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Abstract

Background: A new health care technology must be cost-effectivein order to be adopted. If evidence regarding cost-effectiveness
is uncertain, then the decision maker faces two choices: (1) adopt the technology and run therisk that it isless effective in actual
practice, or (2) reject the technology and risk that potential health is forgone. A new depression eHealth service was found to be
cost-effective in a previously published study. The results, however, were unreliable because it was based on a pilot clinical trial.
A conservative decision maker would normally require stronger evidence for the intervention to be implemented.

Objective: Our objective wasto evaluate how to facilitate service implementation by shifting the burden of risk dueto uncertainty
to the service provider and ensure that the intervention remains cost-effective during routine use.

Methods: We propose arisk-sharing scheme, where the service cost depends on the actual effectiveness of the serviceinreal-life
setting. Routine efficacy data can be used as the input to the cost-effectiveness model, which employs a mapping function to
translate a depression specific score into quality-adjusted life-years. The latter is the denominator in the cost-effectiveness ratio
calculation, required by the health care decision maker. The output of the model is a“value graph”, showing intervention value
as afunction of its observed (future) efficacy, using the €30,000 per quality-adjusted life-year (QALY) threshold.

Results: Wefound that the eHealth service should improve the patient’s outcome by at least 11.9 points on the Beck Depression
Inventory scalein order for the cost-effectiveness ratio to remain below the €30,000/QALY threshold. The value of asingle point
improvement was found to be between €200 and €700, depending on depression severity at treatment start. Value of the eHealth
service, based on the current efficacy estimates, is€1900, which is significantly above its estimated cost (€200).

Conclusions: The eHealth depression service is particularly suited to routine monitoring, since data can be gathered through
the Internet within the service communication channels. This enables real-time cost-effectiveness evaluation and alows a
value-based price to be established. We propose a novel pricing scheme where the price is set to a point in the interval between
cost and value, which provides an economic surplus to both the payer and the provider. Such a business model will assure that a
portion of the surplus is retained by the payer and not completely appropriated by the private provider. If the eHealth service
wereto turn out less effective than originally anticipated, then the price would be lowered in order to achieve the cost-effectiveness
threshold and this risk of financial loss would be borne by the provider.

(J Med I nternet Res 2014;16(2):€67) doi: 10.2196/jmir.2592
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Introduction

Pricing and reimbursement decisions for new health care
interventions are key to patient accessto these treatments. Once
an intervention is approved (based on evidence of its safety,
efficacy, and quality), decision makers are faced with finding
the value of the new treatment. Value statements are based on
the objective of the health care system, which is normally
maximization of health. Cost-effectiveness (CE) analysis is
used to calculate the costs per unit of health (ie, quality-adjusted
life-year [QALY]) for a given intervention. Generally, an
intervention is considered cost-effective if its incremental
cost-effectiveness ratio (ICER; unit: €/QALY) is below a
predetermined threshold.

The level of CE threshold, adopted by the United Kingdom’s
National Institute for Health and Care Excellence (NICE) lies
in the range of £20,000-£30,000 per QALY [1]. A recent study
reduced the estimate to £18,317 per QALY [2]. Interventions
with an ICER below this range are generaly deemed
cost-effective. Interventions exceeding thisrange do not present
good value for money and would generally not beimplemented,
unless there is significant value shown in other domains (such
aslow budget impact or atreatment for apriority disease area).
The existence of such an explicit cost-effectiveness threshold
provides a clear and predictable signal of value to the private
sector (ie, drug manufacturers) because it specifieswhat decision
makers will regard as being cost-effective [3]. A value-based
approach enables companiesto reducetheir pricesto levelsthat
assure that their products are cost-effective. On the other hand,
companies may respond to such apolicy by raising their prices
well above the production costs if the perceived value of the
product isstill high[4]. In either case, the decision maker’s goal
is achieved, since health is purchased at a price below the
cost-effectiveness threshol d.

The reimbursement process has traditionally been binary: an
intervention iseither reimbursed or not. However, policies have
emerged that expand the options, for example, linking coverage
to evidence development [5]. Where data are insufficient to take
an informed view on cost-effectiveness, then a risk-sharing
approach could be adopted. This would require the company
and payer to agree to a contract where the cost of the drug is
reimbursed, contingent on claims of clinical effectivenessbeing
realized in practice. If expected outcomes are not achieved,
priceswould need to be changed [6]. Thereisasurge of interest
in risk-sharing schemes between hedth care payers and
pharmaceutical companies in Europe. Performance-based risk
sharing could produce efficient market equilibrium, achieved
by adjustment of the price and post-launch evidence collection
[7]. The effectiveness of the existing contracts, however, is
limited, particularly due to high administration costs, lack of
transparency, and conflicts of interest [8].

The intervention studied here is a novel eHealth service to
support the treatment of patients with depressive symptoms,
which aimsat improving medi cation adherence and collaborative
care management by combining Web-based and mobile-based
systems. The eHealth service is applied in addition to the usual
care over the Internet and mobile phones and allows active
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patient engagement and care management performed by trained
psychologists and has been described previously [9]. Details
ontheintervention areincluded in Multimedia Appendix 1. The
intervention was found to be very cost-effective in a previous
study [10] with an ICER of €1430/QALY. There was, however,
a high degree of uncertainty because efficacy data were based
on asmall pilot trial (46 patients) with high attrition. Varying
assumptions regarding dropout pattern resulted in significantly
lower cost-effectiveness [10]. Evidence regarding long-term
benefits resulting from routine use is not available, and the risk
that the same efficacy is not realized in real life would have to
be borne by the payer if the treatment were to be reimbursed
based on the existing data. Since socia decision makersare not
risk taking [11], we examine how thisrisk could be shared with
(or shifted to) the service provider.

The purpose of our paper isto identify if and how an efficient
risk-sharing scheme for a new depression treatment can be
implemented. The objective of the agreement is to guarantee
that the payer purchases health at acost bel ow the CE threshold.
Our aim is to provide a clear definition of (1) what data need
to be collected during routine use as well as how these data are
used to calculate real-time cost-effectiveness, and (2) how the
priceisadjusted in order to meet the CE threshold.

Methods

Design

We propose a performance-based risk-sharing agreement to
provide coverage “only in research” [12]. This means that the
intervention is reimbursed only on condition that efficacy data
are gathered for every patient during routine use. The objective
is to periodically recalculate cost-effectiveness of the service
based on the obtained data and adjust its price accordingly. If
the recalculated | CER exceeds the CE threshold, the priceisto
be reduced. On the other hand, if the recal culated ICER isbelow
threshold, the price may be increased and the surplus shared
between the payer and provider.

Evidenceto be Collected During Routine Use

Intervention efficacy is currently the main source of uncertainty.
Long-term improvement of quality of life should thus be
investigated during routine use. We propose that decline of
depression severity be monitored by the Beck Depression
Inventory (BDI-I1) scale[13], self-administered by the patients.
Asevauated in the pilot trial [9], the BDI scoreis collected at
enrollment and at regular intervalsduring use. The questionnaire
can be applied viathe Health service platform and requires very
few additional resources. Current mean estimates of BDI
improvement, based on the pilot trial are shown as box-plotsin
Figure 1. The average BDI score for patients entering the trial
was 29 (“initial BDI”). Half ayear later, the score was reduced
to 18 and 10 for the control and treatment arms respectively.

A previously published mapping function [10] is then used to
convert BDI score into quality of life weight (Figure 1).
Mapping of BDI scores onto the QALY scale is encouraged,
since generic instruments such as EQ-5D lack sensitivity in
measuring quality of life in mental disorders [14]. Collecting
both EQ-5D and BDI data would be useful in order to validate
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the existing mapping function. Mapping BDI data onto QALY
in the pilot trial (Figure 1) resulted in a mean initial QALY
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weight 0.53, which increased to final values 0.72 and 0.83 for
the control and treatment arm respectively.

Figure 1. Box-plotsof BDI scoresfor patients, entering the pilot trial (initial BDI) and treatment/control groups at the end of the pilot trial (piecewise
linear line shows how BDI score [horizontal axis] is mapped onto the QALY scale [vertical axig)]).
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Price Recalculation

How and when the evidence will be used to adjust the price
should be clearly stated in the agreement. A previously
published cost-effectiveness model [10] is used in order to
calculate intervention value based on the data gathered along
routine use. The economic model is detailed in Multimedia
Appendix 1. Patients BDI score improvement dictates the
amount of QALY's gained (through the mapping function in
Figure 1). A cost-effectiveness threshold of €30,000/QALY is
used as an example in our calculations but would be adapted
according to the payers threshold. Explicitly stating the
threshold monetary valuefor aQALY inturnallowscalculation
of the value of intervention. The price paid by the health
authority should reflect the intervention’s value, regardless of
the cost borne by the provider (which is estimated at €200 per
patient). Figure 2 shows how the price would be set, depending
on the actual efficacy (BDI depression score reduction). The
plot has two distinct regions, separated by the threshold BDI
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€30,000/QALY (using the pilot trial BDI data, where control
group BDI score improved by 10.9 points on average). In the
low efficacy range (<11.9 BDI points), the provider is expected
to reduce the price so that it does not exceed the intervention’s
value. Such a scenario would represent financial loss to the
provider, since the price would have to be set below the actual
intervention cost. On the other hand, if it turned out that efficacy
is higher (>11.9 BDI points), intervention value would exceed
its cost. The price could be raised in this case to a level not
exceeding intervention value. Such a model would allow the
total economic surplus (value minus cost) to be shared between
the payer and provider. A portion of the surplus would go to
the payer, since the intervention’s value would exceed its price.
The provider, on the other hand would retain the difference
between the price charged and the intervention cost as profit.
Theactua service efficacy found in the pilot trial wasa 19-point
improvement on the BDI scale for the treatment arm. This
translates into avalue of €1900 (per patient per year), whichis
significantly above the estimated service cost.
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The current market level of private appropriation in health
technologies was estimated at about 15% [4]. An appropriate
ratio of payer versus provider surplus would have to be agreed
upon and would depend for instance on the perceived risk of
provider loss and the amount of research and development
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investment in the creation of the service. Such an agreement
would also prevent the service provider from gradualy
increasing the price until the cost-effectiveness is at (or just
below) the threshold level.

Figure 2. Relation between intervention value, price, and cost, depending on the actual efficacy (BDI improvement) during routine use (intervention
value calculated using €30,000/QALY threshold; shaded regions depict provider loss and social surplus, shared between the provider and payer at an
exampleratio of 1:1[50% private appropriation level, intervention cost at €200 per patient]).
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Data Collection

The key issue to be addressed is how to ensure a transparent
mode of data collection. Practicality, small administrative
burden, and low costs dictate that data be gathered through the
provider's IT system. Means of ensuring data integrity would
have to be set in place, asthereis aclear conflict of interest if
the provider is also the data collector. The data generation
scheme would also need to provide control group data, since
there is only a small historical control group available so far.
This callsfor arandomized design where an appropriate target
control group size would need to be prespecified.

An important issue in analyzing the pilot trial data was how to
handle a large body of missing data. Dropout rates up to 60%
were observed [9] and should be reduced during routine use to
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reach a prespecified minimum response rate. M easuresto reduce
missing data could include arun-in period, limiting participants

burden in the data collection stage, and collecting data a so for
dropouts [15]. A major methodological issue to be addressed
ishow to handle missing datain the statistical analysis. The use
of available casesfor four aternative dataimputation scenarios
in the analysis of pilot trial data resulted in markedly different
estimates of ICER. Handling missing BDI data should clearly
be specified when calculating price adjustment, as well as a
sengitivity analysis performed with alternative methods to check
the robustness of results[16].
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Discussion

Principal Findings

New drugs could have asubstantia beneficial impact on service
delivery and patient safety in practice, but it has been difficult
to prove this within the confines of a phase Il1 trial [8]. The
situationissimilar for anovel eHesalth depression service, which
appears to be very cost-effective yet has considerable
uncertainty, since efficacy dataare available only from asingle
pilot clinical trial. The decision maker must now consider
whether the benefits of immediate access to the technology
exceed the potential risk of the service being cost-ineffective
inrea practice. If the serviceisnot implemented, aconsiderable
amount of health may be forgone. On the other hand, if the
service is implemented and turns out to be less cost-effective
in actual practice, money invested could have been better spent
on other health care interventions.

Due to its nature (applied over the Internet and mobile
technologies), the eHealth depression service lends itself to
routine data collection. In fact, many eHeath and mHealth
interventions allow collection of effectiveness data during
routine use, particularly if effectiveness can be self-reported by
the patient, for instance by questionnaires. Such data can be
very useful for an economic or any other evaluation, as it does
not suffer from sampling limitations (ie, it effectively samples
the whole treated population). This opens an array of options
for market entry, such as risk-sharing agreements.

We propose that effectiveness data be gathered throughout
routine use, once the service is launched. These data points, in
turn, can be used to iteratively reassess the intervention’s
cost-effectiveness. Thisallows arisk averse payer to be charged
with a price no higher than the value it represents. There has
been a lot of skepticism regarding risk-sharing agreements,
propelled by the UK multiple sclerosis patient access scheme,
which was perceived as a “costly failure” [17]. We have thus
addressed components of a potential risk-sharing agreement,
most likely to be critical to its effectiveness. Three key aspects
were how to ensure transparency of data collection and
evaluation, handling of missing data, and obtaining control
group data.

The core component of the proposed scheme is price
recal culation based on the observed effectiveness. Thisiswhere
risk is shared between the provider (price goes down if
effectiveness is low) and the payer (price increases if the
observed valueis high). The price ceiling is set with regards to
the explicit cost-effectiveness threshold, set by the decision
maker. This ensures that the service represents good value to
the payer. Furthermore, we propose a novel business model of
surplus sharing between the payer and the service provider. An
appropriate provider/payer surplus ratio ensures that a portion
of the profits due to high cost-effectiveness is appropriated by
the payer (health insurance) and that the service provider till
retains an incentive to optimize the service in order to achieve
high effectiveness.
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Limitations

The service provider would benefit from patient sel ection based
on their initiadl BDI score. The value of a BDI point is not
uniform across the whole BDI range (Figure 3) due to varying
slope of the mapping function (Figure 1). This could give the
provider an incentive to include patients only with initial BDI
scoresat around 25, since thiswould maximizetreatment effect
and value.

Another shortcoming is source of cost data used in the health
economic model. Costs due to depression states were taken
from a similar intervention in the United Kingdom, and these
may be different in other settings. Although ICER was found
to be insensitive to depression-related costs [10], these cannot
be ignored, particularly because using the service could
encourage patients to consume more health care resources
(specidist visits, drugs, etc). Depression costs are significant
in the indirect domain (productivity loss from absenteeism and
presenteeism). These costs are not included in the model and
would likely be reduced by treating depression. A conservative
approach would thus assume that any potential cost increase
due to higher health care consumption due to service would be
offset by areductioninindirect costs dueto health improvement.

Voluntary consent to research, free of coercion, or penalty for
refusal isabasic requirement for research involving competent
adults [18]. When atreatment is offered in research only, this
may have ethical implications [19]. If a patient was to decline
reporting BDI data, would they still be €eligible to use the
eHealth service? If not, that may result in patient coercion to
participate in the study. Random allocation to control and
treatment groups could be an ethical issueif the service became
standard treatment, since the service would be denied to patients,
randomized to the control group. They would still receive
treatment as usual but would be denied a potentially effective
eHealth service. If this was deemed unacceptable, then a
randomized control group would not be available. An aternative
control group strategy isto follow up on patients that chose not
to use the service (for instance due to lack of Internet access)
and thus receive treatment as usual.

Our analysisis based on the notion that health (as measured by
quality-adjusted life-years) is the only domain representing
value to the payer. It should be noted that, depending on the
perspective of the decision maker, other domains should also
be taken into account, including severity of illness, unmet
medical need, and wider societal considerations such asimpacts
on caregivers and equality [20]. Since value in other domains
is difficult to monetize, we excluded them from the analysis.

Service cost is one of the variables in the price recalculation
model. The current rough estimate of intervention cost is €200
per patient. The actua intervention cost (per patient) during
routine use is likely to depend on the total number of patients
enrolled in the program. Since cost is known only to the service
provider, this could be exploited in order to achieve a higher
price.

JMed Internet Res 2014 | vol. 16 | iss. 2| €67 | p. 5
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

Naversnik & Mrhar

Figure 3. Vaueof aBDI point improvement (treatment minus control) as a function of the patient'sinitial BDI score (cal culation based on a treatment

effect of 10 BDI points).
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We have shown how to shift the risk due to uncertainty from
the health care payer to the service provider. Such an agreement
requires a value-based pricing scheme and continuous efficacy
monitoring throughout routine use. The latter is easily

patient-reported measure of health is available. We proposed a
flexible pricing scheme that allows economic surplus to be
shared between the payer and provider in case of high treatment
efficacy during routine use and allows the payer to avoid any
potential lossin case of low efficacy.
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