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Implementing Interventions with Varying

Marginal Cost-Effectiveness: An Application
in Precision Medicine

Stuart J. Wright , Mike Paulden, and Katherine Payne

Purpose. A range of barriers may constrain the effective implementation of strategies to deliver precision medicine. If
the marginal costs and consequences of precision medicine vary at different levels of implementation, then such var-
iation will have an impact on relative cost-effectiveness. This study aimed to illustrate the importance and quantify
the impact of varying marginal costs and benefits on the value of implementation for a case study in precision medi-
cine. Methods. An existing method to calculate the value of implementation was adapted to allow marginal costs and
consequences of introducing precision medicine into practice to vary across differing levels of implementation. This
illustrative analysis used a case study based on a published decision-analytic model-based cost-effectiveness analysis
of a 70-gene recurrence score (MammaPrint) for breast cancer. The impact of allowing for varying costs and benefits
for the value of the precision medicine and of implementation strategies was illustrated graphically and numerically
in both static and dynamic forms. Results. The increasing returns to scale exhibited by introducing this specific exam-
ple of precision medicine mean that a minimum level of implementation (51%) is required for using the 70-gene
recurrence score to be cost-effective at a defined threshold of e20,000 per quality-adjusted life year. The observed
variation in net monetary benefit implies that the value of implementation strategies was dependent on the initial
and ending levels of implementation in addition to the magnitude of the increase in patients receiving the 70-gene
recurrence score. In dynamic models, incremental losses caused by low implementation accrue over time unless
implementation is improved. Conclusions. Poor implementation of approaches to deliver precision medicine, identi-
fied to be cost-effective using decision-analytic model-based cost-effectiveness analysis, can have a significant eco-
nomic impact on health systems. Developing and evaluating the economic impact of strategies to improve the
implementation of precision medicine will potentially realize the more cost-effective use of health care budgets.
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Precision (or stratified or personalized) medicine1 has
been defined as ‘‘an emerging approach for disease treat-
ment and prevention that takes into account individual
variability in genes, environment, and lifestyle for each
person.’’2 In practice, precision medicine is underpinned
by the premise that it is feasible to identify known hetero-
geneity within a disease or population and use this infor-
mation to guide management strategies to improve
health and well-being. Precision medicine, therefore,
requires a mechanism (‘‘test’’ or ‘‘tool’’) that, in theory

and in practice, provides information in addition to the
currently available strategies used to select interventions,
which can be, for example, ‘‘prognostic markers, predictors
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of toxicities and any parameter such as environmental and
lifestyle factors.’’3 These tools can be used to identify infor-
mation about a patient and their disease to predict potential
improved or reduced response to treatments, such as KRAS
gene mutation testing to target cetuximab,3 or higher risk of
side effects, such as CYP2C19 testing to guide the dose of
warfarin to reduce major bleeding complications.4 Precision
medicine, in general, and the use of tests to inform the pre-
scribing of medicines (test-treat interventions), specifically,
have been suggested to have economic benefits by targeting
interventions only to those patients who will accrue benefits
and/or are less likely to experience severe adverse drug
reactions.5

Cost-effectiveness analysis can provide evidence about
whether new health care interventions, such as test-treat
interventions, represent a good investment by generating
more health for patients receiving precision medicine
compared with the health lost by those from whom fund-
ing is denied or removed.6 Decision-analytic model-based
cost-effectiveness analysis (hereafter CEA) is the corner-
stone of the evidence base in health technology assess-
ment (HTA) reports produced as part of national
decision making processes by bodies such as the National
Institute for Health and Care Excellence (NICE)7 and
the Canadian Agency for Drugs and Technologies in
Health (CADTH).8 A common, but not usually explicitly
stated, assumption underpinning existing CEA is that
marginal costs and benefits are constant.9,10 This as-
sumption of constant marginal changes implies that the
mean incremental costs and incremental benefits of pro-
viding 1 more patient with the new intervention, such as
a test-treat intervention, when compared with each com-
parator are the same regardless of the number of patients
who are treated. The expected mean incremental cost and
incremental benefit of the intervention for each patient
is, therefore, assumed to represent the relative estimated
cost-effectiveness of providing the test-treat intervention
to all patients within a relevant population.

Existing applications of CEA also assume that the
test-treat interventions under evaluation are divisible.11

Being divisible implies that it is possible to allocate preci-
sion medicine to a defined proportion of the relevant
population. In practice, HTA agencies tend to evaluate
new test-treat interventions with the assumption that
they are not divisible to promote equity. Actioning this
assumption results in 2 distinct scenarios in which either
all (or none) of the relevant population will receive the
specified test-treat intervention.12 In some circumstances,
the definition of the relevant population may be a clini-
cally prespecified subgroup of the population, for exam-
ple, a group of patients with a specific genetic mutation
or a known level of disease severity. It has been argued
that due to these assumptions, the cost-effectiveness esti-
mates produced by conventional economic evaluations
represent an estimate of the long-run cost-effectiveness
of precision medicine.13,14 However, in the short run,
these assumptions may not be realistic and the cost-
effectiveness of precision medicine may differ as a result.

It is possible, but improbable, that the entire relevant
population will have access to a test-treat intervention
immediately following a positive HTA recommendation.
A scenario of delayed, imperfect uptake is relevant to
any intervention, but precision medicine provides an
exemplar of some specific challenges. A number of bar-
riers (or capacity constraints) have been identified that
may hinder fully comprehensive and inclusive access to
the introduction of precision medicine: lack of sufficient
laboratories to perform testing, logistical issues with co-
ordinating testing and treatment, and sufficient numbers
of trained laboratory staff, allied health care profession-
als, and clinicians.15–18 Concerns about the capacity of
the National Health Service in England (NHS England)
to provide the required EGFR mutation testing were
raised during a NICE Technology Appraisal of gefitinib
for non–small cell lung cancer.19 Despite assurances at
the time of the appraisal, subsequent evidence in 2014
suggested that only around 50% of eligible patients were
receiving EGFR testing.20 Issues such as geographical
differences in the type of test being offered and long
turnaround times for test results resulting in delayed
treatment were a subsequent feature of NICE technology
appraisals for erlotinib and afatanib.21,22 Such capacity
constraints potentially impede the comprehensive and
inclusive evidence-based introduction (hereafter termed
implementation) of precision medicine with its required
combination of ‘‘test’’ and subsequent ‘‘treatment.’’

Methods are available to quantify the expected value
of the improved implementation of health care interven-
tions using specified strategies, such as investing in the
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required equipment or staff knowledge.23,24 Such ap-
proaches are henceforth referred to as ‘‘implementation
strategies.’’ The evaluation of implementation strategies
by estimating the incremental cost-effectiveness ratio was
originally proposed by Sculpher25 in 2000 and further
developed by Mason et al.26 in 2001. However, a move in
2007 to propose the use of the net benefit framework by
Fenwick et al.,27 formulated by Walker et al.,28 allowed
the calculation of the economic benefit of increasing
implementation rather than a sole focus on quantifying
the relative cost-effectiveness of specific implementation
strategies.

Underpinning these methods is the assumption that
improving implementation results in a net health benefit
from the intervention under evaluation. The gain in net
health benefit of improvement in implementation is then
compared with the cost of the implementation strategy
(activities of the health system to improve implementa-
tion) to quantify whether it is an appropriate use of
health care system resources by estimating the value of
implementation for a defined patient population and
health care budget (VOImp). Two existing (‘‘traditional’’)
value of implementation frameworks (VOImp) are avail-
able that estimate static (VOImp [static]) and dynamic
(VOImp [dynamic]) values.28 The static approach can be
used to calculate the value of using a one-time only
implementation strategy to improve the implementation
of a precision medicine that is cost-effective. The static
approach assumes that all the impact occurs in the first
year. The dynamic approach allows the costs and effects
of the implementation strategy to improve implementa-
tion of a specific intervention across multiple time peri-
ods. In addition, methods exist to inform decisions as to
whether to invest in implementation or additional
research when faced with uncertainty in the parameters
used to generate estimates of cost-effectiveness.29–31

To date, there have been few actual applications of
VOImp, and each has focused on estimating a ‘‘static’’
value,23,24,32 and none has focused on the impact on preci-
sion medicine. Whyte et al.23 estimated the value of using a
2-hour training workshop for clinicians to increase the
implementation of NICE guidelines for natriuretic peptide
testing. Mewes et al.24 calculated the incremental net bene-
fit of implementation activities to increase the use of novel
oral anticoagulants to prevent strokes. This study extended
the VOImp framework to understand the value of imple-
mentation in different subgroups of the patient population.
Faria et al.32 estimated the VOImp of strategies to improve
adherence to exercise guidelines for cancer survivors.

While VOImp methods can aid in decision making
regarding the value of implementation strategies, to date,

no VOImp study has accounted for the potential pres-
ence of varying marginal costs and benefits that are
likely to be a feature of many examples of precision med-
icine that rely on test-treat strategies. If the marginal
costs and benefits of precision medicine vary, then the
cost-effectiveness and value of precision medicine will
vary depending on the degree of implementation. This
study aimed to illustrate the importance and quantify the
impact of varying marginal costs and benefits on the
value of implementation for a case study in precision
medicine. Existing methods to calculate VOImp, using
the static and dynamic forms, are applied to illustrate
the potential impact of accounting for varying marginal
costs and benefits on the relative cost-effectiveness and
value of a specific exemplar of precision medicine to
show how it may be applied to precision medicine more
generally.

Methods

This study uses an adaptation of decision-analytic
model-based cost-effectiveness analysis to understand the
impact of the value of implementation on precision medi-
cine. This section first describes the 2 existing (‘‘tradi-
tional’’) value of implementation frameworks (VOImp),
in both static (VOImp [static]) and dynamic (VOImp
[dynamic]) forms, that each assume constant marginal
costs and benefits.28 The second part of this section
describes how the existing VOImp (static) and VOImp
(dynamic) can be modified to allow for varying marginal
costs and benefits to take account of the potential impact
of capacity constraints on the relative cost-effectiveness
of precision medicine. The third section describes how
the 2 modified VOImp frameworks (static and dynamic)
were applied to a case study in precision medicine to
demonstrate the potential impact of allowing for changes
in the marginal costs and benefits when assessing the
relative cost-effectiveness of an example test-treat
strategy.

Traditional Value of Implementation with
Constant Marginal Costs and Benefits: Static
Form

The value of implementation framework in the static
form (VOImp [static]) values the improved net benefit
that arises from treating an expanding number of
patients following an implementation strategy in a single
time period. The first step in estimating the VOImp (sta-
tic) involves calculating the net monetary benefit (NMB)
of the intervention (see equation (1)):
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NMB= k:DH � DC: ð1Þ

Equation (1) shows how a monetary value per additional
patient treated is calculated by multiplying the incremen-
tal health gained by treating patients with the new inter-
ventions compared to a comparator (DH) by a defined a
threshold value (k) specified for accruing those gains.
The threshold represents a cutoff value for the relative
cost-effectiveness of the intervention compared with cur-
rent practice, for example. £20,000 per quality-adjusted
life year (QALY) gained.33 Any measure of health can
be used, but most published value of implementation
studies have used the QALY as the measure of health.
The incremental cost of treating patients with the inter-
vention rather than the comparator (DC) is then sub-
tracted from the health gain represented as a monetary
value. Note that in the VOImp (static) framework, the
calculated NMB will be the same for each additional
patient, regardless of the level of implementation.

The current value of implementation represents the
value of the intervention to society in terms of the total
incremental net benefit it provides given the proportion
of patients receiving the intervention at the current time.
This (see equation (2)) is calculated by multiplying the
value of NMB by the total number of patients (n) in the
relevant population and the proportion of those patients
receiving the intervention at the current implementation
level (p):

n:p:NMB: ð2Þ

The monetary value of increasing to full implementation
(see equation (3)) is then calculated by subtracting the
number of patient population currently receiving the
intervention (1 – p) from the NMB multiplied by the
total patient population:

n: 1� pð Þ:NMB: ð3Þ

The resulting value represents the potential VOIMp (sta-
tic) associated with increasing implementation using a
specific strategy. In reality, while it is possible for an
implementation strategy to result in full implementation
of the intervention, it is likely that the implementation
level takes some intermediate value. The actual value of
implementation represents the additional incremental net
benefit that will be provided to society after using an
implementation strategy to improve the use of an inter-
vention that is cost-effective. To calculate the value of
actual implementation (equation (4)), the degree of
uptake as a result of the implementation strategy (s)

replaces the assumption of 100% implementation in
equation (3):

n: s� pð Þ:NMB: ð4Þ

The next stage acknowledges the need to take account of
opportunity cost by incorporating the resource use and
cost for the implementation strategy and noting these will
not be available for funding other health care services.
Equation (5) shows how the incremental net benefit of
implementation is calculated by subtracting the cost of
the implementation strategy (I) from the actual value of
implementation (equation (4)):

n: s� pð Þ:NMB� I : ð5Þ

Traditional Value of Implementation with
Constant Marginal Costs and Benefits: Dynamic
Form

The dynamic current value of implementation (VOImp
[dynamic]) outlined by Walker et al.28 takes the follow-
ing form:

XT

t = 1

nt:pt:NMB

(1+ r)t�1
: ð6Þ

The VOImp (dynamic) takes account of the value of
implementation in different specified time periods (t)
measured in annual increments. The time subscripts for
the patient population ((nt) and proportion of patients
currently receiving the intervention (pt) allow for the size
of the relevant patient population to change over time
and for the provision of the intervention to naturally
change by a process known as diffusion.34 The value
gained from the intervention in future years also takes
account of the future value of benefits using a discount
rate (denoted by r). The value of perfect implementation
(equation (7)), actual implementation (equation (8)), and
the incremental net benefit of the intervention (equation
(9)), representing the VOImp (dynamic), are then calcu-
lated by making the simple substitutions used in the sta-
tic framework and adding the time subscript for s:

XT

t= 1

nt: 1� ptð Þ:NMB

(1+ r)t�1
: ð7Þ

XT

t= 1

nt: st � ptð Þ:NMB

(1+ r)t�1
: ð8Þ
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XT

t= 1

nt: st � ptð Þ:NMB� It

(1+ r)t�1
: ð9Þ

Value of Implementation for Interventions with
Varying Marginal Costs and Benefits: Static
Form

Marginal costs and benefits are defined as those accrued
from treating an additional patient. Incremental costs
and benefits are defined as the difference in costs and
benefits accrued from using the new intervention com-
pared with a comparator (current practice). The mar-
ginal incremental costs and benefits are therefore defined
as the additional costs and benefits experienced from
treating 1 more patient with a new intervention rather
than current practice. The assumption of constant mar-
ginal costs and benefits (see equations (4) and (9)) may
provide misleading conclusions about the impact on rela-
tive cost-effectiveness of the new intervention if the mar-
ginal incremental costs and benefits vary at different
levels of implementation. If the marginal incremental
costs (DCp) and benefits (DHp) vary, this will result in a
NMB that depends on the level of implementation:

NMBp = k:DHp � DCp: ð10Þ

The current value of implementation in a static frame-
work with varying costs and benefits (see equation (11))
is similar to that when using a static framework with a
constant NMB (see equation (2)):

n:p:NMBp: ð11Þ

Differences between the constant and variable NMB
approaches begin to appear in the equation for calculat-
ing the perfect value of implementation (equation (12)).
Since the NMB achieved at perfect implementation
(s= 1) and current implementation (p) will be different,
these cannot be collapsed in the way done to produce
equation (3):

n:(NMBs= 1 � p:NMBp): ð12Þ

Similarly, separate NMB figures are required when cal-
culating the value of actual implementation that takes
change in marginal costs and benefits into account:

n:(s:NMBs � p:NMBp): ð13Þ

The value of an implementation strategy is now depen-
dent on the initial and final levels of implementation

rather than simply being the constant net monetary bene-
fit multiplied by the number of additional patients receiv-
ing the intervention. The VOImp (static) features a one-
time implementation investment, and so a single cost of
the strategy (I) can be subtracted to find the incremental
net benefits of implementation:

n:(s:NMBs � p:NMBp)� I : ð14Þ

Value of Implementation with Varying Marginal
Costs and Benefits: Dynamic Form

Varying marginal costs and benefits can also be incorpo-
rated into the VOImp (dynamic) framework by allowing
for the implementation specific levels of NMB (see equa-
tion (10)). The current value of implementation with
varying marginal costs and benefits therefore becomes

XT

t = 1

ntptNMBp

(1+ r)t�1
: ð15Þ

It is necessary to take into account that implementation
can naturally develop through the process of diffusion.
The VOImp (dynamic) will be dependent on the imple-
mentation level and the expected relative cost-effectiveness,
which represents the added net benefit of the proposed
intervention compared with current practice. Therefore,
the VOImp (dynamic) can potentially change over time
without a specific strategy to change implementation. The
value of perfect implementation (equation (16)) and value
of actual implementation (equation (17)) can also be for-
mulated by adding implementation-level specific NMB:

XT

t = 1

nt(NMBs= 1 � ptNMBp)

(1+ r)t�1
: ð16Þ

XT

t = 1

nt(NMBs � ptNMBp)

(1+ r)t�1
: ð17Þ

The time (representing a specific time period, for exam-
ple, year) subscripts on the cost of the implementation
strategy (i) and its level of implementation following an
implementation strategy (s) already allow for these fac-
tors to be nonlinear over time, and this may provide an
additional source of nonlinearity in relative cost-
effectiveness representing the added value of the inter-
vention in different time periods:

XT

t = 1

nt(stNMBs � ptNMBp)� it

(1+ r)t�1
: ð18Þ
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Case Study: 70-Gene Recurrence Score
Test for Breast Cancer

This section describes a case study to show the impact of
considering the value of implementation in precision
medicine while taking account of varying marginal costs
and benefits. This example builds on the work of Retèl
et al.35 that used a published decision-analytic (Markov)
model-based CEA of the 70-gene recurrence score test
(MammaPrint) to guide treatment selection of early che-
motherapy for women at risk of breast cancer recurrence.
MammaPrint is a test that provides a score indicating the
risk of breast cancer recurrence. This score can be used
to inform treatment options that can be stratified based
on this score. Women at high risk of recurrence can
receive adjuvant chemotherapy while those at a low esti-
mated risk can be monitored without experiencing the
potential side effects of chemotherapy.

Retèl et al.35 aimed to anticipate the barriers and facil-
itators to introduce MammaPrint into clinical practice
and developed a range of scenarios that might occur
during implementation. Retèl et al.35 used the Delphi
method to bring together stakeholders in the potential
implementation of the MammaPrint test to understand
the degree of consensus about the potential barriers and
facilitators to its introduction and to determine how
likely it would be that each barrier or facilitator would
occur. An initial list of 10 barriers and facilitators was
produced, and these were then condensed into 3 critical
barriers that were included in the Markov model: techni-
cal failure, noncompliance with discordant test results
(results that do not align with the clinician’s perceptions
of the patient’s risk), and uptake by clinicians. The most
significant barrier proved to be the uptake of the inter-
vention (see Table 1), which produced significantly dif-
ferent incremental cost-effectiveness ratios at different
levels of use of test results by clinicians in decision mak-
ing. MammaPrint was observed to not meet accepted
thresholds of relative cost-effectiveness at the lowest level
of implementation (3%) but became more cost-effective
with increasing levels of implementation due to rising

marginal incremental benefits and falling marginal incre-
mental costs.

The observed varying marginal incremental costs and
benefits of MammaPrint arose due to the presence and
gradual removal of the barriers to implementation. For
example, in the event of technical failure, it was assumed
that 10% of the cost of the MammaPrint was spent with
no concurrent benefit gained. Similarly, when test results
were returned but the clinician did not use the result to
change practice, a cost was incurred but no benefit
gained. These factors result in a higher initial cost per
patient of the test when MammaPrint was implemented
due to technical failure and a lower benefit per patient as
not all of the tests were used to change clinical practice.
As implementation improves over time and these barriers
are removed, the marginal incremental costs reduce and
the marginal incremental benefits increase, thereby
improving the relative cost-effectiveness of MammaPrint.

Static VOImp analysis of MammaPrint with variable mar-
ginal costs and benefits. The selected case study used the
results of a published state transition Markov model-
based cost-effectiveness analysis in which the estimated
variation in the marginal costs and benefits was driven
by including specific barriers and facilitators to the intro-
duction of MammaPrint into clinical practice.36 The pro-
cess, driven by the structure and assumptions of the
decision-analytic model, of how these barriers and facili-
tators generate varying marginal costs and benefits is
likely to be complex. Ideally, access to the decision-
analytic model is required to predict the marginal costs
and benefits of precision medicine at different levels of
implementation. A working version of the state transi-
tion Markov model produced by Retèl et al.35 was not
available in the public domain. Therefore, to provide an
illustrative example for this study in the absence of a
decision-analytic model, the outputs of the analysis pro-
duced by Retèl et al.35 were used. Using these outputs, a
simple meta-model was created using ordinary least
squares regressions to predict the marginal costs and

Table 1 Incremental Cost-Effectiveness Ratios of MammaPrint at Different Implementation Levelsa

Assumed Proportion of Use
of Test Results by Clinicians

Marginal Incremental
Benefits (QALYs)

Marginal Incremental
Cost (e)

Marginal ICER (Compared
with Current Practice)

3% 0.001 1940 e1.9 million per QALY gained
50% 0.0728 1630 e22,388 per QALY gained
92% 0.1492 1171 e7,853 per QALY gained

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.
aSource: Retèl et al.35
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benefits of the intervention at different levels of imple-
mentation of MammaPrint. The 3 data points for the
marginal incremental costs and benefits shown in Table
1 (taken from Retèl et al.35) were used to estimate a lin-
ear function (ordinary least squares [OLS] regression)
that approximates the benefits and costs as a function of
the implementation level (p) (equations (19) and (20)).
Microsoft Excel (Microsoft, Redmond, WA) was used to
perform the OLS regression.

DHp = 0:1662p� 0:006: ð19Þ

DCp = 1996� 860p: ð20Þ

Equation (19) had an R2 value of 0.998, and equation
(20) had an R2 value of 0.980. These 2 R2 values indicate
the estimated OLS regression was a good approximation
of the relationship between the implementation level and
the marginal incremental costs and benefits generated by
the underlying state transition Markov model. These
equations suggest that as implementation of MammaPrint
increases, the marginal health gains will rise and the mar-
ginal costs will fall. More generally, a decision-analytic
model could be run to generate the estimates of marginal
health gains and costs. Using equation (20), in this exam-
ple, the variable NMB can then be predicted as a function
of the implementation level (p) of MammaPrint by substi-
tuting equations (19) and (20) and a threshold value (k)
into equation (10). Using this approach, with a threshold
value of e20,000 per QALY, results in a formula for the
variable NMB:

NMBp = 4184p� 2116: ð21Þ

The positive coefficient before the implementation vari-
able p suggests that there are increasing returns to scale
associated with MammaPrint. In other words, as the
extent of implementation of MammaPrint in the popula-
tion rises, the net monetary benefit of an additional
patient receiving the test-treat strategy also increases.
This static VOImp analysis has made the simplifying
assumption that changes in marginal costs and benefits
would be driven by the implementation level affecting
cost by economies of scale and consequences by learning
effects. The analysis also assumed that each patient would
receive the same incremental benefit from MammaPrint
at the same incremental cost. In practice, the incremental
marginal costs and benefits of MammaPrint will depend
on a range of factors other than the degree of uptake
into the population.

The point at which MammaPrint becomes cost-effec-
tive, in this scenario, can be calculated by finding the

cutoff point of p when NMB is set equal to zero.
Estimating this cutoff point suggests that an implementa-
tion level of over 51% is required for MammaPrint to
constitute a cost-effective use of resources at a threshold
of e20,000 per QALY gained.

The marginal costs and benefits at the highest imple-
mentation level presented in Retèl et al.35 (92%) were
used to calculate the NMB when marginal costs and
benefits were assumed to be constant to be used as the
comparator option. This approach was taken because
traditional cost-effectiveness analysis provides estimates
that represent the long-run cost-effectiveness of the pre-
cision medicine.14 These traditional estimates of cost-
effectiveness assume that all patients will receive the
precision medicine, and factors such as short-run fixed
costs are not considered.37 The costs attributed to the
intervention at the period furthest forward in time from
start of the decision analysis therefore best represent the
(long-run) results that would be produced by a tradi-
tional CEA as they will be as close to the optimal use of
the intervention as possible.

Static value of a strategy to improve implementation of
MammaPrint with variable marginal costs and benefits.
The VOImp (static) of any implementation strategy will be
dependent on the initial and final level of implementation
in addition to the magnitude of the change in implementa-
tion over time. Using equation (4), assuming a constant
NMB and a 20% point rise in the degree of implementa-
tion of MammaPrint results in a constant value of
e3,626,000 per QALY gained in a population of 10,000
women (Table 2). In practice, the nonlinear nature of the
marginal costs and benefits, because of the structure and
assumptions within a decision-analytic model, of
MammaPrint will result in a change in the relative cost-
effectiveness that is dependent on the initial baseline and
final level of implementation. Raising implementation
from the baseline value of 20% to 40% had a low level of
relative cost-effectiveness, implying that the resources
direct to the implementation strategy may have been used
to better effect in a different area of the health system. In
contrast, moving from a baseline level of 40% to 60% had
a substantially bigger impact on relative cost-effectiveness,
which in absolute terms meant MammaPrint moving from
being a cost-ineffective to a cost-effective use of resources
at a threshold of e20,000 per QALY gained.

Dynamic VOImp analysis of MammaPrint with variable
marginal costs and benefits. The VOImp (dynamic) of
MammaPrint is now shown. It is necessary to make
some key assumptions. Specifically, it was necessary to
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assume that the population of eligible patients does not
change over time and there is a diffusion rate of 6 per-
centage points per year in that population. This assump-
tion reflected the time frame for implementation outlined
in Retèl et al.35 In this example, a discount rate of 3%
per year was applied to the net health benefit. Figure 1,
with the actual values shown in Table 3, illustrates how
the current value of implementation of MammaPrint dif-
fered substantially depending on whether constant or
varying NMB was assumed.T
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Table 3 Current Value of Implementation (Dynamic) for
MammaPrint Assuming Constant or Variable Net Monetary
Benefit

Year
Constant Net

Monetary Benefita
Varying Net

Monetary Benefita

1 e1,584,175 2e1,519,899
2 e2,563,390 2e2,104,440
3 e3,484,219 2e2,377,955
4 e4,349,233 2e2,366,098
5 e5,160,902 2e2,093,055
6 e5,921,600 2e1,581,619
7 e6,633,607 2e853,258
8 e7,299,115 e71,824
9 e7,920,227 e1,174,623
10 e8,498,966 e2,437,277
11 e9,037,273 e3,843,010
12 e9,537,013 e5,376,077
13 e9,999,975 e7,021,714
14 e10,427,877 e8,766,089
15 e10,822,370 e10,596,252
Total e103,239,942 e26,390,541

aAssuming a population size of 10,000 patients.

Figure 1 Current value of implementation (dynamic) for
MammaPrint assuming constant or variable net monetary
benefit (NMB).
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Under an assumption of constant NMB, MammaPrint
gradually diffuses into practice and provides additional
value for the health system at a constantly increasing rate,
albeit with diminishing returns due to impact of the dis-
count rate that considers the effect of time preference.
Taking account of the potential for variable NMB, it can
be observed that, in the initial years following implementa-
tion, MammaPrint was not a cost-effective use of resources.
Over the first 7 years, the total losses of MammaPrint
accrue to a total monetary loss of e12,896,324. The

resources allocated to MammaPrint over the first 7
years could have been used to gain approximately 645
QALYs by funding other interventions in the health
system. MammaPrint does become cost-effective at 9
years and produces a marginally increasing net benefit
in each year, but the total value accrued over these 9
years is a fraction (26%) of that predicted when using a
constant NMB.

Dynamic value of a strategy to improve implementation of
MammaPrint with variable marginal costs and benefits.
The dynamic VOImp for MammaPrint can be calculated
for a hypothetical implementation strategy that raises
implementation of the test-treat strategy by 3 percentage
points in the first year (from 9% to 12%), and it is
assumed this effect is sustained for the following 14
years. A discount rate of 3% per year was applied to the
net health benefit. The value, in terms of the total incre-
mental net benefit resulting from the implementation
strategy, is shown graphically in Figure 2 and numeri-
cally in Table 4.

The value of this implementation strategy for
MammaPrint, which increases uptake by 3 percentage
points in each time period, is broadly constant in each
year when NMB is assumed to be constant. This impact
is observed because the same amount of additional
health and cost is gained from treating an additional 3%
of patients in each year regardless of the number of
patients already receiving the MammaPrint intervention.

Table 4 Actual Value of Implementation (Dynamic) for MammaPrint Assuming Constant or Variable Net Monetary Benefit
That Improves Uptake by 3 Percentage Points

Year
Implementation Level without

Implementation Strategy
Implementation Level with
Implementation Strategy

Constant Net
Monetary Benefita

Varying Net
Monetary Benefita

1 0.09 0.12 e543,900 2e371,208
2 0.15 0.18 e528,058 2e214,159
3 0.21 0.24 e512,678 2e65,944
4 0.27 0.30 e497,746 e73,819
5 0.33 0.36 e483,248 e205,496
6 0.39 0.42 e469,173 e329,441
7 0.45 0.48 e455,508 e445,991
8 0.51 0.54 e442,240 e555,472
9 0.57 0.60 e429,360 e658,197
10 0.63 0.66 e416,854 e754,467
11 0.69 0.72 e404,713 e844,570
12 0.75 0.78 e392,925 e928,785
13 0.81 0.84 e381,481 e1,007,378
14 0.87 0.90 e370,369 e1,080,604
15 0.93 0.96 e359,582 e1,148,711
Total e6,687,834 e7,381,619

aAssuming a population size of 10,000 patients.

Figure 2 Actual value of an implementation strategy that
improves uptake by 3 percentage points. NMB, net monetary
benefit.
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Under a variable NMB, the value of such an implementation
strategy is negative in early periods but will increase
over time. This finding was because at low levels of
implementation, the intervention is not cost-effective,
and so the additional patients receiving the intervention
will mean increases in the societal loss arising from
implementation. Over time, the additional implementa-
tion eventually decreases the marginal costs and
increases the marginal benefits for patients, meaning
that there are increasing returns in later time periods.
The overall result is that the implementation strategy is
worth nearly e700,000 more when accounting for vari-
able NMB despite the fact that it results in a societal
loss soon after its launch.

Discussion

This study has illustrated a general approach to show
how existing value of implementation methods can be
adapted to account for varying marginal incremental
costs and benefits in a specific case study focusing on
precision medicine. The study has adapted existing value
of implementation methods, using the outputs from a
decision-analytic model-based analysis, to understand
the potential impact on the cost-effectiveness of strate-
gies to improve the implementation of precision medi-
cine. This approach differs from traditional approaches
that present the results from a decision-analytic model as
incremental cost-effectiveness ratios on a cost-effectiveness
plane showing the threshold for cost-effectiveness,38 by
taking account of the total number of patients taking up
precision medicine as a proportion of the number of
patients eligible for treatment.38 Taking account of the
level of implementation allows the total societal net ben-
efit of precision medicine to be determined. Calculating
the incremental cost-effectiveness ratio (ICER) only
allows a yes or no decision to be made regarding accep-
tance of precision medicine dependent on a stated
threshold.33 Precision medicine can appear to be cost-
effective but not maximize total societal net benefit if it
is only implemented in a proportion of the total eligible
patient population.

In this study, we have built on a published decision-
analytic model-based cost-effectiveness analysis of
MammaPrint and shown that assuming constant mar-
ginal net costs and benefits may produce misleading
results when assessing the relative cost-effectiveness of
implementation strategies. The need to take account of
the impact of implementation on relative cost-effectiveness
is important to any new health care intervention.
However, the exemplar of precision medicine has

specific and known multiple barriers to timely and effec-
tive implementation.15,17 Varying marginal costs and
benefits may be a particularly prevalent issue when
introducing exemplars of precision medicine. Such inter-
ventions often involve some kind of test or stratifying
mechanism to identify which patients may benefit or be
harmed by a treatment or to predict disease course.
Previous studies have identified a lack of testing capac-
ity as a barrier to precision medicine, and other issues,
such as the need to develop logistical mechanisms to
deliver tests in a timely manner, may also impede imple-
mentation.15,16,39,40 As such, it is possible that the signif-
icant upfront investments in capacity would mean that
it would not be cost-effective to use the precision medi-
cine to treat a small eligible patient population. Another
barrier may be a lack of training or guidelines in the use
of precision medicine, and as such, there may also be
learning effects where the outcomes of testing and treat-
ment improve as test providers and clinicians gain expe-
rience in providing the interventions.17,39

The relative cost-effectiveness and net marginal value
of precision medicine will depend on the level of imple-
mentation. Without using implementation strategies, it is
possible that losses will accrue over multiple time periods
before implementation reaches a cost-effective level.
Information about the required level of implementation
would not be provided by a conventional CEA, which
would have judged the precision medicine to be univer-
sally cost-effective based on the average ICER calculated
for treating all of the patients in the long run.

It is necessary, but not sufficient, to use estimates of
the long-run cost-effectiveness to understand whether an
intervention is an efficient use of health care resources.
In some instances, the decision problem is more appro-
priately expanded to consider the implementation of
interventions that appear to be cost-effective. This is
likely to be of particular relevance in precision medicine,
which involves the implementation of 2 elements, a
‘‘test’’ and a ‘‘treatment,’’ into existing pathways of care.
In such instances, estimates of cost-effectiveness should
allow for varying marginal costs and benefits and differ-
ential cost-effectiveness at different levels of implementa-
tion of precision medicine. These approaches could use
static models with costs and benefits that are described
as a function of implementation levels and producing
estimates of cost-effectiveness at different levels or
dynamic, multicohort models to capture the impact of
changing marginal costs and benefits over time.18

In applied studies using the methods outlined in this
article, the incremental costs and consequences of a spe-
cific example of precision medicine will be estimated
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using a decision-analytic model. Using the framework of
a decision-analytic model will allow the analyst to vary
the marginal costs and benefits depending on prespecified
factors such as capacity constraints, economies of scale,
learning effects, and patient characteristics. The compu-
tational effort, in terms of technical skills and computer
processing power, in adapting existing decision-analytic
model-based cost-effectiveness analysis is minimal. The
approach involves making modest adaptations to the
structure of existing decision-analytic models and pre-
senting the outputs in a particular way. However, this
approach does require an understanding of potential bar-
riers and facilitators to implementation, which may
require mixed-methods approaches such as the Delphi
method or qualitative methods such as semistructured
interviews.41,42

The method proposed in this article will be relevant to
a number of applications and specified decision prob-
lems. Clear criteria will be needed to define the scope of
the relevant decision problem that need to take account
of the value of implementation. Such criteria will be
needed to identify potential interventions that are likely
to exhibit varying marginal incremental costs and conse-
quences. For example, vaccines exhibit positive external-
ities that arise because the vaccine protects not only the
individual against infection but also other people within
a population because the spread of disease can be halted.
The magnitude of the additional benefits accrued will
reduce as more people are vaccinated and therefore do
not benefit from the externality. Another potentially rele-
vant example is in the implementation of a new surgical
technique. As surgeons gain experience in the surgical
technique, the length of time required to perform the
operation, and hence costs, may reduce in addition to
improvements in patient outcome. These 2 examples
illustrate some potential situations in which marginal
incremental costs and benefits may arise, indicating that
the method proposed in this study may be valuable.

Other causes of variable marginal costs and benefits
in an intervention include the following: economies or
diseconomies of scale may affect the marginal cost per
patient as implementation increases,43 economies of
scope may arise as resources can be shared over multiple
interventions,43 learning curves may mean that clinicians’
experience and skill in using an intervention increase as
they treat more patients and therefore patient health out-
comes increase,44 and prioritization of sicker patients
may lead to decreasing marginal health benefits.45

The issue of variable marginal costs and benefits has
previously been explored by Lord et al.45 with regards to
the implications of nonlinear cost-effectiveness frontiers

for funding decisions. For a convex frontier (e.g., for an
intervention where patients are prioritized by likely bene-
fit, leading to decreasing returns to scale), the optimal
decision may actually be to fund a portion of the new
intervention while keeping some patients on the old inter-
vention. These authors found that when phenomena such
as decreasing marginal costs caused the frontier to be
concave, the decision to either fund the intervention for
all patients or to fund it for none would always be the
optimum in terms of net benefit. They concluded that
‘‘partial implementation will not be cost-effective, and
hence estimation of the expansion path (the movement
from the old to the new intervention) will not be produc-
tive.’’45 However, it is possible that an imperfect imple-
mentation of an intervention that is cost-effective at the
population level will be cost-effective when compared
with only funding the existing intervention. Similarly,
some levels of implementation of the new intervention
will not be cost-effective. Whether the implementation
level of the new intervention is cost-effective or not will
depend on the point at which the cost-effectiveness fron-
tier crosses the threshold of relative cost-effectiveness
(e.g., £20,000 per QALY gained) for the health system.
Therefore, while partial implementation will never be the
most cost-effective combination of the 2 interventions in
concave frontiers, in reality, the level of implementation
is critical to the cost-effectiveness of the intervention.

One previous study by Grimm et al.46 allowed for
varying marginal costs in assessing the cost-effectiveness
of implementation of a preterm birth screening test but
not in a value of implementation framework. Grimm
et al.46 modeled the impact of falling future prices on the
cost-effectiveness of the screening test. In their case
study, the cost of the screening test fell to 90% of the
previous value every time the number of patients receiv-
ing it doubled. The ICER reduced it by up to 46% with
increasing implementation. The authors suggested that
to account for this varying marginal cost in decision
making, a dynamic ICER could be produced reflecting
the average ICER across all time periods but did not go
on to provide this analysis.

Limitations

This study has used an example of precision medicine
where changes in the estimated marginal costs and bene-
fits were modeled, in the absence of access for a fully
executable decision-analytic model, as approximately lin-
ear functions of changes of implementation level. While
this simplified the mathematical solution to the problem
and is useful in demonstrating the consequences of
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varying marginal costs and benefits, in reality, marginal
costs and benefits may not be a smooth function of
implementation. For example, a number of capacity
investments may be required to increase patient access to
elements (test and/or treatment) of precision medicine.
Each capacity investment has its own cost and effect in
terms of increasing implementation. Over the course of
achieving full implementation, a current value of imple-
mentation curve (e.g., Figure 1) may, in practice, com-
prise a number of different, linked curves with different
slopes. While there may be an apparent overall effect of
increasing or decreasing net monetary benefit, a formula
to predict such changes by modeling NMB as a function
of implementation may not represent a good approxima-
tion. In such cases, the marginal costs and benefits at
each implementation level of interest may have to be esti-
mated directly based on input data or a more complex
underlying model such as a discrete event simulation.

A key assumption made in the example presented in
this article is that the required parameters were known
with absolute certainty. In addition, the case study took
the perspective of determining the value of implementing
an intervention after it has been approved as cost-
effective based on estimates of the cost-effectiveness of
MammaPrint at full implementation. The aligns with
current approaches to HTA that implicitly take a ‘‘long-
run’’ perspective while failing to account for differential
cost-effectiveness in the short term.14,47 Given that the
decision to adopt has been taken based on certain evi-
dence, the counterfactual used in this example is contin-
ued use of the comparator that produces no incremental
net benefit.

In practice, accounting for uncertainty is critical when
determining the value of implementing interventions and
whether it is necessary to obtain more information about
a specific parameter through further research. It is diffi-
cult to quantify the value of an implementation strategy
when there is a probability that the intervention itself is
not cost-effective. The presence of varying marginal costs
and benefits will have significant and complex conse-
quences for such applications of VOImp and VOI meth-
ods by introducing an additional layer of uncertainty. In
addition to estimating the distribution of costs and bene-
fits for the intervention and comparator, the analyst will
also have to forecast how these costs and benefits will
change depending on implementation levels. In the exam-
ple presented in this article, the levels of implementation
for which the intervention would not be cost-effective
due to high marginal costs and low marginal benefits
would also be associated with a degree of uncertainty.
Implementation strategies will only be shown to be of

added value if there is a sufficiently large probability that
the strategy will result in a distribution of implementa-
tion levels at which introducing the precision medicine
becomes cost-effective at a predefined threshold.

In the presence of uncertainty, value of information
methods can be used alongside VOImp to determine
whether it is better to invest in implementation or better
evidence as to the values of the parameters in the
model.29,31,48 Such approaches determine the optimal
combination of research and implementation of an inter-
vention compared to the counterfactual of implementing
the comparator with the highest net benefit given current
levels of information.30

The presence of varying marginal costs and benefits
will also have an impact on the expected value of further
research for precision medicine. For example, there may
be significant value in identifying the levels of implemen-
tation at which precision medicine would not be cost-
effective by providing better estimates of the marginal
costs and benefits. This would minimize the risk of a
resulting loss to society by introducing a strategy to
deliver precision medicine that was not cost-effective or
not cost-effective at the observed degree of uptake in
clinical practice.

This study used an example of precision medicine with
marginally decreasing costs and increasing benefits, with
the overall effect of producing increasing net monetary
benefit with increasing implementation. However, it is
possible that different patterns of nonlinearity are exhib-
ited in marginal costs and benefits. For example, a strat-
egy to deliver precision medicine with marginally
increasing costs and/or decreasing benefits will have an
opposite pattern of total net benefit with implementa-
tion. At lower levels of implementation, precision medi-
cine will be more cost-effective, potentially becoming
cost-ineffective at higher levels due to the decreasing
returns to net monetary benefit. For example, prescrip-
tion of oral preexposure prophylaxis (PrEP) in individu-
als at risk of infection with human immunodeficiency
virus provides a benefit to the patient in that the risk of
infection is dramatically reduced but may also provide a
positive externality in preventing that individual from
passing on the virus to others.49 However, the use of
PrEP may be more beneficial in those patients whose
behaviors put them at greater risk of infection, and as
such, the cost-effectiveness of the intervention may
decrease with the reducing risk status of the patients
treated. As such, a strategy to stratify the population by
risk of infection may be useful to ensure the intervention
is offered in a cost-effective manner.

Wright et al. 935



For some examples of precision medicine, with
decreasing returns to scale, there may be concerns about
the equity of only providing the intervention to a smaller
number of individuals in order for provision of precision
medicine to remain cost-effective. While the equity-
efficiency tradeoff is an extensive existing research
area,50–52 the value of implementation approach outlined
in this article may help to quantify the total loss in net
benefit that would be incurred from increasing imple-
mentation from the maximum cost-effective level to full
implementation.

It is also conceivable that an intervention could exhibit
both increasing and decreasing returns to net monetary
benefit at different levels of implementation of precision
medicine. For example, a strategy to deliver precision
medicine involving mutation testing to guide a cancer
treatment may have high initial marginal costs due to the
need to invest in testing equipment and training. As these
costs are divided across increasing numbers of patients,
their impact decreases, making the intervention more
cost-effective and creating a positive total net benefit.
However, higher marginal costs and slower turnaround
times may be faced in sending samples from rural hospi-
tals to laboratories in cities. This may lead to decreasing
marginal returns when treating these patients and achiev-
ing full implementation. In such circumstances, it is pos-
sible that there is both a minimum and maximum level of
efficient implementation for the intervention.

It is also important to note that the pattern of nonli-
nearity in the marginal costs and benefits of any existing
interventions that are to be disinvested from to fund pre-
cision medicine will also have implications for the effi-
ciency of the health service. If an existing intervention to
be defunded exhibits increasing returns to scale, then the
initial disinvestment will cause a significant loss in health
for minimal cost savings. An intervention with decreas-
ing returns could be defunded with larger savings gains
for smaller health losses.

Concluding Remarks

This study used a specific case study focusing on preci-
sion medicine to show the importance of going beyond
an evaluation of the long run cost-effectiveness of an
intervention and the limiting assumption of a constant
net monetary benefit. Anticipating the pattern of nonli-
nearity in marginal costs and benefits and its impact on
the value of implementation of precision medicine is
important to ensure that otherwise cost-effective inter-
ventions are not implemented in a way that causes a net
health loss to society. The use of value of

implementation analysis in the context of precision medi-
cine to evaluate implementation-improving strategies is
also likely to produce significantly biased results if vary-
ing marginal costs and marginal benefits are not
incorporated.

ORCID iD

Stuart J. Wright https://orcid.org/0000-0002-4064-7998

References

1. Pearson ER. Personalized medicine in diabetes: the role of

‘‘omics’’ and biomarkers. Diabet Med. 2016;33:712–7.
2. Genetics Home Reference. What is precision medicine?

2018. Available from: https://ghr.nlm.nih.gov/primer/pre-

cisionmedicine/definition
3. Yates LR, Seoane J, Le Tourneau C, et al. The European

Society for Medical Oncology (ESMO) precision medicine

glossary. Ann Oncol. 2018;29:30–5.
4. Aithal GP, Day CP, Kesteven PJ, Daly AK. Association

of polymorphisms in the cytochrome P450 CYP2C9 with

warfarin dose requirement and risk of bleeding complica-

tions. Lancet. 1999;353:717–9.
5. Phillips KA, Sakowski JA, Liang S-Y, Ponce NA. Eco-

nomic perspectives on personalized health care and preven-

tion. Forum Heal Econ Policy. 2013;16:S23–52.
6. Drummond M, Sculpher MJ, Torrance GW, O’Brien BJ,

Stoddart GL. Methods for the Economic Evaluation of

Health Care Programmes. 3rd ed. Oxford, UK: Oxford

Medical Publications; 2005.
7. National Institute for Health and Care Excellence. Guide

to the methods of technology appraisal. 2013. Available

from: https://www.nice.org.uk/guidance/pmg9/resources/

guide-to-the-methods-of-technology-appraisal-2013-pdf-

2007975843781
8. Guidelines for the Economic Evaluation of Health Tech-

nologies: Canada 4th edition CADTH methods and guide-

lines service line: CADTH methods and guidelines. 2017.

Available from: https://www.cadth.ca/sites/default/files/

pdf/guidelines_for_the_economic_evaluation_of_health_

technologies_canada_4th_ed.pdf
9. Birch S, Gafni A. Cost effectiveness/utility analyses: do

current decision rules lead us to where we want to be? J

Health Econ. 1992;11:279–96.
10. Birch S, Gafni A. Changing the problem to fit the solution:

Johannesson and Weinstein’s (mis) application of econom-

ics to real world problems. J Health Econ. 1993;12:469–76.
11. Johannesson M, Weinstein MC. On the decision rules of

cost-effectiveness analysis. J Health Econ. 1993;12:459–67.
12. Sendi P, Al MJ. Revisiting the decision rule of cost-

effectiveness analysis under certainty and uncertainty. Soc

Sci Med. 2003;57:969–74.
13. Adang EMM. Economic evaluation of innovative technol-

ogies in health care should include a short-run perspective.

Eur J Heal Econ. 2008;9(4):381–4.

936 Medical Decision Making 40(7)

https://orcid.org/0000-0002-4064-7998
https://ghr.nlm.nih.gov/primer/precisionmedicine/definition
https://ghr.nlm.nih.gov/primer/precisionmedicine/definition
https://www.nice.org.uk/guidance/pmg9/resources/guide-to-the-methods-of-technology-appraisal-2013-pdf-2007975843781
https://www.nice.org.uk/guidance/pmg9/resources/guide-to-the-methods-of-technology-appraisal-2013-pdf-2007975843781
https://www.nice.org.uk/guidance/pmg9/resources/guide-to-the-methods-of-technology-appraisal-2013-pdf-2007975843781
https://www.cadth.ca/sites/default/files/pdf/guidelines_for_the_economic_evaluation_of_health_technologies_canada_4th_ed.pdf
https://www.cadth.ca/sites/default/files/pdf/guidelines_for_the_economic_evaluation_of_health_technologies_canada_4th_ed.pdf
https://www.cadth.ca/sites/default/files/pdf/guidelines_for_the_economic_evaluation_of_health_technologies_canada_4th_ed.pdf


14. Van De Wetering G, Woertman WH, Adang EM. Time to

incorporate time in cost-effectiveness analysis. Eur J Heal

Econ. 2012;13:223–6.
15. Newman W, Payne K. Removing barriers to a clinical

pharmacogenetics service. Pers Med. 2008;5:471–80.
16. Horgan D, Jansen M, Leyens L, et al. An index of barriers

for the implementation of personalised medicine and phar-

macogenomics in Europe. Public Health Genomics. 2014;

17:287–98.
17. Najafzadeh M, Davis JC, Joshi P, Marra C. Barriers for

integrating personalized medicine into clinical practice: a

qualitative analysis. Am J Med Genet A. 2013;161:758–63.
18. Wright SJ, Newman WG, Payne K. Accounting for capacity

constraints in economic evaluations of precision medicine: a

systematic review. Pharmacoeconomics. 2019;37:1011–27.
19. National Institute for Health and Care Excellence. Gefiti-

nib for the first-line treatment of locally advanced or meta-

static non-small-cell lung cancer. 2010. Available from:

https://www.nice.org.uk/guidance/ta192
20. Cancer Research UK. Molecular diagnostic provision in

the NHS in England. 2015. Available from: https://www

.cancerresearchuk.org/sites/default/files/policy_august2015_

mdx_final.pdf
21. National Institute for Health and Care Excellence. Erloti-

nib for the first-line treatment of locally advanced or meta-

static EGFR TK mutation-positive non-small-cell lung

cancer. NICE technology appraisal guidance TA258. 2012.

Available from: https://www.nice.org.uk/guidance/TA258
22. National Institute for Health and Care Excellence. Afatinib

for treating epidermal growth factor receptor mutation-

positive locally advanced or metastatic non-small-cell lung

cancer addendum. 2014. Available from: http://www.ni

ce.org.uk/guidance/TA310/chapter/1-guidance
23. Whyte S, Dixon S, Faria R, et al. Estimating the cost-

effectiveness of implementation: is sufficient evidence avail-

able? Value Health. 2016;19:138–44.
24. Mewes JC, Steuten LMG, IJsbrandy C, IJzerman MJ, van

Harten WH. Value of implementation of strategies to

increase the adherence of health professionals and cancer

survivors to guideline-based physical exercise. Value Health.

2017;20:1336–44.
25. Sculpher M. Evaluating the cost-effectiveness of interven-

tions designed to increase the utilization of evidence-based

guidelines. Fam Pract. 2000;17(suppl 1):S26–31.
26. Mason J, Freemantle N, Nazareth I, Eccles M, Haines A,

Drummond M. When is it cost-effective to change the

behavior of health professionals? JAMA. 2001;286:2988.
27. Fenwick E, Claxton K, Sculpher M. The value of imple-

mentation and the value of information: combined and

uneven development. Med Decis Making. 2007;28:21–32.
28. Walker S, Dixon S, Palmer S, Sculpher M. Getting cost-

effective technologies into practice: the value of implemen-

tation. 2013. Report No. 14. Available from: http://www

.eepru.org.uk/wp-content/uploads/2017/11/getting-cost-eff

ectiveness-014.pdf

29. Willan AR, Eckermann S. Optimal clinical trial design

using value of information methods with imperfect imple-

mentation. Health Econ. 2010;19:549–61.
30. Eckermann S, Willan AR. Expected value of sample infor-

mation with imperfect implementation. Med Decis Making.

2016;36:282–3.
31. Andronis L, Barton PM. Adjusting estimates of the

expected value of information for implementation. Med

Decis Making. 2016;36:296–307.
32. Faria R, Walker S, Whyte S, Dixon S, Palmer S, Sculpher

M. How to invest in getting cost-effective technologies into

practice? A framework for value of implementation analy-

sis applied to novel oral anticoagulants.Med Decis Making.

2017;37:148–61.
33. McCabe C, Claxton K, Culyer AJ. The NICE cost effec-

tiveness threshold: what it is and what it means. Pharma-

coeconomics. 2008;2:733–44.
34. Rogers E. Diffusion of Innovations. 5th ed. New York, NY:

Free Press; 2003.
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