncol Off J Am Soc Clin Oncol. 2004 Jul 

1;22(13):2546–53.  

73.  Klotz L, Boccon-Gibod L, Shore ND, Andreou C, Persson B-E, Cantor P, et al. The 

efficacy and safety of degarelix: a 12-month, comparative, randomized, open-label, 

parallel-group phase III study in patients with prostate cancer. BJU Int. 2008 

Dec;102(11):1531–8.  



69 
 

74.  Crawford ED, Moul JW, Shore ND, Kold Olesen T, Persson B-E. 670 SWITCHING 

FROM LEUPROLIDE TO DEGARELIX VS CONTINUOUS DEGARELIX 

TREATMENT – EFFECTS ON LONG-TERM PROSTATE-SPECIFIC ANTIGEN 

CONTROL. J Urol. 2010 Apr;183(4):e262.  

75.  Haseen F, Murray LJ, Cardwell CR, O’Sullivan JM, Cantwell MM. The effect of 

androgen deprivation therapy on body composition in men with prostate cancer: 

Systematic review and meta-analysis. J Cancer Surviv. 2010 Jun;4(2):128–39.  

76.  Smith MR, Finkelstein JS, McGovern FJ, Zietman AL, Fallon MA, Schoenfeld DA, et al. 

Changes in Body Composition during Androgen Deprivation Therapy for Prostate 

Cancer. J Clin Endocrinol Metab. 2002 Feb;87(2):599–603.  

77.  Smith JC, Bennett S, Evans LM, Kynaston HG, Parmar M, Mason MD, et al. The Effects 

of Induced Hypogonadism on Arterial Stiffness, Body Composition, and Metabolic 

Parameters in Males with Prostate Cancer. J Clin Endocrinol Metab. 2001 

Sep;86(9):4261–7.  

78.  Smith MR. Changes in fat and lean body mass during androgen-deprivation therapy for 

prostate cancer. Urology. 2004 Apr;63(4):742–5.  

79.  Hamilton EJ, Gianatti E, Strauss BJ, Wentworth J, Lim-Joon D, Bolton D, et al. Increase 

in visceral and subcutaneous abdominal fat in men with prostate cancer treated with 

androgen deprivation therapy: Increase in visceral fat secondary to androgen deprivation 

therapy. Clin Endocrinol (Oxf). 2011 Mar;74(3):377–83.  

80.  Galvão DA, Spry NA, Taaffe DR, Newton RU, Stanley J, Shannon T, et al. Changes in 

muscle, fat and bone mass after 36 weeks of maximal androgen blockade for prostate 

cancer. BJU Int. 2008 Jul;102(1):44–7.  

81.  Reis C, Liberman S, Pompeo AC, Srougi M, Halpern A, Jacob Filho W. Body 

composition alterarions, energy expenditure and fat oxidation in elderly males suffering 

from prostate cancer, pre and post orchiectomy. Clinics. 2009;64(8):781–4.  

82.  Chazenbalk G, Singh P, Irge D, Shah A, Abbott DH, Dumesic DA. Androgens inhibit 

adipogenesis during human adipose stem cell commitment to preadipocyte formation. 

Steroids. 2013 Sep;78(9):920–6.  

83.  Stone P, Hardy J, Huddart R, A’Hern R, Richards M. Fatigue in patients with prostate 

cancer receiving hormone therapy. Eur J Cancer. 2000 Jun;36(9):1134–41.  

84.  Grossmann M, Zajac JD. Androgen deprivation therapy in men with prostate cancer: how 

should the side effects be monitored and treated?: Androgen deprivation therapy in men 

with prostate cancer. Clin Endocrinol (Oxf). 2011 Mar;74(3):289–93.  



70 
 

85.  Bourke L, Smith D, Steed L, Hooper R, Carter A, Catto J, et al. Exercise for Men with 

Prostate Cancer: A Systematic Review and Meta-analysis. Eur Urol. 2016 Apr;69(4):693–

703.  

86.  Galvão DA, Taaffe DR, Spry N, Joseph D, Newton RU. Combined Resistance and 

Aerobic Exercise Program Reverses Muscle Loss in Men Undergoing Androgen 

Suppression Therapy for Prostate Cancer Without Bone Metastases: A Randomized 

Controlled Trial. J Clin Oncol. 2010 Jan 10;28(2):340–7.  

87.  Cormie P, Galvão DA, Spry N, Joseph D, Chee R, Taaffe DR, et al. Can supervised 

exercise prevent treatment toxicity in patients with prostate cancer initiating androgen-

deprivation therapy: a randomised controlled trial: Exercise programme to reduce 

treatment toxicity when initiating ADT. BJU Int. 2015 Feb;115(2):256–66.  

88.  Wall BA, GALVãO DA, Fatehee N, Taaffe DR, Spry N, Joseph D, et al. Exercise 

Improves V˙O2max and Body Composition in Androgen Deprivation Therapy–treated 

Prostate Cancer Patients: Med Sci Sports Exerc. 2017 Aug;49(8):1503–10.  

89.  Dockery F, Bulpitt CJ, Agarwal S, Donaldson M, Rajkumar C. Testosterone suppression 

in men with prostate cancer leads to an increase in arterial stiffness and 

hyperinsulinaemia. Clin Sci Lond Engl 1979. 2003 Feb;104(2):195–201.  

90.  Grossmann M, Gianatti EJ, Zajac JD. Testosterone and type 2 diabetes: Curr Opin 

Endocrinol Diabetes Obes. 2010 Jun;17(3):247–56.  

91.  Cutolo M, Sulli A, Capellino S, Villaggio B, Montagna P, Seriolo B, et al. Sex hormones 

influence on the immune system: basic and clinical aspects in autoimmunity. Lupus. 

2004;13(9):635–8.  

92.  Hotamisligil GS, Spiegelman BM. Tumor necrosis factor alpha: a key component of the 

obesity-diabetes link. Diabetes. 1994 Nov;43(11):1271–8.  

93.  Keating NL, O’Malley AJ, Smith MR. Diabetes and cardiovascular disease during 

androgen deprivation therapy for prostate cancer. J Clin Oncol Off J Am Soc Clin Oncol. 

2006 Sep 20;24(27):4448–56.  

94.  Alibhai SMH, Duong-Hua M, Sutradhar R, Fleshner NE, Warde P, Cheung AM, et al. 

Impact of androgen deprivation therapy on cardiovascular disease and diabetes. J Clin 

Oncol Off J Am Soc Clin Oncol. 2009 Jul 20;27(21):3452–8.  

95.  Keating NL, O’Malley AJ, Freedland SJ, Smith MR. Diabetes and cardiovascular disease 

during androgen deprivation therapy: observational study of veterans with prostate cancer. 

J Natl Cancer Inst. 2010 Jan 6;102(1):39–46.  



71 
 

96.  Tsai H-T, Keating NL, Van Den Eeden SK, Haque R, Cassidy-Bushrow AE, Ulcickas 

Yood M, et al. Risk of Diabetes among Patients Receiving Primary Androgen Deprivation 

Therapy for Clinically Localized Prostate Cancer. J Urol. 2015 Jun;193(6):1956–62.  

97.  Tzortzis V, Samarinas M, Zachos I, Oeconomou A, Pisters LL, Bargiota A. Adverse 

effects of androgen deprivation therapy in patients with prostate cancer: focus on 

metabolic complications. Horm Athens Greece. 2017 Apr;16(2):115–23.  

98.  Keating NL, Liu P-H, O’Malley AJ, Freedland SJ, Smith MR. Androgen-deprivation 

therapy and diabetes control among diabetic men with prostate cancer. Eur Urol. 2014 

Apr;65(4):816–24.  

99.  Nobes JP, Langley SEM, Klopper T, Russell-Jones D, Laing RW. A prospective, 

randomized pilot study evaluating the effects of metformin and lifestyle intervention on 

patients with prostate cancer receiving androgen deprivation therapy: METFORMIN 

AND LIFESTYLE INTERVENTION. BJU Int. 2012 May;109(10):1495–502.  

100.  Aversa A, Isidori AM, De Martino MU, Caprio M, Fabbrini E, Rocchietti-March M, et al. 

Androgens and penile erection: evidence for a direct relationship between free 

testosterone and cavernous vasodilation in men with erectile dysfunction. Clin Endocrinol 

(Oxf). 2000 Oct;53(4):517–22.  

101.  Potosky AL, Knopf K, Clegg LX, Albertsen PC, Stanford JL, Hamilton AS, et al. 

Quality-of-Life Outcomes After Primary Androgen Deprivation Therapy: Results From 

the Prostate Cancer Outcomes Study. J Clin Oncol. 2001 Sep;19(17):3750–7.  

102.  Kim HS, Freedland SJ. Androgen deprivation therapy in prostate cancer: anticipated side-

effects and their management: Curr Opin Support Palliat Care. 2010 Sep;4(3):147–52.  

103.  Crook JM, O’Callaghan CJ, Duncan G, Dearnaley DP, Higano CS, Horwitz EM, et al. 

Intermittent Androgen Suppression for Rising PSA Level after Radiotherapy. N Engl J 

Med. 2012 Sep 6;367(10):895–903.  

104.  Hussain M, Tangen CM, Berry DL, Higano CS, Crawford ED, Liu G, et al. Intermittent 

versus Continuous Androgen Deprivation in Prostate Cancer. N Engl J Med. 2013 Apr 

4;368(14):1314–25.  

105.  D’Amico AV, Saegaert T, Chen M-H, Renshaw AA, George D, Oh W, et al. Initial 

decline in hemoglobin during neoadjuvant hormonal therapy predicts for early prostate 

specific antigen failure following radiation and hormonal therapy for patients with 

intermediate and high-risk prostate cancer. Cancer. 2002 Jul 15;95(2):275–80.  

106.  Beer TM, Tangen CM, Bland LB, Hussain M, Goldman BH, DeLoughery TG, et al. The 

prognostic value of hemoglobin change after initiating androgen-deprivation therapy for 

newly diagnosed metastatic prostate cancer: A Multivariate Analysis of Southwest 

Oncology Group Study 8894. Cancer. 2006 Aug 1;107(3):489–96.  



72 
 

107.  Grossmann M, Zajac JD. Hematological changes during androgen deprivation therapy. 

Asian J Androl. 2012 Mar;14(2):187–92.  

108.  Fonseca R, Rajkumar SV, White WL, Tefferi A, Hoagland HC. Anemia after 

orchiectomy. Am J Hematol. 1998 Nov;59(3):230–3.  

109.  Timilshina N, Hussain S, Breunis H, Alibhai SMH. Predictors of hemoglobin decline in 

non-metastatic prostate cancer patients on androgen deprivation therapy: a matched 

cohort study. Support Care Cancer Off J Multinatl Assoc Support Care Cancer. 2011 

Nov;19(11):1815–21.  

110.  Greenspan SL, Coates P, Sereika SM, Nelson JB, Trump DL, Resnick NM. Bone loss 

after initiation of androgen deprivation therapy in patients with prostate cancer. J Clin 

Endocrinol Metab. 2005 Dec;90(12):6410–7.  

111.  Daniell HW, Dunn SR, Ferguson DW, Lomas G, Niazi Z, Stratte PT. Progressive 

osteoporosis during androgen deprivation therapy for prostate cancer. J Urol. 2000 

Jan;163(1):181–6.  

112.  Maillefert JF, Sibilia J, Michel F, Saussine C, Javier RM, Tavernier C. Bone mineral 

density in men treated with synthetic gonadotropin-releasing hormone agonists for 

prostatic carcinoma. J Urol. 1999 Apr;161(4):1219–22.  

113.  Berruti A, Dogliotti L, Terrone C, Cerutti S, Isaia G, Tarabuzzi R, et al. Changes in Bone 

Mineral Density, Lean Body Mass and Fat Content as Measured by Dual Energy X-Ray 

Absorptiometry in Patients With Prostate Cancer Without Apparent Bone Metastases 

Given Androgen Deprivation Therapy. J Urol. 2002 Jun;167(6):2361–7.  

114.  Manolagas SC. Birth and death of bone cells: basic regulatory mechanisms and 

implications for the pathogenesis and treatment of osteoporosis. Endocr Rev. 2000 

Apr;21(2):115–37.  

115.  Diamond TH, Higano CS, Smith MR, Guise TA, Singer FR. Osteoporosis in men with 

prostate carcinoma receiving androgen-deprivation therapy: Recommendations for 

diagnosis and therapies. Cancer. 2004 Mar 1;100(5):892–9.  

116.  Guise TA. Bone Loss and Fracture Risk Associated with Cancer Therapy. The 

Oncologist. 2006 Nov 1;11(10):1121–31.  

117.  Smith MR, Boyce SP, Moyneur E, Duh MS, Raut MK, Brandman J. Risk of Clinical 

Fractures After Gonadotropin-Releasing Hormone Agonist Therapy for Prostate Cancer. J 

Urol. 2006 Jan;175(1):136–9.  

118.  Oefelein MG, Ricchuiti V, Conrad W, Seftel A, Bodner D, Goldman H, et al. Skeletal 

fracture associated with androgen suppression induced osteoporosis: the clinical incidence 

and risk factors for patients with prostate cancer. J Urol. 2001 Nov;166(5):1724–8.  



73 
 

119.  Oefelein MG, Ricchiuti V, Conrad W, Resnick MI. Skeletal fractures negatively correlate 

with overall survival in men with prostate cancer. J Urol. 2002 Sep;168(3):1005–7.  

120.  Calcium/Vitamin D Requirements, Recommended Foods & Supplements [Internet]. 

National Osteoporosis Foundation. [cited 2017 Oct 14]. Available from: 

https://www.nof.org/patients/treatment/calciumvitamin-d/ 

121.  Datta M, Schwartz GG. Calcium and vitamin D supplementation during androgen 

deprivation therapy for prostate cancer: a critical review. The Oncologist. 

2012;17(9):1171–9.  

122.  Serpa Neto A, Tobias-Machado M, Esteves MAP, Senra MD, Wroclawski ML, Fonseca 

FLA, et al. Bisphosphonate therapy in patients under androgen deprivation therapy for 

prostate cancer: a systematic review and meta-analysis. Prostate Cancer Prostatic Dis. 

2012 Mar;15(1):36–44.  

123.  Smith MR, Eastham J, Gleason DM, Shasha D, Tchekmedyian S, Zinner N. Randomized 

Controlled Trial of Zoledronic Acid to Prevent Bone Loss in Men Receiving Androgen 

Deprivation Therapy for Nonmetastatic Prostate Cancer. J Urol. 2003 Jun;169(6):2008–

12.  

124.  Smith MR, Egerdie B, Hernández Toriz N, Feldman R, Tammela TLJ, Saad F, et al. 

Denosumab in men receiving androgen-deprivation therapy for prostate cancer. N Engl J 

Med. 2009 Aug 20;361(8):745–55.  

125.  Smith MR, Morton RA, Barnette KG, Sieber PR, Malkowicz SB, Rodriguez D, et al. 

Toremifene to Reduce Fracture Risk in Men Receiving Androgen Deprivation Therapy 

for Prostate Cancer. J Urol. 2010 Oct;184(4):1316–21.  

126.  Lu-Yao G, Stukel TA, Yao S-L. Changing patterns in competing causes of death in men 

with prostate cancer: a population based study. J Urol. 2004 Jun;171(6 Pt 1):2285–90.  

127.  Albertsen PC, Klotz L, Tombal B, Grady J, Olesen TK, Nilsson J. Cardiovascular 

morbidity associated with gonadotropin releasing hormone agonists and an antagonist. 

Eur Urol. 2014 Mar;65(3):565–73.  

128.  Braga-Basaria M, Dobs AS, Muller DC, Carducci MA, John M, Egan J, et al. Metabolic 

syndrome in men with prostate cancer undergoing long-term androgen-deprivation 

therapy. J Clin Oncol Off J Am Soc Clin Oncol. 2006 Aug 20;24(24):3979–83.  

129.  Salvador C, Planas J, Agreda F, Placer J, Trilla E, Lopez MA, et al. Analysis of the lipid 

profile and atherogenic risk during androgen deprivation therapy in prostate cancer 

patients. Urol Int. 2013;90(1):41–4.  



74 
 

130.  Mohammadzadeh Rezaei M, Mohammadzadeh Rezaei M, Ghoreifi A, Feyzzadeh Kerigh 

B. Metabolic syndrome in patients with prostate cancer undergoing intermittent androgen-

deprivation therapy. Can Urol Assoc J. 2016 Sep 13;10(9–10):300.  

131.  Smith MR, Lee H, McGovern F, Fallon MA, Goode M, Zietman AL, et al. Metabolic 

changes during gonadotropin-releasing hormone agonist therapy for prostate cancer: 

differences from the classic metabolic syndrome. Cancer. 2008 May 15;112(10):2188–94.  

132.  Van Hemelrijck M, Garmo H, Holmberg L, Ingelsson E, Bratt O, Bill-Axelson A, et al. 

Absolute and Relative Risk of Cardiovascular Disease in Men With Prostate Cancer: 

Results From the Population-Based PCBaSe Sweden. J Clin Oncol. 2010 Jul 

20;28(21):3448–56.  

133.  Nanda A, Chen M-H, Braccioforte MH, Moran BJ, D’Amico AV. Hormonal therapy use 

for prostate cancer and mortality in men with coronary artery disease-induced congestive 

heart failure or myocardial infarction. JAMA. 2009 Aug 26;302(8):866–73.  

134.  Chung S-D, Chen Y-K, Wu F-J, Lin H-C. Hormone therapy for prostate cancer and the 

risk of stroke: a 5-year follow-up study: HORMONE THERAPY FOR PC AND 

STROKE. BJU Int. 2012 Apr;109(7):1001–5.  

135.  Meng F, Zhu S, Zhao J, Vados L, Wang L, Zhao Y, et al. Stroke related to androgen 

deprivation therapy for prostate cancer: a meta-analysis and systematic review. BMC 

Cancer. 2016 Mar 3;16:180.  

136.  Levine GN, D’Amico AV, Berger P, Clark PE, Eckel RH, Keating NL, et al. Androgen-

Deprivation Therapy in Prostate Cancer and Cardiovascular Risk: A Science Advisory 

From the American Heart Association, American Cancer Society, and American 

Urological Association: Endorsed by the American Society for Radiation Oncology. 

Circulation. 2010 Feb 16;121(6):833–40.  

137.  Karling P, Hammar M, Varenhorst E. Prevalence and Duration of Hot Flushes After 

Surgical or Medical Castration in Men with Prostatic Carcinoma. J Urol. 1994 

Oct;152(4):1170–3.  

138.  Nishiyama T, Kanazawa S, Watanabe R, Terunuma M, Takahashi K. Influence of hot 

flashes on quality of life in patients with prostate cancer treated with androgen deprivation 

therapy. Int J Urol Off J Jpn Urol Assoc. 2004 Sep;11(9):735–41.  

139.  Schow DA, Renfer LG, Rozanski TA, Thompson IM. Prevalence of hot flushes during 

and after neoadjuvant hormonal therapy for localized prostate cancer. South Med J. 1998 

Sep;91(9):855–7.  

140.  Shanafelt TD, Barton DL, Adjei AA, Loprinzi CL. Pathophysiology and Treatment of Hot 

Flashes. Mayo Clin Proc. 2002 Nov;77(11):1207–18.  



75 
 

141.  Quella SK, Loprinzi CL, Sloan J, Novotny P, Perez EA, Burch PA, et al. Pilot evaluation 

of venlafaxine for the treatment of hot flashes in men undergoing androgen ablation 

therapy for prostate cancer. J Urol. 1999 Jul;162(1):98–102.  

142.  Loprinzi CL, Barton DL, Carpenter LA, Sloan JA, Novotny PJ, Gettman MT, et al. Pilot 

Evaluation of Paroxetine for Treating Hot Flashes in Men. Mayo Clin Proc. 2004 

Oct;79(10):1247–51.  

143.  Irani J, Salomon L, Oba R, Bouchard P, Mottet N. Efficacy of venlafaxine, 

medroxyprogesterone acetate, and cyproterone acetate for the treatment of vasomotor hot 

flushes in men taking gonadotropin-releasing hormone analogues for prostate cancer: a 

double-blind, randomised trial. Lancet Oncol. 2010 Feb;11(2):147–54.  

144.  Loprinzi CL, Dueck AC, Khoyratty BS, Barton DL, Jafar S, Rowland KM, et al. A phase 

III randomized, double-blind, placebo-controlled trial of gabapentin in the management of 

hot flashes in men (N00CB). Ann Oncol. 2008 Oct 7;20(3):542–9.  

145.  Harding C, Harris A, Chadwick D. Auricular acupuncture: a novel treatment for 

vasomotor symptoms associated with luteinizing-hormone releasing hormone agonist 

treatment for prostate cancer. BJU Int. 2009 Jan;103(2):186–90.  

146.  Ashamalla H, Jiang ML, Guirguis A, Peluso F, Ashamalla M. Acupuncture for the 

Alleviation of Hot Flashes in Men Treated With Androgen Ablation Therapy. Int J Radiat 

Oncol. 2011 Apr;79(5):1358–63.  

147.  Wassersug RJ, Oliffe JL. The Social Context for Psychological Distress from Iatrogenic 

Gynecomastia with Suggestions for Its Management. J Sex Med. 2009 Apr;6(4):989–

1000.  

148.  Widmark A, Fosså S., Lundmo P, Damber J-E, Vaage S, Damber L, et al. Does 

prophylactic breast irradiation prevent antiandrogen-induced gynecomastia? Evaluation of 

253 patients in the randomized Scandinavian trial SPCG-7/SFUO-3. Urology. 2003 

Jan;61(1):145–51.  

149.  Boccardo F, Rubagotti A, Battaglia M, Di Tonno P, Selvaggi FP, Conti G, et al. 

Evaluation of Tamoxifen and Anastrozole in the Prevention of Gynecomastia and Breast 

Pain Induced by Bicalutamide Monotherapy of Prostate Cancer. J Clin Oncol. 2005 

Feb;23(4):808–15.  

150.  Di Lorenzo G, Perdonà S, De Placido S, D’Armiento M, Gallo A, Damiano R, et al. 

GYNECOMASTIA AND BREAST PAIN INDUCED BY ADJUVANT THERAPY 

WITH BICALUTAMIDE AFTER RADICAL PROSTATECTOMY IN PATIENTS 

WITH PROSTATE CANCER: THE ROLE OF TAMOXIFEN AND RADIOTHERAPY. 

J Urol. 2005 Dec;174(6):2197–203.  



76 
 

151.  Perdonà S, Autorino R, De Placido S, D’Armiento M, Gallo A, Damiano R, et al. 

Efficacy of tamoxifen and radiotherapy for prevention and treatment of gynaecomastia 

and breast pain caused by bicalutamide in prostate cancer: a randomised controlled trial. 

Lancet Oncol. 2005 May;6(5):295–300.  

152.  Moffat SD, Zonderman AB, Metter EJ, Blackman MR, Harman SM, Resnick SM. 

Longitudinal Assessment of Serum Free Testosterone Concentration Predicts Memory 

Performance and Cognitive Status in Elderly Men. J Clin Endocrinol Metab. 2002 

Nov;87(11):5001–7.  

153.  Shahinian VB, Kuo Y-F, Freeman JL, Goodwin JS. Risk of the ‘androgen deprivation 

syndrome’ in men receiving androgen deprivation for prostate cancer. Arch Intern Med. 

2006 Feb 27;166(4):465–71.  

154.  Alibhai SMH, Breunis H, Timilshina N, Marzouk S, Stewart D, Tannock I, et al. Impact 

of Androgen-Deprivation Therapy on Cognitive Function in Men With Nonmetastatic 

Prostate Cancer. J Clin Oncol. 2010 Dec;28(34):5030–7.  

155.  Cherrier MM, Aubin S, Higano CS. Cognitive and mood changes in men undergoing 

intermittent combined androgen blockade for non-metastatic prostate cancer. 

Psychooncology. 2009 Mar;18(3):237–47.  

156.  Herr HW, O’Sullivan M. QUALITY OF LIFE OF ASYMPTOMATIC MEN WITH 

NONMETASTATIC PROSTATE CANCER ON ANDROGEN DEPRIVATION 

THERAPY. J Urol. 2000 Jun;163(6):1743–6.  

157.  Walker LM, Tran S, Wassersug RJ, Thomas B, Robinson JW. Patients and partners lack 

knowledge of androgen deprivation therapy side effects. Urol Oncol. 2013 

Oct;31(7):1098–105.  

158.  Fayers PM. EORTC QLQ-C30 Scoring Manual. 2001;  

159.  Papadopoulos G, Delakas D, Nakopoulou L, Kassimatis T. Statins and prostate cancer: 

Molecular and clinical aspects. Eur J Cancer. 2011 Apr;47(6):819–30.  

160.  Preston MA, Riis AH, Ehrenstein V, Breau RH, Batista JL, Olumi AF, et al. Metformin 

use and prostate cancer risk. Eur Urol. 2014 Dec;66(6):1012–20.  

161.  Wolff JM, Abrahamsson P-A, Irani J, Calais da Silva F. Is intermittent androgen-

deprivation therapy beneficial for patients with advanced prostate cancer?: Is IADT 

beneficial for patients with advanced prostate cancer. BJU Int. 2014 Oct;114(4):476–83.  

162.  Armstrong JG, Gillham CM, Dunne MT, Fitzpatrick DA, Finn MA, Cannon ME, et al. A 

randomized trial (Irish clinical oncology research group 97-01) comparing short versus 

protracted neoadjuvant hormonal therapy before radiotherapy for localized prostate 

cancer. Int J Radiat Oncol Biol Phys. 2011 Sep 1;81(1):35–45.  



77 
 

163.  Yoon FH, Gardner SL, Danjoux C, Morton G, Cheung P, Choo R. Testosterone recovery 

after prolonged androgen suppression in patients with prostate cancer. J Urol. 2008 

Oct;180(4):1438-1443; discussion 1443-1444.  

164.  Choi H, Chung H, Park JY, Lee JG, Bae JH. The Influence of Androgen Deprivation 

Therapy on Prostate Size and Voiding Symptoms in Prostate Cancer Patients in Korea. Int 

Neurourol J. 2016 Dec 31;20(4):342–8.  

165.  Sevilla C, Maliski SL, Kwan L, Connor SE, Litwin MS. Long-term quality of life in 

disadvantaged men with prostate cancer on androgen-deprivation therapy. Prostate Cancer 

Prostatic Dis. 2012 Sep;15(3):237–43.  

166.  Calais da Silva FEC, Bono AV, Whelan P, Brausi M, Marques Queimadelos A, Martin 

JAP, et al. Intermittent androgen deprivation for locally advanced and metastatic prostate 

cancer: results from a randomised phase 3 study of the South European Uroncological 

Group. Eur Urol. 2009 Jun;55(6):1269–77.  

167.  Calais da Silva FE, Calais da Silva FM, Gonçalves F, Santos A, Kliment J, Whelan P, et 

al. Evaluation of quality-of-life side effects and duration of therapy in a phase III study of 

intermittent monotherapy versus continuous combined androgen deprivation. J Clin 

Oncol. 2008 May 20;26(15_suppl):5064–5064.  

 

 

 

 

 

 

 

 

 

 



78 
 

CHAPTER 7: APPENDICES 

7.1 Appendix A: Ethics Approval 

 

 



79 
 

7.2 Appendix B: Participant Information letter 

Date: 2017 

Re: Quality of life and side effect assessment in South African patients undergoing 

androgen deprivation therapy 

 

Hello, I am Dr John Baladakis, a urology registrar at the University of the Witwatersrand. I would like to 

invite you to take part in a research study.  

In this study, I will be looking at how the use of androgen deprivation therapy (ADT) for men with 

prostate cancer impacts on your quality of life.  Approval to conduct this study has been obtained from 

Postgraduate Committee and the Human Research Ethics Committee (number) of the University of the 

Witwatersrand.  The aim of this study is to understand the impact of ADT on our patient’s quality of life 

to better address the side effects as well as the approach to ADT in our patients. 

I would like to invite you to partake in this study by completing the questionnaire that follows.  The 

questionnaire includes 55 questions that look at how both your cancer and specific treatment impact on 

various aspects of your quality of life. It is available in English, Zulu, Afrikaans, Sotho and Xhosa.  

Following completion of this questionnaire, the doctor that sees you today will complete another form 

with information and laboratory results about your disease treatment.  Completion of the questionnaire 

will take approximately 20 minutes and can be done whilst waiting to be seen by your urologist.  

Participation in the study is voluntary and will have no impact on consultation or your care. 

No identifying information will be requested on the questionnaire.  All completed questionnaires will 

remain confidential and anonymity is ensured.  Please place the completed questionnaire in the unmarked 

envelope provided.  This envelope will be handed to your urologist and it together with the form 

completed by the doctor will be sealed and placed in a sealed data collection box.  The results of the study 

will be made available to you if requested. 

If you have any queries you can contact me on 082 954 7115 or send an email on 

JDBaladakis@gmail.com.  Further queries may be directed to the WITS Human Research Ethics 

Committee (Medical). 

- Chairperson: Prof Cleaton-Jones: peter.cleaton-jones1@wits.ac.za 

- Administrators: Ms Zanele Ndlovu/ Mr Rhulani Mkansi/ Mr Lebo Moeng                                                                

Tel 011 717 2700/2656/1234/1252  

Email: HREC-Medical.ResearchOffice@wits.ac.za 

 

Thank you for your time. 

Regards 

Dr JD Baladakis 
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7.3 Appendix C: Informed Consent 

Consent Form: Use of Clinical Information for Research 
 
Dear Patient, 

 

Hello, I am Dr John Baladakis one of the Urology Registrars at The University of the 

Witwatersrand, I am currently conducting research aimed at understanding the quality of life of 

patient with prostate cancer undergoing androgen deprivation therapy. This research makes use 

an anonymous questionnaire and a physician completed data sheet. Your previous blood results 

and histology will also be collected. No additional testing is necessary for this study. The use of 
such information is subject to the following: 
 

1. Approval from the Human Research Ethics Committee (Medical) of the University of 
the Witwatersrand. 

2. Identity of a patient from whose file information is extracted is never revealed to 
anyone but the researcher unless specific consent is obtained to do so. The 
information gathered does not contain the name of the patient but only a coded 
number to maintain anonymity. 

 

We are requesting your consent to use the above information for research. However, should you 

choose not to participate in this study it will not compromise your treatment in any way. If at any 
time you choose to no longer be involved in the study you are free to do so and it will not affect your 
care in any way. 
 
Should you wish to contact us at any stage regarding consent, contact Dr JD Baladakis at (082) 
9547115. 
 
 

 
A. Consent Given 

 
I___________________________________ hereby give consent for my records to be used as per the above-
mentioned conditions for the purpose of research: 
 
PATIENT: _____________________________ DATE: ____________________________ 
 
 
 

 
B. Consent Not Given 

 
I __________________________________ do not give consent for my records to be used: 
 
PATIENT: _____________________________DATE: ____________________________ 

 

 



81 
 

7.4 Appendix D: CMJAH CEO Approval 
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7.5 Appendix E: EORTC QLQ-30 
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7.6 Appendix F: EORTC QLQ-PR25 
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7.7 Appendix G: Data Sheet 

Quality of life and side effect assessment in South African patients undergoing 

androgen deprivation therapy 

To be completed by Urologist: 

Patient demographics:  

Age:     

Race Caucasian  African  Indian  Coloured  Other       

 

Patient data and laboratory results 

BMI: Weight Kg Height cm  

 Waist circumference   

Known with: Hypertension Yes  No  

 Diabetes Yes  No  

 Cardiovascular disease Yes  No  

 Hypercholesterolemia Yes  No  

New Onset: Diabetes Yes  No  

 Cardiovascular disease Yes  No  

 Hypercholesterolemia Yes  No  

Lipid Profile Total  Trig.  HDL  LDL  

Patient currently on statin? Yes  No   

If yes, was it started after ADT initiation? Yes  No   

HB    

MCV  MCHC  

HBA1c    

 

Prostate cancer specific details: 

Gleason Score  +  

PSA on diagnosis    

Perineural involvement Yes  No  

Lymphovascular involvement Yes  No  

Percentage cores involved    

Clinical T stage on diagnosis    

D’Amico Classification    

Current PSA    

PSA on initiation      

Castrate resistant disease* Yes  No  
* Ensure that testosterone levels are confirmed as < 50 ng/mL, before diagnosing with biochemical progression 

(Three consecutive rises in PSA 1 week apart resulting in two 50% increases over the nadir & a PSA > 2ng/mL) 

Presence of metastasis  Yes  No   

Awaiting EBRT Yes  No   
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ADT after failure of definitive 

therapy* 

Yes  No   

*Including EBRT, radical prostatectomy or brachytherapy.  

ADT Treatment: 

Surgical orchiectomy  Yes  No  

Regimen of ADT Intermittent  Continuous   

If intermittent: Current Yes  No  

 Previously Yes  No  

 Duration on I-ADT 

(months) 

  

If continuous‡:  Duration on ADT 

(months) 

  

‡If the patient was previously on intermittent ADT and stopped, please fill in the months from the first 

administration of any ADT  

Current ADT agents: 

Cyproterone acetate      

Bicalutamide      

LHRH agonist  Injection site complications  

Ketoconazole  Steroids  

Is the patient on maximum androgen blockade? Yes  No   

Is the use of Anti Androgen to reduce risk of 

flair phenomenon? 

Yes   No   

Is Cyproterone Acetate being used for 

symptom control? 

Yes  No   

 

Compliance: 

How many 3 monthly doses of LHRH agonist has the patient missed?  

How many times was the monthly doses of LHRH agonists delayed by 

2 weeks or more? 
 

 

 

 


