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Objectives: The aim of this study was to identify and critically appraise the use of Value of Information (VOI) analyses undertaken as part of health technology assessment (HTA)

reports in England and Wales.

Methods: A systematic review of National Institute for Health Research (NIHR) funded HTA reports published between 2004 and 2013 identified the use of VOI methods and key
analytical details in terms of: (i) types of VOI methodology used; (ii) parameters and key assumptions; and (i) conclusions drawn in terms of the need for further research.
Results: A total of 512 HTA reports were published during the relevant timeframe. Of these, 203 reported systematic review and economic modeling studies and 25 of these had
used VOI method(s). Over half of the twenty-five studies (n = 13) conducted both EVPI (Expected Value of Perfect Information) and EVPPI (Expected Value of Partial Perfect
Information) analyses. Eight studies conducted EVPI analysis, three studies conducted EVPI, EVPPI, and EVSI (Expected Value of Sampling Information) analyses and one study
conducted EVSI analysis only. The level of detail reporting the methods used to conduct the VOI analyses varied.

Conclusions: This review has shown that the frequency of the use of VOI methods is increasing at a slower pace compared with the published volume of HTA reports. This review also
suggests that analysts reporting VOI method(s) in HTA reports should aim to describe the method (s) in sufficient detail o enable and encourage decision-makers guiding research
prioritization decisions to use the potentially valuable outputs from quantitative VOI analyses.
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The use of health technology assessment (HTA) to inform reim-
bursement and healthcare resource allocation is well integrated
into national decision-making processes in the United Kingdom
(UK) and other countries (www.inahta.net). The use of HTA has
evolved because of an environment of finite and constrained
healthcare budgets where difficult choices at national and re-
gional levels must be made regarding how best to use available
resources. According to the EUnetHTA (www.eunethta.eu), the
aim of HTA is to provide a systematic, transparent, unbiased,
and robust summary of the available evidence base about the
medical, social, economic, and ethical issues related to the use
of a health technology to allow informed decision making. In
the UK, HTA reports are commissioned by a national body,
the National Institute for Health Research (NIHR), and used
as a source of information to guide resource allocation from
national through to regional and local service commissioning
(www.hta.ac.uk). Methods of economic evaluation, and specifi-
cally decision-analytic model-based cost-effectiveness analysis,
have become an integral component of a HTA (1).

Using a decision-analytic model allows the systematic as-
similation of all available evidence in a structured format to
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identify the incremental costs and benefits of proposed tech-
nologies compared with current practice (2). A key component
in any model-based cost-effectiveness study involves identify-
ing and quantifying the uncertainty associated with the model
structure, parameter inputs or methodological assumptions used
within the analysis (3). Probabilistic Sensitivity Analysis (PSA)
has now become a standard requirement to understand the joint
effect of uncertainty in model input parameters (3). The inclu-
sion of PSA is now generally viewed as a measure of the inherent
quality of any published model-based economic analysis (3;4).
In addition, a key advantage of PSA is that it allows an ana-
lyst to use Value of Information (VOI) methods to understand
the need for future research. VOI methods first emerged in the
health economics literature in 1999 when proposed by Claxton
(5). Subsequently, the first example of the VOI methods being
applied in the context of HTA was published in 2004 as a se-
ries of pilot case studies (6). The key strength of VOI methods
is that they make it clear and explicit how current parameter
uncertainty translates into the need for future research.

Once an analyst has identified and quantified the uncertainty
in costs, probabilities, clinical effectiveness and health state util-
ities then decision-makers charged with resource allocation have
to consider whether this available evidence is sufficiently robust
to recommend the introduction of the new technology into clin-
ical practice. Decision-makers faced with the findings of a HTA
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report have to appraise the available evidence base and decide
if a new technology should be adopted into clinical practice on
the basis of existing information. Importantly, there are (oppor-
tunity) costs of making the wrong decision and introducing a
new technology when the evidence base is not sufficiently cer-
tain (6). This appraisal of the evidence introduces four possible
decisions that could be reached in terms of whether to adopt the
new technology: (i) adopt but request more information to allow
the technology to be re-assessed at some later date (sometimes
called: coverage with evidence development); (ii) adopt with
no request for more information; (iii) do not adopt and request
more information; and (iv) do not adopt and do not request more
information. Two of these decisions indicate the need for more
information, which infers a need for further research. This need
for further research could be based on subjective (synonymous
with qualitative) or objective (synonymous with quantitative)
criteria. Subjective criteria are likely to be the result of delib-
erative discussions with key stakeholders. In contrast, objective
criteria are based on formal quantitative analysis such as VOI
methods.

Largely, there are three types of methods that fall under
the collective heading of VOI (6): (i) Expected Value of Per-
fect Information (EVPI) analysis; (ii) Expected Value of Partial
Perfect Information (EVPPI); and (iii) Expected Value of Sam-
ple Information (EVSI). These methods offer a framework with
a common aim to inform whether future research is necessary
given the identified level of uncertainty in the available evidence
base. Specifically, VOI methods offer a structured framework to
estimate the amount that a decision-maker should be willing to
pay to acquire further information to decrease decision uncer-
tainty. Conducting a VOI analysis involves the calculation of a
monetary value of an optimal strategy with further information
compared with the optimal strategy without further information
(i.e., with current information). Several published papers now
clearly explain the key steps and applications of each type of
VOI methods: EVPI and EVPPI (7-9) and EVSI (10). Using
VOI methods has been suggested to be both a conceptually
and quantitatively sound way for estimating the expected value
of future research (9). In 2003, Coyle et al. (11) claimed that
the VOI is the only method that unequivocally calculates the
expected benefit of further research.

The first step for any VOI method involves calculating the
EVPI, which estimates the difference between the expected
value of a decision with perfect information and the expected
value of a decision with the current evidence base. The EVPI
represents the maximum possible improvement in the net ben-
efit associated with the decision that could be achieved if the
decision were to be made in a situation where there is perfect
information rather than with the current level of information
(6). EVPI can be determined either at the individual patient or
population level, but ideally the latter as the societal value of
research should ideally be estimated across the population of
future patients for whom the decision is pertinent. A decision
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maker can then use the population EVPI to decide if further
research is potentially worthwhile given the estimated cost of
generating the information required in a research study. Further
research is potentially worthwhile if population EVPI exceeds
the expected cost for conducting further research.

Once EVPI has been calculated then it is possible to use
EVPPI to determine the most valuable input parameter(s) in
terms of prioritizing further research. Importantly, EVPPI can
provide information on whether to conduct research to inform
a single parameter, or a set of parameters. The outputs of an
EVPPI analysis, combined with the results of the EVPI, can
also inform the type of research needed. A decision-maker
must then be cognizant that the type of study required will
impact on the cost of the study required to collect the data.
This means that in practice, if further information on clinical
effectiveness is required then the EVPPI will have to be higher,
than if, for example, more data on utility values are needed.
If the EVPPI indicates that clinical effectiveness is a key pa-
rameter then the gold standard method for assessing clinical
effectiveness, the randomized controlled trial (RCT), should be
designed and commissioned. However, if the utility value at-
tached to a health state is identified as the key parameter driving
EVPPI then a more reasonable study design might be a stated
preference study to elicit utility values. If EVPI and EVPPI
have indicated the potential worth for future research, then it
is possible to use the third type of VOI method; EVSI (6). The
EVSI puts into practice the concept of being able to estimate
the societal value of research designs and establish the best pos-
sible sample sizes for primary data collection. The assumption
here is that further research will be of value if the expected net
benefit of sampling exceeds the cost of sampling (12).

The VOI methodological framework is potentially useful
for the reason that it provides a quantitative technique to iden-
tify evidence gaps and prioritize future research in the context
of national HTA, but it is not clear to what extent the priori-
ties identified by this method are embedded into research. VOI
methods have been criticized for not being presented in a way
that is meaningful for decision-makers, who may have no for-
mal training in the methods being used (13). Furthermore, it is
not clear whether the use of VOI methods is accepted in practice
as a feasible approach to prioritize further research. An impor-
tant first step to understand the practical use and value of VOI
methods is to identify if, and how, they are used as part of a
national HTA program. This study, therefore, aimed to identify
and critically appraise the use of VOI methods in nationally
commissioned HTA reports in an example jurisdiction namely
England and Wales.

METHODS

A systematic review of HTA reports, funded by the NIHR on
behalf of NICE (National Institute for Health and Care Ex-
cellence) to inform its national clinical guidance to the NHS
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Figure 1. Type and number of published HTA reports showing the number that included a VOI analysis.

(National Health Service), published between January 2004 and
December 2013 was conducted to identify all reports that had
used some form of VOI methods. NIHR HTA reports that have
included the formal analysis of VOI were identified by using
a structured search of the NIHR database of published reports
(www.hta.ac.uk/project/htapubs.asp) using the terms “value of
information”, “expected value of”, “expected net benefit of sam-
pling”, “VOI”, “EVI”, “EVPI”, “EVPPI”, “PEVPI”, “EVSI”,
and “ENBS”.

Two reviewers (S.M. & K.P) screened titles and executive
summaries to identify potentially appropriate HTA reports for
inclusion. For the purpose of this review, the definition of VOI
methods provided by Claxton et al. (6) was used to guide the
relevance of the methods used. The review only included com-
pleted NIHR HTA reports and excluded reports that were in
progress or unpublished. All identified HTA reports that had
used VOI method(s) were then summarized in terms of: (i)
types of VOI methodology used; (ii) parameters and key as-
sumptions used in the VOI method; and (iii) key findings and
conclusions drawn from the VOI framework in terms of the
need for further research. A data extraction form was created to
systematically summarize the relevant information from each
HTA report and the data are presented in tables together with a
narrative summary.

RESULTS

A total of 512 NIHR-commissioned HTA reports were identi-
fied between January 2004 and December 2013. Of these, 147
reported primary studies, 162 reported methodological studies
and 203 (40 percent) reported systematic review and model-
based economic evaluation studies. Of the 203 systematic re-
view and model-based studies, 25 (12 percent) had used some
form of VOI analyses and were identified as relevant for in-
clusion in this review. Figure 1 shows the type and number of
published HTA reports each year and the number of studies
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that included a VOI analysis. No studies that included a VOI
analysis were published in 2013.

Table 1 summarizes the focus of the model-based economic
evaluation and modeling methods used. Table 2 describes the
types of VOI analysis conducted together with the key inputs and
assumptions used in the analysis, which are needed to interpret
the estimated value of information in terms of its relevance to
a decision-makers context. All twenty-five HTA reports aimed
to address the question of whether to adopt a proposed new
technology based on analytic modeling and VOI considerations
from the perspective of the UK NHS. The technologies being
evaluated comprised medicines, surgical procedures, diagnos-
tics and medical devices for a range of different conditions and
study populations. There was no clear pattern in terms of the
application of VOI methods regarding specific interventions or
patient populations. The types of decision-analytic models used
were either Markov models (eleven studies) (14—24), decision
trees (five studies) (25-29), or a combination of a decision tree
and Markov model (five studies) (30—34). In addition, one study
used (35) discrete-event simulation model, one study (37) used
individual patient-based state transition model, one study (38)
used a simple (linear) mathematical model, and one study (36)
did not specify the model type clearly within the main text.

The majority (n = 19) of the studies assumed a lifetime
horizon for the baseline analysis. However, six studies used a
shorter time horizon ranging between 12 months and 20 years.
A variety of data sources were used including: RCTs; published
studies; pooled data; and expert opinion. One study (25) did not
state the data source explicitly. Only eight of the twenty-five
HTA reports (15;18;19;26;29;32;35;37) used meta-analytic ap-
proaches to synthesize selected model parameters. In addition,
twenty-two of the studies also stated explicitly that they used
expert opinion to populate some of the model parameters.

Three studies (23;26;34) conducted EVPI, EVPPI and EVSI
analyses, thirteen studies conducted EVPI and EVPPI anal-
yses (15;17;19;21;22;25;27;30;32;33;35;36,38), eight studies
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Table 1. Summary of Economic Modelling Methods Used in HTA Reports Including a VOI analysis

= Model type/
= Time horizon/  Primary dota
2 Discounting/ source,/Expert
S Perspective/ opinion Future research
g Author /year Disease/condition  Economic study aim ~ Infervention Study populafion ~ Primary outcome (yes/no) ICER (£) per QALY gained recommendation
=
= Bhattacharya ~ Heavy menstrual  Evaluation of Hysterectomy ~ Women who had Model type Individual patient  Dominated Future research should focus
= etal (18) bleeding (HMB)  hysterectomy versus treatment for HMB~ Markov metfa-analyses  (vs. first-generation ablation) on evaluation of the
= 2011 first-and Time horizon and data from €970 clinical effectiveness and
£ second-generation 10 years national (vs. second-generation ablation)  cost-effectiveness of the
= ablative techniques Discounting registersand ~ €£1,440 best second-generation
= and Mirena cosfs - yes follow-up of (vs. Mirena) ablation technique under
benefits - not existing RCTs local anesthetic versus
clear Expert opinion Mirena and types of
Perspective yes hysterectomy such as
UKNHS laparoscopic supracervical
Primary outcome hys’rerec'romy Versus
wy conventional
hysterectomy and
second-generation
&l ablation
h Black et al (19)  Osteo-urthrifis Evaluation of Glucosamine  Patients with mean age ~ Mode! type Pooled data from ~ £21,335 Any future trial should aim to
2009 (OA) of the glucosamine sulphate of 65 years Markov two previous  (vs. current care) collect data using a
knee sulphate/ Time horizon RCTs and generic preference-based
hydrochloride and lifetime information quality of life instruments
chondroitin sulphate in Discounting from other
modifying the yes published
progression of Perspective studies
0A of the knee not reported Expert opinion
explicitly not clear
Primary outcome
QALY
Brush et al (28)  Colorectal cancer  Evaluation of fluorine-18- FDG PET/CT Adults with knownor ~ Model type Published and £12,832 Future research should focus
2011 deoxyglucose (FDG) suspected primary decision free unpublished (vs. primary colon cancer) on the use of FDG PET/CT
positron emission cancer of the colon or  Time horizon studies including  £21,409 for: staging recurrent
tomography (PET) / rectum undergoing  [ifetime RCTs (vs. recurrent rectal cancer) colon cancer, staging
computerised pre-operative Discounting Expert opinion £6,189 recurrent rectal cancer and
tomography (CT) as staging prior fo curative  yes yes (vs. recurrent colon cancer) staging mefastatic
an add-on fest versus surgery in a secondary  Perspective £21,434 colorectal cancer
routinely used imaging care sefting UKNHS (vs. metastatic cancer)
modalities for Primary outcome
pre-operative staging 0y
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Table 1. Confinued.

Model type/
Time horizon/ Primary data
Discounting/ source,/Expert
Perspective/ opinion Future research
Author /year Disease/condition ~ Economic study aim Intervention Study population Primary outcome (yes/no) ICER (£) per QALY gained recommendation
Carlton et al Amblyopiaand  Evaluation of screening ~ Screening at Children up to the age of ~ Model fype Data from the £16,544 Future research should
(14) 2008 strabismus programme at 3,4and 5 5 years Markov ALSPAC study (o (screening at 3 years vs. no include the ufility effects
different ages years Time horizon population- screening) of bullying in the analysis
lifetime based RCT) and ~ £21,957
Discounting published (screening at 4 years vs.
yes studies screening at 3 years)
Perspective Expert opinion £316,463
UK'NHS and yes (screening at 5 years vs.
other screening at 4 years)
government
departments
Primary oufcome
QALY
Castelnuovo et al  Hepatifis Cvirus  Evaluation of tesfing for ~ Combination  Hypothetical cohorts of  Model type Published and 16,514 Further research is required
(30) 2006 (HCV) HCV among former therapy with ~ people assumed o be  decision tree; unpublished (vs. casefinding) fo specify different
injecting drug users ~ pegylated aged 37 years at Markov data from the approaches to
interferon inception Time horizon Trent HCV study case-finding in appropriate
and ribavirin lifetime Expert opinion settings and fo evaluate
Discounting yes their effectiveness and
yes cost-effectiveness directly
Perspective
UK NHS
Primary outcome
QALY
Chenetal (29)  Smoking Evaluation of different  Electronic aids ~ Adult smokers with Model type Meta-analytic Electronic aids as an adjuvant to  Further research is needed
2012 electronic smoking (el, e2, committed and decision-ree approaches pharmacotherapy plus brief on the relative benefits of
cessation aids ...,85) non-committed quit  Time horizon were used fo advice (base-case cost different forms of delivery
attempt lifetime synthesize scenario): for electronic aids, the
Discounting evidence from  £7,452 confent of delivery, and
yes various RCTs (g5 vs. e1) the acceptability of these
Perspective identified from  Electronic aids as technologies for smoking
hedlth service systematic an adjuvant to pharmacotherapy  cessation with
cost review plus counseling (base-case subpopulations of
Primary outcome  Expert opinion cost scenario): smokers
MY ves £4,756
(e5vs.el)
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Table 1. Confinued.

Model type/
Time horizon/  Primary data

Discounting/ source,/Expert

Perspective/ opinion Future research
Author /year Disease,/condition ~ Economic study aim Intervention Study population Primary outcome (yes/no) ICER (£) per QALY gained recommendation
Cleggetal (27) Earwax removal  Evaluation of methods of  Softeners Adults aged between 35 Model type Data from RCTs, ~ Softeners followed by Further research should
2010 earwax removal followed by~ and 44 years with decision tree controlled selfrigation is £24,400 focus on how the different
self- eawax Time horizon clinical trials, and softeners followed by interventions are
irrigation lifetime and cohort nurse-led-irrigation is delivered and to which
and Discounting studies £32,100 patient groups
softeners yes Expert opinion (vs. no freatment)
followed by Perspective ys
irtigation by UK'NHS
nurse af Primary outcome
primary care QALY
Colboun etal ~ Group B Evaluation of prenatal ~ Strategy 1 Women in UK attending ~ Model type Data from the NHS  £10,000 Cost-effectiveness of vaccine
(26) 2007 streptococcal strategies for (S1): hospital for delivery  decision free HES for Englond ~ (S1 vs. S2) compared with other
(GBS) preventing GBS and infervention Time horizon (2003-04),  £30,000 interventions should be
other serious bacterial ~ of inferest, lifetime meta-onalysis, (ST vs. S3) re-evaluated after Phase
infections in early Strategy 2 Discounting and St Mary's ~ Dominated Il trials
infancy (S2): next yes maternity info (ST vs. S4)
best inter- Perspective system dataset  £20,000
vention, UKNRS (unpublished) (ST vs. S5)
., Primary outcome ~ Expert opinion £30,000
Strategy 6 QALY yes (ST vs. S6)
(S6)
Collins et al (20)  Metastatic Evaluation of docetaxelin Docetaxel with  Men with MHPC Model type Data from seven ~ £32,706 Future research should
2007 hormone- combination with prednisone Markov RCTs, and (mitoxantrone plus include the direct
refractory prednisone or or pred- Time horizon patientlevel prednisone/prednisolone vs. ~ assessment of quality of
prostate cancer  prednisolone nisolone 15 years data from the docetaxel plus prednisone life and ufility gain
(MHPC) Discounting CCHNOV22 and  (3-weekly) associated with different
yes TAX 327 trials treatments including the
Perspective Expert opinion effect of adverse events of
UKNES yes treatment, using generic
Primary outcome insfruments, which are
oy suitable for the purposes
of cost-effectiveness

analyses
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Table 1. Continued.

Model type/
Time horizon/ Primary data
Discounting/ source/Expert
Perspective/ opinion Future research
Author /year Disease/condition  Economic study aim Intervention Study population Primary outcome (yes/no) ICER (%) per QALY gained recommendation
Foxetal (21)  Heart failure (HF)  Evaluation of cardiac (RT-P People with HF who have  Mode/ fype Data from five £16,735 Further research is needed
2007 resynchronisation a marker of cardioc ~ Markov RCTs (vs. OPT) info the identification of
therapy (CRT) versus dyssynchrony Time horizon Expert apinion £40,160 those patients unlikely fo
CRT with devices lifetime yes (vs. CRT-D) benefit from this therapy,
(CRT-P) and CRT with Discounting the appropriate use of
defibrillation (CRT-D), yes CRT-D devices, the
each with opfimal Perspective differences in mortality
pharmaceutical UK'NHS and heart failure
therapy (OPT) and Primary outcome hospitalization, as well as
with each other My the long-term implications
of using this therapy
Garside etal ~ Barrett’s Evaluation of surveillance  Surveillance  Hypothetical cohort of — Model type Data from £€19,318 Future research should
(22) 2006 esophagus of Barrett's esophagus ~ pro- men aged 55 years  Markov published (vs. no surveillance) target both the overall
grammes Time horizon sources, but no effectiveness of
monitoring for 20 years RCT surveillance and the
dysplastic Discounting Expert opinion individual elements that
change ves yes confribute to
Perspective surveillance programme
UK NHS
Primary outcome
QALY
Grant et al (15)  Gastro-esophageal  Evaluation of early Laparoscopic  Patients (mean aged 46 Model type Data from the Base-case: Uncertainty about
2008 reflux laparoscopic surgery fundoplication ~ years) with reasonable  Markov REFLUX trial and  £180 cost-effectiveness would
compared with symptom control on Time horizon meta-onalyses  (surgery vs. medical be greatly reduced by
confinued medical anti-reflux medications  |ifefime of published management) more reliable information
management Discounting studies Patients according fo infention about relative longer-ferm
yes Expert opinion to treat and followed up for T costs and benefits of
Perspective yes year: surgical and medical
UKNHS £19,288 policies
Primary outcome (surgery vs. medical
Wy management)

Patients receiving randomised
treatment per protocol and
followed up for 1 year:

£23,284

(surgery vs. medical
management)
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Table 1. Confinued.

Model type/
Time horizon/  Primary data

Discounting/ source,/Expert

Perspective/ opinion Future research
Author /year Disease/condition  Economic study aim Intervention Study population Primary outcome (yes/no) ICER (£) per QALY gained recommendation
Harris et al (35)  Obesity Evaluation of adaptive ~ eearning Patients were assumed to  Mode/ type Pooled evidence  Scenario A (lowest ICER): Further linical trials of
2011 e-learning be non-smokers with  discrete-event fromvarioss  £102,112 individual e-learning
inferventions versus no prior history of simulation RCTs identified  (vs. dietary advice) inferventions should not
standard freatment for either type 2 diabetes  Time horizon from systematic ~ Scenario G (highest ICER): be carried out until
dietary behavior or cardio-vascular lifetime review £232.911 theoretically informed
change disease, systolic blood  Discounting Expert apinion (vs. dietary advice) work that addresses the
pressure levels, yes yes question of which
cholesterol rafios and 0 Perspective characteristics of the
starting age of 50 UKNAS target population, target
years unless otherwise  Primary outcome behaviour, confent and
stated oy delivery of the
intervention is completed
Hewitt et al Postnatal Evaluation of methods to ~ Structured psy-~ Women during pregnancy - Mode/ type Not reported 17,481 The Edinburgh postnatal
(25) 2009 depression (PND) identify PND in chological or the postnatal period  decision tree explicitly (SPTvs. UC) depression scale should
improving matemal therapy Time horizon £66,275 not be used as a
and infant outcomes (SPT) 12 months (LHV vs. UQ) screening tool until more
Listening home Discounting research is conducted info
visits (LHV) no its potential for routine
Usual care Perspective use in screening for PND
(Vo) UK NHS and
personal social
Services
Primary outcome
QALY
McKenna et ol Angina and heart  Evaluation of enhanced ~ EECP Patients with chronic Model type Published data £18,643 Investigation of adverse
(23) 2009 failure external stable angina or heart  Markov incuding one  (vs. no treatment) effects should be an
counterpulsation (EECP) failure Time horizon RCTs important oufcome in any
versus usual care and lifetime Expert opinion future RCT
placebo Discounting yes
yes
Perspective
UK NHS
Primary outcome

QALY
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Table 1. Continued.

Model type/
Time horizon/ Primary data
Discounting/ source,/Expert
Perspective/ opinion Future research
Author /year Disease/condition ~ Economic study aim Intervention Study population Primary outcome (yes/no) ICER (£) per QALY gained recommendation
McKennaetal  Postmyocardial  Evaluation of Spironolactone  Patients with symptoms  Mode/ type Data were derived  Lifetime treatment: Future RCTs should directly
(16) 2010 infarction heart  spironolactone and Eplerenone ~ and/or signs of HF and ~ Markov fomRCTsand ~ £7,893 compare spironolactone
failure (post-MI eplerenone versus left ventricular Time horizon observational  (eplerenone vs. standard care) ~ and eplerenone to provide
HF) standard care dysfunction lifetime studies Spironolactone was extendedly ~ more robust evidence on
Discounting Expert opinion dominated by eplerenone the opfimal management
ves yes of post-MI HF patients
Perspective
UK NHS and
personal social
Services
Primary outcome
QALY
Pandor et al Inborn errors of ~ Evaluation of (i) tandem  Tandem mass (i) Number of specimens ~ Mode! type Published (i) Range of costs reported Further research is needed to
(36) 2004 metabolism mass spectrometry spectrome-  from neonates varied ot reported and routine data, depending on assumption; ascertain the natural
(MS)-based neonatal ~ fry in the analysis (i) explicitly and dafa from (i) Addition of MCAD resultedin history of the conditions,
screening; (i) 100,000 screened Time horizon two RCTs a cost saving af 523,312 and the economic impact,
extending the cohort lifetime Expert opinion with a gain of 59 life-years for the other metabolic
conditions to be Discounting yes for each cohort. Other ICERs ~ disorders
screened to include yes were reported for addition of
medium-chain Perspective more conditions in screening
acylcoenzyme A sodietal programme
defydrogenase Primary outcome
(MCAD) and others in oy
addition to
phenylketonuri
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Table 1. Continued.

Model type/
Time horizon/ Primary data
Discounting/ source/Expert
Perspective/ opinion Future research
Author /year Disease/condition  Economic study aim [nfervention Study population Primary outcome (yes/no) ICER (£) per QALY gained recommendation
Robinson etal  Acute coronary  Evaluation of altemative ~ Clopidogrel ~ Patients with non-ST Model type Data from the £5,738 Future research should
(31) 2005 syndrome strategies for the initial Low molecular  elevation ACS in decision tree; PRAIS-UK, Leeds  (Strategy 1 vs. 4) compare GPAs with
(ACS) medical management  weight England and Wales  Markov PCl qudit, and  Dominated clopidogrel as an adjunct
of non-ST elevation heparin Time horizon RCTs (Strategy 2 vs. 4) to standard care
ACS Hirudin lifetime Expert opinion £25,811
Infravenous Discounting yes (Strategy 3 vs. 4)
glycoprotein yes
antagonists Perspective
(GPAs) UKNHS
Primary outcome
QALY
Rodgers etal ~ Atrial fibrillation  Evaluation of radio RFCA Adults with symptomatic ~ Model type Meta-analytic Ranged from £23,000 fo Any future RCT comparing
(32) 2006 (AF) and typical ~ frequency AF or adults with decision free; approaches £38,000 RFCA with antiarrhythmic
atrial flutter ~ catheter ablation (RCFA) typical atrial flutter Markov were used o (vs. antiarthythmic drug drug therapy for the
for the curative Time horizon synthesize therapy) treatment of AF or typical
treatment 12 months and evidence from afrial flutter should collect
lifetime three RCTs and quality of life and
Discounting data from other sympfom scores
yes sources
Perspective Expert opinion
UK'NHS and yes
personal social
SeIVices
Primary outcome

QALY
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Table 1. Continued.

Model type/
Time horizon/  Primary data
Discounting/ source,/Expert
Perspective/ opinion Future research
Author /year Disease/condition ~ Economic study aim Intervention Study population Primary outcome (yes/no) ICER (£) per QALY gained recommendation
Rogowski et al ~ Non-ST-elevation  Evaluation of optimal ~ Clopidogrel for  Patients with NSTEACS ~ Mode/ type Data from the ICER of 12 months” duration ~ Future RCT should determine
(33) 2009 acute coronary  duration of clopidogrel 12 months decision tree; CURE study, ranged between £13,380 optimal duration of
syndrome treatment Markov published and £20,661 across the clopidogrel freatment and
(NSTE-ACS) Time horizon sources, and different scenarios and ICER ~ compare different
12 months and RCTs of 12 months’ treatment durations of clopidogrel
lifefime Expert opinion with clopidogrel ranged treatment in patients with
Discounting yes between £49,436 and NSTE-ACS
yes £58,691
Perspective
UK NHS
Primary outcome
QALY
Soares et al Severe sepsis and  Evaluation of intravenous  IVIG Adults with severe sepsis ~ Model type Data from the £20,850 Future research should focus
(34) 2012 septic shock immunoglobulin (IVIG) or septic shock decision free; ICNARCCMP~ (vs. standard care) on filling the knowledge
Markov database, gaps to inform a future
Time horizon survey data on multicentre RCT prior fo
lifetime management of recommending its
Discounting admissions with immediate design and
yes Severe sepsis, conduct
Perspective and from
UK'NHS and sixteen RCTs
personal social  Expert opinion
services yes
Primary outcome
QALY
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Table 1. Continued.

Author /year

Disease/condition  Economic study aim

Infervention

Study population

Model type/
Time horizon/ Primary data

Discounting/ source,/Expert
Perspective/ opinion
Primary outcome (yes/no)

ICER (£) per QALY gained

Future research
recommendation

Speight et l
(17) 2006

Oral Evaluation of alterative

cancer oral cancer screening
programmes
(strategies B to H)
versus no screening
(strategy A)

(B)
invifational
screen —
general
medical
practice
(GMP);

(C) invitational
screen —
general
dental
practice
(GDP);

(D) opportunis-
fic screen —
GMP;

(E) opportunis-
fic screen —
GDP;

(F) opportunis-
fic high-risk
screen —
GMP;

(6) opportunis-

fic high-risk
screen —
GDP;

(H) invitational
screen
specialist

Hypothetical population
over the age of 40
years

Model type Data from

Markov published
Jime horizon sources and
lifetime observational
Discounting dutasets

yes Expert opinion
Perspective yes

UK NHS

Primary outcome

QALY

Whole population aged 7079 Further study is needed on

years:

£15,790

(G vs. A)

£16,443

(Fvs. 6)

£18,046

(Dvs. F)

Strategies B, C, E and H were
ruled out by dominance or
extended dominance

malignant transformation
rates of oral potentially
malignant lesions and to
determine the outcome of
treatment of oral
potentially malignant
lesions

4o uppnyoyy



https://doi.org/10.1017/S0266462314000701

ssaud Alssanun sbprique) Ag auljuo paysiiand L0000 LEZ9¥99205/£101°0L/BI0 10p//:sd1y

99¢

10 ‘9-08 34D HIYIH NI INIWSS3SSY A9OTONHIL 40 °T “1INI

Table 1. Confinued.

Model type/
Time horizon/ Primary data
Discounting/ source/Expert
Perspective/ opinion Future research
Author /year Disease/condition ~ Economic study aim [nfervention Study population Primary outcome (yes/no) ICER (£) per QALY gained recommendation
Stevenson et al  Osteo-porotic Evaluation of Vitamin K Postmenopausal women ~ Mode/ type Data from RCTs, ~ Women aged 50-54 years ~ Further research is required
(37) 2009 fractures vitamin K versus placebo with individual published with a T-score of 2.5 SD o reduce the uncertainty
or no treatment osteoporosis/ osteopenia  patient-hased sources, and and no previous fracture: over whether vitamin K is
sfafe transiion~~ meta-analysis ~ €15,239 more cost-effective than
model Expert opinion (vitamin K vs. no treatment) alendronate
Time horizon ot clear £17,653
10-year (alendronate vs. no treatment)
Discounting Women aged 50-54 years
ves with a T-score of 2.5 SD
Perspective and with a previous fracture:
not reported £7,500
Primary outcome (vitamin K vs. no freatment)
oy £8625
(alendronate vs. no treatment)
Stevenson etal  Postnatal Evaluation of group (BT eight Women in the Model type Published studies ~ £46,462 Further research is required
(38) 2010 depression cognitive behavioural ~ weekly postpartum period up  simple (linear) including one ~ (vs. routine primary care) to compare group (BT
(PND) therapy (CBT) 2-hour to 1 year mathematical ~ RCTs with individual treatment
sessions model Expert opinion as this may be preferable
Time horizon ot clear or more efficacious in
12 months some cases, and with
Discounting other psychological
no therapies
Perspective
not reported
explicitly
Primary outcome
QALY
Thompson-Coon ~ Cirthosis to defect  Evaluation of surveillance  AFPand/or  People aged 70 years or -~ Model type Published studies  Ranged between £20,700 and ~ Alternative modelling
etal (24) hepato-cellular ~ using periodic serum liver US less with a diagnosis of  Markov including RCTs £27,900 methods should be used
2007 carcinoma alfafetoprotein (AFP) compensated cirthosis  Time horizon Expert opinion (vs. no surveillance), but some  to account for
(HCO) testing and /or liver who were also eligible  [ifetime yes options were dominated heferogeneity in the
ultrasound (US) fo enter a surveillance  Discounting when an extended patient population
examination programme yes incremental analysis was
Perspective performed
UK'NHS
Primary outcome

QALY
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Table 2. Summary of VOI Methods Used in HTA Reports

Vol Assumed Conclusion
analysis ~ Lifetime of Reason for sample including VOI
Author /year fype technology lifetime size Individual EVPI Population EVPI Ceiling ratio suggestion
Bhattacharya et al (18) 2011 EVPI 5 years Based on NICE Not reported €426 Not reported Not reported No
(644 Guideline
Black et ol (19) 2009 EVPI 10 years Not reporfed 500,000 Not reported £60m (from graph) £30,000 Not reported explicitly
EVPPI
Brush et al (28) 2011 EVPI 2 years Expert opinion 13,315 Less than £2 £70,000 £30,000 Not reported explicitly
Carlfon et al (14) 2008 EVPI 10 years Not reporfed 2,600,000 Not reported Plotted on graph Various rafios No
Castelnuovo et al (30) 2006 EVPI 15 years Not reported 10,000 Not reported £16.9m £30,000 No
EVPPI
Chen et al (29) 2012 EVPI 10 years Not reported Ranged between ~ Not reported Ranged between £14.4mand ~ £20,000 Yes
50,000 and explicitly €144 5m® and between
500,000 £979m and £9.8b°
Clegg et al (27) 2010 EVPI 10 years Expert opinion 2,000,000 Not reported £3m (from graph) £30,000 No
EVPPI
Colboum et al (26) 2007 EVPI 10 years Not reporfed 680,000 Not reported Ranged between £35.4mand  £30,000 Yes
EVPPI £63.5m
EVSI
Collins et al (20) 2007 EVPI 1.5years  Inline with NICE 2,748 Not reported £13.4m £30,000 No
technology
appraisal
Foxetal (21) 2007 EVPI 7 years Expert opinion 6,300 157 £6.2m £30,000 Not reported explicitly
EVPPI
Garside et al (22) 2006 EVPI 10 years Not reported 5,692 €148 £6.5m £30,000 Yes
EVPPI
Grant et al (15) 2008 EVPI 5 years Not reported 160,000 £15,106 £300m £30,000 Yes

EVPPI

4o uppnyoyy
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Table 2. Confinued.

VoI Assumed Conclusion

analysis ~ Lifetime of Reason for sample including VOI

Author /year fype technology lifetime size Individual EVPI Population EVPI Ceiling ratio suggestion

Harris et al (35) 2011 EVPI 10years  Not reported 308,000 Not reported £37m £20,000 No
EVPPI explicitly £170m £30,000

Hewitt et al (25) 2009 EVPI 10 years Not reported 5,676,459 Not reported £40.1m £30,000 No
EVPPI

McKenna et al (23) 2009 EVPI 10 years Not reported 68,088 £440.16 £48.7m £30,000 Yes
EVPPI
EVSI

McKenna et ol (16) 2010 EVPI 10 years Not reported 258,465 £3,172 £820m £10,000 Yes

£4.893 £1.3b £20,000
g6,764 g€1.7b £30,000

Pandor et al (36) 2004 EVPI 5 years Not reported 700,000 Not reported £91,416 £1,000 No
EVPPI

Robinson et al (31) 2005 EVPI 5 years Not reported 59,756 £42.97 £11.5m £30,000 Yes

Rodgers et al (32) 2006 EVPI 10years  Not reported 1,000 £2.02 £17,288 £30,000 No
EVPPI

Rogowski et al (33) 2009 EVPI 10years  Not reported 515,000 Not reported £108.5m £30,000 Not reported explicitly
EVPPI

Soares et al (34) 2012 EVPI 10years  Not reported 33,160 Ranged between  Ranged between £393mand ~ £20,000 Yes
EVPPI £€1,377 and £1.4b
EVSI €479

Speight et al (17) 2006 EVPI 10years  Not reported 800,000 Not reported Ranged between £8m and £20,000 Yes
EVPPI £462m

Stevenson et al (37) 2009 EVSI 10years  Not reported 50,000 Not applicable Not applicable Not applicable Yes

Stevenson et al (38) 2010 EVPI 10 years Not reported 1,200,000 £53.5 £64m £30,000 Yes
EVPPI

Thompson-Coon et al (24) 2007 EVPI Not reported  Not reported Not reported Less than £27 Not reporfed Not reported No

%Single electronic aids treatment effects.
bMultiple electronic aids treatment effects.
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(14;16;18;20;24;28;29;31) conducted EVPI analysis alone, and
one study (37) conducted EVSI analysis alone. The descrip-
tion of the VOI method(s) used was then assessed in terms of
whether the following key assumptions were reported explicitly:
assumed lifetime of the technology, stated size of the relevant
population to estimate population EVPI and the stated thresh-
old value of cost per quality-adjusted life-year (QALY) (ceiling
cost-effectiveness ratio).

More than half of the studies (n = 16) assumed a 10-year
lifetime for the technology in the EVPI calculation. The range
of'assumed lifetime for the technologies was between 1.5 and 15
years, and 5 studies (18;20;21;27;28) gave some reason for the
selection of the lifetime used. One study (24) did not report the
assumed lifetime of the technology. Of the five studies that gave
some reason for the selection of the lifetime used, these were
based on expert opinion in three cases (21;27;28) and in one case
to keep the analysis in line with a published NICE technology
appraisal (20). One case did cite a reference in support of the
assumed value (18).

Two studies (18;24) did not report the EVPI at population
level. The individual level EVPI was reported explicitly by ten
studies. One study (36) assumed a ceiling ratio of just £1,000
per QALY gained as the willingness to pay threshold, while
the majority of the studies (n = 17) assumed a ceiling ratio of
£30,000 per additional QALY gained. This value is the upper
limit of the threshold range of ceiling ratios (£20,000 to £30,000
per QALY gained) used in the context of NICE decision mak-
ing to interpret whether an intervention is a cost-effective use
of NHS resources. Of interest, only eleven of the twenty-five
HTA reports (15-17;22;23;26;29;31;34;37;38) that had used
VOI method(s) reported clear recommendations regarding the
interpretation of the analysis presented.

DISCUSSION

This review has shown that VOI methods are used in NIHR-
commissioned HTA reports using model-based economic evalu-
ations to identify and quantify the incremental costs and benefits
of new healthcare technologies. We focused on the application
of VOI methods in the context of nationally funded-research
under the jurisdiction of England and Wales. It would be inter-
esting to compare the identified use of VOI methods with other
jurisdictions, across Europe, in the United States and Australa-
sia, but this aim was beyond the scope of this current study and
in some instances would involve language-translation of reports
to extract the data needed.

Broadly, the identified VOI methods were based on the
assumption that quantitative prioritization could help assist the
performance of research to address the research gaps. The num-
ber of HTA reports that had used some form of VOI methods
is, however, still very small compared with the number of pub-
lished reports. In March 2014, when the search was conducted
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there were some 512 published HTA reports listed on the HTA
Web site but just two-fifths of these studies used systematic re-
view and model-based evaluations and thus, potentially eligible
for using the VOI method(s).

Of the 203 systematic review and model-based evaluation
HTA reports just 25 had used some form of VOI methods.
This finding of relatively low levels of use of VOI method(s)
in practice has to be interpreted in the context that VOI has
only been recognized as a method potentially relevant for using
in a national research prioritization context since 2004, when
Claxton et al. (6) published the first pilot study that explored
if, and how, to apply the methods. The frequency of the use of
VOI methods in HTA reports in England and Wales does not
appear to be increasing at a faster pace over time. The reason
for the observed lack of increase in the use of VOI is not known
and is a possible topic for further research. Suggested reasons
could be a reflection of a constant number of VOI studies been
funded for completion by existing research groups familiar with
the method or alternatively, could indicate a note of caution on
the part of the NIHR funding body in terms of the volume of
commissioned studies including VOI.

The most common types of VOI methods used were EVPI
and EVPPI. There were very few examples of using EVSI in the
context of HTA reports, which is undoubtedly a reflection of the
level of computation and technical complexity associated with
this analysis. Very few studies reported clear recommendations
regarding the interpretation of the VOI analysis presented. The
studies differed in terms of their style of reporting and it was
not always transparent in relation to which assumptions had
been used when conducting the VOI method(s). The omission
of explicit reporting of these key assumptions has clear impli-
cations for decision makers wanting to understand if the VOI
method(s) presented is relevant to their view of clinical practice
in their locality in terms of the lifetime of the technology and
the assumed population size. Of interest, there seemed to be no
standard assumption regarding the lifetime of the technology.
This lack of standardization may be appropriate and a reflection
of the types of technologies included in the analysis covering a
wide range such as medicines, surgical procedures, diagnostics,
and devices.

Two arguments could be put forward for the choice of ceil-
ing ratio. The choice of the £30,000 per QALY gained thresh-
old is based on experience of decision making in the context
of NICE technology appraisals. The most surprising omission
from the majority of the HTA reports was a section that provided
decision makers with a clear interpretation of the meaning of the
VOI analyses for future research. Only a few studies put the esti-
mated values of information in the context of the predicted cost
of future research studies or provided a process by which the
VOI analyses could be used to inform future research prioriti-
zation. It seems that although VOI methods are being included
in HTA reports in the United Kingdom, they are not always
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being reported explicitly and in a way that decision-makers
find accessible. This is a topic for further research requiring
qualitative exploration of the relevance and use of VOI methods
in clinical and policy practice.

Notwithstanding the interesting results, our analysis has
some limitations. First, we excluded economic analyses that
proposed priorities for further research based on sensitivity anal-
ysis, but which did not include any VOI analysis. Second, we
did not attempt to assess the quality of the included HTA reports
owing to the fact that we are not aware of any validated system
to value reports of research prioritization methods. Third, we
did not verify whether any of the HTA reports implemented the
research gaps identified through a VOI analysis.

CONCLUSION

This review has shown that VOI is used as a method in NIHR-
funded HTA reports albeit in a relatively small number. Im-
portantly, the level of detail of reporting of the VOI methods
varied and in some instances key aspects of the assumptions
underpinning the analysis were not reported explicitly. We ar-
gue that this may limit the ability of a decision maker reading
the published HTA to interpret and assess the relevance of the
results of the VOI to their own funding decisions. Further re-
search is necessary to understand if, and how, VOI methods are
used in different jurisdictions and whether decision-makers can
and have interpreted the findings of the published VOI analy-
ses. The relevance and use of VOI methods to inform research
prioritization in the context of HTA is an important topic for
further research.
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