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Abstract

The Medical Services Advisory Committee (MSAC) is an independent non-statutory committee established by the Australian
government to provide recommendations on public reimbursement of technologies and services, other than pharmaceuticals.
MSAC has established approaches for undertaking health technology assessment (HTA) of investigative services and code-
pendent technologies. In 2016, MSAC published its clinical utility card (CUC) Proforma, an additional tool to guide assess-
ments of genetic testing for heritable conditions. We undertook a review and narrative synthesis of information extracted
from all MSAC assessments of genetic testing for heritable conditions completed since 2016, regardless of the HTA approach
taken. Ten assessments met our inclusion criteria, covering a range of testing methods (from gene panels to whole-exome
sequencing) and purposes (including molecular diagnosis, genetic risk assessment, identification of congenital anomaly
syndromes, and carrier screening). This analysis identified a range of methodological and policy challenges such as how to
incorporate patient and societal preferences for the health and non-health outcomes of genomic testing, how best to capture
the concept of co-production of utility, and how to engage clinicians as referrers for genomics tests whilst at the same time
ensuring equity of access to a geographically dispersed population. A further challenge related to how qualitative assessments
of patient and community needs influenced the evidence thresholds against which decisions were made. These concepts
should be considered for incorporation within the value assessment frameworks used by HTA agencies around the world.
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Introduction

Health technology assessment (HTA) is a multidisciplinary
process that uses explicit methods to determine the value
of a health technology at different points in its lifecycle,
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for the purpose of informing decision-making that pro-
motes an equitable, efficient, and high-quality health system
(O'Rourke et al. 2020). A health technology is any interven-
tion developed to prevent, diagnose or treat medical con-
ditions, promote health, provide rehabilitation, or organ-
ise healthcare delivery. A health technology can be a test,
device, medicine, vaccine, procedure, service, program, or
system.

HTA is a formal, systematic, and transparent process that
uses state-of-the-art methods to consider the best available
evidence (O'Rourke et al. 2020). An HTA typically con-
siders the following: the health problem and current use
of the technology; a description of the technology and its
technical characteristics; safety; clinical effectiveness; an
economic evaluation; an ethical analysis; relevant organisa-
tional aspects; patient and social aspects; and legal aspects
(EUnetHTA 2016).

HTA is undertaken in many countries, by a range of gov-
ernment, not-for-profit, and commercial organisations, and
has been used for more than four decades to inform clinical
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guidance, policy making, and funding (coverage) decisions
(Banta and Jonsson 2009). Whilst the general approach to
HTA is similar across countries, key differences do arise
because of the perspective of the organisation undertaking
the HTA, the perspective of the payer, and the features of the
local health system (including its public and private health
sector funding models).

Health technology assessment in Australia

In Australia, there are various funding schemes that provide
public subsidy for pharmaceuticals, vaccines, medical ser-
vices, devices, and tests. Reimbursement via public subsidy
is assessed by one of three committees, each of which adopts
an HTA approach. Assessment occurs after the national reg-
ulatory authority has approved the technology for market-
ing. One of these HTA committees, the Medical Services
Advisory Committee (MSAC), is responsible for assessing
genetic and genomic tests (see below). Requests for public
subsidy must be initiated by a ‘Sponsor’, which can be any
organisation or individual, but is typically a product manu-
facturer, service provider, clinical group, or a government
entity. Details of these HTA processes are publicly available
(Australian Government Department of Health 2020).

MSAC provides advice to the federal Minister for Health
regarding the comparative safety, effectiveness, and cost-
effectiveness of a technology. If public subsidy for the tech-
nology is supported, one or more items will be established
on the Medicare Benefits Schedule (MBS) which describe
the service that is subsidised and an MBS fee that reflects
the costs and resources required to deliver the service. For
a medical test on the MBS, the fee would reflect the con-
sumables and the time of the relevant health professional(s)
to collect, prepare, analyse, and report on the biological
specimen.

Health technology assessment of genetic
tests in Australia

MSAC has well-established processes and methods for
undertaking HTA of medical tests, including genetic tests.
The standard MSAC approach for evaluating tests is detailed
in technical guidelines for the assessment of investigative
services (Medical Services Advisory Committee 2017),
which also includes specific guidance for assessing com-
panion diagnostics (referred to in Australia as ‘codepend-
ent technologies’). Many assessments of genetic tests for
somatic pathogenic single gene variants have been under-
taken by MSAC, typically for the purpose of establishing
eligibility for subsidised pharmaceuticals, for example, ALK
rearrangement testing in patients with non-small cell lung
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cancer to determine eligibility for crizotinib (Medical Ser-
vices Advisory Committee 2013), or RAS mutation testing
for eligibility for panitumumab in metastatic colorectal can-
cer (Medical Services Advisory Committee 2014).

However, early applications to MSAC for genetic tests
for heritable conditions highlighted deficiencies in the
guidelines for investigative services and codependent tech-
nologies. For example, MSAC deferred a funding deci-
sion for cystic fibrosis transmembrane regulator testing
because issues specific to genetic/genomic testing were not
addressed (Medical Services Advisory Committee 2015b).
These included eligibility for testing, genetic counselling
requirements, the impact of undertaking testing in biologi-
cal relatives (cascade testing), the role of routine antenatal
screening for reproductive planning, and the likely impact of
next-generation sequencing (NGS). Similarly, an application
for pre-implantation genetic diagnosis (PGD; Medical Ser-
vices Advisory Committee 2015a) was deferred by MSAC
with the committee noting the absence of data on psycho-
logical distress from prenatal testing, consumer preference
for prenatal testing versus PGD, and the risks associated
with termination of pregnancy. MSAC also noted that non-
medical considerations, such as psychological, ethical, and
social issues, and the management of genetic risk were not
adequately addressed.

Development of a new assessment
framework for tests for heritable conditions

MSAC established a Predisposition Genetic Testing Work-
ing Group (the Working Group) to develop and pilot an
HTA approach for assessing genetic and genomic testing
for heritable conditions. The Working Group was convened
from 2015 to 2016 and included individuals with a range of
experience in clinical or molecular genetics, health econom-
ics, MSAC processes and methods, and representatives of
the Royal College of Pathologists of Australasia (RCPA). A
scoping review of international approaches to the assessment
of genetic tests identified the EuroGentest clinical utility
gene card (Schmidtke and Cassiman 2010), and the ACCE
evaluation process for genetic testing: analytical validity,
clinical validity, clinical utility, and ethical, legal, and social
implications (Burke et al 2002). The Working Group com-
bined the domains from these two assessment tools with the
HTA domain of costs and economic evaluation to develop
the clinical utility card (CUC) Proforma (Medical Services
Advisory Committee, 2016a). The CUC Proforma was
piloted with Application 1411—testing for BRCA1/2 ger-
mline pathogenic variants in people with breast or ovarian
cancer—and subsequently revised following re-assessment
of this application (i.e. Application 1411.1).
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Importantly, the CUC Proforma was constructed from a
clinical perspective of disease management, to allow deter-
mination of the populations to be tested (affected individu-
als and their family members) and characterisation of the
consequences of testing (potentially over long timeframes).
As the name suggests, it places an emphasis on clinical util-
ity, which was defined for MSAC purposes as testing which
yields an actionable result which in turn leads to changes in
health outcomes in affected individuals and/or their biologi-
cal relatives. The CUC Proforma introduced three key con-
cepts for HTA undertaken by MSAC: (i) the importance of
selecting individuals for testing based on the likelihood that
they harbour heritable pathogenic variants (referred to as the
pre-test probability of pathologic heritable mutation(s)), (ii)
‘star performer’ genes, and (iii) the co-production of health-
related utility that occurs when family members experience
positive health outcomes.

MSAC’s preference for an actionable genetic test result
was reflected in the CUC Proforma requirement for a pre-test
clinical assessment of at least a 10% likelihood of pathogenic
variants in the ‘star performer’ gene(s) in the affected indi-
vidual. This pre-test probability threshold was introduced
to avoid testing in populations with a high probability of an
uninterpretable or unactionable result (i.e. genetic testing
with low clinical utility).

‘Star performer’ genes were defined as high penetrance,
actionable gene(s) within a disease area that are likely to
have the clearest evidence of clinical utility, and which will
consequently have the strongest cost-effectiveness argument.
A request for public funding could include additional rel-
evant genes (i.e. genes with sufficient penetrance included
in well-regarded clinical practice guidelines), but a lower
threshold of evidence would be applied to these. Co-produc-
tion of health-related utility recognises that any value of cas-
cade testing in family members can only accrue if probands
have been tested. This is important for the economic evalu-
ation of cascade testing, as it means the marginal cost-effec-
tiveness of testing family members must be derived from
a comparison of the cost-effectiveness of testing affected
individuals and testing family members of probands versus
the cost-effectiveness of only testing affected individuals.

Selecting the approach for an MSAC
application

Before applying to MSAC, sponsors have the option of par-
ticipating in one or more pre-submission meetings with the
Department of Health, to discuss how they will frame their
application. The selection of a specific assessment approach
for an application is not rules based: sponsors are free to
choose which approach they will apply, and the investigative
services guidelines and codependent technology guidelines

can be used for any type of test. For genetic or genomic
testing, any one of the three assessment approaches may be
appropriate: the CUC Proforma approach when testing is
likely to be required in biological relatives as well as index
cases; the codependent technologies approach when the
results of testing can rule in or rule out the use of a particular
pharmaco- or immunotherapy; and the investigative services
approach for all other purposes.

Since 2015, each of the three approaches (investigative
services, codependent technologies, and the CUC Pro-
forma) has been used to frame assessments of genetic or
genomic testing for heritable conditions. The aim of this
paper was to review MSAC’s experience assessing tests
for this purpose, regardless of the HTA approach used, and
share current thinking regarding the need for further evolu-
tion of MSAC’s approach to the assessment of genetic and
genomic testing for heritable conditions, and for genomic
testing more broadly.

Methods
Study selection and inclusion criteria

All applications listed on the MSAC website were searched
by two authors (AB and SN) to identify potentially relevant
applications. Applications were included for review if they
met the following criteria: were for a genetic or genomic test
for a heritable condition; were considered by MSAC at or
after their March 2016 meeting (when the CUC Proforma
was available); and there was a public summary document
(PSD) available on the MSAC website at the time of the
initial (January 2021) or updated search (April 2021). A
PSD describes the rationale and funding advice from MSAC
to the Minister for Health, together with a summary of the
full HTA report. Sometimes information considered by the
sponsor to be commercial-in-confidence will be redacted
in the PSD.

Data collection and analysis

For each included application information from the relevant
PSD(s) was initially extracted into a data extraction form
by AB followed by checking and completion of the data
extraction by SN.

The following data were extracted: the defining charac-
teristics of the initial population(s) to be tested; the purpose
of testing (as per Korf and Irons 2012); the ‘scale of test-
ing’ (which describes the comprehensiveness of sequenc-
ing, from more targeted sequencing (e.g. small gene panels)
to more comprehensive sequencing (WES or WGS)); the
date of the most recent consideration by MSAC; the HTA
approach used (i.e. CUC Proforma, investigative services, or
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codependent technologies); the type of economic evaluation
relied on by MSAC; the key measure(s) of cost-effectiveness
relied on by MSAC; MSAC’s assessment of the net costs
to government likely to be associated with public funding
for the proposed test; MSAC’s overall judgement of value;
and whether the application was supported or not supported
by MSAC. All monetary values are expressed in Austral-
ian dollars and reflect the year in which each assessment
was undertaken. Dollar values have not been converted to a
single year given the short timeframe of analysis (2016 to
2020). In addition, key challenges faced by MSAC during
their appraisal were extracted from the PSDs and organised
by theme.

A narrative synthesis was performed to compare the gen-
eral features and evaluation components of the applications.
The authors then individually and collectively reflected on
the data to describe how MSAC’s view of its information
needs has evolved over time in response to the diversity of
applications assessed. The quality of the individual appli-
cations has not been appraised as part of this review as all
contracted assessments and PSDs are prepared according to
quality standards monitored by the Australian Department of
Health. Where key pieces of information were missing from
a PSD, this information was requested from the Department
of Health and provided to us when appropriate to do so.

Results
Characteristics of selected studies

A total of ten applications, considered by MSAC between
March 2016 and November 2020, met our study inclusion
criteria (see Table 1). All published documents associated
with an application were reviewed for relevant information,
in particular: one application (breast and ovarian cancer)
has two PSDs, an original application (1411), and a resub-
mission (1411.1), and the most recent assessment for non-
invasive prenatal testing (NIPT) was application 1492, but
earlier requests for this service had been initiated (1458 and
1461). Each included application was categorised according
to the main purpose of testing the initial target population(s):
three applications have been for ‘identification of congeni-
tal anomaly syndrome’ (childhood syndromes, NIPT, and
foetal structural anomalies); two applications have been for
‘genetic testing for risk of cancer’ (breast and ovarian can-
cer, and colorectal and endometrial cancer risk); two appli-
cations for ‘molecular diagnosis of genetic disorder’ (Alport
syndrome, and cardiac arrhythmias); and one application
for each of ‘genetic risk assessment’ (familial hypercholes-
terolaemia), ‘pharmacogenomics’ (Ovarian BRCA1/2 for
olaparib), and ‘carrier screening’ (carrier testing for cystic
fibrosis (CF), spinal muscular atrophy (SMA), and fragile
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X syndrome (FXS)). The type of testing varied across the
ten applications, from targeted gene panels to whole-exome
sequencing and genome-wide microarray.

Table 2 presents key aspects of the HTA approach
taken for the ten applications. All but one of the applica-
tions (NIPT) was ultimately supported by MSAC for public
funding. Six applications used the CUC Proforma to frame
the HTA, three applications used the investigative services
approach, and one used the codependent technologies
approach. A cost-utility analysis (CUA) was undertaken for
four applications, and a cost-effectiveness analysis (CEA)
was undertaken for five applications. In one application, the
economic analysis was deemed by MSAC to be unreliable
(Alport syndrome).

Where the base-case incremental cost-effectiveness ratio
(ICER) has been published for the CUAs, it ranged from
$7,254 per quality-adjusted life year (QALY) to $24,907/
QALY. Assessments that relied on a CEA used a variety of
units to express cost-effectiveness: cost per pathogenic vari-
ant detected (specific mutations, copy number variants, or
presence of trisomy), cost per complex birth avoided, or cost
per carrier couple detected. Although these ICERs cannot
be directly compared because of the different units used, it
was noted that the requests where testing was dominant or
yielded an ICER less than $10,000 per outcome were ulti-
mately supported by MSAC, whereas the testing that was not
supported by MSAC (NIPT) was associated with an ICER of
more than $500,000 per outcome. For the eight applications
that were supported by MSAC and for which the govern-
ment budget impacts are reported, the financial estimates
ranged from less than $1 M per annum to less than $10 M
per annum. For the one assessment that was not supported
by MSAC (NIPT), the financial estimate was in the order of
$100 M per annum.

For eight of the applications MSAC’s judgement of value
relied primarily on clinical utility to affected individuals
and/or their family members (typically through avoidance
of further diagnostic tests, changes in disease risk manage-
ment, or the avoidance of unnecessary treatments), and in
the remaining two applications, it relied on reproductive
confidence for the tested individuals.

Figure 1 presents the applications arranged by key fea-
tures of the tested populations: symptomatic or asympto-
matic and broad age group (prenatal, paediatric, adult). Fig-
ure 2 shows the applications organised by purpose of testing
and type of HTA approach used. The figures illustrate the
diversity of populations and testing purpose reflected in the
ten applications. Eight out of ten applications were for ini-
tial testing in populations that were symptomatic (although
cascade testing could have been in asymptomatic family
members), and seven applications were for initial testing
in adults (Fig. 1). The CUC Proforma approach was used
for applications concerned with genetic testing for risk of
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Fig.1 MSAC applications

by features of the primary
population for testing. Note:
Application 1449 appears twice
as testing of affected individuals
can be undertaken in children
or adults. Abbreviations: CF,
cystic fibrosis; CUC, clinical
utility card; Fragile X, fragile
X syndrome; MSAC, Medical
Services Advisory Committee;
NIPT, non-invasive prenatal
testing; SMA, spinal muscular
atrophy

Asymptomatic

Symptomatic

cancer, genetic risk assessment, or molecular diagnosis of
a genetic disorder. Applications for the purpose of identify-
ing a congenital anomaly syndrome used either the CUC
Proforma or the investigative services approach. The sin-
gle application concerned with carrier screening used the
investigative services approach, and the single application
for testing for a pharmacogenomics purpose used the code-
pendent technologies approach.

Synthesis of findings

The lessons learnt by MSAC during the assessment of the
ten applications are summarised by theme in Table 3. These
themes reflect the HTA domains across the CUC Proforma
and the MSAC guidelines for investigative services and
codependent technologies. Specific aspects that were chal-
lenging for assessment are listed, together with the approach
taken by MSAC to address these challenges. A summary
of the approaches adopted in assessing application 1504 is

Prenatal Paediatric Adult
1573 - Fragile X,
1492 - NIPT for SMA, CF (carrier
common trisomies
screening)
1533 - Fetal 1411 - BRCA1/2
structural 1449 - Alport Breast & ovarian
. syndrome "
abnormalities cancer

1476 - Childhood
syndromes

1449 - Alport
syndrome

1504 - Colorectal &
endometrial cancer

1534 - Familial
hypercholesterol-
aemia

1554 - ovarian
cancer BRCA1/2
for olaparib

1598 - cardiac
arrhythmias

presented as Fig. 3, to illustrate some of the key themes.
These themes are described in more detail below.

Health condition

Clinical validity (the link between a genotype and a disease
or disease risk) was easier to assess in circumstances with a
limited number of involved genes and a specific phenotype
(e.g. Alport syndrome), but harder to assess when there were
multiple involved genes and a non-specific phenotype (e.g.
Childhood syndromes), or when the condition was rare (e.g.
Peutz-Jeghers syndrome). For some applications, MSAC
redefined the populations to be assessed and used evidence
of effectiveness, safety, and cost-effectiveness in one popu-
lation to infer effectiveness, safety, and cost-effectiveness
in a clinically related population. For example, application
1411 was underpinned by the evidence linking BRCA1/2
testing in breast cancer probands, and this was used to sup-
port public funding for BRCA1/2 testing in breast cancer
probands and ovarian cancer probands. In application 1504,

@ Springer
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Fig.2 MSAC applications by

purpose of testing and HTA
. . . 1411 - BRCA1/2
approach used. Abbrevia- Genetic testing for Breast & ovarian iiggm;?";r i;tnac‘ 5 Legend
tions: CF, cystic fibrosis; CUC, risk of cancer cancer P
. . .ge . roforma
clinical utility card; Fragile X,
fragile X syndrome; MSAC,

. . . . " Investigative
Medical Services Advisory Genetic risk h;;’?:‘c h;i:g‘zlr services
Committee; NIPT, non-invasive assessment aemia
prenatal testing; SMA, spinal Codependent
muscular atrophy technologies

Molecular diagnosis 1449 - Alport 1598 - cardiac
of genetic disorder syndrome arrhythmias
Identification of .

ital ; 1476 - Childhood 1492 - NIPT for fiﬁdifa’f”
Congenl al anoma y syndromes common trisomies PN
syndrome abnormalities

Carrier screening

1573 - Fragile X,
SMA, CF (carrier

screening)

Pharmacogenomics

a heterogenous population of individuals with suspected
heritable colorectal or endometrial cancer was redefined
as three patient groups which better reflected the linkage
between genotype and condition (see Fig. 3). Evidence of
the effectiveness, safety, and cost-effectiveness of genetic
testing for Lynch syndrome in colorectal cancer probands
was then used to inform public funding decisions for genetic
testing for Lynch syndrome in endometrial cancer probands
and genetic testing for five familial polyposis syndromes.

Pathways of care

Many applications focused on the genetics of the
condition(s) in question and the technical performance of
the genetic/genomic test (see below), without sufficient con-
sideration of how and when an individual would be consid-
ered for testing (i.e. prior testing), the type of health profes-
sional who would request the test, and whether the proposed
test would replace or be used in addition to current testing.
MSAC typically referred to evidence-based clinical practice
guidelines to better understand the likely pathways of care,
with and without the proposed test (e.g. 1504, 1598).

The most appropriate place in care for genetic/genomic
testing was most difficult to define when the testing was
proposed for asymptomatic individuals (see Fig. 1): prena-
tal screening (1492) and carrier screening for rare diseases
(1573). The challenges included different views held by
different clinical specialities; established use of biochemi-
cal methods with acceptable accuracy and cost; established

@ Springer

1554 - ovarian |
cancer BRCAL/2 |
i

|

i

for olaparib

uptake of genomic testing in the private sector; and different
funding responsibilities between the federal and state gov-
ernments. Similar challenges have been discussed by Cor-
nel et al. (2021), who describe how innovations in sequenc-
ing technology are challenging established principles for
screening.

As noted in the “Introduction”, MSAC’s preference for
limiting germline testing to populations with a higher likeli-
hood of an actionable result is reflected in the requirement
for a> 10% pre-test probability that an individual will har-
bour pathogenic variants in one or more specified genes.
Although the selection of this threshold was questioned by
sponsors, it has been very helpful in defining the proposed
population for testing by more explicitly articulating the
clinical presentation and findings from prior tests.

Technology

MSAC found that analytic validity was difficult to ascertain
when multiple molecular techniques can be used in differ-
ent combinations, and the studies of test performance do
not always describe the techniques used. To address this,
MSAC assessed the available evidence and then tended to
assume 100% sensitivity and specificity for the correspond-
ing economic evaluations. Over time, MSAC has placed
more focus on the diagnostic yield of a test, the applicability
of the available evidence to the proposed use of the test in
Australian clinical practice, and the relative clinical impor-
tance of different diagnostic yields.
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Fig. 3 Example showing how
evidence and economic evalua-
tions from one population were
accepted by MSAC as the basis
for funding approval for clini-
cally related populations with
less evidence. Abbreviations
and definitions: CRC, colorectal
cancer; EC, endometrial cancer;
FAP, familial adenomatous
polyposis; HMPS, hereditary
mixed polyposis syndrome; JPS,
juvenile polyposis syndrome;
LS, Lynch syndrome; MAP,
MUTYH-associated polyposis;
MBS, Medicare Benefits Sched-
ule; MSAC, Medical Services
Advisory Committee; PJS,
Peutz-Jeghers syndrome; star
performer, defined by MSAC

as high penetrance, actionable
gene(s) within a disease area
that are likely to have the clear-
est evidence of clinical utility

)
ad
u'q
o=
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WITH HTA

CHALLENGES

RE-FRAMING
OF HTA BY MSAC
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FUNDING APPROVED BY

Sufficient evidence?
Economic evaluation?

Funding approval?

Populations:

Genes:

1. Patients with colorectal or endometrial cancer or a polyposis syndrome assessed with
>10% likelihood of having a clinically actionable germline pathogenic variant identified
2.Biological relatives of test-positive patients from Population 1

Testing to include three or more of TAPC, MLH1, MSH2, MSH6, PMS2, MUTYH with or without
any of SMAD4, BMPR1A, STK11, GREM1 and EPCAM

Y

» Many genes proposed for testing, but no gene specified as required in all cases (i.e. no 'Star
Performer/s' for the whole population proposed for testing)

* Majority of required clinical and epidemiological evidence was for CRC and LS, with less
evidence for EC and LS, and for FAP, and very little evidence for MAP, JPS, PJS, HMPS

» Needed to consider the place of germline testing in diagnostic pathway

» Two economic models: Lynch Syndrome (CRC probands); Familial Polyposis (based on FAP
and MAP); both models assume all clinical utility accrues to family members

» Budget estimates included genetic testing costs only, as downstream costs and cost-offsets
were too difficult to estimate reliably

Probands:

Patients with suspected
Lynch Syndrome and
whose neoplastic tissue

Probands:

Patients with adenomatous
polyposis and clinical
suspicion of familial

Probands:

Patients with
non-adenomatous
polyposis and clinical

* MBS Item 73354
» with CRC or EC, and
suspected LS

Family members:

» MBS Item 73357

« biological relative of
anyone found positive
under item 73354, 73355,
or 73356

has immunohistochemical polyposis suspicion of familial
loss of expression of one or polyposis
more mismatch repair Genes:
proteins APC and MUTYH Genes:
all of SMAD4, BMPRIA,

Genes: STK11 and GREM1
all of MLH1, MSH2, MSHS,
PMS2 and EPCAM

A A A
Proban Proban Proban

« MBS Item 73355

« with adenomatous
polyposis and suspected
FAP or MAP

Family members:

* MBS Item 73357

« biological relative of
anyone found positive
under item 73354, 73355,
or 73356

* MBS Item 73356

* with non-adenomatous
polyposis and suspected
JPS, PJS or HMPS

Family members:

* MBS Item 73357

« biological relative of
anyone found positive
under item 73354, 73355,
or 73356

LS(CRC) LS (EC)
YES (YES)
YES NO
YES YES

FAP MAP
YES NO
YES NO
YES YES

It is well-known that genetic/genomic testing is undergo-
ing a high rate of technological innovation with a concur-
rent rapid increase in the knowledge base of genes involved
in disease. The dynamic features of this class of health
technology are challenging for HTA, which is essentially
a static assessment (i.e. at a point in the product life cycle).
MSAC has sought to address the first aspect, rapid tech-
nological innovation, by make funding approvals largely
agnostic to the molecular technique(s) used, in order to
‘future proof’ the MBS items as much as possible. The
second point has been addressed in two ways: (i) limiting
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the evidence assessment requirements to a small number
of genes per heritable condition, but then recommending
funding for a broader list of genes for that condition (i.e. the
‘Star performer gene’ concept), and (ii) developing MBS
items for future re-interrogation of sequencing data, where
appropriate.

Effectiveness

As noted above, applications tended to focus on the techni-
cal performance of a test, and in many instances, there was
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limited evidence regarding the impact of test results on
clinical management and/or health outcomes. This made
it challenging to establish clinical utility for a test, either
directly or indirectly, through the use of linked evidence.
Rather than reject requests for funding on the basis of a
failure to demonstrate clinical utility, MSAC sought to
base its advice on assumptions regarding the impact of test
results. If these assumptions were highly uncertain, MSAC
reduced the uncertainty by shortening the time horizon of
the analysis to the period before and immediately after the
test (1449, 1534). Ultimately, the demonstration of clinical
utility was the basis of decision-making for eight of the
nine applications that received funding approval. In two of
these eight applications (1534, 1598), the clinical utility
accrued entirely to the biological relatives of the affected
individuals/probands.

MSAC has attempted to place a value on two of the
potential non-health outcomes of genetic or genomic test-
ing: restoration of reproductive confidence and providing
a diagnosis that has no immediate clinical utility. In five
applications (1449, 1476, 1492, 1573, 1598) reproductive
confidence was judged by MSAC to be an important meas-
ure of test effectiveness. In some assessments, attempts
were made to predict the reproductive choices that would
be made with and without the test results, but MSAC
found these predictions to be highly uncertain. Moreover,
MSAC was acutely aware that the outcomes associated
with reproductive decisions (e.g. using in vitro fertilisa-
tion methods, pregnancy termination, giving birth to an
affected child) are valued differently by different individu-
als. Consequently, MSAC elected to express value in terms
of diagnostic yield, such as the number of additional tri-
somies detected (1492) or the number of carrier couples
detected (1573). MSAC acknowledged that both negative
and positive test results can inform reproductive decisions,
but expressing cost-effectiveness in terms of the cost per
‘informed reproductive decision’ would produce ICERs
that are uninformative for MSAC as they would simply
equate to the cost of the test.

The value of providing a diagnosis with no immedi-
ate clinical utility is exemplified by application 1476 and
WES for the diagnosis of childhood syndromes. In its con-
sideration, MSAC acknowledged that there was value in
receiving a confirmed molecular diagnosis as, in addition
to restoring reproductive confidence, it likely ended the
diagnostic odyssey for the family and could allow access
to educational or disability support services. Evidence
consistent with this conclusion was later published: a dis-
crete choice experiment found that members of the Aus-
tralian public highly valued the non-clinical components
of genomic sequencing in complex paediatric neurological
disorders (Goranitis et al 2021).

Safety

As with all investigative services assessed by MSAC, each
genetic or genomic test was evaluated for safety in terms of
the methods used to collect the biological specimen for test-
ing (e.g. blood sample, tissue biopsy). In addition, MSAC
recognised that genetic and genomic testing have the poten-
tial to cause psychological harm to the individuals undergo-
ing testing. This harm can arise through the identification
of ‘off target’ mutations or non-actionable genetic vari-
ants (variants of unknown significance, or variants with no
known treatment). Harms can also arise as a consequence of
detecting non-paternity, consanguinity, or incest (see “Legal
issues” below).

The importance of measuring the impact of genetic test-
ing using patient-centred outcomes has been recognised
internationally for many years, but there are very few high-
quality studies that describe these impacts (Phillips et al.
2017). Psychological impacts that are measurable using vali-
dated tools could be included in any MSAC application, but
to date, none of the applications considered by MSAC has
incorporated this potential impact of testing.

Ethics and equity

A recurring challenge across the MSAC assessments was
how best to capture the requirements for pre- and post-test
genetic counselling. Whilst MSAC accept that genetic coun-
selling is an integral part of patient-centred care, it is not
coverable as a stand-alone service on the MBS (due to leg-
islative constraints). This challenge was managed by MSAC
in a ‘technical’ sense by assuming that the clinician refer-
ring the individual for testing would provide the required
counselling and by including the costs for delivering genetic
counselling within the economic evaluations.

Ensuring equity of access to safe, effective, and cost-
effective care is a key principle that guides the development
of all MSAC advice. For each application, MSAC explicitly
considered which health professionals would be eligible to
request an MBS-funded test, recognising the limited num-
ber of clinical geneticists in Australia. In doing this, MSAC
sought to find a balance between increasing the access to
testing (by broadening the range of requestors) whilst main-
taining diagnostic yield (i.e. effectiveness).

Cost-effectiveness

As reported by Phillips et al. (2018), key challenges for
MSAC in assessing economic evaluations have fallen into
three domains of complex model structures (to capture
the multiple pathways of use of testing), the measurement
of costs and outcomes, and a lack of good quality data.
When there was a high level of uncertainty regarding the
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downstream consequences of testing due to a paucity of
reliable evidence, MSAC tended to rely on a CEA (instead
of its preference for a CUA, e.g. 1449,1534) and/or a
shorter time horizon for the assessment (namely, a focus
on the pathway of care prior to and immediately after test-
ing; e.g. 1504, 1598). In one application (1449), MSAC
essentially relied on a cost-consequence analysis and noted
that ‘while the evidence base for genetic testing [in Alport
syndrome] was limited, there was acceptable evidence of
clinical safety and effectiveness, and the financial impact
of funding was likely to be low in the context of this rare
disease with a well-characterised phenotype’.

In other circumstances (1504, 1598) there was so little
evidence that even an economic evaluation with a short
time horizon could not be reliably developed. In these
situations, demonstration of cost-effectiveness in a clini-
cally similar population was accepted by MSAC as being
broadly applicable to the population with insufficient evi-
dence. This is illustrated in Fig. 3: evidence-based cost-
effectiveness of testing probands with colorectal cancer
and suspected Lynch syndrome was used to support fund-
ing for probands with endometrial cancer and suspected
Lynch syndrome, and evidence-based cost-effectiveness
for testing individuals with suspected familial adenoma-
tous polyposis (FAP) was used to support funding for indi-
viduals suspected as having MUTYH-associated polyposis
(MAP), juvenile polyposis syndrome (JPS), Peutz-Jeghers
syndrome (PJS), or hereditary mixed polyposis syndrome
(HMPS).

As noted above, the demonstration of the clinical util-
ity of testing for probands and/or biological relatives was
the primary basis for MSAC decision-making: for two
applications, clinical utility accrued entirely to the bio-
logical relatives (1534, 1598). Applying the concept of
co-production of health-related utility was important for
all these applications, especially the latter two, as it pro-
vided a consistent framework for structuring and reporting
the economic evaluations. This approach to the economic
evaluations also framed marginal analyses to explore the
relative cost-effectiveness of extending testing beyond
first-degree relatives to second- and third-degree relatives
(e.g. 1534).

The challenges encountered by MSAC in assessing the
costs and cost-effectiveness of genetic and genomic test-
ing are similar to those reported by others. A systematic
review of the health economic evidence for genetic and
genomic testing (across a range of clinical purposes similar
to those described herein) found that few studies reported
data transparently and/or did not state which components
were included in cost estimates (Schwarze et al. 2018). Like
MSAC, these authors found there was a very limited body of
evidence regarding the impact of genetic/genomic tests on
intermediate or final health outcomes.

@ Springer

Budget impact

A common challenge with establishing budget impact esti-
mates was determining the number of individuals likely to
be eligible for testing. Many applications provided infor-
mation on the prevalence of specific genetic variants, but
provided little or no information on the (larger) number of
individuals suspected as having those variants, or the extent
of testing uptake in biological relatives. MSAC addressed
these issues in a technical sense (by testing assumptions
regarding eligible population size in sensitivity analyses)
and via implementation (i.e. proposing MBS item descrip-
tors with clear criteria for testing).

In applications where there was high degree of uncer-
tainty regarding downstream costs and consequences of test-
ing, MSAC relied on assessments of budget impact that were
limited to the costs of delivering testing (i.e. the genetic/
genomic test itself, plus any other tests or services required
to deliver the test; e.g. 1504, 1534).

Legal issues

In addition to the ethical issues noted above, MSAC has
acknowledged legal issues that might arise as consequence
of genomic testing, including data storage and privacy, pos-
sible forensic uses of sequencing data, and the potential to
detect non-paternity, consanguinity, or incest. These matters
have not been addressed by MSAC as they represent broader
policy issues that fall outside the remit of the committee.

Implementation

For each application, MSAC considered the likely uptake
of cascade testing and the likely uptake of prevention and
treatment strategies in probands and biological relatives.
Direct evidence to inform these aspects of the assessment
was seldom available, necessitating the use of reasonable
assumptions to inform estimates of cost-effectiveness and
budget impact. The validity of these assumptions is usually
tested following implementation of the corresponding MBS
items, via a comparison of ‘predicted’ versus ‘actual’ utilisa-
tion of the items.

Uncertainty regarding the likely place of testing in clini-
cal care also presented challenges for implementation. For
the majority of applications, the appropriate place in care for
the proposed test could be determined by triangulating clini-
cal advice, recommendations from clinical practice guide-
lines, and existing subsidies for tests and treatments. But
for application 1492 (NIPT), the lack of clarity regarding
how the test would be implemented in the Australian health
system contributed to this test not being supported for public
funding. Application 1492 also presented issues regarding
health system efficiency, as there was a (unresolved) tension
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between broad access to cost-ineffective testing versus tar-
geted access to costs-effective testing for individuals at high-
est risk.

Value assessment frameworks for genetic
and genomic testing

As shown in Fig. 2, each of the ten applications for test-
ing for heritable conditions have used one of three avail-
able MSAC approaches. Except for the single use of the
codependent technology approach for the pharmacogenomic
application (1554), there is no clear pattern of use for the
CUC Proforma versus the Investigative Services approach.
The current plan is that key concepts from the CUC Pro-
forma as they relate to testing for heritable conditions will be
incorporated within the technical guidance for investigative
services, namely, the inclusion and implications of cascade
testing (including coproduction of utility), and the consid-
eration of utility other than clinical utility.

Discussion

The aim of this paper was to review MSAC’s experience
in assessing genomic and genetic tests for heritable condi-
tions and to share current thinking regarding the need for
further evolution of MSAC’s approach to the assessment of
genetic and genomic testing. The ten applications included
in this review cover a range of testing purposes: identifica-
tion of congenital anomaly syndrome, genetic testing for risk
of cancer, molecular diagnosis of genetic disorder, genetic
risk assessment, pharmacogenomics, and carrier screening.
The type of testing across these applications varied from
targeted gene panels through to whole-exome sequencing
and genome-wide microarray. Although efforts were made
to adopt a pragmatic HTA approach a priori, none of these
assessments ended up being straightforward. Challenges
faced during the assessments included a lack of clarity
regarding who would be tested and when and a lack of evi-
dence for both the positive and negative impacts of testing.
The uncertainty regarding the appropriate place of testing
in relevant pathways of care and the clinical utility of testing
lead to uncertainty in the estimations of cost-effectiveness
and total budget impact. Nonetheless, despite these chal-
lenges, nine of these applications were ultimately supported
by MSAC for public funding.

The approaches taken by MSAC to value genetic or
genomic testing for heritable conditions are similar to
assessment frameworks for ‘omic’ technologies used by
HTA agencies around the world (Hoxhaj et al. 2020), includ-
ing a focus on the link between genotype and disease, the
evaluation of test performance, and the utility of testing.

Many of the challenges faced by MSAC in assessing genetic
and genomic tests are not unique to Australia. For exam-
ple, a systematic review of economic evaluations of NGS-
based tests in Canada found there were challenges related
to inconsistent approaches to the conduct and reporting of
economic analyses, the uncertainty related to evidence gaps,
and the lack of incorporation of non-health outcomes into
economic evaluations (Weymann et al. 2019). Whilst the
first of these has not been an issue in the MSAC context
(each application complies with MSAC guidelines which
are consistent with international standards for reporting of
HTA and health economic analyses; Husereau et al. 2013;
Drummond et al. 2015), the lack of key evidence and dif-
ficulties in valuing non-health benefits have been consistent
challenges for MSAC.

Although the concept of clinical utility is fundamental
to how MSAC assesses the value of any investigative ser-
vice, MSAC has acknowledged a number of positive and
negative non-health impacts of genetic and genomic testing:
providing or restoring reproductive confidence; facilitating
access to diagnosis-dependent educational and/or disabil-
ity support; identification of disorders for which there are
no prevention or treatment interventions; detection of non-
paternity, consanguinity, or incest; possible forensic uses of
sequencing data; and issues around data storage and privacy.
Where appropriate, MSAC sought to take these (potential)
non-health outcomes into consideration when forming their
overall judgement of value for a specific testing scenario.
Many of these non-health impacts carry potentially signifi-
cant ethical and social impacts, and the more comprehen-
sive the sequencing, the greater the potential for ethical and
social impacts. MSAC has acknowledged that it would be
desirable for the societal value placed on the ‘value of know-
ing’ from genetic testing to be captured more formally in
future assessments.

As noted above, MSAC has a strong preference for
genetic or genomic testing that yields actionable results. But
consumers and clinicians differ in what they view as ‘action-
able’: for a patient, the benefits of genomic testing can also
include knowledge generated by the test that is not clini-
cally actionable, referred to as ‘personal utility’ (Bombard
et al. 2013; Kohler et al. 2017). Whilst Australian patient
preferences for health and non-health outcomes associated
with genomic testing have been reported (e.g. Goranitis et al.
2020, Goranitis et al. 2021), MSAC does not yet have pre-
ferred methods for the elicitation of such preferences, or
their incorporation into MSAC assessments.

A recent systematic review of studies that valued patient
preferences for NGS outcomes identified a number of meth-
odological and conceptual challenges in the elicitation of
these preferences, which they concluded were related to
the breadth and complexity of information associated with
NGS-directed care (Regier et al. 2018). Others have argued
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for an expanded HTA value framework that includes ele-
ments such as reduction in uncertainty, the value of hope,
and the value of knowing information that might guide treat-
ment at a future date (Garrison et al. 2017). However, the
methodology for incorporating these aspects of value into an
HTA is an area of active research, and possible methods such
as willingness-to-pay and cost-benefit analysis are generally
not preferred by MSAC. A promising concept proposed by
Mighton et al. (2020) is that personal utility and clinical util-
ity lie on a continuum, and consequently, it may be possible
to apply or adapt existing quality of life measures to capture
non-health outcomes from genomic testing.

A limitation of our review is that it is restricted to an
analysis of information that is in the public domain, typically
in the form of PSDs published on the website of the Austral-
ian Department of Health. Consequently, our analysis does
not capture the perspectives of sponsors, consumers, or the
contracted assessment groups regarding the challenges that
these stakeholders have faced in demonstrating the value of
genomic testing. The systematic collection and analysis of
the perspectives of these stakeholders are an important area
of future research that could inform the further evolution of
MSAC’s approach to the valuation of genomic testing. A
strength of our review is that it identifies and systematically
organises information from across multiple PSDs (which are
not readily identifiable or searchable, despite being publicly
available). The fact that two of the authors are members of
MSAC is also a strength of the current paper: our familiarity
with the ten applications as they have progressed through the
assessment pathway means that we are in a unique position
to identify emergent themes across the applications.

Whilst some of the findings from the current review are
specific to the Australian health system (and all relate to the
legislative limits on what can be listed on the MBS), the
majority of findings is likely to be generalisable to other
jurisdictions. Two findings that are clearly generalisable are
(i) the acceptability of relying on diagnostic yield instead of
sensitivity and specificity as a measure of test performance
and (ii) the acceptability of relying on the cost per action-
able variant or carrier couple detected instead of the cost per
QALY for assessing cost-effectiveness.

Conclusions

The need for further evidence of the impact of genomic test-
ing has been comprehensively documented by others: Phil-
lips et al. (2017) identified many evidence gaps in compara-
tive effectiveness research of patient-relevant outcomes for
genomic medicine, and Schwarze et al. (2018) have called
for more high-quality studies that carefully evaluate the cost,
effectiveness, and cost-effectiveness of WES and WGS.
MSAC has encountered similar evidence gaps through its
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consideration of genetic and genomic tests for heritable con-
ditions. Nonetheless, despite these challenges, MSAC has
exhibited a willingness to adapt its assessment approaches
and accept lower evidence thresholds in particular circum-
stances. This pragmatic approach has been reflected in a
high tolerance for uncertainty, with nine out of ten applica-
tions approved for public funding. This tolerance for uncer-
tainty is likely related to the high unmet clinical need and
low prevalence of the conditions for which testing has been
approved, and the comparatively low rates of likely health-
care resource use associated with the funding approvals. By
contrast, MSAC did not accept lower evidence thresholds,
and associated higher levels of uncertainty, when an applica-
tion was associated with a substantial budget impact (NIPT).
This trade-off between a willingness to accept uncertainty
and clinical need and budget impact is consistent with
MSAC'’s general approach to HTA applications.

Acceptance of lower evidence thresholds, and higher
uncertainty, is likely to have both positive and negative
consequences for resource allocation. The key positive con-
sequence of this approach is that particular genomic tests
will be funded that would otherwise not be funded, thereby
allowing universal access to these tests in areas of high clini-
cal need. A key negative consequence of the approach is
that some cost-ineffective tests may be funded. The risk of
this occurring can be mitigated if the overall budget impact
is considered alongside the estimate of cost-effectiveness,
as is MSAC’s usual practice. In other words, standard evi-
dence thresholds can still be required for genomic tests that
are likely to be associated with a substantial budget impact.

That said, it is clear that MSAC could further develop
its approaches, to account for genomic testing for purposes
other than detection of heritable conditions, and for ‘omic’
testing more broadly. As noted by Hoxhaj et al. (2020), it
is likely that a single value assessment framework may be
too general to apply to all possible clinical scenarios (i.e.
screening, diagnosis, prognosis, monitoring, or predictive
testing) or to all molecular techniques. This has certainly
been the experience of MSAC, where the ‘exemplar/facili-
tated’” approach for targeted gene panels was not appropriate
for carrier screening or identification of congenital anom-
aly syndromes and was not feasible for large gene panels or
WES. Additionally, whilst a focus on clinical management
and health outcomes is necessary, it is not always sufficient
to fully value the non-health impacts of genomic testing for
individuals, their family members, and society more broadly.
Research is needed to explore how patient and societal pref-
erences for the health and non-health outcomes of genomic
testing (e.g. Mighton et al., 2020; Goranitis et al. 2020) and
different evidence thresholds for genomic medicine (e.g.
Guzauskas et al., 2019) could be formally incorporated
within the value assessment framework used by MSAC for
genomic testing.
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