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Abstract
Background and Objectives Prostate-specific membrane antigen (PSMA) positron emission tomography (PET) combined 
with computed tomography (CT) is a new imaging modality to detect the extra-prostatic spread of prostate cancer. PSMA 
PET/CT has a higher sensitivity and specificity than conventional imaging (CT ± whole body bone scan [WBBS]). This study 
conducted a cost-utility analysis of PSMA PET/CT compared with conventional imaging for patients with newly diagnosed, 
intermediate-risk or high-risk primary prostate cancer.
Perspective Australian healthcare perspective.
Setting Tertiary.
Methods A decision-analytic Markov model combined data from a variety of sources. The time horizon was 35 years. The 
sensitivity and specificity of PSMA PET/CT and CT alone were based on meta-analyses and the test accuracy of CT+WBBS 
was based on a single randomised controlled trial. Health outcomes included cases detected, life-years, and quality-adjusted 
life-years. Costs related to other diagnostic tests, initial treatment, adverse events, and post-disease progression were included. 
All costs were reported in 2021 Australian Dollars (A$).
Results The deterministic incremental cost-effectiveness ratio of PSMA PET/CT was estimated to be A $21,147/quality-
adjusted life-year gained versus CT+WBBS, and A$36,231/quality-adjusted life-year gained versus CT alone. The results 
were most sensitive to the time horizon, and the initial treatments received by patients diagnosed with metastatic cancer. The 
probability of PSMA PET/CT being cost effective was estimated to be 91% versus CT+WBBS and 89% versus CT alone, 
using a threshold of AU$50,000/quality-adjusted life-year gained.
Conclusions PSMA PET/CT is likely to be more costly than CT+WBBS or CT alone in Australia; however, it is still likely 
to be considered cost effective compared with conventional imaging.
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1 Introduction

Prostate cancer is the third most common cancer in men 
worldwide [1]. In 2018, approximately 1.3 million men were 
diagnosed with prostate cancer worldwide, accounting for 
13.5% of all male cancers [1]. For male deaths caused by 
cancer, prostate cancer ranked fifth (358,989 deaths, 3.8% of 

all cancer deaths) after lung, liver, stomach, and colorectal 
cancer [1]. Prostate cancer death rates have been decreasing 
because of early and improved management [1]. The over-
all 5-year survival rate is 95.9% in Australia, but it is only 
36.4% for patients with metastatic disease [2].

Patients with newly diagnosed prostate cancer often 
require staging with diagnostic imaging to detect the extra-
prostatic spread to pelvic nodal or distant metastatic sites. 
Accurate cancer staging before commencing treatment helps 
maximise treatment efficiency, reduces unnecessary adverse 
events (AEs) from treatment and ultimately improves 
patients’ quality of life and overall survival.
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Key Points for Decision Makers 

Prostate-specific membrane antigen positron emission 
tomography combined with computed tomography is a 
new and more accurate method to detect prostate cancer.

Previous studies estimated that prostate-specific mem-
brane antigen positron emission tomography/computed 
tomography is likely to be cost saving compared with 
conventional imaging.

We found that prostate-specific membrane antigen 
positron emission tomography/computed tomography is 
likely to be more costly than computed tomography plus 
a whole-body bone scan or computed tomography alone 
in Australia; however, it is still likely to be considered 
cost effective for patients with newly diagnosed, interme-
diate-risk or high-risk primary prostate cancer.

Australia, which advises the Australian Government on 
which medical services should be listed on the Medicare 
Benefits Schedule (MBS) and thus publicly subsidised [11].

The MSAC recently recommended the inclusion of 
PSMA PET/CT for patients with primary and biochemical 
recurrence (BCR) prostate cancer on the MBS [12]. How-
ever, there are several issues with the economic evaluation 
used to inform the decision. The economic evaluation com-
pared PSMA PET/CT to a mixed comparator of CT and/or 
WBBS. The results may differ by whether the comparator 
is CT+WBBS or CT alone. Test accuracy estimates were 
based on a single randomised controlled trial (RCT), the 
ProPSMA trial, which compared 68-Ga-PSMA-11 PET/
CT with CT+WBBS (N = 302) [9]. The test accuracy of 
CT+WBBS may differ from CT alone. Limited informa-
tion regarding the model is publicly available, although it 
was reported that a hybrid decision tree-Markov model was 
used with a 10-year time horizon. Results were reported in 
terms of quality-adjusted life-years (QALYs); however, the 
MSAC queried the appropriateness of applying disutility 
values for incorrect diagnoses. Prostate-specific membrane 
antigen PET/CT compared to conventional imaging (CT 
and/or WBBS) for primary staging was estimated to yield 
cost savings of $312 per patient and 0.11 QALYs gained. 
The incremental cost-effectiveness ratio (ICER) increased 
to $489/QALY gained with a 30-year time horizon.

This study aimed to conduct a cost-utility analysis of 
PSMA PET/CT in patients with recently diagnosed, inter-
mediate-risk or high-risk prostate cancer from the Australian 
healthcare perspective. Two comparators were considered, 
CT+WBBS and CT alone, to reflect differences in guide-
lines and explore whether the results differed by the com-
parator. The test accuracy of PSMA PET/CT was based on 
a systematic review and meta-analysis of 36 studies [13]. 
Other issues with the economic evaluation considered by 
the MSAC were also addressed.

2  Methods

2.1  Model Structure

A modelled economic evaluation was conducted, combin-
ing data from various sources. The model consisted of (1) 
a decision tree reflecting the proportion of patients with 
locoregional3 versus metastatic disease,4 testing accuracy 

2 High risk: has no very high-risk features and has exactly one high-
risk feature: T3a or, Grade Group 4 or Grade Group 5 or PSA > 20 
ng/mL. Very high risk: has at least one of the following: T3b–T4; 
primary Gleason pattern 5; 2 or 3 high-risk features; > 4 cores with 
Grade Group 4 or 5.

3 Clinically localised disease risk group include very low-risk, low-
risk, intermediate-risk and high-risk groups, while locally advanced 
disease includes a very high-risk group (NCCN guidelines version 
2.2021 Prostate Cancer).
4 Metastasis includes lymph node metastasis and distant metastasis 
(NCCN guidelines version 2.2021 Prostate Cancer).

Patients are stratified into low-risk, intermediate-risk1 
or high risk2 groups [3]. Guidelines recommend that high-
risk patients undergo conventional diagnostic imaging with 
computed tomography (CT) or magnetic resonance imag-
ing (MRI) and a whole-body bone scan (WBBS) [3–5]. 
A WBBS is used to detect bone metastasis, while CT and 
MRI assess if cancer has spread to lymph nodes or other 
organs (e.g. liver and lungs). Guidelines recommend that 
some intermediate-risk patients receive a CT/MRI+WBBS 
or CT/MRI alone [3–5]. However, conventional imaging 
has low sensitivity, particularly for detecting small-volume 
metastatic disease [6]. Prostate-specific membrane antigen 
positron emission tomography (PSMA PET) combined with 
CT has recently emerged as an imaging tool for prostate 
cancer [7]. The PSMA-specific radiotracers bind selectively 
to PSMA protein, which is often over-expressed in prostate 
cancer cells. Prostate-specific membrane antigen PET/CT 
for attenuation correction (removal of soft-tissue artifacts 
from CT images) and anatomical localisation (location of 
tumour sites) is more accurate than conventional imaging 
[8, 9].

Worldwide, governments increasingly require an eco-
nomic evaluation to support decisions regarding the pub-
lic subsidy of medical technologies [10]. This includes 
the Medical Services Advisory Committee (MSAC) in 

1 Intermediate risk: no high-risk group features; no very high-risk 
group features; has one or more intermediate-risk factors: T2b–T2c; 
Grade Group 2 or 3; PSA 10–20 ng/mL.
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of PSMA PET/CT and conventional imaging, and initial 
prostate cancer treatment; followed by (2) a Markov model 
reflecting the progression of prostate cancer over time fol-
lowing initial treatment. Costs and health outcomes occur-
ring in the first month following diagnosis were estimated 
using the decision tree, while the long-term effects were 
estimated using the Markov model. The cycle length was 
1 month. The model captured the impact of an inaccurate 
diagnosis on unnecessary treatments and delayed appropri-
ate treatments on resource use and health outcomes. The 
model structure was informed by clinical guidelines [3–5, 
14] and expert opinion.

The average patient was assumed to be aged 65 years 
and the time horizon of the analysis was the patient’s life-
time (proxied as 100 years), consistent with guidelines [11]. 
Fewer than 2% of patients were alive at the end of the model. 
Sensitivity to the time horizon was also explored. Follow-
ing Australian guidelines, the analysis was conducted from 
the Australian healthcare system perspective, and costs, life-
years (LYs) and QALYs were discounted by 5% [11]. The 
analysis was conducted in Microsoft Excel for Microsoft 
365 [15].

2.2  Decision Tree

The decision-analytic model is presented in Fig. 1. It was 
assumed that all patients have already received prostate-spe-
cific antigen (PSA) testing and biopsy, and all patients have 
biopsy-proven prostate cancer. Patients then receive either 
PSMA PET/CT or conventional imaging. If no metastatic 
disease is detected (test negative), patients may receive no 
active treatment (e.g. active surveillance or watchful wait-
ing) or may receive one of the following treatments: sur-
gery; external beam radiotherapy or brachytherapy (radio-
therapy); radiotherapy plus surgery; or radiotherapy plus 
androgen deprivation therapy (ADT). It was assumed that 
these patients receive no further treatment unless they are 
false negative, or experience BCR5 [16, 17]. If metastatic 
disease is detected (test positive), patients may receive no 
active treatment or localised treatment, including surgery, 
radiotherapy, radiotherapy plus surgery or systemic treat-
ment, including ADT or chemotherapy. Patients with false-
negative test results (truly metastatic disease) were assumed 
to receive similar treatment to those with true-negative test 
results and thus mainly receive localised treatment follow-
ing initial diagnosis instead of systemic treatment. It was 
assumed that such patients would then be correctly diag-
nosed 24 months after the initial diagnosis because of the 
manifestation of symptomatic disease, after which they 

may receive delayed systemic treatment, including delayed 
ADT or delayed chemotherapy. The duration of delay was 
informed by studies of immediate versus delayed ADT treat-
ment [18]. A scenario analysis was conducted to test this 
assumption. Patients with false-positive test results (truly 
locoregional disease) receive similar treatment to those with 
true-positive test results and thus may receive unnecessary 
systemic treatment following the initial diagnosis.

2.3  Markov Model

Patients enter one of 21 similarly structured Markov mod-
els (six for locoregional disease and 15 for metastatic dis-
ease) 1 month following the initial diagnosis. The Markov 
model structure is presented in Fig. 2. The Markov model 
included seven health states: (1) locoregional ADT treat-
ment; (2) locoregional no active treatment; (3) locoregional 
no active treatment following ADT; (4) BCR; (5) metastatic 
disease; (6) died from other causes; and (7) died from pros-
tate cancer.

Patients with locoregional disease receiving ADT in the 
initial treatment phase enter the locoregional ADT treatment 
health state (State 1). It was assumed that patients receive 
long-term ADT for 24 months [19, 20]. Patients then pro-
gress to the locoregional no active treatment phase following 
ADT (State 3). The remaining patients with locoregional 
disease enter the locoregional no active treatment health 
state (State 2). Patients remain in the above health states 
until they experience BCR (State 4) and then progress to 
metastatic disease (State 5). Patients with metastatic disease 
would enter the metastatic health state (State 5), even if they 
received a false-negative test result. Patients remain in this 
health state until they die from prostate cancer (State 7). 
Patients in all health states may also die from other causes 
(State 6).

2.4  Clinical Data

Diagnostic tests included PSMA PET/CT using PSMA PET/
CT radiotracers (mainly 68-Ga-PSMA-11 and 18F-DCF-
PyL) and conventional imaging using CT+WBBS or CT 
alone. The test accuracies of PSMA PET/CT and CT alone 
were based on systematic reviews and meta-analyses of 36 
and 24 studies, respectively [13, 21]. The test accuracy of 
CT+WBBS was based on the ProPSMA trial [9], as it was 
the only reliable source identified during the systematic 
review (see Table 1). The Australian Prostate Cancer Out-
comes Registry informed the other parameters in the deci-
sion tree, including the proportion of patients with locore-
gional versus metastatic disease, and the initial and delayed 
treatments received (N = 13,336) [22, 23] (Table 1 of the 
Electronic Supplementary Material [ESM]). It was assumed 
that all patients receiving ADT for locoregional disease also 

5 A PSA increase of ≥ 0.2 ng/mL after radical prostatectomy, or ≥ 
2.0 ng/mL 6 weeks after radiation therapy, on at least two consecutive 
occasions.
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receive radiotherapy, as per clinical guidelines [4, 5], and 
patients who do and do not receive ADT as an initial treat-
ment would receive no active treatment and ADT when they 
experience BCR, respectively.

The transition probabilities applied in the Markov model 
depended on whether the patient truly had locoregional or 

metastatic disease and the initial treatment received. Sources 
were identified following a pragmatic literature review, with 
a preference for systematic reviews and meta-analyses, fol-
lowed by RCTs and large cohort studies (Table 2 of the 
ESM). Monthly transition probabilities were estimated 
using the proportion of patients who had progressed at the 

Fig. 1  Decision tree model representing men with intermediate-risk/high-risk prostate cancer receiving initial diagnostic tests and initial treat-
ments based on the cancer stages. ADT androgen deprivation therapy, CT computed tomography, PET positron emission tomography, PSMA 
prostate-specific membrane antigen, WBBS whole body bone scan
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follow-up using standard methods [24], which effectively 
assumes an exponential function. An increased risk of death 
was applied for false-negative patients with metastatic dis-
ease who receive delayed systemic treatment (hazard ratio 
= 1/0.690 = 1.449, 95% confidence interval [CI] 1/0.570, 
1/0.840), based on a systematic review of early versus 
delayed ADT (N = 4767, median delay = 1.8–7 years, 
median follow-up = 5–13 years) [18]. It was assumed that 
delayed chemotherapy has a similar impact as delayed ADT.

AEs can lead to a poorer quality of life and increased 
treatment costs. False-positive patients who receive systemic 
treatment may experience additional unnecessary AEs. The 
most common AEs associated with localised treatments and 
ADT are urinary incontinence and bowel and erectile dys-
function [25]. The proportion of patients experiencing these 
AEs was based on a retrospective study (N = 2365) [25]. 
Other AEs included in the model were: (1) rectal bleeding 
due to radiotherapy [26–28]; (2) decreased bone density due 
to ADT [29]; and (3) grade 3 AEs with a greater than 1% 
occurrence with docetaxel (neutropenia, anaemia, infection, 
nausea, diarrhoea, and vomiting) [30] (Table 3 of the ESM). 
Other AEs were not explicitly modelled because of the costs 
being captured in the average hospitalisation cost (e.g. blood 
loss associated with surgery) or the low impact on costs or 
quality of life (e.g. hot flush, abnormal blood pressure or 
breast tenderness).

2.5  Resource Use and Costs

The modelled costs included diagnostic tests, initial treat-
ments, AEs and costs associated with disease progression. 
Costs were reported in 2021 Australian dollars (A$). Where 
required, the Australian Institute of Health and Welfare 
health price index was used to inflate costs to 2021 values 
[31] (Tables 4–6 of the ESM).

The cost per PSMA PET/CT, CT and WBBS procedure 
were based on the proposed or listed MBS fees [12, 32]. 
Radiotherapy and surgery costs were based on MBS fees and 
the Australian Public Hospitals Cost Report [32–35]. Drug 

Fig. 2  Markov model representing the prostate cancer disease progression. ADT androgen deprivation therapy, BCR biochemical recurrence

Table 1  Test accuracy parameters

CT computed tomography, PET positron emission tomography, 
PSMA prostate-specific membrane antigen, SE standard error, WBBS 
whole body bone scan
a Calculated based on reported 95% confidence intervals

Test accuracy Parameter 
value (%)

SE (%) Distribution Source

PSMA PET/CT sensitiv-
ity

57.0 3.4 Beta [13]

PSMA PET/CT specific-
ity

96.0 1.0 Beta [13]

CT+WBBS sensitivity 38.0 7.2a Beta [9]
CT+WBBS specificity 91.0 3.0a Beta [9]
CT sensitivity 42.0 7.7 Beta [21]
CT specificity 82.0 0.8 Beta [21]
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costs were based on the Pharmaceutical Benefits Scheme 
[36]. Patients receiving chemotherapy were assumed to 
receive docetaxel for 26 weeks [30]. Costs to manage uri-
nary incontinence and bowel and erectile dysfunction were 
estimated based on the published literature [37, 38], and the 
cost of sildenafil on the Pharmaceutical Benefits Scheme 
[36]. AE costs associated with hospitalisation, such as rectal 
bleeding and grade ≥ 3 docetaxel AEs (neutropenia, anae-
mia, infection, nausea, diarrhoea and vomiting), were calcu-
lated based on the Australian Public Hospitals Cost Report 
[35]. Costs in the disease progression phase were based on 
Cronin et al., which estimated the annual healthcare ongoing 
costs up to 9.5 years for several treatment pathways in using 
Australian administrative data (N = 1873) [39].

2.6  Model Inputs: Utilities

Total QALYs were estimated based on the sum of QALYs 
estimated in the decision tree and Markov model. QALYs 
were estimated depending on whether the patient truly had 
locoregional or metastasis disease, initial treatments and the 
disutilities associated with AEs.

Health-state utility values sources were selected from a 
published systematic review [40]. No Australian sources 
were identified, thus sources were selected with preferences 
given to studies with large sample sizes using a EuroQol 5 
Dimension (EQ-5D) instrument. Utilities for prostate cancer 
health states (assuming no AEs) were based on a Finnish 
study (N = 630), which used the EuroQol 5 Dimension 3 
Level (EQ-5D-3L) instrument [41]. Utilities for BCR were 
assumed to be equal to locoregional disease (more than 1.5 
years after diagnosis). Utilities for locoregional disease were 
applied to patients who truly have locoregional disease, and 
utilities for metastatic disease were applied to patients who 
truly have metastatic disease, regardless of diagnosis. Dis-
utilities for each health state were then estimated relative 
to the utility value for locoregional disease (Table 7 of the 
ESM). Disutilities for urinary, bowel and erectile dysfunc-
tion were based on a UK study (N = 316), which used the 
EuroQol 5 Dimension 5 Level (EQ-5D-5L) [42]. Disutili-
ties for chemotherapy were based on a European study (N = 
602) [43], which used the EQ-5D-3L (Table 7 of the ESM). 
Disutilities were applied for the health-state duration when 
the AE occurred. No additional disutilities were applied for 
patients undergoing the diagnostic tests, incorrect diagnoses, 
death from prostate cancer or death from other causes.

2.7  Analysis

The base-case ICER was calculated as cost per LY gained 
or QALY gained. A univariate sensitivity analysis was con-
ducted using 95% CIs for all uncertain parameters.

Scenario analyses were conducted by selecting a param-
eter and changing the value to an alternative based on an 
alternative research study or scenario. In particular, a sce-
nario analysis was conducted on an alternative source for 
test accuracy estimates. The ProPSMA trial (n = 295, PSMA 
PET/CT accuracy assessed in 145 patients) reported higher 
PSMA PET/CT sensitivity (0.85, 95% CI 0.74, 0.96) and 
specificity (0.98, 95% CI 0.95, 1.00) for PSMA PET/CT [9] 
compared with the base case used in this model (sensitivity 
0.57, 95% CI 0.49, 0.64; specificity 0.96, 95% CI 0.95, 0.97), 
which were based on a meta-analysis of 36 studies (n = 3342 
patients, including seven clinical trials) encompassing mul-
tiple clinical settings and different PSMA PET radiotracers 
and thus considered more generalisable [13].

Scenario analyses were also conducted on the parameters 
surrounding delayed systemic treatment for patients with 
false-negative results by (1) changing the duration of delay 
from 24 (base case) to six months or 48 months (assum-
ing no change to mortality risk) and (2) assuming there is 
no impact on mortality risk with delayed treatment (hazard 
ratio = 1.00).

A scenario analysis was conducted on changing the 
source of the cost of PSMA PET/CT to a micro-costing 
study of PSMA PET/CT (A$1554.77) [44]. Finally, scenario 
analyses were conducted by changing the discount rate to 
3% and 7% [11] and shortening the time horizon from 35 
to 5 years.

A probabilistic sensitivity analysis involving 10,000 itera-
tions was conducted to assess the overall parameter uncer-
tainty [24]. Beta distributions were considered to represent 
the uncertainty in the estimates of diagnostic test sensitivity, 
specificity and probabilities of transitions between health 
states. Log-normal distributions were assumed to represent 
the uncertainty in the estimates of hazard rate ratios. Dir-
ichlet and gamma distributions were assumed to represent 
the uncertainty in the estimates of treatment probabilities 
and cost parameters, respectively. 1-Gamma and -gamma 
distributions represented the uncertainty in the estimates of 
utilities and disutility, respectively. The Australian MSAC 
does not have an explicit threshold to assess whether invest-
ing in a new medical intervention is cost effective. Con-
sequently, an implicit threshold of $50,000/QALY gained 
was used in this model to assess whether PSMA PET/CT 
was cost effective [45]. The results were illustrated using a 
cost-effectiveness acceptability curve.

2.8  Model Validation

The methods and reporting are consistent with the Con-
solidated Health Economic Evaluation Reporting Stand-
ards checklist [46] (see ESM). The model’s validity was 
assessed using the Assessment of the Validation Status of 
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Health-Economic Decision Models Checklist [47]. Markov 
traces for both locoregional and metastatic cancer are pre-
sented in the ESM. Clinical experts reviewed the assump-
tions, model structure and results. The model was also vali-
dated against Australian prostate cancer survival data [2]. 
Independent checks were undertaken in the Excel sheets to 
detect any coding errors.

3  Results

3.1  Base Case

Using PSMA PET/CT to detect the extent of cancer spread 
for patients with newly diagnosed, primary prostate cancer 
compared with CT+WBBS would result in 0.011 additional 
true-positive cases, 0.047 true-negative cases per patient 
tested, 0.001 LYs (discounted) gained and 0.008 QALYs 
(discounted) gained and would cost A$337 more per patient 
over 35 years (see Tables 2 and 3). The additional costs were 
mainly due to a higher unit cost with PSMA PET/CT and 
more patients receiving a true-negative test result and thus 

surgery. Overall, the deterministic ICER was $21,147/QALY 
gained for patients who undergo PSMA PET/CT compared 
with CT+WBBS (see Table 4).

The deterministic ICER increased when PSMA PET/CT 
was compared to CT alone. In this case, PSMA PET/CT 
would detect additional 0.09 true-positive cases and 0.132 
true-negative cases, 0.008 LYs gained and 0.044 QALYs 
gained and would cost $1612 more than CT alone. Con-
sequently, the ICER increased to $36,231/QALY gained. 
This was because the unit cost of CT alone was lower than 
CT+WBBS, and CT alone was estimated to have a higher 
sensitivity than CT+WBBS [21] (see Tables 2, 3 and 4).

3.2  Univariate Sensitivity Analysis

A univariate sensitivity analysis indicated that results were 
most sensitive to the initial treatments received by patients 
diagnosed with metastatic cancer, especially ADT (Figs. 3 
and 4 and the ESM). This was because patients with meta-
static disease who only received surgery had a higher death 
rate [48–50]. The results were robust to all other parameters.

Table 2  Health outcomes experienced over 35 years per patient in the base case (discounted)

CT computed tomography, LYs life-years, PET positron emission tomography, PSMA prostate-specific membrane antigen, QALYs quality-
adjusted life-years, WBBS whole body bone scan

PSMA PET/CT Conventional 
imaging 
(CT+WBBS)

Conventional 
imaging (CT 
alone)

Difference

PSMA PET/CT 
vs CT+WBBS

PSMA PET/
CT vs CT 
alone

True-positive cases detected (metastatic disease and 
test positive)

0.034 0.023 0.025 0.011 0.009

False-negative cases detected (metastatic disease but 
test negative)

0.026 0.037 0.035 − 0.011 − 0.009

True-negative cases detected (locoregional and test 
negative)

0.903 0.856 0.771 0.047 0.132

False-positive cases detected (locoregional but test 
positive)

0.038 0.085 0.169 − 0.047 − 0.132

Total cases 1.000 1.000 1.000 0.000 0.000
LYs experienced by patients with true-positive result 0.118 0.079 0.087 0.039 0.031
LYs experienced by patients with false-negative result 0.095 0.138 0.129 − 0.042 − 0.033
LYs experienced by patients with true-negative result 10.376 9.836 8.863 0.540 1.513
LYs experienced by patients with false-positive result 0.429 0.966 1.932 − 0.537 − 1.503
Total LYs gained over the 35 years 11.019 11.018 11.011 0.001 0.008
QALYs experienced by patients with true-positive 

result
0.075 0.050 0.055 0.025 0.020

QALYs experienced by patients with false-negative 
result

0.057 0.082 0.076 − 0.025 − 0.020

QALYs experienced by patients with true-negative 
result

7.903 7.492 6.751 0.412 1.153

QALYs experienced by patients with false-positive 
result

0.317 0.712 1.425 − 0.396 − 1.108

Total QALYs gained over the 35 years 8.352 8.336 8.307 0.016 0.044
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3.3  Scenario Analysis

A scenario analysis found that the ICERs were most sensi-
tive to shortening the time horizon from 35 to 5 years, result-
ing in the ICER increasing to $47,927/QALY gained versus 
CT+WBBS and $77,496/QALY gained versus CT alone 
(see Figs. 5 and 6). The ICERs increased to $26,535/QALY 

gained versus CT+WBBS and $38,541/QALY gained versus 
CT alone when the duration of delay of systemic treatment 
time frame increased from 24 to 48 months. The ICERs 
also increased to $30,858/QALY gained versus CT+WBBS 
and $39,710/QALY gained versus CT alone when the cost 
of PSMA PET/CT was increased to $1554.77, based on a 
micro-costing study [44]. Finally, the ICERs increased to 

Table 3  Costs experienced over 35 years per patient in the base case (discounted) [$A]

A$ Australian Dollars, ADT androgen deprivation therapy, CT computed tomography, PET positron emission tomography, PSMA prostate-spe-
cific membrane antigen, WBBS whole body bone scan

Costs per patient over 35 years ($A) PSMA PET/CT Conventional 
imaging 
(CT+WBBS)

Conventional 
imaging (CT 
alone)

Difference

PSMA PET/CT 
vs CT+WBBS

PSMA PET/
CT vs CT 
alone

 No active treatment $31 $20 $22 $10 $8
 Surgery $207 $138 $151 $69 $56
 Radiotherapy $334 $222 $243 $112 $91
 Radiotherapy + surgery $0 $0 $0 $0 $0
 Radiotherapy + ADT $957 $636 $694 $321 $263
 Chemotherapy $578 $384 $419 $194 $158
True-positive result (metastatic disease and test posi-

tive)
$2107 $1400 $1530 $707 $577

 No active treatment + no change in management $42 $60 $55 − 18 − $14
 No active treatment + delayed ADT $90 $129 $119 − 39 − 29
 No active treatment + delayed chemotherapy $58 $83 $77 − $25 − 19
 Surgery + no change in management $270 $388 $360 − $118 − $90
 Surgery + delayed ADT $586 $842 $781 − $257 − $196
 Surgery + delayed chemotherapy $365 $524 $487 − $160 − 122
 Radiotherapy + no change in management $113 $162 $150 − $49 − $37
 Radiotherapy + delayed ADT $242 $347 $322 − $106 − $80
 Radiotherapy + delayed chemotherapy $152 $219 $203 − $67 − $51
 Radiotherapy + surgery + no change in management $0 $0 $0 $0 $0
 Radiotherapy + surgery + delayed ADT $0 $0 $0 $0 $0
 Radiotherapy + surgery + delayed chemotherapy $0 $0 $0 $0 $0
 Radiotherapy +ADT $66 $95 $88 − $29 − $22

False-negative result (metastatic disease but test nega-
tive)

$1982 $2850 $2642 − $868 − $660

 No active treatment $1917 $1795 $1549 $123 $368
 Surgery $19,679 $18,550 $16,407 $1129 $3272
 Radiotherapy $7582 $7138 $6287 $444 $1294
 Radiotherapy + surgery $0 $0 $0 $0 $0
 Radiotherapy + ADT $1097 $1034 $913 $63 $185

True-negative result (locoregional and test negative) $30,275 $28,517 $25,156 $1758 $5119
 No active treatment $10 $23 $44 − $13 − $33
 Surgery $110 $246 $482 − $136 − $373
 Radiotherapy $163 $364 $711 − $201 − $548
 Radiotherapy + surgery $0 $0 $0 $0 $0
 Radiotherapy + ADT $473 $1056 $2055 − $583 − $1581
 Chemotherapy $266 $594 $1155 − $328 − $889

False-positive result (locoregional but test positive) $1023 $2283 $4447 − $1260 − $3425
Total cost per patient $35,387 $35,050 $33,775 $337 $1612
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$24,714/QALY gained versus CT+WBBS and $37,797/
QALY gained versus CT alone if there was no additional 
risk of death with delayed systemic treatment. Conversely, 

when using estimates of test accuracy for both PSMA PET/
CT and CT+WBBS from the ProPSMA trial [9], the ICER 
decreased to $8963/QALY gained versus CT+WBBS and 

Table 4  Deterministic and probabilistic incremental cost-effectiveness ratios (ICERs) in the base case

A$ Australian Dollars, CI confidence interval, CT computed tomography, PET positron emission tomography, PSMA prostate-specific membrane 
antigen, QALYs quality-adjusted life-years, WBBS whole body bone scan
a The difference in deterministic and probabilistic ICERs is because as the incremental effect approaches zero the ICER moves towards infinity, 
which biases the average probabilistic ICER upwards

PSMA PET/CT CT+WBBS CT alone Difference

PSMA PET/CT vs 
CT+WBBS

PSMA PET/CT vs CT 
alone

Base-case results 
(deterministic)

 Total QALYs gained 
per patient

8.352 8.336 8.307 0.016 0.044

 Total costs per 
patient (A$)

$35,387 $35,050 $33,775 $337 $1612

 ICER (A$ per 
QALY gained)

– – $21,147 $36,231

Base-case results 
(probabilistic)

 Total QALYs gained 
per patient (95% 
CI)

8.361 (7.891, 8.779) 8.345 (7.868, 8.764) 8.316 (7.836, 8.739) 0.016 (− 0.002, 
0.040)

0.044 (0.029, 0.062)

 Total costs per 
patient [A$] (95% 
CI)

$35,350 ($27,043, 
$48,545)

$35,008 ($26,668, 
$48,123)

$33,733 ($25,404, 
$46,890)

$342 (− $40, $918) $1617 ($874, $2228)

 ICER [A$ per 
QALY gained] 
(95% CI)a

– – – $33,836 (− $14,280, 
$71,865)

$37,649 ($18,629, 
$59,745)

Fig. 3  Univariate sensitivity analyses of prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography 
(PET/CT) versus CT + whole body bone scan (WBBS): most sensitive parameters. A$ Australian Dollars, ADT androgen deprivation therapy, CI 
confidence interval, QALY quality-adjusted life-year, RT radiotherapy
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$28,965/QALY gained versus CT alone. The results were 
not sensitive to the discount rate or the patients’ age.

3.4  Probabilistic Sensitivity Analysis

The probabilistic sensitivity analysis indicated that using 
PSMA PET/CT compared to CT+WBBS and CT alone for 
staging primary prostate cancer had an estimated 91% and 
89% probability of being cost effective at a threshold of 
AU$50,000/QALY gained, respectively (see Fig. 7).

3.5  Model Validation

In Australia, the observed 5-year overall survival rate for 
locoregional prostate cancer is at least 98.6% [2], similar to 
the results generated by the model (99.7%). The observed 
5-year overall survival rate for metastatic cancer is 36.4% 
(95% CI 32.7, 40.2) [2], higher than the results generated 
by the model (31.2%). However, the former would include 
patients with false-positive test results.

Fig. 4  Univariate sensitivity analyses of prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography 
(PET/CT) vs CT alone: most sensitive parameters. ADT androgen deprivation therapy, A$ Australian Dollars, CI confidence interval, QALY 
quality-adjusted life-year, RT radiotherapy, WBBS whole body bone scan

Fig. 5  Scenario analyses of prostate-specific membrane antigen (PSMA) positron emission tomography/computed tomography (PET/CT) vs CT 
+ whole body bone scan (WBBS). A$ Australian Dollars, ADT androgen deprivation therapy, HR hazard ratio, QALY quality-adjusted life-year
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4  Discussion

PSMA PET/CT would likely be considered cost effective 
compared with both CT+WBBS and CT alone, using an 
implicit cost-effectiveness threshold of $50,000/QALY 
gained. While the difference in sensitivity between PSMA 
PET/CT and CT+WBBS (57.0% vs 38.0%) was greater than 
the difference in specificity (96.0% vs 91.0%), true-negative 
cases increased more than true-positive cases using PSMA 
PET/CT because patients were more likely to have truly 
locoregional disease (94.0%). Health outcomes were mainly 
gained through PSMA PET/CT identifying more true-nega-
tive patients, who subsequently avoid unnecessary systemic 

treatments and thus AEs. Consequently, the QALYs gained 
through PSMA PET/CT were larger than the LYs gained. 
The results were most sensitive to the time horizon and the 
initial treatment received by patients diagnosed with meta-
static cancer but were reasonably robust to all other param-
eters, including the estimates of the accuracy of PSMA PET/
CT.

This is the first detailed published cost-utility analysis 
of PSMA PET/CT compared with conventional imaging 
(CT+WBBS or CT alone) in patients with newly diagnosed 
intermediate-risk or high-risk prostate cancer. Recent pub-
lished economic evaluations have been conducted in patients 
with BCR [51, 52], comparing PSMA PET to other com-
parators (i.e. MRI or extended pelvic lymph node dissection, 

Fig. 6  Scenario analyses of prostate-specific membrane antigen (PSMA) positron emission tomography computed tomography (PET/CT) vs CT 
alone. A$ Australian Dollars, ADT androgen deprivation therapy, HR hazard ratio, QALY quality-adjusted life-year

Fig. 7  Incremental cost-effec-
tiveness acceptability curve 
(10,000 iterations). A$ Austral-
ian Dollars, CT computed 
tomography, PET positron 
emission tomography, PSMA 
prostate-specific membrane 
antigen, QALY quality-adjusted 
life-year, WBBS whole body 
bone scan
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ePLND) [51, 53], or reported just costs, cost per accurate 
diagnosis or LY gained [51, 52, 54]. A cost-utility analysis 
was also considered by the MSAC when considering the 
inclusion of PSMA PET/CT for patients with both primary 
and BCR prostate cancer on the MBS. However, details 
regarding the inputs and methods are limited [12].

The model structure presented in this study was simi-
lar to that used in Gordon et al. and Scholte et al., which 
also used a decision tree with a Markov model representing 
prostate cancer progression [51, 53]. The Markov model 
health states in this study were similar to Scholte et al. [53]. 
Understandably, the Markov model in Gordon et al. included 
fewer health states as it modelled patients with BCR alone 
[51]. The complete structure of the model considered by 
the MSAC is unknown; however, the Markov model health 
states were similar to this study (local disease, pelvic nodal 
disease, distant metastases, prostate cancer death, natural 
death) [12].

Our study included a broader range of initial prostate can-
cer treatments than Gordon et al. and Scholte et al. [51] [53]. 
Our study also assumed that false-negative patients receive 
delayed systemic treatments rather than no treatment, and no 
disutilities were applied for incorrect diagnoses, which were 
more conservative assumptions. The initial prostate cancer 
treatments included in the model considered by the MSAC 
are unknown [12].

Gordon et al. estimated patients experienced 7.48–7.41 
LYs, and that 68-Ga-PSMA-11 PET/MRI resulted in 0.069 
LYs gained compared with usual care [51]. Our study also 
estimated that patients experienced 11.001–11.019 LYs, but 
PSMA PET/CT resulted in only 0.001–0.008 LYs gained 
compared with conventional imaging. The difference in LYs 
experienced is likely owing to the different patient popula-
tions in the two studies, BCR versus primary disease. In 
contrast, Scholte et al. estimated that 68-Ga-PSMA-11 PET/
CT might result in QALYs lost compared with ePLND [53]. 
This is because Scholte et al. assumed that the sensitivity 
of ePLND was 100% and did not result in any AEs, despite 
noting that ePLND is invasive and is associated with up to 
20% chance of complications, mostly lymphoceles [53]. The 
model considered by the MSAC estimated that 0.11 QALYs 
would be gained by PSMA PET/CT compared to conven-
tional imaging (CT and/or WBBS), which is higher than this 
study (0.008–0.044 QALYs) [12]. The difference in QALYs 
gained may be due to the application of disutility values for 
incorrect diagnoses. LYs gained were not reported.

De Feria Cardet et al. conducted a within-trial analysis of 
the ProPSMA trial without modelling [54]. However, they 
did not include the impact on clinical management and thus 
did not estimate the impact on long-term costs or quality 
of life, limiting comparability with this study. Schwenck 
et al. also conducted a within-trial analysis of a registry 
database [52]. While they included the impact on clinical 

management and costs, they did not estimate the impact on 
long-term quality of life, limiting comparability with this 
study.

Gordon et al., Scholte et al. and de Feria Cardet et al. and 
the model considered by the MSAC estimated that 68-Ga-
PSMA-11 PET or PSMA PET/CT more generally would be 
cost saving [12, 51, 53, 54], and Schwenck et al. estimated 
that 68-Ga-PSMA PET would be “cost effective” (i.e. cost 
saving) if additional costs do not exceed €3844 (US$4312) 
[52]. In contrast, this study estimated the cost of PSMA PET/
CT to be higher than conventional imaging, although it is 
still likely to be considered cost effective. One reason for the 
difference is that our study applied a higher cost per PSMA 
PET/CT procedure (A$1400) than Gordon et al. (A$1000 
per procedure, based on expert opinion) and de Feria Cadet 
et al. (A$1140 per procedure, based on one facility) [51, 54]. 
While our study applied the same cost per PSMA PET/CT 
procedure (A$1400) as the model considered by the MSAC[ 
12], our study did not include the cost of repeat imaging 
for equivocal results, which was assumed to be higher with 
conventional imaging. Another reason for the difference is 
that our study assumed that false-negative patients receive 
delayed systemic treatments, minimising cost savings from 
treatments avoided. Finally, our study considered two com-
parators (CT+WBBS and CT alone) separately, rather than 
CT+WBBS only or a mixed comparator [12, 54].

A scenario analysis involving applying test accuracy esti-
mates entirely from the ProPSMA trial reduced the ICER 
significantly (see Figs. 4 and 5). This supports the conclu-
sion by De Feria Cardet et al. that PSMA PET/CT is likely 
to be cost effective when based on this trial, although it was 
still not cost saving.

The key strengths of this research are that more than one 
comparator (CT+WBBS or CT alone) was considered. This 
study also based estimates of PSMA PET/CT test accuracy 
on a comprehensive meta-analysis [13] rather than a single 
RCT [9, 12, 54] or a single-arm study [51]. In addition, in 
a scenario analysis, PSMA PET/CT costs were based on 
a detailed micro-costing study of several Australian facili-
ties, using different radiotracers located in metropolitan and 
regional areas [44]. Finally, it was conservatively assumed 
that patients with a false-negative result receive delayed sys-
temic treatment rather than applying a disutility for incorrect 
diagnoses.

This research is not without limitations. First, estimates 
of CT+WBBS test accuracy were based on a single RCT [9], 
and test accuracy estimates of PSMA PET/CT and CT alone 
were from separate meta-analyses using histopathology as 
the reference standard. Future research using a network 
meta-analysis may be informative. Second, it was assumed 
that patients with a false-negative result would receive 
delayed systemic treatment after 24 months. It was also 
assumed that delayed chemotherapy has a similar impact 
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to delayed ADT. Further research is needed to confirm 
these assumptions. Third, it was assumed for simplicity that 
patients with locoregional disease only receive one initial 
treatment unless they are false negative and subsequently 
receive delayed systemic treatment, or experience BCR. 
Patients may receive additional treatments for other reasons 
(e.g. patients receiving active surveillance may change their 
preferences). Fourth, monthly transition probabilities were 
estimated assuming an exponential function, which may 
not be accurate. However, the results were not sensitive to 
any transition probabilities (see Fig. 2 of the ESM). Fifth, 
cost-effectiveness results were reported for PSMA PET/
CT as a whole rather than for specific radiotracers. How-
ever, evidence suggests no significant difference in testing 
accuracy by radiotracer type [13, 55], and the micro-costing 
study did not report costs by radiotracer type [44]. Finally, 
this study was based on a modelling approach combining 
data from various sources to extrapolate health outcomes. 
The accuracy of this approach could be further validated 
through a longer term follow-up and collecting utility data 
from patients participating in an RCT of PSMA PET/CT 
compared to conventional imaging, such as the ProPSMA 
study [9]. Therefore, routine collection of utility data in 
future RCTs of PSMA PET/CT is recommended.

5  Conclusions

Economic considerations are increasingly important as 
healthcare resources are stretched because of increased 
demand and resource scarcity. Previous studies estimating 
that PSMA PET/CT is cost saving would thus be of particu-
lar interest to policymakers. However, this study estimated 
that PSMA PET/CT is likely to be more costly than conven-
tional imaging and particularly more costly than CT alone. 
Thus funding PSMA PET/CT will increase the strain on 
the healthcare budget. That said, an economic evaluation 
is about ensuring healthcare services are value for money 
and are not about saving money. While PSMA PET/CT is 
unlikely to be cost saving, it is likely to be considered cost 
effective, regardless of the comparator and even after apply-
ing conservative assumptions. These results may be gener-
alisable to countries with similar healthcare systems [56], 
and extensive details of the parameters applied in the model 
are presented in the ESM to maximise transferability[57].

This study focused on newly diagnosed patients with 
intermediate-risk or high-risk prostate cancer. Prostate-
specific membrane antigen PET/CT is also reported to have 
a higher test accuracy for patients with prostate cancer with 
BCR [13]. However, further research is needed to assess the 
cost effectiveness of PSMA/CT in patients with BCR.
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