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Abstract
Introduction Men who receive androgen deprivation therapy (ADT) for prostate cancer (PCa) are a vulnerable falls popu-
lation due to the side effects of treatment. The purpose of this paper is to determine the cost-effectiveness of exercise in 
preventing falls and fractures for this high-risk population in Australia.
Methods A decision analytic model was constructed to evaluate the cost utility of an exercise intervention compared to 
usual care from a health system perspective. The intervention comprised two 1-h sessions of supervised exercise per week 
over 1 year for men with non-metastatic PCa receiving curative radiation therapy and ADT. A Markov model simulated the 
transition between five health states: (1) at risk of falling; (2) at recurrent risk of falling; (3) fracture (minor or major); (4) 
non-fracture injury (minor or major); and (5) death. Model inputs including transition probabilities and utility scores were 
obtained from published meta-analyses, and costs were drawn from Australian data sources (e.g. Medical Benefits Schedule). 
The model time horizon was 3 years, and costs and effects were discounted at 5% annual rate. Costs and quality-adjusted life 
years (QALYs) were aggregated and compared between the intervention and control to calculate incremental net monetary 
benefit (iNMB). Uncertainty in the results was explored using deterministic and probabilistic sensitivity analyses (PSA).
Results At a willingness-to-pay of AU$50,000 per QALY, the exercise intervention dominated, as it was less costly and 
more effective than usual care. The iNMB was $3010 per patient. The PSA showed a 58% probability the intervention was 
cost-effective.
Conclusion This is the first modelled economic evaluation of exercise for men with PCa. Our results suggest supervised 
exercise is cost-effective in reducing the risks of falls and fractures in this population.

Keywords Economic evaluation · Cost-utility analysis · Exercise medicine · Physical activity · Prostate cancer · Androgen 
deprivation therapy

Introduction

In Australia, over 80% of men with prostate cancer (PCa) are 
diagnosed with Stage I (localised) or II (locally advanced) 
disease [1] and have a 5-year survival rate of almost 100% 
[2]. For these men, this can mean dealing with the adverse 
effects of treatments such as androgen deprivation therapy 

(ADT) for many years. ADT medically suppresses the pro-
duction of androgen and is associated with a number of 
adverse effects that are components of frailty such as muscle 
loss, reduced muscle strength, walking speed or cardiores-
piratory fitness [3]. These adverse effects, through impaired 
physical function and associated fatigue [4], place patients 
and survivors of PCa at high risk of falls [5]. Another 
adverse effect of ADT is bone loss, which contributes to 
a high risk of fractures in this population. Studies of men 
receiving ADT report significant bone mineral density 
(BMD) declines at all sites in the first year (ranging from 
1.8 to 6.5% at the femoral neck and 2 to 8% at the lumbar 
spine) [6], which progress, but at a slower rate, in subse-
quent years. Prevalence of osteoporosis in men receiving 
ADT for PCa is high. Over 50% of patients will suffer from 
osteoporosis if treated with ADT for 3 years and over 40% 
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will have osteopenia [7]. All have increased risk of incident 
osteoporotic fractures [8]. Men with PCa receiving ADT 
thus represent a particularly vulnerable population at sig-
nificant risk of falls and fractures.

For Australians over the age of 50, falls and fractures 
result in significant morbidity or even mortality, and are a 
considerable burden to the healthcare system and society [9]. 
Falls can have serious consequences such as major fracture 
(defined as major osteoporotic fracture [MOF] of hip, spine, 
lower and upper arm) [10] or head injury. Minor injuries 
such as bruising, lacerations, sprains and strains can still 
cause considerable pain, reduced function and fear of falling, 
and generate significant healthcare costs [11]. Exercise has 
an important role in managing many of the adverse effects of 
ADT for PCa [12], particularly in relation to key fall risk fac-
tors such as ADT-induced musculoskeletal changes [13], the 
potential to prevent fall-related fractures and injuries [14], 
as well as reduce fear of falling, a strong predictor of falls 
[15]. Recent exercise for cancer guidelines reported strong 
evidence to support improvements in physical function and 
moderate evidence to support improvements in bone health 
[16]. However, without any economic evaluations of exercise 
in this population, there is no economic evidence to support 
the implementation of such guidelines.

The purpose of this paper is to determine the cost-effec-
tiveness of exercise in preventing falls and fractures in this 
high-risk population. A modelled cost-utility analysis was 
conducted to address the absence of available RCT evidence 
for men receiving ADT for PCa. Economic modelling is 
a timely and cost-effective method for providing decision 
makers with the information required to determine alloca-
tion of scarce resources. This study conforms to Consoli-
dated Health Economic Evaluation Reporting Standards 
(CHEERS) [17] and economic modelling guidelines [18].

Methods

Population, perspective, time horizon and cycle 
length

The target population was individuals 65 years or older liv-
ing in the community in Australia with a diagnosis of non-
metastatic PCa (Stages I and II) receiving curative radiation 
therapy (RT) and adjuvant ADT, a population representative 
of the men expected to receive the exercise intervention. 
Based on this population, the mean age at commencement 
of the model was 68 [19].

The rationale behind the model is that exercise, compris-
ing twice weekly group sessions of resistance, balance and 
functional training, supervised by an accredited exercise 
physiologist (AEP) or similarly qualified health professional, 
will reduce the risk of falls as well as the number of fractures 

and injuries sustained. These outcomes will translate into 
reduced health service use and hospitalisation, and improved 
quality of life. Given that Australia has a publicly funded 
healthcare system, a health system perspective was adopted 
to measure the cost per quality-adjusted life year (QALY) 
gain for the exercise intervention compared to usual care 
(advice to exercise only; no intervention).

The model consisted of two arms. The intervention arm 
was 12-month AEP supervised exercise training conducted 
for 1-h twice weekly in small groups of up to 10 participants. 
Training comprised a combination of moderate- to high-
intensity resistance exercise using machines and aerobic 
exercise such as walking, cycling or jogging. Such inter-
ventions are effective in addressing the adverse effects of 
ADT for PCa [3, 4]. The comparator arm or usual care is 
exercise considered not to reduce falls [14] such as very 
gentle exercise, ‘sham’ exercise or a recommendation only 
to perform 150 min of moderate physical exercise per week 
[16, 20]. A 3-year time horizon for the economic model was 
deemed appropriate to capture the effect of 1 year of exercise 
training and an additional 2-year sustained effect of exercise 
in preventing falls [19, 21]. The cycle length was 3 months, 
the period of time generally required to recover from a fall 
injury or regain close to pre-fracture health-related utility 
[22].

Model structure

The Markov model was designed to capture the natural 
transition between various health states. Individuals move 
between five Markov states in the model: (1) at risk of fall-
ing; (2) at recurrent risk of falling; (3) fracture; (4) non-
fracture injury; and (5) death (Fig. 1). The fracture health 
state comprised two substates: minor and major fractures. 
Likewise, the non-fracture injury health state comprised 
both minor and major injuries.

All patients begin in the ‘at risk of falling’ state and 
remain there until they fall when they progress to fracture, 
non-fracture injury or death. Survivors then move to ‘at risk 
of recurrent fall’ state until they fall again, when they pro-
gress to fracture, non-fracture injury or death. Survivors then 
return to ‘at risk of recurrent fall’ each time after they fall.

Model input parameters

Model input parameters comprise transition probabilities, 
costsand utilities and were derived from numerous sources 
(Table 1).

Transition probabilities

Transition probabilities represent the probability of mov-
ing between the five states in the model and were based 
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Fig. 1  State transition diagram

Table 1  Model parameters

Abbreviations: RR., relative risk; MOF, major osteoporotic fracture—hip, vertebrae, upper or lower arm; ED, emergency department; AEP, 
accredited exercise physiologist; FOF, fear of falling

Transition probabilities (12 months) Distribution Mean value (95% CI) Source

Fall in first year—control Beta 0.36 (0.29, 0.43) [5]
Recurrent fall in same year Beta 0.65 (0.53, 0.77) [5]
RR of fall in one year—exercise group logNormal 0.76 (0.70, 0.81) [14]
One or more fall-related fractures—control Beta 0.12 (0.09, 0.15) [14]
RR of one or more fall-related fractures—exercise logNormal 0.44 (0.25, 0.76) [14]
Major fracture (MOF) Beta 0.62 (0.58, 0.66) [8]
Minor fracture Beta 0.38 (0.34, 0.42) [8]
Non-fracture injury Beta 0.88 (0.87, 0.89) [14]
RR of non-fracture injury—exercise logNormal 0.70 (0.54, 0.92) [23]
Major non-fracture injury Beta 0.06 (0.055, 0.065) [8]
Minor non-fracture injury Beta 0.94 (0.93, 0.95) [8]
Death from fall Beta 0.023 60–64yrs

0.043 65–69yrs
0.065 70–74yrs

(0.015, 0.031)
(0.033, 0.053)
(0.062, 0.068)

[24]

Age-related mortality Table 60–75 yrs [25]
Cost (12 months)
Treatment major fracture Gamma $20,724 (20,082, 21,366) [26]
Treatment for minor fracture Gamma $8,797 (8,524, 9,070) [26]
Treatment major injury Gamma $10,040 (9,729, 10,351) [27–29]
Treatment for minor injury (ED, non-admitted care, post 

discharge care)
Gamma $1,115 (1,080, 1,150) [28–30]

AEP supervised exercise intervention Gamma $767 (743, 791) [30]
Utility
Baseline pre-fracture/injury Beta 0.79 (0.78, 0.80) [31]
Major fracture (MOF) Beta 0.475 (0.47, 0.49) [22]
Minor fracture (‘non-hip, non-wrist, non-vertebral’) Beta 0.565 (0.55, 0.59) [22]
Major fall injury (not fracture) Beta 0.47 (0.46, 0.48) [32]
Minor fall injury/no injury (not fracture) Beta 0.765 (0.76, 0.80) [33]
Recurrent fall (FOF) Beta 0.72 (0.70, 0.74) [33]
Recurrent fall exercise (FOF) Beta 0.74 (0.72, 0.76) [34]
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on published evidence of the highest level available. It was 
assumed that minor injuries or fractures do not cause death; 
major injuries or fractures may. Evidence for number of 
men who experienced a fall (health state 1) and men who 
experienced a recurrent fall in the same year (health state 
2) was based on a study of falls and frailty in PCa survivors 
with data on current and past users of ADT [5]. Evidence 
from a recent systematic review of exercise for preventing 
falls in older people in the community was used to represent 
number of people experiencing fall-related fractures (health 
state 3) [14]. While this meta-analysis [14] refers to the 
general population of community-dwelling people 60 years 
and over, it provides high-level evidence where there was an 
absence of such evidence for PCa patients receiving ADT. 
Probabilities of non-fracture injury (health state 4), type of 
non-fracture injury (major and minor) and type of fracture 
(major and minor) were derived from evidence for patients 
with PCa receiving ADT in a large population-based cohort 
study [8]. Evidence for death (health state 5) in the popula-
tion age groups of interest were based on Scuffham, Chaplin 
and Legood [24] for fall-related death and on Australian 
Bureau of Statistics Life Tables for age-related mortality 
[25]. Evidence for exercise in reducing the risk of falls, fall-
related fractures and non-fracture injuries, was drawn from 
two meta-analyses [14, 23] (Table 1).

Costs

Costs were calculated for falls and consequent injury treat-
ment. Assumptions made when calculating costs of treat-
ment were as follows: a major injury or fracture refers to 
events requiring ED presentation and hospitalisation, fol-
lowed by clinical and supportive care; minor fracture refers 
to a fracture requiring ED presentation and outpatient treat-
ment in a hospital; minor injury refers to bruises, strains, 
cuts and sprains.

Cost of treatment for fractures, both minor and major, 
were based on Watts et al. [26] and converted to 2019 AUD. 
Costs for major injury (moderate TBI as proxy) were based 
on the approach used by Pavlov et al. [27] with Austral-
ian costs calculated from the Independent Hospital Pricing 
Authority (IHPA) National Efficient Price (NEP) 2019–2020 
for hospital care [28] and costs of primary and community 
healthcare based on Hall and Hendrie [29] converted to 2019 
AUD. Cost for treatment of minor injury was calculated over 
3 months using the IHPA for hospital costs [28] and Hall and 
Hendrie [29] for primary and community healthcare costs. 
Given the vast difference in minor injuries and variation in 
the treatment required, it was assumed that at time of fall, 
50% of fallers attend ED and are discharged after treatment; 
25% see a GP and 25% do not seek medical treatment [35] 
(Table 1).

The cost of the exercise intervention was based on AEP 
led supervised training comprising two 1-h sessions per 
week over 1 year for men with localised or locally advanced 
PCa, estimated from a healthcare payer perspective. Imple-
mentation costs included labour for participant registration 
(Clerks private sector award), a pre-intervention consultation 
with an AEP (MBS no. 81110), conduct of exercise sessions 
of up to 10 people by an AEP (MBS no. 10953) and a GP 
visit (MBS no. 23) to determine eligibility for participation 
in exercise training. Services provided by the AEP and GP 
were valued using the Medical Benefits Schedule (MBS), a 
listing of services subsidised by the Australian government 
and part of the wider Medicare Benefits Scheme [30]. Exer-
cise intervention cost was calculated with the assumption 
that cancer patients have access to 50 group sessions per year 
funded by the Australian government via MBS. Resource 
use costs included those costs specific to the intervention 
such as communication (telephone calls) with participants, 
material and printing costs (Table 2). Resources were valued 
using local or national costs where appropriate. All costs 

Table 2  Cost of exercise intervention (AU$2019)

Abbreviations: GP, general practitioner; MBS, Medicare benefits schedule; RCT , randomised controlled trial; AEP, accredited exercise physiolo-
gist

Intervention cost component Cost description Unit of measure Cost per 
partici-
pant

GP consent MBS Item 23: Level B GP consultation lasting less 
than 20 min (2019)

1 consultation ($38.20) $38

Registration of intervention participants & 
administration

Clerks private sector award 2010 level 3 $911/week 
($23.97/h) + 20% on costs (2019)

30-min clerk time + phone calls $15

AEP pre-program consultation MBS Item no. 81110 1 consultation $81
Subtotal $134
50-week exercise intervention 1-h exercise session AEP MBS Item no. 10953 Up to 10 participants per session $633
Total per participant (healthcare perspective) $767
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were reported in 2019 Australian dollars [36]. All other 
resource use categories were valued using market rates.

Health state utilities

Health state utilities represent a preference value placed on a 
health state ranging from 1 for perfect health to 0 for death. 
Utility decrements reflect how an event such as a fall or 
fracture can impact negatively on a person’s health state. 
The resulting utility can then be used to calculate quality-
adjusted life years (QALYs), where the utility represents the 
quality adjustment which is calculated over “life years” or 
the amount of time spent in that health state.

A baseline utility score representing the “well” state for 
men with PCa (pre-fall) was based on a population of men 
who had been receiving radiation therapy with adjuvant 
ADT for 2 months [31]. The health states in this study were 
measured using the Patient Oriented Prostate Utility Scale 
(PORPUS-U), a PCa-specific indirect utility instrument 
which was used to elicit standard gamble utilities (PORPUS-
USG) [31].

Fracture utilities were based on evidence from the Aus-
tralian arm of the International Cost and Utility Related to 
Osteoporotic Fractures Study (AusICUROS) [22]. Health-
related quality of life was estimated using the EuroQoL 
EQ-5D-3 L, a time trade-off (TTO) questionnaire. The val-
ues attached to each of the EQ-5D health states were based 
on TTO utility weights from general Australian population 
samples [22]. The utility value applied in the model for 
fracture was the mean of the utility score at time of frac-
ture and the utility score at 3 months or one cycle in the 
Markov model. Utility for major fracture was based on major 
osteoporotic fracture (MOF) as defined in the Fracture Risk 
Assessment Tool (FRAX) (hip, vertebral, wrist or humerus 
fracture) [10]. Hip (40%) and vertebral fractures (30%) were 
the most common major fractures experienced by men with 
PCa receiving ADT [37] and constituted a fracture group in 
the AusICUROS study [22]. Utility for minor fractures was 
based on non-MOF fractures.

Utility for major non-fracture injury was based on a util-
ity decrement for moderate traumatic brain injury (TBI), the 
second most common fall-related injury after hip fracture 
[32]. Utilities for minor non-fracture injury, recurrent falls 
and FOF were based on evidence from a study of falls and 
EQ-5D related quality of life of community-dwelling seniors 
with chronic diseases [33]. Exercise and the reduction in 
FOF were based on a systematic review of exercise to reduce 
FOF in older people living in the community [34] (Table 2).

Cost‑utility analysis

Costs and outcomes are represented in the model as the 
mean value per state per cycle. All 1-year input parameters 

will be converted to three monthly values for the four cycles 
of the Markov model with the exception of cost of treatment 
which was attributed in the first 3-month cycle after the fall 
event only, when the majority of costs are incurred. Costs 
and QALYs will be aggregated for the time horizon and 
compared between the intervention and control to calculate 
incremental net monetary benefit (iNMB) or the difference 
in quality-adjusted life years (QALYs) times the willing-
ness-to-pay threshold (AU$50,000), minus the difference 
in costs. We set willingness-to-pay at $50,000 per QALY, 
a commonly used threshold for cost-effectiveness in Aus-
tralia [38]. All costs and outcomes are discounted at a rate 
of 5% per year, a commonly applied rate in Australia [39]. 
Uncertainty in the model was explored via deterministic uni-
variate and probabilistic sensitivity analysis. The analyses 
were conducted in TreeAge Pro Healthcare 2019 R1.1 and 
half-cycle corrections were used to adjust for overestimation 
of rewards in a traditional Markov model.

Univariate sensitivity analysis

Assumptions were tested over a range of values using uni-
variate deterministic sensitivity analyses to assess the robust-
ness of the uncertainty in the parameter estimates including 
variation in intervention and health service costs, probability 
of occurrence of events and utility values (Table SI 1).

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis (PSA) involves random res-
ampling of the model parameters followed by a recalculation 
of the NMB. The uncertainty around input parameters was 
modelled by fitting appropriate distributions to estimates 
obtained from the literature (Table 1). These were then used 
in a Monte Carlo simulation with 10,000 iterations to model 
joint parameter uncertainty. The results of the PSA are pre-
sented as a cost-effectiveness acceptability curve (CEAC) 
which plots the likelihood an intervention is cost-effective 
against a range of willingness-to-pay thresholds.

Results

Base‑case analysis

At a willingness-to-pay of AU$50,000 per QALY gained, 
the exercise intervention dominated, as it was less costly 
and more effective than usual care. The exercise interven-
tion was cost saving at $1183 less than usual care and the 
incremental effect was 0.04 QALYs gained. The iNMB of 
the exercise intervention was $3,010 per patient, suggesting 
that the intervention is cost-effective (Table 3).
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Univariate sensitivity analyses

The results of the univariate sensitivity analyses are shown 
in Fig. 2. The most sensitive parameters with the greatest 
influence on the iNMB were cost of exercise, exercise-
induced fall risk reduction and probability of first fall. 
Even when the cost of exercise increases to amounts such 
as those in SA2a (12-month AEP supervised exercise for 6 
people + per patient out of pocket (OOP) costs for travel and 
gym fees of $1150) ($2338), SA4 (a model-like group exer-
cise for people with diabetes; MBS no. 81110) ($2154) and 
SA4a (SA4 + OOP costs as for SA2A) ($3304), the exercise 
intervention is cost-effective at a willingness-to-pay thresh-
old of $50,000 per QALY gained (e.g. SA4a iNMB $474) 
(Table SI 1).

Probabilistic sensitivity analysis

Probabilistic sensitivity analysis with 10,000 iterations of 
the parameter distributions resulted in a NMB of $102,085 
(95%CI $101,808–$102,362). The probability that the inter-
vention was cost-effective at a willingness-to-pay threshold 
of $50,000 per QALY gained was 58%. The cost-effec-
tiveness acceptability curve (Fig. 3) shows that exercise 
compared to usual care will be cost saving over a range of 
willingness-to-pay values per QALY gained.

Discussion

This is the first economic evaluation of exercise in prevent-
ing falls and fractures for men with PCa. The main finding 
indicates that exercise is cost saving at a willingness-to-pay 
threshold of $50,000 per QALY gained. The model suggests 
that even if exercise interventions are provided by the health 
system twice weekly for a year and patient OOP costs (gym 
membership and travel costs) are included, the intervention 
would be cost-effective. This is important information for 
policy makers when deciding which public health programs 
to support. Univariate sensitivity analyses showed the results 
were sensitive to the effectiveness of exercise in reducing 
risk of falls, the cost of the exercise intervention and prob-
ability of first fall. Probabilistic sensitivity analysis showed 
a 58% probability that the exercise intervention would be 
cost-effective at a willingness-to-pay of $50,000 per QALY 
gained.

A number of cost-effectiveness analyses of falls preven-
tion exercise interventions for community dwelling older 
adults have been conducted, including both trial based [40, 
41] and modelled or combined trial and model evaluations 
[42–45]. However, none included men with PCa and they 
varied considerably in terms of population age (stratified 
and not), fall risk, the interventions included (group or 
home-based exercise, nurse or AEP led, multi-factorial or 

Table 3  Results modelled 
CUA of supervised exercise 
intervention (12 months)

Abbreviations: NMB, net monetary benefit; iNMB, incremental net monetary benefit; QALYs, quality-
adjusted life years

Variable Control group Intervention group Difference NMB  iNMB

Mean cost $4,135 $2,952 $1,183 Control $ 99,101 $3,010
Mean QALYs 2.06 2.10 0.04 Intervention $102,112

Fig. 2  Univariate sensitivity 
analyses. Legend  Lower 
value of parameter   
Higher value of parameter
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multiple intervention), the comparators, outcomes measured 
and model structures. The two trial-based CEAs did not 
incorporate a multi attribute utility instrument (MAUI), so 
results were expressed as ICER per fall averted rather than 
QALYs gained, making comparison to our model impossi-
ble. The trial which used nurses to conduct group resistance 
and balance exercise training people aged 80 years and older 
was more cost-effective, with an ICER of $AU1219 (2019) 
per fall averted [41], than the multidisciplinary falls preven-
tion program for people aged 70 years and older (including 
physiotherapy, occupational therapy, nurse, medical review 
and referral to other specialists) at AU$7679 (2019) per fall 
averted [40].

The results of this study are consistent with two of the 
modelled studies which were cost-effective in some form. 
One Markov model resulted in an ICER of AU$28,931 per 
QALY gained at a willingness-to-pay of AU$50,000, sug-
gesting a public health intervention should be implemented. 
This result was based on a cost of $700 (2011 AUD) and a 
risk ratio for falls prevention of 0.75 for the general popula-
tion aged 65 and over. The costs avoided of residential care 
admission, one arm of the model, would have contributed to 
the cost-effectiveness of this intervention [43]. The second 
model incorporated a care pathway (GP screening for falls 
risk) with two interventions, a home-based exercise program 
(Otago) and a group exercise program (FaME) [44]. The 
comparator was no care pathway. Results were stratified for 
age. FaME was dominant for ages 65–89, whereas Otago 
was dominant in the 75–89 age group, but cost-effective for 
the 70–89 age group. In the other two models, group-based 
exercise was only cost-effective in the women only program 
in one study [45] and neither home-based nor group-based 
exercise was cost-effective in the other [42]. Differences tend 
to derive from model structure. Only the FaME program 
achieved similar results to our study, but in a slightly older 
age group (70–89 vs 65–75). This is possibly because men 

with PCa receiving ADT are at higher risk than the general 
population of a similar age. The fact that our model included 
costs for all injuries treated, regardless of severity, may also 
have contributed to exercise being dominant in most sce-
narios analysed.

The results of this modelled study indicate that a pub-
lic health program of AEP supervised exercise for fall pre-
vention should be implemented for men with PCa who are 
receiving or have received ADT. A systematic review of 
exercise to prevent falls and fractures in older community-
dwelling people found that functional and balance exercise 
supervised by health professionals (e.g. AEP and physi-
otherapists) is more effective than unsupervised exercise in 
reducing rate of falls [14]. Having access to this expertise is 
particularly important for men with PCa who may have been 
impacted by the adverse effects of ADT and at a higher risk 
of falls and fractures than the general population.

Strengths and limitations

The strengths of this modelled evaluation are the use of 
QALYs as an outcome measure enabling policy makers to 
make comparisons across different health programs. The 
model structure reflects a realistic fall scenario by incor-
porating transition probabilities for falls, recurrent falls, 
utility decrements for fear of falling and a range of fall con-
sequences such as fall-related fractures and non-fracture 
injuries, both major and minor. The time horizon is rela-
tively short and based on only 1 year of supervised exercise. 
However, sensitivity analyses doubling the time horizon 
to a 6-year time frame almost doubled the NMB and the 
exercise intervention maintained its dominance. Incorpora-
tion of longer follow-up to collect data on the impact of 
ADT-induced metabolic changes such as diabetes, cardiac 
and vascular disorders, for example, and their associated 
treatment costs is likely to contribute to more cost-effective 

Fig. 3  Cost-effectiveness 
acceptability curve
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outcomes. Men similar to the population in this study can 
maintain the benefits of 6 months supervised exercise with 
home-based exercise [19]. Many men find the health and 
wellbeing benefits, camaraderie and masculinity enhancing 
aspects of group exercise rewarding and continue to exer-
cise beyond intervention timelines [46]. For these men, the 
time horizon for exercise and the associated benefits would 
be extended, potentially enhancing cost-effectiveness. This 
would also suggest the results of our model are conservative.

One limitation is the costing of an Australian interven-
tion, which may not translate to exercise programs in other 
countries. However, when sensitivity analyses increased 
exercise program costs to over $3000 ($3304), the exercise 
intervention was still cost-effective at a willingness-to-pay 
threshold of $50,000 (iNMB $474). Another limitation is 
that not all model inputs were drawn from the PCa popula-
tion. Where there is an absence of individual level patient 
data, models must utilise numerous sources to derive evi-
dence. In the absence of evidence for men with PCa, evi-
dence from comparable populations and from the highest 
level sources available [14, 23, 34] were used.

Conclusion

This is the first cost-utility analysis of exercise in prevent-
ing falls and fractures for men with PCa treated with ADT. 
Supervised exercise is likely to improve quality of life and 
be cost saving in this vulnerable population. These findings 
strongly suggest that a public health program of AEP led 
exercise for falls prevention should be implemented for men 
with PCa who are receiving or have received ADT. This 
model structure could also have application in the modelling 
of falls in other populations, such as other cancer or disease 
groups, different age groups or the general population, if 
updated with appropriate model input parameters.
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