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Abstract 
 

Background: While testosterone replacement therapy (TRT) has been shown to be an 

effective treatment for men with pathologic hypogonadism, its benefits among ageing men 

with late-onset hypogonadism is uncertain. Indeed, there is inconclusive evidence supporting 

a clinical benefit in this population, which is complicated by concerns that these drugs may 

increase the risk of certain adverse events, including prostate cancer. To date, however, the 

studies that have assessed this association had important methodological limitations. 

Objective: To determine whether the use of TRT is associated with an increased risk of 

prostate cancer in men with late-onset hypogonadism. 

Patients and methods: We conducted a cohort study using the Clinical Practice Research 

Datalink, a large primary care database from the United Kingdom. This cohort consisted of 

men, at least 45 years of age, newly-diagnosed with hypogonadism between 1 January 1995 

and 31 August 2016, with follow-up until 31 August 2017. Time-dependent Cox proportional 

hazards models were used to estimate adjusted hazard ratios (HRs) with 95% confidence 

intervals (CIs) of prostate cancer associated with TRT use, compared with non-use. Exposure 

to TRT was lagged by 1 year to account for cancer latency, as well as to minimize detection 

bias and reverse causality. Secondary analyses assessed the association by TRT formulation, 

number of prescriptions received, and time since initiation. In addition, sensitivity analyses 

were conducted to address different possible sources of bias. Finally, we conducted several 

ancillary analyses, including a propensity score-matched cohort analysis to further assess the 

impact of residual confounding.  

Results: The cohort included 12,779 patients with hypogonadism. During the follow-up 

period, a total of 215 patients were newly-diagnosed with prostate cancer during 58,224 

person-years of follow-up, generating an incidence rate of 3.7 per 1,000 person-years. 

Compared with non-use, use of TRT was not associated with an overall increased risk of 
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prostate cancer (3.8  3.4 per 1,000 person-years, respectively; adjusted HR, 0.97; 95% CI, 

0.71 to 1.32). The association did not vary by type, number of prescriptions received and time 

since initiation, as well as across sensitivity analyses. Finally, results remained consistent in 

the propensity score-matched analysis (HR, 0.87; 95% CI, 0.56 to 1.36).  

Conclusion: In this population-based cohort study, the use of TRT was not associated with 

an increased risk of prostate cancer in men with late-onset hypogonadism. Given the 

increasing use of TRT in the male population and ongoing concerns related to its safety, these 

findings provide some reassurance on the long-term safety of TRT with respect to prostate 

cancer. 
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Résumé 
 

Contexte: Bien qu’il ait été prouvé que la thérapie de remplacement de la testostérone (TRT) 

est un traitement efficace pour les hommes atteints d’hypogonadisme pathologique, ses 

bénéfices chez les hommes vieillissants atteints d’hypogonadisme de survenue tardive 

demeurent incertains. En effet, les preuves en faveur d’un bénéfice clinique dans cette 

population restent non concluantes, et s’accompagnent d’inquiétudes liées à une potentielle 

augmentation du risque de survenue d’évènements indésirables, dont notamment de cancer de 

la prostate. Cependant, les études ayant évalué cette association présentaient jusqu’à présent 

d’importantes limites méthodologiques. 

Objectif: Déterminer si l’utilisation de TRT est associée à un risque accru de développer un 

cancer de la prostate chez les hommes atteints d’hypogonadisme de survenue tardive.  

Patients et méthodes: Une étude de cohorte a été réalisée à partir de la Clinical Practice 

Research Datalink, une vaste base de données sur les soins primaires au Royaume-Uni. Cette 

cohorte regroupait les hommes âgés d’au moins 45 ans nouvellement diagnostiqués 

d’hypogonadisme entre le 1er Janvier 1995 et le 31 Août 2016, suivis jusqu’au 31 Août 2017. 

Des modèles de Cox à risques proportionnels dépendants du temps ont été utilisés pour 

estimer les rapports de risque instantanés (HRs) et les intervalles de confiance (IC) à 95% de 

l’association entre utilisation de TRT et cancer de la prostate, comparativement à la non-

utilisation.  La mesure d’exposition à la TRT a été décalée d’un an pour tenir compte du délai 

de survenue du cancer, ainsi que pour minimiser les biais de détection et de causalité inverse. 

Les analyses secondaires ont évalué l’association selon la formulation de TRT, le nombre de 

prescriptions reçues, et le temps écoulé depuis l’initiation du traitement. Par ailleurs, 

plusieurs analyses de sensibilité ont été conduites pour s’intéresser à différentes sources 

possibles de biais. Enfin, plusieurs analyses supplémentaires ont été menées, dont notamment 
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un appariement sur le score de propension afin d’évaluer de façon plus approfondie l’impact 

de la confusion résiduelle. 

Résultats: Une cohorte de 12 779 patients atteints d’hypogonadisme a été constituée. Au 

cours de la période de suivi regroupant 58 224 personnes-années, 215 patients ont été 

diagnostiqués avec un cancer de la prostate, correspondant à un taux d’incidence de 3,7 pour 

1000 personnes-années. Comparativement à la non-utilisation, l’utilisation de TRT n’était pas 

associée à une augmentation globale du risque de cancer de la prostate (3,8 contre 3,4 pour 

1000 personnes-années, respectivement ; HR ajusté = 0,97 ; IC95% [0,71-1,32]). L’association 

ne variait pas selon la formulation de TRT, le nombre de prescriptions reçues et le temps 

écoulé depuis l’initiation, ni dans les analyses de sensibilité. Enfin, les résultats sont restés 

stables lors de l’analyse après appariement sur le score de propension (HR = 0,87 ; IC95% 

[0,56-1,36]). 

Conclusion: Dans cette étude populationnelle de cohorte, l’utilisation de TRT n’était pas 

associée à un risque accru de cancer de la prostate chez les hommes atteints 

d‘hypogonadisme de survenue tardive. Dans ce contexte d’utilisation croissante de la TRT 

chez les hommes et d’inquiétude vis-à-vis de sa sécurité d’emploi, ces résultats se montrent 

rassurants quant au risque à long terme de cancer de la prostate en lien avec l’utilisation de 

TRT. 
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Chapter 1: Introduction 
 

Over the recent decades, there has been growing interest in late-onset hypogonadism, 

a condition characterized by symptomatic testosterone deficiency and biochemically low 

testosterone levels among ageing men.1 This condition differs from pathologic 

hypogonadism, which can occur in younger men due to well-established medical conditions 

or injuries.1 While testosterone replacement therapy (TRT) has been shown to be effective in 

treating pathologic hypogonadism,2 it is currently not approved for the treatment of late-onset 

hypogonadism given its unclear benefits and controversial safety.2 Nonetheless, due to 

aggressive marketing of testosterone products in the past decades, TRT use has increased 

markedly among middle-aged and elderly men with late-onset hypogonadism.3,4 This surge in 

TRT use in ageing men is occurring despite uncertainties regarding its cardiovascular safety 

and its potential to increase the risk of prostate cancer.2,5  

Due to the well-established role of androgens in the growth and development of 

prostate cancer, current treatment guidelines recommend against the initiation of TRT in men 

with a history or known risk factors for this cancer.2,6 However, this recommendation is 

based on weak evidence from randomised controlled trials (RCTs) that were not designed to 

investigate prostate cancer as an outcome,7,8 and observational studies with methodological 

shortcomings that have yielded mixed findings.9-16 

Taken together, there is insufficient available evidence supporting the safety of TRT 

in men with late-onset hypogonadism. Given the increasing use of TRT in this population,17 

it is imperative to determine whether TRT is associated with an increased risk of prostate 

cancer. Such findings would be of interest to physicians and patients as it would provide 

crucial information on the long-term safety of TRT and inform future prescribing practice. 
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Chapter 2: Literature review 
 

The following chapter is divided into four sections. The first section provides an 

overview of male hypogonadism. The second section outlines the different testosterone 

formulations available to treat hypogonadism, and discusses the overall safety profile of this 

therapy. The third section provides an overview of prostate cancer and its association with 

hypogonadism. Finally, the fourth section describes the biological basis of the potential 

association between TRT and prostate cancer, and discusses previous research on the topic. 

 

2.1. Hypogonadism 

2.1.1. Epidemiology 

The global prevalence of all types of male hypogonadism ranges between 10% and 

40%, and increases with age, particularly around 45 to 50 years of age.18 According to studies 

in middle-aged to elderly men, the prevalence of hypogonadism in North America ranges 

from 24-39%, which is higher than other parts of the world.19 Studies conducted in Europe, 

namely Germany, Spain, and the United Kingdom (UK), reported a prevalence ranging from 

8-20% for a similar age range.20 The prevalence of hypogonadism is difficult to estimate, 

however, which may explain the variation observed across countries.19 Particularly, there are 

differing expert opinions regarding a testosterone threshold for diagnosis, as well as the 

relevance of the various non-specific symptoms associated with the condition.19 The main 

issues involved in diagnosing hypogonadism are further discussion in section 2.1.4. 

 

2.1.2. Pathophysiology 
 

Testosterone plays a vital role in the process of sexual, cognitive and bodily 

development, and maintains its importance throughout the male lifespan.21 It is produced by 

both the testes and adrenal glands, and is crucial in ensuring proper sexual and reproductive 
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function.22 The healthy growth of male reproductive organs such as the penis, scrotum, and 

prostate depend on the presence of testosterone.22 Testosterone exerts visible effects at the 

fetal and prepubertal stages all the way through adulthood, from its involvement in sex 

determination and acne development to the deepening of the voice and increased muscle 

mass.21 It also plays a crucial role in the maintenance and modulation of aspects of 

reproductive health, sexual function, bone health, fat metabolism, muscle mass and 

strength.23 Testosterone is produced from cholesterol by testicular Leydig cells, and this 

production is regulated by the hypothalamic-pituitary-gonadal (HPG) axis (Figure 1).23,24 A 

disruption at any level of the HPG axis, and the corresponding slowing of testosterone 

production, can result in hypogonadism.23,25  

 

Figure 1. Testosterone production via the hypothalamic pituitary-gonadal axis. 
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2.1.3. Types  

There are two overarching types of hypogonadism: pathologic and late-onset. Both 

types of hypogonadism share a host of common symptoms listed in Table 1. 

 

Table 1. Most Relevant Signs and Symptoms of Male Hypogonadism as per the 

European Association of Urology (EAU) and International Society for Sexual Medicine 

(ISSM) Guidelines 

Symptoms of Hypogonadism26,27 

Loss of libido 

Loss of morning/night time erections 

Erectile dysfunction 

Ejaculatory dysfunction 

Fatigue 

Reduced well-being 

Depression 

Loss of concentration 

Hot flushes 

Reduced muscle mass/weakness 

Reduced body hair 

 

2.1.3.1. Pathologic hypogonadism 

Pathologic hypogonadism results from an abnormality in the functioning of the male 

gonads, hypothalamus, and/or pituitary gland, thus affecting testosterone production.25 This 

condition is characterized by a symptomatic deficiency in testosterone and can affect men of 

all ages.25 There are two subtypes of pathologic hypogonadism: 1) primary, originating from 

problems in the testes, and 2) secondary, due to diseases of the hypothalamic-pituitary axis.25 

Both primary and secondary hypogonadism can arise due to an inherited trait or acquired 

through injury or infection; the most common causes are listed in Table 2.25 In other words, 

both types are caused by an identifiable pathology ultimately leading to unequivocally low 

testosterone levels.28  
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Table 2. Common Causes of Primary and Secondary Pathologic Hypogonadism 

Primary Hypogonadism Secondary Hypogonadism 

Klinefelter’s syndrome (congenital abnormality 

of the sex chromosomes) 

Kallmann syndrome (abnormal development of 

hypothalamus) 

Undescended testicles Pituitary disorders (abnormal pituitary gland) 

Mumps orchitis (infection) Inflammatory disease 

Hemochromatosis (excess iron in blood) HIV/AIDS 

Injury to testicles Medications (e.g., opiates, hormones) 

Cancer treatment (chemotherapy or radiation 

therapy) 
Lifestyle factors (e.g., obesity, stress) 

 

The distinction between primary and secondary pathologic hypogonadism can be 

easily identified. The current recommendation by the Endocrine Society Clinical Practice 

Guideline for distinguishing between primary and secondary hypogonadism is linked to the 

relative levels of circulating luteinizing hormone (LH) and follicle-stimulating hormone 

(FSH).2,29 In particular, primary hypogonadism is characterized by low testosterone and high 

LH and FSH.29 On the other hand, secondary hypogonadism is characterized by low 

testosterone and normal or reduced LH and FSH.29   

 

2.1.3.2. Late-onset hypogonadism 

There is a third type of hypogonadism referred to as late-onset hypogonadism. This 

condition occurs among ageing men without pathologic hypogonadism, and has been defined 

as “a clinical and biochemical syndrome associated with advancing age and characterized by 

typical symptoms and a deficiency in serum testosterone levels”.1,30,31 In other words, in 

contrast to pathologic hypogonadism, late-onset hypogonadism appears for no other 

discernable reason other than older age, and similarly presents with abnormally low 

testosterone levels as well as signs and/or symptoms that may or may not be a result of 
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lowered testosterone.30 In addition, age-related decline in testosterone levels is accelerated by 

chronic disease and obesity, which further complicates its diagnosis.32 

 

2.1.4. Diagnosis 

In general, male hypogonadism is a condition characterized by a reduction in serum 

testosterone, which can lead to a wide range of signs and symptoms.25,33,34 The diagnosis of 

male hypogonadism is based on serum testosterone levels below 300 ng/dl as measured by a 

laboratory test, and the presence of at least one known clinical sign or symptom.21,35 Due to 

reasons of intra-individual variability, it has been recommended that low testosterone levels 

be confirmed by two unique laboratory measurements, as 30% of men presenting with low 

testosterone levels show normal levels upon a subsequent measurement.2,36 In the case of 

pathological hypogonadism, the low testosterone and accompanying symptoms are caused by 

an identifiable injury or medical condition, which makes its diagnosis relatively 

straightforward.28,30 In the case of an absence of a discernable pathology, however, as in late-

onset hypogonadism, the diagnosis is less clear-cut.30  

The diagnosis of late-onset hypogonadism on the basis of testosterone levels has 

presented a challenge for practicing physicians, mainly attributable to the lack of expert 

consensus on a threshold for diagnosis.37 Whereas the Endocrine Society requires a total 

testosterone level <300 ng/dL for diagnosis,2 the European Association for Urology requires 

<249 ng/dL for diagnosis.19 In addition, a threshold range between 200 and 400 ng/dL exists 

in the literature, making the diagnosis of hypogonadism a controversial one.19,38,39 The array 

of non-specific symptoms associated with hypogonadism also presents a challenge for 

physicians, as these symptoms are often reminiscent of other conditions such as vascular 

disease and type 2 diabetes. As well, physicians differ in terms of their emphasis placed on 

these different symptoms when assessing a patient, which could lead to conflicting 
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diagnoses.19,40 Ultimately, whereas treatment decisions for pathologic hypogonadism are 

well-established, the ill-defined diagnostic criteria for late-onset hypogonadism leaves 

physicians questioning whether treatment is beneficial in this population.30 

 

2.1.5. Treatment 

TRT is the primary treatment option for men with hypogonadism.2 It acts by restoring 

levels of testosterone back to the normal physiological range, and helps improve sex 

characteristics and other symptoms of hypogonadism.2,41 Testosterone products have been 

approved by Health Canada, the Food and Drug Administration (FDA), and European 

Medicines Agency (EMA) for treatment among men diagnosed with pathologic 

hypogonadism, which has in fact long been considered the standard of care.30,42 As such, 

clinical guidelines recommend that testosterone replacement be initiated in men with 

symptomatic pathologic androgen deficiency with unequivocally low testosterone levels 

confirmed with repeated measurements.43  

On the other hand, TRT has not been approved by regulatory agencies for treatment in 

men with late-onset hypogonadism as there is insufficient available evidence supporting a 

benefit of testosterone replacement in this population.30,42,44 Despite this uncertainty, the 

prescribing of TRT has been increasing over the recent decades, particularly among ageing 

men with non-pathologic testosterone deficiency.30
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2.2. Testosterone replacement therapy  
 

2.2.1. Use and trends  

TRT prescribing has been on the rise over the past two decades.3,4,17,43,45 In the UK, 

for instance, TRT prescriptions increased by 90% from 2001 to 2010.20 A study assessing the 

global trends of testosterone sales between 2000-2011 across 41 different countries including 

Canada, UK, and United States (US) showed a 12-fold increase in sales of testosterone 

products ($150 million in 2000 to $1.8 billion in 2011).17 While there has been a wider 

recognition of declining testosterone levels in ageing men as well as increased marketing for 

testosterone replacement products, testosterone lab testing has similarly increased markedly 

over the past decades.43  

Whereas testosterone prescribing has increased substantially over recent decades 

(Figure 2), the prevalence of pathologic hypogonadism has remained stable. This is then 

suggestive that the increase is reflecting off-label use, namely in men with symptomatic late-

onset hypogonadism. In addition, despite increased lab testing for testosterone levels, 

substantial TRT initiation has been seen in symptomatic men without recent testing.43 Several 

studies associated increased testosterone prescribing with increased direct-to-consumer 

advertising for new testosterone formulations, with marketing efforts particularly targeted at 

ageing men without a clear diagnosis of hypogonadism.3,43,46,47 This surge in heavy marketing 

for new testosterone products has led to a greater interest in hypogonadism and its symptoms 

in ageing men, leading to higher testosterone prescribing in this population.30  

Interestingly, it has been observed that the spike in TRT is largely due to increased 

uptake of transdermal TRT formulations in men with late-onset hypogonadism.20 Indeed, the 

recent increase in testosterone sales and prescriptions is largely coincident with the 

introduction of new testosterone formulations with non-invasive routes of administration.48 
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Figure 2. Estimated number of men with a prescription claim for a testosterone product 

from US outpatient retail pharmacies stratified according to age, 2010-2013. 

 

Reproduced with permission from Nguyen CP et al. N Engl J Med 2015;373:689-691., Copyright 

Massachusetts Medical Society. 

 

2.2.2. Formulation Types  

There are several different types of testosterone formulations with five main routes of 

administration: transdermal, oral/buccal, injection, nasal and subdermal.43 Each type of 

formulation along with its risk/benefit profile is described below and summarized in Table 3. 

 

2.2.2.1. Subdermal 

Subdermal implantable testosterone pellets were the first effective form of TRT to be 

introduced into the market in the 1940s.48 Pellets can vary in terms of dosing, ranging from 

600-1200-mg of testosterone per pellet.2 The pellets consist of crystalline testosterone, and are 

implanted subcutaneously.2 This form of TRT guarantees adherence and requires infrequent 

administration, as the testosterone concentrations are typically maintained within normal 

range for 3-6 months after implantation.2,48 Implantable testosterone pellets carry clear 
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disadvantages, however, given the need for surgical incision and complicated removal in the 

case of adverse side effects.2,48 Furthermore, the most common side effect is spontaneous 

extrusion of pellets, occurring in approximately 10% of treated men.2,48 

 

2.2.2.2. Injection  

Testosterone replacement is also available as an intra-muscular injection, in both a 

short- and long-acting form, first introduced in 1954.2 The short acting form requires either a 

150-200-mg IM injection every 2 weeks or 75-100-mg every week.2 It acts by inducing an 

initial peak in testosterone levels within normal physiological ranges, which then declines 

gradually until the end of the dosing interval.2 While this form is relatively inexpensive and 

can be self-administered, the shifts in testosterone concentrations has been associated with 

adverse side effects, such as fluctuating hypogonadal symptoms.2  

On the other hand, the long-acting form requires the following treatment regimen: 

750-mg IM initial injection, followed by 750-mg at 4 weeks, and ultimately 750-mg every 10 

weeks.2 Although the long-acting form requires a very large volume for initial injection, the 

administration is less frequent and the large dose allows the testosterone levels to be 

maintained within normal range throughout the course of treatment.2  

Overall, the disadvantage of this route of TRT administration in both short- and long-

acting forms is the need for IM injection, which is invasive and can sometimes trigger severe 

pain at the site of injection.48 

 

2.2.2.3. Transdermal  

The transdermal formulation is a non-invasive method of administration whereby the 

drug is applied in direct contact with the skin and is absorbed in a controlled fashion into the 

systemic circulation.49 There are two types of TRT that act through this route of 



 
 

20 

administration: 1) patches, introduced in 1994, and 2) topical gels, introduced in 2000.49 The 

daily dose for a patch is between 2-4mg, whereas the daily dose for gels can be up to 70-

100mg.48 Despite the risk of secondary transfer, the testosterone gels are often preferred over 

the patches as the latter are associated with reduced efficacy due to poor adherence as well as 

discontinuation due to skin reactions.48 Indeed, as alluded to in the previous section, the 

testosterone gel formulations are the most commonly prescribed TRT in both the US and UK 

in the recent decades.41,43  

 

2.2.2.4. Oral/buccal 

There are also oral and buccal forms of testosterone administration, via capsules and 

mucoadhesive tablets, respectively.48 Currently, there are no oral testosterone formulations 

approved by the US FDA, due to variable clinical responses as well as previously reported 

gastrointestinal and liver adverse events.2,48 Nevertheless, one oral testosterone formulation is 

still available outside of the US.2 Mucoadhesive tablets, introduced into the marked in 2003, 

are applied to the gum inside the mouth twice daily, and deliver a total of 30-mg testosterone 

directly into the systematic circulation via controlled release. Buccal testosterone tablets have 

been shown to be relatively well-tolerated in RCTs, with only 15% of treated men 

experiencing minor gum-related adverse events.2,48 

 

2.2.2.5. Nasal 

The newest form of TRT is the nasal gel formulation, which was approved and 

introduced into the market in 2014.48 This product contains a dose pump applicator enabling 

it to be easily self-administered, and requires 2-3 doses daily.38,48,50 Each dose is relatively 

low, with 5.5 mg testosterone per pump, totalling to 11 mg after being administered into each 

nostril, as recommended.48 This non-invasive and simple form of TRT comes with minimal 
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nasal side effects in a small proportion of treated men.2 In addition, contrary to the gel 

formulation, nasal TRT has a very low risk of secondary transference making it a reasonable 

non-invasive alternative.50 

 

Table 3. Summary of Testosterone Routes of Administration, Dosing, Advantages and 

Disadvantages 

Route Year introduced Typical daily dosing Advantages Disadvantages 

Subdermal 1940 600-1200mg/pellet Guaranteed adherence 

Infrequent 

administration 

Requirement of 

surgical incision  

Potential 

spontaneous 
extrusion of pellet 

Injection 1954 Short-acting:  

- 150-200mg/2 weeks  

- 75-100mg/week 

 

Long-acting:  

- 750mg initial 

- 750mg at 4 weeks 

- 750mg every 10 weeks 

thereafter 

Short-acting:  

- Relatively 

inexpensive 

- Self-administration 

 

Long-acting:  

- Infrequent 

administration 

- Testosterone levels 

maintained within 

normal range 

throughout course of 

treatment; 

Short-acting:  

- Fluctuating 

hypogonadal 

symptoms 

 

Long-acting:  

- Large volume 

for initial 

injection 

- Potential 

coughing 

episode after 

injection 

 

Both:  

- Invasive  

- Potential for 

severe pain at 

site of injection 

 

Transdermal Patch: 1994 

 

Gel: 2000 

Patch: 2-4mg 

 

Gel: 70-100mg 

Patch:  

- Ease of application 

 

Gel:  

- Ease of application 

- Flexibility of 

dosing 

-  Good skin 

tolerability 

Patch:  

- Skin irritation at 

application site 

- Poor adherence 

 

Gel:  

- Potential 

secondary 

transfer by skin-

to-skin contact 

 

Oral/buccal 2003 30mg Convenient application 

Discreet 

 

Gum-related 

adverse events 

Nasal 2014 2-3 doses of 11mg Ease of administration 

 

Minimal nasal side 

effects 
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2.2.3. Safety profile 

As discussed in section 2.1.5., TRT is the main and most effective treatment option 

for men with pathologic hypogonadism, having been approved for use in this population by 

regulatory agencies including Health Canada, FDA, and EMA.30,42 However, restoration of 

testosterone levels in ageing men with late-onset hypogonagism is unauthorized in North 

America and Europe.5,42 In fact, it is required that testosterone product manufacturers ensure 

that labelling is clear regarding the approved uses of the medication.5,42 In other words, the 

use of TRT in men with late-onset hypogonadism comes with unclear benefits and a 

controversial safety profile.30 

 Common concerns have been regarding the cardiovascular and cerebrovascular safety 

of TRT. The first study to motivate these concerns was the Testosterone in Older Men 

(TOM) trial,  which reported an increased risk of cardiovascular events in the TRT versus 

placebo group, and was in fact discontinued because of this imbalance.51 In contrast, other 

RCTs have consistently reported no association between exogenous testosterone and 

cardiovascular events.44,51-53 Observational studies have similarly reported conflicting 

findings. While some reported an increased risk of cardiovascular outcomes with testosterone 

therapy,54-56 others reported a null or even protective association.57-60 A brief overview of the 

main studies on the topic is summarized in Table 4. After reviewing the evidence, Health 

Canada, FDA, and EMA issued a drug safety communication and a labeling change in 2015 

to reflect the potential risk of cardiovascular events with the use of testosterone products.5  

Further safety concerns have been surrounding TRT and its potential to increase the 

risk of prostate cancer (discussed in detail in section 2.4.). Current treatment guidelines 

recommend against the initiation of TRT in men with known risk factors or a history of 

prostate cancer, and suggest that physicians monitor PSA levels over the course of the first 

year of treatment.2,29   
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Table 4. Summary of main studies addressing the association between TRT use and 

cardiovascular outcomes 

 Year Main outcome Measure of effect 

Randomised controlled trials 

Emmelot-Vonk et al.53 2008 Safety of TRT 

compared to placebo 

No difference in cardiovascular-related 

adverse events between the groups 

Basaria et al.51 2010 Safety and efficacy of 

TRT compared to 

placebo 

23 in the testosterone group versus 5 in 

the placebo had cardiovascular-related 

adverse events 

Snyder et al.44 2016 Risks and benefits of 

TRT compared to 

placebo 

No difference in cardiovascular-related 

adverse events between the groups 

Observational studies 

Vigen et al.55 2013 All-cause mortality, MI, 

ischemic stroke 

HR: 1.29 (95% CI: 1.04-1.58) 

Finkle et al.54  2014 Acute non-fatal MI RR: 1.36 (95% CI: 1.03-1.81) 

Etminan et al.59 2015 MI RR: 1.01 (95% CI: 0.89-1.16) 

Sharma et al.57 2015 MI, stroke, all-cause 

mortality 

MI – HR: 0.76 (95% CI: 0.63-0-93) 

Stroke – HR: 0.64 (95% CI: 0.43-0.96) 

All-cause mortality –  

HR: 0.44 (95% CI: 0.42-0.46) 

Maggi et al.61 2016 Cardiovascular safety  Cardiovascular event rates were not 

statisitically different between the TRT 

treated and untreated group (P=.70) 

Martinez et al.62 2016 Venous 

thromboembolism 

HR: 1.25 (95% CI: 0.94-1.66) 

Wallis et al.60 2016 Cardiovascular safety HR: 0.84 (95% CI: 0.72-0.98) 

Cheetham et al.58 2017 Composite of 

cardiovascular 

endpoints 

HR: 0.67 (95% CI: 0.62-0.73) 

Loo et al.56 2019 Ischemic stroke, 

transient ischemic 

attack, MI 

HR: 1.21 (95% CI: 1.00-1.46) 

Abbrevations: TRT, testosterone replacement therapy; MI, myocardial infarction.
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2.3. Prostate cancer 

 

2.3.1. Epidemiology and etiology 

Prostate cancer is the second most frequently diagnosed cancer and the fifth leading 

cause of cancer mortality among men worldwide.63 Moreover, it remains as the number one 

most diagnosed cancer among men in the Americas, North and Western Europe, 

Australia/New Zealand, and parts of Sub-Saharan Africa.63 Each year, there are nearly 21,300 

new cases of prostate cancer diagnosed in Canada, more than 160,000 new cases in the US, 

and more than 47,700 new cases in the UK.64-66 The most well-established risk factors for 

prostate cancer are older age, black race, and having a first-degree relative with prostate 

cancer.67  

 

2.3.2. Pathophysiology 

The growth and development of prostate cancer is contingent on the activity of 

androgens and the androgen receptor.6,68 Specifically, testosterone and dihydrotestosterone  

exert their effects by binding to the androgen receptor, and initiating a downstream pathway 

involving co-regulators and growth factors.6 This pathway remains important in prostate 

carcinogenesis, and up to 90% of cases depend on androgens.6 

Approximately 95% of all prostate cancers are adenocarcinomas, which are initiated 

in the gland cells.69 Other prostate malignancies are more rare, such as urothelial carcinoma, 

sarcoma, small cell carcinoma, carcinoid tumours, and squamous cell carcinoma.69 

 

2.3.3. Screening and diagnosis 

Screening for prostate cancer is performed by prostate-specific antigen (PSA) tests or 

digital rectal examination.70 If PSA levels are abnormally high in PSA tests , or if 

abnormalities are detected during digital rectal examination, a histological examination of the 



 
 

25 

prostatic tissue must be conducted to confirm a diagnosis.69 Despite the available screening 

tools, most prostate cancer cases are diagnosed because of presentation of symptoms rather 

than routine screening.69 In fact, countries such as the UK do not have a formal prostate 

cancer screening programme altogether due to considerable controversy surrounding over-

diagnosis and over-treatment.70-72 For example, there have been potential harms associated 

with routine PSA screening, such as the risk of adverse effects of subsequent prostate 

biopsies, anxiety, false-positives, as well as over-diagnosis and unnecessary treatment of low-

risk cancers that would not have caused harm throughout the patient’s lifetime.73,74 

 Given the many potential harms and inconsistent evidence of a modest mortality 

benefit with PSA screening, some countries have recently released statements advising 

against existing prostate screening programmes. For instance, the US Preventative Services 

Task Force released a recommendation that men over 70 years of age should not undergo 

PSA screening due to the associated harms.75 Moreover, it states that those between 55 and 

69 at high risk of the disease may undergo PSA testing only on a strictly individual-basis, 

whereby all the risks of screening are understood and considered before making a decision.75 

Likewise, the Canadian Task Force on Preventative Health Care recommends against PSA 

screening in men of all ages, with the exception of those at a higher risk, due to similar 

concerns with the many associated harms which outweigh the small mortality benefit.76 

 

2.3.4. Treatment 

Common treatments for prostate cancer include radical prostatectomy (surgical 

removal of the prostate gland), radical radiotherapy (such as external-beam radiation therapy 

or interstitial radiation therapy (brachytherapy)), and androgen deprivation therapy (ADT).77 

For low-risk localised prostate cancer (Gleason score  ≤  6, stage T1 to T2) , active 

surveillance (or “watchful waiting”) is often offered as an option instead of treatment, during 
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which patients are regularly monitored.78 If the disease presents as high risk (Gleason score  

7, stage T3), then patients qualify for curative treatment and are treated with radical 

prostatectomy or with radiation therapy alone or in combination with ADT.78 More 

aggressive or metastatic cases (stage T4) may receive ADT as the sole treatment.78  

Although active surveillance aims to reduce overtreatment of early detected low-risk 

cancers, it is not perceived as a reasonable approach by patients given the stress associated 

with a cancer diagnosis.79,80 Thus, many physicians opt for the more radical treatment 

options, which are more invasive and come with a range of serious side effects including loss 

of sexual function, infertility, and urinary incontinence.73 Ultimately, given the side effects of 

treatment, and the very high prevalence of prostate cancer, minimizing the risk of this disease 

would be widely beneficial. 

 

2.3.5. Prostate cancer and hypogonadism 

There is some evidence that low testosterone levels may be associated with a lower 

risk of prostate cancer.81,82 Indeed, one study associated hypogonadal levels of testosterone 

with a 49% decreased risk of prostate cancer compared to men with normal testosterone 

levels.81 Another study found a 23% decreased risk of prostate cancer compared to men with 

higher testosterone concentrations.82 According to this logic, increasing testosterone 

concentrations may in turn have the potential to increase the risk of prostate cancer.83 The 

next section (section 2.4.1.) will discuss potential mechanisms by which TRT may increase 

the risk of prostate cancer.   
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2.4. Testosterone replacement therapy and the risk of prostate cancer 

2.4.1. Biological basis  

The notion that testosterone contributes to the development and progression of 

prostate cancer has been a longstanding and widely accepted phenomenon in the medical 

community.83 This theory dates back to 1941, when Huggins and Hodges demonstrated that 

castration led to regression of metastatic prostate cancer, while testosterone administration 

resulted in prostate cancer growth.84 Thus, the “androgen hypothesis” asserts that prostate 

cancer incidence and progression is primarily driven by androgens.83 Indeed, studies have 

shown that higher levels of testosterone was associated with an increased incidence of 

prostate cancer, and administration of exogenous testosterone has been shown to stimulate 

growth of metastatic prostate cancer.81 Similarly, clinically low testosterone levels, or 

hypogonadism, is associated with a decreased development and progression of prostate 

cancer.81,82 Furthermore, androgen deprivation therapy is essentially the induction of 

hypogonadism via androgen ablation, which remains a mainstay treatment option for men 

with prostate cancer.85 As a whole, the androgen hypothesis implies that prostate growth is 

sensitive to circulating testosterone concentrations, and suggests that TRT may have the 

ability to increase the risk of prostate cancer development or progression.81  

A competing hypothesis comes from the recently proposed “saturation model”, which 

challenges this association between testosterone and prostate cancer.86 This model states that 

the prostate is sensitive to testosterone only at low serum concentrations, after which it 

becomes progressively insensitive at increasing testosterone levels. The theory asserts that 

the androgen receptors will reach an eventual point of “saturation”, whereby testosterone can 

have no further effect on the prostate.87 This new model has prompted many authors to make 

general claims about the relationship between testosterone levels and prostate cancer, and 

recommend that TRT be considered for a wider scope of symptomatic hypogonadal 
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patients.86,88,89 Importantly, however, this shift in view has been grounded on studies failing 

to show an increased risk of prostate cancer in men receiving TRT, which have been limited 

in size and duration.86,89 

Taken together, these two conflicting hypotheses do not explain the varying results 

found in observational studies investigating the risk of prostate cancer with the use of TRT 

(described in section 2.4.3.), nor do they offer reassurance for the long-term safety of TRT in 

men presenting with late-onset hypogonadism. Additionally, RCTs assessing the safety and 

efficacy of TRT have reported no association with prostate cancer (described in section 

2.4.2.), but were limited by inappropriate study design and insufficient power to assess cancer 

as a safety outcome.7,8 Due to the high number of men on this therapy, and the contradictory 

beliefs regarding its prostate safety, further research in this area is warranted. 

 

2.4.2. Randomised controlled trials 

There was one RCT which investigated the association between TRT use and prostate 

safety specifically.8 This trial included 44 men with confirmed low testosterone levels 

randomised to either TRT or placebo for a period of 6 months.8 Outcome measures included 

changes in prostate tissue androgen levels, as well as prostate-related clinical features, such 

as changes in serum PSA levels.8 The authors observed that TRT use had little effect on 

prostate tissue over the 6 month time window.8  

More generally, other RCTs have investigated the safety and efficacy of TRT, with 

the longest follow-up being up to 12 months.51,90,91 Similarly, in these trials, there were no 

imbalances in prostate cancer events between the TRT and placebo groups.51,90,91 Moreover, a 

systematic review and meta-analysis of RCTs on the topic reported that TRT use did not 

appear to promote prostate cancer on the short-term.7 Taken together, the data from the RCTs 



 
 

29 

were only preliminary, and longer durations of TRT use as well as adequate power are 

required to confirm these findings. 

 

2.4.3. Previous observational studies  

To date, there have been 8 observational studies assessing the association between 

TRT and prostate cancer (Table 5).9-16 However, these studies had important methodological 

shortcomings, including potential confounding by indication, potential detection bias, 

inappropriate comparators, and immortal time bias, thereby limiting the interpretability of the 

published results. 

Three previous registry studies by Coward et al.,9 Feneley et al.,12 and Haider et al.,13 

did not include an appropriate comparator group. Coward et al.9 evaluated the incidence of 

prostate cancer among 81 men with hypogonadism initiating TRT.9 Four of the 81 men 

(4.9%) developed prostate cancer after a mean (range) follow-up of 32.5 (22-41) months after 

starting TRT. The authors concluded that the incidence of prostate cancer in men taking TRT 

is no greater than that of the general population.9 Feneley et al.12 drew a similar conclusion in 

a study following 1,365 hypogonadal men receiving TRT.12 With a follow-up of up to 20 

years, 14 new cases of prostate cancer were diagnosed. This led the authors to conclude that 

the incidence of prostate cancer in men on long-term testosterone treatment is equivalent to 

that expected in the general population.12 The third study by Haider et al.13 studied 1,023 

hypogonadal men from 3 different registries receiving TRT. Similarly, 11 prostate cancer 

cases were diagnosed, which led the authors to conclude that testosterone treatment did not 

increase the risk of prostate cancer compared to the general population.13 For all three 

studies, the lack of an appropriate comparator group severely limits the interpretability of the 

findings, especially given that hypogonadal men may be at a lower risk of prostate cancer 

than healthy men from the general population.92 
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Eisenberg et al.11 used the Urology Clinic Hormone Database linked to the Texas 

Cancer registry to determine the incidence of prostate cancer in hypogonadal men treated 

with TRT.11 Overall, 47 of 247 men on TRT developed prostate cancer, and 27 of 211 men 

not on TRT developed prostate cancer, generating an HR of 1.0, 95% CI: 0.57, 1.90.11 Yassin 

et al.16 conducted a study using a cohort of 553 patients, consisting of 42 treated and 162 

untreated hypogonadal men, and 349 eugonadal men.16 The authors calculated proportions of 

those with positive biopsies, and reported that 16.7% of treated hypogonadal men, 51.9% of 

untreated hypogonadal men, and 37.8% eugonadal men had positive biopsies.16 To conclude, 

by direct comparison of proportions only, the authors stated that TRT might have a protective 

effect against high-grade prostate cancer.16 However, in both studies, there was no adjustment 

for important confounders, such as age and smoking, which may have severely impacted the 

results.11,16 

In a study by Loeb et al.,14 the authors used a nested case-control design within the 

National Prostate Cancer Register of Sweden, which included 38,570 prostate cancer cases 

diagnosed between 2009 and 2012, and 192,838 age-matched controls. The authors found no 

association between TRT and overall risk of prostate cancer (odds ratio = 1.03, 95% CI: 0.90, 

1.17).14 However, this overall point estimate may simply be a result of two biases pulling in 

opposite directions. This is made clearer in secondary analyses, where <1 year of TRT use 

was associated with an increased risk of low- to intermediate-risk prostate cancer (defined by 

PSA < 20 ng/mL, stage T1 to T2, Gleason score ≤ 7 - odds ratio = 1.61, 95% CI: 1.10, 2.34), 

and >1 year of TRT use was associated with a decreased risk of high-risk or metastatic 

prostate cancer (defined by PSA 20-50 ng/mL, stage T1 to T2, Gleason score 8-10; PSA <50 

ng/mL, T3; PSA 50-100 ng/mL, T4; and metastases or PSA > 100 ng/mL- odds ratio = 0.44, 

95% CI: 0.32, 0.61).14 The increased risk of low- to intermediate-risk prostate cancer may be 

suggestive of detection bias, in which there is an over-detection of early prostate cancer cases 
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in the TRT group, potentially attributable to more frequent physician contact and monitoring 

upon treatment initiation.14 In contrast, the very strong protective effect observed with >1 

year of TRT use may be highly suggestive of confounding by indication.14 Specifically, it is 

likely that the vast majority of the age-matched controls from the general male Swedish 

population consisted of non-hypogonadal men.14 This is an issue given that non-hypogonadal 

men do not have the indication for TRT, and may be at a differential risk of prostate cancer 

compared to hypogonadal men.92 Thus, the two major potential biases in this study may be 

influencing the overall findings.14 

Debruyne et al.10 used the Registry of Hypogonadism in Men (RHYME) consisting of 

data on treated and untreated men newly-diagnosed with hypogonadism to investigate several 

prostate health indicators, including rates of prostate cancer diagnoses.10 The study included 

999 men, 75% of which initiated TRT.10 The authors calculated an incidence rate ratio (IRR) 

for treated compared to untreated men (IRR = 0.52, 95% CI: 0.22, 1.26), and concluded that 

there was no increased prostate cancer risk associated with TRT.10 However, this study may 

have suffered from immortal time bias (Figure 3).10,93 Indeed, an exposure definition was 

used whereby men were considered exposed if they were on active TRT at one or more visits 

over the follow-up period.10 According to this definition, TRT users necessarily had to 

survive up to the point of having one or two visits to be considered exposed.10 Consequently, 

the time up to the visit was immortal and was misclassified as exposed person-time, 

downwardly biasing the IRR.10,93   
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Figure 3. Illustration of immortal time bias, whereby the immortal person-time up to the point 

of the first physician visit in the treated group is misclassified as exposed person-time. 

 

In a more recent study by Walsh et al.,15 a retrospective cohort was used including 

hypogonadal male veterans aged 40 to 89 years old with a laboratory-defined low 

testosterone measurement and recent PSA testing from 2002 to 2011. In a cohort of 147,593 

men, TRT was not associated with incident aggressive prostate cancer (defined by SEER 

Summary Stage = 7, American Joint Committee on Cancer Stage Group = 4, any metastasis, 

tumor grade = 4, Gleason score  8, or PSA  20 ng/dL - HR = 0.89; 95% CI: 0.81, 1.01).15 

While this was a fairly large and well-conducted study, the authors failed to lag the exposure 

to account for cancer latency. Furthermore, failure to lag the exposure could have also 

introduced detection bias and reverse causality.15 Indeed, increased detection of prostate 

cancer events could occur around the time of treatment initiation, due to more frequent 

physician contact and monitoring of patients on the therapy.15 In addition, these early cases 

that occur shortly after TRT initiation are unlikely to be related to TRT use, and likely 

developed before the start of treatment. Thus, lagging exposure would account for this by 

treating person-time within this time window as unexposed. Finally, the exposure lag would 



 
 

33 

further account for potential reverse causality, which is a result of the termination of TRT due 

to early signs or symptoms of prostate cancer. An illustration of an exposure lag window and 

examples of prostate cancer events are provided in Figure 4. 

 

 

Figure 4. Illustration of an exposure lag window, during which prostate cancer events are 

considered unexposed 

 

 

2.4.4. Summary of observational studies 

To conclude, the available evidence on the association between TRT and prostate 

cancer is inconclusive.9-16 In particular, confounding, potential immortal time bias and 

detection bias, as well as inappropriate comparators limit the interprebability of the published 

studies. Nevertheless, increasing numbers of prescriptions are being seen globally, largely in 

men with late-onset hypogonadism.17,43 Thus, further study addressing the limitations of the 

previous studies is imperative in order to ensure the long-term safety of this therapy. The 

remainder of this thesis will outline the details of a study assessing the association between 

TRT and prostate cancer in men with late-onset hypogonadism using a population-based 

cohort design. 
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Table 5. Summary of Previous Observational Studies 

Authors Year Sample size Study design Incidence rate (95% CI) Measure of effect Main Limitation 

Coward et al.9 2008 81 
Retrospective 

cohort study 
Not reported 

4 out of 81 (4.9%) developed 

prostate cancer 
No comparator 

Feneley et al.12  2012 1,365 
Prospective 

cohort study 
Not reported 

14 out of 1,365 (1.0%) 

developed prostate cancer 
No comparator 

Haider et al.13 2015 1,023 
Prospective 

cohort study 
54.4 per 10,000 person-years 

11 out of 1,023 (1.1%) 

diagnosed with prostate cancer 
No comparator 

Eisenberg et al.11 2015 458 
Retrospective 

cohort study 
Not reported HR: 1.0 (95% CI: 0.57-1.9) No confounder adjustment 

Yassin et al.16 2017 553 
Cross-sectional 

study 
Not reported 

16.7% of treated men had 

positive prostate cancer 

biopsies 

No confounder adjustment 

Loeb et al.14 2017 

38,570 cases 

192,838 

controls 

Nested case-

control study 
Not reported OR: 1.03 (95% CI: 0.90-1.17) 

Confounding by indication 

 

Debruyne et al.10 2017 999 
Prospective 

cohort study 

1221.4 per 100,000 person-

years 
IRR: 0.52 (95% CI: 0.22-1.26) Immortal time bias 

Walsh et al.15 2018 147,593 
Retrospective 

cohort study 

0.58 per 1000 person-years 

(0.48-0.69) 
HR: 0.90 (95% CI: 0.81-1.01) No exposure lag 
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Chapter 3: Objectives and hypotheses 
 

3.1. Objective 

The primary objective of this thesis is to determine whether the use of TRT, when compared 

with non-use, is associated with an increased risk of prostate cancer among men with late-

onset hypogonadism. 

3.1.1. Secondary objectives 

This thesis has three secondary objectives: 

1. To determine whether there is an association between TRT formulation and prostate 

cancer risk. 

2. To determine whether there is an association between cumulative number of TRT 

prescriptions and prostate cancer risk. 

3. To determine whether there is an association between time since TRT initiation and 

prostate cancer risk. 

 

3.2. Hypothesis 

The primary hypothesis of this thesis is that the use of TRT is associated with an increased 

risk of prostate cancer, when compared with non-use. 

 

3.2.1. Secondary hypotheses  

This thesis has three secondary hypotheses: 

1. There is an association between TRT formulation and prostate cancer risk. 

2. There is an association between cumulative number of TRT prescriptions and prostate 

cancer risk. 

3. There is an association between time since TRT initiation and prostate cancer risk.
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Chapter 4: Methodology 
 

This section will discuss some of the methodology of the manuscript in greater detail. 

In particular, additional information on the data source is provided, as well as illustrations 

explaining the exposure definition and propensity score-matched analysis. 

 

4.1. Data source 

The Clinical Practice Research Datalink (CPRD) was used as a data source for this 

thesis, consisting of anonymized primary care medical records covering over 15 million 

patients from approximately 700 practices in the UK.94 In fact, the CPRD is one of the largest 

databases of longitudinal medical records from the primary care setting in the world.94 The 

CPRD was first established in London in 1987 as the Value Added Medical Products 

(VAMP), then grew to become the General Practice Research Database (GPRD) in 1993, and 

finally expanded to become the CPRD in 2012.94  

Patients included in the CPRD are broadly representative of the UK population in 

terms of age, sex, and ethnicity.94 In addition, because general practitioners in the UK serve 

as a first point of contact for non-emergency health-related issues, the database contains 

useful information on routinely recorded symptoms, laboratory tests, diagnoses, therapies, 

health-related behaviours and referrals to secondary care.94 The CPRD also provides crucial 

information on outcomes of patients referred to secondary care, such as diagnoses, as this 

information is fed back from the secondary care team to the general practitioner.94 The CPRD 

uses Read codes for medical diagnoses and procedures, and a coded drug dictionary based on 

the UK Prescription Pricing Authority for drug prescriptions.94 Moreover, recording of 

medical diagnoses in the CPRD has been shown to be valid and of high quality.94 For over 

half of the patients in the CPRD, linkage with other datasets such as with mortality records or 

secondary care is possible.94 This along with the valid and high-quality health data makes it a 
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favourable data source for epidemiological research, with over 1000 studies published in 

peer-reviewed journals covering a vast range of health outcomes.94  

 

4.1.1. Utility of CPRD to assess the association between TRT and prostate cancer 

Prostate cancer is primarily diagnosed and managed by general practitioners in the 

UK, and has been shown to be well recorded in the CPRD.95 As such, prostate cancer 

recording has a sensitivity, specificity, and positive predictive value of 85%, 99%, and 92%, 

respectively, when compared with England cancer registry data.96,97 Furthermore, 

hypogonadism is also predominantly diagnosed and managed in the UK primary care setting, 

thus largely capturing this clinical population.98 Taken together, the CPRD serves as a 

valuable data source to address the important safety question detailed in this thesis. 

 

4.2. Exposure definition 

Exposure to TRT was modelled in a time-varying fashion, with each patient capable 

of moving from a period of non-exposure to exposure, contributing both unexposed and 

exposed person-time. A one year exposure lag period was applied at TRT initiation, whereby 

patients were considered exposed starting one year after the first prescription. As such, 

prostate cancer events occurring within this one year window were considered unexposed 

events. The one year lag period was necessary to account for latency associated with the 

incidence of prostate cancer. In addition, it also served to minimize potential detection bias 

due to increased physician monitoring within the first year of treatment initiation, as well as 

minimize reverse causality which may occur if TRT is terminated due to early signs or 

symptoms of prostate cancer. Once patients were exposed to TRT, they were considered 

exposed until the end of follow-up, analogous to an intention-to-treat approach. According to 

this approach, the effect of TRT exposure on the outcome is assumed to be irreversible, 
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meaning patients remain at risk of developing prostate cancer even after treatment 

discontinuation. Non-use of TRT was used as the reference category for all analyses. 

Figure 5 illustrates four different scenarios under which a prostate cancer event can 

be classified according to this exposure definition. It is important to note that it was required 

that all patients have at least one year of follow-up after cohort entry (i.e., diagnosis of 

hypogonadism), after which person-time at risk begins (i.e., start of follow-up). In other 

words, the time between the start of follow-up and the end of the one year exposure lag 

period is considered unexposed person-time, whereas the time afterwards up until an incident 

prostate cancer event, death, end of registration, or end of study period is considered exposed 

person-time. Figure 5A-5B represent scenarios for exposed prostate cancer events, whereby 

patients on TRT experience the outcome after the one year exposure lag. Figure 5C-5D 

represent scenarios for unexposed prostate cancer events, whereby the prostate cancer event 

occurs within the one year exposure lag, and where TRT is not initiated over the follow-up, 

respectively. 
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Figure 5. Exposure definition 
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4.3. Propensity score-matched analysis  

To investigate the impact of residual confounding on the study results, we conducted 

a propensity score-matched analysis based on sequential cohorts (Figure 6).99 For this 

approach, a series of sequential cohorts based on calendar month were first created. To do 

this, new users of TRT and non-users were identified at each calendar month of the study 

period. In total, this generated 253 sequential cohorts consisting of TRT users and non-users 

during the study period. To be identified as a non-user, patients were required to have had a 

physician visit as well as a testosterone laboratory test with a result below the reference range 

in a given month. This was done in order to attempt to capture non-users who had an 

opportunity to receive TRT in that month. In addition, it was possible for non-users to 

eventually contribute to the TRT group, but only after the time of TRT initiation. The same 

exclusion criteria used in our main study population, which is further described in Chapter 5, 

were then applied at cohort entry to each of the sequential cohorts. 

Using conditional logistic regression stratified on calendar month, the predicted 

probability of receiving TRT was estimated, conditional on various important confounding 

variables used in the primary analysis and further detailed in the manuscript in Chapter 

5.99,100 We then matched TRT users, in a chronological order starting with the first one of the 

study period and without replacement, to a non-user on the same calendar month and 

propensity score using a greedy matching algorithm with a maximum caliper of 0.01.100 The 

matched sets were then followed until an incident diagnosis of prostate cancer, switching 

from non-use to TRT use, death from any cause, end of registration with the practice, or end 

of the study period (31 August 2017), whichever occurred first. A Cox proportional hazards 

model was used to estimate the HR and 95% CI of prostate cancer comparing TRT users with 

non-users. Within-person correlation was accounted for using robust standard errors.100 
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Figure 6. Propensity score-matched cohort analysis 
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Chapter 5: Testosterone replacement therapy and 

the risk of prostate cancer in men with late-onset 

hypogonadism 
 

This chapter presents a manuscript on the association between TRT and the risk of 

prostate cancer. First, a background and rationale on the association in question is discussed. 

Second, the data source, study population, and various statistical analyses used to study the 

association in question are outlined. Third, descriptive results along with results for the 

primary, secondary, sensitivity, and ancillary analyses are provided. Finally, findings are 

discussed and compared with previous research on the topic, along with strengths and 

limitations of the study. This manuscript has been published in the American Journal of 

Epidemiology (May 30, 2019; doi: 10.1093/aje/kwz138).
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5.1. Abstract 

The association between the use of testosterone replacement therapy (TRT) and prostate 

cancer remains uncertain. Thus, we investigated whether TRT is associated with an increased 

risk of prostate cancer in men with late-onset hypogonadism. We used the United Kingdom 

Clinical Practice Research Datalink to assemble a cohort of 12,779 men newly-diagnosed 

with hypogonadism between 1 January 1995 and 31 August 2016, with follow-up until 31 

August 2017. Exposure to TRT was treated as a time-varying variable and lagged by 1 year 

to account for cancer latency, with non-use as the reference category. During 58,224 person-

years of follow-up, a total of 215 patients were newly-diagnosed with prostate cancer, 

generating an incidence rate of 3.7 per 1,000 person-years. In time-dependent Cox 

proportional hazards models, use of TRT was not associated with an overall increased risk of 

prostate cancer (hazard ratio = 0.97; 95% confidence interval: 0.71, 1.32), compared with 

non-use. Results remained consistent in secondary and sensitivity analyses, as well as in a 

propensity score-matched cohort analysis that further assessed the impact of residual 

confounding. Overall, the use of TRT was not associated with an increased risk of prostate 

cancer in men with late-onset hypogonadism. 
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5.2. Introduction 

Testosterone replacement therapy (TRT) is indicated for men with pathologic 

testosterone deficiency, namely hypogonadism.1,2 While this treatment has been approved 

and shown to be effective in men with pathologic hypogonadism, the benefit of replacing 

testosterone in aging men with late-onset hypogonadism is less certain.2-4 Nonetheless, TRT 

is increasingly being prescribed off-label in this population,2,5 despite concerns of its 

cardiovascular safety and its potential to increase the risk of prostate cancer.1,4,6 

 Current treatment guidelines recommend against the initiation of TRT in patients with 

a history or known risk factors for prostate cancer.1,7 This recommendation is based on the 

well-established role of androgens on the incidence of prostate cancer.8-10 However, to date, 

the evidence supporting an association between TRT and prostate cancer incidence is 

inconclusive. Indeed, meta-analyses of randomized clinical trials designed to assess the 

efficacy of TRT have reported null associations with respect to prostate cancer.11,12 It is 

important to note that trials included in these meta-analyses were not designed nor powered 

to assess prostate cancer as a safety outcome.11,12 Similarly, the few observational studies that 

have been conducted have also reported null associations,13-20 but these had several 

methodological limitations, including short durations of follow-up, potential confounding by 

indication, immortal time bias, and potential detection bias.13-20  

Given the increasing use of TRT in aging men and the limitations of the available 

evidence, additional studies are needed to assess the long-term safety of this therapy. Thus, 

the objective of this population-based study was to determine whether the use of TRT is 

associated with an increased risk of prostate cancer in men with late-onset hypogonadism. 
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5.3. Methods 

5.3.1. Data Source 

This study was conducted using the United Kingdom (UK) Clinical Practice Research 

Datalink (CPRD). The CPRD is a large primary care database that includes approximately 15 

million patients from almost 700 general practices in the UK.21 Patients included in the 

CPRD are broadly representative of the general UK population in terms of age, sex, and 

ethnicity.21 It also serves as a useful resource for research as it records information on patient 

demographics, laboratory tests, diagnoses, procedures, prescriptions written by general 

practitioners, health-related behaviours, and referrals to secondary care.21 The CPRD uses 

Read codes for medical diagnoses and procedures, and a coded drug dictionary based on the 

UK Prescription Pricing Authority Dictionary for drug prescriptions.21 Recording of medical 

diagnoses in the CPRD have been shown to be valid and of high quality.22-24 

 The study protocol (#18_200) was approved by the Independent Scientific Advisory 

Committee of the CPRD and the Research Ethics Board of the Jewish General Hospital, 

Montreal, Canada. 

 

5.3.2. Study Population 

We assembled a cohort of men, at least 45 years of age, diagnosed with 

hypogonadism between 1 January 1995 and 31 August 2016, and followed until 31 August 

2017. A diagnosis of hypogonadism was based on diagnostic codes and/or laboratory test 

values indicating low levels of serum or free testosterone. The earliest measure of 

hypogonadism was set as the date of cohort entry. Patients were required to have at least one 

year of medical history in the CPRD prior to cohort entry. We excluded men with a history of 

prostate cancer and/or androgen deprivation therapy use, as well as those who used TRT at 

any time before cohort entry. The latter was done to minimize the inclusion of prevalent 
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users.25 In order to restrict the cohort to men with late-onset hypogonadism, men diagnosed 

with pathologic causes of hypogonadism before cohort entry were also excluded. These 

included diseases of the hypothalamic-pituitary axis, Kallman’s syndrome, and eunuchism. 

Finally, all patients were required to have at least one year of follow-up after cohort entry for 

cancer latency purposes.  

All patients in the cohort were followed starting one year after cohort entry until an 

incident diagnosis of prostate cancer (defined by Read codes listed in Supplementary Table 

1; these have been shown to be well recorded in the CPRD26,27), censored upon death from 

any cause, end of registration with the practice, or end of the study period (31 August 2017), 

whichever occurred first. 

 

5.3.3. Exposure Definition 

TRT use was modelled as a time-varying exposure, with each patient capable of 

moving from a period of non-exposure to a period of exposure, thus contributing both 

unexposed and exposed person-time to the analysis. Patients prescribed TRT were considered 

exposed starting one year after the first prescription until the end of follow-up (analogous to 

an intention-to-treat approach). The one year lag period was necessary to account for a 

minimum latency time window, while also minimizing detection bias and reverse causality 

(i.e., TRT may be terminated due to early signs or symptoms of prostate cancer). Patients 

prescribed TRT were compared with patients who had not used TRT up until the time of the 

risk set (i.e., time of the event).  

 

5.3.4. Statistical Analysis 

Crude incidence rates of prostate cancer with 95% confidence intervals (CIs), based 

on the Poisson distribution, were calculated by dividing the number of events over the 



 
 

49 

person-time at risk for each exposure group. Time-dependent Cox proportional hazards 

models were used to estimate adjusted hazard ratios (HRs) with 95% CIs of prostate cancer 

associated with the use of TRT, compared with non-use.  

 All models were adjusted for important potential confounders measured at cohort 

entry. These included year of cohort entry, age, alcohol-related disorders (including 

alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic failure; measured 

at any time before cohort entry), smoking status (current, former, never, unknown), and body 

mass index (<25 kg/m2, 25-29 kg/m2, ≥30 kg/m2, unknown). The models were also adjusted 

for Charlson Comorbidity Index, previous cancers (other than non-melanoma skin cancer), 

and drug exposures previously associated with prostate cancer incidence (non-steroidal anti-

inflammatory drugs, aspirin, statins, and metformin), measured at any time before cohort 

entry. Multiple imputation was used for variables with missing values (i.e., smoking, body 

mass index). To impute missing data, we used an ordinal regression model with explanatory 

variables and cumulative hazard,28 TRT use at cohort entry and all confounders listed above. 

Using Rubin’s rules, the results of five imputations were combined to estimate the values for 

missing variables.28,29 

 

5.3.5. Secondary and Sensitivity Analyses 

We performed three secondary analyses. First, we assessed whether the association 

varied by TRT formulation. The two other analyses assessed whether the association varied 

with cumulative number of TRT prescriptions received and with time since initiation of TRT. 

These were defined in a time-dependent fashion by summing the number of prescriptions 

from cohort entry to time of event, and as the time between first ever prescription of TRT to 

time of event, respectively. Both number of prescriptions received and time since initiation 
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were modelled as continuous variables using restricted cubic spline models, which produced 

a smooth risk function over time.30 

We conducted three sensitivity analyses to assess the robustness of our findings. First, 

given uncertainties related to the length of the latency time window, we repeated the analyses 

after increasing the exposure lag period to 2 and 3 years. Second, we conducted a competing 

risk analysis due to death from any cause using the subdistribution model proposed by Fine 

and Gray.31 Finally, to account for potential time-dependent confounding associated with 

time-varying exposures, we repeated the analyses using marginal structural modelling using 

inverse probability of treatment and censoring weighting (Supplementary method 1).  

 

5.3.6. Ancillary Analyses 

Detection bias is an information bias resulting from a differential opportunity of being 

screened or diagnosed with the outcome between the exposure groups.32 We conducted three 

analyses to assess the potential impact of detection bias on our findings. First, we removed 

the exposure lag period in order to capture earlier events; an increased or decreased point 

estimate would be expected in the presence of detection bias. Second, we stratified the cohort 

based on receiving a prostate-specific antigen (PSA) test in the year prior to cohort entry, and 

estimated HRs separately for each group. In the presence of detection bias, an over-detection 

of prevalent prostate cancer events would be expected in the group that was not previously 

screened for prostate cancer. Finally, we used inverse probability of screening weighting to 

account for the possibility that TRT users may have a differential probability of receiving or 

not receiving a PSA test during follow-up (Supplementary method 2).33   

 To investigate the impact of residual confounding, we conducted a time-matched 

propensity score analysis based on sequential cohorts.34,35 This required identifying new users 

of TRT and non-users at each calendar month of the study period, generating a total of 253 
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sequential cohorts. A new TRT user was defined by a first-ever prescription at a given month. 

To qualify as non-users, patients must have had a physician visit as well as a testosterone 

laboratory test with a result below the reference range at a given month. We then applied the 

exclusion criteria listed above at entry in each of these sequential cohorts. It was possible for 

non-users to eventually contribute to the TRT group, but only after the time of the switch. 

The predicted probability of receiving TRT was estimated using conditional logistic 

regression, stratified on calendar month, conditional on the variables listed above.34,35 TRT 

users were then matched, in a chronological order and without replacement, to a non-user on 

the same calendar month and propensity score using a greedy matching algorithm with a 

maximum caliper of 0.01.34 The matched sets were followed until an incident diagnosis of 

prostate cancer, switching from non-use to TRT use, death from any cause, end of 

registration with the practice, or end of study period (31 August 2017), whichever occurred 

first. Cox proportional hazards model was used to estimate the HR and 95% CI of incident 

prostate cancer comparing TRT users with non-users. We accounted for within-person 

correlation using robust standard errors.34 Cumulative incidence curves of prostate cancer 

were also generated for each exposure group. All analyses were conducted with SAS version 

9.4 (SAS institute, Cary, NC) and R (R Foundation for Statistical Computing, Vienna, 

Austria). 
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5.4. Results 

 A total of 12,779 patients met the study inclusion criteria, of which 12,408 (97.1%) 

entered the cohort with a low testosterone laboratory value (Supplementary Figure 1). The 

mean (standard deviation) age at cohort entry was 60.2 (9.5) years. The median follow-up 

was 3.7 years and the mean (standard deviation) follow-up was 4.6 (3.6) years. Overall, 4765 

(37.3%) and 1173 (9.2%) patients were followed for at least 5 and 10 years, respectively. 

During 58,224 person-years of follow-up, 215 patients were newly-diagnosed with prostate 

cancer, generating a crude incidence rate of 3.7 (95% CI: 3.2, 4.2) per 1,000 person-years. 

During the study period, a total of 3,645 (28.5%) patients were prescribed TRT, of which 

3,299 (90.5%) received the treatment within the first year of cohort entry. 

 Table 6 presents the baseline characteristics of the entire study cohort, as well as 

stratified by TRT use within one year after cohort entry. Compared with non-users, TRT 

users were less likely to be current smokers, and were more likely to have a higher body mass 

index. They were also more likely to have had a previous cancer, and to have used non-

steroidal anti-inflammatory drugs, aspirin, statins, and metformin. The study flow chart of the 

propensity score-matched analysis is presented in Supplementary Figure 2. The baseline 

characteristics of TRT users and non-users prior to matching are shown in Supplementary 

Table 2 and the propensity score distributions of the exposure groups before and after 

matching are presented in Supplementary Figures 3-4. Overall, 3,330 TRT users were 

matched to 3,330 non-users, with the exposure groups well balanced on all covariates with no 

standard difference exceeding 0.03 (Table 7). 

 Table 8 presents the results of the primary analysis. Compared with non-use, use of 

TRT was not associated with an overall increased risk of prostate cancer (3.8  3.4 per 1,000 

person-years, respectively; adjusted HR = 0.97, 95% CI: 0.71, 1.32). Similar results were 

observed in the propensity score-matched cohort analysis (3.9  3.4 per 1,000 person-years; 
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adjusted HR = 0.87, 95% CI: 0.56, 1.36). Likewise, cumulative incidence curves for the 

exposure groups were not significantly different from each other (log rank p=0.55; 

Supplementary Figure 5). In secondary analyses, the risk of prostate cancer did not vary by 

TRT formulation (Supplementary Table 3). In the restricted cubic spline models assessing 

the association according to number of prescriptions received and time since initiation, 

findings were generally consistent but generated wide confidence intervals with increasing 

number of prescriptions and time since initiation. (Supplementary Figures 6-7). 

 The results of the sensitivity analyses are summarized in Figure 7 and presented in 

Supplementary Tables 4-7. Lengthening the exposure lag window to 2 and 3 years did not 

materially change the point estimate (adjusted HR = 0.99, 95% CI: 0.70, 1.40 and adjusted 

HR = 0.98, 95% CI: 0.66, 1.44, respectively). Similarly, consistent results were observed 

when accounting for competing risk of death from any cause (subdistribution HR = 0.98, 

95% CI: 0.72, 1.35) or when accounting for potential time-dependent confounding in the 

marginal structural model (marginal HR = 0.94, 95% CI: 0.69, 1.28). 

 The results of the detection bias analyses are summarized in Supplementary Figure 

8 and presented in Supplementary Tables 8-10. Over the follow-up period, the PSA testing 

rate was higher among TRT users than among non-users (38.0 [95% CI: 37.2, 38.2]  24.8 

[95% CI: 24.36, 25.22] per 100 person-years, respectively). Removing the exposure lag 

window resulted in a decreased HR in the protective direction (adjusted HR = 0.75, 95% CI: 

0.57, 0.99), which was due to an increase in the prostate cancer incidence rate in the non-

users. Patients with a history of PSA testing yielded a HR below the null (adjusted HR = 

0.61, 95% CI: 0.33, 1.11), while those with no history of PSA testing yielded a HR above the 

null (adjusted HR = 1.19, 95% CI: 0.82, 1.72). Finally, weighting the models on the inverse 

probability of PSA screening yielded a lowered HR (adjusted HR = 0.73, 95% CI: 0.52, 

1.01). 
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5.5. Discussion 

 In this population-based study, the use of TRT was not associated with an increased 

risk of prostate cancer among men with late-onset hypogonadism, with point estimates close 

to the null in both the time-varying and propensity score-matched analyses. These findings 

remained consistent in secondary analyses assessing the association according to TRT 

formulation, measures of duration, as well as in several sensitivity analyses.  

We also considered the impact of detection bias on our findings by conducting several 

additional analyses. These included removing the lag period, stratifying on PSA testing, and 

using inverse probability of screening weighting. Removing the exposure lag window 

resulted in a decreased prostate cancer risk with the use of TRT. However, this was due to an 

early increased detection of prostate cancer in the comparator group. It is possible that these 

patients did not receive TRT because of abnormal PSA levels, and were then diagnosed with 

prostate cancer shortly after. Thus, the inclusion of a lag period reduced this potential bias. 

Stratifying on prior PSA testing also yielded a protective HR for history of PSA screening 

and an increased HR for no history of PSA screening. Although the 95% CIs were 

overlapping and included the null value, the general direction of these results is suggestive of 

a possible over-detection of prevalent prostate cancer cases in TRT users not previously 

screened for PSA. Finally, accounting for differential screening probabilities with inverse 

probability of screening weights resulted in a HR below the null value. Taken together, these 

findings suggest that TRT users are more likely to be screened for prostate cancer than non-

users and thus needs to be considered in future studies.  

To date, several observational studies have investigated the association between TRT 

and prostate cancer,13-20 but these had several important methodological limitations. In one 

recent nested case-control study conducted within the male Swedish population, the use of 

TRT was not associated with an overall increased risk of prostate cancer (odds ratio = 1.03, 
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95% CI: 0.90, 1.17).18 In secondary analyses, less than one year of TRT use was associated 

with an increased risk of low- to intermediate-risk prostate cancer (defined by PSA < 20 

ng/mL, stage T1 to T2, Gleason score ≤ 7 - odds ratio = 1.61, 95% CI: 1.10, 2.34). In 

contrast, more than one year of TRT use was associated with a decreased risk of high-risk or 

metastatic prostate cancer (defined by PSA 20-50 ng/mL, stage T1 to T2, Gleason score 8-10; 

PSA <50 ng/mL, T3; PSA 50-100 ng/mL, T4; and metastases or PSA > 100 ng/mL- odds 

ratio = 0.44, 95% CI: 0.32, 0.61).18 While this was a well-conducted study, the authors noted 

that the early increase in low- to intermediate-risk prostate cancer may be indicative of 

detection bias.18 In contrast, the strong decreased risk observed with high-risk disease may be 

due to confounding by indication. Indeed, as this study was conducted within the Swedish 

male population, it is likely that the majority of patients included in the comparator group 

were non-hypogonadal men. This is particularly important given that hypogonadal men may 

be at a decreased risk of prostate cancer compared to healthy men.36 Furthermore, while other 

studies suggested no increased risk of prostate cancer with TRT, these were conducted using 

patient registries among exposed patients and did not compare incidence rates to a 

comparator group.13,16,17 In addition, these studies did not appropriately adjust for 

confounding factors,15,19 and were limited by short-follow up periods.14  

 Our study was specifically designed to address the methodological limitations of the 

previous studies.13-20 First, we assembled a cohort of men diagnosed with late-onset 

hypogonadism. This ensured that all patients in the cohort had the indication for TRT, 

minimizing the potential for confounding by indication. Second, we used exposure lag 

periods for all analyses, which is necessary for cancer latency purposes and to minimize 

reverse causality and detection bias. Finally, the use of the CPRD allowed us to adjust the 

models for several potential important confounders, such as smoking and body mass index, 

which are often absent in administrative databases. 
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 Our study has some limitations. First, the CPRD records prescriptions written by 

general practitioners. As such, it is unknown whether patients filled their prescriptions or 

whether they adhered to the treatment. While such misclassification of exposure is possible, 

the absence of an association with number of prescriptions received provides reassurance on 

the potential impact of this limitation. Second, misclassification of the outcome is possible. 

However, prostate cancer has been shown to be well recorded in the CPRD with a sensitivity, 

specificity, and positive predictive value of 0.85, 0.99 and 0.92, respectively, when compared 

with England cancer registry data.37,38 Moreover, concordance rates of prostate cancer 

recording in the CPRD exceed 90% when compared with the National Cancer Data 

Repository.26 It was not possible to stratify on tumour grade and stage, as this information is 

not recorded in the CPRD. Third, due to the observational nature of our study, residual 

confounding from unknown or unmeasured confounders is possible. Reassuringly, we 

observed consistent findings in the marginal structural model that addressed potential time-

dependent confounding, as well as in the propensity score-matched analysis. Finally, 

although TRT prescribing and testosterone testing have increased substantially in both the US 

and UK, these practices have increased markedly in the US in the recent decade, especially in 

men with normal testosterone levels.39 Consequently, our findings may not be fully 

generalizable outside of the UK setting. 

 In summary, the results of this study indicate that the use of TRT is not associated 

with an increased risk of prostate cancer in men with late-onset hypogonadism. These 

findings should provide some reassurance on the long-term safety of TRT among men with 

late-onset hypogonadism. 
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5.7. Figures and tables 
 

 

FIGURE LEGEND 
 

 

Figure 7. Forest plot summarizing the results of the primary and sensitivity analyses 

assessing the association between testosterone replacement therapy and the risk of prostate 
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Figure 7 
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Table 6. Baseline Characteristics of the Cohort of Men Newly-Diagnosed with Hypogonadism, 

Overall and Stratified by Testosterone Replacement Therapy Use, United Kingdom, 1995-2017 

Abbreviations: PSA, prostate specific antigen. 
aUse in the first year after cohort entry. 
bValues are expressed as mean (standard deviation). 
cOnly 4132 patients out of 12,779 (32.3%) have a valid PSA measurement before cohort entry. 
dWeight (kg)/height (m)2. 

 

 
Entire Cohort 

 
Testosterone replacement therapya 

Characteristic 
No. % 

 Use  Non-use 

  No. %  No. % 

Total 12,779   3,299 25.8  9,480 74.2 

Age, yearsb 60.2 (9.5)  59.6 (9.0)  60.4 (9.7) 

Age, years         
45-54 4,086 32.0  1,113 33.7  2,973 31.4 
55-64 4,653 36.4  1,214 36.8  3,439 36.3 
65-74 2,994 23.4  770 23.3  2,224 23.5 

≥75 1,046 8.2  202 6.1  844 8.9 

History of PSA test 4,210  32.9  1,100 33.3  3,110 32.8 

PSA level, ng/mLb c 1.7 (5.2)  1.2 (1.3)  1.9 (6.0) 
Alcohol-related 

disorders 
1,865  14.6 

 
492 14.9 

 
1,373 14.5 

Smoking status         
Current 1,767  13.8  391 11.9  1,376 14.5 
Former 5,228  40.9  1,430 43.4  3,798 40.1 

Never 5,541  43.4  1,422 43.1  4,119 43.5 
Unknown 243  1.9  56 1.7  187 2.0 

Body mass indexd         
< 25 1,762  13.8  387 11.7  1,375 14.5 
25-30 4,813  37.7  1,192 36.1  3,621 38.2 

≥ 30 5,846  45.8  1,625 49.3  4,221 44.5 

Unknown 358  2.8  95 2.9  263 2.8 
Charlson comorbidity 

index 
 

  
 

  
 

 

0 5,630  44.1  1,376 41.7  4,254 44.9 

1-2 4,384  34.3  1,171 35.5  3,213 33.9 
≥ 3 2,765  21.6  752 22.8  2,013 21.2 

Previous cancer 1,099  8.6  300 9.1  799 8.4 
Nonsteroidal anti-

inflammatory drugs 
6,410  50.2 

 
1,743 52.8 

 
4,667 49.2 

Aspirin 4,065  31.8  1,104 33.5  2,961 31.2 

Statins 5,890  46.1  1,629 49.4  4,261 45.0 
Metformin 2,354  18.4  684 20.7  1,670 17.6 
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Table 7. Baseline Characteristics of Testosterone Replacement Therapy Users Matched to Non-users 

in the Propensity Score-Matched Analysis, United Kingdom, 1995-2017 

Abbreviations: TRT, testosterone replacement therapy. 
aValues are expressed as mean (standard deviation). 
bWeight (kg)/height (m)2. 

 TRT use  Non-use  

Characteristic 
No. %  No. % 

Standardized difference 

Total 3,330   3,330   

Age, yearsa 59.9 (8.9)  60.1 (9.3) 0.02 

Age, years       

45-54 1,062 31.9  1,069 32.1 0.004 

55-64 1,252 37.6  1,198 36.0 0.03 

65-74 798 24.0  833 25.0 0.02 

≥75 218 6.5  230 6.9 0.01 

Alcohol-related disorders 504 15.1  493 14.8 0.01 

Calendar year       

1995-2000 79 1.2  79 1.2 0.00 

2001-2005 438 6.6  438 6.6 0.00 

2006-2010 1,224 18.4  1,224 18.4 0.00 

2011-2016 1,589 23.9  1,589 23.9 0.00 

Smoking status       

Current 390 11.7  367 11.0 0.02 

Former 1,471 44.2  1,443 43.3 0.02 

Never 1,424 42.8  1,471 44.2 0.03 

Unknown 45 1.4  49 1.5 0.01 

Body mass indexb       

< 25 387 11.6  397 11.9 0.01 

25-30 1,210 36.3  1,183 35.5 0.02 

≥ 30 1,640 49.3  1,655 49.7 0.01 

Unknown 93 2.8  95 2.9 0.00 

Charlson comorbidity 

index 
 

  
 

 
 

0 1,255 37.7  1,280 38.4 0.02 

1-2 1,254 37.7  1,203 36.1 0.03 

≥ 3 821 24.7  847 25.4 0.02 

Previous cancer 313 9.4  300 9.0 0.01 

Nonsteroidal anti-

inflammatory drugs 
1,785 53.6 

 
1,814 54.5 0.02 

Aspirin 1,149 34.5  1,159 34.8 0.01 

Statins 1,748 52.5  1,753 52.6 0.00 

Metformin 717 21.5  732 22.0 0.01 
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Table 8. Crude and Adjusted HRs for the Association Between the Use of Testosterone 

Replacement Therapy and the Risk of Prostate Cancer Among Patients with Late-Onset 

Hypogonadism, United Kingdom, 1995-2017 
 

 
Patients Events 

Person-

years 
Incidence rate 

Crude 

HR 
Adjusted HRb 

    
IRa 

95% 

CI 
 HR 95% CI 

Time-varying analysis 

Non-use 
 

162 42,618 3.8 3.2, 4.4 1.00 1.00 Reference 

TRT use  53 15,606 3.4 2.5, 4.4 0.91 0.97 0.71, 1.32 

Propensity score-matched analysis 

Non-use 3,330 32 8,225 3.9 2.7, 5.5  1.00 Reference 

TRT use 3,339 48 13,994 3.4 2.5, 4.5  0.87 0.56, 1.36 

Abbreviations: HR, hazard ratio; CI, confidence interval; TRT, testosterone replacement therapy; IR, incidence rate.  
a Per 1000 Person-years. 
b Adjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic 

cirrhosis of the liver, alcoholic hepatitis and hepatic failure), smoking status, cancer, Charlson Comorbidity Index, 

previous use of statins, aspirin, non-steroidal anti-inflammatory drugs 
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Supplementary Table 1. Read Codes and Read Terms for Prostate Cancer 
Read Code Read Term 

Prostate Cancer 

B46..00 Malignant neoplasm of prostate 

B834.00 Carcinoma in situ of prostate 

4M0..00 Gleason grading of prostate cancer 

4M01.00 Gleason prostate grade 5-7 (medium) 

B915.00 Neoplasm of uncertain behaviour of prostate 

4M00.00 Gleason prostate grade 2-4 (low) 

4M02.00 Gleason prostate grade 8-10 (high) 

B834000 Malignant neoplasm of prostate 
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Supplementary Method 1: Marginal structural modelling 

 

To address the possibility of residual time-dependent confounding associated with time-

varying exposures, we repeated the analysis using marginal structural Cox proportional 

hazards model.1,2 Using two pooled logistic regression models (one for the numerator and 

one for the denominator of the stabilized inverse-probability-of-treatment weights (IPTWs)), 

we estimated the conditional probability of being exposed to TRT at 30-day intervals during 

follow-up. The numerator treatment model included baseline covariates (listed in the 

manuscript) and follow-up time. The denominator model included covariates (listed in the 

manuscript) measured at each 30-day interval and follow-up time. In both the numerator and 

denominator models, follow-up time was modelled using a restricted cubic spline with five 

knots to reduce bias due to model misspecification from linearity assumptions.3 We also 

estimated inverse probability of censoring weights (IPCWs) in a similar fashion. Stabilized 

IPTW and IPCW for each patient in the cohort were computed using the predictive 

probabilities for both treatment and censoring models. The product of these stabilized IPTWs 

and IPCWs was then used to reweight the cohort, in which we estimated the marginal HR of 

prostate cancer associated with TRT use, with 95% CIs, calculated using robust variance 

estimators.2 

 

 

References 
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Supplementary Method 2: Inverse probability of screening weighting 
 

First, logistic regression was used to determine predictors of PSA screening, measured in the 

CPRD during each 1-year interval over the follow-up period. Predictors included: year of 

cohort entry, age, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the 

liver, alcoholic hepatitis, and hepatic failure), smoking status (current, former, never, 

unknown), body mass index (BMI) (<25 kg/m2, 25-29 kg/m2, ≥ 30 kg/m2, unknown), 

Charlson Comorbidity Index, previous cancers (other than non-melanoma skin cancer), and 

drug exposures previously associated with prostate cancer incidence (NSAIDs, aspirin, 

statins, and metformin). The predictors were combined into a single model using a pooled 

logistic regression.  

 

Second, the cohort was reweighted to an overall proportion of 60% of men screened, based 

on the prevalence of screening within the cohort. Using this, stabilized weights were 

computed, with the probability of screening used in the denominator of the weights. The 

probability of screening was computed from the logistic regression models fit separately in 

each time interval. These stabilized inverse probability of screening weights were then used 

to estimate the HR of prostate cancer associated with TRT use, with 95% CIs.
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Supplementary Figure 1. Study flow chart illustrating the process for assembling the study cohort of men 

diagnosed with hypogonadism in the United Kingdom Clinical Practice Research Datalink between 1995 

and 2016. 

 
  

9,192       Excluded 

            7254           < 45 years of age 

 1933       < 1 year of medical history prior to cohort entry 

 5            Date inconsistencies 

  

12,779 Patients included in the 

 study cohort 

27,066  Patients first diagnosed with 

hypogonadism between 

January 1, 1995 and August 

31, 2016 

5,095 Excluded 

                  1951       Previous prostate cancer 

 292         Previous use of androgen deprivation therapy 

             1126       Previous use of testosterone replacement therapy 

             148         Previous known causes of hypogonadism 

              1578       Less than 1 year of follow-up 

                                                                                   

17,874 Hypogonadism patients 
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Supplementary Figure 2. Study flow chart representing the assembling of the propensity score matched cohort using the United Kingdom Clinical Practice Research Datalink.  

  

7098        Excluded 

 3384       Previous prostate cancer 

 318         Previous use of androgen  

                deprivation therapy 

 1017       Previous use of  

                testosterone replacement  

                therapy 

 287        Previous known causes of 

                hypogonadism 

2092      Less than 1 year of follow- 

               up 

17,874 Hypogonadism patients first diagnosed 

between January 1, 1995 and August 31, 

2016 who are >45 years of age and have >1 

year of medical history prior to cohort entry  

 

22,640 Physician visit with abnormal 

testosterone test result at the same month 

5371 First prescription for testosterone 

replacement therapy after diagnosis 

1906    Excluded 

   57     Previous prostate cancer 

   144   Previous use of androgen 

            deprivation therapy 

   987   Previous use of  

            testosterone replacement  

            therapy before diagnosis 

   256   Previous known causes of 

            hypogonadism 

  462  Less than 1 year of follow- 

          up 

3465 New users of testosterone 

replacement therapy 

3330 New users of testosterone 

replacement therapy after 

matching 

15,542 Physician visit with testosterone 

test at the same month 

3330 Physician visit after matching 
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Red line: Users of testosterone replacement therapy; Blue line: Non-users of testosterone replacement therapy  

Supplementary Figure 3. Propensity score distributions of users and non-users of testosterone replacement therapy prior to matching, United Kingdom, 1995-2017. 

 
Red line: Users of testosterone replacement therapy; Blue line: Non-users of testosterone replacement therapy  

Supplementary Figure 4. Propensity score distributions of users and non-users of testosterone replacement therapy after matching, United Kingdom, 1995-2017. 
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*All patients in the cohort had at least one year of follow-up. 

                Supplementary Figure 5. Cumulative incidence curves of prostate cancer for users of testosterone replacement therapy and non-users, United Kingdom, 1995-2017.  
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Supplementary Table 2. Baseline Characteristics of Testosterone Replacement Therapy Users and Non-

Users Prior to Matching in the Propensity Score-Matched Analysis, United Kingdom, 1995-2017 

Characteristic TRT use Non-use 

Total 3,465 15,542 

Age, years, mean (SD) 59.9 (8.9) 60.3 (9.4) 

Alcohol-related disorders, n (%) 523 (15.1) 2,347 (15.1) 

Smoking status, n (%)   

Current 412 (11.9) 2,086 (13.4) 

Former 1,520 (43.9) 6,513 (41.9) 

Never 1,485 (42.9) 6,692 (43.1) 

Unknown 48 (1.4) 251 (1.6) 

Body mass index, kg/m2, n (%)   

< 25 409 (11.8) 2008 (12.9) 

25-30 1,249 (36.1) 5,723 (36.8) 

≥ 30 1,711 (49.4) 7,411 (47.7) 

Unknown 96 (2.8) 400 (2.6) 

Charlson comorbidity index, n (%)   

0 1,255 (37.7) 1,280 (38.4) 

1-2 1,254 (37.7) 1,203 (36.1) 

≥ 3 821 (24.7) 847 (25.4) 

Previous cancer, n (%) 338 (9.8) 1,374 (8.8) 

Nonsteroidal anti-inflammatory drugs, n (%) 1,868 (53.9) 7,863 (50.6) 

Aspirin, n (%) 1,205 (34.8) 5,123 (33.0) 

Statins, n (%) 1,809 (52.2) 7,544 (48.5) 

Metformin, n (%) 754 (21.8) 3,065 (19.7) 
   Abbreviations: SD, standard deviation; TRT, testosterone replacement therapy. 
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Supplementary Table 3. Crude and Adjusted HRs for the Association Between the Use of Testosterone Replacement Therapy 

and the Risk of Prostate Cancer, United Kingdom, 1995-2017 

Exposure  Events Person-

years 

Incidence (95% CI)a Crude HR Adjusted HR (95% CI) b 

Non-use 162 42,618 3.8 (3.2, 4.4) 1.00 [Reference] 1.00 [Reference] 

Use 53 15,606 3.4 (2.5, 4.4) 0.91  0.97 (0.71, 1.32) 

Type of TRT 

Injection 11 3606 3.1 (1.5, 5.5) 0.82  0.89 (0.48, 1.65) 

Patch 5 1526 3.3 (1.1, 7.6) 0.89  0.90 (0.37, 2.20) 

Tablet/capsule 4 1013 3.9 (1.1, 10.1) 1.09  0.97 (0.36, 2.65) 

Gel 15 4368 3.4 (1.9, 5.7) 0.92  0.96 (0.56, 1.64) 

Other c 18 5093 3.5 (2.1, 5.6) 0.94  1.05 (0.64, 1.72) 

Abbreviations: HR, hazard ratio; CI, confidence interval; TRT, testosterone replacement therapy. 
a Per 1000 Person-Years. 

bAdjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic flexure), 

smoking status, cancer, Charlson Comorbidity Index, previous use of statins, aspirin, non-steroidal anti-inflammatory drugs and metformin. 
c Include combination uses and switches of injection, patch, tablet/capsule, gel.  
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Supplementary Figure 6. Smooth restricted cubic spline curve of adjusted hazard ratio of prostate cancer as a 

function of the number of TRT prescriptions, United Kingdom, 1995-2017. TRT, testosterone replacement 

therapy.  
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Supplementary Figure 7. Smooth restricted cubic spline curve of adjusted hazard ratio of prostate cancer as a 

function of time since initiation of TRT in years, United Kingdom, 1995-2017. TRT, testosterone replacement 

therapy. 
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Supplementary Table 4. Crude and Adjusted HRs for the Association Between the Use of Testosterone Replacement 

Therapy and the Risk of Prostate Cancer (Lag 2 years), United Kingdom, 1995-2017 

Exposure  Events Person-years Incidence rate (95% 

CI)a 

Crude HR  Adjusted HR (95% CI) b 

Non-use  127 34,188 3.7 (3.1, 4.4) 1.00 [Reference] 1.00 [Reference] 

Use 43 12,247 3.5 (2.5, 4.7) 0.94  0.99 (0.70, 1.40) 

Abbreviations: HR, hazard ratio; CI, confidence interval. 
a Per 1000 Person-Years. 
b Adjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic 

flexure), smoking status, cancer, Charlson Comorbidity Index, previous use of statins, aspirin, non-steroidal anti-inflammatory drugs and metformin. 
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Supplementary Table 5. Crude and Adjusted HRs for the Association Between the Use of Testosterone Replacement Therapy 

and the Risk of Prostate Cancer (Lag 3 years), United Kingdom, 1995-2017 

Exposure Events Person-years Incidence rate (95% CI)a Crude HR Adjusted HR (95% CI) 

b 

Non-use 101 27,045 3.7 (3.0, 4.5) 1.00 [Reference] 1.00 [Reference] 

Use 34 9452 3.6 (2.5, 5.0) 0.95 0.98 (0.66, 1.44) 
Abbreviations: HR, hazard ratio; CI, confidence interval. 
a Per 1000 Person-Years. 

b Adjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic 

flexure), smoking status, cancer, Charlson Comorbidity Index, previous use of statins, aspirin, non-steroidal anti-inflammatory drugs and metformin. 
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Supplementary Table 6. Crude and Adjusted HRs for the Association Between the Use of Testosterone Replacement Therapy 

and the Risk of Prostate Cancer (Competing Risk), United Kingdom, 1995-2017 

Exposure  Events Person-years Incidence rate (95% 

CI)a 

Crude HR  Adjusted HR (95% CI) 

b 

Non-use  162 42,618 3.8 (3.2, 4.4) 1.00 [Reference] 1.00 [Reference] 

Use 53 15,606 3.4 (2.5, 4.4) 0.92  0.98 (0.72, 1.35) 
Abbreviations: HR, hazard ratio; CI, confidence interval. 
a Per 100,000 Person-Years. 
b Adjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic flexure), 

smoking status, cancer, Charlson Comorbidity Index, previous use of statins, aspirin, non-steroidal anti-inflammatory drugs and metformin. 
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Supplementary Table 7. Crude and Adjusted HRs for the Association Between the Use of Testosterone Replacement Therapy 

and the Risk of Prostate Cancer (Marginal Structural Model), United Kingdom, 1995-2017 

Exposure  Events Person-months Incidence rate (95% 

CI)a 

Crude HR  Adjusted HR (95% 

CI) b 

Non-use  162 521,413 0.3 (0.3, 0.4) 1.00 [Reference] 1.00 [Reference] 

Use 53 193,275 0.3 (0.2, 0.4) 0.89  0.94 (0.69, 1.28) 

Abbreviations: HR, hazard ratio; CI, confidence interval. 
a Per 1000 Person-Months. 
b Adjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic flexure), 

smoking status, cancer, Charlson Comorbidity Index, previous use of statins, aspirin, non-steroidal anti-inflammatory drugs and metformin. 
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Supplementary Figure 8. Forest plot illustrating the adjusted HRs and 95% CIs from the results of the detection bias analyses.  
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Supplementary Table 8. Crude and Adjusted HRs for the Association Between the Use of Testosterone Replacement 

Therapy and the Risk of Prostate Cancer (No Lag Window), United Kingdom, 1995-2017 

Exposure  Events Person-years Incidence rate (95% 

CI)a 

Crude HR  Adjusted HR (95% CI) b 

Non-use  289 52,554 5.5 (4.9, 6.2) 1.00 [Reference] 1.00 [Reference] 

Use 64 19,541 3.3 (2.5, 4.2) 0.70  0.75 (0.57, 0.99) 

Abbreviations: HR, hazard ratio; CI, confidence interval; TRT, testosterone replacement therapy. 
a Per 100,000 Person-Years. 
bAdjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic 

flexure), smoking status, cancer, Charlson Comorbidity Index, previous use of statins, aspirin, non-steroidal anti-inflammatory drugs and metformin. 
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Supplementary Table 9. Crude and Adjusted HRs for the Association Between the Use of 

Testosterone Replacement Therapy and the Risk of Prostate Cancer (Interaction with PSA 

Test), United Kingdom, 1995-2017 

Exposure  Without PSA testa With PSA testa P-value 

Non-use  1.00 [Reference] 1.00 [Reference]  

Use 1.19 (0.82, 1.72) 0.61 (0.33, 1.11) 0.17 
Abbreviations: HR, hazard ratio; CI, confidence interval; TRT, testosterone replacement therapy. 
aAdjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including alcoholism, alcoholic cirrhosis of 

the liver, alcoholic hepatitis and hepatic flexure), smoking status, cancer, Charlson Comorbidity Index, previous use of statins, 

aspirin, non-steroidal anti-inflammatory drugs and metformin. 

 

 
  



 
 

86 

Supplementary Table 10. Crude and Adjusted HRs for the Association Between the Use of 

Testosterone Replacement Therapy and the Risk of Prostate Cancer (Inverse Probability of 

Screening Weighting), United Kingdom, 1995-2017 

Exposure  Events Person-

months 

Incidence rate 

(95% CI)a 

Crude HR  Adjusted HR 

(95% CI) b 

Non-use  162 521,413 0.3 (0.3, 0.4) 1.00 

[Reference] 

1.00 [Reference] 

Use 53 193,275 0.3 (0.2, 0.4) 0.67 0.73 (0.52, 1.01) 

Abbreviations: HR, hazard ratio; CI, confidence interval; TRT, testosterone replacement therapy. 
a Per 1000 Person-Months. 
bAdjusted for age, year of cohort entry, body mass index, alcohol-related disorders (including 

alcoholism, alcoholic cirrhosis of the liver, alcoholic hepatitis and hepatic flexure), smoking status, 

cancer, Charlson Comorbidity Index, previous use of statins, aspirin, non-steroidal anti-

inflammatory drugs and metformin. 
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Chapter 6: General discussion 
 

This thesis investigated the association between TRT and the risk of prostate cancer in 

men with late-onset hypogonadism. In this study, TRT use was not associated with an 

increased risk of prostate cancer in men with late-onset hypogonadism. Similar results were 

observed in the propensity score-matched analysis, which further investigated the impact of 

residual confounding. Moreover, findings remained consistent in secondary analyses 

assessing the association by type and measures of duration, as well as in several sensitivity 

analyses. Finally, as an ancillary analysis, the impact of detection bias was investigated by 

removing the lag period, stratifying on PSA testing, and using inverse probability of 

screening weighting. Overall, the results of the detection bias analyses suggested that TRT 

users were more likely to be monitored for prostate cancer than non-users.  

 

6.1. Clinical implications 

 The overall safety profile of TRT is controversial. Particularly, it has been the subject 

of several safety concerns with regards to cardiovascular and cerebrovascular outcomes, 

venous thromboembolism, and prostate cancer.7,52,55,62 Regulatory agencies have therefore 

taken necessary precautions to warn the public about these risks. Indeed, Health Canada, 

FDA, and EMA issued product labelling changes to reflect the potential risk of 

cardiovascular complications with TRT use, and are urging physicians to discuss and 

carefully consider these risks before prescribing the therapy.5,42,101 Labelling changes have 

also been issued by Health Canada and the FDA warning about the potential risk of venous 

thromboembolism associated with TRT use.102,103 In addition, due to increasing off-label use 

in men with late-onset hypogonadism, the regulatory agencies required that manufacturers 

ensure that product labels emphasize that pathologic hypogonadism remains the sole 

indication for the drug.5 Finally, as an association between TRT and prostate cancer is 
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biologically plausible, current treatment guidelines recommend against TRT initiation in 

patients with a risk of prostate cancer.2 Furthermore, they recommend that physcians closely 

monitor the PSA levels of patients over the course of TRT treatment.2 

 Given the safety warnings and current treatment guidelines for the use of TRT, this 

study offers some reassurance in the context of prostate cancer. In fact, the results of the 

detection bias analyses appear to suggest that physicians in the UK closely monitor patients 

using TRT. Indeed, in this study, the PSA testing rate was higher among TRT users than 

among non-users (38.0  24.8). Thus, in light of the surge in TRT prescriptions, the findings 

suggest that physicians may be proceeding with caution when choosing this therapy for their 

patients. 

In spite of these reassuring findings, it must be noted that this study was conducted 

using a primary care database based in the UK, and a very specific clinical population was 

included. Therefore, these findings should be interpreted carefully as they may not be 

generalizable to other clinical contexts outside of the UK. For instance, given that TRT 

prescribing and testosterone testing has been shown to be substantially higher in the US 

compared to the UK over the recent decades,43 the results may vary if replicated in this 

setting. 

 

6.2. Future directions 

 As discussed in section 6.1., TRT prescription patterns generally vary across different 

countries. As well, the incidence of prostate cancer tends to differ across populations, 

depending on factors such as race and family history69 – variables not reliably recorded in the 

CPRD. Thus, while the observed lack of an association between TRT and prostate cancer is 

reassuring, future well-conducted observational studies in other healthcare settings and 

populations remain necessary to confirm these findings.   
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6.2.1. Prostatic conditions  

Although there was no association observed with prostate cancer, it would be worth 

investigating the effect of TRT on other prostatic abnormalities, such as benign prostatic 

hyperplasia (BPH). Androgens play an essential role in prostate growth and BPH 

pathogenesis, and it has been shown that suppressing androgen-dependent prostate growth 

impedes disease progression.104 BPH is associated with a number of undesirable symptoms, 

mainly of the urinary tract, such as urinary incontinence and incomplete bladder emptying.105 

To date, there are few studies that have investigated the association between androgen 

supplementation and the risk of BPH, with most evidence coming from small RCTs or case 

reports.106 Thus, future studies are warranted to study this potential adverse event. 

 

6.2.2. Androgen-driven cancers 

Finally, possible associations between TRT and other androgen-driven cancers cannot 

be ruled out. Indeed, some recent evidence in animals has suggested the importance of the 

androgen receptor in the pathogenesis of bladder cancer.107 As such, observational studies 

have investigated the association between androgen ablation with ADT and bladder cancer in 

patients with prostate cancer.108-110 Findings from these studies suggested a highly protective 

effect of ADT against bladder cancer.108-110 Despite several methodological limitations, these 

studies seem to point towards a potential association between androgens and bladder 

cancer.108-110 In particular, if androgen ablation has the potential to be protective against 

bladder cancer, then further study is warranted to investigate if androgen supplementation 

(i.e., TRT) can drive the development or progression of bladder cancer. 
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 To conclude, this study showed no association between TRT and prostate cancer, 

which is reassuring given the increasing number of men on this therapy and the controversial 

safety profile. Nonetheless, physicians should continue to monitor men over the course of 

TRT treatment, as a biologically plausible mechanism for the involvement of testosterone in 

promoting prostate cancer cannot be ruled out. For similar reasons, other prostatic and 

androgen-related outcomes should be considered for future research, in order to ensure that 

all stakeholders are aware of the potential risks associated with TRT. 
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Chapter 7: Conclusion 
  

This thesis illustrated that TRT use is not associated with an increased risk of prostate 

cancer in men with late-onset hypogonadism. Given the safety concerns surrounding TRT, 

including potentially increasing the risk of prostate cancer, these findings provide some 

reassurance to physicians and patients considering this therapy.  

This study provides a valuable addition to the safety profile of TRT, particularly with 

regards to prostate cancer. Future research should be geared towards investigating this 

association in other health care settings, as well assessing potential associations with other 

prostatic diseases and androgen-driven cancers. More generally, further research needs to be 

conducted to clarify the real-world benefit of this therapy compared to the risk of adverse 

events. Ultimately, such information on the overall risk-benefit profile of TRT would aid 

policy-makers in making informed decisions about the use of TRT in men with late-onset 

hypogonadism. 
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