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Abstract

Objectives: To evaluate and compare the lifetime costs associated with strategies to identify
individuals with monogenic diabetes and change their treatment to more appropriate

therapy.

Design: A decision analytic model from the perspective of the National Health Service (NHS)
in England and Wales was developed and analysed. The model was informed by the
literature, routinely collected data and a clinical study conducted in parallel with the

modelling.

Setting: Secondary care in the UK.

Participants: Simulations based on characteristics of patients diagnosed with diabetes <30

years old.

Interventions: Four test-treatment strategies to identify individuals with monogenic
diabetes in a prevalent cohort of diabetics diagnosed under the age of 30 years were
modelled: clinician-based genetic test referral, targeted genetic testing based on clinical
prediction models, targeted genetic testing based on biomarkers, and blanket genetic
testing. The results of the test-treatment strategies were compared to a strategy of no

genetic testing.

Primary and secondary outcome measures: Discounted lifetime costs, proportion of cases of

monogenic diabetes identified.

Results: Based on current evidence, strategies using clinical characteristics or biomarkers

were estimated to save approximately £100-£200 per person with diabetes over a lifetime
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compared to no testing. Sensitivity analyses indicated that the prevalence of monogenic
diabetes, the uptake of testing, and the frequency of home blood glucose monitoring had
the largest impact on the results (ranging from savings of £400 to £50 per person), but did
not change the overall findings. The model is limited by many model inputs being based on

very few individuals, and some long-term data informed by clinical opinion.

Conclusions: Costs to the NHS could be saved with targeted genetic testing based on clinical
characteristics or biomarkers. More research should focus on the economic case for the use

of such strategies closer to the time of diabetes diagnosis.

Strengths and limitations of this study:

e This is the first UK study to evaluate and compare the costs of testing strategies to
identify individuals with monogenic diabetes and change their treatment to more
appropriate therapy.

e Although informed by the current evidence base, due to rarity of monogenic

diabetes, many of the parameters were based on low numbers of patients.

Funding statement: This study was supported by the Department of Health and Wellcome
Trust Health Innovation Challenge Award (HICF-1009-041 and WT-091985). JP is partly
supported by the NIHR Collaboration for Leadership in Applied Health Research and Care for
the South West Peninsula (PenCLAHRC). BMS, MH and ATH are core members of the

National Institute for Health Research (NIHR) Exeter Clinical Research Facility. TIM is
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Background

Monogenic diabetes is a form of diabetes caused by a mutation in a single gene, which is
inherited in an autosomal dominant manner!. Therefore a child of an individual with
monogenic diabetes has a 50% chance of inheriting the mutation (assuming the child’s other
parent does not have the mutation). Mutations in glucokinase (GCK), hepatocyte nuclear
factor 1 alpha (HNF1A) and hepatocyte nuclear factor 4 alpha (HNF4A) genes are the most
common forms of monogenic diabetes.? Individuals with mutations in the GCK gene have
persistently moderately raised blood glucose levels from birth, that is rarely detrimental to
health3 and does not respond to treatment.* Therefore individuals with mutations in the
GCK gene can be successfully treated by diet*. Individuals with HNF1A or HNF4A mutations
have blood glucose levels which increase over time and can be successfully treated with

sulphonylureas® but may, eventually, require insulin treatment.®

The minimum prevalence of monogenic diabetes in the UK has been estimated as 108 cases
per million.” As it usually presents by 25-30 years of age,' 28 individuals are often
misdiagnosed with type 1 diabetes, and receive insulin treatment when less invasive and

less costly treatment is more appropriate.

The National Health Service (NHS) in England and Wales currently has no national guidelines
for identifying individuals with monogenic diabetes. Realistic strategies are available ranging
from genetic testing of all individuals with diabetes to targeted genetic testing based on
clinical characteristics® or biochemical'® and immunological'! tests. We report a UK-based
economic evaluation of these realistic strategies to identify individuals with monogenic

diabetes (defined here as mutations in GCK, HNF1A or HNF4A genes). The development of
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the model-based economic evaluation has been published elsewhere.'> The economic
evaluation was undertaken alongside a clinical study whose aims included (i) investigating
the prevalence of monogenic diabetes within two areas of the UK, and (ii) measuring the
effects of a change of treatment following a positive diagnosis of monogenic diabetes. The
clinical study recruited 1407 individuals who were diagnosed with diabetes <30 years old
and who were <50 years old at recruitment?3. Prospective quality of life (using the EQ-5D
Index, a generic measure of health outcome!?) and glycated haemoglobin (HbA1c) data for
45 individuals who were diagnosed with monogenic diabetes within the geographical areas
of the clinical study were collected until 12 months after the genetic test result. Although
the clinical study collected data on clinical outcomes, it was not designed, nor powered, to
detect small changes in clinical outcomes. In the event no statistically significant change in
the EQ-5D Index or HbAlc before and 12 months after changing treatment was observed
making it impossible to confirm or refute the clinically suspected benefit of changing
treatment in persons found to have monogenic diabetes, but on inappropriate treatment.
Thus, only costs are considered in this economic evaluation, making this a conservative
analysis of the testing strategies if patient benefit does occur. The implications of this are

considered in the discussion.

The aim of this analysis is to evaluate and compare the lifetime costs of different realistic
strategies in the NHS to identify individuals with monogenic diabetes and change their
treatment to more appropriate therapy. This economic evaluation has been reported in line

with CHEERS, the Consolidated Health Economic Evaluation Reporting Standards?.
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Materials and Methods

Model overview

A hybrid decision model was developed from the perspective of the NHS in England and
Wales. A decision tree was developed in MicroSoft Excel to estimate the short-term (16
months) costs, which allowed a maximum of 4 months from referral to testing to change of
treatment (for those identified as having monogenic diabetes), plus 12 months follow-up
(coinciding with the accompanying clinical study). The IMS CORE Diabetes Model (IMS CDM)
version 8.5% was used to estimate the lifetime costs associated with the strategies. Expert
consultation and explicit critical appraisal of existing long-term diabetes models helped to
inform the structure of the decision model and choice of the IMS CDM (see Peters et al'? for
more detail on model development). Evidence to inform the model came from a number of
sources including published and unpublished data and clinical opinion. Details on the

evidence used in the model are given below.

Strategies and comparator

Five strategies for identifying monogenic diabetes in individuals who were diagnosed with
diabetes under the age of 30 years were defined: no genetic testing (“No Testing”), clinician-
based genetic test referral (“Ad Hoc Testing”), targeted genetic testing based on clinical
prediction models® (“Clinical Prediction Model Testing”) or biochemical (urinary c-peptide to
creatinine ratio, UCPCR1%) and immunological (islet autoantibodies!?) test results

(“Biomarker Testing”), blanket genetic testing (“All Testing”).

The No Testing strategy is the comparator for all other strategies, as it represents the

current policy within England and Wales where there is no guidance on the identification of
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individuals with monogenic diabetes. Thus, in this strategy all individuals remain on the

diabetes treatment they were receiving at the start of the model, regardless of whether

oNOYTULT D WN =

they truly have monogenic diabetes or not.

The Ad Hoc Testing strategy assumes no systematic referral of individuals for monogenic

14 diabetes genetic testing. Instead, individuals are referred on an ad hoc basis depending on
the awareness of local clinicians of monogenic diabetes (see Fig 1). Data on referral rates for
19 monogenic diabetes genetic testing in the UK’ were used to calculate estimates of

sensitivity and specificity of ad hoc referral.

In the Clinical Prediction Model Testing strategy, it is assumed that an individual GP would
27 complete the online monogenic diabetes prediction model

(http://www.diabetesgenes.org/content/mody-probability-calculator °) to calculate a

32 probability of the individual having monogenic diabetes (see Fig 1). Depending on the
probability of the individual having monogenic diabetes as calculated from the prediction
37 model, the GP would then refer them for monogenic diabetes genetic testing or not. Two
39 versions of the prediction model exist, one to distinguish type 1 diabetes from monogenic
42 diabetes (version 1) and the other to distinguish type 2 diabetes from monogenic diabetes
44 (version 2). If the individual is currently receiving insulin, then version 1 of the prediction
model is used, otherwise version 2 is used. For each version of the prediction model, nine
49 thresholds are simulated in the decision model. Thus, the Clinical Prediction Model Testing
strategy can be evaluated at 81 thresholds (9 from version 1 x 9 from version 2) for the

54 simulated population. The decision model can then be used to identify the probability
threshold for the prediction model that maximises the costs saved using the Clinical

59 Prediction Model Testing strategy compared to the No Testing strategy.
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In the Biomarker Testing strategy individuals receive biochemical and/or immunological
tests depending on their demonstrated ability to produce insulin (see Fig 2). If individuals
are currently receiving insulin treatment, they are offered a UCPCR test to determine
whether they are producing insulin or not°. Those with a positive UCPCR test are then
offered a test for glutamic acid decarboxylase (GAD) and islet antigen2 (1A2)
autoantibodies!!. If individuals are not currently receiving insulin treatment it is assumed
they can produce their own insulin and so do not require a UCPCR test. Instead, those
individuals not on insulin treatment are offered a test for GAD and IA2 autoantibodies. The
aim of the GAD and IA2 autoantibodies test is to rule out those individuals with type 1
diabetes who are still producing insulin (i.e. in the ‘honeymoon’ period). Individuals not
showing the presence of autoantibodies are then offered the monogenic diabetes genetic
test. In the All Testing strategy, all individuals are offered monogenic diabetes genetic

testing (see Fig 1).

[Fig 1 Simplified model structure for the Ad Hoc Testing, Clinical Prediction Model Testing
and All Testing strategies.]

[Fig 2 Simplified model structure for the Biomarker Testing strategy]

Model input parameters

Population characteristics

The main analysis (modelled Cohort 1) simulated a prevalent cohort of individuals in
England and Wales who were diagnosed with diabetes when <30 years old and were <50

years old at the start of the model. The prevalence of monogenic diabetes assumed in this
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cohort is 2.4% (GCK mutation 0.7%, HNF1A mutation 1.5%, HNF4A mutation 0.2%). A
subgroup analysis (modelled Cohort 2) was undertaken to represent a future incident cohort
who would have had a diagnosis of diabetes for a shorter duration than those in Cohort 1.
Cohort 2 is defined as individuals diagnosed with diabetes when <30 years old and who
were <30 years old at the start of the model, leading to a prevalence of 2.2% having
monogenic diabetes. All information relevant to Cohort 2, including parameter values and
results, are in Supplementary Data 1. Further data on the prevalence and characteristics of

Cohort 1 are given in Supplementary Data 2.

Test characteristics

Details of the test sensitivity and specificity used in the model are shown in Supplementary
Data 3. To calculate the sensitivity and specificity of referral for monogenic diabetes genetic

testing in the Ad Hoc Testing strategy, four datasets were used:

e diabetes prevalence from unpublished data for Tayside
e estimates of total population by age and area from national census?’
e monogenic diabetes prevalence from the accompanying clinical study®?

e monogenic diabetes genetic test referral rates’.

The referral rates for monogenic diabetes genetic testing varied across the UK, with higher
referral rates in areas where there is a strong research interest in monogenic diabetes, e.g.
the South West of England, and Scotland. Estimates of sensitivity and specificity varied from
sensitivity of 0.038 and specificity of 0.996 (Northern Ireland) to sensitivity 0.196 and
specificity 0.977 (South West of England), see Supplementary Data 3. To account for the
general low rates of referral in the UK, we assumed the referral rates for one of the lowest

areas, Northern Ireland. In sensitivity analyses, data from all individual regions were used to
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estimate sensitivity and specificity for the Ad Hoc Testing strategy. However, the cost of
increased awareness in one area compared to other areas is not known, and so it is not
possible to estimate the additional cost of increased awareness of monogenic diabetes in

the Ad Hoc Testing strategy, such as the South West of England and Scotland.

For the Clinical Prediction Model Testing strategy the probability thresholds of 10-90% for
the two versions of the test were taken from Shields et al®, with sensitivity ranging from 0.5-
0.99 and specificity ranging from 0.65-0.996. All 81 combinations of probability thresholds
were evaluated in the decision model. No adjustments were made to the clinical prediction
model as the population on which it would be applied (individuals with diabetes in England
and Wales) is very similar to that on which it is based. In the Biomarker Testing strategy,
sensitivity of 0.94 and specificity of 0.96 for the UCPCR test was used based on a UCPCR cut-
off of 20.2nmol/mmol to discriminate individuals with HNF1A and HNF4A mutations who
were insulin treated from individuals with type 1 diabetes!®. Besser et al did not report on
the sensitivity and specificity of this cut-off to discriminate insulin-treated type 2 from GCK,
HNF1A and HNF4A mutations, or to discriminate type 1 from GCK mutations. Since use of a
different UCPCR cut-off for type 1 or insulin-treated type 2 would be difficult in practice
(Besser et al19), we assumed that the UCPCR cut-off of > 0-2nmol/mmol could be used to
discriminate type 1 from insulin-treated type 2, HNF1A and HNF4A mutations. Furthermore,
Besser et al report that UCPCR cannot be used to discriminate GCK from HNF1A and HNF4A
mutations. Thus, we assume that the UCPCR cut-off of 20.2nmol/mmol can be used to
discriminate type 1 diabetes from insulin-treated type 2, GCK, HNF1A and mutations. The
impact on the model results of using different estimates of sensitivity and specificity is

assessed in sensitivity analyses. Data from McDonald et al'! were used to inform the
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sensitivity and specificity for the GAD and IA2 autoantibody tests (see Supplementary Data
3). For all testing strategies, individuals referred for the monogenic diabetes genetic test
were either tested for mutations in the GCK gene only, the HNF1A and HNF4A genes

together, or all three genes (see Supplementary Data 2).

Uptake and repeat tests

Using data from the accompanying clinical study, for Cohort 1, it was assumed that 8:2% of
individuals would decline the offer of genetic testing (6.9% for Cohort 2). This percentage
was applied to all of the strategies where genetic testing was an option. For the Biomarker
Testing strategy it was assumed that 11:9% for Cohort 1 (12.8% for Cohort 2) of individuals
offered the UCPCR test and 8:2% for Cohort 1 (6.9% for Cohort 2) of individuals offered the
autoantibody test would not accept. Estimates of the number of repeat tests required for

both cohorts in the Biomarker Testing strategy are reported in Supplementary Data 2.

Family genetic testing

It was assumed in the model that identification of an individual with monogenic diabetes
from any of the defined strategies would lead to first degree family members (who fit the
defined cohort) also being genetically tested. Once individuals identified from the testing
strategies have had the genetic test and are found to have monogenic diabetes, their family
members receive the monogenic diabetes genetic tests. In Cohort 1, it was assumed that for
every 10 individuals identified by the testing strategies as having monogenic diabetes, a
further 6:3 family members are genetically tested, with 5.9 of these assumed to have the
mutation (based on UK referral rate data’). These ratios were applied to the Ad Hoc Testing,

Clinical Prediction Model Testing and Biomarker Testing strategies.
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Treatment for diabetes

The treatment pattern assumed at the model start is given in Supplementary Data 2. These
data are from the accompanying clinical study where the treatment pattern for those truly
having monogenic diabetes is based on just 45 individuals. The impact on the model results
of the type of treatment at the start of the model is assessed in sensitivity analyses. Only
individuals with a positive genetic test were offered a treatment change; which was
cessation of diabetes treatment for those with the GCK mutation or to sulphonylureas for
individuals with the HNF1A or HNF4A mutations. Data from the clinical study informed the
likely treatment pattern once individuals are diagnosed with monogenic diabetes. For
Cohort 1, at 1 month after treatment change it was assumed that 86% of individuals with
HNF1A or HNF4A mutations were receiving a more appropriate treatment, at 3 months this
was 86%, at 6 months this was 89% and at 12 months this was 77% (see Supplementary
Data 2). Some individuals having a positive genetic test result may not successfully change
to sulphonylurea treatment alone and may continue to receive insulin.'® For individuals with
HNF1A or HNF4A mutations it was assumed that they would require insulin treatment
eventually, and how much insulin and when they would start taking it would depend upon
whether they had previously received sulphonylureas and progressed to insulin or had
started on insulin initially. As no data are available two experts in monogenic diabetes (ATH
and EP) were consulted for their opinion (see Supplementary Data 2). Based on data from
the accompanying clinical study it was assumed that 93% of individuals identified to have

the GCK mutation, would successfully stop all diabetes treatment.
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Resource use

The type of NHS costs (£, inflated to 2018 prices using the Hospital and Community Health
Services pay an prices index'®) considered within each strategy are summarised in

Supplementary Data 4.

All treatment costs were estimated using the reported doses from the clinical study and the
BNF29, The costs associated with the tests include costs for the collection of blood and urine
samples, costs of the UCPCR and autoantibody tests and genetic test costs. The costs of

nurse time spent providing assistance to those individuals with monogenic diabetes who are

changing to a more appropriate treatment were also included. See Supplementary Data 4.

The costs associated with home blood glucose monitoring (HBGM) were also included in the
model. The frequency of HBGM before and after diagnosis of monogenic diabetes, and any
subsequent change in treatment, was estimated from the clinical study for individuals truly
having monogenic diabetes (see Supplementary Data 2). Data from the literature were used
to inform HBGM frequency in individuals with type 1 and type 2 diabetes?! 22, It was
assumed that individuals who have a GCK, HNF1A or HNF4A mutation, but did not have a
genetic test or change treatment would have the same HBGM frequency as at the start of
the model. Costs of HBGM were based on use of the Accu-Check Aviva meter (£16.09 for 50

strips?9).

The costs of diabetes-related complications for individuals with type 1 diabetes, type 2
diabetes, and HNF1A or HNF4A mutations were identified from reviewing the published
literature and using data from the National Schedule of Reference Costs 2016/17. Only cost
data from the UK were modelled in the IMS CDM (see Supplementary Data 4). The majority

of cost estimates from the literature were associated with uncertainty, mainly in inflating
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the costs to 2018 due to the age of the evidence available, therefore all of the long-term
costs inputted into the model were rounded to the nearest £50 to avoid spurious precision.
It is assumed that individuals with GCK mutations do not experience long-term diabetes-
related complications? and once identified as having a mutation in the GCK gene, they no
longer incur the costs of diabetes-specific consultations. Data from Curtis 2017%° and Currie
et al 201023 were used to inform the costs of diabetes-specific consultations (see

Supplementary Data 4).

Survival

It was assumed that individuals with GCK mutations have the same mortality rate as the
general population'’. Due to limited data on long-term complications and mortality of
individuals with HNF1A and HNF4A mutations, it was assumed that these individuals have
the same pattern of long-term complications and mortality as individuals with type 1

diabetes as modelled in the IMS CDM.

Model outcomes

All costs (£, 2018) beyond the first year are discounted at a rate of 3-5% per annum to
account for the preference for deferring future costs in economic evaluations.?* Discounted
and undiscounted total costs are reported in the results section alongside the estimated
discounted incremental costs per person with diabetes over a lifetime for each strategy
compared to the No Testing strategy and the proportion of monogenic diabetes cases

identified by each strategy.

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 17 of 68

oNOYTULT D WN =

BMJ Open

Analysis

The results of a “base case” analysis are presented, but due to the uncertainty surrounding
many of the parameter estimates alternative combinations of assumptions may be equally
plausible. Therefore, wide-ranging one-way sensitivity and threshold analyses have been
conducted to explore the different sources of uncertainty. Details of the sensitivity and
threshold analyses undertaken for Cohort 1 can be found in Supplementary Data 2 (see
Supplementary Data 1 for details on Cohort 2 analyses). In contrast to our planned
analysis'?, we decided not to do a probabilistic analysis because important structural
uncertainties in this model could not be fully captured by a probabilistic analysis (it would
therefore be misleading). There was no patient and public involvement in the development

or analysis of the model.

Results

Cohort 1: diagnosed <30 years old, <50 years old at start of model

For the “base case” analysis, the total discounted costs per person with diabetes over a
lifetime were estimated to be £53,500 to £54,000 depending on the strategy used (see
Table 1). The All Testing strategy was estimated as the most costly (£54,000), the cheapest
options were the Clinical Prediction Model Testing (where the probability thresholds were
chosen to maximise costs saved compared to No Testing) and Biomarker Testing strategies
(£53,600). The No Testing and Ad Hoc Testing strategies were both estimated as £53,700
per person with diabetes over a lifetime. The Ad Hoc Testing strategy was estimated to

identify very few cases of monogenic diabetes (6%) compared to the All Testing strategy
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which was estimated to identify 92% of monogenic diabetes cases. No more than 92% of
monogenic diabetes cases can be identified by any strategy due to the assumption that 8%

of individuals will not accept an offer of genetic testing for monogenic diabetes. Family

testing boosts the detection of monogenic diabetes cases to 92% in the Clinical Prediction

Model Testing and Biomarker Testing strategies. The costs saved for these two strategies

over the No Testing strategy relate to more individuals getting a monogenic diabetes

diagnosis and changing to receive more appropriate treatment which is cheaper and also

leads to a reduction in the frequency of HBGM. The All Testing strategy is the most

expensive since although more monogenic diabetes diagnoses are made, resulting in fewer

treatment and HBGM costs, the costs of genetically testing all individuals diagnosed with

diabetes are very high.

Table 1 Summary of the per person lifetime costs? and percentage of cases and non-cases

genetically tested for each strategy (ordered by increasing cost of strategy)

Strategy Total Total Incremental % who are genetically tested
undiscounted discounted costs vs No With Without
costs @ costs @ Testing monogenic monogenic

strategy 2 diabetes diabetes

Clinical £133,200 £53,600 -£100 92 3

Prediction

Model

Testing®

Biomarker £133,300 £53,600 -£100 92 8

Testing

17
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Ad Hoc £133,500 £53,700 0 6 <1
Testing
No Testing £133,600 £53,700 NA 0 0
All Testing £133,700 £54,000 £300 92 92

@rounded to nearest £100.
bprobability thresholds chosen to maximise costs saved vs No Testing are 12.6% for type 1 vs
monogenic diabetes and 75.5% for type 2 vs monogenic diabetes.

As there are 81 different combinations of probability thresholds for the clinical prediction
model, the combination of thresholds which maximises the costs saved for the Clinical
Prediction Model Testing strategy have been reported above. In Fig 3, all 81 threshold
combinations for the clinical prediction model are shown. The Clinical Prediction Model
Testing strategy is estimated to identify 74% or 92% of monogenic diabetes cases depending
on the probability threshold combinations used to refer individuals for genetic testing. The
lifetime costs saved per person with these threshold combinations compared to No Testing

vary from £0 to £150.

[Fig 3. Base case incremental costs (vs No Testing) and the proportion of monogenic diabetes

cases identified for each strategy.]

Sensitivity analysis results suggest that the impacts on costs in the different scenarios are
insensitive to wide-ranging, plausible changes to key model parameters, (see Figs 4a-4d). No
plausible parameter value changes the finding that the Ad Hoc Testing and Clinical
Prediction Model Testing strategies are always estimated to save costs compared to the No
Testing strategy. Only extreme assumptions on the uptake of genetic and UCPCR testing
(just 10% uptake) suggest fewer costs are saved from the Biomarker Testing strategy when

compared to the No Testing strategy. Except for assumptions on test uptake, the estimated
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cost savings are in the region of £0-£50 per person over a lifetime for the Ad Hoc Testing
strategy (see Fig 4a), £50-£300 for the Clinical Prediction Model Testing strategy (see Fig 4b)
and £50-£250 for the Biomarker Testing strategy (see Fig 4c). The All Testing strategy is
estimated to cost an additional £150-£350 per person over a lifetime compared to the No
Testing strategy except when the cost of the genetic test is assumed to be <60% of its

current cost (see Fig 4d).

[Fig 4a. Sensitivity analyses: incremental costs per person over a lifetime for Ad Hoc Testing

strategy vs No Testing strategy.]

[Fig 4b. Sensitivity analyses: incremental costs per person over a lifetime for Clinical

Prediction Model Testing strategy vs No Testing strategy.]

[Fig 4c. Sensitivity analyses: incremental costs per person over a lifetime for Biomarker

Testing strategy vs No Testing strategy.]

[Fig 4d. Sensitivity analyses: incremental costs per person over a lifetime for All Testing

strategy vs No Testing strategy.]

As Figs 4a-4d show, the findings are most sensitive to:

e the estimated prevalence of monogenic diabetes within the cohort — increasing
prevalence (from 2.4% in Cohort 1 to 4.8%) leads to greater costs saved for the Ad
Hoc Testing, Clinical Prediction Model Testing and Biomarker Testing strategies

compared to the No Testing strategy,
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e the uptake of testing - reduced uptake leads to fewer costs saved for all strategies
compared to the No Testing strategy,

e the frequency of HBGM pre and post-treatment change - assuming that individuals
change their frequency of HBGM by only a small amount after a diagnosis of
monogenic diabetes leads to fewer costs saved compared to the No Testing
strategy,

e the proportion of individuals with monogenic diabetes who receive insulin before
their monogenic diabetes diagnosis — the larger the proportion receiving insulin
before being diagnosed as having monogenic diabetes, the greater the costs saved

for all strategies compared to No Testing.

Threshold analysis results (see Supplementary Data 2) suggest that when the genetic tests
are reduced to approximately 35% of their current costs, the All Testing strategy incurs no
additional costs compared to the No Testing strategy. However, in this situation, the
Biomarker Testing and Clinical Prediction Model Testing strategies are estimated to save,
approximately £150 per person over a lifetime, compared to the No Testing strategy.
Reducing the percentage of individuals with monogenic diabetes who are receiving only
insulin at the start of the model has little impact on the incremental costs estimated: even if
10% of individuals with GCK mutations or 10% of individuals with HNF1A or HNF4A
mutations are on tablets at the start of the model, slight cost savings are still estimated with
the Clinical Prediction Model Testing and Biomarker Testing strategies compared to the No

Testing strategy (see Figs 4b and 4c).

Threshold analyses specific to the Biomarker Testing strategy demonstrate that once uptake

of the UCPCR and autoantibody tests is reduced to less than 70%, the costs saved with the
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Biomarker Testing strategy compared to the No Testing strategy reduce. Costs saved with
the Biomarker Testing strategy are most sensitive to reductions in the sensitivity of the
UCPCR and autoantibody tests. Increases in the number of repeat urine or blood samples
and tests required within the Biomarker Testing strategy have little impact on the estimate

of costs saved compared to the No Testing strategy.

Cohort 2: diagnosed <30 years, <30 years at start of model

As in Cohort 1, the Clinical Prediction Model Testing and Biomarker Testing strategies are
estimated to save £100 per person with diabetes over a lifetime compared to the No Testing
strategy, while the All Testing strategy is assumed to cost an additional £300 compared to
the No Testing strategy. When compared to Cohort 1, the Clinical Prediction Model Testing
and Biomarker Testing strategies are not estimated to save any more costs because of the
trade-off between individuals being less likely to be on insulin prior to genetic testing in
Cohort 2 (67% vs 83% in Cohort 1) even though they are more likely to successfully change
to sulphonylureas than Cohort 1 (100% vs 79% in Cohort 1). Individuals in Cohort 2 were
estimated to monitor their blood glucose less frequently before receiving a diagnosis of
monogenic diabetes compared to Cohort 1, and so fewer costs are saved from reducing
further the HBGM frequency than is the case for Cohort 1. See Supplementary Data 1 for
further results, including sensitivity analyses which suggest that estimates of prevalence and

testing uptake have the largest impact on the findings (as for Cohort 1).

Discussion
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The Clinical Prediction Model Testing and Biomarker Testing strategies modelled here have
been estimated to be cost saving for identifying individuals with monogenic diabetes and
changing their treatment compared to the current practice of no genetic testing.
Assumptions about the prevalence of monogenic diabetes within the simulated cohort, the
uptake of testing and the frequency of HBGM before and after receiving a diagnosis of
monogenic diabetes had the largest impact on the findings, but did not change the overall
conclusions that targeted strategies are estimated to save costs compared to the No Testing
or All Testing strategies. Data on prevalence and test uptake were taken directly from the
accompanying clinical study, which is the first to systematically estimate prevalence of
monogenic diabetes in the UK'3. Information on the frequency of HBGM before and after a
diagnosis of monogenic diabetes is based on just a small number of individuals, but is

currently the best evidence available.

This is the first UK-based economic evaluation of strategies to identify individuals with
monogenic diabetes. A published paper documented the development of the model and the
intended analysis,'? and the minor departures from the protocol have been declared and
justified. UK data have been used to inform many of the model inputs, for which there was
previously no credible evidence. However, due to the rarity of monogenic diabetes, many
inputs specific to individuals with monogenic diabetes are based on very few individuals,
especially for Cohort 2, or assumptions. For instance, it was assumed that treatment and
HBGM frequency data taken from the clinical study at 12 month follow-up remained
constant over time in the model, with additional long-term treatment data informed by
clinical opinion. Until longer follow-up data are available, it is unclear what impact these

assumptions may have on the model results.
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We simulated 2 cohorts, both based on data from the clinical study. The aim of Cohort 2 was
to assess the impact of strategies for identifying monogenic diabetes in individuals more
recently diagnosed with diabetes than those in Cohort 1. Although it was anticipated that
individuals in Cohort 2 would find it easier to change to more appropriate treatment
(because they had not been on their existing treatment for a long time), we actually found
that individuals in Cohort 2 were less likely to be on insulin at that point, so costs saved from
changing treatment were smaller than for Cohort 1, even though more individuals changed
treatment. However this analysis was limited by the low number of participants close to
diagnosis for which data were available. Furthermore, the performance of the Clinical
Prediction Model Testing and Biomarker Testing strategies are based on prevalent cohorts®
11 which will impact on their generalisability to an incident cohort (Cohort 2). Thus, there are
still many uncertainties associated with the results, including that the IMS CDM has not
been validated for monogenic diabetes, so these results should be interpreted with this in
mind. Nevertheless, the numerous sensitivity and threshold analyses estimated cost-savings
for the Clinical Prediction Model Testing (when choice of thresholds was maximised to save

costs) and Biomarker Testing strategies compared to No Testing.

Naylor et al?> conducted an economic evaluation of genetic testing (akin to our All Testing
strategy) for monogenic diabetes in individuals aged 25-40 years who were newly diagnosed
with type 2 diabetes compared to no genetic testing from a US health system perspective.
Individuals identified as having HNF1A or HNF4A mutations who successfully transferred to
sulphonylureas were assumed a HbA1c reduction of 16.4mmol/mol compared to those not
changing treatment (based on 6 individuals at 3 months follow-up after treatment change?®)

and a utility increase of 0-13 for transferring from insulin to sulphonylurea treatment (based
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on evidence from 519 individuals aged 65 years and older with type 2 diabetes?’). Naylor et
al reported a gain of 0-012 quality-adjusted life-years (QALYs) for the testing strategy at an
additional cost of $2,400 per person over a lifetime compared to their no testing strategy,
resulting in an incremental cost-effectiveness ratio of $205,000 per QALY gained®. The
additional costs for the genetic testing strategy in Naylor et al> are much greater than the
All Testing strategy in our evaluation (52,400 vs £300) because of differences in the
populations simulated. In our evaluation a younger diabetes population is assumed, with
individuals who truly have monogenic diabetes being more likely to be misdiagnosed with
type 1 and receive insulin. The simulated population in Naylor et al is older and explicitly
those diagnosed with type 2, therefore are less likely to receive insulin treatment, so have

fewer cost savings from changing treatment.

The health impacts assumed by Naylor et al?> are also different from those observed in our
accompanying clinical study. Using the EQ-5D Index, we found little evidence over the 12
month treatment change period for an improvement in utility associated with more
appropriate treatment, although the EQ-5D visual analogue scale did suggest an increase in
quality of life at 12 months. Furthermore, in the sample of 28 individuals with HNF1A or
HNF4A mutations who successfully changed to sulphonylureas no statistically significant
impact on HbA1lc at 12 months after treatment change was found (mean difference of 3:43
mmol/mol (95% confidence interval -2:18, 9:04)). Due to the lack of evidence suggesting an
effect on quality of life and HbAlc we took the decision to assume there were no
differences in quality of life and HbAlc between those identified as having monogenic
diabetes and subsequently changing treatment, and those not identified. Our evaluation

was conservative, as evidence shows that changing treatment can have a substantial
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beneficial impact on individuals?® 2°. However, generic and relatively simple quality of life
measures (e.g. EQ-5D) are likely to be insensitive to the magnitude and type of changes
individuals with diabetes might experience when changing to more appropriate treatment.
Measuring such changes to quality of life is also limited by the ceiling effect, since these
individuals generally constitute a well-controlled, young diabetes population with a good
guality of life. Given these limitations we have not considered any reductions in quality of
life that may occur during the testing period, especially for those tested but not found to

have monogenic diabetes.

The results suggest that within the context of the NHS, the additional costs of genetically
testing (a relatively large number of) individuals are likely to be offset by the lifetime savings
from the subsequent treatment changes in a very small proportion of individuals. Although
the estimated cost-savings are relatively small per person (approximately £100-£200 over a
lifetime), assuming there are approximately 200,000 individuals (personal communication)
in England and Wales who are <50 years old and have had a diagnosis of diabetes before the
age of 30 years, between £20million and £40million could be saved if such strategies are
used. To be able to apply these findings to other populations the cost of the testing in
particular will need to be updated. If the genetic test costs are significantly higher, then it is
unclear whether the Clinical Prediction model Testing and Biomarker Testing strategies
could be considered cost-saving, or even cost-neutral. However, further collection of
treatment pattern, HBGM frequency, HbAlc and quality of life data for individuals with
monogenic diabetes is required to better inform the decision model, especially to model an

incident cohort. Additional strategies to better identify those with monogenic diabetes are
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feasible, and in development, but will also require evaluation for their effectiveness and

cost-effectiveness.

Conclusions

Targeted strategies to identify individuals with monogenic diabetes and change to more
appropriate treatment may be cost saving to the NHS. However, collection of longer-term
treatment and frequency of HBGM data would be valuable to reduce the main uncertainties
in the modelling. Future work to evaluate the use of genetic testing strategies soon after

diagnosis of diabetes would be useful to policy-makers.

Checklist for reporting: see supplementary file for CHEERS checklist.
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Supplementary Data 1: Parameters and results for Cohort 2

Cohort 2 - Diagnosed with diabetes <30yrs old and still <30 yrs old at start of model

Table 1A Characteristics of the modelled Cohort 2 at entry to the model

Characteristic

Parameter value

Evidence source

Prevalence (

95% confidence interval)

GCK mutation

1-2%

(0.5%, 2.3%)

Shields et al' & unpublished data from

accompanying clinical study (N=687)

HNF1A mutation 0-9% Shields et al® & unpublished data from
(0.3%, 1.9%) accompanying clinical study (N=687)
HNF4A mutation 0.1% Shields et al* & unpublished data from

(0%, 0.5%)

accompanying clinical study (N=687)

Type 1 diabetes?

93-4%

(91.3%, 95.2%)

Unpublished data from accompanying clinical

study (N=687)

Type 2 diabetes

4-5%

(3.1%, 6.3%)

Unpublished data from accompanying clinical

study (N=687)

Age (years)® 19 Unpublished data from accompanying clinical
Time since diagnosis (years)® 8 study (N=687)

Body mass index® 257

HbA1lc (mmol/mol)® 59.8

Female 50%

Systolic blood pressure® 1317 2
Total cholesterol ® 4.74 2
High density lipoprotein® 1-31 2
Low density lipoprotein® 2:61 2
Triglycerides® 0-83 2
Caucasian 89% 3

1
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Black 4% 3
Asian 7% 3

2 Defined as receiving insulin treatment within 12 months of diabetes diagnosis.

bMean.

Table 1B Percentage (95% Cl) of referred individuals tested for mutations in GCK and/or HNF1A and
HNF4A genes by true diagnosis (from unpublished UK referral centre data)

True diabetes Percentage (95% Cl) [N=1399]
diagnosis GCK only HNF1A and HNF4A | GCK, HNF1A and HNF4A
Not monogenic 15.8% 69.0% 15.2%
(13.4%, 18.4%) | (65.8%, 72.0%) (12.9%, 17.8%)
GCK mutation 94.6% 5.3%
(91.0%, 97.1%) (2.9%, 9.0%)
HNF1A mutation 95.0% 5.0%
(91.0%, 97.6%) (2.4%, 9.0%)
HNF4A mutation 96.4% 3.6%
(89.8%, 99.2%) (0.8%, 10.2%)

Table 1C Percentage (95% Cl) of cohort not accepting offer of testing, or requiring multiple tests for

the Biomarker Testing strategy

Percentage (95% Cl)

Number of tests | UCPCR (including urine sample) Autoantibody (including blood sample)

N=1299 N=419
0 12:8% 6:9%

(11.0%, 14.7%) (4.7%, 9.8%)
1 84-6% 90-5%

(82.5%, 86.5%) (87.2%, 93.1%)
2 2:4% 2:6%

(1.6%, 3.4%) (1.3%, 4.6%)
3 0-1% 0%

(0.04%, 0.7%)

UCPCR, urinary c-peptide creatinine ratio. Unpublished data from accompanying clinical study.

Table 1D Multipliers (and 95% confidence intervals) to inform cascade genetic testing of diabetic

family members

Number of relatives test per true monogenic diabetes Cohort 2 Data source

case identified multiplier

Relatives positive for monogenic diabetes 5.6 (4.7,6.5) | Re-analysis of Shields et al*

Relatives negative for monogenic diabetes 0.6 (0.3, 1.0) (specific to definition of
modelled cohort)

2
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1
2
i Table 1E Pre-genetic treatment pattern, cost and frequency of HBGM by true diagnosis
5 Treatment % receiving | Mean monthly Mean frequency of
6 treatment treatment costs HBGM?
7
8 Type 1 Insulin only 100% £52 78
9 Type 2 Insulin only 0% £55 43
10 Insulin + tablets 19% £50 43
11 Tablets only 68% £2 17
12 No diabetes 13% £0 0
13 treatment
14 GCK Insulin only 75% £5 52
15 (19%, 99%) (0, 110)
16 Tablets only 25% £1 0
17 (0.6%, 81%)
13 HNF1A or Insulin only 67% £18
20 HNF4A (35%, 90%) -
2 Insulin + tablets 0%
(37, 90)
22 Tablets 25.0% £1
23 (6%, 57%)
24 No diabetes 8% £0 0
25 treatment (0.2%, 38%)
26 2aHBGM, home blood glucose monitoring
27
28
29 . . . .
30 Table 1F Post-diagnosis HBGM frequency by treatment changed to and true diagnosis
31 Time since diagnosis of monogenic
32 diabetes
gi 1 3 6 12
35 month | months | months | months
36 GCK — no diabetes treatment 0 0 0 0
37 HNF1A and HNF4A —tablets only | 41 23 19 16
38 (19,62) | (5,41) | (6,33) | (3,28)
39
2(1) Table 1G Percentage of individuals with HNF1A or HNF4A mutations changing to more appropriate
42 treatment after receiving a diagnosis of monogenic diabetes
Zi Time since treatment change (month)
45 1 3 6 12
46 Percentage changing to more 100% 100% 100% 100%
47 appropriate treatment (73%, (73%, (73%, (73%,
48 100%) 100%) 100%) 100%)
49
50
51
52
53
54
55
56
57
58
59
60

3
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Table 1H Summary of base case, sensitivity and threshold analyses

Parameter

Base case justification

Justification of sensitivity/threshold analyses

Long-term insulin
need for
individuals with
HNF1A or HNF4A

Expert 1 (see Supplementary Data
2)

Expert 2, who assumed greater insulin need sooner.

mutations

Prevalence of In the accompanying clinical In sensitivity analyses it was assumed that:

monogenic study, the total number of cases 1. allif the remaining 993 who were eligible to be

diabetes of monogenic diabetes was 14 screened in the accompanying clinical study
from a total of 687 individuals would fit the definition for Cohort 2, but were
screened. This leads to an not cases of monogenic diabetes, therefore a
estimated prevalence within the lower prevalence of monogenic diabetes was
definition of Cohort 1 of 14/687 = assumed (14/1670 = 0.8%).
2% (see Table 1A above). 2. asan upper limit, the prevalence of monogenic

diabetes was doubled (28/687 = 4%).

Sensitivity and Based on referral rate data for Analysed all regions using estimates of sensitivity and

specificity of the | Northern Ireland (the region with | specificity given in Supplementary Data 3.

Ad Hoc Testing the lowest referral rates)*

strategy

Genetic test cost

UK referral centre costs®: £350 for
GCK mutation; £450 for HNF1A
and HNF4A mutations.

Threshold analyses to identify at what cost of the GCK
and HNF1A and HNF4A genetic tests would the All
Tested strategy incur no additional costs over the No
Testing strategy. Costs of tests for GCK and HNF1A and
HNF4A mutations were reduced in 10% steps to just
10% of their base case costs: £35 for GCK and £45 for
HNF1A and HNF4A.

Uptake of UCPCR | Based on data from the Threshold analyses where UCPCR test uptake was

test accompanying clinical study assumed to range from 100% to just 10%.
which investigated the It was hypothesised that test uptake in practice is likely
application of the Biomarker to be lower than test uptake in the accompanying
Testing strategy. clinical study where individuals have consented to
Uptake of UCPCR was assumed to | participating in a study.
be 87% (see Table 1C above).

Uptake of Based on data from the Threshold analyses where autoantibody test uptake was

autoantibody
test

accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy.

Uptake of autoantibody testing
was assumed to be 93% (see
Table 1C above).

assumed to range from 100% to just 10%.

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study

Uptake of genetic
test

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy.

Uptake of genetic testing was
assumed to be the same as for
autoantibody testing (93%) since
the same blood sample for
autoantibody testing was used
for the genetic testing (see Table
1C above).

Threshold analyses where genetic test uptake was
assumed to range from 100% to just 10%.

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study

4

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 40 of 68




Page 41 of 68

oNOYTULT D WN =

BMJ Open

Repeat urine
samples and
UCPCR tests

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. The percentage
of repeat urine samples and
UCPCR tests was assumed to be
3% (see Table 1C above).

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
repeat samples and tests can be interpreted as every
individual requiring another 2 urine samples and UCPCR
tests to be done, so that in total every individual has
provided 3 urine samples and 3 UCPCR tests have been
done — an extreme assumption.

Repeat blood
samples and
autoantibody
tests

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. The percentage
of repeat blood samples and
autoantibody tests was assumed
to be 3% (see Table 1C above).

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
repeat samples and tests can be interpreted as every
individual requiring another 2 blood samples and
autoantibody tests to be done, so that in total every
individual has provided 3 blood samples and 3
autoantibody tests have been done — an extreme
assumption.

Sensitivity of Based on data from Besser et al® Since the sensitivity estimate for the UCPCR test is from
UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the
control diagnostic study design: reported estimate will be greater than in practice.

0.94 (see Supplementary Data 3). | Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower sensitivity
values in particular.

Threshold analyses assumed sensitivity estimates
between 1 and 0-55.
Specificity of Based on data from Besser et al® Since the specificity estimate for the UCPCR test is from
UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the
control diagnostic study design: reported estimate will be greater than in practice.

0.96 (see Supplementary Data 3). | Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower specificity
values in particular.

Threshold analyses assumed specificity estimates
between 1 and 0-55.
Sensitivity of Based on data from MacDonald Since the sensitivity estimate for the autoantibody test

autoantibody
test

et al” which used a prevalent
case-control diagnostic study
design: 0.99 (see Supplementary
Data 3).

is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower sensitivity
values in particular.

Threshold analyses assumed sensitivity estimates
between 1 and 0-55.

Specificity of
autoantibody
test

Based on data from MacDonald
et al” which used a prevalent
case-control diagnostic study
design: 0.82 (see Supplementary
Data 3).

Since the specificity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming different specificity
values.

Threshold analyses assumed specificity estimates
between 1 and 0-55.

Percentage of
individuals with
GCK mutation

Based on data from the
accompanying clinical study
which investigated the

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with GCK mutations are
receiving insulin at the start of the model.
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who are
receiving insulin
treatment at the
start of the
model

application of the Biomarker
Testing strategy. 75% of
individuals with GCK mutation are
receiving insulin treatment at the
start of the model, while 25% are
receiving tablets (metformin and
sulphonylureas). See Error!
Reference source not found.
above.

Percentage of
individuals with
HNF1A or HNF4A
mutation who
are receiving
insulin treatment
at the start of the
model

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. 67% of
individuals with HNF1A or HNF4A
mutation are receiving insulin
treatment at the start of the
model, 25% are receiving tablets
(metformin and sulphonylureas)
and 8% are not treated
pharmacologically. See Error!
Reference source not found.
above.

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with HNF1A or HNF4A
mutations are receiving insulin at the start of the model.

Percentage of
individuals with
HNF1A or HNF4A
mutations who
remain on most
appropriate
treatment after a
diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. At every follow-
up point after treatment change,
100% of individuals with HNF1A
or HNF4A mutations remained on
the most appropriate treatment
(see Error! Reference source not
found. above).

The base case estimates are based on a small number of
participants. Threshold analyses have been conducted
to investigate the percentage of individuals with HNF1A
or HNF4A mutations who need to remain on tablets for
the strategies to be cost-saving compared to No Testing.

It was assume that for all follow-up time periods after a
monogenic diabetes diagnosis, the percentage receiving
tablets is: 86%, 77%, 50%, 25% or 10%.

Cascade family
testing

Analysis of referral rate data*
indicate that for every 10 case of
monogenic diabetes identified,
6.2 family members are also
genetically tested: with 5.6 being
positive for monogenic diabetes
and 0.6 being negative for
monogenic diabetes (see Error!
Reference source not found.).

The impact of family cascade testing in the Ad Hoc
Testing, Clinical Prediction Model Testing and Biomarker
Testing strategies was investigated by removing all
cascade family testing from the strategies.

Estimates of the magnitude of cascade family testing
based on the 95% confidence interval limits are used to
investigate the impact of this parameter: 4.7 to 6.5
family members who are found to be positive for
monogenic diabetes, and 0. 3 to 1 family members who
are found to be negative for monogenic diabetes.

Frequency of
HBGM before
and after
changing
treatment due to
a diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. Data suggested
that individuals with GCK
mutations stopped HBGM after
their diagnosis of monogenic
diabetes, while individuals with
HNF1A or HNF4AA mutations

The 95% confidence limits for the estimated frequency
of HBGM at the start of the model and at follow-up after
a treatment change for individuals with HNF1A or
HNF4A mutations were used in sensitivity analyses. The
change in frequency of HBGM before and after a
diagnosis of monogenic diabetes was maximised (which
would favour strategies to identify cases of monogenic
diabetes) by assuming the upper 95% confidence limit at
baseline and the lower 95% confidence limits at follow-
up. Conversely, the change in frequency of HBGM was

6

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 42 of 68




Page 43 of 68

oNOYTULT D WN =

BMJ Open

significantly reduced their
frequency of HBGM after a
diagnosis of monogenic diabetes.

minimised (which would not be as favourable to
strategies to identify cases of monogenic diabetes) by
assuming the lower 95% confidence limit at baseline and
the upper 95% confidence limit at follow-up.

Table 11 Summary of “base case” results

Strategy Total Total Total Incremental % who are genetically tested
undiscoun | discount | discount | costsvs No With Without
ted LYs ed ed costs® | Testing monogenic monogenic

QALYs strategy?® diabetes diabetes

Clinical 384 11-9 £54,000 | -£100 93 3

Prediction

Model®

Biomarker £54,000 -£100 93 5

Ad Hoc £54,100 0 7 <1

No Testing £54,100 NA 0 0

All Testing £54,400 | £300 93 93

arounded to nearest £100;° thresholds chosen to maximise costs saved

Fig 1A Incremental costs (vs No Testing) and the proportion of monogenic diabetes cases identified
for each strategy
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Fig 1B Tornado plot of sensitivity analyses for the Ad Hoc Testing strategy
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1

2

431 Fig 1D Tornado plot for the Biomarker Testing strategy
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g; Fig 1E Tornado plot for the All Testing strategy
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Fig 1F Incremental costs (vs No Testing) for all strategies for reducing percentage of GCK cohort

BMJ Open

starting on insulin
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1
2
i Fig 1H Incremental costs (vs No Testing) for the Biomarker Testing strategy with reducing levels of
5 UCPCR and antibody testing uptake
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Fig 1) Incremental costs for the Biomarker Testing strategy (vs No Testing) with increasing estimates

BMJ Open

of repeat samples and UCPCR and autoantibody tests
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Supplementary Data 2: Parameters and results for Cohort 1

Cohort 1 - Diagnosed with diabetes <30yrs old and still <50 yrs old at start of model

Table 2A Characteristics of the modelled cohorts 1 and 2 at entry to the model

Characteristic

Parameter value

Evidence source

Prevalence (95% confidence interval)

GCK mutation

0-7%

(0.4%, 1.4%)

Shields et al® & unpublished data from

accompanying clinical study (N=1407)

HNF1A mutation

1-5%

(1.2%, 2.7%)

Shields et al* & unpublished data from

accompanying clinical study (N=1407)

HNF4A mutation

0-2%

(0.1%, 0.6%)

Shields et al' & unpublished data from

accompanying clinical study (N=1407)

Type 1 diabetes?

88-6%

(86.4%, 89.9%)

Unpublished data from accompanying clinical

study (N=1407)

Type 2 diabetes

9.0%

(7.4%, 10.5%)

Unpublished data from accompanying clinical

study (N=1407)

Age (years)® 25 Unpublished data from accompanying clinical
Time since diagnosis (years)® 12 study (N=1407)

Body mass index® 244

HbA1c (mmol/mol)® 64.2

Female (%) 50

Systolic blood pressure® 1317 2

Total cholesterol ® 4.74 2

High density lipoprotein® 1:31 2

Low density lipoprotein® 2:61 2

Triglycerides® 0-83 2

Caucasian 89% 3
1
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1

2

3 Black 4% 3

4

> Asian 7% 3

6

; 2 Defined as receiving insulin treatment within 12 months of diabetes diagnosis.

9 bMean.

10

1; Table 2B Percentage (95% Cl) of referred individuals tested for mutations in GCK and/or
13 HNF1A and HNF4A genes by true diagnosis (from unpublished UK referral centre data)
14

15 Percentage (95% Cl) [N=2294]

16 GCK only HNF1A and HNF4A GCK, HNF1A and HNF4A

17 True diabetes diagnosis

18 Not monogenic 14.1% 70.0% 15.9%

19 (12.3%, 16.0%) (67.5%, 72.4%) (14.0%, 18.0%)

20 GCK mutation 95.2% 4.83%

21 (92.3%, 97.3%) (2.7%, 7.7%)

22 HNF1A mutation 96.2% 3.5%

23 (94.0%, 97.8%) (2.0%, 5.7%)

24 HNF4A mutation 97.3% 2.7%

25 (93.2%, 99.2%) (0.7%, 6.8%)

26

27

28

;g Table 2C Percentage (95% Cl) of cohort not accepting offer of testing, or requiring multiple
31 tests for the Biomarker Testing strategy

32

33 Cohort 1

34 Number of UCPCR (including urine sample) N=2017 | Autoantibody (including blood sample)
35 tests N=624

36 0 11-9% 8:2%

37 (10.6%, 13.4%) (6.1%, 10.6%)

38 1 86-1% 90-0%

39 (84.5%, 87.6%) (87.4%, 92.3%)

40 2 1-8% 1-8%

41 (1.3%, 2.5%) (0.9%, 3.1%)

42 3 0-1% 0%

43 (0.03%, 0.4%)

2;‘ UCPCR, urinary c-peptide creatinine ratio. Unpublished data from accompanying clinical study.
46

47

48 Table 2D Multipliers (and 95% confidence intervals) to inform cascade genetic testing of diabetic
49 family members

50

51 Number of relatives test per true Multipliers (and Data source

52 monogenic diabetes case identified 95% Cls)

53 Relatives positive for monogenic diabetes 5.9 (5.4, 6.3) Re-analysis of Shields et al* (specific to
g;" | Relatives negative for monogenic diabetes 0.4 (0.2, 0.6) definition of modelled cohort)
56

57

58

59

60

2
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Table 2E Pre-genetic test treatment pattern, cost and frequency of HBGM by true diagnosis

BMJ Open

Diabetes type | Treatment % receiving Mean monthly Mean frequency of
treatment treatment costs HBGM?
Type 1 Insulin only 100% £52 78
Type 2 Insulin only 36% £55 43
Insulin + tablets 54% £50 43
Tablets only 3% £2 17
No diabetes 7% £0 0
treatment
GCK mutation | Insulin only 87.5% £10 63
(47.3%, 99.7%) (19, 107)
Tablets only 12.5% £1 0
(0.3%, 52.6%)
HNF1A and Insulin only 78.4% £23
HNF4A (61.8%, 90.2%)
mutation Insulin + tablets 13.5% £16 76
(4.5%, 28.8%) (52, 99)
Tablets 5.4% £2
(0.1%, 18.2%)
No diabetes 2.7% £0 0
treatment (0.1%, 14.2%)

2 HBGM, home blood glucose monitoring

Table 2F Estimated dose and timing of future insulin requirements for individuals identified as having

HNF1A or HNF4A mutations

Expert 1 Expert 2
. Years after start | Insulin need (u) Years after | Insulin need (U/kg)
Population
of model start of
model

Tablets only 0-19 As at model start 0-9 As at model start

20-24 10 + tablets 10-14 0.25 + tablets

25-29 20+ tablets 15-24 0.4 + tablets

>30 yrs 30 + tablets >2 yrs 0.5 (no tablets)
Tablets and 0-4 As at model start 0-9 As at start of model
insulin 5-14 20 + tablets 10-14 0.4 + tablets

=15 yrs 30 + tablets >15 yrs 0.5 (no tablets)
Insulin only 0-9 As at model start 20 yrs 0.5

10-24 50

225 yrs 60

Table 2G Post-diagnosis HBGM frequency (95%Cl) by treatment changed to and true

diagnosis
Time since diagnosis of monogenic diabetes (months)
Mutation - Treatment received 1 3 months 6 months 12 months
GCK mutation — no diabetes treatment 0 0 0 0
HNF1/4A mutation — tablets only 50(27,73) | 36(14,57) | 22(11,33) | 21(10,32)
HNF1/4A mutation —insulin and tablets | 89 (56, 121) | 66 (44,87) | 70 (46,93) | 43 (25, 60)

3
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Table 2H Justification of parameter values and variations used in base case and sensitivity

analyses
Parameter Base case justification Justification of sensitivity/threshold analyses
Prevalence of In the accompanying clinical Although the total screened population was 1407 in the
monogenic study, the total number of cases accompanying clinical study?, the total eligible
diabetes of monogenic diabetes was 34 population in the defined geographical area was 2288.
from a total of 1407 individuals We could therefore assume:
screened. This leads to an 1. that no more cases would have been found in
estimated prevalence within the the remaining eligible population not screened,
definition of Cohort 1 of 34/1407 i.e. the remaining 881 were not screened as
= 2-4% (see Error! Reference they were quite obviously not cases of
source not found. above). monogenic diabetes, therefore a lower
estimate of the prevalence of monogenic
diabetes might be appropriate (34/2288 =
1-5%),

2. there were no differences between those not
screened and those who were screened, and so
the base case numbers would not change
(34/1407 = 2-4%)

3. those 881 who did not complete screening
were more likely to be cases of monogenic
diabetes. As an upper estimate, we assume the
prevalence of monogenic diabetes in the
defined cohort is doubled (68/1407 = 4-8%).

To investigate an increase or decrease in the prevalence
of monogenic diabetes, sensitivity analyses assumed
scenarios 1 and 3 above.
Sensitivity and Based on referral rate data for Sensitivity analyses were based on all regions analysed
specificity of the | Northern Ireland (the region with | by Shields et al*
Ad Hoc Testing the lowest referral rates)?
strategy
Sensitivity of Based on data from Besser et al° Since the sensitivity estimate for the UCPCR test is from
UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the
control diagnostic study design: reported estimate will be greater than in practice.
0.94 (see Supplementary Data 3).
Threshold analyses assumed sensitivity estimates for the
UCPCR test between 1 and 0-55 (in 0.05 decrements).
Results assuming a sensitivity of 1 or 0.55 are presented.
Specificity of Based on data from Besser et al® Since the specificity estimate for the UCPCR test is from
UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the
control diagnostic study design: reported estimate will be greater than in practice.
0.96 (see Supplementary Data 3).
Threshold analyses assumed specificity estimates for the
UCPCR test between 1 and 0-55 (in 0.05 decrements).
Results assuming a specificity of 1 or 0.55 are shown.
Sensitivity of Based on data from MacDonald Since the sensitivity estimate for the autoantibody test

autoantibody
test

et al® which used a prevalent
case-control diagnostic study
design: 0.99 (see Supplementary
Data 3)

is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.

Threshold analyses assumed sensitivity estimates for the
autoantibody test between 1 and 0-55 (in 0.05
decrements).

Results assuming a sensitivity of 1 or 0.55 are shown.

4
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Specificity of
autoantibody
test

Based on data from MacDonald
et al® which used a prevalent
case-control diagnostic study
design: 0.82 (see Supplementary
Data 3)

Since the specificity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.

Threshold analyses assumed specificity estimates for the
autoantibody test between 1 and 0-55 (in 0.05
decrements).

Results assuming a sensitivity of 1 or 0.55 are shown.

Uptake of UCPCR | Based on data from the Threshold analyses where UCPCR test uptake was
test accompanying clinical study assumed to range from 100% to just 10% (in 10%
which investigated the decrements).
application of the Biomarker It was hypothesised that test uptake in practice is likely
strategy. to be lower than test uptake in the accompanying
Uptake of UCPCR was assumed to | clinical study where individuals have consented to
be 88% (see Table 2C above). participating in a study.
Results of assumptions that uptake of UCPCR is 100% or
10% are reported.
Uptake of Based on data from the Threshold analyses where autoantibody test uptake was

autoantibody
test

accompanying clinical study
which investigated the
application of the Biomarker
strategy.

Uptake of autoantibody testing
was assumed to be 92% (see
Error! Reference source not
found. above).

assumed to range from 100% to just 10% (in 10%
decrements).

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study.

Results of assumptions that uptake of autoantibody
testing is 100% or 10% are reported.

Uptake of genetic
test

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy.

Uptake of genetic testing was
assumed to be the same as for
autoantibody testing (92%) since
the same blood sample for
autoantibody testing was used
for the genetic testing (see Error!
Reference source not found.
above).

Threshold analyses where genetic test uptake was
assumed to range from 100% to just 10% (in 10%
decrements).

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study.

Results of assumptions that uptake of genetic testing is
100% or 10% are reported.

Repeat urine
samples and
UCPCR tests

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. The percentage of
repeat urine samples and UCPCR
tests was assumed to be

2% (see Error! Reference source
not found. above).

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
repeat samples and tests can be interpreted as every
individual requiring another 2 urine samples and UCPCR
tests to be done, so that in total every individual has
provided 3 urine samples and 3 UCPCR tests have been
done — an extreme assumption.

Results for assuming 200% repeat samples and tests are
presented.

5
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Repeat blood
samples and
autoantibody
tests

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. The percentage of
repeat blood samples and
autoantibody tests was assumed
to be

2% (see Error! Reference source
not found. above).

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
repeat samples and tests can be interpreted as every
individual requiring another 2 blood samples and
autoantibody tests to be done, so that in total every
individual has provided 3 blood samples and 3
autoantibody tests have been done, clearly an extreme
assumption.

Results for assuming 200% repeat samples and tests are
presented.

Percentage of
individuals with
GCK mutation
who are
receiving insulin
treatment at the
start of the
model

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. 88% of individuals with
GCK mutation are receiving
insulin treatment at the start of
the model, while 12% are
receiving tablets (metformin and
sulphonylureas). See Error!
Reference source not found.
above.

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with GCK mutations are
receiving insulin at the start of the model.

Results from assuming 100% or 10% are receiving insulin
at the start of the model are presented.

Percentage of
individuals with
HNF1A or HNF4A
mutation who
are receiving
insulin treatment
at the start of the
model

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. 78% of individuals with
HNF1A or HNF4A mutation are
receiving insulin treatment at the
start of the model, 5% are
receiving insulin and tablets
(metformin and sulphonylureas),
14% are receiving tablets and 3%
are not treated
pharmacologically. See Error!
Reference source not found.
above

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with HNF1A or HNF4A
mutations are receiving insulin at the start of the model.

Results from assuming 100% or 10% are receiving insulin
at the start of the model are presented.

Genetic test cost

UK referral centre costs”: £350 for
GCK mutation; £450 for HNF1A
and HNF4A mutations, see
Supplementary Data 4.

Threshold analyses were conducted to identify at what
cost of genetic tests would the All Tested strategy incur
no additional costs over the No Testing strategy. Costs
of tests for GCK and HNF1A and HNF4A mutations were
reduced in 10% steps to just 10% of their base case
costs: £35 for GCK and £45 for HNF1A and HNF4A.

Results of assumptions that genetic costs are 100% or
10% of their current costs are reported.

Long-term insulin
need for
individuals with
HNF1A or HNF4A
mutations

Expert 1

Expert 2, who assumed a larger dose of insulin would
generally be required sooner than that stated by Expert
1.
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Percentage of
individuals with
HNF1A or HNF4A
mutations who
remain on most
appropriate
treatment after a
diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. At 1 and 3 months after
changing to more appropriate
treatment, 86% are receiving
tablets only (sulphonylureas and
metformin). At 6 and 12 months
89% and 77% are on tablets only,
respectively.

The base case estimates are based on a small number of
participants. Threshold analyses have been conducted
to investigate the percentage of individuals with HNF1A
or HNF4A mutations who need to remain on tablets for
the strategies to be cost-saving compared to No Testing.

It was assume that for all follow-up time periods after a
monogenic diabetes diagnosis, the percentage receiving
tablets is: 100%, 50%, 25% or 10%.

Results assuming 100% and 10% receive tablets are
presented.

Cascade family
testing

Analysis of referral rate data’
indicate that for every 10 case of
monogenic diabetes identified,
6.3 family members are also
genetically tested: with 5.9 being
positive for monogenic diabetes
and 0.4 being negative for
monogenic diabetes.

The impact of family cascade testing in the Ad Hoc,
Clinical Prediction Model and Biomarker strategies was
investigated by removing all cascade family testing from
the strategies.

Estimates of the magnitude of cascade family testing
based on the upper 95% confidence interval limits are
used where 6.3 family members are found to be positive
for monogenic diabetes, and 0.6 are found to be
negative for monogenic diabetes, compared to the
scenario where there is no family testing.

Frequency of
HBGM before
and after
changing
treatment due to
a diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. Data suggested that
individuals with GCK mutations
stopped HBGM after their
diagnosis of monogenic diabetes,
while individuals with HNF1A or
HNF4A mutations significantly
reduced their frequency of HBGM
after a diagnosis of monogenic
diabetes.

The 95% confidence limits for the estimated frequency
of HBGM at the start of the model and at follow-up after
a treatment change for individuals with HNF1A or
HNF4A mutations were used in sensitivity analyses. The
change in frequency of HBGM before and after a
diagnosis of monogenic diabetes was maximised (which
would favour strategies to identify cases of monogenic
diabetes) by assuming the upper 95% confidence limit at
baseline and the lower 95% confidence limits at follow-
up. Conversely, the change in frequency of HBGM was
minimised (which would not be as favourable to
strategies to identify cases of monogenic diabetes) by
assuming the lower 95% confidence limit at baseline and
the upper 95% confidence limit at follow-up.

UCPCR, urinary c-peptide to creatinine ratio; HBGM, home blood glucose monitoring
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Fig 2C Incremental costs (vs No Testing) for the Biomarker Testing strategy with reducing levels of
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Fig 2E Incremental costs for the Biomarker Testing strategy (vs No Testing) with increasing estimates
of repeat samples and UCPCR and autoantibody tests
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Table 3A Summary of the tests involved and estimates of sensitivity and specificity used in the
economic evaluation

Test- Tests used Sensitivity | Specificity Data sources
treatment
strategy
Ad Hoc Clinical referral 0-04 0-996 Shields et al®;
Testing based on patient 2011 census data;
characteristics Clinical study;
Unpublished prevalence data
Genetic test 1 1 Assumption
Clinical Type 1 clinical 0-5-0-96 0-65 - 0-996 Shields et al?. Estimates of sensitivity
Prediction prediction model and specificity depend on the
Model combination of the probability
Testing thresholds used from both clinical
prediction models.
Type 2 clinical 0-8-0-99 0-73-0-99 Shields et al®. Estimates of sensitivity
prediction model and specificity depend on the
combination of the probability
thresholds used from both clinical
prediction models.
Genetic test 1 1 Assumption
Biomarker UCPCR test 0-94 0-96 Besser et al3
Testing
Autoantibody test | 0-99 0-82 McDonald et al*
Genetic test 1 1 Assumption
All Testing Genetic test 1 1 Assumption
UCPCR, urinary c-peptide to creatinine ratio
1

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml




oNOYTULT D WN =

BMJ Open

Table 3B Sensitivity and specificity of the Ad Hoc Testing strategy by regions in the UK

Region Sensitivity | Specificity
Northern Ireland? 0.038 0.996
Wales 0.044 0.998
Scotland 0.132 0.988
England 0.086 0.993
South West England 0.196 0.977
South East England 0.080 0.995
London 0.049 0.995
East England 0.060 0.996
West Midlands England 0.077 0.994
East Midlands England 0.074 0.995
Yorkshire/Humberside England 0.084 0.996
North East England 0.122 0.994
North West England 0.074 0.995
UK 0.087 0.993
England and Wales 0.084 0.993

aUsed in base case analysis
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Supplementary Data 4: Cost parameters

Table 4A Summary of the costs considered for each strategy

No Testing Ad Hoc Clinical Biomarker All Testing
Testing Prediction Testing

Model

Testing
Diabetes-specific consultations o o o o o
Current treatment o o o o le)
HBGM on current treatment o o o l¢) le)
Blood test (for genetic test or o o o o
autoantibody testing)
UCPCR test o
Autoantibody test o
Genetic test o o o o
Treatment transfer assistance? o o o o
New treatment o o o o
HBGM on new treatment o o o o
Long-term management o o o o o

3Includes telephone calls with nurse and visit(s) to GP for changes in treatment during 12 month
follow-up. UCPCR, urinary c-peptide to creatinine ratio; HBGM, home blood glucose monitoring

Table 4B Costs of testing associated with the strategies

Cost

Value (£, 2018)

Source

GP nurse time for collecting blood
sample

£6

10 minutes at £36 per 1hr GP nurse
patient contact time?!

Genetic test for GCK mutation £350 Sanger sequence analysis from UK referral
centre?

Genetic test for HNF1/4A mutation £450 Sanger sequence analysis from UK referral
centre?

Genetic test for known mutation £100 Sanger sequence analysis from UK referral
centre?

Nurse time for successful treatment £24 Four 10 minute phone calls (expert

transfer opinion) at £36 per 1hr GP nurse patient
contact time!

GP time for informing patient of genetic | £28 Cost of GP consultation?

test result and treatment change

UCPCR pack £3-90 Postage

UCPCR test £10-50 RD&E laboratory?

Autoantibody test £20 RD&E laboratory?

UCPCR, urinary c-peptide to creatinine ratio
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Table 4C Cost estimates (£, 2018) used in the IMS CDM model

Event | Cost (£, 2018) Source
CVD complications
Myocardial infarction (Ml) in 1st year of Ml £7,550 Clarke3
Second and subsequent yrs after an Ml £1,250 Clarke?
Angina in 1st year of angina £250 Ward*
Second and subsequent yrs after an angina £200 Ward*
Congestive heart failure (CHF) in 1st year of CHF £3,500 Clarke®
Second and subsequent yrs after a CHF £500 Clarke®
Stroke in 1st year of stroke £4,600 Clarke?
Second and subsequent yrs after a stroke £850 Clarke?
Stroke death within 30 days of stroke £6,350 Clarke?
Peripheral vascular disease (PVD) in 1st year of Clarke ®
PVD £1,150
Second and subsequent yrs after a PVD £450 Clarke®
Renal complications
Hemodialysis in 1st year of needing hemodialysis £43,500 Baboolal®
Hemodialysis in second & subsequent yrs of Baboolal ©
needing hemodialysis £43,500
Peritoneal dialysis in 1st year of needingperitoneal Baboolal ©
dialysis £24,250
Peritoneal dialysis in second & subsequent yrs of Baboolal ©
needing peritoneal dialysis £24,250
Renal transplant in 1st year of needing renal NHS Schedule Reference
transplant costs’;
£13,100 Wight 8
Renal transplant in second & subsequent yrs of Wight?®
needing renal transplant £7,050
Acute events
Major hypoglyceamic event £200 Hammer?®

Minor hypoglyceamic event

Would not require

£0 medical assistance
Ketoacidosis event £1,250 Scuffham?®
Lactic acid event £2,500 Curtis!
Edema onset £50 Curtis™
Edema follow-up £0 Assume no follow-up
Eye disease

Laser treatment NHS Schedule Reference
£100 costs’
Cataract operation NHS Schedule Reference
£800 costs’
Following cataract operation £550 Clarke?
Blindness in the yr of onset £7,250 Mitchel|*2
Blindness in the following yrs £7,250 Mitchell*2

Neuropathy/foot ulcer
Neuropathy in the first yr £150 BNF3
Neuropathy in subsequent yrs £150 BNF13
Amputation (one-off cost) £7,950 Kerrl4
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Amputation prosthesis (one-off cost) £3,200 Kerr 14

Gangrene treatment £2,700 ?

After a healed ulcer £0 Assumption

Infected ulcer £4,050 Kerr 4

Standard uninfected ulcer £4,050 Kerr 4

Healed ulcer in those with an amputation history £0 Assumption
Other

Statins £0 | NICE guidance and BNF*3

Aspirin £0 | NICE guidance and BNF®3

Angiotensin-converting enzyme (ACE) £0 BNF

Screening for microalbuminuria £0 NICE?>

Screening for gross proteinuria £0 Assume as for MA

Stopping ACEs due to side effects £0 Assumptions

Eye screening £50 NICE %

Foot screening programme £100 NICE?® and Curtis ¥’

Non-standard ulcer treatment (e.g. Regranex) £0 Assumptions

Anti-depression treatment £0 Assumptions

Screening for depression £0 Assumptions

Table 4D Annual number of primary care consultations (taken from Currie et al 20108)

Type of consultation Type 1 Type 2 Type 1 Type 2 Cost per
control control consultation
GP surgery 7-3 8-7 4.5 5-4 £34
GP home visit 0-3 0-6 0-1 0-4 f41
GP telephone 05 0-7 03 0-4 £20
Community nurse clinic 0-9 15 0-3 0-6 £12
Total cost | £278 £349 £165 £213
Additional cost over controls | £113 £136
3
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Abstract

Objectives: To evaluate and compare the lifetime costs associated with strategies to identify
individuals with monogenic diabetes and change their treatment to more appropriate

therapy.

Design: A decision analytic model from the perspective of the National Health Service (NHS)
in England and Wales was developed and analysed. The model was informed by the
literature, routinely collected data and a clinical study conducted in parallel with the

modelling.

Setting: Secondary care in the UK.

Participants: Simulations based on characteristics of patients diagnosed with diabetes <30

years old.

Interventions: Four test-treatment strategies to identify individuals with monogenic
diabetes in a prevalent cohort of diabetics diagnosed under the age of 30 years were
modelled: clinician-based genetic test referral, targeted genetic testing based on clinical
prediction models, targeted genetic testing based on biomarkers, and blanket genetic
testing. The results of the test-treatment strategies were compared to a strategy of no

genetic testing.

Primary and secondary outcome measures: Discounted lifetime costs, proportion of cases of

monogenic diabetes identified.

Results: Based on current evidence, strategies using clinical characteristics or biomarkers

were estimated to save approximately £100-£200 per person with diabetes over a lifetime

2
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compared to no testing. Sensitivity analyses indicated that the prevalence of monogenic
diabetes, the uptake of testing, and the frequency of home blood glucose monitoring had
the largest impact on the results (ranging from savings of £400 to £50 per person), but did
not change the overall findings. The model is limited by many model inputs being based on

very few individuals, and some long-term data informed by clinical opinion.

Conclusions: Costs to the NHS could be saved with targeted genetic testing based on clinical
characteristics or biomarkers. More research should focus on the economic case for the use

of such strategies closer to the time of diabetes diagnosis.

Strengths and limitations of this study:

e Model structure was informed by expert consultation and critical appraisal of existing
models

e Parameter values were taken from a UK-based clinical study conducted alongside this
economic evaluation

e Wide-ranging sensitivity analyses were conducted

e Many parameters were based on low numbers of patients

e Evidence on effectiveness was limited.

Funding statement: This study was supported by the Department of Health and Wellcome
Trust Health Innovation Challenge Award (HICF-1009-041 and WT-091985). JP is partly
supported by the NIHR Collaboration for Leadership in Applied Health Research and Care for
the South West Peninsula (PenCLAHRC). BMS, MH and ATH are core members of the

National Institute for Health Research (NIHR) Exeter Clinical Research Facility. TIM is
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Background

Monogenic diabetes is a form of diabetes caused by a mutation in a single gene, which is
inherited in an autosomal dominant manner!. Therefore a child of an individual with
monogenic diabetes has a 50% chance of inheriting the mutation (assuming the child’s other
parent does not have the mutation). Mutations in glucokinase (GCK), hepatocyte nuclear
factor 1 alpha (HNF1A) and hepatocyte nuclear factor 4 alpha (HNF4A) genes are the most
common forms of monogenic diabetes.? Individuals with mutations in the GCK gene have
persistently moderately raised blood glucose levels from birth, that is rarely detrimental to
health3 and does not respond to treatment.* Therefore individuals with mutations in the
GCK gene can be successfully treated by diet*. Individuals with HNF1A or HNF4A mutations
have blood glucose levels which increase over time and can be successfully treated with

sulphonylureas® but may, eventually, require insulin treatment.®

The minimum prevalence of monogenic diabetes in the UK has been estimated as 108 cases
per million.” As it usually presents by 25-30 years of age,' 28 individuals are often
misdiagnosed with type 1 diabetes, and receive insulin treatment when less invasive and

less costly treatment is more appropriate.

The National Health Service (NHS) in England and Wales currently has no national guidelines
for identifying individuals with monogenic diabetes. Realistic strategies are available ranging
from genetic testing of all individuals with diabetes to targeted genetic testing based on
clinical characteristics® or biochemical'® and immunological'! tests. We report a UK-based
economic evaluation of these realistic strategies to identify individuals with monogenic

diabetes (defined here as mutations in GCK, HNF1A or HNF4A genes). The development of
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the model-based economic evaluation has been published elsewhere.'> The economic
evaluation was undertaken alongside a clinical study whose aims included (i) investigating
the prevalence of monogenic diabetes within two areas of the UK, and (ii) measuring the
effects of a change of treatment following a positive diagnosis of monogenic diabetes. The
clinical study recruited 1407 individuals who were diagnosed with diabetes <30 years old
and who were <50 years old at recruitment?3. Prospective quality of life (using the EQ-5D
Index, a generic measure of health outcome!?) and glycated haemoglobin (HbA1c) data for
45 individuals who were diagnosed with monogenic diabetes within the geographical areas
of the clinical study were collected until 12 months after the genetic test result. Although
the clinical study collected data on clinical outcomes, it was not designed, nor powered, to
detect small changes in clinical outcomes. No statistically significant change in the EQ-5D
Index or HbA1c before and 12 months after changing treatment was observed making it
impossible to confirm or refute the clinically suspected benefit of changing treatment in
persons found to have monogenic diabetes, but on inappropriate treatment. Thus, only
costs are considered in this economic evaluation, making this a conservative analysis of the
testing strategies if patient benefit does occur. The implications of this are considered in the

discussion.

The aim of this analysis is to evaluate and compare the lifetime costs of different realistic
strategies in the NHS to identify individuals with monogenic diabetes and change their
treatment to more appropriate therapy. This economic evaluation has been reported in line

with CHEERS, the Consolidated Health Economic Evaluation Reporting Standards?.
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Materials and Methods

Model overview

A hybrid decision model was developed from the perspective of the NHS in England and
Wales. A decision tree was developed in MicroSoft Excel to estimate the short-term (16
months) costs, which allowed a maximum of 4 months from referral to testing to change of
treatment (for those identified as having monogenic diabetes), plus 12 months follow-up
(coinciding with the accompanying clinical study). The IMS CORE Diabetes Model (IMS CDM)
version 8.5% was used to estimate the lifetime costs associated with the strategies. Expert
consultation and explicit critical appraisal of existing long-term diabetes models helped to
inform the structure of the decision model and choice of the IMS CDM (see Peters et al'? for
more detail on model development). Evidence to inform the model came from a number of
sources including published and unpublished data and clinical opinion. Details on the

evidence used in the model are given below.

Strategies and comparator

Five strategies for identifying monogenic diabetes in individuals who were diagnosed with
diabetes under the age of 30 years were defined: no genetic testing (“No Testing”), clinician-
based genetic test referral (“Ad Hoc Testing”), targeted genetic testing based on clinical
prediction models® (“Clinical Prediction Model Testing”) or biochemical (urinary c-peptide to
creatinine ratio, UCPCR1%) and immunological (islet autoantibodies!?) test results

(“Biomarker Testing”), blanket genetic testing (“All Testing”).

The No Testing strategy is the comparator for all other strategies, as it represents the

current policy within England and Wales where there is no guidance on the identification of
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individuals with monogenic diabetes. Thus, in this strategy all individuals remain on the

diabetes treatment they were receiving at the start of the model, regardless of whether
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they truly have monogenic diabetes or not.

The Ad Hoc Testing strategy assumes no systematic referral of individuals for monogenic

14 diabetes genetic testing. Instead, individuals are referred on an ad hoc basis depending on
the awareness of local clinicians of monogenic diabetes (see Fig 1). Data on referral rates for
19 monogenic diabetes genetic testing in the UK’ were used to calculate estimates of

sensitivity and specificity of ad hoc referral.

In the Clinical Prediction Model Testing strategy, it is assumed that an individual GP would
27 complete the online monogenic diabetes prediction model

(http://www.diabetesgenes.org/content/mody-probability-calculator °) to calculate a

32 probability of the individual having monogenic diabetes (see Fig 1). Depending on the
probability of the individual having monogenic diabetes as calculated from the prediction
37 model, the GP would then refer them for monogenic diabetes genetic testing or not. Two
39 versions of the prediction model exist, one to distinguish type 1 diabetes from monogenic
42 diabetes (version 1) and the other to distinguish type 2 diabetes from monogenic diabetes
44 (version 2). If the individual is currently receiving insulin, then version 1 of the prediction
model is used, otherwise version 2 is used. For each version of the prediction model, nine
49 thresholds are simulated in the decision model. Thus, the Clinical Prediction Model Testing
strategy can be evaluated at 81 thresholds (9 from version 1 x 9 from version 2) for the

54 simulated population. The decision model can then be used to identify the probability
threshold for the prediction model that maximises the costs saved using the Clinical

59 Prediction Model Testing strategy compared to the No Testing strategy.

8
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In the Biomarker Testing strategy individuals receive biochemical and/or immunological
tests depending on their demonstrated ability to produce insulin (see Fig 2). If individuals
are currently receiving insulin treatment, they are offered a UCPCR test to determine
whether they are producing insulin or not°. Those with a positive UCPCR test are then
offered a test for glutamic acid decarboxylase (GAD) and islet antigen2 (1A2)
autoantibodies!!. If individuals are not currently receiving insulin treatment it is assumed
they can produce their own insulin and so do not require a UCPCR test. Instead, those
individuals not on insulin treatment are offered a test for GAD and IA2 autoantibodies. The
aim of the GAD and IA2 autoantibodies test is to rule out those individuals with type 1
diabetes who are still producing insulin (i.e. in the ‘honeymoon’ period). Individuals not
showing the presence of autoantibodies are then offered the monogenic diabetes genetic
test. In the All Testing strategy, all individuals are offered monogenic diabetes genetic

testing (see Fig 1).

[Fig 1 Simplified model structure for the Ad Hoc Testing, Clinical Prediction Model Testing
and All Testing strategies.]

[Fig 2 Simplified model structure for the Biomarker Testing strategy]

Model input parameters

Population characteristics

The main analysis (modelled Cohort 1) simulated a prevalent cohort of individuals in
England and Wales who were diagnosed with diabetes when <30 years old and were <50

years old at the start of the model. The prevalence of monogenic diabetes assumed in this
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cohort is 2.4% (GCK mutation 0.7%, HNF1A mutation 1.5%, HNF4A mutation 0.2%). A
subgroup analysis (modelled Cohort 2) was undertaken to represent a future incident cohort
who would have had a diagnosis of diabetes for a shorter duration than those in Cohort 1.
Cohort 2 is defined as individuals diagnosed with diabetes when <30 years old and who
were <30 years old at the start of the model, leading to a prevalence of 2.2% having
monogenic diabetes. All information relevant to Cohort 2, including parameter values and
results, are in Supplementary Data 1. Further data on the prevalence and characteristics of

Cohort 1 are given in Supplementary Data 2.

Test characteristics

Details of the test sensitivity and specificity used in the model are shown in Supplementary
Data 3. To calculate the sensitivity and specificity of referral for monogenic diabetes genetic

testing in the Ad Hoc Testing strategy, four datasets were used:

e diabetes prevalence from unpublished data for Tayside, Scotland
e estimates of total population by age and area from national census?’
e monogenic diabetes prevalence from the accompanying clinical study®?

e monogenic diabetes genetic test referral rates’.

The referral rates for monogenic diabetes genetic testing varied across the UK, with higher
referral rates in areas where there is a strong research interest in monogenic diabetes, e.g.
the South West of England, and Scotland. Estimates of sensitivity and specificity varied from
sensitivity of 0.038 and specificity of 0.996 (Northern Ireland) to sensitivity 0.196 and
specificity 0.977 (South West of England), see Supplementary Data 3. To account for the
general low rates of referral in the UK, we assumed the referral rates for one of the lowest

areas, Northern Ireland. In sensitivity analyses, data from all individual regions were used to
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estimate sensitivity and specificity for the Ad Hoc Testing strategy. However, the cost of
increased awareness in one area compared to other areas is not known, and so it is not
possible to estimate the additional cost of increased awareness of monogenic diabetes in

the Ad Hoc Testing strategy, such as the South West of England and Scotland.

For the Clinical Prediction Model Testing strategy the probability thresholds of 10-90% for
the two versions of the test were taken from Shields et al®, with sensitivity ranging from 0.5-
0.99 and specificity ranging from 0.65-0.996. All 81 combinations of probability thresholds
were evaluated in the decision model. No adjustments were made to the clinical prediction
model as the population on which it would be applied (individuals with diabetes in England
and Wales) is very similar to that on which it is based. In the Biomarker Testing strategy,
sensitivity of 0.94 and specificity of 0.96 for the UCPCR test was used based on a UCPCR cut-
off of 20.2nmol/mmol to discriminate individuals with HNF1A and HNF4A mutations who
were insulin treated from individuals with type 1 diabetes!®. Besser et al did not report on
the sensitivity and specificity of this cut-off to discriminate insulin-treated type 2 from GCK,
HNF1A and HNF4A mutations, or to discriminate type 1 from GCK mutations. Since use of a
different UCPCR cut-off for type 1 or insulin-treated type 2 would be difficult in practice
(Besser et al19), we assumed that the UCPCR cut-off of > 0-2nmol/mmol could be used to
discriminate type 1 from insulin-treated type 2, HNF1A and HNF4A mutations. Furthermore,
Besser et al report that UCPCR cannot be used to discriminate GCK from HNF1A and HNF4A
mutations. Thus, we assume that the UCPCR cut-off of 20.2nmol/mmol can be used to
discriminate type 1 diabetes from insulin-treated type 2, GCK, HNF1A and mutations. The
impact on the model results of using different estimates of sensitivity and specificity is

assessed in sensitivity analyses. Data from McDonald et al'! were used to inform the
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sensitivity and specificity for the GAD and IA2 autoantibody tests (see Supplementary Data
3). For all testing strategies, individuals referred for the monogenic diabetes genetic test
were either tested for mutations in the GCK gene only, the HNF1A and HNF4A genes

together, or all three genes (see Supplementary Data 2).

Uptake and repeat tests

Using data from the accompanying clinical study, for Cohort 1, it was assumed that 8:2% of
individuals would decline the offer of genetic testing (6.9% for Cohort 2). This percentage
was applied to all of the strategies where genetic testing was an option. For the Biomarker
Testing strategy it was assumed that 11:9% for Cohort 1 (12.8% for Cohort 2) of individuals
offered the UCPCR test and 8:2% for Cohort 1 (6.9% for Cohort 2) of individuals offered the
autoantibody test would not accept. Estimates of the number of repeat tests required for

both cohorts in the Biomarker Testing strategy are reported in Supplementary Data 2.

Family genetic testing

It was assumed in the model that identification of an individual with monogenic diabetes
from any of the defined strategies would lead to first degree family members (who fit the
defined cohort) also being genetically tested. Once individuals identified from the testing
strategies have had the genetic test and are found to have monogenic diabetes, their family
members receive the monogenic diabetes genetic tests. In Cohort 1, it was assumed that for
every 10 individuals identified by the testing strategies as having monogenic diabetes, a
further 6:3 family members are genetically tested, with 5.9 of these assumed to have the
mutation (based on UK referral rate data’). These ratios were applied to the Ad Hoc Testing,

Clinical Prediction Model Testing and Biomarker Testing strategies.
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Treatment for diabetes

The treatment pattern assumed at the model start is given in Supplementary Data 2. These
data are from the accompanying clinical study where the treatment pattern for those truly
having monogenic diabetes is based on just 45 individuals. The impact on the model results
of the type of treatment at the start of the model is assessed in sensitivity analyses. Only
individuals with a positive genetic test were offered a treatment change; which was
cessation of diabetes treatment for those with the GCK mutation or to sulphonylureas for
individuals with the HNF1A or HNF4A mutations. Data from the clinical study informed the
likely treatment pattern once individuals are diagnosed with monogenic diabetes. For
Cohort 1, at 1 month after treatment change it was assumed that 86% of individuals with
HNF1A or HNF4A mutations were receiving a more appropriate treatment, at 3 months this
was 86%, at 6 months this was 89% and at 12 months this was 77% (see Supplementary
Data 2). Some individuals having a positive genetic test result may not successfully change
to sulphonylurea treatment alone and may continue to receive insulin.'® For individuals with
HNF1A or HNF4A mutations it was assumed that they would require insulin treatment
eventually, and how much insulin and when they would start taking it would depend upon
whether they had previously received sulphonylureas and progressed to insulin or had
started on insulin initially. As no data are available two experts in monogenic diabetes (ATH
and EP) were consulted for their opinion (see Supplementary Data 2). Based on data from
the accompanying clinical study it was assumed that 93% of individuals identified to have

the GCK mutation, would successfully stop all diabetes treatment.
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Resource use

The type of NHS costs (£, inflated to 2018 prices using the Hospital and Community Health
Services pay and prices index®®) considered within each strategy are summarised in

Supplementary Data 4.

All treatment costs were estimated using the reported doses from the clinical study and the
BNF29, The costs associated with the tests include costs for the collection of blood and urine
samples, costs of the UCPCR and autoantibody tests and genetic test costs. The costs of

nurse time spent providing assistance to those individuals with monogenic diabetes who are

changing to a more appropriate treatment were also included. See Supplementary Data 4.

The costs associated with home blood glucose monitoring (HBGM) were also included in the
model. The frequency of HBGM before and after diagnosis of monogenic diabetes, and any
subsequent change in treatment, was estimated from the clinical study for individuals truly
having monogenic diabetes (see Supplementary Data 2). Data from the literature were used
to inform HBGM frequency in individuals with type 1 and type 2 diabetes?! 22, It was
assumed that individuals who have a GCK, HNF1A or HNF4A mutation, but did not have a
genetic test or change treatment would have the same HBGM frequency as at the start of
the model. Costs of HBGM were based on use of the Accu-Check Aviva meter (£16.09 for 50

strips?9).

The costs of diabetes-related complications for individuals with type 1 diabetes, type 2
diabetes, and HNF1A or HNF4A mutations were identified from reviewing the published
literature and using data from the National Schedule of Reference Costs 2016/17. Only cost
data from the UK were modelled in the IMS CDM (see Supplementary Data 4). The majority

of cost estimates from the literature were associated with uncertainty, mainly in inflating
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the costs to 2018 due to the age of the evidence available, therefore all of the long-term
costs inputted into the model were rounded to the nearest £50 to avoid spurious precision.
It is assumed that individuals with GCK mutations do not experience long-term diabetes-
related complications? and once identified as having a mutation in the GCK gene, they no
longer incur the costs of diabetes-specific consultations. Data from Curtis 2017%° and Currie
et al 201023 were used to inform the costs of diabetes-specific consultations (see

Supplementary Data 4).

Long-term events and survival

It was assumed that individuals with GCK mutations do not experience diabetes related
events and have the same mortality rate as the general population’. Therefore inidviduals
with GCK mutations do not enter the IMS CDM. For individuals with HNF1A and HNF4A
mutations, due to limited data on long-term complications and mortality, it was assumed
that these individuals have the same pattern of long-term complications and mortality as
individuals with type 1 diabetes. Therefore individuals with HNF1A and HNF4A mutations

were modelled using the type 1 diabetes model in the IMS CDM.

Model outcomes

All costs (£, 2018) beyond the first year are discounted at a rate of 3-5% per annum to
account for the preference for deferring future costs in economic evaluations.?* Discounted
and undiscounted total costs are reported in the results section alongside the estimated
discounted incremental costs per person with diabetes over a lifetime for each strategy
compared to the No Testing strategy and the proportion of monogenic diabetes cases

identified by each strategy.
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Analysis

The results of a “base case” analysis are presented, but due to the uncertainty surrounding
many of the parameter estimates alternative combinations of assumptions may be equally
plausible. Therefore, wide-ranging one-way sensitivity and threshold analyses have been
conducted to explore the different sources of uncertainty, this includes an analysis where an
improvement in utility for those who successfully change treatment is assumed. Details of
the sensitivity and threshold analyses undertaken for Cohort 1 can be found in
Supplementary Data 2 (see Supplementary Data 1 for details on Cohort 2 analyses). In
contrast to our planned analysis'?, we decided not to do a probabilistic analysis because
important structural uncertainties in this model could not be fully captured by a

probabilistic analysis (it would therefore be misleading).

Patient and Public Involvement

There was no patient and public involvement in the development or analysis of the model.

Results

Cohort 1: diagnosed <30 years old, <50 years old at start of model

For the “base case” analysis, the total discounted costs per person with diabetes over a
lifetime were estimated to be £53,500 to £54,000 depending on the strategy used (see
Table 1). The All Testing strategy was estimated as the most costly (£54,000), the cheapest
options were the Clinical Prediction Model Testing (where the probability thresholds were

chosen to maximise costs saved compared to No Testing) and Biomarker Testing strategies
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(£53,600). The No Testing and Ad Hoc Testing strategies were both estimated as £53,700
per person with diabetes over a lifetime. The Ad Hoc Testing strategy was estimated to

identify very few cases of monogenic diabetes (6%) compared to the All Testing strategy

which was estimated to identify 92% of monogenic diabetes cases. No more than 92% of
monogenic diabetes cases can be identified by any strategy due to the assumption that 8%
of individuals will not accept an offer of genetic testing for monogenic diabetes. Family
testing boosts the detection of monogenic diabetes cases to 92% in the Clinical Prediction

Model Testing and Biomarker Testing strategies. The costs saved for these two strategies

over the No Testing strategy relate to more individuals getting a monogenic diabetes

diagnosis and changing to receive more appropriate treatment which is cheaper and also

leads to a reduction in the frequency of HBGM. The All Testing strategy is the most

expensive since although more monogenic diabetes diagnoses are made, resulting in fewer

treatment and HBGM costs, the costs of genetically testing all individuals diagnosed with

diabetes are very high.

Table 1 Summary of the per person lifetime costs? and percentage of cases and non-cases

genetically tested for each strategy (ordered by increasing cost of strategy)

Strategy Total Total Incremental % who are genetically tested
undiscounted discounted costs vs No
With Without
costs? costs @ Testing
monogenic monogenic
strategy @
diabetes diabetes
Clinical £133,200 £53,600 -£100 92 3
Prediction
17
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Model
Testing®
Biomarker £133,300 £53,600 -£100 92 8
Testing
Ad Hoc £133,500 £53,700 0 6 <1
Testing
No Testing £133,600 £53,700 NA 0 0
All Testing £133,700 £54,000 £300 92 92

@rounded to nearest £100.
bprobability thresholds chosen to maximise costs saved vs No Testing are 12.6% for type 1 vs
monogenic diabetes and 75.5% for type 2 vs monogenic diabetes.

As there are 81 different combinations of probability thresholds for the clinical prediction
model, the combination of thresholds which maximises the costs saved for the Clinical
Prediction Model Testing strategy have been reported above. In Fig 3, all 81 threshold
combinations for the clinical prediction model are shown. The Clinical Prediction Model
Testing strategy is estimated to identify 74% or 92% of monogenic diabetes cases depending
on the probability threshold combinations used to refer individuals for genetic testing. The
lifetime costs saved per person with these threshold combinations compared to No Testing

vary from £0 to £150.

[Fig 3. Base case incremental costs (vs No Testing) and the proportion of monogenic diabetes

cases identified for each strategy.]

Sensitivity analysis results suggest that the impacts on costs in the different scenarios are

insensitive to wide-ranging, plausible changes to key model parameters, (see Figs 4a-4d). No
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plausible parameter value changes the finding that the Ad Hoc Testing and Clinical
Prediction Model Testing strategies are always estimated to save costs compared to the No
Testing strategy. Only extreme assumptions on the uptake of genetic and UCPCR testing
(just 10% uptake) suggest fewer costs are saved from the Biomarker Testing strategy when
compared to the No Testing strategy. Except for assumptions on test uptake, the estimated
cost savings are in the region of £0-£50 per person over a lifetime for the Ad Hoc Testing
strategy (see Fig 4), £50-£300 for the Clinical Prediction Model Testing strategy (see Fig 5)
and £50-£250 for the Biomarker Testing strategy (see Fig 6). The All Testing strategy is
estimated to cost an additional £150-£350 per person over a lifetime compared to the No
Testing strategy except when the cost of the genetic test is assumed to be <60% of its

current cost (see Fig 7).

[Fig 4 Sensitivity analyses: incremental costs per person over a lifetime for Ad Hoc Testing

strategy vs No Testing strategy.]

[Fig 5. Sensitivity analyses: incremental costs per person over a lifetime for Clinical

Prediction Model Testing strategy vs No Testing strategy.]

[Fig 6. Sensitivity analyses: incremental costs per person over a lifetime for Biomarker

Testing strategy vs No Testing strategy.]

[Fig 7. Sensitivity analyses: incremental costs per person over a lifetime for All Testing

strategy vs No Testing strategy.]

As Figs 4-7 show, the findings are most sensitive to:
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e the estimated prevalence of monogenic diabetes within the cohort —increasing

prevalence (from 2.4% in Cohort 1 to 4.8%) leads to greater costs saved for the Ad

oNOYTULT D WN =

Hoc Testing, Clinical Prediction Model Testing and Biomarker Testing strategies

11 compared to the No Testing strategy,

13 e the uptake of testing - reduced uptake leads to fewer costs saved for all strategies
16 compared to the No Testing strategy,

18 e the frequency of HBGM pre and post-treatment change - assuming that individuals
Y change their frequency of HBGM by only a small amount after a diagnosis of

23 monogenic diabetes leads to fewer costs saved compared to the No Testing
strategy,

28 e the proportion of individuals with monogenic diabetes who receive insulin before
their monogenic diabetes diagnosis — the larger the proportion receiving insulin

33 before being diagnosed as having monogenic diabetes, the greater the costs saved

for all strategies compared to No Testing.

39 Threshold analysis results (see Supplementary Data 2) suggest that when the genetic tests
41 are reduced to approximately 35% of their current costs, the All Testing strategy incurs no
additional costs compared to the No Testing strategy. However, in this situation, the

46 Biomarker Testing and Clinical Prediction Model Testing strategies are estimated to save,
approximately £150 per person over a lifetime, compared to the No Testing strategy.

51 Reducing the percentage of individuals with monogenic diabetes who are receiving only

53 insulin at the start of the model has little impact on the incremental costs estimated: even if
56 10% of individuals with GCK mutations or 10% of individuals with HNF1A or HNF4A

58 mutations are on tablets at the start of the model, slight cost savings are still estimated with
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the Clinical Prediction Model Testing and Biomarker Testing strategies compared to the No

Testing strategy (see Figs 5 and 6).

Threshold analyses specific to the Biomarker Testing strategy demonstrate that once uptake
of the UCPCR and autoantibody tests is reduced to less than 70%, the costs saved with the
Biomarker Testing strategy compared to the No Testing strategy reduce. Costs saved with
the Biomarker Testing strategy are most sensitive to reductions in the sensitivity of the
UCPCR and autoantibody tests. Increases in the number of repeat urine or blood samples
and tests required within the Biomarker Testing strategy have little impact on the estimate

of costs saved compared to the No Testing strategy.

Cohort 2: diagnosed <30 years, <30 years at start of model

As in Cohort 1, the Clinical Prediction Model Testing and Biomarker Testing strategies are
estimated to save £100 per person with diabetes over a lifetime compared to the No Testing
strategy, while the All Testing strategy is assumed to cost an additional £300 compared to
the No Testing strategy. When compared to Cohort 1, the Clinical Prediction Model Testing
and Biomarker Testing strategies are not estimated to save any more costs because of the
trade-off between individuals being less likely to be on insulin prior to genetic testing in
Cohort 2 (67% vs 83% in Cohort 1) even though they are more likely to successfully change
to sulphonylureas than Cohort 1 (100% vs 79% in Cohort 1). Individuals in Cohort 2 were
estimated to monitor their blood glucose less frequently before receiving a diagnosis of
monogenic diabetes compared to Cohort 1, and so fewer costs are saved from reducing
further the HBGM frequency than is the case for Cohort 1. See Supplementary Data 1 for
further results, including sensitivity analyses which suggest that estimates of prevalence and

testing uptake have the largest impact on the findings (as for Cohort 1).
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Discussion

The Clinical Prediction Model Testing and Biomarker Testing strategies modelled here have
been estimated to be cost saving for identifying individuals with monogenic diabetes and
changing their treatment compared to the current practice of no genetic testing.
Assumptions about the prevalence of monogenic diabetes within the simulated cohort, the
uptake of testing and the frequency of HBGM before and after receiving a diagnosis of
monogenic diabetes had the largest impact on the findings, but did not change the overall
conclusions that targeted strategies are estimated to save costs compared to the No Testing
or All Testing strategies. Data on prevalence and test uptake were taken directly from the
accompanying clinical study, which is the first to systematically estimate prevalence of
monogenic diabetes in the UK!3, Information on the frequency of HBGM before and after a
diagnosis of monogenic diabetes is based on just a small number of individuals, but is

currently the best evidence available.

This is the first UK-based economic evaluation of strategies to identify individuals with
monogenic diabetes. A published paper documented the development of the model and the
intended analysis,'? and the minor departures from the protocol have been declared and
justified. UK data have been used to inform many of the model inputs, for which there was
previously no credible evidence. However, due to the rarity of monogenic diabetes, many
inputs specific to individuals with monogenic diabetes are based on very few individuals,
especially for Cohort 2, or assumptions. For instance, it was assumed that treatment and

HBGM frequency data taken from the clinical study at 12 month follow-up remained
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constant over time in the model, with additional long-term treatment data informed by
clinical opinion. Until longer follow-up data are available, it is unclear what impact these

assumptions may have on the model results.

We simulated 2 cohorts, both based on data from the clinical study. The aim of Cohort 2 was
to assess the impact of strategies for identifying monogenic diabetes in individuals more
recently diagnosed with diabetes than those in Cohort 1. Although it was anticipated that
individuals in Cohort 2 would find it easier to change to more appropriate treatment
(because they had not been on their existing treatment for a long time), we actually found
that individuals in Cohort 2 were less likely to be on insulin at that point, so costs saved from
changing treatment were smaller than for Cohort 1, even though more individuals changed
treatment. However this analysis was limited by the low number of participants close to
diagnosis for which data were available. Furthermore, the performance of the Clinical
Prediction Model Testing and Biomarker Testing strategies are based on prevalent cohorts®
11 which will impact on their generalisability to an incident cohort (Cohort 2). Thus, there are
still many uncertainties associated with the results, including that the IMS CDM has not
been validated for monogenic diabetes, so these results should be interpreted with this in
mind. Nevertheless, the numerous sensitivity and threshold analyses estimated cost-savings
for the Clinical Prediction Model Testing (when choice of thresholds was maximised to save

costs) and Biomarker Testing strategies compared to No Testing.

Naylor et al?> conducted an economic evaluation of genetic testing (akin to our All Testing
strategy) for monogenic diabetes in individuals aged 25-40 years who were newly diagnosed
with type 2 diabetes compared to no genetic testing from a US health system perspective.

Individuals identified as having HNF1A or HNF4A mutations who successfully transferred to
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sulphonylureas were assumed a HbAlc reduction of 16.4mmol/mol compared to those not
changing treatment (based on 6 individuals at 3 months follow-up after treatment change?®)
and a utility increase of 0-13 for transferring from insulin to sulphonylurea treatment (based
on evidence from 519 individuals aged 65 years and older with type 2 diabetes?’). Naylor et
al reported a gain of 0-012 quality-adjusted life-years (QALYs) for the testing strategy at an
additional cost of $2,400 per person over a lifetime compared to their no testing strategy,
resulting in an incremental cost-effectiveness ratio of $205,000 per QALY gained®. The
additional costs for the genetic testing strategy in Naylor et al®®> are much greater than the
All Testing strategy in our evaluation ($2,400 vs £300) because of differences in the
populations simulated. In our evaluation a younger diabetes population is assumed, with
individuals who truly have monogenic diabetes being more likely to be misdiagnosed with
type 1 and receive insulin. The simulated population in Naylor et al is older and explicitly
those diagnosed with type 2, therefore are less likely to receive insulin treatment, so have

fewer cost savings from changing treatment.

The health impacts assumed by Naylor et al?® are also different from those observed in our
accompanying clinical study. Using the EQ-5D Index, we found little evidence over the 12
month treatment change period for an improvement in utility associated with more
appropriate treatment, although the EQ-5D visual analogue scale and the Diabetes
Treatment Satisfaction Questionnaire did suggest an improvement at 12 months.
Furthermore, in the sample of 28 individuals with HNF1A or HNF4A mutations who
successfully changed to sulphonylureas no statistically significant impact on HbAlc at 12
months after treatment change was found (mean difference of 3:43 mmol/mol (95%

confidence interval -2:18, 9-:04)). Due to the lack of evidence suggesting an effect on quality
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of life and HbA1lc we took the decision to assume there were no differences in quality of life
and HbA1c between those identified as having monogenic diabetes and subsequently
changing treatment, and those not identified. Our evaluation was conservative, as evidence
shows that changing treatment can have a substantial beneficial impact on individuals?®2°, A
sensitivity analysis assuming an improvement in utility for those found to have HNF1A or
HNF4A mutations who successfully changed treatment indicated <5 quality-adjusted days
were gained from the Clinical Prediction Model, Biomarker and All Testing strategies
compared to No Testing. However, generic and relatively simple quality of life measures
(e.g. EQ-5D) are likely to be insensitive to the magnitude and type of changes individuals
with diabetes might experience when changing to more appropriate treatment. Measuring
such changes to quality of life is also limited by the ceiling effect, since these individuals
generally constitute a well-controlled, young diabetes population with a good quality of life.
Given these limitations we have not considered any reductions in quality of life that may
occur during the testing period, especially for those tested but not found to have monogenic

diabetes.

A further limitation is in the evidence used to inform the sensitivity and specificity of the
testing strategies. For example, the accuracy of antibody testing for the Biomarker strategy
is based on a two-gate study design where the test is evaluated by comparing test results in
individuals known to have a diagnosis of monogenic diabetes with those newly diagnosed
with type 1 diabetes. Such study designs have been shown to lead to overstated accuracy

estimates30.

A limitation of the Ad Hoc testing strategy is in choosing the referral rates that are

representative. We used referral rates for the area with the lowest rate of referral. We
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could have used an average referral rate across the country, but would not have been able

to capture the relevant costs of the increased awareness in some areas (such as the South

oNOYTULT D WN =

West of the UK where the Referral Centre for monogenic diabetes is based) which is linked

1 to increased referral.

14 The results suggest that within the context of the NHS, the additional costs of genetically
testing (a relatively large number of) individuals are likely to be offset by the lifetime savings
19 from the subsequent treatment changes in a very small proportion of individuals. Although
the estimated cost-savings are relatively small per person (approximately £100-£200 over a
24 lifetime), assuming there are approximately 200,000 individuals (personal communication)
26 in England and Wales who are <50 years old and have had a diagnosis of diabetes before the
29 age of 30 years, between £20million and £40million could be saved if such strategies are

31 used. To be able to apply these findings to other populations the cost of the testing in
particular will need to be updated. If the genetic test costs are significantly higher, then it is
36 unclear whether the Clinical Prediction model Testing and Biomarker Testing strategies
could be considered cost-saving, or even cost-neutral. However, further collection of

41 treatment pattern, HBGM frequency, HbAlc and quality of life data for individuals with

43 monogenic diabetes is required to better inform the decision model, especially to model an
46 incident cohort. Additional strategies to better identify those with monogenic diabetes are
48 feasible, and in development, but will also require evaluation for their effectiveness and

cost-effectiveness.
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Conclusions

Targeted strategies to identify individuals with monogenic diabetes and change to more
appropriate treatment may be cost saving to the NHS. However, collection of longer-term
treatment and frequency of HBGM data would be valuable to reduce the main uncertainties
in the modelling. Future work to evaluate the use of genetic testing strategies soon after

diagnosis of diabetes would be useful to policy-makers.

Checklist for reporting: see supplementary file for CHEERS checklist.
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Fig 3. Base case incremental costs (vs No Testing) and the proportion of monogenic diabetes cases identified
for each strategy
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Supplementary Data 1: Parameters and results for Cohort 2

Cohort 2 - Diagnosed with diabetes <30yrs old and still <30 yrs old at start of model

Table 1A Characteristics of the modelled Cohort 2 at entry to the model

Characteristic

Parameter value

Evidence source

Prevalence (95% confidence interval)

GCK mutation

1-2%

(0.5%, 2.3%)

Shields et al® & unpublished data from

accompanying clinical study (N=687)

HNF1A mutation

0-9%

(0.3%, 1.9%)

Shields et al* & unpublished data from

accompanying clinical study (N=687)

HNF4A mutation

0.1%

(0%, 0.5%)

Shields et al' & unpublished data from

accompanying clinical study (N=687)

Type 1 diabetes?

93-4%

(91.3%, 95.2%)

Unpublished data from accompanying clinical

study (N=687)

Type 2 diabetes

4-5%

(3.1%, 6.3%)

Unpublished data from accompanying clinical

study (N=687)

Page 38 of 71

Age (years)® 19 Unpublished data from accompanying clinical
Time since diagnosis (years)® 8 study (N=687)

Body mass index? 25-7

HbA1c (mmol/mol)® 59.8

Female 50%

Systolic blood pressure® 131-7 2
Total cholesterol ® 4.74 2
High density lipoprotein® 1-31 2
Low density lipoprotein® 2:61 2
Triglycerides® 0-83 2
Caucasian 89% 3

1
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Black 4% 3
Asian 7% 3

2 Defined as receiving insulin treatment within 12 months of diabetes diagnosis.

bMean.

Table 1B Percentage (95% Cl) of referred individuals tested for mutations in GCK and/or HNF1A and
HNF4A genes by true diagnosis (from unpublished UK referral centre data)

True diabetes

Percentage (95% Cl) [N=1399]

(89.8%, 99.2%)

diagnosis GCK only HNF1A and HNF4A | GCK, HNF1A and HNF4A
Not monogenic 15.8% 69.0% 15.2%

(13.4%, 18.4%) | (65.8%, 72.0%) (12.9%, 17.8%)
GCK mutation 94.6% 5.3%

(91.0%, 97.1%) (2.9%, 9.0%)
HNF1A mutation 95.0% 5.0%

(91.0%, 97.6%) (2.4%, 9.0%)

HNF4A mutation 96.4% 3.6%

(0.8%, 10.2%)

Table 1C Percentage (95% Cl) of cohort not accepting offer of testing, or requiring multiple tests for

the Biomarker Testing strategy

Percentage (95% Cl)

Number of tests | UCPCR (including urine sample) Autoantibody (including blood sample)

N=1299 N=419
0 12:8% 6-:9%

(11.0%, 14.7%) (4.7%, 9.8%)
1 84-6% 90-5%

(82.5%, 86.5%) (87.2%, 93.1%)
2 2:4% 2:6%

(1.6%, 3.4%) (1.3%, 4.6%)
3 0:1% 0%

(0.04%, 0.7%)

UCPCR, urinary c-peptide creatinine ratio. Unpublished data from accompanying clinical study.

Table 1D Multipliers (and 95% confidence intervals) to inform cascade genetic testing of diabetic

family members

Number of relatives test per true monogenic diabetes Cohort 2 Data source

case identified multiplier

Relatives positive for monogenic diabetes 5.6 (4.7, 6.5) Re-analysis of Shields et al*

Relatives negative for monogenic diabetes 0.6 (0.3, 1.0) (specific to definition of
modelled cohort)

2
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Table 1E Pre-genetic treatment pattern, cost and frequency of HBGM by true diagnosis

Treatment % receiving | Mean monthly Mean frequency of
treatment treatment costs HBGM®
Type 1 Insulin only 100% £52 78
Type 2 Insulin only 0% £55 43
Insulin + tablets 19% £50 43
Tablets only 68% £2 17
No diabetes 13% £0 0
treatment
GCK Insulin only 75% £5 52
(19%, 99%) (0,110)
Tablets only 25% £1 0
(0.6%, 81%)
HNF1A or Insulin only 67% £18
HNF4A (35%, 90%) 63
Insulin + tablets 0%
(37, 90)
Tablets 25.0% £1
(6%, 57%)
No diabetes 8% £0 0
treatment (0.2%, 38%)

aHBGM, home blood glucose monitoring

Table 1F Post-diagnosis HBGM frequency by treatment changed to and true diagnosis

Time since diagnosis of monogenic

diabetes

1 3 6 12

month | months | months | months
GCK — no diabetes treatment 0 0 0 0
HNF1A and HNF4A — tablets only | 41 23 19 16

(19, 62) | (5, 41) (6, 33) (3, 28)

Table 1G Percentage of individuals with HNF1A or HNF4A mutations changing to more appropriate

treatment after receiving a diagnosis of monogenic diabetes

Time since treatment change (month)

1 3 6 12
Percentage changing to more 100% 100% 100% 100%
appropriate treatment (73%, (73%, (73%, (73%,
100%) 100%) 100%) 100%)
3
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Table 1H Summary of base case, sensitivity and threshold analyses

Parameter

Base case justification

Justification of sensitivity/threshold analyses

Long-term insulin
need for
individuals with
HNF1A or HNF4A

Expert 1

Expert 2, who assumed greater insulin need sooner.

mutations

Prevalence of In the accompanying clinical In sensitivity analyses it was assumed that:

monogenic study, the total number of cases 1. all of the remaining 993 who were eligible to be
diabetes of monogenic diabetes was 14 screened in the accompanying clinical study

from a total of 687 individuals
screened. This leads to an
estimated prevalence within the
definition of Cohort 1 of 14/687 =
2%.

would fit the definition for Cohort 2, but were
not cases of monogenic diabetes, therefore a
lower prevalence of monogenic diabetes was
assumed (14/1670 = 0.8%).

2. asan upper limit, the prevalence of monogenic
diabetes was doubled (28/687 = 4%).

Sensitivity and
specificity of the
Ad Hoc Testing
strategy

Based on referral rate data for
Northern Ireland (the region with
the lowest referral rates)*

Analysed all regions using estimates of sensitivity and
specificity given in Supplementary Data 3.

Genetic test cost

UK referral centre costs®: £350 for
GCK mutation; £450 for HNF1A
and HNF4A mutations.

Threshold analyses to identify at what cost of the GCK
and HNF1A and HNF4A genetic tests would the All
Tested strategy incur no additional costs over the No
Testing strategy. Costs of tests for GCK and HNF1A and
HNF4A mutations were reduced in 10% steps to just
10% of their base case costs: £35 for GCK and £45 for
HNF1A and HNF4A.

Uptake of UCPCR | Based on data from the Threshold analyses where UCPCR test uptake was

test accompanying clinical study assumed to range from 100% to just 10%.
which investigated the It was hypothesised that test uptake in practice is likely
application of the Biomarker to be lower than test uptake in the accompanying
Testing strategy. clinical study where individuals have consented to
Uptake of UCPCR was assumed to | participating in a study.
be 87%.

Uptake of Based on data from the Threshold analyses where autoantibody test uptake was

autoantibody
test

accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy.

Uptake of autoantibody testing
was assumed to be 93%.

assumed to range from 100% to just 10%.

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study

Uptake of genetic
test

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy.

Uptake of genetic testing was
assumed to be the same as for
autoantibody testing (93%) since
the same blood sample for
autoantibody testing was used
for the genetic testing.

Threshold analyses where genetic test uptake was
assumed to range from 100% to just 10%.

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study

Repeat urine
samples and
UCPCR tests

Based on data from the
accompanying clinical study
which investigated the

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%

4
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application of the Biomarker
Testing strategy. The percentage
of repeat urine samples and
UCPCR tests was assumed to be
3%.

repeat samples and tests can be interpreted as every
individual requiring another 2 urine samples and UCPCR
tests to be done, so that in total every individual has
provided 3 urine samples and 3 UCPCR tests have been
done — an extreme assumption.

Repeat blood
samples and
autoantibody
tests

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. The percentage
of repeat blood samples and
autoantibody tests was assumed
to be 3%.

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
repeat samples and tests can be interpreted as every
individual requiring another 2 blood samples and
autoantibody tests to be done, so that in total every
individual has provided 3 blood samples and 3
autoantibody tests have been done — an extreme
assumption.

Sensitivity of

Based on data from Besser et al®

Since the sensitivity estimate for the UCPCR test is from

UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the
control diagnostic study design: reported estimate will be greater than in practice.

0.94. Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower sensitivity
values in particular.

Threshold analyses assumed sensitivity estimates
between 1 and 0-55.
Specificity of Based on data from Besser et al® Since the specificity estimate for the UCPCR test is from
UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the

control diagnostic study design:
0.96.

reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower specificity
values in particular.

Threshold analyses assumed specificity estimates
between 1 and 0-55.

Sensitivity of
autoantibody
test

Based on data from MacDonald
et al” which used a prevalent
case-control diagnostic study
design: 0.99.

Since the sensitivity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming lower sensitivity
values in particular.

Threshold analyses assumed sensitivity estimates
between 1 and 0-55.

Specificity of
autoantibody
test

Based on data from MacDonald
et al” which used a prevalent
case-control diagnostic study
design: 0.82.

Since the specificity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.
Threshold analyses have therefore been undertaken to
investigate the impact of assuming different specificity
values.

Threshold analyses assumed specificity estimates
between 1 and 0-55.

Percentage of
individuals with
GCK mutation
who are
receiving insulin
treatment at the

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. 75% of
individuals with GCK mutation are

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with GCK mutations are
receiving insulin at the start of the model.

5
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start of the
model

receiving insulin treatment at the
start of the model, while 25% are
receiving tablets (metformin and
sulphonylureas).

Percentage of
individuals with
HNF1A or HNF4A
mutation who
are receiving
insulin treatment
at the start of the
model

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. 67% of
individuals with HNF1A or HNF4A
mutation are receiving insulin
treatment at the start of the
model, 25% are receiving tablets
(metformin and sulphonylureas)
and 8% are not treated
pharmacologically.

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with HNF1A or HNF4A
mutations are receiving insulin at the start of the model.

Percentage of
individuals with
HNF1A or HNF4A
mutations who
remain on most
appropriate
treatment after a
diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. At every follow-
up point after treatment change,
100% of individuals with HNF1A
or HNF4A mutations remained on
the most appropriate treatment.

The base case estimates are based on a small number of
participants. Threshold analyses have been conducted
to investigate the percentage of individuals with HNF1A
or HNF4A mutations who need to remain on tablets for
the strategies to be cost-saving compared to No Testing.

It was assume that for all follow-up time periods after a
monogenic diabetes diagnosis, the percentage receiving
tablets is: 86%, 77%, 50%, 25% or 10%.

Cascade family
testing

Analysis of referral rate data*
indicate that for every 10 case of
monogenic diabetes identified,
6.2 family members are also
genetically tested: with 5.6 being
positive for monogenic diabetes
and 0.6 being negative for
monogenic diabetes.

The impact of family cascade testing in the Ad Hoc
Testing, Clinical Prediction Model Testing and Biomarker
Testing strategies was investigated by removing all
cascade family testing from the strategies.

Estimates of the magnitude of cascade family testing
based on the 95% confidence interval limits are used to
investigate the impact of this parameter: 4.7 to 6.5
family members who are found to be positive for
monogenic diabetes, and 0. 3 to 1 family members who
are found to be negative for monogenic diabetes.

Frequency of
HBGM before
and after
changing
treatment due to
a diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
Testing strategy. Data suggested
that individuals with GCK
mutations stopped HBGM after
their diagnosis of monogenic
diabetes, while individuals with
HNF1A or HNF4A mutations
significantly reduced their
frequency of HBGM after a
diagnosis of monogenic diabetes.

The 95% confidence limits for the estimated frequency
of HBGM at the start of the model and at follow-up after
a treatment change for individuals with HNF1A or
HNF4A mutations were used in sensitivity analyses. The
change in frequency of HBGM before and after a
diagnosis of monogenic diabetes was maximised (which
would favour strategies to identify cases of monogenic
diabetes) by assuming the upper 95% confidence limit at
baseline and the lower 95% confidence limits at follow-
up. Conversely, the change in frequency of HBGM was
minimised (which would not be as favourable to
strategies to identify cases of monogenic diabetes) by
assuming the lower 95% confidence limit at baseline and
the upper 95% confidence limit at follow-up.

Table 11 Summary of “base case” results

6
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Strategy Total Total Total Incremental % who are genetically tested
undiscoun | discount | discount | costsvs No With Without
ted LYs ed ed costs® | Testing monogenic monogenic
QALYs strategy?® diabetes diabetes
Clinical 38-4 119 £54,000 | -£100 93 3
Prediction
Model®
Biomarker £54,000 -£100 93 5
Ad Hoc £54,100 0 7 <1
No Testing £54,100 NA 0 0
All Testing £54,400 | £300 93 93

2 rounded to nearest £100;" thresholds chosen to maximise costs saved

Fig 1A Incremental costs (vs No Testing) and the proportion of monogenic diabetes cases identified

for each strategy
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1

2

431 Fig 1B Tornado plot of sensitivity analyses for the Ad Hoc Testing strategy
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Fig 1D Tornado plot for the Biomarker Testing strategy
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Fig 1F Incremental costs (vs No Testing) for all strategies for reducing percentage of GCK cohort
starting on insulin
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Fig 1H Incremental costs (vs No Testing) for the Biomarker Testing strategy with reducing levels of

BMJ Open

UCPCR and antibody testing uptake
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Fig 1) Incremental costs for the Biomarker Testing strategy (vs No Testing) with increasing estimates
of repeat samples and UCPCR and autoantibody tests
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Supplementary Data 2: Parameters and results for Cohort 1

Cohort 1 - Diagnosed with diabetes <30yrs old and still <50 yrs old at start of model

oNOYTULT D WN =

9 Table 2A Characteristics of the modelled cohorts 1 and 2 at entry to the model

11 Characteristic Parameter value Evidence source

13 Prevalence (95% confidence interval)

15 GCK mutation | 0-7% Shields et al' & unpublished data from

17 (0.4%, 1.4%) accompanying clinical study (N=1407)

19 HNF1A mutation | 1-5% Shields et al' & unpublished data from

21 (1.2%, 2.7%) accompanying clinical study (N=1407)

HNF4A mutation | 0-2% Shields et al' & unpublished data from

(0.1%, 0.6%) accompanying clinical study (N=1407)

Type 1 diabetes® | 88:6% Unpublished data from accompanying clinical

(86.4%, 89.9%) | study (N=1407)

32 Type 2 diabetes | 9.0% Unpublished data from accompanying clinical

34 (7.4%, 10.5%) study (N=1407)

36 Age (years)® 25 Unpublished data from accompanying clinical

38 Time since diagnosis (years)® 12 study (N=1407)

40 Body mass index" 24-4

42 HbA1c (mmol/mol)® 64.2

45 Female (%) 50

47 Systolic blood pressure® 1317 2

49 Total cholesterol ® 4-74 2

51 High density lipoprotein® 1-31

53 Low density lipoprotein® 2:61

55 Triglycerides® 0-83 2

Caucasian 89%
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Black

4% 3

Asian

7% 3

2 Defined as receiving insulin treatment within 12 months of diabetes diagnosis.

bMean.

Table 2B Percentage (95% Cl) of referred individuals tested for mutations in GCK and/or
HNF1A and HNF4A genes by true diagnosis (from unpublished UK referral centre data)

Percentage (95% Cl) [N=2294]
GCK only HNF1A and HNF4A | GCK, HNF1A and HNF4A
True diabetes diagnosis
Not monogenic 14.1% 70.0% 15.9%
(12.3%, 16.0%) | (67.5%, 72.4%) (14.0%, 18.0%)
GCK mutation 95.2% 4.8%
(92.3%, 97.3%) (2.7%, 7.7%)
HNF1A mutation 96.2% 3.5%
(94.0%, 97.8%) (2.0%, 5.7%)
HNF4A mutation 97.3% 2.7%
(93.2%, 99.2%) (0.7%, 6.8%)

Table 2C Percentage (95% Cl) of cohort not accepting offer of testing, or requiring multiple

tests for the Biomarker Testing strategy

Cohort 1

Number of UCPCR (including urine sample) N=2017 | Autoantibody (including blood sample)
tests N=624
0 11-9% 8:2%

(10.6%, 13.4%) (6.1%, 10.6%)
1 86-1% 90-0%

(84.5%, 87.6%) (87.4%, 92.3%)
2 1-8% 1-8%

(1.3%, 2.5%) (0.9%, 3.1%)
3 0-1% 0%

(0.03%, 0.4%)

UCPCR, urinary c-peptide creatinine ratio. Unpublished data from accompanying clinical study.

Table 2D Multipliers (and 95% confidence intervals) to inform cascade genetic testing of diabetic

family members

Number of relatives test per true Multipliers (and Data source

monogenic diabetes case identified 95% Cls)

Relatives positive for monogenic diabetes 5.9 (5.4, 6.3) Re-analysis of Shields et al* (specific to
Relatives negative for monogenic diabetes 0.4 (0.2, 0.6) definition of modelled cohort)
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1

2

z Table 2E Pre-genetic test treatment pattern, cost and frequency of HBGM by true diagnosis
5 Diabetes type | Treatment % receiving Mean monthly Mean frequency of

? treatment treatment costs HBGM?

8 Type 1 Insulin only 100% £52 78

9 Type 2 Insulin only 36% £55 43

10 Insulin + tablets 54% £50 43

1 Tablets only 3% £2 17

12 No diabetes 7% £0 0

13 treatment

1;‘ GCK mutation | Insulin only 87.5% £10 63

e (47.3%, 99.7%) (19, 107)

17 Tablets only 12.5% £1 0

18 (0.3%, 52.6%)

19 HNF1A and Insulin only 78.4% £23

20 HNF4A (61.8%, 90.2%)

21 mutation Insulin + tablets 13.5% f16 76

2 (4.5%, 28.8%) (52, 99)

23 Tablets 5.4% £2

24 (0.1%, 18.2%)

25 No diabetes 2.7% £0 0

26 treatment (0.1%, 14.2%)

27 @ HBGM, home blood glucose monitoring

28

29

30

31 Table 2F Estimated dose and timing of future insulin requirements for individuals identified as having
32 HNF1A or HNF4A mutations

33

34 Expert 1 Expert 2

35 Population Years after start | Insulin need (u) Years after | Insulin need (U/kg)
36 of model start of

37 model

38 Tablets only 0-19 As at model start 0-9 As at model start

39 20-24 10 + tablets 10-14 0.25 + tablets

40 25-29 20+ tablets 15-24 0.4 + tablets

41 230 yrs 30 + tablets >2 yrs 0.5 (no tablets)

42 Tablets and 0-4 As at model start 0-9 As at start of model
43 insulin 5-14 20 + tablets 10-14 0.4 + tablets

44 >15 yrs 30 + tablets >15yrs 0.5 (no tablets)

45 Insulin only 0-9 As at model start 20 yrs 0.5

46 10-24 50

47 225 yrs 60

48

49

50 Table 2G Post-diagnosis HBGM frequency (95%Cl) by treatment changed to and true
g; diagnosis

33 Time since diagnosis of monogenic diabetes (months)
g;" Mutation - Treatment received 1 3 months 6 months 12 months
56 GCK mutation — no diabetes treatment 0 0 0 0

= HNF1/4A mutation — tablets only 50(27,73) | 36(14,57) |22(11,33) |21(10,32)
58 HNF1/4A mutation —insulin and tablets | 89 (56, 121) | 66 (44, 87) | 70(46,93) | 43 (25, 60)
59

60
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Table 2H Justification of parameter values and variations used in base case and sensitivity

analyses
Parameter Base case justification Justification of sensitivity/threshold analyses
Prevalence of In the accompanying clinical Although the total screened population was 1407 in the
monogenic study, the total number of cases accompanying clinical study?, the total eligible
diabetes of monogenic diabetes was 34 population in the defined geographical area was 2288.

from a total of 1407 individuals
screened. This leads to an
estimated prevalence within the
definition of Cohort 1 of 34/1407
=2:4%.

We could therefore assume:

1. that no more cases would have been found in
the remaining eligible population not screened,
i.e. the remaining 881 were not screened as
they were quite obviously not cases of
monogenic diabetes, therefore a lower
estimate of the prevalence of monogenic
diabetes might be appropriate (34/2288 =
1-5%),

2. there were no differences between those not
screened and those who were screened, and so
the base case numbers would not change
(34/1407 = 2-4%)

3. those 881 who did not complete screening
were more likely to be cases of monogenic
diabetes. As an upper estimate, we assume the
prevalence of monogenic diabetes in the
defined cohort is doubled (68/1407 = 4-8%).

To investigate an increase or decrease in the prevalence
of monogenic diabetes, sensitivity analyses assumed
scenarios 1 and 3 above.

Sensitivity and

Based on referral rate data for

Sensitivity analyses were based on all regions analysed

control diagnostic study design:
0.96.

specificity of the Northern Ireland (the region with | by Shields et al*
Ad Hoc Testing the lowest referral rates)*
strategy
Sensitivity of Based on data from Besser et al® Since the sensitivity estimate for the UCPCR test is from
UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the
control diagnostic study design: reported estimate will be greater than in practice.
0.94.
Threshold analyses assumed sensitivity estimates for the
UCPCR test between 1 and 0-55 (in 0.05 decrements).
Results assuming a sensitivity of 1 or 0.55 are presented.
Specificity of Based on data from Besser et al® Since the specificity estimate for the UCPCR test is from
UCPCR test which used a prevalent case- a case-control diagnostic study, it is likely that the

reported estimate will be greater than in practice.

Threshold analyses assumed specificity estimates for the
UCPCR test between 1 and 0-55 (in 0.05 decrements).
Results assuming a specificity of 1 or 0.55 are shown.

Sensitivity of
autoantibody
test

Based on data from MacDonald
et al® which used a prevalent
case-control diagnostic study
design: 0.99.

Since the sensitivity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.

Threshold analyses assumed sensitivity estimates for the
autoantibody test between 1 and 0-55 (in 0.05
decrements).

Results assuming a sensitivity of 1 or 0.55 are shown.
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Specificity of
autoantibody
test

Based on data from MacDonald
et al® which used a prevalent
case-control diagnostic study
design: 0.82.

Since the specificity estimate for the autoantibody test
is from a case-control diagnostic study, it is likely that
the reported estimate will be greater than in practice.

Threshold analyses assumed specificity estimates for the
autoantibody test between 1 and 0-55 (in 0.05
decrements).

Results assuming a sensitivity of 1 or 0.55 are shown.

Uptake of UCPCR | Based on data from the Threshold analyses where UCPCR test uptake was
test accompanying clinical study assumed to range from 100% to just 10% (in 10%
which investigated the decrements).
application of the Biomarker It was hypothesised that test uptake in practice is likely
strategy. to be lower than test uptake in the accompanying
Uptake of UCPCR was assumed to | clinical study where individuals have consented to
be 88%. participating in a study.
Results of assumptions that uptake of UCPCR is 100% or
10% are reported.
Uptake of Based on data from the Threshold analyses where autoantibody test uptake was

autoantibody
test

accompanying clinical study
which investigated the
application of the Biomarker
strategy.

Uptake of autoantibody testing
was assumed to be 92%.

assumed to range from 100% to just 10% (in 10%
decrements).

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study.

Results of assumptions that uptake of autoantibody
testing is 100% or 10% are reported.

Uptake of genetic
test

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy.

Uptake of genetic testing was
assumed to be the same as for
autoantibody testing (92%) since
the same blood sample for
autoantibody testing was used
for the genetic testing.

Threshold analyses where genetic test uptake was
assumed to range from 100% to just 10% (in 10%
decrements).

It was hypothesised that test uptake in practice is likely
to be lower than test uptake in the accompanying
clinical study where individuals have consented to
participating in a study.

Results of assumptions that uptake of genetic testing is
100% or 10% are reported.

Repeat urine
samples and
UCPCR tests

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. The percentage of
repeat urine samples and UCPCR
tests was assumed to be 2%.

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
repeat samples and tests can be interpreted as every
individual requiring another 2 urine samples and UCPCR
tests to be done, so that in total every individual has
provided 3 urine samples and 3 UCPCR tests have been
done — an extreme assumption.

Results for assuming 200% repeat samples and tests are
presented.

Repeat blood
samples and

Based on data from the
accompanying clinical study
which investigated the

Threshold analyses were undertaken assuming no
repeats, 1%, 5%, 10%, 20%, 50%, 100%, 150% and 200%
of samples and tests needed to be repeated. 200%
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autoantibody
tests

application of the Biomarker
strategy. The percentage of
repeat blood samples and
autoantibody tests was assumed
to be 2%.

repeat samples and tests can be interpreted as every
individual requiring another 2 blood samples and
autoantibody tests to be done, so that in total every
individual has provided 3 blood samples and 3
autoantibody tests have been done, clearly an extreme
assumption.

Results for assuming 200% repeat samples and tests are
presented.

Percentage of
individuals with
GCK mutation
who are
receiving insulin
treatment at the
start of the
model

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. 88% of individuals with
GCK mutation are receiving
insulin treatment at the start of
the model, while 12% are
receiving tablets (metformin and
sulphonylureas).

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with GCK mutations are
receiving insulin at the start of the model.

Results from assuming 100% or 10% are receiving insulin
at the start of the model are presented.

Percentage of
individuals with
HNF1A or HNF4A
mutation who
are receiving
insulin treatment
at the start of the
model

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. 78% of individuals with
HNF1A or HNF4A mutation are
receiving insulin treatment at the
start of the model, 5% are
receiving insulin and tablets
(metformin and sulphonylureas),
14% are receiving tablets and 3%
are not treated
pharmacologically.

Threshold analyses assuming 100% to 10% (in 10%
decrements) of individuals with HNF1A or HNF4A
mutations are receiving insulin at the start of the model.

Results from assuming 100% or 10% are receiving insulin
at the start of the model are presented.

Genetic test cost

UK referral centre costs’: £350 for
GCK mutation; £450 for HNF1A
and HNF4A mutations.

Threshold analyses were conducted to identify at what
cost of genetic tests would the All Tested strategy incur
no additional costs over the No Testing strategy. Costs
of tests for GCK and HNF1A and HNF4A mutations were
reduced in 10% steps to just 10% of their base case
costs: £35 for GCK and £45 for HNF1A and HNF4A.

Results of assumptions that genetic costs are 100% or
10% of their current costs are reported.

Long-term insulin
need for
individuals with
HNF1A or HNF4A
mutations

Expert 1

Expert 2, who assumed a larger dose of insulin would
generally be required sooner than that stated by Expert
1.

Percentage of
individuals with
HNF1A or HNF4A
mutations who
remain on most
appropriate
treatment after a
diagnosis of

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. At 1 and 3 months after
changing to more appropriate
treatment, 86% are receiving
tablets only (sulphonylureas and

The base case estimates are based on a small number of
participants. Threshold analyses have been conducted
to investigate the percentage of individuals with HNF1A
or HNF4A mutations who need to remain on tablets for
the strategies to be cost-saving compared to No Testing.
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monogenic
diabetes

metformin). At 6 and 12 months
89% and 77% are on tablets only,
respectively.

It was assume that for all follow-up time periods after a
monogenic diabetes diagnosis, the percentage receiving
tablets is: 100%, 50%, 25% or 10%.

Results assuming 100% and 10% receive tablets are
presented.

Cascade family
testing

Analysis of referral rate data’
indicate that for every 10 case of
monogenic diabetes identified,
6.3 family members are also
genetically tested: with 5.9 being
positive for monogenic diabetes
and 0.4 being negative for
monogenic diabetes.

The impact of family cascade testing in the Ad Hoc,
Clinical Prediction Model and Biomarker strategies was
investigated by removing all cascade family testing from
the strategies.

Estimates of the magnitude of cascade family testing
based on the upper 95% confidence interval limits are
used where 6.3 family members are found to be positive
for monogenic diabetes, and 0.6 are found to be
negative for monogenic diabetes, compared to the
scenario where there is no family testing.

Frequency of
HBGM before
and after
changing
treatment due to
a diagnosis of
monogenic
diabetes

Based on data from the
accompanying clinical study
which investigated the
application of the Biomarker
strategy. Data suggested that
individuals with GCK mutations
stopped HBGM after their
diagnosis of monogenic diabetes,
while individuals with HNF1A or
HNF4A mutations significantly
reduced their frequency of HBGM
after a diagnosis of monogenic
diabetes.

The 95% confidence limits for the estimated frequency
of HBGM at the start of the model and at follow-up after
a treatment change for individuals with HNF1A or
HNF4A mutations were used in sensitivity analyses. The
change in frequency of HBGM before and after a
diagnosis of monogenic diabetes was maximised (which
would favour strategies to identify cases of monogenic
diabetes) by assuming the upper 95% confidence limit at
baseline and the lower 95% confidence limits at follow-
up. Conversely, the change in frequency of HBGM was
minimised (which would not be as favourable to
strategies to identify cases of monogenic diabetes) by
assuming the lower 95% confidence limit at baseline and
the upper 95% confidence limit at follow-up.

UCPCR, urinary c-peptide to creatinine ratio; HBGM, home blood glucose monitoring
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Fig 2A Incremental costs (vs No Testing) for all strategies for reducing percentage of GCK cohort
starting on insulin
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Fig 2B Incremental costs (vs No Testing) for all strategies for reducing percentage of HNF1A and
HNF4A cohort starting on insulin
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Fig 2C Incremental costs (vs No Testing) for the Biomarker Testing strategy with reducing levels of
UCPCR and antibody testing uptake
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30 Fig 2D Incremental costs (vs No Testing) for the Biomarker Testing strategy with reducing estimates
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Fig 2E Incremental costs for the Biomarker Testing strategy (vs No Testing) with increasing estimates

BMJ Open

of repeat samples and UCPCR and autoantibody tests
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Fig 2F Incremental costs (vs No Testing) for all strategies when genetic test costs are reduced
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Utility improvement sensitivity analysis

In this sensitivity analysis it was assumed that individuals with HNF1A and HNF4A mutations who successfully transferred to sulphonylureas experienced an
improvement in utility of 0.02 from one year after changing treatment (based on data from the associated clinical study). Please note that these analyses
were run on an updated version of CORE (v9.0 rather than v8.5, as v8.5 no longer available). The total costs and QALYs are different, but importantly the

9 incremental costs are the same as the results from v8.5.

oNOYTULT D WN =

1 Table 2I. Results of assuming improved utility for those successfully changing to sulphonylureas

Strategy Total Total Incremental costs | Total Incremental % who are genetically tested ICER vs No

undiscounte | discounted vs No Testing discount | QALYsvs No With monogenic Without monogenic | Testing?

d costs @ costs 2 strategy a ed QALYs Testing strategy diabetes diabetes

19 Clinical £133,200 £65,900 -£100 10.3865 0.0013 92 3 -£111,700
21 Prediction

23 Model Testing®

25 Biomarker £133,300 £65,900 -£100 10.3865 | 0.0013 92 8 -£80,500

Testing

29 Ad Hoc Testing £133,500 £66,000 0 10.3853 <0.001 6 <1 -£103,400

No Testing £133,600 £66,000 NA 10.3852 NA 0 0 NA

All Testing £133,700 £66,300 £300 10.3865 0.0013 92 92 £225,700

36 @rounded to nearest £100.

38 11
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The total discounted QALYs for the Clinical Prediction Model, Biomarker and All Testing strategies
are all the same (10.3865). This is because a maximum proportion of individuals with MODY are
assumed to accept testing (92%), which is the case for these three strategies. The assumed
proportion of individuals with HNF1A or HNF4A mutations who successfully change treatment
(100%) does not depend on the testing strategy used. Thus, there is no difference in the proportion
of people with HNF1A and HNF4A mutations who successfully change treatment between these
three strategies, and so the total QALYs are the same. It is the relative costs of the strategies which
allows some distinction between the Clinical Prediction Model, Biomarker and All Testing strategies.

For instance, the results suggest that the All Testing strategy would not be considered cost-effective
by NICE willingness to pay per QALY gained thresholds (of £20,000 to £30,000). This is because it is
estimated to cost £300 more, and produce a utility incremental of 0.0013 over the No Testing
strategy, giving an ICER of £225,700.

As the ICERs for the Ad Hoc, Clinical Prediction Model and Biomarker Testing strategies are all
estimated to cost less but produce more QALYs than the No Testing strategy (Fig X), there are all
considered to be cost-effective options.

In a fully incremental analysis, the Clinical Prediction Model is considered to be the most cost-
effective strategy — it produces the most QALYs at the least cost.

Fig 2G Cost-effectiveness plane for the sensitivity analysis which assumes an improvement in utility
of 0.02 for those with HNF1A and HNF4A who successfully change treatment
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Table 3A Summary of the tests involved and estimates of sensitivity and specificity used in the

economic evaluation

Test- Tests used Sensitivity | Specificity Data sources
treatment
strategy
Ad Hoc Clinical referral 0-04 0-996 Shields et al%;
Testing based on patient 2011 census data;
characteristics Clinical study;
Unpublished prevalence data
Genetic test 1 1 Assumption
Clinical Type 1 clinical 0-5-0-96 0:65 - 0-996 Shields et al. Estimates of sensitivity
Prediction prediction model and specificity depend on the
Model combination of the probability
Testing thresholds used from both clinical
prediction models.
Type 2 clinical 0-8-0-99 0-73-0-99 Shields et al?. Estimates of sensitivity
prediction model and specificity depend on the
combination of the probability
thresholds used from both clinical
prediction models.
Genetic test 1 1 Assumption
Biomarker UCPCR test 0-94 0-96 Besser et al®
Testing
Autoantibody test | 0-99 0-82 McDonald et al*
Genetic test 1 1 Assumption
All Testing Genetic test 1 1 Assumption
UCPCR, urinary c-peptide to creatinine ratio
1
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Table 3B Sensitivity and specificity of the Ad Hoc Testing strategy by regions in the UK

Region Sensitivity | Specificity
Northern Ireland? 0.038 0.996
Wales 0.044 0.998
Scotland 0.132 0.988
England 0.086 0.993
South West England 0.196 0.977
South East England 0.080 0.995
London 0.049 0.995
East England 0.060 0.996
West Midlands England 0.077 0.994
East Midlands England 0.074 0.995
Yorkshire/Humberside England 0.084 0.996
North East England 0.122 0.994
North West England 0.074 0.995
UK 0.087 0.993
England and Wales 0.084 0.993

aUsed in base case analysis
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Table 4A Summary of the costs considered for each strategy

No Testing Ad Hoc Clinical Biomarker All Testing
Testing Prediction Testing

Model

Testing
Diabetes-specific consultations o o o o o
Current treatment o o o o o
HBGM on current treatment o o o o o
Blood test (for genetic test or o o o e}
autoantibody testing)
UCPCR test o
Autoantibody test o
Genetic test o o o o
Treatment transfer assistance?® o o o o
New treatment o o o o
HBGM on new treatment o o o o
Long-term management o o o o o

Includes telephone calls with nurse and visit(s) to GP for changes in treatment during 12 month
follow-up. UCPCR, urinary c-peptide to creatinine ratio; HBGM, home blood glucose monitoring

Table 4B Costs of testing associated with the strategies

Cost Value (£, 2018) Source

GP nurse time for collecting blood £6 10 minutes at £36 per 1hr GP nurse

sample patient contact time?

Genetic test for GCK mutation £350 Sanger sequence analysis from UK referral
centre?

Genetic test for HNF1/4A mutation £450 Sanger sequence analysis from UK referral
centre?

Genetic test for known mutation £100 Sanger sequence analysis from UK referral
centre?

Nurse time for successful treatment £24 Four 10 minute phone calls (expert

transfer opinion) at £36 per 1hr GP nurse patient
contact time?!

GP time for informing patient of genetic | £28 Cost of GP consultation?

test result and treatment change

UCPCR pack £3-90 Postage

UCPCR test £10-50 RD&E laboratory?

Autoantibody test £20 RD&E laboratory?

UCPCR, urinary c-peptide to creatinine ratio

1
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Table 4C Cost estimates (£, 2018) used in the IMS CDM model

Event | Cost (£, 2018) Source
CVD complications
Myocardial infarction (M) in 1st year of Ml £7,550 Clarke?
Second and subsequent yrs after an Ml £1,250 Clarke?
Angina in 1st year of angina £250 Ward*
Second and subsequent yrs after an angina £200 Ward?*
Congestive heart failure (CHF) in 1st year of CHF £3,500 Clarke®
Second and subsequent yrs after a CHF £500 Clarke®
Stroke in 1st year of stroke £4,600 Clarke?
Second and subsequent yrs after a stroke £850 Clarke?
Stroke death within 30 days of stroke £6,350 Clarke?
Peripheral vascular disease (PVD) in 1st year of Clarke®
PVD £1,150
Second and subsequent yrs after a PVD £450 Clarke®
Renal complications
Hemodialysis in 1st year of needing hemodialysis £43,500 Baboolal®
Hemodialysis in second & subsequent yrs of Baboolal ®
needing hemodialysis £43,500
Peritoneal dialysis in 1st year of needingperitoneal Baboolal ®
dialysis £24,250
Peritoneal dialysis in second & subsequent yrs of Baboolal ®
needing peritoneal dialysis £24,250
Renal transplant in 1st year of needing renal NHS Schedule Reference
transplant costs’;
£13,100 Wight 8
Renal transplant in second & subsequent yrs of Wight®
needing renal transplant £7,050
Acute events
Major hypoglyceamic event £200 Hammer®

Minor hypoglyceamic event

Would not require

£0 medical assistance
Ketoacidosis event £1,250 Scuffham?®
Lactic acid event £2,500 Curtis'!
Edema onset £50 Curtis™!
Edema follow-up £0 Assume no follow-up
Eye disease

Laser treatment NHS Schedule Reference
£100 costs’
Cataract operation NHS Schedule Reference
£800 costs’
Following cataract operation £550 Clarke?
Blindness in the yr of onset £7,250 Mitchell*2
Blindness in the following yrs £7,250 Mitchell*2

Neuropathy/foot ulcer
Neuropathy in the first yr £150 BNF™3
Neuropathy in subsequent yrs £150 BNF®
Amputation (one-off cost) £7,950 Kerr®
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Amputation prosthesis (one-off cost) £3,200 Kerr 14
Gangrene treatment £2,700
After a healed ulcer £0 Assumption
Infected ulcer £4,050 Kerr 14
Standard uninfected ulcer £4,050 Kerr 4
Healed ulcer in those with an amputation history £0 Assumption
Other
Statins £0 | NICE guidance and BNF*3
Aspirin £0 | NICE guidance and BNF*3
Angiotensin-converting enzyme (ACE) £0 BNF
Screening for microalbuminuria £0 NICE™
Screening for gross proteinuria £0 Assume as for MA
Stopping ACEs due to side effects £0 Assumptions
Eye screening £50 NICE *°
Foot screening programme £100 NICE'® and Curtis */
Non-standard ulcer treatment (e.g. Regranex) £0 Assumptions
Anti-depression treatment £0 Assumptions
Screening for depression £0 Assumptions

Table 4D Annual number of primary care consultations (taken from Currie et al 2010%8)

Type of consultation Type 1l Type 2 Type 1l Type 2 Cost per
control control consultation
GP surgery 7-3 8-7 4.5 5:4 £34
GP home visit 03 06 01 04 £41
GP telephone 05 07 03 04 £20
Community nurse clinic 0-9 15 0-3 0-6 £12
Total cost | £278 £349 £165 £213
Additional cost over controls | £113 £136
3
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