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Glossary

i

ABS

Australian Bureau of Statistics

AIHW

Australian Institute of Health and Welfare

CABG

coronary artery bypass grafting

CAD

coronary artery disease

CCA

conventional catheter angiography

CNB

core needle biopsy

CT

computed tomography

CTCA

computed tomography coronary angiography

DALY

disability adjusted life year

DCIS

ductal carcinoma in situ

DLBCL

diffuse large b-cell lymphoma

DOR

diagnostic odds ratio

FDG

fluorodeoxyglucose

FNA

fine needle aspiration

GP

general practitioner

ICER

incremental cost-effectiveness ratio

MBS

Medicare Benefits Schedule

MRI

magnetic resonance imaging

NAFLD

non-alcoholic fatty liver disease

NHL

non-Hodgkin’s lymphoma

NICE

National Institute for Health and Care Excellence

OOP

out-of-pocket

PCI

percutaneous coronary intervention

PET

positron emission tomography

PPV

positive predictive value

PSA

probabilistic sensitivity analysis

PSA

prostate specific antigen

R-CHOP

rituximab cyclophosphamide doxorubicin-hydrochloride vincristine prednisolone

QALY

quality adjusted life year

TRUS

trans-rectal ultrasound biopsy
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Executive summary
Radiology is a key pillar of the healthcare system, helping to improve health outcomes by
enhancing the diagnosis of medical conditions and guiding treatment protocols. In 2018-19, more
than 27 million radiology procedures were funded through the Medicare Benefits Schedule.
Radiology encompasses a range of modalities, which include nuclear medicine, ultrasound,
computed tomography (CT), positron emission tomography (PET), magnetic resonance imaging
(MRI), and radiology (such as x-rays, angiography, and orthopantomograms). Radiology
techniques can be used for a range of imaging purposes – such as an x-ray to diagnose a broken
arm, or a foetal ultrasound to identify any physiological concerns during pregnancy – and also to
guide interventional techniques such as a biopsy, or inserting a catheter.
This report demonstrates the value of radiology through analysing the cost-effectiveness of a
range of radiology techniques. Cost-effectiveness analysis is a method for determining how to
allocate scarce resources. As with all areas of government expenditure, constrained resources
mean that it is not possible to fund all interventions which deliver a positive outcome. In health
economics, cost-effectiveness analysis assists government decision makers in deciding which
health services should be funded.
The radiology techniques profiled in this report cover a range of modalities, and include both
interventional and imaging techniques. They are established techniques, helping to improve health
outcomes for a range of common medical conditions, with their efficacy supported by high quality
evidence. The techniques included in this report are:
•
•
•
•
•
•

Ultrasound-guided fine needle aspiration for suspected thyroid cancer.
Tomosynthesis as an adjunct to standard mammography for breast cancer screening.
CT coronary angiography for stable symptomatic coronary ischemia.
PET monitoring for treatment of non-Hodgkin’s lymphoma.
MRI targeted biopsy for prostate cancer.
Non-invasive ultrasound liver elastography for suspected non-alcoholic fatty liver disease.

Cost-effectiveness analysis calculates the incremental costs and benefits of an “intervention”
relative to a “comparator”, through identifying whether the extra benefits from the intervention
outweigh the extra costs. The benefits are expressed in terms of the Disability Adjusted Life Years
(DALYs) which are averted, or the Quality Adjusted Life Years (QALYs) which are gained. Thus, an
intervention which averts DALYs relative to the comparator means that the intervention delivers
reduced mortality and/or morbidity compared to the comparator. Similarly, an intervention which
gains QALYs relative to the comparator means that the intervention delivers additional healthy life.
The benefits and costs are combined into an incremental cost-effectiveness ratio to analyse the
overall cost-effectiveness of the intervention.
Most of the time, improvements in health outcomes come at an additional cost. The standard
threshold used by decision makers is that interventions which cost less than $50,000 per QALY
gained or DALY averted are considered to be cost-effective. Interventions which are both cheaper
and provide better health outcomes are said to be “dominant” over the comparator technique.
The use of ultra-sound guided fine needle aspiration for suspected thyroid cancer was
compared to the use of palpation-guided fine needle aspiration. The use of ultrasound to guide fine
needle aspiration means that the biopsy can be better targeted, which improves the diagnostic
accuracy whether cancer is present or absent. Reliance on palpation for guidance means there is a
higher risk that malignant cells will not be captured in the biopsy, and so ultrasound guidance
reduces the rate of false negatives. Despite the additional costs associated with this technique, the
reduced rate of “missed” cancers means that this treatment provides a cost-effective return of
$3,901 per DALY averted.
Standard mammography provides a two-dimensional x-ray of breast tissue, to screen for breast
cancer. The inclusion of tomosynthesis in breast screening provides a three-dimensional scan,
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which is particularly useful for women with dense breasts. This improved diagnostic technique
means that more cases of breast cancer are correctly identified (an increased rate of true positives
and a reduced rate of false negatives). This technology provides a cost-effective return of $37,750
per QALY gained.
Coronary ischemia – a restriction of blood flow to the heart, due a narrowing of the coronary
artery – has been the leading cause of death in Australia for over a decade. A catheter
angiography is the gold standard for investigating this health condition, however it is an invasive
procedure which carries with it risks such as stroke or heart attack. Using CT coronary
angiography means that the use of a catheter angiography can be better targeted to patients
who need it, while patients who don’t need this procedure can avoid doing so. For patients with
stable coronary ischemia, CT coronary angiography is cheaper and provides better health
outcomes, and so is the dominant technique.
Patients with diffuse large B-cell lymphoma – a subtype of aggressive non-Hodgkin’s lymphoma –
commonly receive chemotherapy as a first line of treatment. It is important that the response to
the first line of treatment be monitored. For example, if the patient is responding well to therapy,
the intensity of the chemotherapy can be reduced to mitigate exposure to treatment related
toxicity. Alternatively, if there is a risk of experiencing a treatment failure or relapse, the need for
more aggressive or alternative treatment can be identified early to potentially improve the
likelihood and duration of remission. The use of PET monitoring to assess the response to
chemotherapy treatment provides a cost-effective return of $43,374 per DALY averted.
Prostate cancer is the second most common cancer diagnosed in men in Australia and the third
most common cause of cancer death. When cancer is suspected, a biopsy is required to confirm.
The biopsy can be taken using a trans-rectal ultrasound, which is often referred to as a “blind”
biopsy as it cannot visualise suspicious lesions and so often results in insignificant lesions being
unnecessarily biopsied while clinically significant lesions are missed. The use of MRI targeted
biopsy means that the procedure is targeted to pre-identified areas of suspicious lesions, thereby
reducing the chance of a false negative diagnosis. This technique provides a cost-effective return
of $36,922 per DALY averted.
Non-alcoholic fatty liver disease (NAFLD) is a subclass of liver disease that is characterised by an
excess deposit of fat in the liver due to reasons other than alcohol consumption. A liver biopsy is
considered to be the gold standard diagnostic procedure for patients suspected to have NAFLD.
However, as with all biopsies, it carries a small risk of major health issues, and a larger risk of
minor complications. The use of ultrasound liver elastography provides a non-invasive option
for staging the disease through measuring the stiffness of the liver. The case study assessed the
use of liver elastography for staging advanced stages of liver fibrosis before they proceed to
cirrhosis, where the condition is largely irreversible. The non-invasive nature of this procedure
means that liver elastography is the dominant technique, as it is both cheaper and provides better
health outcomes.
As summarised above, two of the case studies – CT coronary angiography and liver elastography –
both save money and deliver improved health outcomes. The four remaining case studies –
ultrasound-guided fine need aspiration, tomosynthesis as an adjunct to standard mammography,
MRI targeted biopsy for prostate cancer, and PET monitoring for non-Hodgkin’s lymphoma – are
more costly compared to the comparator, however this is more than outweighed by a substantial
improvement in health outcomes, and these techniques are cost-effective as measured against
standard thresholds. This report demonstrates the cost-effective contribution that radiology makes
to improving health outcomes in Australia.
Deloitte Access Economics
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1 Introduction
This report investigates the value of radiology services, through assessing the contribution of
radiology to enhancing health outcomes, by examining cost effectiveness. The analysis was
undertaken through cost-effectiveness analysis of a range of radiology modalities, health
conditions, and includes both imaging and interventional procedures.
The following sections provide a theoretical introduction to cost-effectiveness analysis, and present
methodological aspects of the analysis which are used across each of the case studies. The
subsequent chapters in this report present six case studies which were included in this analysis.
These are:
•
•
•
•
•
•

Ultrasound-guided fine needle aspiration for suspected thyroid cancer (Chapter 2).
Tomosynthesis as an adjunct to standard mammography for breast cancer screening
(Chapter 3).
Computed tomography (CT) coronary angiography for patients with stable symptomatic
coronary ischemia (Chapter 4).
Positron emission tomography (PET) monitoring for patients being treated for non-Hodgkin’s
lymphoma (Chapter 5).
Magnetic resonance imaging (MRI) targeted biopsy for prostate cancer (Chapter 6).
Non-invasive ultrasound liver elastography for individuals with suspected non-alcoholic fatty
liver disease (Chapter 7).

1.1

Cost-effectiveness analysis

Cost-effectiveness analysis calculates the incremental costs and benefits of an intervention relative
to a comparator, through identifying whether the extra benefits from the intervention outweigh the
extra costs. Key elements of cost-effectiveness analysis are introduced in the following sections.
1.1.1
Population-Intervention-Comparator-Outcome
A cost-effectiveness analysis is built around a Population-Intervention-Comparator-Outcome
approach, which specifies:
•

•

•

•

The eligible population for the intervention. For example, the case study for breast cancer
screening applies to women aged 50-74, as this is the population cohort who are considered to
be most at risk of breast cancer, and thus the subject of the analysis.
The intervention. This is the radiology technique which is being evaluated in the model. For
example, the breast cancer screening intervention is a three-dimensional scan of the breast
(tomosynthesis) which is delivered in addition to a standard two-dimensional mammography.
The comparator. This is the status quo imaging technique that would be delivered in the
absence of the intervention. For example, the breast cancer screening comparator is standard
two-dimensional mammography.
Outcomes. These are the outcomes which are being evaluated in the analysis, such as a
change in health resource utilisation, or a change in quality of life.

1.1.2
Disability adjusted life years and quality-adjusted life years
In a cost-effectiveness analysis, the benefits are expressed in terms of the Disability Adjusted Life
Years (DALYs) which are averted, or the Quality Adjusted Life Years (QALYs) which are gained. The
DALY approach captures both the mortality and morbidity from a disease. Thus, an intervention
which averts DALYs relative to the comparator means that the intervention delivers reduced
mortality and/or morbidity compared to the comparator, as estimated by the years of life lost
(YLL) and years of life lost due to disability (YLD). The sum of YLL and YLD represent the total
DALYs lost due to a disease.
DALYs rely on disability weights, which represent a reduction in healthy life. For example, a health
condition with a disability weight of 0.15 represents a 15% reduction in healthy life lost due to
disability. There will also be a mortality risk associated with the condition; when death occurs, this
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carries a disability weight of 1 as it represents a total loss of life. The disability weights for the
research were derived from the 2017 Global Burden of Disease estimates by the Institute of Health
Metrics and Evaluation.1
An alternative way of valuing the quality of life is through QALYs. An intervention which gains
QALYs relative to the comparator means that the intervention delivers additional healthy life.
QALYs are estimated based on an individual’s perceived utility in different health states. Given
individuals’ perceptions are not homogenous, QALY estimates tend to have more variation than
DALY estimates, which are determined externally by a panel of health experts. A QALY of 1 can be
interpreted as an individual perceiving their health state being perfect, while a QALY of 0 can be
interpreted as the perception of their health state being equivalent to death.
1.1.3
Incremental cost-effectiveness ratio
The DALY and QALY approaches are used in cost-effectiveness analysis as metrics against a
standard benchmark. The results from the intervention and comparator are combined into an
incremental cost-effectiveness ratio (ICER) to analyse the overall cost-effectiveness of the
intervention. The ICER expresses the incremental costs relative to the incremental QALYs which
are gained or the incremental DALYs which are avoided.
Some interventions deliver a benefit for a lower cost, relative to the comparator. In this situation,
the intervention is said to be “dominant” relative to the comparator. In the opposite situation,
where the intervention delivers a lower benefit for a higher cost, the intervention is “dominated”
by the comparator. However, where the intervention delivers benefits but at a higher cost,
thresholds are used to assess the relative cost-effectiveness.
In Australia, no threshold is specified for assessing the cost-effectiveness of interventions.
However, the threshold of $50,000/QALY is typically used.2 Recent empirical studies have
identified that this threshold is broadly consistent with willingness to pay for an additional QALY.3
Thus, for this report interventions costing less than $50,000/QALY are considered to be
cost-effective, while interventions costing more than $50,000 are not considered to be
cost-effective. The threshold is applied consistently as a cost/QALY and cost/DALY threshold.4
The results of the cost-effectiveness analysis can be represented graphically on a
cost-effectiveness plane, as shown in Figure 1.1. The ICER is plotted in one of the quadrants:
•

•
•

•

North-east quadrant: results in this quadrant represent a gain in health, but also an increase in
cost. Results under the threshold are considered to be cost-effective, while results above the
threshold are not cost-effective.
South-east quadrant: results in this quadrant represent a gain in health that is achieved at a
lower cost, which indicates that the intervention “dominates” the comparator.
South-west quadrant: results in this quadrant represent a loss in health, but also a cost
saving. While this outcome is not preferred, results under the threshold represent a trade-off
as the loss of health is small relative to the magnitude of the cost saving.
North-west quadrant: results in this quadrant represent a loss in health and also an increase in
cost, and the intervention is “dominated” by the comparator.

Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2017 (GBD 2017) Disability
Weights. Seattle, United States: Institute for Health Metrics and Evaluation (IHME), 2018.
2
Carter, R., Moodie, M., Markwick, A., Magnus, A., Vos, T., Swinburn, B., & Haby, M. M. (2009). Assessing
cost-effectiveness in obesity (ACE-obesity): an overview of the ACE approach, economic methods and cost
results. BMC Public Health, 9(1), 419.
3
Huang, L., Frijters, P., Dalziel, K., & Clarke, P. (2018). Life satisfaction, QALYs, and the monetary value of
health. Social Science & Medicine, 211, 131-136.
4
Feng, X., Kim, D. D., Cohen, J. T., Neumann, P. J., & Ollendorf, D. A. (2020). Using QALYs versus DALYs to
measure cost-effectiveness: How much does it matter?. International Journal of Technology Assessment in
Health Care, 36(2), 96-103.
1
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Figure 1.1 Cost-effectiveness plane with standard threshold of $50,000/QALY gained or DALY averted.

Source: Deloitte Access Economics.

1.1.4
Model structure
A cost-effectiveness analysis model is structured using a series of “branches”, which represent the
progression through the model by a hypothetical cohort of people. A model was developed for each
of the case studies, which are shown in the chapter for each case study.
In the models, a hypothetical cohort of 1,000 patients enters the model. At each “fork” in the
model, the cohort is split into a variety of potential model pathways, depending on the
probabilities assigned to each of the branches which split off from the fork. Each model contains
the following nodes:
•
•
•

Decision node (represented by rectangles) - a hypothetical cohort of 1,000 patients are
entered into the model here at each branch.
Chance nodes (represented by circles) - the cohort progresses through the branches of the
model according to the probabilities at each node, indicated in italics.
End nodes (triangles) - represent the end period outcomes for the total patient cohort in
terms of costs and disutility.

A Markov process within a cost-effectiveness analysis model represents a series of transitions
through the model which take place over a defined period of time, where the cohort in the model
“loops” through the model a set number of times depending on the time horizon for the model and
the length of each cycle. For example, in a model with a five-year horizon and a cycle length of
one year, the cohort would loop through the Markov component of the model five times, before
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the model concludes and the outcomes are evaluated. The changes in health states in the model
are determined by the “transition probabilities”, which reflect the probability of a new health state
based on the present health state.

1.2

Methodological aspects of the case studies

There are a number of methodological aspects which are common to the case studies. These are
outlined in the sections below.
1.2.1
Estimating the spending on health by government and individuals
Each model analyses the change in health spending under the intervention and comparator. As
out-of-hospital radiology services are funded through the MBS, the focus of this analysis concerns
government spending on MBS rebates, and the patient out-of-pocket (OOP) costs for MBS services
which are not bulk-billed.
For each clinical pathway, the relevant items from the MBS for the intervention and comparator
were confirmed with clinical radiology experts. Through the MBS, the Commonwealth Government
will fund 85% of the schedule fee for non-general practitioner (GP) services, and 100% for GP
services. The bulk-billing incentive for radiology services provides 95% of the rebate for bulk-billed
radiology items, and 100% of the rebate for bulk-billed MRI items.
Thus, the health spending for each non-GP MBS item in the model can be represented by the
following formula. This formula is for a radiology item, and so uses the 95% incentive for bulkbilled services and the 85% rebate for non-bulk-billed services:

Cost = (Bulk-billing rate * 95% * Schedule fee) + [(1 – BB rate) * Schedule fee * 85%)] + [(1 – BB rate) * OOP]
The bulk-billing rate and average patient OOP for each MBS item included in the analysis was
provided through a special data request from the Department of Health.
Some MBS items are delivered in a hospital setting. For privately insured patients, additional costs
are paid by the patient and their insurer, such as costs for accommodation, theatre fees, and
medical devices. Where relevant, these costs were sourced from the Department of Health’s
Medical Cost Finder.5
1.2.2
Sensitivity and specificity
In health technology assessment, the sensitivity of a test measures the ability of a test to correctly
identify the presence of a disease. This is the rate at which a true positive case is correctly
identified as positive, rather than giving a false negative result. The specificity of a test measures
the ability of a test to correctly identify the absence of a disease. This is the rate at which a true
negative case is correctly identified as negative, rather than giving a false positive result. Both
measures range from a value of 0 to 100%.
When probabilistic sensitivity analysis (PSA) is undertaken (see Section 1.2.3), it is necessary to
calculate a diagnostic odds ratio (DOR). This accounts for the inverse correlation that exists
between sensitivity and specificity. When sensitivity is randomly varied within its upper and lower
bound confidence intervals, it is necessary for the specificity to respond consistently with this
movement, and to not vary randomly. The formula used for calculating the DOR was:
𝐷𝑂𝑅 = 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦/ (1 − 𝑠𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦) ∗ 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦/ (1 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦)
Sensitivity is then expressed as a function of the specificity and DOR following the formula below.
𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦 = 1 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦/ (𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦 + (1 − 𝑠𝑝𝑒𝑐𝑖𝑓𝑖𝑐𝑖𝑡𝑦) ∗ 𝐷𝑂𝑅)
1.2.3

Sensitivity analyses

For each model, two types of deterministic sensitivity analysis were undertaken. One-way analysis
was undertaken to determine the impact that variation in a single parameter has on the overall
cost-effectiveness of the intervention. This analysis was performed by allowing key parameters to
vary individually between 75-125% of their base value. Two-way sensitivity analysis was also
https://www.health.gov.au/resources/apps-and-tools/medical-costs-finder/medical-costs-finder#/choosehospital-option
5
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performed to test diagnostic accuracies, given the inverse relationship between a test sensitivity
and specificity as discussed in the preceding section.
In addition to the deterministic analysis, PSA was conducted for each case study by sampling from
the appropriate distributions for each parameter used in the model to understand the uncertainty
in the baseline results. The choice of distribution depends on the underlying characteristics of
parameters. For example, since cost data are generally positively skewed and constrained in the
range from zero to positive infinity, the gamma distribution is appropriate to represent the
uncertainty of this type of parameter.
Monte Carlo sampling was applied, where one simulation represents a person undergoing the
relevant intervention or comparator with probabilities and costs randomly sampled from the
appropriate distribution. This simulation was repeated with 1,000 iterations, with the results of the
simulations presented on a cost-effectiveness analysis plane (see discussion in Section 1.1.3).
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2 Ultrasound guided fine
needle aspiration biopsy
for suspected thyroid
cancer
This case study investigates the cost-effectiveness of using
ultrasound guidance compared to palpation guidance in the
diagnosis of thyroid cancer using fine needle aspiration (FNA).
2.1

Overview

The thyroid is a butterfly-shaped gland located at the base of the throat near the trachea. The
main function of the thyroid gland is to convert dietary iodine into hormones which regulate the
metabolism and related bodily functions such as heart rate and body temperature. Four
parathyroid glands located at the back of the thyroid gland regulate calcium levels in the
bloodstream.
Figure 2.1 Anatomy of the thyroid gland

Source: National Cancer Institute n.d. Thyroid & Parathyroid Glands. Available at:
https://training.seer.cancer.gov/anatomy/endocrine/glands/thyroid.html

Thyroid cancer develops when abnormal cells multiply in an uncontrolled way. The most common
types of thyroid cancer are papillary and follicular cancer, which collectively make up around 95%
of cases. Exposure to radiation therapy in childhood, obesity and genetic factors are identifiable
risk factors for thyroid cancer in some cases, however most people have no known risk factors at
diagnosis. Patients may present to their GP with a palpable nodule or goitre or have a nodule
discovered incidentally on neck ultrasound scan.6
The incidence of thyroid cancer is increasing both in Australia and worldwide. This is commonly
attributed to greater sensitivity of diagnostic tests in detecting small nodules and
microcarcinomas, however several Australian studies show a significantly increased incidence of

Cancer Council Australia (2020) Understanding Thyroid Cancer.
https://www.cancer.org.au/assets/pdf/understanding-thyroid-cancer-booklet
6

9

The value of radiology

Commercial-in-confidence

larger carcinomas and advanced cancers over time.7,8 The age-standardised incidence rate of
thyroid cancer increased from 2.7 to 13.0 per 100,000 persons between 1982 and 2019. It is the
seventh most common cancer among women, who are diagnosed with thyroid cancer at almost
triple the rate of men.9
After preliminary investigation using clinical evaluation and ultrasound, people presenting with
thyroid enlargement may receive FNA biopsy when it is suspected that they have thyroid cancer,
depending on clinical and sonographic risk factors. The procedure involves inserting a needle
through the patient’s neck and into the thyroid to obtain small samples of tissue obtained via
suction (‘aspirates’) for cytological examination.
FNA biopsy is required following an initial ultrasound scan as evidence does not support size as a
reliable indicator of malignancy and ultrasound should not be relied upon for diagnosis. The main
purpose of FNA biopsy is to confirm or exclude malignancy and reduce the risk of unnecessary
surgery. Ultrasound guidance during FNA biopsy (UG-FNA) has been found to be beneficial in
obtaining adequate material to aid diagnosis, and to leads to significantly fewer false negative
results when compared to palpation guidance (PG-FNA)10, but comes at additional cost. The British
Thyroid Association Guidelines for the Management of Thyroid Cancer recommends that an
ultrasound-guided FNA should follow initial positive ultrasound scan (i.e. if results are equivocal,
indeterminate or suspicious of malignancy).11

2.2

Methodology

Parameters for the model were primarily sourced from a recent cost-consequence analysis of UG
FNA undertaken by the National Institute for Health and Care Excellence (NICE) which evaluated
the use of ultrasound FNA.12 This case study builds on this foundation to apply thyroid specific
disutility weights to perform a cost-effectiveness analysis in the context of the Australian health
care system. Details of the model structure and key parameters are described in the following
sections and base case values and sensitivity analysis details are summarised in Table 2.1.
2.2.1
Model structure
The purpose of this cost-effectiveness analysis is to determine the most cost-effective diagnostic
strategy when testing with FNA to detect thyroid malignancy and treat patients. A hybrid decision
tree was constructed using Microsoft Excel to analyse the patient progression, with discounted
costs and DALYs compared over a 5-year time horizon. The diagnostic values of the interventions
and survival prognoses according to underlying true disease state determine which markov model
is entered from the decision tree. The decision tree and Markov model structure are shown in 2.2.3
and Figure 2.3, respectively. The target population is adults aged 60 years with an enlarged but
normally functioning thyroid gland being investigated for possible malignancy after a preliminary
positive ultrasound scan. The prevalence of cancer in the hypothetical cohort entering the model
was estimated using the positive predictive value (PPV)13 of ultrasound as calculated in a report
from NICE. This is based on the prevalence among those with a large but normally functioning
thyroid gland prior to ultrasound, along with ultrasound sensitivity and specificity data.

Pandeya N, McLeod DS, Balasubramaniam K, Baade PD, Youl PH, Bain CJ, et al. (2016) Increasing thyroid
cancer incidence in Queensland, Australia 1982–2008: true increase or overdiagnosis? Clin Endocrinol
(Oxf);84(2):257–64.
8
Burgess JR, Tucker P (2016) Incidence trends for papillary thyroid carcinoma and their correlation with
thyroid surgery and thyroid fine-needle aspirate cytology. Thyroid;16(1):47–53.
9
Australian Institute of Health and Welfare (2019) Cancer in Australia 2019. Cancer series no.119.
Cat. no. CAN 123. Canberra: AIHW.
10
Cesur, M et al. (2006) Comparison of palpation-guided fine-needle aspiration biopsy to ultrasound-guided
fine-needle aspiration biopsy in the evaluation of thyroid nodules. Thyroid: official journal of the American
Thyroid Association, 16(6), pp.555–561.
11
Perros, P., et al. (2014) Guidelines for the management of thyroid cancer. Clin Endocrinol, 81: 1-122.
doi:10.1111/cen.12515
12
National Institute for Health and Care Excellence (NICE) UK); (2019) Nov. (NICE Guideline, No. 145.)
Appendix A, Cost consequence analysis: Ultrasound guidance for fine needle aspiration. Retrieved 1 August
2020, from https://www.ncbi.nlm.nih.gov/books/NBK550889/
13
Positive Predictive Value (PPV): The probability that subjects who test positive for a condition truly have the
condition
7
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Figure 2.2 Decision tree structure for cost-effectiveness of UG-FNA against PG-FNA.
Test node

True disease state

Repeat test

Markov model entry

Malignant

TP - Markov Model A

SensUG- FNA

Thyroid cancer

Benign no further testing
FN - Markov Model A

pCancer

#

Malignant/Indefinite/Inadequate
TP - Markov Model A

Indefinite/Inadequate

SensUG-FNA+
pIndeterminate/
Inadequate|Cancer

UG-FNA
pIndeterminate/
Inadequate|Cancer

Benign
FN - Markov Model A

#

#

Malignant

FN - Markov Model B

#

#

No thyroid cancer

Benign no further testing
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SpecUG- FNA

Malignant/Indefinite/Inadequate
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#
Indefinite/Inadequate
pIndeterminate/
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Benign
FN - Markov Model B

0

SpecUG-FNA+
#
pIndeterminate/Inadequate|NoCancer

as above with PG-FNA specific diagnostic values
PG-FNA

Notes: UG-FNA: Ultrasound-guided Fine Needle Aspiration; PG-FNA: Palpation-guided Fine Needle Aspiration; MM: Markov
Model; TP: true positive; FN: false negative; FP: false positive; TN: true negative;
Source: Deloitte Access Economics.
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Figure 2.3 Markov model structures for cost-effectiveness of UG-FNA against PG-FNA.

A

Survive

Cancer

Die (un)treated
cancer*

Die - other

B

Survive

No Cancer

Die - other

Patients enter Markov
Model

Patients transition
between states*
Patients re-enter state

Notes: Initial costs and probabilities vary depending on which branch the patient enters the markov model from (four
alternative scenarios for each markov model).
Source: Deloitte Access Economics.

2.2.2
Screening effectiveness
This case study used the NICE report pooled estimate of 90% sensitivity (confidence interval
76-98%) and 87% specificity (72-96%) for UG-FNA and 71% sensitivity (48–87%) and 82%
specificity (59–96%) for PG-FNA. Both arms also included the possibility of an inadequate or
indeterminate result, which is determined by on-site cytotechnician and leads to an immediate retest per NICE recommendation.14
In patients with thyroid cancer, the probability that the PG- or UG-FNA test returns a positive
result (malignancy detected) was determined by the test sensitivity. The probability that the test is
negative, which means the test failed to detect the malignancy, is [1 – sensitivity –
Inadequate/Indeterminate rate]. In patients who do not have cancer, the probability that the FNA

14

NICE (2004). Improving Outcomes in Head and Neck Cancers. London: NICE.
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test is negative is determined by the test specificity. For these patients, the probability that the
FNA test is positive is [1 – specificity – Inadequate/Indeterminate rate].
2.2.3
Assumptions
Once a test result of ‘Malignant’ is returned, thyroidectomy is performed without delay and
assumed to lead to cancer remission. This is reasonable given the significantly favourable 20-year
cancer-specific survival rate of 99% for thyroid cancer given immediate and definitive treatment.15
Patients whose true disease state is thyroid cancer are those suffering from follicular and papillary
carcinoma only as these subtypes are the most common and have considerably better prognoses
than rarer subtypes, such as medullary cancer.16 The true benign (No Cancer) cohort is assumed
to live in full health and have the same probability of survival as that of the general population
within the same age range.
Mortality due to complications following thyroidectomy is negligible and thus not included in the
model. Two recent studies report a mortality rate post thyroidectomy of less than 1%. 17 Those
patients who do not have thyroid cancer and survive are assumed to have full health (utility of
one) and those who die have a utility weight of zero.
2.2.4
Health system costs
Medicare Benefits Schedule (MBS) items for each diagnostic and therapeutic intervention were
confirmed with clinical radiologists. The Department of Health provided data on the average OOP
cost for patients not bulkbilled. Costs from the Medical Costs Finder website were also
incorporated. Relevant items were:
•
•
•

Item 30094 for FNA
Item 104 for specialist consult
Item 55054 for ultrasound.

UG-FNA was then calculated as the sum of MBS item 104 + MBS item 30094 + MBS item 55054
(noting the bulk bill incentive for latter). PG-FNA was calculated as MBS item 104 + MBS item
30094. These costs were relevant for the true negative cohort as no further intervention was
required. For the hypothetical cohort who test positive (either true or false positive), the cost of
thyroidectomy is added and the cost of FNA is halved, consistent with the MBS Multiple Operation
Rule (50% of the FNA cost is incurred as the item with the second greatest schedule fee).18 For the
false negative cohort, the cost of consult and FNA (and ultrasound if UG-FNA) is incurred twice,
however the cost for FNA is halved in the second instance due to the addition of thyroidectomy
upon correct diagnosis.
2.2.5
Disability weights
Disability weights were obtained from the Global burden of disease study19 and included:
•

•

Controlled phase of thyroid cancer assumed post thyroidectomy – caries a weight of 0.049
per year, comprising of uncomplicated disease resulting in minimal interference with daily
activities.
Diagnosis and primary therapy phase of thyroid cancer – caries a weight of 0.288 per year,
and comprises of pain, nausea, fatigue, weight loss and high anxiety.

2.2.6
Model parameters
A summary of model parameter values, their distributions and sources is provided in Table 2.1.

Davies, L. & Welch, H.G (2010) Thyroid Cancer Survival in the United States: Observational Data From 1973
to 2005. Archives of otolaryngology--head & neck surgery, 136(5), pp.440–444.
16
Cancer Council Australia (2020) Understanding Thyroid Cancer. Retrieved 26 August 2020, from
https://www.cancer.org.au/assets/pdf/understanding-thyroid-cancer-booklet
17
Bhattacharyya, N. & Fried, M.P (2002) Assessment of the Morbidity and Complications of Total
Thyroidectomy. Archives of otolaryngology--head & neck surgery, 128(4), pp.389–392; Gomez-Ramirez et al.,
2015. Mortality after thyroid surgery, insignificant or still an issue? 400(4), pp.517–522.
18
Australian Government Department of Health (2020). Medicare Benefits Schedule - Note TN.8.2. Retrieved 1
August 2020, from http://www9.health.gov.au/mbs/fullDisplay.cfm?type=note&q=TN.8.2&qt=noteID
15
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Table 2.1 Summary table of model inputs for cost-effectiveness of UG-FNA against PG-FNA.
Parameter

Base case
value (CI)

Distribution Source

UG-FNA (no repeat)

$625.20

Gamma

Calculation using MBS item 104
(consult) + MBS item 30094 (FNA) +
MBS item 55054 (ultrasound)

PG-FNA (no repeat)

$502.95

Gamma

Calculation based on MBS item 104
(consult) + MBS item 30094 (FNA)

Total thyroidectomy cost

$5,477.10

Gamma

Calculation based on patient costs in
Medical Costs Finder20 and MBS item
30296 (thyroidectomy)

Gamma

Consult + (FNA * 50%) + Ultrasound
+ Thyroidectomy cost

Costs

True/False Positive, UG-FNA +
Thyroidectomy

$6,073.05

True/False Positive, PG-FNA +
Thyroidectomy

$5,950.80

Gamma

Consult + (FNA * 50%) +
Thyroidectomy cost

Repeat UG-FNA + Thyroidectomy

$6,698.20

Gamma

(Consult*2) + (Ultrasound * 2) + FNA
+ (FNA * 50%) + Thyroidectomy cost

Repeat PG-FNA+ Thyroidectomy

$6,453.75

Gamma

PG-FNA + PG-FNA * 50% +
Thyroidectomy

Repeat UG-FNA

$1,221.15

Gamma

(Consult*2) + (Ultrasound * 2) + FNA
+ (FNA * 50%)

Repeat PG-FNA

$976.68

Gamma

PG-FNA + PG-FNA * 50%

Sensitivity UG

90% (76 –
98)

Beta

Pooled estimate from NICE (2019)

Specificity UG

87% (72 –
96)

Beta

Pooled estimate from NICE (2019)

Sensitivity PG

71% (48 –
87)

Beta

Pooled estimate from NICE (2019)

Specificity PG

82% (59 –
96)

Beta

Pooled estimate from NICE (2019)

Cancer (PPV)

11.5%

Beta

NICE (2019)

Probabilities

Australian Government Department of Health (2020) Medical Costs Finder. Retrieved 10 September 2020,
from https://www.health.gov.au/resources/apps-and-tools/medical-costs-finder
20
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IndetInadeq|Cancer UG

2.3%

NA

NICE (2019)

IndetInadeq|Healthy UG*

12.8%

NA

NICE (2019)

IndetInadeq|Cancer PG

9.7%

NA

NICE (2019)

IndetInadeq|Healthy PG*

17.3%

NA

NICE (2019)

pSurvive|Undiagnosed
(Untreated)**

97% (96 –
100)

Beta

Davies & Welch 201021

pSurvive|Cancer (Treated)**

99% (93 –
100)

Beta

Davies & Welch 201022

pSurvive|NoCancer

99%

Beta

Australian Bureau of Statistics (ABS)
23

Disability weights
uCancer

0.288

Beta

Global burden of disease study (2017)

uRemission/uThyroidectomy

0.049

Beta

Global burden of disease study (2017)

Discount rate - outcomes

5%

Normal

MSAC recommendation24

Discount rate - costs

5%

Normal

MSAC recommendation

Other

Notes: *These parameters were not allowed to vary given the significant overlap with test specificity, leading to mathematical
errors (negative probabilities).
**These parameters were converted to an annual rate over a 5 year time horizon.
Source: Deloitte Access Economics.

2.3

Results

In the base case per 1,000 patients treated, the incremental cost of UG-FNA is $106,902 and the
intervention averts 27 DALYs compared to PG-FNA. The UG-FNA pathway costs $1.27 million and
incurs 169 DALYs, while the PG pathway costs $1.17 million and incurs 196 DALYs per 1,000
patient cohort. The ICER is thus $3,901 per DALY averted. UG-FNA is therefore cost-effective as
it is under the threshold of $50,000 per DALY averted.

Davies L, Welch HG. (2010) Thyroid Cancer Survival in the United States: Observational Data From 1973 to
2005. Arch Otolaryngol Head Neck Surg;136(5):440–444. doi:10.1001/archoto.2010.55 Retrieved 10 August
2020, from https://jamanetwork.com/journals/jamaotolaryngology/fullarticle/496250
22
Australian Institute of Health and Welfare (2020) Cancer Data in Australia; Canberra: AIHW. Retrieved 4
August 2020, from https://www.aihw.gov.au/reports/cancer/cancer-data-in-australia/
23
Australian Bureau of Statistics, Causes of Death, Australia cat. no. 3303.0, ABS, Canberra. Data extracted
from <http://stat.data.abs.gov.au/Index.aspx?DatasetCode=DEATHS_AGESPECIFIC_REGISTRATIONYEAR>
24
Medical Services Advisory Committee. (2017). Technical Guidelines for preparing assessment reports for the
Medical Services Advisory Committee – Service Type: Investigative. Canberra: Australian Government
Department of Health. Retrieved 4 August 2020, from
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/0BD63667C984FEEACA25801000123AD8/$File
/InvestigativeTechnicalGuidelines-December-2016-Version-3.0.pdf
21
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The impact of varying cost parameters by 25 percent of their base case value on the ICER is
shown in Table 2.2. Results show that the ICER remains cost-effective in all situations.
Table 2.2 One-way sensitivity analysis for cost-effectiveness of UG-FNA against PG-FNA.
Parameter

Cost per DALY averted

Cancer prevalence (+/- 25%)
Low

$4,228/DALY averted (cost-effective)

High

$3,694/DALY averted (cost-effective)

Cost of ultrasound (+/- 25%)
Low

$2,729/DALY averted (cost-effective)

High

$5,073/DALY averted (cost-effective)

Cost of FNA (+/- 25%)
Low

$3,957/DALY averted (cost-effective)

High

$3,845/DALY averted (cost-effective)

Discount rate on outcomes (+/- 25%)
Low

$3,713/DALY averted (cost-effective)

High

$4,095/DALY averted (cost-effective)

Source: Deloitte Access Economics.

All parameters listed in Table 2.1 were varied simultaneously according to the appropriate
probability distributions. The results are shown on a cost-effectiveness plane in Chart 2.1. UG-FNA
has a 63% chance of being dominant compared to PG-FNA (i.e. being cost saving and averting
DALYs, as shown in the south-east quadrant of the plane). Using the cost-effectiveness threshold
of $50,000 per DALY averted, the intervention has a 100% chance of being cost-effective. Note
this includes all simulations within the south-east quadrant under the threshold indicated by the
black line (37% of total simulations) and within the south-east quadrant (63%).
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Chart 2.1 Cost-effectiveness plane of simulations for the ICER of UG-FNA vs PG-FNA.
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3 Tomosynthesis as an
adjunct to mammography
for breast cancer
screening
This case study investigates the cost-effectiveness of
tomosynthesis as an adjunct to standard mammography,
compared to standard mammography alone for breast cancer
screening.
3.1

Overview

Cancer can develop from most types of cells in different parts of the body, and each cancer has its
own pattern of growth and spread. Breast cancer starts in the ducts or lobules of the breast. Cells
lining the ducts or lobules can grow out of control and develop into cancer. Breast cancer found
while still confined to the ducts or lobules of the breast is called pre-invasive breast cancer or
ductal carcinoma in situ (DCIS).
Most breast cancers are found when they are invasive. This means the cancer has spread outside
the ducts or lobules of the breast into surrounding tissue. There are several types of invasive
breast cancer, and the International Association of Cancer Registries25 defines invasive breast
cancer by the following stages:
•

Localised breast cancer: contained in the breast but may have spread to one or more lymph
nodes in the armpit.

•

Regional breast cancer: may have spread to places near the breast, such as the chest
(including the skin, muscles or bones of the chest) or regional lymph nodes but has not spread
to other parts of the body. Metastatic or distant breast cancer is the most advanced stage
where cancer cells have spread from the breast to other areas of the body, such as the bones,
liver or the lungs and distant lymph nodes. This type of cancer is more likely to be detected
once a patient is symptomatic.

The precise causal mechanisms of breast cancer are not known, however a number of risk factors
for the disease have been identified including breast density, age, personal or family history of
breast cancer, hormones and menstrual history (including age at menopause), and lifestyle factors
such as obesity, alcohol consumption and cigarette smoke exposure. Regular physical activity, and
breast feeding are protective factors (i.e., risk reducing) for breast cancer.26
Breast cancer can be detected though a number of methods and it is usually through a sequential
combination of these that changes to the breast are confirmed as breast cancer. Primary detection
methods include breast self-examination, and physical examination of the breasts and lymph
nodes under the arm by a physician. If an abnormality is detected, breast imaging is usually
undertaken via either ultrasound or mammography. Ultrasound uses soundwaves to construct a
picture of the breast, enabling the physician to identify the presence of a tumour and, in some
cases, whether it is benign or malignant. A mammogram is a low dose X-ray of the breast,

Esteban D, Whelan S, Laudico A, Parkin DM. 1995, Manual for cancer registry personnel, IARC Technical
Report No. 10.
26
AIHW, 2012, Breast cancer in Australia: an overview, Retrieved 4 August 2020, from
https://www.aihw.gov.au/getmedia/5a35b0e1-c1fe-4842-8ad7-c33b2fad39ce/14225.pdf.aspx?inline=true
25
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allowing the identification of both benign and malignant neoplasms. Tomosynthesis is a relatively
new detection technology that produces a three-dimensional image of the breast by combining
several X-rays obtained at different angles.
If imaging detects an abnormal area of tissue in the breast, a biopsy is usually taken for
pathological examination. If breast cancer is confirmed, further testing may be undertaken to
assess the extent of the cancer and determine whether it has spread to other parts of the body.
Tomosynthesis reflects an advancement on standard mammography, as it uses three-dimensional
imaging to capture images as small slices that can be viewed by radiologists. This form of
screening is particularly effective for women who have dense breasts, where standard
two-dimensional mammography may not perform as well for breast cancer screening.27 Dense
breasts not only obstruct the clinician’s ability to correctly analyse the breast tissue upon screening
(masking) but are an independent risk factor for developing cancer.28

3.2

Methodology

This case study considers the cost-effectiveness of tomosynthesis as an adjunct to standard
mammography for biennial breast cancer screening. The target population is women aged 50-74
years old who have dense breasts, as this cohort is most at risk of breast cancer. The main
outcome measure analysed was an improved chance of survival, as the improved diagnostic
performance of tomosynthesis means that cancer is detected earlier and with better accuracy.
Health system costs were considered under both screening arms.
3.2.1
Model structure
In the model schematic shown in Figure 3.1, a hypothetical cohort of 1,000 women aged 50-74
with dense breasts undergo screening for breast cancer via tomosynthesis as an adjunct to
standard mammography, or standard mammography screening alone. A hybrid decision tree
shows the patient progression, with discounted costs and QALYs compared over a 5-year time
horizon. The diagnostic values of the interventions determine which of three Markov models is
entered from the decision tree, according to whether the testing and confirmation phase lead to a
true positive (Markov Model A), false negative (Markov Model B) or true negative
(Markov Model C) result. Note that given the specificity of the confirmation test, core needle
biopsy (CNB), is 100%, there are no false positives in this case study. A positive diagnostic screen
is dependent on the sensitivity of the given test, after which the patient is referred for
confirmatory CNB.
Each true positive case of breast cancer is assumed to progress to treatment and remission, after
which recurrence follows the transition probabilities given by Gocgun et al. (2015).29 False
negative cases follow a linear progression from pre-invasive breast cancer or DCIS to invasive
(inclusive of localised and regionalised breast cancer) to metastatic or distant breast cancer. As
metastatic cancer is more likely to be detected once a patient is symptomatic rather than via
screening, these patients are expected to present with symptoms before screening can occur. This
approach follows that taken by Gocgun et al. as too few cancers present as this stage to perform
robust calculations. Only DCIS and invasive cancer go through the screening phase, with positive
results leading to CNB. Additionally, cancer-related death is assumed to only occur once cancer
has metastasised. Death due to other causes can occur at any stage which is designated by the
all-cause mortality rate, which is equivalent to the mortality rate in the general population within
the same age bracket.

Gribble A and Scullion L. 2018, Digital breast tomosynthesis: A literature review to inform BreastScreen
Australia’s position statement on the use of tomosynthesis in the assessment and diagnosis of breast cancer.
28
Wang AT, Vachon CM, Brandt KR, Ghosh K. Breast density and breast cancer risk: a practical review. Mayo
Clin Proc 2014;89(4):548–557.
29
Gocgun et al. (2015) Cost-effectiveness of breast cancer screening policies using simulation. The Breast,
Volume 24, Issue 4, 440 – 448. DOI:https://doi.org/10.1016/j.breast.2015.03.012
27

19

The value of radiology

Commercial-in-confidence

Figure 3.1 Decision tree structure for tomosynthesis case study
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Figure 3.2 Markov model structures for tomosynthesis case study
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The following sections set out key aspects of the model, including the probability of cancer,
survival rates by stage of cancer, screening effectiveness, health system costs, and disability
weight values.
3.2.1

Probability of cancer

Breast cancer is the most commonly diagnosed cancer in women, and the second most commonly
diagnosed cancer across both genders. While breast cancer occurs in both women and men,
women represent the vast majority of cases. In 2016, there were 17,354 new cases of breast
cancer diagnosed among women in Australia. In 2020, Cancer Australia has estimated there will be
19,807 newly diagnosed cases of breast cancer among women in Australia.30
The number of incident cases of breast cancer have increased from 5,313 women in 1982 to
17,354 women in 2016. Over the same period, the age-standardised incidence rate increased from
81 cases per 100,000 women in 1982 to 126 cases per 100,000 women in 2016. 31
In 2018, breast cancer was the second most common cause of death from cancer among females.
There were 2,999 female deaths from breast cancer in Australia in 2018, up from 1,987 deaths in
1982. However, five-year relative survival for breast cancer improved from 75% in 1987-1991 to
91% in 2012-2016, reflecting improvements in treatment options.32

Cancer Australia. 2020, Breast cancer in Australia statistics, Retrieved 4 August 2020, from
https://www.canceraustralia.gov.au/affected-cancer/cancer-types/breast-cancer/statistics
31
AIHW, 2020. Cancer data in Australia, Retrieved 4 August 2020, from
https://www.aihw.gov.au/reports/cancer/cancer-data-in-australia/contents/summary
32
Ibid.
30
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Australian data sources provide statistics on the incidence and prevalence of breast cancer for
women in the general population, however these publications do not stratify these rates according
to breast density of women. Tomosynthesis is considered an effective screening tool, particularly
for women with dense breasts who may benefit from three-dimensional imaging rather than
standard two-dimensional mammography.33 As such, the probability of cancer for this cohort of
women was based on a United States study which estimated the absolute five-year risk of breast
cancer by age and breast density.34
The age-specific risks of breast cancer by level of breast density were weighted by Australian
incidence estimates to derive an estimate of the probability that a woman receiving breast cancer
screening has cancer. Table 3.1 presents the age-specific breast cancer risks for women with
extremely dense breasts, and the overall derived risk of breast cancer for women in Australia aged
50-74 years old. The overall rate in this cohort is used to estimate the probability of cancer within
the hypothetical cohort of 1,000 patients, which was then weighted against the prevalence of each
cancer type.
Table 3.1 Age-specific risk of breast cancer for women aged 50-74 with extremely dense breasts.
Age group (years)

Risk (%)

50-54

2.1

55-59

3.0

60-64

3.4

65-69

3.0

70-74

3.3

Overall

3.5

Source: Lee et al (2017); Deloitte Access Economics calculations.

3.2.2

Survival following breast cancer diagnosis

The main outcome considered in this case study is an improved chance of five-year survival
following breast cancer diagnosis. In the model, breast cancer death only follows distant
metastasis and is dependent on the number of years after diagnosis. Age-specific 1 to 5-year
relative survival rates are applied to the corresponding year (cycle) within the model with data
obtained from Cancer Australia as shown in Table 3.2.35

Lee, C. I., Cevik, M., Alagoz, O., Sprague, B. L., Tosteson, A. N., Miglioretti, D. L., ... & Lehman, C. D.
(2015). Comparative effectiveness of combined digital mammography and tomosynthesis screening for women
with dense breasts. Radiology, 274(3), 772-780.
34
Lee, C. I., Chen, L. E., & Elmore, J. G. (2017). Risk-based breast cancer screening: implications of breast
density. Medical Clinics, 101(4), 725-741.
35
Cancer Australia (2019). Relative survival by stage at diagnosis (female breast cancer). Retrieved 20 August
2020, from https://ncci.canceraustralia.gov.au/relative-survival-stage-diagnosis-female-breast-cancer
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Table 3.2 Distant metastasis breast cancer survival rate (%) by age-group and year after diagnosis.
Age
group
(years)

Year after diagnosis
1

2

3

4

5

50 - 54

75.6

53.3

47.4

38.7

29.7

55 - 59

73.9

61.9

53.9

39.0

32.3

60 - 64

71.3

60.9

49.0

43.9

34.1

65 - 69

67.9

58.2

50.8

41.9

37.1

70-74

71.6

63.3

46.9

39.4

30.1

Average

72.1

59.5

49.6

40.6

32.7

Source: Cancer Australia (2019); Deloitte Access Economics calculations.

3.2.3

Screening effectiveness

The accuracy of breast cancer screening depends on sensitivity (the probability of detecting breast
cancer given that the individual has breast cancer), and specificity (the probability of confirming no
breast cancer given that the individual has no breast cancer).
For the purpose of this case study, sensitivity and specificity parameters were obtained from a
cost-effectiveness analysis of tomosynthesis as an adjunct to mammography compared to
standard mammography in a cohort of women with dense breasts in the United States.36 Based on
the results published by the authors, tomosynthesis as an adjunct provides a sensitivity of 80%
and specificity of 92%, compared to standard mammography which provides sensitivity of 77%
and specificity of 88%. Thus, tomosynthesis performs better than standard mammography alone
in terms of correctly identifying positive and negative cases of breast cancer. These rates are
summarised in Table 3.3.
Table 3.3 Specificity and sensitivity parameters for tomosynthesis adjunct to standard mammography
compared to standard mammography alone.
Outcome

Tomosynthesis as an adjunct to
mammography (95% CI)

Standard mammography (95% CI)(a)

Sensitivity (%)

80 (77-83)

77 (58-96)

Specificity (%)

92 (88–95)

88 (66-100)

Notes: Confidence interval not supplied – assumed +/- 25% of base case.
Source: Lee et al (2017); Deloitte Access Economics calculations.

3.2.4

Health system costs

Health system costs for the modelling were primarily sourced from data published by the AIHW’s
Disease Expenditure Database, which contains estimates of health expenditure by disease, age
and gender. The types of expenditure includes hospitals (admitted and non-admitted patients),
out-of-hospital expenditure (GP services, imaging, pathology and referrals to specialists),
pharmaceutical costs and other costs (other health professionals and research).37 The latest year
these data were available for was 2015-16, and as such they have been updated for inflation to

Lee, C. I., Cevik, M., Alagoz, O., Sprague, B. L., Tosteson, A. N., Miglioretti, D. L., ... & Lehman, C. D.
(2015). Comparative effectiveness of combined digital mammography and tomosynthesis screening for women
with dense breasts. Radiology, 274(3), 772-780
37
AIHW. 2019, Disease expenditure in Australia, Retrieved 4 August 2020, from
https://www.aihw.gov.au/reports/health-welfare-expenditure/disease-expenditure-australia/contents/summary
36
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2020 values. Based on this approach, breast cancer treatment was calculated to cost an average
of $38,337 per case, which includes costs by government as well as by individuals.38
In addition to the costs of breast cancer treatment, there is also incur a cost associated with
screening for breast cancer. The costs of breast cancer screening were based on:
•
•
•

Item 59300 for mammography
Item 59302 for tomosynthesis
Item 31548 for confirmatory biopsy following a positive result.

The intervention of interest (Tomosynthesis as adjunct to standard mammography) is the
calculated as the sum of the total cost for each item.
3.2.5

Health state utilities

A QALYs approach was used to estimate the change in health-related quality of life and life years
lost associated with breast cancer. Utilities based on Lee et al. (2015) were used to estimate the
age-specific utilities for healthy and cancer states for each stage. For simplicity, these rates have
been averaged across 10-year age groups from 50-79 years and are shown in Table 3.4.
Table 3.4 Breast cancer and healthy state utility values by time since diagnosis.
Healthy

DCIS

Invasive

Distant

First year

0.737

0.652

0.613

Later years (applied
to cycle 2-5 in model)

0.815

0.768

0.678

All years

1*

Note: * Assumed healthy state carries a utility of 1
Source: Lee et al. (2015); Deloitte Access Economics calculations.

The model did not incorporate transient utility loss associated with the procedure, to be consistent
with the approach used in the study by Lee and colleagues. There is likely to be negligible
incremental loss in utility associated with undergoing tomosynthesis compared to mammography
alone.39
3.2.6
Model parameters
A summary of model parameter values, their distributions and sources is provided in Table 3.5.
Table 3.5 Summary table of model inputs for tomosynthesis case study.
Parameter

Base case value (CI)

Distribution Source

Tomosynthesis adjunct to
mammography

$368.40

Gamma

Calculation using MBS item
59302 + MBS item 59300

Standard mammography

$113.10

Gamma

Calculation based on MBS item
59300

Costs

Due to limitations in the data, the costs of treating breast cancer are held constant across all stages of
cancer.
39
Lee, C. I., Cevik, M., Alagoz, O., Sprague, B. L., Tosteson, A. N., Miglioretti, D. L., ... & Lehman, C. D.
(2015). Comparative effectiveness of combined digital mammography and tomosynthesis screening for women
with dense breasts. Radiology, 274(3), 772-780
38
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Core needle biopsy

$253.70

Gamma

MBS item 31548

Cancer treatment
(annual)

$38,336.50

Gamma

AIHW (2019)40

Probabilities
Prevalence breast cancer

3.5%

Lee et al. (2017)41

Proportion of breast
cancer types (DCIS,
Invasive, Distant, other)

43.0%42, 46.8%, 4.6%,
5.5%

AIHW (2019)

DCIS to Invasive cancer
(by year since diagnosis)

0.5%, 1.6%, 3.0%,
4.1%, 5.3%

AIHW (2010)43

Invasive to distant cancer 47.0%
(Undetected)
Distant cancer to cancer
death

Joseph et al. (2012)44

72.1%, 59.5%, 49.6%,
40.6%, 32.7%

Cancer Australia (2019), see Table
3.2.

Remission to Recurrence
1.3%, 5.3%
(Local (DCIS or Invasive),
Distant)

Gocgun et al. (2015)45

Any state to death – other 0.01%
causes

ABS (2019)46

Diagnostic values
Sensitivity of
Tomosynthesis adjunct

80% (77-83)

Beta

Lee at al. (2015)

Sensitivity of standard
mammography

77% (58-96)

Beta

Lee at al. (2015)

Sensitivity Core Needle
Biopsy

97%

A. Vega Bolivar et al. (2005)

47

Australian Institute of Health and Welfare 2019. Cancer in Australia 2019. Cancer series no.119.
Cat. no. CAN 123. Canberra: AIHW.
41
Lee, C. I., Chen, L. E., & Elmore, J. G. (2017). Risk-based breast cancer screening: implications of breast
density. Medical Clinics, 101(4), 725-741.
42
DCIS was combined with ‘other’ types of cancer for simplicity.
43
Australian Institute of Health and Welfare & National Breast and Ovarian Cancer Centre (2010) Risk of
invasive breast cancer in women diagnosed with ductal carcinoma in situ in Australia between 1995
and 2005. Cancer series no. 51. Cat. no. CAN 47. Canberra: AIHW.
44
Joseph et al. (2012) Outcome analysis of breast cancer patients who declined evidence-based treatment.
World Journal of Surgical Oncology, 10:118 http://www.wjso.com/content/10/1/118
45
Gocgun et al. (2015) Cost-effectiveness of breast cancer screening policies using simulation. The Breast,
Volume 24, Issue 4, 440 – 448. DOI:https://doi.org/10.1016/j.breast.2015.03.012
46
3302.0.55.001 - Life Tables, States, Territories and Australia, 2016-2018 Retrieved 4 August 2020, from
https://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/3302.0.55.001Main+Features120162018?OpenDocument
47
A. Vega Bolivar, P. et al. (2005) Ultrasound-Guided Core Needle Biopsy of Non-Palpable Breast Lesions: a
Prospective Analysis in 204 Cases, Acta Radiologica, 46:7, 690-695, DOI: 10.1080/02841850500225740
40
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Specificity Core Needle
Biopsy

100%

A. Vega Bolivar et al. (2005)

Remission

1

Assumption

DCIS (first year, later
years)

0.737, 0.815

Lee et al. (2015)

Invasive

0.652, 0.768

Lee et al. (2015)

Distant

0.613, 0.678

Lee et al. (2015)

Health state utilities

Other parameters
Discount rate - outcomes

5%

Normal

MSAC recommendation48

Discount rate - costs

5%

Normal

MSAC recommendation

Source: Deloitte Access Economics

3.3

Results

In the base case, per 1,000 women screened, tomosynthesis costs $30,240 compared to standard
mammography and gains 0.8 QALYs. This equates to an ICER of $37,750 per QALY gained,
which is lower than the cost-effectiveness threshold of $50,000 per QALY.
Sensitivity analysis was performed by varying cost parameters by 25% of their base case value
and diagnostic variables by their confidence intervals (standard mammography was not assigned a
value in the literature, so is varied by ±10%). Table 3.6 shows that the results of the analysis are
sensitive to changes in intervention costs but remain cost-effective in all scenarios. The sensitivity
analysis of diagnostic values shows that the intervention remains cost-effective if the sensitivity is
high or that of the comparators is low. However, in the reverse scenarios (low tomosynthesis
sensitivity or high standard mammography sensitivity) the ICER saves money at the expense of
fewer QALYs.

Medical Services Advisory Committee. (2017). Technical Guidelines for preparing assessment reports for the
Medical Services Advisory Committee – Service Type: Investigative. Canberra: Australian Government
Department of Health. Retrieved 4 August 2020, from
http://www.msac.gov.au/internet/msac/publishing.nsf/Content/0BD63667C984FEEACA25801000123AD8/$File
/InvestigativeTechnicalGuidelines-December-2016-Version-3.0.pdf
48
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Table 3.6 Sensitivity analysis results of tomosynthesis adjunct to standard mammography compared to
standard mammography alone.
Parameter

Cost per QALY gained

Cost tomosynthesis as an adjunct to mammography (+/- 25%)
Low

$26,097/QALY gained (cost-effective)

High

$49,403/QALY gained (cost-effective)

Cost mammography (+/- 25%)
Low

$41,232/QALY gained (cost-effective)

High

$34,268/QALY gained (cost-effective)

Tomosynthesis diagnostic values (upper and lower confidence limit)
Low sensitivity and high specificity

Trade-off (saves $210K but 35.5 fewer QALYs)

High sensitivity and low specificity

$18,542/QALY gained (cost-effective)

Standard Mammography diagnostic values (+/- 10%)
Low sensitivity and high specificity

$12,975/QALY gained (cost-effective)

High sensitivity and low specificity

Trade-off (saves $340K but 35 fewer QALYs)

Source: Deloitte Access Economics calculations.

Variables assigned distribution parameters in Table 3.5 were varied simultaneously according
to their probability distributions for 1,000 Monte Carlo simulations. Simulations are shown in Chart
3.1, and are contained within the north-east quadrant of the plane. Tomosynthesis as adjunct to
mammography has a 100% probability of being cost-effective compared to a willingness to pay
threshold of $50,000 per QALY (black line). The base case ICER is shown as a large blue data point
on the cost-effectiveness plane.
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Chart 3.1 Cost-effectiveness plane of tomosynthesis adjunct to standard mammography compared to
standard mammography alone.
$200,000

$180,000

Incremental cost per 1,000 patients (AUD$)

$160,000

$140,000

$120,000

$100,000

$80,000

$60,000
Monte Carlo Simulations
$40,000

Cost effective: Less than
$50,000/QALY gained
Base case scenario

$20,000

$0
0

Source: Deloitte Access Economics.
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4 Computed tomography
coronary angiography for
patients with stable
symptomatic coronary
ischemia
This case study investigates the cost-effectiveness of a
computed tomography coronary angiography compared to a
conventional catheter angiography, for patients with stable
symptomatic ischemia of low to medium severity.
4.1

Overview

Coronary ischemia refers to restricted blood flow to the heart due to a narrowing or a blockage in a
coronary artery. It is most commonly caused by the build-up of plaque along the artery wall,
referred to as atherosclerosis.49 The condition that develops due to the damage caused by this
build-up is called coronary artery disease (CAD), which has been the leading cause of death in
Australia for over a decade.50 This case studies assesses the cost-effectiveness of CT angiography
(CTCA) compared to conventional catheter angiography (CCA) for patients with stable
symptomatic ischemia of low to medium severity.
A major symptom of CAD is angina, a form of discomfort or pain in the chest that can be triggered
by physical activity, emotional stress or other factors51. When the pain or discomfort dissipates
after a period of rest or the use of nitrates, the ischemic condition is considered to be stable. 52
Patients presenting with stable symptomatic ischemia are investigated for suspected CAD using a
range of methods such as electrocardiograms, CTCAs, MRI scans and CCAs.
CCA has been the gold standard for investigating atherosclerotic CAD. However, it is an invasive
procedure associated with a small but non-negligible risk of developing major complications such
as myocardial infarction and stroke.53 CT angiographies have emerged as an alternative
non-invasive procedure for patients with a low pre-test probability of CAD, with the primary benefit
being their ability to rule out significant CAD. They are particularly useful for risk stratification for
patients suspected of having ischemia of low to medium severity who might be successfully
managed through lifestyle changes and medication and can avoid CCA.54

Wee, Y., Burns, K., & Bett, N. (2015). Medical management of chronic stable angina. Australian
prescriber, 38(4), 131.
50
ABS 3303.3 – Causes of Death, Australia, 2018 (latest).
51
Wee, Y., Burns, K., & Bett, N. (2015). Medical management of chronic stable angina. Australian
prescriber, 38(4), 131.
52
Ibid.
53
Skinner, J. S., Smeeth, L., Kendall, J. M., Adams, P. C., & Timmis, A. (2010). NICE guidance. Chest pain of
recent onset: assessment and diagnosis of recent onset chest pain or discomfort of suspected cardiac
origin. Heart, 96(12), 974-978.
54
Alexander R. van Rosendael, Jeroen J. Bax, Improved risk stratification with computed tomographic coronary
angiography in patients with suspected coronary artery disease, European Heart Journal - Cardiovascular
Imaging, Volume 18, Issue 8, August 2017, Pages 849–850
49
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A CT coronary angiography is performed using a 64 slice or higher scanner which records pictures
of the heart. A dye injected into a vein prior to the procedure attenuates possible blockages in the
coronary arteries. Nurses administer medications and monitor the heart rate during the procedure,
under the supervision of a cardiac trained radiologist or a cardiologist if necessary.
A CCA is performed with the insertion of a plastic tube (catheter) into an artery, usually through
the groin or the arm. The catheter is threaded into the area being examined and used as a
passageway for a contrast material that facilitates the capture of x-ray images55. The procedure
has been associated with a small risk of heart attack or strokes due to its invasive nature.
Additionally, there are minor complications that might result from the procedure such as allergic
reactions to the dye, injuries or bleeding at the site of the catheter insertion, and artery tearing.56
While these complications have serious ramifications in some rare cases, their risk of occurring is
low.57
There are various treatment modalities for CAD, that are delivered according to the severity of the
condition and patient characteristics. For mild forms of the disease, lifestyle changes such as
increasing cardiovascular exercises and decreasing the intake of bad cholesterol foods are often
the primary medical advice. For cases where lifestyle changes or medication are insufficient,
coronary revascularisation is common. Coronary revascularisation primarily includes two types of
procedures, both of which widen the narrowed artery causing the ischemia. The more common of
these two procedures is a percutaneous coronary intervention (PCI), during which a catheter is
threaded into the area where blood flow has been narrowed and inflated to compress the plaque
build-up.58 The second procedure is a coronary artery bypass grafting (CABG), whereby a healthy
artery is grafted to a damaged artery to create a new passage for the flow of blood that bypasses
the obstructed portion of the damaged artery.59

4.2

Methodology

The target population is a hypothetical cohort of 1,000 patients aged 60 years and over with no
previous history of CAD and a pre-test probability of 30% for having significant CAD. This is varied
in the sensitivity analysis, as the pre-test probability is dependent on patient characteristics and
clinical characteristics such as comorbidities.
Patients in the model present with angina pectoris associated with low to medium severity
ischemia and are investigated for significant CAD through either CTCA or CCA. There are two true
disease states – significant CAD and insignificant CAD. Significant CAD generally refers to an
obstruction of 50% or greater and can be moderate CAD or severe CAD depending on the level of
stenosis. For the purposes of the paper, only moderate CAD is considered (50% - 70%) as severe
CAD is more likely associated with ischemia of a higher severity. Stenosis less than 50% is
classified as normal coronary arteries. In practice, this is not always true, as a milder level of
luminal narrowing could be associated with milder levels of CAD that warrant risk free treatment
such as medications or lifestyle changes. However, these forms do not incur major differences in
costs and outcomes and have thus not been included in the model.
Patients progress through the branches of the decision tree based on the probabilities at each node
to arrive at the end outcome at five years. The disability weights and costs associated with each of
these end nodes help determine the cost-effectiveness of each diagnostic procedure. The primary
outcome measures are changes in DALYs and change in health resource utilisation. The decision
tree model is outlined in Figure 4.1.

Coronary angiogram. (2020). Retrieved 26 August 2020, from https://www.healthdirect.gov.au/coronaryangiogram
56
Tavakol, M., Ashraf, S., & Brener, S. J. (2012). Risks and complications of coronary angiography: a
comprehensive review. Global journal of health science, 4(1), 65.
57
Ibid.
58
Australian Institute of Health and Welfare: Coronary revascularisation in Australia, 2000. Canberra: AIHW.
2003.
59
McCreanor, V., Graves, N., Barnett, A. G., Parsonage, W., & Merlo, G. (2018). A systematic review and
critical analysis of cost-effectiveness studies for coronary artery disease treatment. F1000Research, 7.
55
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Figure 4.1 Decision tree for CTCA vs CCA in diagnosing significant CAD
True
disease
state

Test

Test result

Action

5-year outcome

OMT
pMACE_1

MACE_1

True positive
SensCT
#

OMT

Significant CAD

Delayed OMT
pMACE_2

No MACE_1
MACE_2

#

pSigCAD

False negative
#

CTCA

Delayed OMT
No MACE_2

No treatment
Die

pMortality_CT
True negative

#
SpecCT
#

No treatment

Survive
Follow -up

Insignificant CAD

pMortality_CT

Die

#
False positive

#

Follow -up
Survive

OMT
pMACE_1

MACE_1

True Positive
SensCCA
#

Significant CAD

OMT
Delayed OMT

pMACE_2

No MACE_1
MACE_2

#

pSigCAD

False negative
#

CCA

Delayed OMT
No MACE_2
No treatment
Die

pMortality_CCA
True negative

#
SpecCCA

#

No treatment
Follow -up

Insignificant CAD
#

pMortality_CCA

Survive
Die

False positive

#

Follow-up
Survive

Notes: CTCA: Computed Tomography Coronary Angiography; CCA: Conventional Catheter Angiography; SensCT: sensitivity of
CTCA; SensCCA: sensitivity of CCA; SpecCT: specificity of CTCA, SpecCCA: specificity of CCA; OMT: optimal medical
treatment; MACE_x: major adverse cardiac event (revascularisation, cardiac arrest, non-fatal myocardial infarction);
pMACE_x: probability of MACE_x; mort_CT: CT mortality rate; mort_CCA: CCA mortality rate
Source: Deloitte Access Economics.
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4.2.1

Diagnostic pathways

The diagnostic pathways modelled were a CTCA and CCA with no imaging follow up specified under
either arm. The sensitivity and specificity of CTCA as taken from a meta-analysis60 were 98%
(95% CI 95%-100%) and 89% (%-94%), respectively. As per the study, a CCA is considered to
be the gold-standard and has a sensitivity and specificity of 100%. To reflect clinical practice, the
CCA diagnosis involved an initial attendance of a specialist consultant due to the invasive nature of
the procedure.
In the event that a test result was positive, patients undergo optimal medical treatment (OMT),
which in this model could either follow further testing for risk stratification, or some form of
treatment. Since this varies depending on the condition, OMT in the model consisted only of a
follow up session with a specialist consultant to map the condition management pathway. Both
patients with true positive test results as well as those with false positive results were followed up
for a consultation, therefore resulting in an additional cost for false positive tests.
Patients with negative test results were dismissed due to the high negative predictive value of
CTCAs and CCAs. It was assumed that patients with a false negative test result who were
dismissed re-presented to a GP with angina pectoris and were subsequently treated appropriately
within the model timeframe of 5 years.
4.2.2

Treatment pathways

The model does not specify a specific type of treatment for patients with significant CAD, as some
form of revascularisation is likely to occur. This is because the decision to choose a particular
revascularisation procedure (i.e. PCI or CABG) depends on the severity of the condition and
patient characteristics. Patients without significant CAD were dismissed with no medication. These
determined the final outcomes in the model depending on the true state of the condition:
•

•

Significant CAD - the final outcomes in the model are the probability of having a major
adverse cardiac event (MACE), which included revascularisation, cardiac arrest and non-fatal
myocardial infarction. This probability differed for patients with true positive tests and those
with false negative tests who re-presented with angina pectoris and were subsequently
treated. MACE_1 in the decision tree refers to the outcome for patients with moderate CAD
who were treated within the first year, whereas MACE_2 refers to the outcome for patients
with moderate CAD who were not treated within the first year but were subsequently treated
within the model timeframe.
No significant CAD – the final outcomes for patients without significant CAD only included the
mortality risk from undergoing a CT or CCA procedure. This mortality risk was not applied to
cases of significant CAD as the probability of death included in MACE could not be separated
out from the probability of death due to a procedure. Naturally, patients without significant
CAD were not assumed to have any risks of having a MACE within 5 years.

Patients with stenosis less than 50% might have a mild form of CAD with associated MACE risks
that are foregone in the model with the assumption of normal coronary arteries. In practice, these
patients might still be clinically treated with medicines or lifestyle changes that have not been
reflected in the model. While the model assumes revascularisation for patients with significant
CAD, it does not specify the type of surgery undergone to achieve this. Therefore, a minimum cost
of a follow up with a consultant is assumed for these nodes, rather than the costs associated with
a specific type of revascularisation. The possibility of taking medication has also not been modelled
due to differences in the rate of uptake in medication and type of medication administered.
4.2.3

Model parameters

The parameters of the model were sourced from literature. Probability parameters were derived
from Genders et al. (2015), which presented a cost-effectiveness analysis to determine the
optimal imaging strategy for patients with suspected CAD. 61 The health system costs were sourced

Genders, T. S., Petersen, S. E., Pugliese, F., Dastidar, A. G., Fleischmann, K. E., Nieman, K., & Hunink, M.
M. (2015). The optimal imaging strategy for patients with stable chest pain: a cost-effectiveness
analysis. Annals of internal medicine, 162(7), 474-484.
61
Ibid.
60
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from MBS data and with the clinical pathway approved by medical experts, and disability weights
were sourced from the Global Burden of Disease (GBD) dataset.62
The health system cost parameters were included for the CTCA and CCA procedures, as well as
follow up costs with the specialist to map treatment pathways, and GP costs for re-presentation
after a false negative test result. The CCA procedure had an additional specialist consultant cost
associated due to its invasive nature. The disability weights as defined by GBD were as follows:
•

•

•

•

CAD – the disability weight associated with ischemic heart disease after treatment, described
as generic uncomplicated chronic disease that requires management but has minimal
interference with daily activities. This disability weight is applied to patients who has significant
CAD (50% or greater stenosis)
Myocardial infarction – defined as a shortness of breath after heavy physical activity, tiring
easily, but having no problems when at rest. This disability weight was applied to all those with
significant CAD who suffered a major adverse cardiac event including myocardial infarction.
Moderate angina – This disability weight was applied to all those with significant CAD who
returned a false negative test and were assumed to experience moderate angina that led to
re-presentation to the GP.
Death – Applied to the cohort of patients who died due to the diagnostic procedure.

Table 4.1 summarises the parameters of the model, their distributions and sources.

Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2017 (GBD 2017) Disability
Weights. Seattle, United States: Institute for Health Metrics and Evaluation (IHME), 2018.
62
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Table 4.1 Model parameters for CTCA vs CCA in diagnosing significant CAD
Parameter

Base case value (CI) Distribution

Source

Cost of CTCA

$884.53

Gamma

MBS item 57360 (procedure)

Cost of CCA63

$997.56

Gamma

MBS item 38218 (procedure), MBS
item 110 (attendance by consultant)

Cost of re-presenting

$48.22

Gamma

MBS item 23 (GP attendance)

Cost of a follow up

$148.68

Gamma

MBS item 116 (subsequent
attendance by a consultant)

Sensitivity CTCA

98% (95 – 100)

Beta

Pooled estimate from Genders et al.
(2015)

Specificity CTCA

89% (83 – 94)

Beta

Pooled estimate from Genders et al.
(2015)

Sensitivity CCA

100%

Pooled estimate from Genders et al.
(2015)

Specificity CCA

100%

Pooled estimate from Genders et al.
(2015)

Probability of MACE_1

17% (13 – 22)

Beta

Pooled estimate from Genders et al.
(2015)

Probability of MACE_2

7% (5 - 9)

Beta

Pooled estimate from Genders et al.
(2015)

Beta

Pooled estimate from Genders et al.
(2015)

Beta

Pooled estimate from Genders et al.
(2015)

Costs

Probabilities

Mortality from CTCA
0.001% (0 – 0.002)
Mortality from CCA
0.110% (0.09 – 0.14)
Disability weight
Myocardial infarction

0.074

Beta

Global burden of disease study
(2017)

Moderate angina

0.08

Beta

Global burden of disease study
(2017)

CAD

0.049

Beta

Global burden of disease study
(2017)

Death

1

Source: Deloitte Access Economics.
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4.3

Results

In the base case per 1,000 patients undergoing diagnosis, CTCA saves $140,637 compared to CCA
and averts 2.80 DALYs. CTCA is therefore dominant to CCA and the preferred diagnostic strategy.
A variety of sensitivity analyses were undertaken to analyse the impact on cost-effectiveness from
changes to key model variables. One-way sensitivity analysis was performed to assess the change
in the ICER from a change in the cost parameters by 25% of the base case values and a change in
the pre-test probability of having significant CAD. The tests and results are shown in Table 4.2. As
shown, CTCA remains dominant in all scenarios.
Table 4.2 One-way sensitivity analysis for CTCA vs CCA in diagnosing significant CAD
Parameter

Cost per DALY averted

Pre-test probability (+/- 25%)
Low

Dominant

High

Dominant

Cost CTCA (+/- 25%)
Low

Dominant

High

Dominant

Cost CCA (+/- 25%)
Low

Dominant

High

Dominant

Source: Deloitte Access Economics.

The impact on the ICER from a change in the diagnostic accuracy of CTCA was measured using a
two-way sensitivity analysis, due to the inverse relationship between sensitivity and specificity.
The diagnostic accuracy of CCA remained constant at 100% for sensitivity and specificity. The
results of this analysis Table 4.3 show that the intervention remains dominant under both
scenarios.
Table 4.3 Two-way sensitivity analysis for CTCA vs CCA in diagnosing significant CAD
Parameter

Cost per DALY averted

CTCA
Low sensitivity and high specificity

Dominant

High sensitivity and low specificity

Dominant

Source: Deloitte Access Economics.

The cost of CCA includes the cost of the procedure (MBS 57360) as well as the initial attendance by a
consultant (MBS 110)
63
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The parameters of the model were simultaneously varied according to the probability distributions
specified in Table 4.1. The resulting analysis shows that a CTCA is cost-effective in 89% of cases,
and dominant in 47% of cases. This outcome is driven by the parameters that are significantly
different for the two arms – the risk of mortality and the disutility associated with each of the two
procedures. Notably, the absolute value of the mortality risk is not high for either procedure but
are significantly different relative to each other. Chart 4.1 presents the cost-effectiveness plane of
the simulations of CTCA compared to CCA.
Chart 4.1 Cost-effectiveness plane of simulations for the ICER of CTCA vs CCA
$400,000.00
Monte Carlo Simulations

$300,000.00

Cost-effective: Less than $50 000
per QALY gained
Base case scenario

Incremental cost per 1,000 patients

$200,000.00

-10

$100,000.00

$-5

0

5

-$100,000.00

-$200,000.00

-$300,000.00

-$400,000.00

-$500,000.00

Incremental DALYs per1,000 patients
Source: Deloitte Access Economics
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5 Positron emission
tomography monitoring for
non-Hodgkin’s lymphoma
This case study investigates the cost-effectiveness of interim
positron emission tomography monitoring compared to no
interim monitoring, for patients being treated for
non-Hodgkin’s lymphoma.
5.1

Overview

Non-Hodgkin’s lymphoma (NHL) is a cancer of the lymphatic system which develops when a type
of white blood – a ‘lymphocyte’ – develops tumours.64 The function of the lymphatic system is to
circulate disease-fighting white blood cells in the body, and so this is the mechanism by which the
cancer spreads to various parts of the body. When this spread is to sites other than lymph nodes,
or the spleen, thymus and pharyngeal lymphatic ring, it is classified as being extra nodal
lymphoma and might mimic other organ-related pathologies.65
The two primary types of lymphocytes in which the cancer might present are B-lymphocytes, the
most common type of NHL, and T-lymphocytes, which are less common.66 Cancers of these cells
can either be indolent or aggressive. Indolent lymphomas spread slowly and need monitoring but
might not require aggressive therapy when first diagnosed, while aggressive lymphomas grow and
spread rapidly and usually require treatment immediately. Depending on the type and severity of
the cancer, this treatment is generally chemotherapy with or without additional radiation therapy.
The focus of this case study is patients with diffuse large B-cell lymphoma (DLBCL), a subtype of
aggressive NHL.67
5.1.1

Treatment and monitoring of DLBCL

The primary treatment modality for DLBCL is chemotherapy of varying intensities based on the
disease stage. In some cases, this is combined with radiation therapy and in rare cases, surgery.
Factors that predict the outcome of treatment include stage of the disease, immunological and
patient characteristics, genetic abnormalities, and tumour proliferation rate.68
A common first line of treatment for DLBCL is the R-CHOP regimen, which consists of four
medicines abbreviated to CHOP (cyclophosphamide, doxorubicin, vincristine, and prednisone)
combined with a monoclonal antibody known as rituximab. The regimen is administered in cycles,

Lymphoma Australia – Non-Hodgkin Lymphoma. Accessed 2020 <<
https://www.lymphoma.org.au/page/9/non-hodgkin-lymphoma>>
65
Ibid.
66
Lymphoma Australia – Non-Hodgkin Lymphoma. Accessed 2020 <<
https://www.lymphoma.org.au/page/11/mature-b-cell-lymphomas>>
67
ibid
68
Armitage, J. O. (1993). Treatment of non-Hodgkin's lymphoma. New England Journal of Medicine, 328(14),
1023-1030.
64
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depending on the severity of the disease and has been associated with long-term DLBCL remission
rates of 60%-70%.69,70
The conventional method for monitoring the response to treatment is based on morphological
criteria and a reduction in the size of a tumour.71 A precise and early prediction of the therapy
response is important in effectively designing the treatment regimen of the patient. For example, if
the patient is responding well to therapy, the intensity of the chemotherapy can be reduced to
mitigate exposure to treatment related toxicity. Alternatively, if there is a risk of experiencing a
treatment failure or relapse, the need for more aggressive or alternative treatment can be
identified early to potentially improve the likelihood and duration of remission.72,73,74
There are risks associated with chemotherapy which can vary depending on the medicines used
and the duration of the treatment. These include fertility risks for people of a reproductive age,
and mortality risk. A randomised trial for PET guided R-CHOP for patients with aggressive NHL
identified treatment-related morbidities including anaemia, leukopenia, infections and diarrhoea.75
Treatment related death affected approximately 3.9% of the patient cohort that underwent 4
cycles of R-CHOP. Due to these risks, a risk-adapted therapy model is becoming increasingly
valuable in cancer treatment to achieve optimal patient outcomes. This model focuses on a
therapy approach that incorporates the risk of recurrence to prevent unnecessary treatment or
exposure to toxicity, and is associated with higher cure rate and an equal or lower risk of
treatment induced morbidity or mortality.76
Treatment may be monitored using a PET scanner using the tracer [18F]fluorodeoxyglucose
(FDG-PET), injected into the system intravenously prior to the scan. A PET scan is useful for
therapy response measuring due to its ability to distinguish between a residual mass that is
malignant and that which is fibrotic or of some other non-malignant nature which can occur in a
lymph node after therapy.77 This results in a high specificity for the detection of residual disease,
with one systematic review yielding a pooled estimate of 100% (97-100%).78

5.2

Methodology

For this model, the target population is a hypothetical cohort of 1,000 patients aged 18 to 80 years
with aggressive DLBCL, who have undergone 4 cycles of R-CHOP as a first line therapy. The
analysis tests whether interim PET monitoring of treatment response before the end of the
treatment cycle of 2 years is cost-effective.

Pfreundschuh M, Schubert J, Ziepert M, et al: Six versus eight cycles of bi-weekly CHOP-14 with or without
rituximab in elderly patients with aggressive CD20+ B-cell lymphomas: A randomised controlled trial
(RICOVER-60). Lancet Oncol 9:105-116, 2008
70
Cunningham D, Hawkes EA, Jack A, et al: Rituximab plus cyclophosphamide, doxorubicin, vincristine, and
prednisolone in patients with newly diagnosed diffuse large B-cell non-Hodgkin lymphoma: A phase 3
comparison of dose intensification with 14-day versus 21-day cycles. Lancet 381: 1817-1826, 2013
71
Hutchings, M., & Barrington, S. F. (2009). PET/CT for therapy response assessment in lymphoma. Journal of
nuclear medicine.
72
Haioun C, Itti E, Rahmouni A, et al: [18F]Fluoro2-deoxy-D-glucose positron emission tomography (FDG-PET)
in aggressive lymphoma: An early prognostic tool for predicting patient outcome. Blood 106: 1376-1381, 2005
73
Mikhaeel NG, Hutchings M, Fields PA, et al: FDG-PET after two to three cycles of chemotherapy predicts
progression-free and overall survival in high-grade non-Hodgkin lymphoma. Ann Oncol 16: 1514-1523, 2005
74
ibid
75
Dührsen, U., Müller, S., Hertenstein, B., Thomssen, H., Kotzerke, J., Mesters, R., Berdel, W. E., Franzius, C.,
Kroschinsky, F., Weckesser, M., Kofahl-Krause, D., Bengel, F. M., Dürig, J., Matschke, J., Schmitz, C., Pöppel,
T., Ose, C., Brinkmann, M., La Rosée, P., Freesmeyer, M., … PETAL Trial Investigators (2018). Positron
Emission Tomography-Guided Therapy of Aggressive Non-Hodgkin Lymphomas (PETAL): A Multicenter,
Randomized Phase III Trial. Journal of clinical oncology : official journal of the American Society of Clinical
Oncology, 36(20), 2024–2034.
76
Hutchings, M., & Barrington, S. F. (2009). PET/CT for therapy response assessment in lymphoma. Journal of
nuclear medicine.
77
DeWit M, Bumann D, Beyer W, Herbst K, Clausen M, Hossfeld DK. Whole-body positron emission tomography
(PET) for diagnosis of residual mass in patients with lymphoma. Ann Oncol. 1997
78
Zijlstra JM, Lindauer-van der Werf G, Hoekstra OS, Hooft L, Riphagen II, Huijgens PC. 18F-fluorodeoxyglucose positron emission tomography for post-treatment evaluation of malignant lymphoma: a
systematic review. Haematologica. 2006;91(4):522-529.
69
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5.2.1
Model pathways
The patients in the model progress through the branches of the model according to the
probabilities at each node and arrive at the end outcome at 2 years. The probability of patients in
the cohort who have a malignant residual mass at the end of first line therapy has been
approximated since they do not undergo a formal scan. This approximation has been performed by
taking the product of the PPV of an interim PET scan and the total number of patients who test
positive on the PET scan. That is, the total number of people in the cohort who test positive,
weighted by the accuracy of the PET scan in predicting patients with positive test results who truly
have the disease.
There are two disease states – malignant residual masses at the end of first line therapy, and
non-malignant residual masses. A malignant residual mass is interpreted as the patient not having
responded sufficiently well to the 4 cycles of R-CHOP administered, who needs treatment
intensification as a result, while a non-malignant residual mass is an indicator of the 4 cycles of
R-CHOP being effective. The primary outcome of the model is the 2-year survival rate that
implicitly incorporates the mortality risk of R-CHOP and that from undergoing a PET scan. Due to
possible double counting, the mortality risk associated with the PET procedure faced only by
patients who undergo the interim scan has not been accounted for separately. The decision tree
model is outlined in Figure 5.1.
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Figure 5.1 Model structure for PET monitoring of NHL
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Source: Deloitte Access Economics.

5.2.2
Treatment pathways
Treatment is provided at only two points in the model timeline – once at the beginning of the
model after the patients have been newly diagnosed with DLBCL and once before the end of the
2-year model timeframe, guided by an interim PET scan for half of the cohort. Patients who test
positive for malignant residual masses on the interim PET scan have their treatment intensified to
6 cycles of R-CHOP while patients who test negative continue with 4 cycles of R-CHOP. Due to a
lack of available data on survival outcomes for patients who have treatment intensified despite a
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false positive and vice versa, the model assumes that all patients who yield a positive result on the
PET scan warrant intensified treatment. That is, all patients with a positive result are implicitly
assumed to have malignant residual masses, and vice versa. Patients who are not tested in the
interim all continue with the original regimen of 4 cycles of R-CHOP. A limitation of the model is
that it does not incorporate the morbidity risks associated with R-CHOP, that might be greater for
someone who undergoes more intensive therapy. However, the increased mortality risk for
patients who undergo the additional 2 cycles of R-CHOP is included in the analysis.
5.2.3
Patient outcomes
Patients who test negative on the PET scan or who are assumed to have non-malignant residual
masses in the absence of an interim scan have a disability weight associated with a controlled
phase of NHL, involving daily medication but minimal interference with daily activities. This weight
is also applied to patients who test positive on the PET scan and subsequently face a change in
their treatment regimen as it is assumed the treatment is effective in the early stages of the
disease. A limitation of assuming the same weight for those who test positive and those who test
negative is that it doesn’t capture the additional burden of undergoing the 2 extra cycles of
R-CHOP. This is due to a lack of available data on the specific disability associated with each cycle
of R-CHOP.
Patients with a malignant residual mass who do not undergo an interim PET scan and therefore are
not appropriately treated have a disability weight associated with the diagnosis and primary
therapy phase of NHL as provided by the Global Burden of Disease 2017 dataset, which is higher
than the weight for controlled NHL post treatment. Patients who do not survive have a disability
weight associated with death, i.e. 1.
The overall survival of patients at each end node is determined by the cycles of R-CHOP they are
administered and their underlying disease severity. A limitation of the analysis is that there is no
data on the 2-year survival rate for patients whose treatment regimen is not intensified when
appropriate in the absence of an interim PET. In the absence of available data, the survival rate
has been conservatively assumed to be the same as the 5-year survival rate for patients who are
not able to complete the planned primary R-CHOP treatment regimen for DLBCL.79
5.2.4
Model parameters
The model parameters were sourced from literature and in consultation with clinical experts.
Probability parameters were primarily derived from the PETAL trial by Duhrsen et al 201880, who
analysed whether FDG-PET can guide therapy for patients with aggressive non-Hodgkin’s
lymphoma treated with R-CHOP. The health system costs were sourced from MBS data and
approved by clinical experts. The MBS item relevant for the analysis was for a whole body
FDG-PET scan to assess the response to first line therapy during treatment, or within three months
of it for Hodgkin’s or non-Hodgkin’s lymphoma. The cost of treatment was calculated using the
indicated pricing provided by NSW Government using Pharmaceutical Benefits Schedule (PBS) data
and other sources.81 The disability weights were sourced from the Global Burden of Disease (GBD)
dataset.82
Table 5.1 summarises the parameters of the model, their distributions and sources.

Wästerlid, T., Harrysson, S., Andersson, T. M. L., Ekberg, S., Enblad, G., Andersson, P. O., ... & Smedby, K.
E. (2020). Outcome and determinants of failure to complete primary R‐CHOP treatment for reasons other than
non‐response among patients with diffuse large B‐cell lymphoma. American Journal of Hematology.
80
Dührsen, U., Müller, S., Hertenstein, B., Thomssen, H., rg Kotzerke, J., Mesters, R., ... & Kofahl-Krause, D.
(2018). Positron emission tomography-guided therapy of aggressive non-Hodgkin lymphomas (PETAL): a
multicenter, randomized phase III trial. Journal of Clinical Oncology, 36(20), 2024-2034.
81
Cancer Institute NSW ‘Non-Hodgkin lymphoma R_CHOP21 (rituximab CYCLOPHOSPHamide DOXOrubicin
vincristine prednisolone)’ (13 September 2019) <https://www.eviq.org.au/haematology-andbmt/lymphoma/non-hodgkin-lymphoma/70-r-chop21-rituximab-cyclophosphamide-doxorubici#references>
82
Global Burden of Disease Collaborative Network. Global Burden of Disease Study 2017 (GBD 2017) Disability
Weights. Seattle, United States: Institute for Health Metrics and Evaluation (IHME), 2018.
79
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Table 5.1 Model parameters
Parameter

Base case value (CI) Distribution

Source

$868.30

Gamma

MBS item 61622

Gamma

Cancer Institute NSW83

Costs
Cost of FDG-PET scan

Cost of R-CHOP (1 cycle) $2,490.00
Probabilities
PPV of PET

77.3% (50.7 – 90.7)

Beta

Duhrsen et al. (2018)

Proportion of PET+

12.5%

Beta

Duhrsen et al. (2018)

Proportion of PET-

87.5%

Beta

Duhrsen et al. (2018)

Probability of malignant
residual masses (pMR)

9.7% (7.2 – 12.1)

Beta

Calculated based on Duhrsen et al.
(2018) estimates

Probability of nonmalignant residual
masses (pBR)

90.3% (67.8 – 100)

Beta

Calculated based on Duhrsen et al.
(2018) estimates

Overall survival PET+
and 6 R-CHOP (OS_1)

64.8% (45.5 – 78.8)

Beta

Duhrsen et al. (2018)

Beta

Duhrsen et al. (2018)

Beta

Wasterlid et al. (2020)

Beta

Duhrsen et al. (2018)

Overall survival PET+
and 4 R-CHOP (OS_2)

88.2% (81.2 – 92.7)

Mortality from
insufficient R-CHOP

26.0% (19.0 – 33.0)

Mortality from 4 R-CHOP
(OS_4)
3.9% (2.9 – 4.9)
Disability weights
NHL diagnosis and
primary therapy

0.288 (0.193 – 0.399)

Beta

Global burden of disease study
(2017)

NHL stable

0.049 (0.031 – 0.072)

Beta

Global burden of disease study
(2017)

Death

1

Source: Deloitte Access Economics.

Cancer Institute NSW ‘Non-Hodgkin lymphoma R_CHOP21 (rituximab CYCLOPHOSPHamide DOXOrubicin
vincristine prednisolone)’ (13 September 2019) <https://www.eviq.org.au/haematology-andbmt/lymphoma/non-hodgkin-lymphoma/70-r-chop21-rituximab-cyclophosphamide-doxorubici#references
83
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5.3

Results

In the base case per 1,000 patients undergoing diagnosis, interim PET monitoring costs an
additional $471,982 compared to no interim PET monitoring and averts 10.79 DALYs. PET
therefore yields an ICER of $43,734 per DALY averted, and is cost-effective.
A variety of sensitivity analyses were undertaken to analyse the impact on cost-effectiveness from
changes to key model variables. One-way sensitivity analysis was performed to assess the change
in the ICER from a change in the cost parameters by 25% of the base case values. The results of
this analysis is shown in Table 5.2. As shown, the intervention remains cost-effective in most
scenarios, with the exception of the high PET cost scenario (where it falls just outside the costeffectiveness threshold), and the high R-CHOP scenario (due to the additional cycles delivered in
the intervention arm).
Table 5.2 One-way sensitivity analysis results of PET monitoring for NHL
Parameter

Cost per DALY averted

Probability of malignant residual masses (+/- 15%)
Low

$48,936/DALY averted (cost effective)

High

$39,238/DALY averted (cost effective)

Cost PET (+/- 25%)
Low

$23,472/DALY averted (cost effective)

High

$63,994/DALY averted

Cost R-CHOP (+/- 25%)
Low

Dominant

High

$212,949/DALY averted

Source: Deloitte Access Economics.

The parameters of the model were simultaneously varied according to the probability distributions
specified in Table 5.1. The resulting analysis is presented in Chart 5.1, which displays the
cost-effectiveness plane of the simulations of interim PET monitoring compared to no interim PET
monitoring. Using the cost-effectiveness thresholds, the intervention is cost-effective 50% of the
time (black line) and dominant 37% of the time.
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Chart 5.1 Cost-effectiveness plane of simulations for the ICER of PET monitoring vs no PET monitoring
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6 Magnetic resonance
imaging targeted biopsy
for prostate cancer
This case study investigates the cost-effectiveness of MRI
guided biopsy of the prostate, compared to trans-rectal
ultrasound biopsy for prostate cancer diagnosis.
6.1

Overview

The prostate gland is a key part of the male reproductive system which produces fluid that,
together with sperm cells from the testicles and fluids from other glands, makes up semen. It is
located below the bladder and surrounds the urethra (see Figure 6.1).
Figure 6.1 Anatomy of the prostate gland

Source: Prostate Cancer Foundation of Australia. 84

Prostate cancer develops when uncontrolled cell growth occurs and forms a tumour. Prostate
cancer is the second most common cancer diagnosed in men in Australia and the third most
common cause of cancer death. When a doctor suspects that a patient has prostate cancer, two
tests are commonly used to indicate whether further testing is needed. A prostate specific antigen
(PSA) blood test measures the level of prostate proteins circulating in the blood and can be used
to indicate an enlarged prostate and possible malignancy. Alternatively, a digital rectal

Prostate Cancer Foundation of Australia (2020) What you need to know about prostate cancer. Retrieved 26
August 2020, from https://www.prostate.org.au/awareness/general-information/what-you-need-to-knowabout-prostate-cancer/
84
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examination (when a doctor examines the prostate via palpation with a finger inserted in the
rectum) may be performed.85
As neither initial test is considered accurate, a biopsy of the prostate is required to confirm
diagnosis before considering treatment options. The procedure involves the removal of small
samples of tissue using very thin, hollow needles. The prostate is either accessed via the perineum
(transperineal) or the rectum (transrectal) and is anatomically guided by an ultrasound. The latter
is termed transrectal ultrasound (TRUS) and is used as comparator in this case study.
Systematic TRUS biopsy involves taking 8-12 tissue samples (‘cores’) from the peripheral zone of
the prostate gland. TRUS guidance cannot visualise suspicious lesions and is used for anatomic
guidance only, which often results in insignificant lesions being unnecessarily biopsied while
clinically significant lesions are missed. The biopsy procedure is safe but invasive and carries up to
a 25% risk of lower urinary tract complications, and in rare cases can cause life-threatening
sepsis.86
The introduction of MRI in the triage and guidance of suspected prostate cancer biopsy has
revolutionised the diagnosis and management of patients in recent decades. MRI is an advanced
form of computer imaging which enables urologists to examine the prostate and surrounding tissue
including focal lesions or cancer. Using the pre-biopsy MRI, up to 27% of patients may avoid
unnecessary biopsy, and there is 5% fewer clinically insignificant cancer diagnoses.87 Where this is
followed by MRI-guided biopsy, the procedure is targeted to pre-identified areas of suspicious
lesions, thereby reducing the chance of a false negative diagnosis. The combination of these
techniques is termed the “MRI pathway” and is compared against TRUS biopsy in this case study.

6.2

Methodology

This model examined the use of MRI, relative to the comparator of TRUS biopsy, for men being
investigated for possible malignancy after a preliminary positive PSA scan.
6.2.1
Model structure
A decision analytical model is used for this case study and is shown in Figure 6.2. The target
population is adult males aged 60-69 years, with the probability of cancer within this cohort
assumed to be 30% as used in a recent Cochrane review. This prior review also informs the pooled
sensitivity and specificity (diagnostic values) for the intervention and comparator, marked in blue
in the chart.88
Diagnostic values determine the population that are correctly identified as having a correct
diagnosis (true positive or negative) within a hypothetical cohort of 1,000 people. TRUS guidance
cannot visualise suspicious lesions and is used for anatomic guidance only, thus insignificant
lesions are often unnecessarily biopsied while clinically significant lesions are missed as the TRUS
sensitivity is significantly lower.
Five year survival probabilities determine the number of patients in each end node of the model
(indicated by triangles), where cost and disability weights are applied and rolled back through the
model according to the probabilities indicated to reach the final decision node (rectangle).

Cancer Council (n.d.) Prostate cancer. Retrieved 26 August 2020, from https://www.cancer.org.au/cancerinformation/types-of-cancer/prostate-cancer
86
Loeb S, Vellekoop A, Ahmed HU, et al. (2013). Systematic review of complications of prostate biopsy. Eur
Urol; 64: 876–92.
87
Ahmed et al. (2017). Diagnostic accuracy of multi-parametric MRI and TRUS biopsy in prostate cancer
(PROMIS): a paired validating confirmatory study. Lancet (London, England), 389(10071), 815–822.
https://doi.org/10.1016/S0140-6736(16)32401-1
88
Drost et al. (2019) Prostate MRI, with or without MRI-targeted biopsy, and systematic biopsy for detecting
prostate cancer. Cochrane Database of Systematic Reviews 2019, Issue 4. Art. No.: CD012663. DOI:
10.1002/14651858.CD012663.pub2.
85

46

The value of radiology

Commercial-in-confidence

Figure 6.2 Decision tree model structure for MRI pathway compared to standard TRUS biopsy in the
diagnosis of prostate cancer
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6.2.2
Health system costs
MBS items for each diagnostic and therapeutic intervention were confirmed with clinical
radiologists. The Department of Health additionally provided data on the average OOP costs for
patients not covered by Medicare. Relevant items were:
•
•
•
•

Item
Item
Item
Item

104 (specialist consult)
63544 for MRI scan
37226 for MRI-guided biopsy
37219 for TRUS biopsy

The total cost of the MRI pathway intervention was calculated as the sum of MBS item 104 + MBS
item 37226 + MBS item 63544 (noting bulk bill incentive for latter). Data from the Medical Costs
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Finder89 was used to estimate costs for non-bulk billed patients such as hospital payments and
accommodation fees.
Those patients who are given a false negative diagnosis despite having prostate cancer are
assumed to remain undiagnosed over the five year time horizon.
6.2.3
Disability weights
Disability weights were obtained from the Global burden of disease study and included:
•

•

Controlled phase of prostate cancer – caries a weight of 0.049 per year, comprising of
uncomplicated disease including worry and daily medication but minimal interference with daily
activities. Over a 5-year time horizon, those correctly identified as having prostate cancer thus
have a disability weight of 0.049 * 5 = 0.245.
Diagnosis and primary therapy phase of thyroid cancer – caries a weight of 0.288 per year,
and comprises of pain, nausea, fatigue, weight loss and high anxiety. Those with undiagnosed
cancer have a disability weight of 0.288 * 5 = 1.44.

Table 6.1 summarises the inputs used in the analysis.
Table 6.1 Summary table of variables for the MRI pathway vs. TRUS biopsy prostate cancer case study.
Parameter

Base case value
(CI)

Distribution

Source

MRI pathway

$973.00

Gamma

MBS item 104 (consult) + MBS item
63544 (MRI scan) + MBS item
37226 (MRI biopsy)

TRUS biopsy

$771.65

Gamma

Calculation based on MBS item 104
(consult) + MBS item 37219 (TRUS
biopsy)

Prostatectomy

$16,470.00

Gamma

Calculation based on patient costs
in Medical Costs Finder90

Costs

True/False Positive, MRI
pathway

$17,341.65

Gamma

Consult + MRI + (MRI biopsy*50%)
+ prostatectomy

True/False Positive, TRUS
biopsy

$17,141.77

Gamma

Consult + (TRUS biopsy * 50%) +
prostatectomy

Probabilities
Sensitivity MRI pathway

72% (60-82)

Beta

Pooled estimate from Drost et al
(2019)91

Australian Government Department of Health (2020) Medical Costs Finder. Retrieved 10 September 2020,
from https://www.health.gov.au/resources/apps-and-tools/medical-costs-finder
90
Australian Government Department of Health (2020) Medical Costs Finder. Retrieved 10 September 2020,
from https://www.health.gov.au/resources/apps-and-tools/medical-costs-finder
91
Drost et al. (2019) Prostate MRI, with or without MRI-targeted biopsy, and systematic biopsy for detecting
prostate cancer. Cochrane Database of Systematic Reviews 2019, Issue 4. Art. No.: CD012663. DOI:
10.1002/14651858.CD012663.pub2.
89
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Specificity MRI pathway

96% (94-98)

Beta

Pooled estimate from Drost et al
(2019)

Sensitivity TRUS

63% (19-93)

Beta

Pooled estimate from Drost et al
(2019)

Specificity TRUS

100% (91-100)

Beta

Pooled estimate from Drost et al
(2019)

Cancer rate amongst men
with suspected prostate
cancer after PSA screen

30% (23-38)

Beta

Drost et al (2019)

pDie|Undiagnosed

18.5% (12 – 25)

Beta

Mid-point estimate of range from
Gulati et al. (2011)92

pSurvive|Cancer

92% (92-93)

Beta

AIHW (2020)93

pSurvive|NoCancer

99%

Beta

Australian Bureau of Statistics
(ABS) 94

Cancer

1.44

Beta

Global burden of disease study
(2017)

Remission

0.245

Beta

Global burden of disease study
(2017)

Disability weight

Source: Deloitte Access Economics.

6.3

Results

In the base case per 1,000 patients treated, the MRI pathway costs $450,416 and incurs
17.0 DALYs, while the TRUS pathway costs $369,496 and incurs 19.2 DALYs. Thus, the
incremental cost of the MRI pathway is $80,408 and the intervention averts 2.2 DALYs, which is
equal to an ICER of $36,922 per DALY averted. The MRI pathway is therefore cost effective as it
is below the cost-effectiveness threshold of $50,000 per DALY averted.
The impact of varying cost parameters by 25 percent of their base case value on the ICER is
shown in Table 6.2. Results show that the MRI pathway becomes cost-effective where the
prevalence of cancer is high, the cost of MRI scan is low, or cost of TRUS biopsy is high.

Gulati et al. (2011) What if I don't treat my PSA-detected prostate cancer? Answers from three natural
history models. Cancer epidemiology, biomarkers & prevention: a publication of the American Association for
Cancer Research, cosponsored by the American Society of Preventive Oncology, 20(5), 740–750.
https://doi.org/10.1158/1055-9965.EPI-10-0718
93
Australian Institute of Health and Welfare (AIHW) 2020 Cancer Data in Australia; Canberra: AIHW.
<https://www.aihw.gov.au/reports/cancer/cancer-data-in-australia/>.
94
Australian Bureau of Statistics, Causes of Death, Australia cat. no. 3303.0, ABS, Canberra. Data extracted
from <http://stat.data.abs.gov.au/Index.aspx?DatasetCode=DEATHS_AGESPECIFIC_REGISTRATIONYEAR>
92
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Table 6.2 One-way sensitivity analysis for the MRI pathway vs. TRUS biopsy prostate cancer case study
Parameter

Cost per DALY averted

Cancer Prevalence (+/- 25%)
Low

$88,857/DALY averted

High

$18,174/DALY averted (cost-effective)

Cost MRI scan (+/- 25%)
Low

$21,211/DALY averted (cost-effective)

High

$52,633/DALY averted

Cost TRUS biopsy (+/- 25%)
Low

$69,505/DALY averted

High

$4,339/DALY averted (cost-effective)

Cost prostatectomy (+/- 25%)
Low

$35,510/DALY averted (cost-effective)

High

$38,334/DALY averted (cost-effective)

Source: Deloitte Access Economics.

The impact of varying diagnostic accuracy parameters is performed via two-way sensitivity
analysis due to the inverse relationship between these parameters. ‘High’ and ‘low’ refer to the
upper and lower limit of the confidence interval for each parameter, as shown in Table 6.1.
Results are shown in Table 6.3. The two-way variation in diagnostic accuracy variables shows that
the MRI pathway remains cost-effective where the MRI pathway has a high sensitivity (82%) or
when TRUS biopsy has a low sensitivity (19%). The MRI pathway is dominated by TRUS biopsy
where MRI has a low sensitivity (60%) and a high specificity (98%).
Table 6.3 Two-way sensitivity analysis for the MRI pathway vs. TRUS biopsy prostate cancer case study
Parameter

ICER

MRI pathway: Low sensitivity and high specificity

Dominated (costs $88,516 and incurs 1.8 DALYs)

MRI pathway: High sensitivity and low specificity

$26,515/DALY averted (cost-effective)

TRUS biopsy: Low sensitivity and high specificity

$1,953/DALY averted (cost-effective)

TRUS biopsy: High sensitivity and low specificity

$71,701/DALY averted

Source: Deloitte Access Economics.

All parameters listed in Table 6.1 were varied simultaneously according to the appropriate
probability distributions. The results are shown on a cost-effectiveness plane in Chart 6.1. The MRI
pathway has an 11% chance of being dominant compared to TRUS biopsy (i.e. being cost saving
and averting DALYs, as shown in the south-east quadrant of the plane).
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Using the cost-effectiveness threshold of $50,000/DALY averted, the intervention has an 87%
chance of being cost-effective (below the black line in the north-east quadrant).
Chart 6.1 Cost-effectiveness plane of simulations for the ICER of MRI pathway vs TRUS biopsy.

$400,000

Monte Carlo Simulations

Incremental cost per 1,000 patients (AUD$)
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$50,000/DALY averted

$300,000
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Incremental DALYs averted per 1,000 patients
Source: Deloitte Access Economics.
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7 Non-invasive ultrasound
liver elastography for nonalcoholic fatty liver disease
This case study investigates the cost-effectiveness of an
ultrasound guided liver elastography, compared to a liver
biopsy for patients suspected of non-alcoholic fatty liver
disease.
7.1

Overview

Liver disease develops when there is reduced functionality of the liver due to damage. It can be
caused by various factors such as viral infections, autoimmune and genetic conditions, excessive
alcohol consumption, cancers or other mechanisms.
Non-alcoholic fatty liver disease (NAFLD) is a subclass of liver disease that develops due to factors
that are not well understood. It is characterised by an excess deposit of fat in the liver due to
reasons other than alcohol consumption and associated factors.95 This is referred to as steatosis
and is a major cause of morbidity from liver disease.96
There are multiple stages of NAFLD determined by clinical storing systems which measure the level
of damage in the liver. In the early stages of the condition, blood tests might provide indications of
abnormality in the liver that warrant further examination. This might be performed through clinical
and radiographic tests.
Figure 7.1 Stages of fatty liver disease

Source: UCSF Transplant surgery Department of Surgery; Fatty Liver Disease. Available at:
https://transplantsurgery.ucsf.edu/conditions--procedures/Fatty-Liver-Disease-(Nonalcoholic-Steatohepatitis).aspx

National Guideline Centre (UK). Non-Alcoholic Fatty Liver Disease: Assessment and Management. London:
National Institute for Health and Care Excellence (UK); 2016 Jul. (NICE Guideline, No. 49.) 2,
Introduction. Available from: https://www.ncbi.nlm.nih.gov/books/NBK384738/
96
El-Zayadi A. R. (2008). Hepatic steatosis: a benign disease or a silent killer. World journal of
gastroenterology, 14(26), 4120–4126. Available from: https://doi.org/10.3748/wjg.14.4120
95
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7.1.1
Liver biopsy
A liver biopsy is considered to be the gold standard diagnostic procedure for patients suspected to
have NAFLD. It is most commonly performed as a percutaneous liver biopsy, whereby a long
needle is inserted into the liver through the abdomen to extract a sample of the liver tissue for
examination. A less common form of a biopsy is a trans-jugular biopsy, which is performed using a
vein in the neck, and a laparoscopic biopsy which is performed through an abdominal incision97.
A significant limitation of liver biopsies is that the invasive nature of the procedure has associated
risks including pain, infections, vasovagal reactions, haemorrhage and death. The risk of mortality
is extremely low, with estimates varying between 0.01% to 0.1% in literature98; however, minor
complications occur more frequently. Pooled data from a literature review suggests that over 7%
of patients who had a liver biopsy suffered from a minor adverse event.99 Another limitation of a
liver biopsy is the small volume of the overall liver sampled. The sample is approximately 1/50,000
of the overall liver mass, which subjects the procedural accuracy to sampling error and thus
compromises the overall diagnostic performance of the specimen100. Other limitations for the
procedure include intraobserver variability in the reporting of the disease stage and the inability to
perform repeated biopsies to monitor the treatment. These limitations and the relatively high cost
of the procedure have led to explorations of alternative methods of diagnosing and staging the
disease.
7.1.2
Ultrasound guided liver elastography
One such alternative is a liver elastography, a non-invasive technique that is widely used in viral
hepatitis and is now emerging as a reliable technique in the investigation of NAFLD. A liver
elastography is a reproducible and safe diagnostic technique that uses existing ultrasound systems
to investigate liver stiffness. In an ultrasound guided elastography, the velocity of a pulse
propagated through the skin into the liver is measured. The velocity is related to the amount of
stiffness in the liver, which in turn helps determine the extent of the fibrosis.101 Newer techniques
are also helping quantify the level of fatty infiltration and active inflammation in the liver, which is
integral in the investigation of fatty liver disease and its more progressive counterpart nonalcoholic steatohepatitis102.
A limitation of Ultrasound guided elastography is the influence of confounding variables on
stiffness readings in addition to fibrosis. These include active inflammation, the degree of fat
deposition, fasting status, increased portal pressures and heart failure among others. As the
software evolves we are now able to start accounting for these confounders, an advance that
Fibroscan at present cannot achieve.
Stages of NAFLD progress in order of severity from hepatic steatosis through to non-alcoholic
steatohepatitis to fibrosis or cirrhosis. Cirrhosis is the most common cause of portal hypertension –
an increased pressure within the portal vein which transports blood from the digestive organs to
the liver. The elevated pressure occurs when blood vessels are blocked and can induce various
complications such as oesophageal and gastric varices, and problems associated with circulatory

Beckmann, M. G., Bahr, M. J., Hadem, J., Bredt, M., Wedemeyer, H., Schneider, A. S., ... & Wedemeyer, J.
(2009). Clinical relevance of transjugular liver biopsy in comparison with percutaneous and laparoscopic liver
biopsy. Gastroenterology research and practice, 2009.
98
Shyangdan D, Clar C, Ghouri N, et al. Insulin Sensitisers in the Treatment of Non-Alcoholic Fatty Liver
Disease: A Systematic Review. Southampton (UK): NIHR Journals Library; 2011 Nov. (Health Technology
Assessment, No. 15.38.) 3, Diagnosis of non-alcoholic fatty liver disease and its stages. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK98338/
99
National Guideline Centre (UK). Non-Alcoholic Fatty Liver Disease: Assessment and Management. London:
National Institute for Health and Care Excellence (UK); 2016 Jul. (NICE Guideline, No. 49.) 2,
Introduction. Available from: https://www.ncbi.nlm.nih.gov/books/NBK384738/
100
Bravo, A. A., Sheth, S. G., & Chopra, S. (2001). Liver biopsy. New England Journal of Medicine, 344(7),
495-500.
101
Shyangdan D, Clar C, Ghouri N, et al. Insulin Sensitisers in the Treatment of Non-Alcoholic Fatty Liver
Disease: A Systematic Review. Southampton (UK): NIHR Journals Library; 2011 Nov. (Health Technology
Assessment, No. 15.38.) 3, Diagnosis of non-alcoholic fatty liver disease and its stages. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK98338/
102
Sugimoto, K., Moriyasu, F., Oshiro, H., Takeuchi, H., Abe, M., Yoshimasu, Y., ... & Itoi, T. (2020). The role
of multiparametric US of the liver for the evaluation of nonalcoholic steatohepatitis. Radiology, 296(3), 532540.
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dysfunction103. Patients with advanced stages of the disease might also require a liver transplant,
or in some cases, suffer from liver failure resulting in death. SWE can screen for these conditions
effectively and help mandate lifestyle changes that will improve outcomes for patients and reduce
the high annual expenditure on chronic liver diseases.
This case study focuses on patients being tested for fibrosis stage 3, an advanced level of fibrosis
that escalates to cirrhosis, at which the disease is mostly irreversible. At the cirrhosis stage,
patients have lower overall survival, transplant free survival and liver disease complications.104
Early detection of advanced liver fibrosis is thus valuable in preventing the progression to cirrhosis.

Bloom, Stephen, W. Kemp, and J. Lubel. "Portal hypertension: pathophysiology, diagnosis and
management." Internal medicine journal 45.1 (2015): 16-26.
104
Axley, P., Mudumbi, S., Sarker, S., Kuo, Y. F., & Singal, A. K. (2018). Patients with stage 3 compared to
stage 4 liver fibrosis have lower frequency of and longer time to liver disease complications. PloS one, 13(5),
e0197117. https://doi.org/10.1371/journal.pone.0197117
103
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7.2

Methodology

This model assess the cost-effectiveness of using liver elastography compared to biopsy for
patients with suspected NAFLD. The target population is a hypothetical cohort of 1,000 people
aged 45 years who are tested for stage 3 fibrosis. Members of this cohort are evenly split to either
have a percutaneous liver biopsy or an ultrasound guided liver elastography, for diagnosis.105 The
cost-effectiveness of the procedures are determined based on the QALY estimates associated with
health outcomes six months following the diagnosis.
7.2.1
Model pathways
There are two disease states – advanced fibrosis and no advanced fibrosis. A limitation of the
model is that it excludes patients with the earliest stages of fibrosis, as capturing the movement
between the different stages of the disease and the implications of these movements is difficult,
given existing data sources. Patients progress through the decision tree based on the probabilities
at each node and arrive at one of two primary outcomes – survival with or without the condition,
or death.
Treatment options for NAFLD are varied and include pharmacological treatments and surgery. The
model only considers lifestyle changes such as dietary modification and exercise as the treatment
for those who are positively diagnosed, because it is most widely prescribed as a treatment option
for NAFLD. It can often be accompanied by pharmacological therapies, but these might vary
according to disease aetiology and comorbidities such as type 2 diabetes which have not been
incorporated in the model. A key assumption in the model is that patients who are prescribed
lifestyle changes follow them. While this assumption is not always reflective of true patient
behaviour, it is reasonable to assume that adherence to lifestyle changes would be the same in
both arms of the model.
7.2.2
Patient outcomes
Patients who undergo a liver elastography and test as true positives are assumed to follow the
treatment regimen and either live with treated NAFLD or die. Patients who test as false negatives
might progress to cirrhosis, remain as untreated NAFLD or die. Patients who test as false positives
are not measured for outcomes in the 6-month cycle but might be followed up or retested after a
period of time in clinical practice. Patients who test as true negatives are dismissed. A limitation of
the model is that the QALY for treated fibrosis of stage 2 and below is taken for stage 3 fibrosis
due to a lack of available data for treated stage 3 fibrosis specifically.
As the gold standard, a liver biopsy is assumed to have complete diagnostic accuracy (100%
sensitivity and 100% specificity), resulting in outcomes associated only with a positive or negative
test result. This is a conservative approach to the analysis as in some cases, the small sample
extracted might not show damage if not present at the site of the test; however, this is more likely
in the earliest stages of the condition. Patients who test positive are assumed to follow the
treatment regimen and either live with treated NAFLD or die. In both the positive and the negative
branches, there is an additional mortality risk from undergoing a liver biopsy. The decision tree
model is outlined in Figure 7.2.

In the absence of available data regarding pre-test probability of having advanced fibrosis for the age group
considered, the model assumes a 50% chance that patients who present for a diagnosis have the condition.
This assumption is varied in the sensitivity analysis.
105
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Figure 7.2 Model structure for liver elastography for diagnosing advanced fibrosis
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7.2.3
Model parameters
The model parameters were sourced from literature and in consultation with clinical experts. The
six month transition probabilities were derived from a guideline for identifying, diagnosing and
assessing NAFLD, developed in 2016 by NICE.106 The sensitivity and specificity of liver
elastography is sourced from a systematic meta-review107 of the diagnosis of NAFLD using
FibroScan. Radiology in Australia uses shear wave technology (SWE) for the investigation of
NAFLD instead of FibroScan, but the data presented by both are likely comparable.
The utilities associated with the end outcomes were derived from the guideline, with the exception
of the utilities for death and a healthy state of living, which were assumed to be zero and one,
respectively. There is a disutility associated with a liver biopsy, due to the possible complications
of the procedure such as bleeding and pain. This has been sourced from a cost-effectiveness study
of non-invasive fibrosis testing for patients with chronic hepatitis B108, and adjusted to align with
the parameters from the NICE guidelines paper.
The health system costs were sourced from MBS data and approved by clinical experts. The MBS
item relevant for the ultrasound guided liver elastography is a duplex scan involving an ultrasound
and Doppler flow measurements. The MBS items relevant for the percutaneous liver biopsy are the
procedure itself, an accompanying ultrasonic echography for guidance, a blood test conducted
prior to the procedure, and recovery costs. The recovery cost considered for a liver biopsy is the
average out of pocket cost for patients opting for hospital stay privately, as provided by the
Grattan institute109. A summary of these parameters is provided in Table 7.1.

National Guideline Centre (UK). Non-Alcoholic Fatty Liver Disease: Assessment and Management. London:
National Institute for Health and Care Excellence (UK); 2016 Jul. (NICE Guideline, No. 49.) 2,
Introduction. Available from: https://www.ncbi.nlm.nih.gov/books/NBK384738/
107
Hashemi, S. A., Alavian, S. M., & Gholami-Fesharaki, M. (2016). Assessment of transient elastography
(FibroScan) for diagnosis of fibrosis in non-alcoholic fatty liver disease: a systematic review and metaanalysis. Caspian journal of internal medicine, 7(4), 242.
108
Crossan, C., Tsochatzis, E. A., Longworth, L., Gurusamy, K., Papastergiou, V., Thalassinos, E., ... &
Papatheodoridis, G. V. (2016). Cost‐effectiveness of noninvasive liver fibrosis tests for treatment decisions in
patients with chronic hepatitis B in the UK: systematic review and economic evaluation. Journal of Viral
Hepatitis, 23(2), 139-149.
109
Duckett, S. and Nemet, K. (2019). Saving private health 1: reining in hospital costs and specialist bills.
Grattan Institute.
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Table 7.1 Model parameters
Parameter

Base case value Distribution
(CI)

Source

Ultrasound elastography

$214.20

Gamma

MBS item 55278

Percutaneous liver biopsy

$194.40

Gamma

MBS item 30409

Ultrasonic echography

$224.00

Gamma

MBS item 55054

Blood test

$7.50

Gamma

MBS item 65060

Recovery bed

$400.00

Gamma

Grattan Institute (2019)

Sensitivity of ultrasound
elastography

0.94 (0.92 –
0.96)

Beta

Hashemi et al. (2016)

Specificity of ultrasound
elastography

0.91 (0.89 –
0.93)

Beta

Hashemi et al. (2016)

Transition probability of
advanced fibrosis to
compensated cirrhosis

0.028 (0.021 –
0.035)

Beta

NICE Guidelines (2016)

Mortality risk of advanced
fibrosis

0.003 (0.002 –
0.004)

Beta

NICE Guidelines (2016)

Beta

NICE Guidelines (2016)

Costs

Probabilities

Mortality risk of liver biopsy 0.0009 (0.001 –
0.002)
Utilities
Treated NAFLD without
advanced fibrosis

0.87

Beta

NICE Guidelines (2016)

Advanced fibrosis

0.72

Beta

NICE Guidelines (2016)

Compensated cirrhosis

0.60

Beta

NICE Guidelines (2016)

Disutility from liver biopsy
and complications

0.18

Beta

Crossan et al. (2015)

Full health

0.95

Assumed

Death

0

Assumed

Source: Deloitte Access Economics

58

The value of radiology

Commercial-in-confidence

7.3

Results

In the base case per 1,000 patients diagnosed, liver elastography costs $319,324 less than a liver
biopsy and results in 52.6 additional QALYs. It is therefore the dominant diagnostic option.
Sensitivity analyses was undertaken to analyse the impact of variations in the model parameters
on the cost-effectiveness of liver elastography. One-way sensitivity analysis was performed to
assess the change in the model given a 25% change in the base case cost parameters. The results
of this analysis are shown in Table 7.2.
Table 7.2 One-way sensitivity analysis results of liver elastography for diagnosing advanced fibrosis
Parameter

Cost per DALY averted

Pre-test probability of advanced
fibrosis (+/- 25%)
Low

Dominant

High

Dominant

Cost liver elastography (+/- 25%)
Low

Dominant

High

Dominant

Cost liver biopsy (+/- 25%)
Low

Dominant

High

Dominant

Source: Deloitte Access Economics

The parameters of the model were simultaneously varied according to the probability distributions
specified in Table 7.1. The resulting analysis is presented in Chart 7.1, which displays the costeffectiveness plane of the simulations of a liver elastography compared to a liver biopsy for
diagnosing advanced fibrosis. Using the cost-effectiveness threshold of $50,000 per QALY gained,
the intervention is cost-effective 89% of the time and dominant 84% of the time. This is due to
the significant cost-saving from avoiding a liver biopsy, as well as the QALY losses associated with
the invasive nature of the biopsy. The benefit of a shear wave elastrography is stronger when
considering the reproducibility of the tests when there are movements between stages of liver
disease. The reproducibility of the test means patients can be restaged as needed, to hinder
disease progression.
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Chart 7.1 Cost-effectiveness plane of simulations for the ICER of liver elastography pathway vs liver
biopsy pathway.
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Limitation of our work
General use restriction
This report is prepared solely for the use of the Australian Diagnostic Imaging Association. This
report is not intended to and should not be used or relied upon by anyone else and we accept no
duty of care to any other person or entity. The report has been prepared for the purpose set out in
the engagement letter dated 10 June 2020. You should not refer to or use our name or the advice
for any other purpose.
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