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Objectives: Multicomponent interventions (MCIs), consisting of at least two interventions, are common in rehabilitation and other healthcare fields. When the effectiveness of the
MCI versus that of its single interventions is comparable or unknown, evidence of their expected incremental cost-effectiveness can be helpful in deciding which intervention to
recommend. As such evidence often is unavailable this study proposes an approach to estimate what is more cost-effective; the MCI or the single intervention(s).
Methods: We reviewed the literature for potential methods. Of those identified, headroom analysis was selected as the most suitable basis for developing the approach, based on
the criteria of being able to estimate the cost-effectiveness of the single interventions versus that of the MCI (a) within a limited time frame, (b) in the absence of full data, and (c)
taking into account carry-over and interaction effects. We illustrated the approach with an MCI for cancer survivors.
Results: The approach starts with analyzing the costs of the MCI. Given a specific willingness-to-pay-value, it is analyzed how much effectiveness the MCI would need to generate to
be considered cost-effective, and if this is likely to be attained. Finally, the cost-effectiveness of the single interventions relative to the potential of the MCI for being cost-effective
can be compared.
Conclusions: A systematic approach using headroom analysis was developed for estimating whether an MCI is likely to be more cost effective than one (or more) of its single
interventions.
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In many fields, such as rehabilitation or self-management, mul-
ticomponent interventions (MCIs) are common (1). They may
be recommended as part of guidelines on the basis of evidence
or in situations where little or no evidence exists, based on
the expectation that combining two or more interventions in an
MCI is more effective than the single intervention (2–4). Rec-
ommending an MCI on the basis of assumed incremental ef-
fectiveness over a single intervention is only reasonable when
“doing more” indeed leads to better patient outcomes. However,
it is not automatically the case that more interventions are bet-
ter, nor that the combined effectiveness of more than one inter-
vention follows an additive function. Reasons for this include
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interaction effects between interventions, which can cause an
MCI that consists of two single interventions to have an effect
that is greater or smaller than the sum of the two (5–13).

As the financial pressure on health budgets compels con-
sideration of cost-effectiveness data to inform reimbursement
and implementation decisions, it is desirable to also take
information on cost-effectiveness into account when recom-
mending and using MCIs. For this purpose, the incremental
cost-effectiveness of an MCI versus its single composite
interventions ideally should be derived from clinical trials
comparing the effects and costs of both the MCI and the single
interventions against doing-nothing. However, as estimating
the cost-effectiveness of all relevant interventions in clinical
trials is expensive and time-consuming, the data on costs and
effects of all interventions under comparison is in most cases
incomplete and thus prohibits a full economic evaluation.
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Is “doing more” cost-effective?

To still take cost-effectiveness considerations into account
in the choice of an MCIs versus its single interventions, a prag-
matic approach is needed that allows to estimate whether the
MCI is more cost-effective than its single interventions in cases
where empirical data on the effect and costs of the MCI are not
(yet) or only partly available. This paper describes the develop-
ment of such an approach and illustrates it using the example
of the Dutch cancer rehabilitation guideline (1).

METHODS
The decision-problem is defined as follows: In the absence of
sufficient data to evaluate an MCI’s cost-effectiveness, how can
it be estimated whether the MCI is likely to be more cost-
effective than the single interventions it consists of? “Sufficient
data” is data on key parameters required for analyzing the MCIś
(cost-) effectiveness with quality that meets the standards of
evidence-based medicine and health economic evaluations (14–
16).

First, the literature was reviewed to identify methods for
similar decision-problems that could contribute to developing
an approach to solve the decision problem just defined. As it
became clear during developing the approach that the most
important part would be to estimate the effectiveness of the
MCI, a large part of the search strategy was directed to this
issue. Scopus, including literature from fields other than health
care, was searched up to March 2017. Key words used were
multidimensional, multicomponent, complex, multimodal,
multifaceted, multi-treatment, program*, system, evaluation,
assessment, prediction, impact, “estimat* effects”, influencing
factors, treatment impact, sequential design, combined design,
carry-over effect, interaction effects, cost-effectiveness, costs,
economic evaluation, and effectiveness.

To qualify for inclusion, articles had to describe and/or
apply a method that provided information for the development
of the approach. Once included, the following information was
retrieved descriptively from each of the articles: the method-
ological problem or the respective method addressed, the aim
of the method, and a description of the method. If more than
one paper on a respective method was identified, papers were
included until saturation occurred. This was the case when
one or more papers provided a comprehensive description of
a method, to which further papers did not add new method-
ological aspects or were applications of the earlier presented
method. If papers from leading professional associations were
identified that contained methodology guidelines, no more
articles for the respective method were included. This was
done when additional articles did not provide more relevant
details than the expert recommendations of associations in the
field of health economics, such as the International Society for
Pharmacoeconomics and Outcomes Research, or the Society
for Medical Decision Making.

Moreover, we checked the comprehensiveness of the
methodological recommendations before deciding not to ex-
pand further. After data extraction, the identified methods, the
number of included articles reporting that method, and the type
of articles per method found (methods description, methods de-
velopment, application, or a mix of any of these), were summa-
rized descriptively.

The requirements that the approach needs to fulfil were
identified by analyzing the Dutch cancer rehabilitation guide-
line (1). For this purpose, the different pathways that patients
may follow through the rehabilitation process based on the rec-
ommendations of the guideline were identified. Furthermore,
we analyzed what an economic method needs to take into ac-
count to capture all aspects of the guideline-recommended care.
These are:

(a) The guideline recommends an assessment of the patients’ needs and sub-
sequently a tailored rehabilitation program, consisting of exercise, cog-
nitive behavioral therapy (CBT), psycho-education, return-to-work, etc.,
or a combination of two or more of these interventions (1). As a large
amount of intervention-combinations needs to be compared, the approach
should be applicable within a limited time frame, considered to be within
up to 5–15 hours for performing the approach, excluding time for in-
formation retrieval and assessment, identical to the typical timeframe
for mini health-technology-assessments (mini-HTAs) (17). This also in-
cludes that the method can be applied by people who have knowledge
in the field (of statistics, economics, health, etc.), but do not necessar-
ily have completed postgraduate level training (e.g., PhD degree) or have
conducted independent research previously.

(b) For many of the recommended combinations of interventions in this
guideline, none or limited data regarding the costs and/or effects are
available (1). Thus, it should be possible to carry out the approach when
data on costs and effects of the MCI are limited.

(c) When single interventions are combined into an MCI, interaction and
carry-over effects are likely to occur. In an interaction effect, the inde-
pendent variableś effect on the dependent variable depends on the level of
another independent variable (18). Carry-over effects occur when partic-
ipation in one intervention influences the performance of the participant
in and/or the additional effectiveness of another intervention (18). Thus,
the method needs to allow for taking into account that the effect of the
MCI may depend on the combination of interventions, the order in which
these are followed, and on the characteristics of the patients.

Subsequently, all methods that were identified in the litera-
ture review were evaluated on fulfilling requirement a. Those
who passed were evaluated on fulfilling requirement b, and
those who passed this step on requirement c. The decision of
whether a method fulfilled the requirements was taken based on
consensus among the authors. Method(s) fulfilling all require-
ments were analyzed on how to adapt them to fully suit the
decision-problem. Finally, the developed approach is applied to
an exemplar MCI from supportive care for cancer patients. It
was illustrated how the approach can be used to estimate what
is expected to be more cost-effective, the MCI or one of the
composite interventions.
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RESULTS

Literature Review
In the review, thirty-six papers were included, from which
eight methods were extracted. These methods are: (i) assess-
ing the influence of mediating factors, (ii) statistical modeling
of the (cost-)effectiveness of interventions (such as extrapola-
tion and transfer of model results to other settings, logistic re-
gression analysis, whole disease modeling, etc.), (iii) retrospec-
tively identifying success factors of interventions, (iv) using
decision-rules for estimating the effectiveness of multicompo-
nent interventions based on its single components, (v) network
meta-analyses/indirect treatment comparisons, (vi) headroom
analysis/cost-effectiveness gap analysis, (vii) process evalua-
tion, and (viii) realist randomized controlled trials (RCTs). The
methods are described in Table 1.

Development of the Stepwise Approach
Choice of a Method. Table 2 shows which methods fulfilled the
requirements. Requirement a, being able to estimate the cost-
effectiveness of an MCI versus its single interventions, was
fulfilled by two methods: headroom analysis and using
decision-rules. The remaining methods require statistical data
analysis, which is time-consuming, especially when conducted
for several MCIs, and require advanced statistical expertise.
Requirement b, being able to estimate cost-effectiveness in
the absence of full data on incremental effects and costs, was
fulfilled by both the methods that also fulfilled the first re-
quirement. Requirement c, being able to take carry-over and
interaction effects into account, was fulfilled by both methods
as well.

For decision-rules, the degree to which this criterion is ful-
filled depends on the specific decision rule that is used, as a
decision rule could, for example, be to assume an effect larger
than the sum of the interventions’ effects when synergy effects
are expected. Of these two methods, headroom analysis was
chosen and used as a starting point for further development into
an approach as it enables comparison of the cost-effectiveness
of the MCI with that of its composite interventions; in addi-
tion, the willingness-to-pay (WTP) is included in this method
because it enables us to make clear decisions about whether an
intervention is cost-effective or not.

The basis of headroom-analysis is the net-benefit frame-
work, which is used to determine the incremental cost-
effectiveness ratio (ICER) of an intervention.

ICER = (�Cost ÷ �Eff ect ) . (1)

The incremental costs of an intervention are divided by its in-
cremental effect to determine what the additional cost for ob-
taining one additional unit of effect are.

Headroom-analysis is used in cases in which either the in-
cremental costs or the incremental effect of an intervention are

unknown. The pivotal parameter in the headroom method is the
maximum amount someone is willing to spend on one unit of
additional effect, that is, WTP. Then, depending on which of
the other two parameters is known, that is, either the minimum
required incremental effect (MRIE) an intervention needs to
attain, or the maximum costs it may have to be considered cost-
effective can be calculated with the following equations:

MR�E ≥ (�Costs ÷ W T P) (2)

Max�C ≤ (�Eff ect × W T P) (3)

where MR�E = MRIE; Max�C = maximum incremental
costs.

The next step is to estimate to what extent the respective
intervention is likely to attain the required effectiveness or to
stay below a maximum cost. For being fully suitable to solve
our decision-problem, headroom analysis should explicitly ac-
commodate the estimation of whether the MCI can attain the
minimum effect or stay below the maximum costs, and com-
pare this with the cost-effectiveness of the single intervention.
The “conventional” headroom analysis does not explicitly al-
low for this, so this was developed as part of this study and
described below.

Development of the Approach. As costs of an intervention can be
calculated relatively easily, that is, in comparison to the ef-
fectiveness, this approach focuses on whether the MRIE
would be attained. To accommodate MCIs in the headroom
analysis-approach, the incremental effect and costs of a single
intervention are replaced by those of the MCI in Eq. [2]. The
MCI is labeled “AB” and consists of the single interventions
“A” and “B”.

MR�Eff ect o f AB ≥ (�CostAB ÷ W T P) . (4)

Afterward, a qualitative assessment of how likely the respec-
tive intervention is to attain the MRIE, given the incremental
effects or costs and the WTP, needs to be performed. Then, it
needs to be estimated if the MCI is likely to attain the MRIE,
and how this compares with the cost-effectiveness of the sin-
gle interventions. It is not a precondition for the approach that
the single interventions are cost-effective by themselves, as the
MCI can be cost-effective when super-additive effects occur.

The Stepwise Approach. The approach consists of the following six
steps:

1. Estimate Intervention Costs: When the costs of the MCI
are not empirically investigated, these can be estimated using
the cost calculation of the single interventions. It needs to be
analyzed which costs are (super-) additive when the compos-
ite interventions are merged into an MCI, and which costs are
redundant or sub-additive (19;20). Furthermore, detailed in-
tervention descriptions can be used and, when required, the
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Table 1. Methods Identified in the Literature Review and Their Descriptions Identified in the Literature Review

Method
No. and types of papers included in
review Aim of the method Description of the method

Assessing the influence of
mediating variables

4 papers included
(36–39)
All papers are applications

To assess the impact of a mediating variable
that influences the effect of an intervention
on an outcome variable.

Knowing about the mediating variable helps
to find out about the mechanism through
which the effectiveness of interventions is
caused and about the potential
effectiveness of a certain combination of
interventions.

The associations between the independent and the
dependent variables are re-analyzed on the
influence of mediating variables.

Statistical modeling of the
(cost-) effectiveness of
interventions

10 papers included
(30;36;39–47)
Application of the method: n= 2
(36;46)

Methodology: n= 2
(40;47)
Methodology development and
application: n= 6

(30;39;41–45)

To assess the potential (cost-) effectiveness of
an intervention in another setting or for
another population through modeling.

Various methods were described. These involve
statistical techniques, such as logistic regression
analysis (32), a causal modeling approach (33),
whole disease modeling (38), health economic
modeling, e.g., through modeling the relationship
between variables and their influence on costs and
effects (25;27;34;36;37).

Retrospectively identifying
success factors of an
intervention

6 papers included
(37;48–51)
All papers are methodology
development and application

To assess the contribution of the single
interventions to the overall effectiveness of
the multicomponent intervention.

Two methods were identified: (a) Decomposing
interventions (28;39–41;43): the components of
an MCI are analyzed on the primary entity and
dimensions they targeted, their delivery
characteristics, and intensity. Then it is analyzed to
what degree these contribute to the effectiveness,
which enables to analyze which components
probably caused the effect. (b) A questionnaire
was used to elicit expert opinion about which
intervention components caused the effect (42).

Using decision-rules or
assumptions for
estimating (cost-)
effectiveness of
combined interventions

4 papers included
(39;46;52–54)
All papers are applications.

To estimate the effectiveness of an MCI,
when only the effectiveness of the single
interventions of which it consists is known.

Clear-cut decision-rules are used to analyze the
effectiveness of combined interventions (44;45),
such as using the sum (or a similar measure) of
the effect of two single interventions for the
effectiveness of the MCI (55).

Network meta-analysis
and indirect treatment
comparison

2 papers included
(55;56)
Both papers include the methodology
guidelines of a leading professional
association

To assess the relative effectiveness of two
treatments that were not compared
head-to-head, but with a common
comparator.

Network meta-analysis and indirect treatment
comparison are used to establish the comparative
effectiveness of two treatments that were not
evaluated head-to-head, but to a common
comparator, using statistical methods. The
preconditions are that the evidence was generated
in randomized controlled trials and included
homogenous participants across the trials.
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Table 1. Continued

Method
No. and types of papers included in
review Aim of the method Description of the method

Headroom analysis/cost-
effectiveness gap
analysis

4 papers included
(57–60)
Methods description: n= 2 (57;60)
Methods development: n= 1 (58)
Methods application: n= 1 (59)

To assess the MRIE or the maximum
incremental costs of an intervention that
are needed to achieve cost-effectiveness, in
cases where either the incremental effect
or the incremental costs are unknown.

In health economic evaluations, cost-effectiveness is
assessed by dividing the incremental costs of an
intervention by its incremental effects, resulting in
the ICER. When the WTP for one unit of the effect
is given, the equation for the ICER can be
transformed to assess the minimum effectiveness
an intervention is required to attain, given its costs
and the WTP to be considered cost-effective.

Process evaluation 1 paper included (61)
Methods description: n= 1 (61)

Process evaluation can be used within trials
to, among others, “clarify causal
mechanisms and to identify contextual
factors associated with variation in
outcomes” (61, p.1).

The causal assumptions of how an intervention is
thought to work are provided, as well as how the
intervention was delivered. This enables others to
evaluate its plausibility and to provide confidence
on the conclusions that were drawn on the
interventionś effectiveness.

Realist RCTs 3 papers included (62–65)
Methods description: n= 3
(62–64)

Application: n= 1 (65)

To combine an RCT with methods that can
detect the underlying effect mechanisms
and how the effectiveness varies across
groups and settings.

This method involves an RCT of a complex
intervention that looks deeper than aggregate
effectiveness only and seeks to identify the
causation behind a complex intervention. Next to
efficacy, among others, the mechanisms of
change, the factors that affect implementation,
and broader impact of the intervention, are
studied.

MCI, multicomponent intervention; ICER, incremental cost-effectiveness ratio; RCT, randomized controlled trial; WTP, willingness-to-pay; MRIE, minimum required incremental effect.

intervention developers may be willing to share more details
and data upon request.

2. Choose a Common Outcome Measure: Because the
incremental effectiveness of the interventions under com-
parison is expressed in one outcome measure, of which the
monetary value is determined through the WTP, the effective-
ness of all interventions needs to be expressed in that same
outcome measure. Most suitable for economic evaluations are
generic outcome measures, such as quality-adjusted life-years
(QALYs).

3. Determine the WTP: The WTP for the selected outcome
measure, that is, the maximum amount society is willing to pay
for an additional unit of effect, needs to be determined.

4. Analyze the MRIE: The MRIE of the MCI needs to be
assessed by completing Eq. [4], using the WTP and the cost of
the MCI as determined in step 1.

5. Qualitatively Assess How Likely the MCI Is to Attain
the MRIE: The potential for the MCI to attain the required
MRIE needs to be assessed. For this, the following informa-
tion and any other information that is considered relevant to
assess the potential effect of the MCI should be gathered from

experts or identified in the literature (as far as available): (i)
The effectiveness of the single interventions, as this indicates
the potential effect size. (ii) The interaction and carry-over ef-
fects that are assumed to occur in an MCI, and whether these
diminish, enlarge, or do not influence the MCI’s effectiveness.
(iii) The intensity of the intervention (e.g., in physical exercise
[PE] interventions this could be walking versus running). More
intense interventions may lead to larger effect sizes. Too high
intensity might lead to exhaustion and diminish the effect of
the MCI. (iv) The effect-causing mechanisms of the single in-
terventions and whether these differ. When this is the case, it
can be assumed that the effect is larger than that of one inter-
vention. (v) The effect of similar (combinations of) interven-
tions or of the respective intervention in another patient group
can give an impression of the reachable effect. (vi) The symp-
tom burden at baseline. A higher burden may lead to a greater
potential for achieving a high effect. (vii) The natural course
of the symptoms. If, for example, the symptoms fade out by
themselves, the potential for a high effect of the MCI is smaller
than when symptoms would increase without any treatment.
(viii) The duration of the treatment effect. As QALYs are a
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Table 2. Analysis of which Methods Fulfil the Requirements

Methods • Using decision-rules for estimating the effectiveness of combined interventions
• Statistically modeling (cost-) effectiveness
• Retrospectively identifying success factors
• Assessing the influence of mediating factors
• Network meta-analysis and indirect treatment comparison
• Headroom analysis / cost-effectiveness gap analysis
• Process evaluation
• Realist RCTs

Methods that fulfil requirement a:
Being able to estimate the cost-effectiveness
of the single interventions versus the MCI
within a reasonable time frame:

Method:
Using decision-rules for estimating the effectiveness of
combined interventions:

Headroom analysis / cost-effectiveness gap analysis:

Explanation:
A decision-rule (such as that the effectiveness of the MCI is the
sum of that of the single interventions) is applied, which does
not require time-consuming analyses or data collection.

Assessing what the required incremental effect or cost for
achieving cost-effectiveness is, is fast. Analyzing whether the
specific intervention is likely to reach the required incremental
effect or costs is done by expert opinion, which requires
selecting and approaching experts, and experts gathering
sufficient information for doing the estimation.

Of the above,
methods that fulfil requirement b:
Being able to estimate (cost-) effectiveness in
the absence of full data

Using decision-rules for estimating the effectiveness of
combined interventions:

Headroom analysis / cost-effectiveness gap analysis:

Can be used for estimating the effectiveness of the MCI when
only that of the single interventions is known, thus the
effectiveness of the MCI may be unknown.

Aim of the method is to figure out what the incremental effect or
costs minimally have to be to achieve cost-effectiveness, in
cases where these are unknown. Thus, either the incremental
costs or the incremental effect may be unknown.

Of the above,
Methods that fulfil requirement c:
Being able to take into account carry-over and
interaction effects

Using decision-rules for estimating the effectiveness of
combined interventions:

Headroom analysis / cost-effectiveness gap analysis

Depending on which decision-rule is used carry-over, and
interaction effects can be taken into account.

When headroom analysis is adapted to MCIs, it can be
accounted for carry-over and interaction effects in the analysis
of whether the required minimum effect is attained.

MCI, multicomponent intervention; RCT, randomized controlled trial.

function of utility and the duration in which the utility is higher
than in the comparison group, this has a high influence on the
QALY-gain.

Based on these aspects, a qualitative assessment could be
conducted of how likely the MCI is to attain the MRIE; for
example on a 4-point Likert-scale defined as “very likely,”
“likely,” “unlikely,” or “very unlikely.”

6. Compare the cost-effectiveness of the single interven-
tions with the potential of the MCI for being cost-effective:
The potential for the MCI to be cost-effective depends on the
cost-effectiveness of the single interventions. If the MCI is
likely or very likely to be cost-effective, but the single inter-
ventions are not, the MCI should be adopted. In turn, when one
or both single interventions are cost-effective, but the MCI is
unlikely or very unlikely to be cost-effective, the most cost-
effective single intervention is recommended. In Table 3, it

is shown in which cases the MCI or the single interventions
should be adopted.

Application of the Stepwise Approach
An example from supportive cancer care is used as an illustra-
tion, which consists of interventions for alleviating treatment-
induced menopausal symptoms in breast cancer patients. The
MCI consists of two single interventions, CBT and PE, which
are both also prescribed as stand-alone interventions (21). CBT
has a cost of €190 and adds 0.0079 QALYs compared with
usual care, PE costs €197 and adds 0.0067 QALYs (22). The
ICER for CBT is €24,050/QALYS and €29,402/QALY for PE.

1. Estimate intervention costs. For the MCI, the costs of
CBT and PE are additive, that is, the sum of those for PE and
for CBT; €387. They are not sub-additive, as the time for plan-
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Table 3. Which Intervention Is Identified as Most Cost-Effective?

The single interventions are
cost-effective

The single interventions are not
cost-effective

One of the single interventions is
cost-effective

The MCI is estimated to be likely or
very likely cost-effective

Undecideda The MCI Undecideda

The MCI is estimated to be unlikely or
very unlikely cost-effective

The most cost-effective single
intervention

Undecideda The cost-effective single intervention

aIn case of “undecided,” the choice can be based on patient preferences, on the effectiveness of the interventions, or on the budget impact. Another possibility is to repeat the
approach with a willingness-to-pay that resembles the ICER of the (most) cost-effective single intervention. In that way, it can be analyzed if the MCI still is considered cost-effective
when the willingness-to-pay is as high as the ICER of the single intervention.
MCI, Multicomponent intervention; ICER, Incremental cost-effectiveness ratio.

ning appointments and the required resources for providing the
interventions remain the same.

2. Choose a common outcome measure. QALYs are cho-
sen as the common outcome measure for all interventions in-
volved in the comparison, as these are recommended for health
economic analyses.

3. Determine the WTP. WTP is assumed at €30,000 per
QALY.

4. Analyze the MRIE. The MRIE for the MCI consisting
of both PE and CBT is:

Min�Eff ectA + Min�Eff ectB ≥ ((�CostsA + �CostsB) ÷ W T P)

Min�Eff ectA + Min�Eff ectB ≥ (€387 ÷ 30, 000) = 0.0129

5. Assess if the MCI and the composite interventions are
likely to attain the MRIE. For assessing if the interventions are
likely to attain the MRIEs, the following information was con-
sidered: (i) To attain the MRIE, an effect of almost the sum of
CBT and PE is required. (ii) When combining CBT and PE, it
is likely that an interaction effect occurs. For participating in
the MCI, patients need to travel to the hospital at least twice a
week, which might be exhausting and could reduce the effect
of the interventions as patients might be more tired. (iii) CBT
and PE have different effect-causing mechanisms (21;23–26).
While CBT aims to influence the perception of the symptoms,
PE is assumed to actually reduce the severity and frequency of
symptoms (24–26). Therefore, the MCI is expected to be more
effective than CBT or PE alone. (iv) The baseline quality-of-
life was 0.78 (22), indicating a relatively low symptom burden.
(v) Menopausal symptoms fade out during a period of approxi-
mately 5 years (27), leading to an average maximum effect du-
ration of 5 years. (vi) The evidence on the effectiveness of exer-
cise for reducing vasomotor symptoms is inconclusive (28). A
meta-analysis found an effect size of 0.3 of exercise on health-
related quality of life in breast cancer patients (28). (vii) The
effect of the MCI cannot last longer than the 5 years for which
the symptoms normally are experienced. Moreover, the poten-

tial effect size becomes smaller throughout the years, as the
symptoms diminish naturally.

It was estimated that the MCI is unlikely to reach the MRIE
of 0.0129. The MRIE is almost the sum of the effects of PE
and CBT, as no sub-additive effects for the costs occur. The
main reason for the conclusion is that the symptom burden of
the patients was relatively low. As the symptoms fade out by
themselves and the single interventions PE and CBT do not re-
sult in effect sizes of that magnitude, the potential for reaching
the high MRIE is small. CBT+PE is assumed to have a larger
effect than one of them alone, as they have different effect-
causing mechanisms. However, the intensity of following both
interventions is assumed to be tiresome for some participants,
which would further diminish the combined effect, so that it is
unlikely to reach the sum of PE and CBT.

6. Compare the potential for cost-effectiveness of the MCI
with that of the composite interventions. The single interven-
tions CBT and PE both are cost-effective. The MCI may add
further effectiveness; however, it is estimated that the MRE of
0.0129 QALYs is unlikely to be attained. Thus, when aiming to
choose a cost-effective intervention, one of the single interven-
tions should be preferred.

DISCUSSION
We developed and illustrated an approach that enables to es-
timate which intervention is likely to be more cost-effective,
an MCI or its composite interventions, when empirical data
on costs and effects of the MCI are incomplete. It is meant
to be pragmatic, and feasible to perform within a short time
frame and without advanced health economic expertise, as
this would limit its use in practice by decision makers. The
approach builds on headroom analysis, which was extended
to accommodate MCIs. Given the costs of the MCI and the
WTP, the MRIE of the interventions to attain cost-effectiveness
can be assessed. Subsequently, a qualitative yet systematic as-
sessment of how likely the MCI is to achieve the MRIE can
be made. Depending on whether the single interventions are
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cost-effective, it can be assessed whether the MCI is likely to
be more cost-effective.

The literature review showed that methodology concerning
this specific decision-problem is rather scarce. Reasons for this
gap are that guideline developers traditionally have been more
concerned with effectiveness than cost-effectiveness, that in-
cluding economic evidence into guidelines makes the process
of developing them even lengthier and more resource intensive
(29), and that clear criteria of when an intervention is consid-
ered cost-effective are lacking. One approach to overcome this
is the framework by Gandjour and Lauterbach (30) for assess-
ing the break-even point of guidelines. Our approach adds the
option to estimate the potential for cost-effectiveness of an MCI
in the absence of full data and in a pragmatic way that require-
ment c be conducted by decision makers.

The approach presented here is developed for national deci-
sion making, but with little adaptation it can also support local
decision makers. Hospitals or healthcare providers can use it to
decide on how to implement a comprehensive guideline advice
by replacing the WTP by their budget or the reimbursement to
analyze how to achieve the best use of the available resources.
This would form a useful addition to the current mini-HTAs,
which are used, for example, for making decisions on local
budgets (17).

In many countries and in many fields in health care, such
as public health, a fixed cost-effectiveness threshold or WTP
does not exist and a range of threshold values is considered. In
that case, the approach can be conducted several times using
a variety of thresholds (e.g., €20,000 to €100,000 per QALY).
By doing so, the range of thresholds in which the intervention
or technology is expected to be cost-effective can be identified.
This can then be used as one among other criteria in the deci-
sion to fund an intervention.

Another variant of the approach is to not analyze the MRIE
and then decide if the intervention potentially can attain this,
but to first estimate the range of the effect that the intervention
is thought to attain, and to then determine the range of ICERs
that this corresponds to. Subsequently, the intervention with the
most favorable ICER range can be chosen.

The approach was developed for healthcare interventions
and primarily based on literature from this field. However, it
also has relevance to fields outside of healthcare, such as the
evaluation of the societal costs of (various health and non-
health) interventions that impact the environment. Moreover,
literature and experiences from this and other fields should also
be used when further developing the methodology for eval-
uating the cost-effectiveness of multicomponent interventions
(31–33).

The key missing information in the puzzle of the cost-
effectiveness is the possible interaction effect of the MCI. The
more (separate) information is available that informs the esti-
mation of the size of the effect, the more precise the estimation
of the combined effect is. To improve the accurate estimation

of the effect size, future research could be focused on discrim-
inative analysis of the effect of components of care versus that
of the combined approach. One direction that could be taken
is to use the various approaches that sensitivity analysis offers,
which also take the already existing information and clinical
expertise into account (34). Another direction is the approach
by Basu et al. in which prediction models are used that analyze
the utility of a joint health state, that is, a patient experiencing
several symptoms, from the utility of single health states, that
is, from patients having only one symptom (35).

Moreover, to evaluate the benefit of the develop approach
in practice, future research is needed. Comparisons should be
made of the results of this approach versus those of an eco-
nomic evaluation alongside an RCT to gain more insight into
the validity of the results of headroom analysis for multicom-
ponent interventions.

CONCLUSION
We developed a systematic approach to estimate, in the ab-
sence of suitable data on costs and effects, if an MCI can be
more cost-effective than its composite, single interventions.
The purpose of this method is to support the decision of
which interventions to recommend in guidelines based on cost-
effectiveness considerations, in the absence of full (and timely)
data. We illustrated the use of this method in the field of can-
cer survivorship. Further research is needed in which headroom
analysis for MCIs is applied to multicomponent guidelines, to
test the methodś practical use and impact.

CONFLICTS OF INTEREST
The authors confirm that they do not have a conflict of interest.

REFERENCES

1. Comprehensive Cancer Centre the Netherlands (IKNL). Cancer rehabil-
itation - Nation-Wide Guideline. Utrecht: IKNL; 2011.

2. Balinsky W, Muennig P. The costs and outcomes of multifaceted in-
terventions designed to improve the care of congestive heart failure in
the inpatient setting: A review of the literature. Med Care Res Rev.
2003;60:275-293.

3. Chou R, Loeser JD, Owens DK, et al. Interventional therapies,
surgery, and interdisciplinary rehabilitation for low back pain. Spine.
2009;34:1066-1077.

4. Prvu Bettger JA, Stineman MG. Effectiveness of multidisciplinary reha-
bilitation services in postacute care: State-of-the-science. A review. Arch
Phys Med Rehabil. 2007;88:1526-1534.

5. Smeets RJ, Severens JL, Beelen S, et al. More is not always better:
Cost-effectiveness analysis of combined, single behavioral and single
physical rehabilitation programs for chronic low back pain. Eur J Pain.
2009;13:71-81.

6. IOM (Institute of Medicine). Cognitive rehabilitation therapy for trau-
matic brain injury: Evaluating the evidence. Washington, DC: The Na-
tional Academies Press; 2011.

7. Ollendorf DA, Silverstein MD, Andry A, et al. Management options for
patients with low back disorders: Final appraisal document. Boston: In-
stitute for Clinical and Economic Review; 2011.

451 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 33:4, 2017

https://doi.org/10.1017/S0266462317000721 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462317000721


Mewes et al.

8. Saevarsson S, Halsband U, Kristjánsson Á. Designing rehabilitation pro-
grams for neglect: Could 2 be more than 1+1? Appl Neuropsychol.
2011;18:95-106.

9. Ollenschlager G. Improving the quality of health care: Using inter-
national collaboration to inform guideline programmes by founding
the Guidelines International Network (G-I-N). Qual Saf Health Care.
2004;13:455-460.

10. Qaseem A, Forland F, Macbeth F, et al. Guidelines International Net-
work: Toward international standards for clinical practice guidelines.
Ann Intern Med. 2012;156:525-531.

11. Mason J, Eccles M, Freemantle N, et al. A framework for incorporating
cost-effectiveness in evidence-based clinical practice guidelines. Health
Policy. 1999;47:37-52.

12. Rickles D, Hawe P, Shiell A. A simple guide to chaos and complexity. J
Epidemiol Commun Health. 2007;61:933-937.

13. Lovemen E, Frampton GK, Shepherd J, et al. The clinical effective-
ness and cost-effectiveness of long-term weight management schemes
for adults: A systematic review. Health Technol Assess. 2011;15:1-
182.

14. Ramsey SD, Willke RJ, Glick H, et al. Cost-effectiveness analysis along-
side clinical trials II-An ISPOR Good Research Practices Task Force re-
port. Value Health. 2015;18:161-172.

15. Hay J, Smeeding J, Carroll N, et al. Good research practices for mea-
suring drug costs in cost effectiveness analyses: Issues and recommen-
dations: The ISPOR Drug Cost Task Force Report–Part 1. Value Health.
2010;13:3-7.

16. Guyatt G, Oxman A, Vist G, et al. GRADE: What is “quality of evi-
dence” and why is it important to clinicans? BMJ. 2008;336:995-998.

17. Danish Centre for Evaluation and Health Technology Assessment
(DACEHTA). Introduction to mini-HTA - A management and decision
support tool for the hospital service. Copenhagen: DACEHTA; 2005.

18. Senn S. Cross-over trials in clinical research. Chichester: John Wiley &
Sons; 1993.

19. Geary N. Understanding synergy. Am J Physiol Endocrinol Metab.
2013;304:E237-E253.

20. Hollingsworth B, Peacock S. Efficiency measurement in health and
health care. New York: Routledge; 2008.

21. Duijts SFA, Van Beurden M Oldenburg HSA, et al. Efficacy of cogni-
tive behavioral therapy and physical exercise in alleviating treatment-
induced menopausal symptoms in patients with breast cancer: Results of
a randomized, controlled, multicenter trial. J Clin Oncol. 2012;30:4124-
4133.

22. Mewes J, Steuten LD, SFA, Oldenburg H, et al. Cost-effectiveness
of cognitive behavioral therapy and physical exercise for alleviating
treatment-induced menopausal symptoms in breast cancer patients. J
Cancer Surviv. 2014;9:126-135.

23. Duijts SFA, Oldenburg HSA, van Beurden M, et al. Cognitive behav-
ioral therapy and physical exercise for climacteric symptoms in breast
cancer patients experiencing treatment-induced menopause: Design of a
multicenter trial. BMC Womens Health. 2009;9:15.

24. Ivarsson T, Spetz AC, Hammar M. Physical exercise and vasomotor
symptoms in postmenopausal women. Maturitas. 1998;29:139-146.

25. Li C, Samsioe G, Borgfeldt C, et al. Menopause-related symptoms:
What are the background factors? A prospective population-based co-
hort study of Swedish women (The Women’s Health in Lund Area
study). Am J Obstet Gynecol. 2003;189:1646-1653.

26. Hunter M. Cognitive behavioural interventions for premenstrual and
menopausal symptoms. J Reprod Infant Psychol. 2003;21:183-193.

27. McKinlay SM, Brambilla DJ, Posner JG. Reprint of the normal
menopausal transition. Maturitas. 2008;61:4-16.

28. Duijts SFA, Faber MM, Oldenburg HSA, et al. Effectiveness of behav-
ioral techniques and physical exercise on psychosocial functioning and

health-related quality of life in breast cancer patients and survivors-a
meta-analysis. Psycho-Oncology. 2011;20:115-126.

29. Eccles M, Mason J. How to develop cost-conscious guidelines. Health
Technol Assess. 2001;5:1-78.

30. Gandjour A, Lauterbach KW. A method for assessing the cost-
effectiveness and the break-even point of clinical practice guidelines. Int
J Technol Assess Health Care. 2001;17:503-516.

31. OECD. Cost-benefit analysis and the environment: Recent develop-
ments. Paris: OECD; 2006.

32. Dixon J. Economic cost-benefit analysis (CBA) of project environmental
issues and mitigation measures: Implementation guideline. Washington,
DC: Inter-American Development Bank; 2012.

33. Heinzerling L, Ackerman F. Pricing the priceless: Cost-benefit analysis
of environmental protection. Washington, DC: Georgetown University;
2002.

34. Liu W, Kuramoto SJ, Stuart EA. An introduction to sensitivity analy-
sis for unobserved confounding in nonexperimental prevention research.
Prev Sci. 2013;14:570-580.

35. Basu A, Dale W, Elstein A, et al. A linear index for predicting joint
health-states utilities from single health-states utilities. Health Econ.
2009;18:403-419.

36. Barasa EW, Ayieko P, Cleary S, et al. A multifaceted intervention to
improve the quality of care of children in district hospitals in Kenya: A
cost-effectiveness analysis. PLoS Med. 2012;9:e1001238.

37. Lee CC, Czaja SJ, Schulz R. The moderating influence of demographic
characteristics, social support, and religious coping on the effectiveness
of a multicomponent psychosocial caregiver intervention in three racial
ethnic groups. J Gerontol B Psychol Sci Soc Sci. 2010;65B:185-194.

38. Helgeson VS, Lepore SJ, Eton DT. Moderators of the benefits of psy-
choeducational interventions for men with prostate cancer. Health Psy-
chol. 2006;25:348-354.

39. Schootman M, Deshpande AD, Pruitt S, et al. Estimated effects of poten-
tial interventions to prevent decreases in self-rated health among breast
cancer survivors. Ann Epidemiol. 2012;22:79-86.

34. Barasa EW, English M. Viewpoint: Economic evaluation of package of
care interventions employing clinical guidelines. Trop Med Int Health.
2011;16:97-104.

41. Ahern J, Hubbard A, Galea S. Estimating the effects of potential public
health interventions on population disease burden: A step-by-step illus-
tration of causal inference methods. Am J Epidemiol. 2009;169:1140-
1147.

42. Hardeman W. A causal modelling approach to the development of
theory-based behaviour change programmes for trial evaluation. Health
Educ Res. 2005;20:676-87.

43. Gandjour A. A model to predict the cost-effectiveness of disease man-
agement programs. Health Econ. 2009;19:697-715.

44. Brooks JM, Fang G. Interpreting treatment-effect estimates with hetero-
geneity and choice: Simulation model results. Clin Ther. 2009;31:902-
919.

45. Hersh AL, Black WC, Tosteson ANA. Estimating the population impact
of an intervention: A decision-analytic approach. Stat Methods Med Res.
1999;8:311-330.

46. Becker MG, Glass K, Barnes B, et al. Using mathematical models to
assess response to an outbreak of an emerged viral repiratory disease.
The Australian National University: National Centre for Epidemiology
and Population Health; 2006.

47. Tappenden P, Chilcott J, Brennan A, et al. Whole disease modeling to
inform resource allocation decisions in cancer: A methodological frame-
work. Value Health. 2012;15:1127-1136.

48. Belle SH, Czaja SJ, Schulz R, et al. Using a new taxonomy to combine
the uncombinable: Integrating results across diverse interventions. Psy-
chol Aging. 2003;18:396-405.

INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 33:4, 2017 452

https://doi.org/10.1017/S0266462317000721 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462317000721


Is “doing more” cost-effective?

49. Schulz R, Czaja SJ, McKay JR, et al. Intervention taxanomy (ITAX): De-
scribing essential features of interventions (HMC). Am J Health Behav.
2010;34:811-821.

50. Gitlin LN, Belle SH, Burgio LD, et al. Effect of multicomponent in-
terventions on caregiver burden and depression: The REACH multisite
initiative at 6-month follow-up. Psychol Aging. 2003;18:361-374.

51. Schouten LMT, Grol RPTM, Hulscher MEJL. Factors influencing suc-
cess in quality-improvement collaboratives: Development and psycho-
metric testing of an instrument. Implement Sci. 2010;5:84.

52. Czaja SJ, Schulz R, Lee CC, et al. A methodology for describing and de-
composing complex psychosocial and behavioral interventions. Psychol
Aging. 2003;18:385-395.

53. Cobiac LJ, Vos T, Barendregt JJ. Cost-effectiveness of interven-
tions to promote physical activity: A modelling study. PLoS Med.
2009;6:e1000110.

54. Gentry D, Herbers S, Shelton S, et al. What is it worth? Economic evalu-
ation of the MFH Tobacco Initiative. St. Louis: Missouri Foundation for
Health; 2009.

55. Hoaglin DC, Hawkins N, Jansen JP, et al. Conducting indirect-
treatment-comparison and network-meta-analysis studies: Report of the
ISPOR Task Force on Indirect Treatment Comparisons Good Research
Practices: Part 2. Value Health. 2011;14:429-437.

56. Jansen JP, Fleurence R, Devine B, et al. Interpreting indirect treatment
comparisons and network meta-analysis for health-care decision making:
Report of the ISPOR Task Force on indirect treatment comparisons good
research practices: part 1. Value Health. 2011;14:417-428.

57. IJzerman MJ, Steuten LMG. Early assessment of medical technolo-
gies to inform product development and market access: A review of

methods and applications. Appl Health Econ Health Policy. 2011;9:331-
347.

58. Cosh E, Girling A, Lilford R, et al. Investing in new medical tech-
nologies: A decision framework. J Commer Biotechnol. 2007;13:263-
271.

59. McAteer H, Cosh E, Freeman G, et al. Cost-effectiveness analysis at
the development phase of a potential health technology: Examples based
on tissue engineering of bladder and urethra. J Tissue Eng Regen Med.
2007;1:343-349.

60. Girling A, Lilford R, Cole A, Young T. Headroom approach to device
development: Current and future directions. Int J Technol Assess Health
Care. 2015;31:331-338.

61. Moore GF, Audrey S, Barker M et al. Process evaluation of
complex interventions: Medical Research Council Guideline. BMJ.
2016;350:h1258.

62. Bonell C, Fletcher A, Morton M, et al. Realist randomised controlled
trials: A new approach to evaluating complex public health interventions.
Soc Sci Med. 2012;75:2299-2306.

63. Moore G, Audrey S, Barker M, et al. Process evaluation of complex
interventions: Medical Research Council guidance. London: MRC Pop-
ulation Health Science Research Network; 2014.

64. Moore G, Audrey S, Barker M, et al. Process evaluation of
complex interventions: Medical Research Council guidance. BMJ.
2015;350:h1258.

65. Chandler CIR, DiLiberto D, Nayiga S, et al. The PROCESS study:
A protocol to evaluate the implementation, mechanisms of effect and
context of an intervention to enhance public health centres in Tororo,
Uganda. Implement Sci. 2013;8:113.

453 INTL. J. OF TECHNOLOGY ASSESSMENT IN HEALTH CARE 33:4, 2017

https://doi.org/10.1017/S0266462317000721 Published online by Cambridge University Press

https://doi.org/10.1017/S0266462317000721

	METHODS
	RESULTS
	Literature Review
	Development of the Stepwise Approach
	Application of the Stepwise Approach

	DISCUSSION
	CONCLUSION
	CONFLICTS OF INTEREST



