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Estimating future health technology diffusion using expert beliefs calibrated to an established

diffusion model

Abstract

Objectives: Estimates of future health technology diffusion, or future eptedr time, are a requirement for
different analyses performed within health technology assessrvaitsods for obtaining such estimates
include constant uptake estimates based on expert opinion or analogous techrasidg&sapolation from
initial data points using parametric curvebut remain divorced from established diffusion theory and
modelling. We propose an approach to obtaining diffusion estimates using exipeliefs calibrated to an
established diffusion model to address this methodological gap.

Methods: We performeanelicitation of experts’ beliefs on future diffusion of a new preterm birth screening
illustrative case study technology. The elicited quantitiee chosen such that they could be calibrated to yield
the parameters of the Bass model of new product growth, which wasrchased on a review of the diffusion
literature

Results: With the elicitation of only three quantities per diffusion cunweapproach enabled us to quantify
uncertainty about diffusion of the new technology in different scen&@msled results showed that the
attainable number of adoptions was predicted to be relatively low comparedhaithvas thought possible.
Further research evidence improved the attainable number of adoptiostigitly but resulted in greater
speed of diffusion.

ConclusionsThe proposed approach of eliciting experts’ beliefs about diffusion and informing the Bass model
has the potential to fill the methodological gap evident in value of implementatiorssatch, as well as

budget impact and some cost-effectiveness analyses.



Highlights

Estimates of future health technology implementation are a requiremerftdogrt analyses performed within
health technology assessments (HTAs). Methods for obtaining sutlatest have included simple uptake
estimates held constant over the time horizon based on expert opinion or ah#&ohoologies but remain
divorced from established diffusion theory and modelling.

This paper adds a new approach to obtaining diffusion estimates, using experts’ beliefs calibrated to an
established diffusion model to address this methodologicalTdap approach can help inform value of
implementation and research, as well as budget impact and cost-effectigaabses, which are increasingly
relevant in HTA decision-making.



1. Introduction

Estimates of health technology uptake, or diffusion when consideegdime, are of increasing importance in
health technology assessment (HTA) decision-making. The definitioptake, for the purposes of this article,
is the number of units of a technology purchased through the lsgatdm relating to a specific medical
indication. Diffusion is defined as the process of uptake growthtoue ). For instance, numerous studies
are performed to assess the value of implementation mes (2vwhicto both the potential diffusion with

the implementation measure and the counterfactual (what happens if weopirteest in implementation) are

needed (Jf8). In budget impact analyses, the requirement for an estimate of the affeptddtion also

necessitates an estimate of the likely market share or uptake of a new techma@feggbly of dynamic nature

9]110). In cost-effectiveness analyses, recent research showed that prices of dedloes may decline with

increasing uptake and this mechanism was implemented in a cost-efiesgramework that enabled the

assessment of dynamic cost-effectiveness and price-volume agre¢ sFinally, value of research

studies have investigated the potential effect of research on diffusion ghtighted that quantification of the

effect of research on diffusion enables better estimation of the value of re .(These HTA themes

thus have in common that diffusion estimates are often requirecefoafipropriate consideration.

Existing studies using uptake estimates within HTA have relied heavilyeomse of constant uptake estimates,

based on similar technologies or expert opiﬁ.(Alternatively, parametric curves were used to inform

dynamic uptake curvds{(3). The issue with the first approach is that health technology uptakéksly to be

[

best represented by a single uptake estimate held constant across future tinse geeviad shown in empirical
evidence from many different countriglb]. A literature review concluded that uptake generally varies over
time and is heterogeneous at therapeutic class level as well as at the technol [Elelgecond approach,
extrapolating future diffusion from available data points, suffers fmmissues: first, fitting parametric curves
through a few data points can result in vastly different diffusion patteeesuse these curves do not typically

account for a likely ceiling value or the speed of diffusion basediffusion theory insights. More sophisticated

methods of extrapolating diffusion from existing data are available irtkedsting literatur¢lgl|17). Second,

HTA decision-making requires the diffusion estimate to be available prior to ttehlafithe technology,

creating many situations in which uptake estimates for a technologystiaguare not available. In summary,



there is a need for methods that help predict technology uptake priohtolggy introduction, and that allow

estimation of diffusion, rather than constant uptake rates.

We therefore reviewed the forecasting and diffusion literature in searofefbods to estimate diffusion prior
to technology introductiarDiffusion theory was established by Rogers in 1962, sugggstat diffusion of
goods typically follows an s-shaped curve, time being presented arattie and cumulative per period uptake
on the y-axi. The s-shape resulted from the assumption that populations are hetergderibein
propensity to innovate, with innovators having a relatively small tbidgb technology adoption and imitators

having a relatively higher thresh. Rogers assumed that the threshold sizes were distributed normally
among the populatio.

It furthermore became evident that there is a limited number of tools avadlablearchers who wish to
predict diffusion prior to technology introduction, called pre-launch &stiag in the diffusion Iiteratuﬂ.

The two methods typically used for pre-launch forecastiagguessing by analogy” and subjective judgements
. Guessing by analogy involves (a) choosing technologies that can beetedsad analogous by using pre-

specified criteria and (b) using available time series data for the analogous tgmtmgredict sales of the

new technologyX9-21). In health care, such guessing by analogy applications appealitated to estimates

of constant uptake. Limitati@associated witlthis approach include that littis known on how analogies
should be chose, the unavailability of similar products in certain technology t Gelection bias
caused by diffusion data of unsuccessful products rarely being avmcj elapsed time since the

analogous technology was introduced, which may have brought aheutesogenous factors influencing
diffusion pattern.

Compared to guessing by analogy, subjective judgement mgihmdde the advantage of enabling experts to
consider technology- and time-specific conditions. However, publishdisttypically fail to quantify the
uncertainty associated with the forecasts and do not use the strudhmaalfdiffusion modelﬂ. Without

an assessment of uncertainty, resulting forecasts are of limitéd dseision-makers. The use of approaches

that do not use a formal forecasting model also introduceﬁs (



We conclude that the requirement for diffusion estimates at the time of tdfidssin stark contrast to the
dearth of methods permitting an estimation of diffusion in accordaitbeliffusion theory available to health
economic analysts at present. In this paper, we therefore aimelmpl@novel approach to estimating diffusion
of health technologies using a formal process of elicitation of exftiefs, and calibrating these to an
established diffusion model. Given the complexity of the topic, we séieyar value in a detailed methods
guide for interested researchers. We illustrate our approach in a case séugeterm birth screening
technology. The paper is structured as follows: we first present the difiusidel in the Methods Section 2.1,
then propose an approach to estimating this by eliciting observadiétogs and calibrating these (Section 2.2)
We describe background on the case study technology (Section 2.3) st pnore detail on the elicitation
study (Section 2.4)n Section 3, we present results of the application in the illustrative exaanpleye

provide a Discussion and Conclusion in Sections 4 and 5.

2. Methods

2.1 The diffusion model

The most widely cited model for diffusion of innovations is the Bagdel of new product grovvt, which
represents the sigmoid shape of diffusion first proposed by RrsFOr short the Bass model, it was

developed in 196 as an adaptation of a logistic model that reflects the effects of ‘innovation’ and

‘imitation’, to be consistent with diffusion literature :

Ney
PO =p+qx— ()

Where P(t) is the probability of adoption in peripg the coefficient of innovation or external influence, q the
coefficient of imitation or internal influencej the number of attainable adoptions, &hd; the number of

cumulative adoptions up to the previous period t-1.

This equation is commonly re-arranged to yield the number of adojipesiod t



Ny
m

n,=p(m—Ne_1) +q (m —N_) (2

Wheren, is the number of per period adoptions in period t.

To give an intuition about these parameters, note first that the numdgsinfible adoptions m does not
necessarily coincide with any normative idea of what the maximum nushpetential adoptions could be.
Second, equation (1) shows thag it= 0, P(t) = p across all periods t, which means that imitation plays no role
in the diffusion of the technology and the probability of adopitican period stays constant.gdf= 0, however,
imitation factor q solely dictates the speed by which the attainable numbeptibadas reached by

determining the proportion of the remainiég — N,_,) non-adopters that will adopt in period t. The term

q controls the scale and the te%montrols the shape of the diffusion curve, V\giﬂ} 1 ensuring the s-shape of

the cumulative diffusion curve. Parametpm@nd g are therefore interdependent. Reported ranges for parameters

p and g from a meta-analysis of diffusion curves in a varieiydafstries were (0.000021; 0.03297) and

(0.2013; 1.67260) respectiv.

2.2 Eliciting beliefs about diffusion

The Bass model parameters are not straightforward to elicit because they are nabtbgeantitie$25/|26) —

expressing@nopinion about the value of the coefficients of innovation or imitati@ogitively challenging.

Another challenge is to keep the ektlsummaries to a particular type rather than eliciting a mix of absolute

numbers, proportions and odds ra(

Given these challenges, our proposed solution is to elicit uncertainty aboutdienfpthree quantities: the
attainable number of adoptions (which we denote as m), the number dbadaptthe first year after

technology introduction (denoted &), and the point of inflection, described as the number of years after
which the number of adoptions starts to declirle The elicited quantitynis equivalent to the Bass model
parametem, whereas quantitiddl and:’ require further computation to generate the Bass model parameters p

and g. Unfortunately, there ii® simple algebraic solution that converts observable quantities into Bass model

parameter§. Kim, Hong (2R) found algebraic solutions for the logistiehtad not for the Bass model.

However, the logistic model cannot reflect asymmetrical diffusion curvegh@nstudy found an algebraic



solution for quantities that we considered less intuitive, such as the sum oh@slparameters p a.
Instead, we used a humerical approximation using minimisation stitheof squared error terms on the three
elicited quantities. This entailed using excel solver to calculate the error termsrbttevedicited information
and the fitted diffusion curve in each solver trial run until the susgoéred error terms was minimised. The
computation of parameter values was performed for 1,000 randopfesafrom the probability distributions of

the three elicited quantities to yield distributions of parameters p.and q

A problem associated with estimation of parameters in the classic Bass ntbdeitisan result in an
unrealistic ‘oscillating’ curve at specific combinations of parameters p and q because of its timetmrgin
presentation of discrete data. This arose as a consequence of simplifypngctiss for the experts by eliciting
parameter values independently and ignoring the correlation between umpartaneters. To overcome this
feature, we used the Satoh adaptation of the Bass r@eﬁv@ich applies a discrete analogue of a quadratic

first order equation to the Bass model to make it discrete in time rather thamuoas in time, such that:

()

q 1—(q+p)%
1+p<1+(q+10)>

whereN; is the cumulative number of adoptions in period t.

2.3 Background on the case study technology

The illustrative case study technology is a new device that can help detevhéther a pregnant woman is
likely to have a preterm birth. This device is still in development and accdatdayare confidential. Compared
to the existing standard option, an early study showed that theenbmology would be more sensitive and
more specific. However, sensitivity was still considered relatively low. Theteehnology would be easy to
use, address capacity issues with the existing technology, its purchddenatobe exceedingly costly, but it
would be associated with some consumable cost. Treatment options if tesitive peclude progesterone and
cervical cerclage. There were 231 obstetric units in England, which woebkpketed to purchase one or more

devices each (in order to ensure simultaneous use and back-up).



24 Elicitation of expert’ beliefs about the diffusion curve of the new preterm birth screening teckinolog

Elicitation of expert’ beliefs is a widelyised method to obtain quantitative experts’ judgements reflecting
parameter uncertain W . It describes “the process of capturing expert knowledge about one or more
uncertain quantities in the form of a probability distribution Structured approaches to elicit expert

beliefs have been found to reduce @nd tools and software packages are readily available, for example,

the Sheffield Elicitation Framework (SHEL@. Structured elicitation of expsttbeliefs requires thorough

preparation and consideration of many aspects that require a methodologiicallghthe analyg8@{32). We

briefly summarise the main decisions in the following, accordinggorting guidelines for use of expert

judgemen. More detail can be found in the elicitation protocol in the appendix and phekage on the

SHELF Websit.

We recruited three obstetricians from different locations and types of hogpikaigland. In order to qualify
for the study, they had to fulfil criteria of having a tangible levebgfertise, an understanding of the general
problem area, and no conflict of interest. Tangible expertise required that dvquekisowledge about the
therapeutic area (preterm birth), treatment and diagnostic options in tharateeere familiar with the
commissioning process of new health technologies. Obstetricians prgétidEnglish hospitals were
considered generally eligible for the reasons that: 1) diffusion fgrréterm birth screening technology was
limited to patients in England for this illustrative example; 2) in Englénedtechnology would be made
available to hospitals with obstetric units that assess women at high pigitefm birth; and 3) the key
customers are obstetricians, typically involved throughout the procuree@sioti-making proces$he

experts’ deeper tangible expertise was established within a preceding qualitative study.

Possible biases and heuristics were discussed and experts encouragedttes@oittaining of experts should
involve following the process of elicitation through for a quantigt ik unknown to the experts but knowable
in principlelﬂ. For this the number of preterm births in England was elicited from each expért, a scalar
guantity in keeping with the quantities elicited in the main stWdy used the tertile method, a variable interval

method in which experts are asked about the median of an uncertain quardity, such thai(X <

median) = 0.5, and then the first and third tertiles such thét < t,) = 1/3 andp(X < t3) = 2/3,



respectively. Separate fateface sessions were held with each expert and gamma distributionsofitiedr
elicited values. The distributions were then combined across experts usingriatekamatical poolingvith

equal weights for the experts. One pilot was performed, and noahamge made to the protocol subsequently.

Within the provision of background information, experts were pexvial document with general background on
preterm birth statistics, the accuracy data of the new and the currertltgpds and other information

mentioned in Section 2.3, a brief background on diffusion theodyagmesentation of findings from the

preceding qualitative study, which suggested that further research waodgslitadble to establish the predictive
accuracy of this technology. We therefore performed the elicitation exercisedwigefor a scenario based on

the current evidence of predictive accuracy, and once more for a hypdtbeticario in which new evideac

on the devic accuracy was available. We provide a view to the mechanism by which any chediision

could be attained with the availability of further research evidence by reporting experts’ rationales for their

estimates of théwith research diffusion curve. These qualitative statements were obtained as part of one of the

steps in SHELF, fitting the distribution and feedback.

3. Results

In summary, the pooled elicitation results (Tables 1 and 2, Figueggest that the maximum attainable
number of adoptions for the preterm birth screening device in Engldifaze at 140 devices without further
research and at 146 with further research evidence. These are relatively small mivebeisat there are 231
obstetric units in England and that most units would be expecteddbgse more than one device. A very
small number of adoptions would occur in the first year, at a mesir afloptions, or thirteen adoptions with
the availability of more research evidence. The rationale given by the expertawiasthe first year, potential
purchasers would mainly be hospitals that were involved in the developntaettethnology or those thadd
research grants for it (Table 3 and FigureT?e number of years at which the maximum numbereoeppriod
adoptions is reached was estimated to be at a mean of six years, eaftvavith more research, with the

rationale being that a greater evidence base would enter the consciousness ofsctioarian.

To provide an overview of the individlexperts’ beliefs, Table 3 and Figure 2 present the results for each

expert. Expert 1, who predicted the flattéi$tusion curve, thought that the device’s accuracy was not



convincing. Expert 2 had similar reservations but considered that more evjiésen showing the same result,
would help with the evaluation process. Expert 3 thought that the maximamber of adoptions was
constrained by the adversity to innovation in the England National Healtit&S@XIHS) but they thought that
the device would diffuse quickly within these constraints and that furtieeree would speed up the diffusion

process slightly.

Computing the distributions of p and q from the elicited distributiessledin mean values of 031 and

0.472, respectively, for the current scenario andb8.8nd 0.83, respectively, for the further research scenario
(Table 1). The exact p and q values lack an intuitive interpretation bbedaterpreted in the context of the
general statements outlined in Section 2.1 of this paper. Uncertainty abowkeo$the‘without evidence
diffusion curve is presented in Figure 3, in which the mean diffugiove is plotted along with the curves

obtained when the 95% credible interval values of parametgran m are used.

4., Discussion

In this paper, we have presented a novel apprtmggtedicting diffusion of new health technologies using
elicitation of experts’ beliefs about uncertain values to inform an adaptation of the Bass modelusiaiifi\we
applied our approadio estimating diffusion of a new preterm birth screening technologymcounterfactual
scenarios of with and without the availability of further research evid@uws#ed results showed that the
attainable number of adoptions was predicted to be below what was thought &sibéedor a new device in
this therapeutic area. This was mainly attributed to relatively unconvincingaagavidence for the device and
the general adversity to change that was thought to be present in the EnglarichBlid&ailability of further
research evidence could improve the maximum attainable number of adaptipstightly but resulted in

greater speed of diffusion.

The method presented in this paper is of particular relevance considering tbérzetkods in the literature
that addresssthe requirements for dynamic estimates of technology implementattbe context of different
types of analyses commonly performed within HTAs. More practically, the elditiesdion curves for the new
case study technologyaninform further studies on the value of implementation of the collectidurther

research evidence, which can potentially speed up diffn Budget impact analysis could be performed
10



with these estimates. In value of research studies, the impact of collectireg fagbarch evidence can be
assessed in terms of both the increase in implementation and the detreasstainty. Finally, cost-
effectiveness of this technology could be modelled including price-whgreements and the uncertainty about
diffusion could be appropriately reflected in the probabilistic sensitivityyaisalOur paper offers an approach
to obtaining the technology-specific and probabilistic diffusion estimatasred for these analyses prior to
technology introduction, a currently unexplored tojdi@)( The apprachpresented here improves upon the
commonly used methods of using data from analogous technologidstenahinistic expert or analyst
judgements by providing estimates that reflect uncertainty abousidiff based on a widely validated diffusion

model.

The strength of this approach lies in the ability to estimate diffusiotiiéotechnology lifetime from only three
elicited quantitiesOur approach also enables the use of available expert knowledge, rather tgan bein
dependent on diffusion data for other technologies. Data on analogoustbeattblogies are sparse, amongst
others because of patent protection leading to long lags until competitordeatnermarketThe Bass model
of diffusion was chosen because of a strong evidence base irrtsnipigability to predict diffusion well in
different industries. No other models had the same evidence basheAsibength is the elicitation of
uncertainty information, withht possible ‘diffusion space’ including a range of possibilities for different paths
of diffusion that could become reality given that certain events ¢saah as a new competitor entering the

market)

It may be perceived as a limitation that relatively little information is provideoluo illustrative case study. We
felt that a focus on the new approach was more appropriate. We wiigflight that the choice of experts, the
avoidance of heuristics and bias in elicitation, and the appropriate briefing tectimology and possible

influencing factors and future developments deserve more attention anthesfeader to the wider elicitation

literature|@5-27[[31-33). The number of experts used should furthermore be carefullysesseNe used 3

experts and thought this was possibly sufficient to characterise the urtgeatmint future diffusion. However,
Grigore et al. since then suggested between 6 and 12 ertar(d hence, the use of only 3 experts may be a
limitation. A technical limitation is that we univariately elicited beliefs about tiithat are likely to be
interdependent. This, and the use of the Satoh adaptation of the Bassmaydedve led to the introduction of

bias that we were unable to quantify.

11



Alternative methodological choices in the elicitation of expert opinion include fixedahteethods such as
the roulette method, which divide the sample spatoefixed intervals and ask for the probabilities of th (
. Variable interval methods (such as the tertile method used here), in confeastiark flexibility for the
expert but may sacrifice simplicity and there is no conclusive evidenafioh method performs be.
Another method is the so-called hybrid, in which experts are askedvid@information about the lowest and

highest possible value as well as the most likely value of a quantityeoés | )

Alternative distributions could be used for the quantities of interest. ticydar, where the number for 100% of
adoptions is known (i.e. where there is an upper bound to uptak&)y ibe easier for experts to think about
proportions of adoptions. More research is required to establish whetheothisbe the case and whether the

elicited quantities could then easily be back-calculated to estimate the diffusionpacatekters.

There is no consensus on whether behavioural or mathematical aggrefatparbopinions should be used.
Whilst behavioural aggregation through discussion and adjustment oghbeleefroup setting offers the
advantage that a consensus can be found, this method also temihmep)ver—confidentjudgemerﬂ.
Mathematical aggregation, however, neglects the different opinions of tageXpue to time constraints, we

were unable to perform a feedback round, in a technique that is kndhe Bslphi method and has previously

been applied to forecasti.

It should be highlighted that researchers performing such an exercise shaty W careful in the study design
to avoid any anchoring bias between scenarios. Invaitii research’ scenario, the newly generated hypothetical
evidence was conditional on the currently existing evidence and we tieedédanot perceive any anchoring as
problematic. But when independent scenarios are elicited, a timely separation of theaslexarcises is

advisable to avoid anchoring.

Alternative diffusion models may be used. The applicability of diffuteory to health technologies may be
compromised by health technologies being subject to different rules anibadopchanisms compared to
technologies in other industrig®ther prediction models should arguably be tested in comparison with the Bass

model, to assess their performance in predicting diffusion in the heditiotegy sector.

12



Scope for further research includes applying our approach to morelegies. Its performance in accurately
forecasting diffusion in comparison with other forecasting metebdsld be assessed once sufficient empirical
data becomes available. Methodological research is furthermore required in elicitation &ghinigarticular

multivariate elicitation of interdependent quanstie

5. Conclusion

The proposed approach of eliciting experts’ beliefs about diffusion and informing the Bass model has the

potential to fill the methodological gap evident in predicting diffusion for usalurevof implementation and

research, as well as budget impact and cost-effectiveness analysespidasiamay be useful to analysts

wishing to consider technology-specific diffusion and to formallyesgnt the associated uncertainty.

13
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Table 1. Pooled elicited quantities and Bass model parameters

Without further research

With further research

Variable Mean | SD Median Cl Variable Mean SD Median (CI
m 140 69 128.84] (39-304) |m 146 66.1 136.16] (46-301)
nl 4,99 2.04 4.711(1.8-9.7) [n1 10.5 4.12 9.96] (4.020)
t 6.26] 1.34 6.16](3.9-9.1) |t 5.21 1.52 5.06| (2.7-8.6)
Without further research With further research
E:rsasmn;?éjrel Mean | SD Median Cl Sgrsasmn;?:rel Mean SD Median |[CI
D 0031 002  0.026 g_’b%%?' D 0.058] 0038  0.049 5)9'105173;'
q 0472 0.176|  0.482|(0.2-0.806) q 0543  0.136] 0.524 éoégzg"

Key: m - number of attainable adoptions, n1 - number of adoptiqeyriod 1, t' - time at which number of adoptid
starts to decline, SD - standard deviation, CI - credible intervals

Table 2. Cumulative adoptions as per
pooled elicited diffusion curves

Nt
Without With

Year | research research
1 6 13
2 15 33
3 29 59
4 47 87
5 67 110
6 87 126
7 104 135
8 117 140
9 126 143
10 131 145
11 135 145
12 137 146
13 138 146
14 139 146
15 139 146
16 140 146
17 140 146
18 140 146
19 140 146
20 140 146

Key: Nt - cumulative number of

purchases in period t
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Table 3. Experts' individual elicited quantities

Expert 1 2 3

Elicited quantity Mean | 95% CI | Mean 95% CI | Mean 95% ClI
m - without research 54.2| (10-150) 158.8| (30-230) 204.4| (30410)
m - with research 68.7| (20-150) 174.2| (60-250) 204.4| (30410)
nl - without research 2.3/ (0-5) 5.7| (2-15) 7.1| (2-10)
nl - with research 2.3|(0-5) 5.7| (2-15) 23.7|(1040)
t' - without research 5.1{(3-8) 9.9 (7-13) 3.5/ (2-6)

t' - with research 5.1](3-8) 8.2| (5-11) 2.6 (1-5)

Key: m - number of attainable adoptions, n1 - number of adoptiqreriod 1, t' - time at which

number of adoptions starts to decline, CI - credible interval
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Figures

Figure 1. Diffusion with and without further evidence collection
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Figure 2. Diffusion curves and justifications elicited from different experts
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Figure 3. Uncertainty about "without further evidence" diffusion curve
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Appendix

Quantifying factors that will influence usage of a new technology for pre-term birth
screening in the UK

Script

1. Introduction

» Introduce yourself

= Explain that the aim is to quantify beliefs about future purchases of Technology A for PTB
screening in the UK

= Explain that this study will inform an economic model

= Explain that this is part of a PhD study that looks into how adoptions affect the evaluation of
a technology

= Explain that | wish to develop a standard approach by which experts are being asked about
adoption of innovative technologies

= Explain that this study is a so-called elicitation of expert beliefs by which experts quantify
their opinions about some unknown quantities of interest

= Explain that having a feeling of uncertainty with their opinion is fine and can be addressed
using this method

= Reassure re: confidentiality and anonymity.

— Highlight that no individual will be identified.

= Remind about length of meetingapproximately 1 hour 30 mins

= Check if participant has any questions at all at this stage

= Ask participants to sign consent form to provide written consent for participation

= Thank the participants for agreeing to participate

2. Training

= Explain that we will now conduct training using one example quantity that is not used for this
study

= Explain that we will elicit beliefs about the number of pregnant women delivering their baby
pre-maturely in England, called X in the following

= Refer to number of hospital births under bullet point 1. in background document as a help and
tabular overview of how percentages translate to numbers

= Provide calculator and sheet of paper

= [R: Change dir 2 Desktop; then source(“shelf2.R”)]
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= Ask experts to provide a range such that it is extremely unlikely but not entirely impossible
that X falls outside that interval (lower bound L to upper bounftasjile.single(Lo=X1,
Up=X2)]
= Ask experts to state the median M, a number at which it will be as likely for X to be larger
than the median as aiter than the median. This is a value such that the proposition that ‘X
lies below the median’ is equally likely to ‘X lies above the median’.
= Ask experts to state upper and lower tertiles (T1 and T2) by considering the range from L to
U and dividing it into three equally likely intervals.
— Point out that of course M will have to lie between T1 and T2.
— Point out that this is like giving an interval at which they are 33% confident that X
will fall into it
— Ask experts to regard each of the three ranges (Lto T1, T1 to T2 and T2 to U) as
equally likely.
— Ask experts to regard also as equally likely the ranges T1 to M and M to T2.
— Point out that values of X close to M are likely more probable than values of X close
to L and U, that is the intervals T1 to M and M to T2 will be narrower than the
intervals Lto T1 or T2 to U.
= When tertiles are decided on, show histogram and ask whether they think that the 3 boxes are
indeed equally likelypress show histogram]
= Then show the fitted distribution (gamma) as density fung¢poess first gamma, then
density] and tell them their estimated mean
= Reveal real results of number of pre-mature births in England (2011-2012): 42,000 which is
equal to 6.3%.

3. Structuring

= Remind of background that was sent in advance of the meeting

= Ask whether they want to go briefly through the explanation of Technology A in background
doc (point 2)

= Explain study results

= Present LRs and sensitivity, specificity

= Explain about uptake using the background document (point 4)

= Explain 3 different uptake curves

=  Explain that this means elicitation of m, nl and t’

=  Explain that later, we will look at m, nl and t” under the assumption that further trials have
been conducted

= Highlight that in total we will elicit 6 quantities (if time permits)

= Fill in expertise and declaration of interests in form 1
22



4, Elicitation

Explain that the first quantity to be elicited is the number of Technology A devices sold
across all obstetric units in England (m1).

Remind them that they can use the information in point 1-4 from the background sheet.

For m1l: the number of Technology A devices potentially sold across all obstetric units

in England

Ask experts to provide a range such that it is extremely unlikely but not entirely impossible
that m1 falls outside that interval (lower bound L to upper bound U).
[tertile.single(Lo=L,Up=U)]

Double-check by asking whether they really think that there is 0% chance that m1 will fall
outside this range.

Ask experts to state the median M, a number at which it will be as likely for m1 to be larger
than the median as smaller than the median. This is a value such that the proposition that ‘m1

lies below the medid is equally likely to ‘ml lies above the median’. [write down on

Elicitation part 2]

Ask experts to state lower and upper tertiles (T1 and T2) by considering the range from L to
U and dividing it into three equally likely intervals.

— Point out that of course M will have to lie between T1 and T2.

— Point out that this is like giving an interval at which they are 33% confident that m1
will fall into it

— Ask experts to regard also as equally likely the ranges T1 to M and M to T2.

— Point out that values of m1 close to M are more probable than values of m1 close to L
and U, that is the intervals T1 to M and M to T2 will be narrower than the intervals L
toTlorT2to U.

Record median and tertiles in Elicitation part 2.

When tertiles are decided on, show histogram and ask whether they think that the 3 boxes are
indeed equally likelypress show histogram]

Then show the fitted distribution (gamma) as density fung¢pagss first gamma, then

density] and tell them their estimated mean

Ask whether experts are happy with their own distribution or whether they would like their
judgements changed (tell them mean and 90% percentiles)

— Record any changes in Elicitation part 2 - Fitting

Ask experts to individually explain their rationales for their distributions.

Record chosen distribution in Elicitation part 2, including median, tertiles and distribution.
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= Then elicit (according to the same protocol):

= nl-1: the number of purchases of Technology A in hospitals in first year

= t’1: the number of years at which the purchases per period peak

= m2: the number of potential purchases of Technology A given new evidence

= nl1-2: the number of purchases of Technology A in first year given new evidence

= t’2: the number of years at which the purchases per period peak given new evidence

5. Conclusion

= Highlight that this work will enable the preliminary economic evaluation of Technology A in

PTB screening, including setting research priorities.

Thank the participants for their time and contribution
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Quantifying uptake determinants of Technology A for use in pre-term birth
screening in the UK
Elicitation briefing notes
The purpose of the elicitation meeting is to obtain probability distributions to represent your
uncertainty about various quantities of interest. These are listed in section three of the
attached pro forma.
The elicitation will be conducted following the Sheffield Elicitation Framework (SHELF),
based on elicitation practice recommended in O’Hagan et al (2006). You will be given
training in the process of elicitation at the start of the meeting, which will include a practice
exercise to familiarise you with the procedure.
It is important to note that you will not be asked to provide single estimates of any of these
guantities. The elicitation process will instead involve considerations such as what a
plausible range of values would be for each unknown quantity, and whether, in your opinion,
some values are more likely than others. You may have considerable uncertainty about
some of these quantities (though less than that of a lay person). This will not be of concern
during the elicitation itself, as the outputs from the elicitation will reflect large uncertainty
when it is present.
Due to the subjective nature of elicited probability distributions, it is important to make the
elicitation process as transparent as possible. A written record will be kept of the meeting,
which will include details of experts present at the meeting, a summary of each expert’s
relevant expertise, and any declarations of interest. It would be helpful if you could complete
sections 2 and 4 in the pro forma. A brief summary will be sufficient for section 4, covering
expertise relevant to the parameters listed in section 3.
Please note that declarations of interest are recorded for the purposes of transparency only,
and will not be used as grounds for exclusion from the elicitation. It is common for experts to
be stakeholders in the wider process.
Suggested relevant evidence is listed in section 5. If you wish to add to this list you may do
so. Where appropriate, publications/data listed in this section will be made available at the
elicitation meeting.
Reference:
O'Hagan, A., Buck, C. E., Daneshkhah, A., Eiser, J. E., Garthwaite, P. H., Jenkinson, D. J.,
Oakley, J. E. and Rakow, T. (2006). Uncertain Judgements: Eliciting Expert Probabilities.
Chichester: Wiley.
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Quantifying uptake determinants of Technology A for use in pre-term birth

screening in the UK

Pre-elicitation meeting pro forma

1) Background

The purpose of this exercise is to obtain estimates of future purch
for Technolgy A for use in pre-term birth screening. These estima
will then be used in an economic evaluation of this device that wil

show future cost-effectiveness and help in setting research priorit

2) Declarations of

interests

[To be completed by the expert. Please identify any personal int¢
that you might have in the outcome of this elicitation exercise, or
the wider context specified above: these can include being an
investigator in the trial of Technology A, being involved in the
development of Technology A, having any stake or interest in the
economic outcomes of Technology A or future research prospect

3) Parameter

definitions

1. The number of potential purchases of Technology A in the NH:
England (your expertise of adoption processes in the NHS in you
field of work is needed).

2. The number of years at which the purchase rate peaks (your
expertise of how long it takes to reach the majority of adopters in
NHS in your field of work is needed).

3. The number of purchases at the peak.

4. The same 3 parameters as above assuming that there is more
research available (your expertise of impact of research on adopt

in your field of work is needed).

4) Participant’s

expertise

[To be completed by the expert. Please briefly identify your expe
in relation to the parameters listed above.]
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5) Key relevant

evidence

[The expert should add details of any key documents and studieg

are relevant to the above parameters, if any.]
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ELICITATION RECORD - Part 1 — Context
To be filled in by the facilitator.

Elicitation title

Quantifying factors that will influence usage of a new technology for
pre-term birth screening in the UK

Session

1

Date

Part 1 start time

Attendance and

roles

Purpose of To obtain estimates of future adoptions for Technology A in pre-term
elicitation birth with the purpose of performing an economic evaluation

This record Participants are aware that this elicitation will be conducted using the

Sheffield Elicitation Framework, and that this document, including

attachments, will form a record of the session.

Orientation and

training

Conducted on one quantity: the number of pre-term births in one year in
the NHS England

Participants’

expertise

Declarations of

interests

Strengths and

weaknesses

Evidence

Structuring

1. maximum number of purchases attainable given current evidence

2. number of years at which number of purchases peak given current
evidence

3. number of purchases at peak given current evidence

4. maximum number of purchases attainable given availability of further
evidence

5. number of years at which number of purchases peak given
availability of further research evidence

6. number of purchases at peak given availability of further evidence

Definitions

See structuring
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ml
nli-1
t'1
m2
nl-2
t'2

Part 1 end time

Attachments
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ELICITATION RECORD - Part 2 — Distribution
Tertile Method
Example for one quanitity - to be filled in by the facilitator.

Elicitation title

Quantifying factors that will influence usage of a new technology for

pre-term birth screening in the UK

Session 1

Date

Quantity 1. maximum number of purchases attainable given current evidence
Start time

Definition ml

Evidence As in background sheet

Plausible range

Median

Upper and lower

tertiles

Fitting

Group elicitation

Fitting and
feedback

Chosen
distribution

Discussion

End time

Attachments

30




